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PHYTOPLANKTON INVESTIGATIONS ON LAKE
VELENCE
(ALGAL COUNTS AND BIOMASS)

By
ZS. Bartha

RESEARCH CENTRE OF INSTITUTES FOR WATER RESOURCES DEVELOPMENT
INSTITUTE FOR WATER POLLUTION CONTROL

(Received November 1, 1976)

On the basis of investigations of the number of algaf individuals and of biomass,
carried out at 13 points of Lake Velence in 1973—1974, three algologically different
areas and, within them, transitional, or in some respects individual, water types can
be distinguished in the Lake. The density of the plankton algae is extremely high in the
NE sample sites; this is the region of planktonic eutrophication. In the SW areas of
the Lake the algal density is low; as a result of the benthic eutrophication, it is not
in the phytoplankton that the nutrients are incorporated. The trophication of the large
open waters in the middle of the Lake is small; here the number of the phytoplanktonic
individuals is between those of the former two areas, but there is no aquatic vegetation
on the bottom. The differences in the values of the degree of algal proliferation, measured
by means of the biomass, are not so extreme as those in the number of individuals.
The ratio of the large-bodied species (Peridiniopsis borgei Lemm. and Botryococcus braunii
Kitz) influences the biomass values; the species with a volume smaller than 100 (i3
are significant only at a density of several million individuals as far as the changes in
value are concerned.

It has been pointed out that in the algologically differentiated areas of the
Lake, the species composition of the phytoplankton is also different.

Lake Velence lies at 47°13” of the Northern latitude and at 18°35’ of
the Eastern longitude in Hungary (LAsz1Offy 1962). Its length is 10.54 km;
average diameter 2.5 km; the area of the Lake is 25.28 km2 at water level of
160 cm; the area of the water-surface is 10.30 km2, that of the reeds is 14.98 km 2.
The volume ofthe Lake is 41.16 mill.m3, its medium depth is 1.62 cm (Baranyi
1972).

The general characteristic of the Lake are as follows:

— a natron lake rich in solved salts;

— a plant life very intensive in the whole lake; naturally eutrophic to

a larger extent, artifically to a smaller extent;

— the water contains a great quantity of solved organic substances of
natural origin (humic substances);

— the lake is a mosaic of several separate areas of water with different
physical, chemical and biological parameters, hence areas of different
water qualities.

The natron character of the lake and the development of the different

water qualities of the various areas are a consequence of hydrological and
biological causes. The tributary stream carrying the greatest quantity of water,

1 Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



2 BARTHA, ZS.

named Csaszar-viz; arrives in the reeds covering the SW part of the lake, and
its water excess runs down the artificial overfall-weir built at a distance hardly
1 km from it, named Kajtor-canal.

The water of the brooks on the NE, however, never reaches the canal,
because it evaporates. As a result, the lake has no outlet, one of its character-
istics and an explanation of the accumulation of salt.

The mosaic structure of the lake is a resrdt of the reeds and reed-walls
subdividing the water surface into several parts where the waters of the greater
or smaller clearings do not mix with each other. The different water qualities
of these areas manifest themselves in addition to the different chemical com-
positions also in the remarkably different colours of the water. The water of
the clearings, which are surrounded by reeds, had settled in a crystal-clean
state since there is no considerable water movement in the lake; its colour
has become stained brown by the decomposing, rotting organic substances
produced during centuries in the reeds. The waters of these clearings are the
so-called dark-brown waters. The great contiguous open water is less brown,
always non-transparent, muddy, of grey colour, while in areas where the local
contamination accelerates the proliferation of the algae, the water is pike-gray
or it can be also greenish.

The aim of my paper is to separate on the basis of examinations of the
number of algal individuals and the biomass, the algologically distinguishable
areas of this mosaic-like lake, and to determine the temporary standing crop
of the algae at the sampling sites.

As regards the quantitative conditions of the phytoplankton of the lake,
there has been published only one paper (Unger 1924), in which the author
gave the quantitative data of a few species, unfortunately without an exact
designation of the locality.

The methods of sample collecting and processing

The research workers of our Institute have been carrying out physiographical, botanical
and chemical investigations in the lake since 1969 (their data are in the form of MSS, accessible
in our Institute).

On the basis of their observations, we marked 13 sites for plankton examinations. These
are in the order of enumeration given in Fig. 2, as follows:

No. 1. Langi-tisztas

2. Vendel

3. Nagyté-Rigya
4. Gallér

5. HosszU-tisztas
6. Nagy-tisztas

7. Bels6-tisztas

8. Bels6-tisztas

9. Fels6-té

10. Tizedes-tanya
11. Oreg-tisztas

12. Karaszos

13. Firdeté

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



PHYTOPLANKTON INVESTIGATIONS ON LAKE VELENCE 3

The samplings were made on July 31, 1973, and on August 14, 1974.

For the quantitative examinations, we took 250 ml of water at each of the sampling
sites from under the surface (at a depth of 30 cm). The collected material was fixed with lugol
solution at the site (Utermoh1 1958), then it was treated with formalin and kept in a dark
place until processing.

Counting was carried out from the aliquot portions of the samplings by means of the
Utermohl reversed microscope. The algae were counted along two diagonals perpendicular
to each other, according to the method applied in hydrobiology, that is, counting always the
number of algal individuals: the colonies the filaments and cenobies belonging together taken
as one individual. The result was recalculated for one liter (i. liter-1 = individuals per liter).

In the knowledge of the density of individuals per species, the biomass calculations were
made. In the case of species whose body is similar to geometrical bodies, length, diameter and
thickness were measured depending on the form of the cells, while in globular-shaped cells
only diameter was measured. The data of 10—50 individuals were taken into consideration,
and from the various calculated volume data the means were drawn. For the species occurring
in colonies (Gomphosphaeria, Coelastrum, etc.), the number of the cells was also counted; from
them an average was taken and multiplied by the volume values calculated for the cells. In
the case of filaments, we did not count cells but considered the filament as a unit.

Fig. 1. West Ftungary, with Lake Velence

Bella- p

Béagyom-p

Fig. 2. Sampling places in Lake Velence

1* Acta Botanica Academiae Scientiarum, Hungaricae 23, 1977



4 BARTHA, ZS.

The various appendices, thorns (Scenedesmus) and the jelly-cover were disregarded.

The volume of some of the species can be calculated only by means of models; in such
cases (6 species), the values used in the literature were taken into consideration (Tamas 1955;
Dussart 1966; Bellinger 1974: Willen 1961).

Volume calculations did not extend to species represented by one speciemens or to
those with a low population density. Since these species represented 1—10% of the number
of phytoplankton individuals, their biomass was calculated so that as many percentages were
added to the value obtained at the given sampling site.

The individual number of the non-calculated species; 1—5% at 4 sampling sites on the
NE part of the Lake (Sampling sites Nos 10, 11, 12, 13) and 8—10% at the other sampling
places. The volume data of the species:

Anabaenopsis hungarica 700 g 3
Aphanocapsa grevillei 1400 g3 (cells 18)
Gomphosphaeria lacustris 200 g3 (cells 25)
Lyngbya limnetica 100 /13
Merismopedia minima 0393 (cells 4)
Synechocystis salina 3093 (cells 2)
Goniochloris laevis 300 g3
G. mutica 300 g3
Chaetoceros miilleri 1200 g3
Cocconeis placentula var. euglypta 7500 g3
Cyclotella spp. 2000 g3
Nitschia spp. 600 g3 (Tamas 1955)
Cryptomonas erosa 3800 g3 (Willen 1961)
Peridiniopsis borgei 125 000 g3
Ankistrodesmus pseudobraunii 2093
Botryococcus braunii 10 000 g3
Chodatella ciliata 2100 g3
C. cilriformis 1400 g3
Coelaslrum microporum 64 016 g3 (Tamas 1955, cells
Cosmarium bioculatum 1600 g3
C. polygonatum 500 g 3
Cosmarium spp. 450 ¢ 3
Crucigenia tetrapedia 80¢3
Euastrum cornubiense var. ornatum 1100 ¢3
Oocystis spp. 900 g3 (Bellinger 1974)
Pediastrum boryanum 3800 g3
P. tétras 227093
Scenedesmus spp. 1000 g3 (Dussart 1966)
Tetraédron caudatum 500 g3
Tetraédron minimum 100 g3
Results

The results are summarized in Table 1. They do not contain the data of
species represented only by a few specimens.

Changes in the numbers of the phytoplankton individuals

On the basis of the phytoplankton examinations, there are three algolo-
gically distinguishable areas in the Lake; within these, transitional-type
waters, or such as are individual from some point of view, can to he distin-
guished. Therefore we discuss our results according to the distinct areas.

Acta Botanit Academiae Scientiarum Hungaricae 23. 1977



CYANOPHYTA

Anabaenopsis hungarica Halasz
Aphanocapsa grevillei (Hass.) Rabh.
Gomphosphaeria compacta (Lemm.) Strm.
Gomphosphaeria lacustris Chod.

Lyngbya limnetica Lemm.

Merismopedia minima Beck.
Synechocystis salina Wisl.

Other Cyanophyta

Cyanophyta total

EUGLENOPIIYTA total

CHRYSOPHYTA

Xanthophyceae
Goniochloris mutica (A. Braun) Fott

Goniochloris laevis Pascher

Bacill ariophyceae
Chaetoceros miilleri Lemm.

Cocconeis placentula var. euglypta (Ehr.) CI.

Cyclotella spp.
Nitzschia spp.

Other
Bacillariophyceae

Chrysophyla total

PYRROPHYTA

Cryptomonas erosa Ehr.
Peridiniopsis borgei Lemm.

Other Pyrrophyla

Pyrrophyla total

LIILUKUrill 1A
Chlorophyce ae

Ankistrodesmus pseudobraunii Belch, et Sw.

Botryococcus braunii Kitz.

Chodatella ciliata (Lagerh.) Lemm.
Chodatella citriformis Snow.

Coelastrum microporum Naeg.
Crucigenia tetrapedia (Kirch.) W. et W.
Uocystis spp.

Pediastrum boryanum (Turp.) Menegh.
Pediastrum tétras (Ehr.) Ralfs.
Scenedesmus acutus Meyen
Scenedesmus ecornis (Kalls.) Chod.
Scenedesmus quadricauda (Turp.) Bréb.
Scenedesmus spinosus Chod.
Scenedesmus spp.

Tetraédron caudatum (Corda) Hansg.
Tetraédron minimum (A. Br.) Hansg.
Other Chlorophyceae

Conjugatophyceae
Cosmarium bioculatum Bréb.

Cosmarium polygonatum Halasz
Cosmarium spp.

Euastrum cornubiense var. ornatum Halasz

Chlorophyta total

Algae total

Biomass total

VIl 1973.
VIl 1974
VII. 1973.
VIl 1974
VIT. 1973.
VIl 1974
VIl 1973.
VI 1974.
VII. 1973.
VIl 1974
VII. 1973.
VIl 1974
VIl 1973.
VIl 1974
VIl 1973.
VIl 1974
VII. 1973.
V1. 1974,
VIl 1973.
VIl 1974,
VIl 1973
VI, 1974.
VIl 1973.
VI, 1974,
VIl 1973
VIl 1974.
VIl 1973.
V 111 1974.
VIl 1973.
VI, 1974.
VIl 1973.
VIl 1974,
VIl 1973.
VI, 1974,
VIl 1973.
VI, 1974.
VIl 1973.
VIl 1974
VIl 1973.
VIl 1974.
VIl 1973.
VIl 1974,
VIl 1973.
VIl 1974,
VIl 1973.
VIl 1974.
VIl 1973.
VIl 1974
VII. 1973.
VIl 1974.
VIl 1973.
VIl 1974,
VIl 1973.
VIl 1974
VIl 1973.
Vili. 1974.
VIl 1973.
VIl 1974
VII. 1973.
VIl 1974,
VII. 1973.
VI, 1974.
VIl 1973.
VIl 1974
VIl 1973.
VIl 1974.
VIl 1973.
VI11.-1974.
VIl 1973.
VIl 1974
VIl 1973.
VIl 1974.
VIL 1973.
VIl 1974.
VII. 1973.
VIl 1974.
VIL 1973.
VIl 1974
VIl 1973.
VIl 1974.
VII. 1973.
VIl 1974.
VIl 1973.
Vili. 1974.
VIl 1973.
VIl 1974
VIl 1973.
VIl 1974
VII. 1973.
VIH. 1974.
VIl 1973.
VIIl. 1974

Langi tisztas

inil-i

193

505

282

698
282

44

44

148

74

14

44
236

238

223

148

163
252

148

297

1323

104
1026
1472

163

252

148

193

1886
4353

2684
5123

mg-1“1

0.27

0.01

0.04

0.08

5.25
16.72

2.37
0.18
0.46

0.20

0.14
0.22

0.56

0.05
0.10
0.14

0.07

6.76
23.87

iml 1

62

62

231
312

14

65
59

74

29

70
162

113
-F
157

138

270
237

-F
163

267

-F
113
312

148

166
148

29

503
1172

1071
1897

mg.l 1

0.03

0.01

0.01

0.08

0.42

19.62
11.15

1.63
0.09
0.56

0.10
0.28

0.01
0.01

0.01

23.22
15.55

Nagytd

iml-1

159
148

277
786

29

11
59

624

17

28
683

169
505

129

169
634

-F
83
267

341

83
1114

312

41

41
936
-F

449

3281

923
5413

3
Rigya

mg.l-1

0.02
0.11
0.01
0.01

0.00

0.00
0.01

21.12
63.17

0.41
0.89
0.17
0.28

0.12

0.07
0.24

0.08

0.00
0.11

0.02

0.01
0.42

24.62
72.84

Table 1

Number of phytoplankton individuals and biomass in Lake Velence

4

Gallér

iml 1

148
104
208

29
460

89

44
163

1174

89

29

44
1455

193
148

74

252
222

312

89

.J-
-F
89
520

-F
669

340
3432

665
5495

mg.l 1

0.00

0.00

0.00

0.01
0.04

1.49

0.17

24.12
18.58

0.65

0.12

0.08
0.46

0.10

0.01
0.11

0.30

25.93
24.18

Hosszl-tisztas

iml-1

47
29

62
29

32

35

1

67
46

148
249

23

156
272

-F
133
208

17

92
196

65

121

47

501
629

786
981

5

mg.l'l

0.00

178
0.00

193

178
89

178
460

17
178

0.00 14
0.01 104

0.26

118

+
-F
185 63
31.22 624
29
74

92
698

0.95 L
0.09 +

89

-F
0.11 327
0.18 252

74

118
104
0.00 460

0.00 565
0.01 505

104
89

0.05 +
0.02 401
0.34

2057
2153

2195
3607

21.82
35.66

iml-1

6

Nagy-tisztas

mg.l 1

0.08

0.03

0.00
0.03

8.00
78.06

0.29
0.22

10.20
87.36

7

Bels6-tisztas

iml“1

297

195

59
29

59
521

89

237

103
385

342
356

29
118

371
474

193
208

163
654
104
148

-F

148
282

475
484

-F
550
862
267
297

7
1011

2138
3812

2671
5281

mg.l 1

0.14

0.03

0.01
0.01

42.75
4461

0.40
0.43

0.14
0.58
0.39
0.56

0.14
0.12

0.11
0.12

0.05
0.08

0.03
0.45

49.53
53.29

Bels6-tisztas

iml-1

81

148

229

37
89

14

104

342

14
29

28
519

96
371

14

103
385

89

327

156
609

275
565

252

44
416

838
2332

1006
3554

mg.l 1

0.04

0.02

0.00
0.01

0.12

0.64

12.00
46.46

0.00

0.12

0.13
0.29

0.28

0.03
0.15

0.02
0.05

0.01
0.18

20.54
53.11

Fels6-to
iml 1 mg.l 1 iml1
104 0.07 5240
3152 2.20 7285
282 0.14 +
713 0.35
163 0.03 185
431 0.08
74 0.00 6466
9665 0.96 83257
260
1189
163 1152
29 743
786 13303
13990 92474
37
89 74
89 0.02 74
29 0.01 74
104 0.20 185
-F 148
+
1040
29 111
178
222 370
207 1262
-F 185
+
408
639 79.92
133 148
446
133 1 741
639 446
252 0.00 3790
1962 0.03 18807
1 -F
74 0.15
74 0.15
74 4.7
1
193 0.01 222
_F 371
297 0.26 334
401 0.36 371
74 0.28 260
74 0.28 743
74 0.16 706
185
+ +
222
282 0.12 185
-F
862 0.21 4124
1308 0.32 5575
-F +
+ +
505 0.05 743
490 0.04 1263
396 817
223 892
609 0.27 1114
282 0.12 -F
3652 12702
4814 28022
4793 27153
19739 122278
6.67
89.12

10

Tizedes-tanya

mg.l-1

0.02

0.70

51.00

0.07
0.37

1.03
1.39

0.07
0.12

0.50

66.35
19.20

Oreg-tisztas

iml-1

42463
221400

-F
_F

77305
269370
F

1476
738

121244
491508

184
369

184

3505
184
369

184
4058

553

553

43542
38560

1660
1
922

1107

3321
6273

4428
3505

54980
49260

176592
545748

mgl 1 j iml1
29.72 17724
154.98 66235
+
_F
7.73 32472
26.93 241326
-F
1660
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PHYTOPLANKTON INVESTIGATIONS ON LAKE VELENCE 5

It can be observed fairly well in Figs 3 and 4 that the algal density in the
NE part of the Lake (sampling places Nos. 10, 11, 12, 13), in comparison with
the other areas, is very high. In 1973, in these parts the number of algae was
between 27 and 234 millions, in 1974 between 120 and 580 millions, per liter.
In these places of the Lake, the plant nutrients manifest themselves in algae;
we call this phenomenon, after Lakatos, planktonic eutrophication (Lakatos
1974). At the same time, at the SW end of the Lake (sampling places Nos 1,
2,3,4,5) merely a five hundredth part of the former values were to be obtain-
ed, indeed in the deep unstirred water of the rowing track on the HosszUl-
tisztds (No. 5), the density of algal individuals did not reach even a million.
In these places the nutrients are incorporated in seaweed plants and filamen-
tous algal swards (Vaucheria dichotoma Ag.); the phenomenon is called, after
Lakatos, benthic eutrophication (Lakatos 1974).

These bottom-dwelling plants stabilize the plant nutrients in their body,
hence in the water space above them the number of phytoplankton individual
does not. in most cases, reach even 1 million ind. lit.-1.

The so-called “great open water” isin the middle part of the Lake (sampl-
ing places Nos 6, 7, 8, 9). Sampling place No. 6 is the least productive part of
the Lake, since the density of its phytoplankton individuals does not rise
above 3 million ind. lit.-1, even though no large-sized aquatic plant or fila-
mentous algae are to be found in it. Sampling place No. 9 is undoubtedly the
richest in algae among the larger northern clearings (5— 19 million ind. lit.-1),
still its values lag behind those of the phytoplankton individuals of the NE
waters (Nos 11 and 13), because the careful management of the Lake pre-
vented its direct contact with the most eutrophic water of sampling site No. 13
(Firdet6) by heaps of stones and by leaving the natural reed wall intact.
Nevertheless, the closeness of the Firdet6 (No. 13) makes its influence felt
in the species composition.

At the two sampling places of the Bels§-tisztas (Nos. 7 and 8), w'e noted
only a small difference. In the SW part (No. 7), the density of the algal indi-
viduals was 2—5 million ind. liter-1, while in the NE part (No. 8), it was
1—3 million ind. liter-1. In the latter sampling place, however, there was
a considerable Vaucheria dichotoma stand on the bottom.

On the basis of species composition and density of the algal individuals,
we relegated sampling place No. 10 (Tizedes-tanya) to the strongly eutrophic
NE waters, No. 4 (Gallér) to the dark brown SW waters, but we must note
that both of them are made individual by Aphanothece bullosa (Menegh.)
Rabh., the benthic blue-green alga growing there in enormous masses.

In 1974, in comparison with 1973, the number of algal individuals in-
creased in the whole area of the Lake, which is probably explainable by the
more favourable weather conditions and by the low level of water. The density
ratios described in the foregoing paragraphs, which are characteristic of the
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Velence

Fig. 3. Number of phytoplankton individuals in July, 1973

Fig. 4. Number of phytoplankton individuals in July, 1974
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various water quality areas, remained unchanged. Exceptions to this were
sampling places No. 1 (Langi-tisztds) and No. 3 (Nagyt6-Rigya). In sampling
place No. 3, the Vaucheria dichotoma sward did not develop in 1974, so the
nutrients were used by the phytoplankton; while in 1973 the number of plank-
ton algae was 900 thousand ind. lit.“1 here, in 1974 it increased to 5 million
ind. lit.-1. At sampling place No. 1, on the other hand, the increase in the
number of algal individuals was exceptable. Since the introduction in 1969 of
the Csészar stream, that is, the elimination of the natural hemming by reed,
this clearing gradually becomes eutrophized, and changes are noticeable also
in its species composition, a consequence of the vegetable nutrients arriving
through the stream.

By examining the distribution conditions of the species occurring in
greater numbers of individuals, we may state that the appearance of part of
the species is related to the various water quality areas. The following species
persist, for example, the strongly eutrophic NE areas (Nos 10, 11, 12, 13):
Anabaenopsis hungarica Haldsz, Lyngbya limnetica Lemm., Ankistrodesmus
pseudobraunii Belch et Sw.. Pediastrum tétras (Ehr.) Ralfs., Scenedesmus acutus
Meyen.

The characteristic species of the SW sampling places (Nos 1, 2, 3, 4, 5)
are: Synechocystis salina Wish, Chodatella citriformis Snow, Euastrum cornu-
biense var. ornatum Haldsz, Cosmarium polygonaturn Haldsz. The diatom
Chaetoceros miilleri Lemm., which in 1973 occurred sporadically, appeared in
a great number of individuals in the SW areas in 1974, its specimens could,
however, be observed even in the great open waters (Nos 6, 7, 8).

Botryococcus braunii Kiitz. is also a characteristic species mainly of the
SW waters. The great open water (Nos 6, 7, 8) also has its characteristic
organisms, which in the other areas occur sporadically at most. Such are
Scenedesmus ecornis (Ralfs.) Chod., Gomphosphaeria lacustris Chod., G. com-
pacta (Lemm.) Strm., and Pediastrum boryanum (Turp.) Menegh. The latter
3 organisms occurred in a greater quantity — besides the great open waters —
in the Langi-tisztds (No. 1), which is an indication of the gradual transforma-
tion and of different nutrient supply of this clearing; we have already pointed
out its cause. Gomphosphaeria lacustris Chod. appeared in a greater quantity
in the middle part of the Lake in 1974. We are glad to observe its spread in
Lake Velence, because it is a proof of the formation of good-quality water.

Part of the species occurred in the great open waters and the dark-
brown SW waters as well, hut they were missing from the strongly eutrophic
waters of sampling places Nos 11, 12 and 13. To this group belong Peridi-
niopsis borgei Lemm., Cryptomonas erosa Ehr., Chodatella ciliata (Lagerh.)
Lemm. and some Cosmarium species.

For the sake of completeness, I mention the generally distributed
species of large-scale tolerance: Goniochloris mutica (A. Braun) Fott, Crucigenia

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



8 BARTHA, ZS.

tetrapedia (Kirch.) W. et W., Tetraédron minimum (A. Braun) Hansg., and
a great part of the Oocystis and Scenedesmus species.

We can already state on the basis of our present examinations, that the
characteristic habitats of Lake Velence have a special algal flora. It is desirable
that future researches be extended also the species which occur in only a few
specimens.

Examination of the biomass of the phytoplankton

If we examine the biomass of the plankton algae, the extreme differences
experienced in the case of algal density in the various parts of the Lake lessen
(Figs 5—6). In 1973, the biomass values changed between 6.67 and 68.2
mg.liter-1, while in 1974, similarly as in the case of the number of individuals,
biomass also increased considerably; it varied between 15.5 and 196 mg/lit.-1.
The differences between the various water-quality areas in 1973 were 30 times
the values of one another, while in 1974 they were 12.5 times that; this in
comparison with the values 200 times and 500 times higher, obtained in
respect of the number of individuals, is low.

The values measured at the given sampling places were extremely
variable, depending on the size of the dominant algae. The biomass of the NE
lake areas with extremely high density of individuals is in comparison with
the number of individuals low, since in these sampling places 90% of the phyto-
plankton is constituted by Anabaenopsis hungarica Halasz, Lyngbya limnetica
Lemm., Ankistrodesmus pseudobraunii Belch, et Sw. Among these species
the biomass of only Anabaenopsis hungarica is considerable (700 ~/filament).

It is worthy of attention that in 1974, at sampling places Nos 3 and 4,
the number of algal individuals considerably increased, with a more significant
increase in the biomass. At sampling place No. 3, the biomass increased to
3 times of its original value, while the number of algal individuals increased
to more than 5 times of its original. At the same time, at sampling place No. 4,
the increase of the number of individuals to eight times of its original value
resulted in a decrease in the biomass. The phenomenon can be explained only
in the exact knowledge of species and the number of their individuals, there-
fore it is important that at least the species which occur in greater quantities,
and their volume, should be determined. A considerable part of the increase
in the number of individuals, at both of the sampling places, occurred in the
following organisms: Merismopedia minima Beck., Goniochloris mutica (A. Br.)
Fott, Chaetoceros miilleri Lemm., Chodatella ciliata (Lagerh.) Lemm., C. citri-
formis Snow., Tetraédron minimum (A. Br.) Hansg., Cosmarium, Oocystis and
Scenedesmus species. These species hardly represent any biomass values. For
example, the increase to 300 000 individuals in Merismopedia minima Beck.
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Velence

Fig. 5. Biomass of phytoplankton, July, 1973

Fig. 6. Biomass of phytoplankton, August, 1974
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results, owing to its small measures, in a 0.001 mg/l increase, which is practic-
ally negligible. The causes of the differences are the large-sized organisms,
in the present case Peridinopsis borget Leinm. (125 000 p3) and Botryococcus
braunii Kiitz. (10 000 p3). At sampling place No. 3 (Nagyt6-Rigya), the number
of algal individuals in Peridiniopsis increased three times to its original value,
which means 42 mg.lit.-1 in biomass. At sampling place No. 4 on the other
hand, the number of individuals of Peridiniopsis decreased by 50 000, which
resulted in a 6 mg.lit.-1 biomass decrease; Botryococcus was represented only
by 1—2 specimens in the samples.

In the Langi-tisztas (No. 1), the 300 000 increase in the number of indi-
viduals of the tw'o species mentioned above resulted in a 13 mg.lit.-1 biomass
increase, wdiile the 2.2 million ind. lit.-1 increase in the number of individuals
was caused by green algal species whose the biomass was merely 3.4 mg.lit.-1.

Either the increase or the decrease in the biomass at Vendel (No. 2),
HosszU-tisztas (No. 5), and the great open water (Nos 6, 7 and 8), is influenced
by the increase or decrease in the number of Peridiniopsis individuals. At the
same time, in the NE part of the Lake (Nos 11, 12. 13), the species compo-
sition was identical in both years, thus the 1974 increase in the biomass of
this area is proportional with the increase in the number of individuals.

From the above examples it can be seen that the biomass values are
primarily influenced by the ratio of the large-bodied species (in the case of the
Lake Velence, mainly by Peridiniopsis borgei Lemm.).

In the course of examinations, we have established that algae with a
smaller volume than 100 p3are considerable, from the view-point of estimating
biomass, only in the case of extremely great numbers of individuals. Lyngbya
limnetica (100 /i3) can be mentioned as an example, this alga represents only
0.1 mg/1 biomass in the case of a 1 mill, lit.-1 number of individuals. Therefore,
in the knowledge of the species and the number of individuals in the sampling
area examined, we can predict the species wTiose volume is worthy to calculate
with great accuracy for the given water type, and which may considerably
influence changes in biomass values.
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ECO-PHYSIOLOGICAL STUDIES ON HALOPHYTES
IN ARID AND SEMI-ARID ZONES

I. AUTECOLOGY OF THE SALT-SECRETING HALOPHYTE LIMONIASTRUM
MONOPETALUM (L.) BOISS.

By
K. H. Batanouny and Y. M. Abo Sitta

FACULTY OF SCIENCE. CAIRO UNIVERSITY, EGYPT
(Received October 5, 1975)

The present study is the first part of a series on the eco-physiology of halophytes
in arid and semi-arid zones. An account of the salines and halophytes in Egypt is given
in this part. Limoniaslrum monopetalum is a salt-secreting halophyte growing in the
Western Mediterranean coastal zone of Egypt, an area with attenuated sub-desert
climate. Though the plant grows in different habitats as regards soil salinity, it domi-
nates a community in the less-saline habitats with deep sandy soil. The plant, being
endowed with special characteristics, has the potential ability to form mounds. The
formation of mounds has many ecological consequences through its effect on the water
plant and soil relationships. The mound formation goes hand in hand with the growth
of the plant till the mound reaches a considerable size with a height of 50 cm or more.
Two types of adventitious roots are produced due to mound formation: tufts of fine
short roots and long fibrous roots; both contribute considerably to water intake by the
plant. The plant has two distinct types of glands, differing as regards their distribution
on the plant body, structure and function. These are the salt (chalk) glands and the
mucilage glands. The salt-secreting glands are present on the leaves and young shoots;
each is composed of 16 cells comprising 12 secretory cells and 4 subsidiary cells. Mucilage
glands occur at the extreme base of the leaf sheath, on the upper epidermis each consists
of a varying number of cells and is enclosed by large nonsecreting subsidiary cells.

Introduction

Salines occupy vast areas in the arid and semiarid zone and the problems
of salinity are aggravated by the inadequancy of rainfall to remove the salts.
However, salines are not entirely limited to such zones and halophytes are
widely distributed in various climatic regions. Halophytes exhibit taxonomical
and behavioural uniformity in the different regions, the same genus or even the
same species may occur in different climatic regions. Environmental conditions
prevailing in salines of the arid and semi-arid zones are very complex. The
plants growing in these salines are subjected to severe climatic and edaphic
aridity, in addition to physiological drought (Schimper, 1903) which is a
common phenomenon in salines of different climatic regions.

Our knowledge of the eco-physiology of halophytes in arid and semi-arid
zones is extremely limited. This and the subsequent papers represent an
attempt to fill some gaps in our knowledge. Though the number of halophytic
species is low compared to that of other groups of the flora of arid and semi-
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arid zones, they contribute in a great measure to the vegetation of vast areas
in these zones.

The present study deals with the autecology of a salt-secreting halophyte,
namely Limoniastrum monopetalum. It represents the basis for the subsequent
parts concerning the same species and dealing with aspects of its eco-physio-
logy. An introductory part on the salines and halophytes in Egypt is given
in this part.

Salines in Egypt

The desert occupies almost 97% of the total area of Egypt. Other than the salines
occupyirg tie northern part of the Delta and many parts of the cultivated areas, there are
inland salines in the desert area and coastal salines along the Mediterranean and Red Seas.

Inland salines

Inland salines include the following series:

a) Erosion pavements with gypseous deposits. This type belongs to automorphous
salines (Zohary 1962) and supports almost no vegetation.

b) Saline depressions in the desert and special habitats in the wadis which receive runoff
water with dissolved salts. In rainy years, these salines are usually flooded with water, but the
salinity increases at the upper layers in the dry season. Xerohalophytes as Tamarix spp., Zygo-
phyllum album, Atriplex halimus and Nitraria retusa inhabit these salines.

c) Salines in the terminal drainage basins which occur in the deltaic plains of wadis
of the Eastern Desert (Kassas and Zaiiran 1967) and the Sinai (Migahid et ah, 1959). Tama-
rix spp. are of common occurrence in these salines.

d) Salines around springs and water points. Evaporation of the brackish or saline water
leads to salinization of the habitat. Usually, hygrophilous plants grow near the source and
halophilous plants grow removed from it. Juncus spp. are among the plants that grow in the
salinized zone around these water points.

e) Salt marshes and saline habitats in the oases of the Western (Lybian) Desert (Miga-
hid et al., 1960).

Coastal salines

A. Coastal salt marshes in the Mediterranean zone include

a) Coastal swamps with very poor vegetation and a low number of species.

b) Depressions to the south of the coastal dune belt, locally rather close to the sea
level. Different halophilous plant communities inhabit these parts (Tadros
1953).

c) Salt marshes occupying the western extension of Lake Mareotis and located
between two limestone ridges extending parallel to the Mediterranean (Tadros
1953).

B. Red Sea littoral salt marshes, extending almost 1100 km from Suez to the Egyptian-

Sudanese border in the south. Plant communities in these marshes were studied by

(Kassas and Zahran 1967).

Halophytes in Egypt

The Egyptian flora comprises about 2300 species; out of these there are almost 80 ter-
restial halophytic species belonging to 31 genera and 17 families. Though the number of halo-
phytic species is low, they constitute the vegetation of wide areas in the country. Classification
of the halophytes in Egypt is not an easy task owing to the lack of knowledge about their
biology, physiology and other aspects. Several attempts have been made to classify the halo-
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phytic species (Stocker 1928, Steiner 1935; Iverson 1936, Van Eijk 1939; Tsopa 1939;
Henkel and Shokhov 1945; Chapman 1946; Adriani 1956 and Waisel 1972).

Application of the classifications adopted by any of the above-mentioned authors to
the halophytes in Egypt can not be achieved except after a thorough study of different aspects
of their eco-physiology. In general, halophytes in Egypt may be classified provisionally into
salt-secreting, succulent, and non-succulent halophytes.

Salt-secreting halophytes are represented by almost 30 species in the Egyptian flora.
The species under study, Limoniaslrum monopetalum, is one of these plants (Batanouny 1973).
Succulents are represented by 28 species, the majority of which are chenopeds. Non-succulents
include some plants which accumulate salts in some parts of their bodies, which are shed when
the salts reach a high level, e.g. Juncus spp.

The species studied

Limoniastrum monopetalum is a shrublet with a whitish grey aspect
belonging to the family Plumbaginaceae. Its stiff, narrow, spatulate leaves
and the young branches are densely beset with white, calcareous tubercles.
It is the only representative species of the genusLimoniastrum Fohr in Egypt.
The plant dominates in a community inhabiting deep sandy soils; though it
grows in highly saline soils yet with a low cover value. The plant has a limited
geographical distribution in areas along the Western Mediterranean coastal
zone in Egypt. The main associates growing in the community dominated by
the species studied are: Salsola tetrandra, Suaeda pruinosa. Anabasis articulata,
Thymelaea hirsuta and Asphodelus microcarpus.

Climatic conditions

The climatic conditions prevailing in the habitat supporting the plant
studied may be summarized from the climatic data obtained by the El Dabaa
Meteorological Station, located along the Western Mediterranean coast. The
annual rainfall is 142.6 mm; a value that decreases rapidly as one proceeds
inland. L. monopetalum is restricted to patches near the coast. The rainless
period extends from May to August, and the rainfall is negligible in April,
May and September. The rainiest months are December (41.8 mm), November
(30.7 mm) and January (26.4 mm). The temperature conditions are mild,
with a monthly mean ranging from 12.8 °C in January to 25.6 °C in August.
The highest mean maximum is 30.0 °C in August and the lowest mean minimum
is 7.0 °C in January. Absolute records show that the highest maximum is
43.8 °C in June and 0.0 °C in January; such values are of rare occurrence.
The relative humidity tends to be higher in summer than in winter, a pheno-
menon observed by other investigators at different stations in the same zone
(Migahid et al.,, 1971). It exhibits wide diurnal and seasonal fluctuations.
Evaporation ranges from 3.9 inm/day in December to 7.2 mrn/day in July.
The area has an attenuated subdesertic climate (UNESCO/FAO maps, 1963).
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Edaphic conditions

Mound formation

The edaphic conditions prevailing in the habitat supporting L. mono-
petalum are closely related to tin' formation of mounds by this plant. L. mono-
petalum is an effective soil builder and efficient soil conserver against wind
blowing and flood streams. It has the potential ability to form mounds, being
endowed by the following characteristics: ability to produce adventitious roots
from buried vegetative organs, capability of producing new shoots replacing
those buried by onblowing sand (in the possession of shoots having buds close
or near the ground surface), and having an intricately branching shoot system.
Huge mounds (Fig. 1) with an average height of 50 cm are formed by the plant
studied as well as by other associates, as Salsola tetrandra and Suaeda pruinosa.
Mound formation has many ecological consequences through its effect on plant-
water and soil relationships.

In the seedling stage, the plant grows on the level ground without any
sand accumulation, then the growth of the plantresults in the accumulation of
wind-blown and/or water-borne material forming a hillock rising above the
ground level (Fig. 1). These hillocks are augmentative up to a certain limit,
depending on a number of factors (Batanouny and Batanouny, 1968 & 1969).

Fig. 1. A profile in the mound body formed by Limoniastrum monopelalum
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The growth of the plant helps stabilizing the soil. Its preponderance is an
indicator of salinity reduction and an increased depth of the water table.
Coalescence of the mounds leads to the elevation of the ground level and
the consequent decrease in salinity. The community dominated by L. mono-
petalum may be considered the last stage of the halosere in the salt marsh
communities along the Western Mediterranean coast in Egypt.

Soil characteristics

Though the plant studied grows and dominates in a community in habi-
tats with soils having a low salt content, it grows — but with a low cover
value — in highly saline soils. The soil study was carried out in two habitats:
a less-saline habitat where Limoniastrum is the dominant plant, and a highly-
saline habitat where the plant grows hut is not dominating the plant cover.

a) Penetrability

Soil penetrability was studied by the use of Zaghloul’s stratometer
(Zaghtloul, 1928), a method adapted by many investigators (Batanouny
and Zaki, 1969). The wider the distance between the successive lines in the
drawing, the more is the soil penetrability. It is clear from Fig. 2 that the soils
forming the mound body and below it are more easily penetrable than those
between the mounds. The mound body has more loose soil than that below it.
On the other hand, in the highly-saline habitat the soil is easily penetrable
in all sites. Soil layers near the water table and below it are easily penetrable
in this habitat.

b) Soil texture

Soil forming the mound body is more fine-textured than soils below the
mounds or between them (Table 1). The newly trapped soil material, forming
the mound body, countains considerable amounts of silt and clay, ranging
from 33 to 49%, while the coarse sand content is low, ranging from 12 to 15%.
Below the mound body and between the mounds, the silt and clay content is
low, ranging from 10 to 26%. and the coarse sand content ranges from 25 to
57% at the different depths.

c) Moisture equivalent

A remarkable difference can be observed between the moisture equivalent
values in the mound body, below it, and between the mounds (Table 1). The
soil forming the mound body has moisture equivalent values (10.80 to 12.08%)
higher than those below (5.74—8.38%) and between the mounds (4.01—5.01%).
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Fig. 2. Soil penetrability in the mound body, below it and between the mounds in two different

Granulometric analysis, moisture equivalent and hygroscopic water in summer, and soil
moisture content in different months of soil samples collected at successive depths in the mound
body, below it and between the mounds in the less-saline habitat

Site

Mound
body

Below
the

mound

Between
the

mounds

Depth
(cm)
0— 5
5— 20
20— 50
0— 25
25— 50
50— 75
75— 100
0— 2
2— 25
25— 50
50— 75

75—100

Granulometric

Coae N
(%)

12 55
12 49
15 36
25 57
33 45
49 36
57 33
36 46
29 55
35 49
37 38
48 26

nalysis

Silt &
day %

18
22
15
10

18
16
16
25
26

Moisture
equivalent

%

12.08
11.10
10.80

8.38
8.26
6.01
5.74

4.82
4.01
4.15
4.55
5.01

Hygroscopic
water (%)

2.16
2.07
2.03

1.72
1.63
1.66
1.56

1.00
0.98
0.96
1.46
1.84

Soil moisture content <%)

January

2.5
5.7
2.3

1.6
8.7
14.4
9.6

3.6
10.6
10.1

8.7
121

March

1.8
3.7
3.8

3.4
7.0
9.0
8.5

1.3
4.9
6.2
10.5
10.0

July

15
2.9
3.2

1.7
6.8
9.2
8.9

1.4
2.3
5.4
8.6
9.5

Sep-
tember

1.2
1.6
2.1

1.4
41
4.3
5.3

1.4
2.4
3.7
55
7.7
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The moisture equivalent values decrease steadily as the depth increases in
the mound body and below it. More or less homogeneous values are observed
at different depths in the soil between the mounds.

d) Soil moisture content

Examination of Table 1 reveals the following:

1) The soil moisture content decreases at the various layers by the advent
of the dry season, reaching low levels in September, (2) considering the hygro-
scopic Mater non-available, the mound body contains available moisture at
depth of 20—50 cm almost all the year round, at a depth of 5—20 cm during
three seasons and at a depth of 0—5 cm during the rainy season only, (3) there
is ample supply of water to the plant at deep layers below the mound body
during the whole year, (4) at deep layers, the soil moisture content is higher
in soils between the mounds than below the mound body by the end of the
dry season, a phenomenon attributed to rapid depletion of water below the
mound body by absorbing roots.

e) Total soluble salts

It is remarkable that the plant studied grows in soils varying MUdely
in their salt content. How'ever, the plant is prosperous and dominates the
vegetation in less-saline habitats. A glance at Tables 2 and 3reveals that the
amount of the total soluble salts in the mound body ranges from 13.3 to
25.5% in the highly saline habitat, and from 1.1 to 3.5% in the less-saline
habitat. This shows the wide range of salinity under which the plant grows.
As regards the vertical distribution of salts, they are higher in the mound
body than between the mounds in both habitats. Below the mound, in the
less saline habitat, the salts increase from 0.8% at a depth of 0—25 to 2.2%
at a depth of 75— 100 cm. Between the mounds, the salt content is lower than
in the mound body.

f) Anions

Chlorides are the dominant anions in the tMro habitats and their amount
decreases by the increasing depth in the mound body, ranging from 468 to
241 mg/100 g in the less-saline habitat and from 418 to 7896 mg/100 g in the
highly saline habitat (Tables 2 and 3). Below the mounds, the chloride content
is lower than in the mound body, but slightly higher than between the mounds
in the less-saline habitat.

Sulphates range from 128 to 336 mg/100 gm in the less-saline habitat
and from 640 to 2760 mg/100 gm in the highly-saline habitat. They exhibit
higher values in the mound body than below it in the latter habitat.
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Table 2

t

Soil analysis of samples collected from successive depths in the mound body, below
and betiveen the mounds in the less-saline habitat

Total Anions Cations Total  grga-
i Depth sol. (mg/100 gm) (mg/100 gm) car- nie
Site (cm) p salt bona- - carhon

- tes
% ci- S04 HCOR Na+ K+ Cat+ Mg+ w

Mound 0— 5 7.7 26 468 134 100 300 120 1.5 13 73 042
body 5— 20 7.6 1.1 33 265 107 315 124 1.2 03 71 052
20— 50 7.7 35 241 128 153 235 125 1.4 02 63 054

Below the 0— 25 7.5 0.8 228 336 122 151 87 1.4 03 80 040
mound 25— 50 7.4 1.9 208 163 97 118 82 1.2 08 83 041
50— 75 7.4 1.3 345 130 76 290 125 11 04 72 015
75—100 7.3 2.2 304 208 61 375 116 1.4 07 78 0.28

Between 0— 25 7.2 0.4 133 143 96 98 48 0.9 02 75 0.25
the 25— 50 7.2 0.6 133 200 96 95 44 11 0.2 78  0.17
mounds 50— 75 7.1 3.0 359 196 46 250 129 2.1 0.9 76  0.19

75— 100 7.1 22 382 223 61 350 118 3.8 19 78 0.29

Table 3

t

Soil analysis of samples collected from successive depths in the mound body4 below
and between the mounds in the saline habitat

Total Anions Cations ch'at?_l Orga-

Site Ezsr?ll)h pH SS(a)IIt (mof00 gm) (Mo/00 om) b‘;::' canrlbeon

% Cl-  SOj- HCO5- Na+ K+ = Cat+ Mg+t+ (%) e

Mound 0— 5 81 255 7896 2360 458 663 252 32.0 405 2.7 0.20
body 5— 20 8.1 13.3 4189 2760 458 313 119 33.3 393 24 040
Below the 0— 25 8.2 3.9 950 1880 305 50 11 125 153 1.7 0.04
mound 25— 50 8.0 3.9 1065 680 305 69 16 10.0 35 24 0.05

50— 75 8.1 3.3 898 640 305 75 16 6.5 30 26 0.05
75—100 1.2 55 1775 720 305 106 39 9.5 6.5 30 0.20

Between 0— 25 8.0 6.5 2059 2960 305 94 29 268 253 84 030
the 25— 50 7.5 4.0 959 2040 458 80 14 18.0 78 83 0.04
mounds 50— 75 7.0 24 746 760 610 50 14 6.0 05 83 0.06

75—100 7.5 4.6 1180 2160 305 69 15 175 55 9.2 0.12
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The bicarbonate content is higher in the highly-saline habitat (305 to
458 mg/100 g) than in the less-saline habitat (61 to 153 mg/100 g). Bicarbonates
are higher in the mound body than below the mounds in the two habitats.
Between the mounds, the bicarbonate content is very low in the less-saline
habitat, but with considerable values in the saline habitat (305—610 mg/100 g).

g) Cations

Sodium is the dominant cation in all samples studied (Tables 2 and 3).
It has higher values in the mound body than below it or between the mounds.
In the mounds, its amount ranges from 235 to 315 mg/100 g in the less-saline
habitat and from 313 to 663 mg/100 gin the highly-saline habitat. It is remark-
able that the sodium content below and between the mounds is higher in the
less-saline than the highly saline habitat. Potassium content is lower than that
of sodium, hut it shows the same trend as sodium in the various sites. The
calcium ion is very low in the less-saline habitat compared to that in the
highly saline one, ranging from 0.9 to 3.8 mg/100 g in the former habitat and
from 6 to 33.5 mg/100 g in the latter. Calcium exhibits a more or less homo-
geneous distribution in the mound body and below it in the less-saline habitat,
hut it is higher in the mound body than below it in the highly-saline habitat.
Magnesium content is very low in the less-saline habitat (0.2— 1.9 mg/100 g),
but it shows high values in the highly-saline habitat (0.5—40.5 mg/100 g).
It exhibits nearly the same trend as calcium.

h) Total carbonates

The carbonate content calculated as calcium carbonate in the mound
body and below it is much higher in the less-saline habitat (6.3—8.3%) than
in the highly-saline habitat (1.7—3%). The vertical distribution of the total
carbonates is almost homogeneous in both cases. Between the mounds, the
carbonates are higher in the highly-saline habitat than in the less-saline one.

i) Organic carbon

The values of the organic carbon content are higher in the less-saline
(0.15—0.52%) than in the highly-saline habitat (0.04—0.4%). In both cases,
the highest organic carbon content is observed in the mound body.

j) pH value

In general, the pH values in all sites are on the alkaline side. Higher pH
values are observed in the highly-saline habitat than in the less-saline habitat.
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Root studies

Root systems of Limoniastrum were studied at the successive stages of
mound formation in the less-saline habitat (Fig. 3). The young individual,
10 cm high, grows on the level ground without any sand accumulation. The
root of this plants extends about 60 cm deep into the soil, with only a few
fine superficial and deep laterals extending 20 cm on both sides. The growth
of the plant goes hand in hand with the accumulation of soil material around
the body of the plant. More lateral long roots are produced with a lateral
extension of 1 m. A small mound, 5 cm high, is formed at this stage. Further
growth of the plant is accompanied by an increase of the mound size and the
burial of old shoots and the formation of adventitious roots. More lateral
roots with more lateral extension are formed at this stage. Continuous growth
of the plant and subsequent sand accumulation and increase of the mound
body are accompanied by obvious changes in the root system. In the mature
mound, 50 cm high and 120 cm in diameter, the main root system becomes
thick and it branches into numerous long laterals extending horizontallv
(140 cm) and vertically (80 cm). Numerous adventitious roots are produced
in the mound body. Two types of these roots are produced: fine tufts of short
roots and long fibrous dense roots. The fine short roots, produced in tufts,
are “ephemeral roots” produced during the wet season and which vanish
and lose their activity by the advent of summer. In the wet season, the soil
in the mound body has a relatively high moisture content that stimulates
the formation of these roots. This type of roots does not extend below the
mound body. The long adventitious roots are produced from the buried stems
and they extend in all directions. The root system of the mature plant extends
laterally on both sides for a distance of 180 cm and vertically for 80 cm below
the mound body. The huge numbers of the adventitious roots contribute, to a
great extent, to the total water intake of the plant. It is to be noted that at
all stages of growth the root/shoot ratio is high and it increases by the aging
of the plant.

The study of the root habit of a species growing under different condi-
tions is of great importance as an indicator of plant-water and soil relationships
(Batanouny and Zaki, 1969). As is clear from the foregoing results, the plant
grows in highly saline habitats with a shallow saline water-table (60 cm deep).
Fig. 4 shows the root system of Limoniastrum growing in this habitat. The root
system of this plant is widely different from that of a plant growing under
less-saline conditions. The stunted plant growth with a small number of shoots
forms a low mound, less than 20 cm high. The root system is represented by
a thick main root penetrating the soil obliquely and producing a limited
number of laterals. The maximum depth is 50 cm, but roots extend horizon-
tally for a distance of 2 m. It is evident that the presence of a high ground-
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water level hinders the growth of the root system (Kolesnikov, 1971 and
Zayed, 1973). High salinity causes an osmotic stress which reduces the water
availability and thus hinders the production of adventitious roots.

Secreting glands in Limoniastrum

Limoniastrum monopetalum has two types of glands differing in structure,
distribution and function. These glands are the chalk (salt) glands and the
mucilage glands.

Chalk (salt) glands

Salt glands have been described by many investigators in the nineteenth
century (De Bary, 1977; Volkens. 1884; Marlotii, 1887). These studies were
followed by Schtscherback (1910), Ruhtand (1915), De Fraine (1916), and
recently by Arisz et al. (1955), Ziegler and Luttge (1966) and Luttge
(1971).

The salt or chalk glands in Limoniastrum monopetalum are present on
both surfaces of the leaves (Fig. 5) as well as on the young stems (Fig. 6).
The average number of glands is 2315/cm2 on the lower surface of the leaf
and 1955/cm2 on the upper surface. In the plant growing under highly-saline
conditions, the number of glands is 2406/cm2on the lower surface and 1979/cm2
on the upper surface. It is remarkable that the leaf area varies widely in differ-
ent habitats, being 108 mm2in the highly-saline habitat and 196 mm2in the
less-saline habitat. In plants transplanted to the garden and under low salinity
and adequate moisture supply, the leaf area is 205 mm2, having 1759 gland/cm2
on the lower surface and 1373 gland/cm2on the upper surface. It is to be noted
that the number of glands is much fewer than that of the stomata.

The chalk glands in Limoniastrum are depressed below the level of the
epidermal surface (Figs 5, 6 and 8). This facilitates the retention of the excreted
mass of lime, which disappear by the addition of HC1 to the leaf. Volkens
(1884) claimed that the physiological significance of these chalky excretions
is the protection against excessive transpiration.

The structure of these glands was incorrectly described by Volkens
(1884) as consisting of 8 cells surrounded by 4 “Nebenzellen”. Batanouny
(1973) found that the gland is formed of 12 cells surrounded by 4 subsidiary
“Nebenzellen”. The twelve secretory cells arranged in groups of four cells
each, separated by thin walls at right angles to each other and perpendicular
to the surface (Fig. 7). The four subsidiary cells surround the secretory cells.
A pit is situated on the top of the gland and is surrounded by a transversal
opening on the leaf surface. The twelve glandular cells have extremely thin
walls, except, to a slight extent, the walls adjacent to the base of the gland.
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Fig. 5. T. S. in Limoniastrum monopetalum leaf showing the depressed chalk glands on both
surfaces

Fig. 6. T. S. in Limoniastrum monopetalum stem showing the depressed chalk glands on the
epidermis

The glandular cells lack central vacuoles and have a granular cytoplasm and
large nuclei. The outer walls of the subsidiary cells are strongly cutinized.
Also, the upper sides of the gland and the neighbouring epidermal cells are
covered by a thick cuticle. A rigid structure enclosed by cutinized walls is
formed below the leaf epidermis in which the gland is firmly inserted (Fig. 8).
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Fig. 7. Surface view of the chalk gland of Limoniastrum monopetalum. Note the arrangement
of the secretory cells and the transversal opening of the gland

Fig. 8. A part ofa T.S. in Limoniastrum monopetalum leaf showing the depressed glands below
the epidermal level. Note the cutinization around the gland

Mucilage glands

The mucilage glands in different Limonium spp. were studied by De
Fraine (1916). In Limoniastrum, these glands occur at the base of the leaf
sheath, on its upper surface in contact with the stem. In the other lower
(outer) surface, there are chalk glands. The mucilage glands occur abundantly
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Fig. 9. T. S. in the basal part of the leaf sheath of Limoniastrum monopetalum showing the
mucilage glands raised above the upper epidermis

Fig. 10. Surface view of the mucilage gland of Limoniastrum monopetalum
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at the extreme base of the leaf sheath and decrease upwards, towards the leaf,
till they are replaced by chalk glands.

The mucilage glands are raised above the epidermis, on a base consisting
of a few stout cells (Fig. 9). The secretory cells vary in number and they are
prismatic, columnar or concial in shape. They have very thin walls and are
very rich in cytoplasm. The glandular cells are enclosed by large non-secreting
subsidiary cells. The entire gland is encased in a cutinized layer. The mucilage
gland has a circular or oval outline in the superior view (Fig. 10).

Discussion

Limoniastrum monopetalum is a salt-secreting halophyte. The area in
which the plant grows has an attenuated subdesertic climate. The plant has a
limited geographical distribution, being rectricted to particular areas in the
W estern Mediterranean coastal zone of Egypt. Being endowed with special
characteristics, the plant is able to form mounds. The formation of these
mounds has many ecological consequences. The soil properties, both physical
and chemical, are widely different in the mound body, below it and between
the mounds. Such variation is reflected on the plant-water and soil relation-
ship. Accumulation of soil material around the plant body stimulates the pro-
duction of adventitious roots which participate to a great measure in water
absorption by the plant. In the rainy season, the moisture in the mound body
stimulates the production of very fine tufts of short adventitious roots. These
roots are of ephemeral nature, i.e. they vanish by the advent of summer. The
long fibrous adventitous roots are numerous and permanent, and they repre-
sent the main absorbing system of the plant. They extend in different directions
for long distances in and below the mound body. Salinity hinders the produc-
tion of adventitious roots, hence plants growing in very saline habitats produce
no adventitious roots.

The plant, with a potential ability to form mounds, causes the rise of
the ground level; consequently, the ground water level becomes deeper.
Coalescence of the mounds results in elevation of the ground level above the
common level of the surrounding marshes. The plant occupies elevated belts
bordering the salt marshes. This leads to a decrease of salinity, and usually
the land occupied by Limoniastrum in the Mediterranean coastal-zone is culti-
vated by barley, indicating the important role of this plant in reclaiming the
soil. The newly trapped soil material among the intricate branches of this plant
is fine in texture and easily penetrable. Moreover, the impregnated dead
vegetative parts in the mound body enrich the soil with organic matter.

The plant has chalk (salt) and mucilage glands. The chalk glands are
present on the leaves and on the young stems, while the mucilage glands occur
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at the base of the leaf sheatli on the upper epidermis. Both types of gland
differ as regards distribution on the plant body, structure and function.

The salt-secretion from the chalk glands appears on the leaf surface as
whitish tubercles, which disappear by the addition of drops of hydrochloric
acid. Through the activity of these glands, the plant liberates excess salts in
the plant body. In a future study, the secretion of these glands will be investi-
gated under laboratory conditions. The presence of these secretions on the
surface of the transpiring organs may be a mechanism by which the plant
reduces it water expenditure. The next paper of this series will deal with the
water relations of this plant. It is probably that the mucilage secreted by the
mucilage glands play a role in the water relations of the plant studied. The
secreted mucilage absorbs the atmospheric humidity and the plant may benefit
from this moisture.
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TETRAZYGIOPSIS, GENERO NUEVO DE LAS
ANTILLAS Y EL GENERO TETRAZYGIA L. C
RICH. (MELASTOMATACEAE) EN CURA
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The present study contains a taxonomic revision of the Cuban taxa of the genus
Tetrazygia L. C. Rich, with the descriptions of 3 species, 2 varieties and 3 combinations
new to science and a new analytical key. This revision led to recognize a new Antillan
genus differing from Tetrazygia in the structure of the calyx. The new genus is named
Tetrazygiopsis and includes 2 sections and 8 species.

Durantela realizacion de la revision taxondmica de las espécies cubanas
del género Tetrazygia L. C. Rich, me llam¢ el atencion, que algunas espécies
de este género tenian una estructura del caliz diferente de la que esta descrita
coTo caracter genérico. Particularmente en las espécies Tetrazygia brachycentra
(Griseb.) Triana, T. laxiflora Naud. y T. ekmanii Urb. observaba, que el caliz
tiene loébulos exteriores bien desarrollados, por lo comun notablemente mas
largos que los inferiores. Esta caracteristica no es propria del género Tetrazygia
ni del Miconia. Después de haber revisado todas las espécies antillanas del
género Tetrazygia, encontre, que 8 de estas tienen la misma caracteristica
ajena al género Tetrazygia. Merece mencionar, que esta caracteristica ya habia
impresinonado a muchos de los autores del siglo pasado, porque la mayoria de
estas 8 espécies eran descritas bajo otros géneros (Graffenrieda. Calycogonium
y Pachyanthus), para los son caracteristicos los I6bulos exteriores del caliz
bien desarrollados. Basandome en una revision comparativa y cuidadosa llegué
a la conclusion, que las espécies listadas mas abajo, no pueden pertenecer al
género Tetrazygia, sino para ellas hay que crear un género nuevo, 10 que
queremos denominar Tetrazygiopsis, y que es de considerar un género endémico
de las Antillas.

El género se divide en dos secciones: La seccion Tetrazygiopsis se distigue
por sus flores 4-meras y ovarios 3-(4)-loculares, mientras la seccion Pachyanthop-
sis se reconoce por sus flores 5-meras y ovarios 5-loculares. A la seccion Tetra-
zygiopsis pertenecen 6 espécies, de las 3 son endémicas en Cuba, 1 en Jamaica,
1 en Puerto Rico, y una tiene mayor distribucién en las Antillas Mayores y
Menores. A la seccién Pachyanthopsis pertenecen 2 espécies; ambas son endé-
micas de Espanola.

La descripcion y la clave analitica del género son las siguientes:
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Tetrazygiopsis gen. n.

Frutices vei arbores humiles Antillani, foliis 3—5-nervis petiolatis vel
sessilibus, plerumque stellato-puberulis vel lepidotis, rariter glabris, inflores-
centiis terminalibus paniculatis, plerumque multifloris, tubo calycino supra
ovarium elongate et producto, breviter lobulato vel truncate, lobis dorso
appendices subulatos vel filiformes, lobos ipsos plerumque bene superantes
gerentibus, petalis plerumque 4, rariter 5, ob ovatis et obtusis, staminibus
8—10 aequalibus vel inaequimagnis, antheris linearibus vel oblongo-lanceolatis,
apice uniporis, connectivo exappendiculato, ovario 3—5-loculari, calyce semi-
connato, baccis 3—5-locularibus, carnosis, limbo calycis coronatis insignes.

A genere proximo, Tetrazygia L. C. Richard lobis exterioribus bene evo-
lutis clare differt, et per banc rationem charactere dicto a Tetrazygia recte
separare posse persuasus sum. A genere Pachyanthus A. Richard calycibus
ampulliformibus, supra ovarium elongatis et productis, inflorescentiis panicu-
latis, plerumque multifloris, floribus 4—5-meris, ovario plerumque 3—4-
loculari sine dubio bene discrepat.

Typus generis: Tetrazygiopsis brachycentra (Griseb.) Borhidi

1 a Flores 4-meri; ovarium 3—(4)-loculare; folia membranacea vel cliar-

tacea (SECt. TeIrazygiOPSiS) oottt 2
b Flores 5-meri; ovarium 5-loculare, folia coriacea (sect. Pachyanthopsis)

2 a Folia subtus glabra vel glabrescentia ... 3
b Folia subtus liirsuta vel stellato-tomentosa .
3 a Folia subtus glabra, fructus oblongus (End.: Cuba: Cam., Or.) ....

1. T. brachycentra
b Folia subtus ad nervdés sparse stellato-puberula; fructus globosus

(End.: Cuba: Or.: Sierra M aestra)....nennienniennnn. 2. T. ekmanii
4 a Caulis, inflorescentia et folia subtus strigilloso-hispida (End.:
JAMAICA) oo 3. T. hispida
b Planta non hispida, folia subtus dense stellato-tomentosa................ 5
5 a Folia sessilia, basi cordata, margine crenata (Hispaniola, Porto Rico,
ANTITAE M INOTES) i 4. T. crotonifolia
b Folia longe petiolata, basi obtusa vel rotundata, margine integra
(End.: Cuba: PR., LV., O r.) e 5. T. laxiflora

6 a Fruticulus 30—40 cm altus, folia, nervis transversalibus subrectan-

gularibus, subtus ferrugineo-tomentosa (End.: Hispaniola)............

6. T. tuerckheimii

b Frutex 1—1.5 m altus, folia nervis transversalibus acutangularibus,

subtus flavo-tomentosa, baccae edibiles, usque ad 2 cm longae

(End.: Hispaniola) .. 7. T. urbaniana

Obs.: Species nondum satis cognita: T. biflora e Porto Rico verisiini-
liter hue pertinet.
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I. Sectio Tetrazygiopsis

Foliis membranaceis vel chartaceis, floribus 4-meris, ovario 3—(4)-
locularibus.

1. Tetrazygiopsis braehyeentra (Griseb.) Borhidi c. n.

Basionymon: Graffenrieda braehyeentra Griseb. Plantae Wrightianae, pars I. Mém. Amer.
Acad. Sei. Nov. Ser. 8. 1860. p. 186. Typus: Wright 191!

Synonyma: Tetrazygia braehyeentra Triana in Trans. Linn. Soc. 28. 1. 1871. — Miconia
braehyeentra Maza. Cat. de las Periant. Cuban. Anal. Soc. Esp. de Hist. Nat. 19. 1890. p. 67.
2. Tetrazygiopsis ekmanii (Urb.) Borhidi c. n.

Basionymon: Tetrazygia ekmanii Urban in Fedde’s Repert. 22. 1926. p. 222. Typus:
Ekman 14 862!

3. Tetrazygiopsis hispida (Sw.) Borhidi c. n.
Basionymon: Melastoma hispida Swartz Prodr. 1788. p. 72.
Synonymon: Tetrazygia hispida Macfadyen Jam. Il. 1850. p. 58.
4. Tetrazygiopsis erotonifolia (Desr.) Borhidi c. n.
Basionymon: Melastoma erotonifolia Desr. in Lamarck Encycl. 4. 1797. p. 43.
Synonymon: Tetrazygia erotonifolia DC. Prodr. 3. 1828. p. 172.
5. Tetrazygiopsis laxiflora (Naud.) Borhidi c. n.

Basionymon: Tetrazygia laxiflora Naudin in Annal. Sei. Nat. Sér. I11. 15. 1851. p. 343.

Synonyma: Tetrazygia elaeagnoides Griseb. in Cat. Plant. Cub. 1866. p. 98. non DC. —
Miconia rangeliana Wright in Griseb. l.c. p. 99. Typus: Wright 2512! Cuba: Pinar del Rio:
Rangel.

6. Tetrazygiopsis biflora (Cogn.) Borhidi c. n.

Basionymon: Calycogonium biflorum Cogniaux in Jahrb. Bot. Gart. u. Mus. Berlin 4.
1886. p. 276.

Synonyma: Tetrazygia krugii Cogniaux in DC. Monogr. 7. 1891. p. 719. — Tetrazygia
biflora Urban in Fedde’s Repert. 17. 1921. p. 405.

I1. Sectio Pachyanthopsis Borhidi sect. n.

Frutices foliis coriaceis, floribus 5-meris, ovario 5-loculari.

7. Tetrazygiopsis tuerckheimii (Cogn.) Borhidi c. n.

Basionymon: Pachyanthus tuerckheimii Cogniaux in Urban Symb. Ant. 7. 1912. p. 314.
Typus: Tarckheim 3148.

Synonyma: Tetrazygia humilis Urb. et Ekm. in Ark. f. Botanik 22 A No. 17. 1929. p. 31.
—Tetrazygia tuerckheimii Ekman ex Urb. in Ark. f. Botanik 23 A No. 11. 1931. p. 16.
8. Tetrazygiopsis urbaniana (Cogn.) Borhidi c. n.

Basionymon: Pachyanthus urbanianus Cogniaux in Urban Symb. Ant. 7. 1912. p. 313.
Typus: Tarckheim 3196.

Synonyma: Tetrazygia macrocarpa Urb. et Ekm. in Ark. f. Botanik 22 A No. 17. 1929.
p. 30. — Tetrazygia urbaniana Croizat in Moscoso Cat. Flor. Doming. 1943. p. 457.

El género Tetrazygia L. C. Rieh, en Cuba

Arboles o arbustos escamosos; hojas 3—5-nervias; flores pequenas,
4—6-meras en panojas o corimbos terminales, blancas o rosadas. El tubo del
caliz estrechado a contraido arriba del ovario; el limbo 4—6-lobulado o sub-
truncado, l6bulos exteriores del caliz inconspicuos o ausentes. Pétalos 4—86,
obovados, obtusos. Estambres 2 veces tantos coTo los pétalos, iguales o sub-
iguales; filamentos subulados, anteras lineales, poro 1, apical, conectivo sin
apéndices. Ovario 2—6-locular, semi-adherente; estilo encorvado, filiforme,
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estigma puntiforme. Baya 2—6-locular, carnosa, coronada por el limbo del
caliz. 15— 20 espécies de las Antillas y Guayana.
Clave analitica para las espécies cubanas:

1 a Flores 4-meras, ovario 2—(3)-10CU AT ..o 2
b Flores 5—(6)-meras, ovario 3—6-locular ..., 3
2 a Hojasredondeadas en el APiCe ..ccorrrviviennciiinienns 1. T. elegans Urb.

aa Hojas de 3.5—6 cm., cubiertas por escamas amarillas, fimbriadas
I/a. var. elegans

bb Hojas de 2—4 cm. de largo, cubiertas por escamas de margen
ENTEIO o 1/b. var. cacuminis Borhidi
b Hojas atenuadas y agudas en el apice (End.: Or.: Sierra Maestra). ..
2. T. urceolata (Urb.) Borhidi
3 a Indumento ferrugineo-estrellado, ovario 5—6-locular (End.: LY:
Sierrade Escambray) ... 3. T. aurea Howard et Briggs

b Indumento blanco-grisaceo a parduzco, ovario 3—4-locular............... 4
4 a Hojas fuertemente reticulado-venosas y estrcllado tomentosas en el
envés (Cuba: PB., IP., Guayana) 4. T. delicatula (A. Rich.) Borhidi

b Hojas no reticulado-venosas, el eNVES €SCaAM 0S0 .covvvrveeierireeererieeereens 5
5 a Ldébulos del caliz triangulares y agudos de 2—3 mm. de largo, hojas
nitidas, y reticuladas en el haz, el envés escamoso de escamas peltadas
multiradiadas (End.: Or.: Sierra del Cristal) ...
5. T. cristalensis Borhidi
b Lobulos del caliz redondeados a truncados hasta de 1.5 mm. de largo;

hojas mayormente mates y no reticuladas en el haz ... 6
6 a Hojas de 3.5—6 cm. de largo, inflorescencias de 2—5 cM.....cccceeerreee. 7
b Hojas de 6—14 cm. de largo, inflorescencias de 6—20 cm .................. 8

7 a Hojas densamente albo-escamosas en el envés, a veces callosas o
barbudas en las axilas de los nervios (End.: Mogotes de PR.)
6. T. lanceolata Urb.
aa Hojas largamente acuminadas, baya oblonga de 7—8 mm. de
largo (End.: Pan de Guajaibén) ... 6/a. ssp. lanceolata
bb Hojas atenuadas en el apice, baya globosa de 4—6 mm. de largo
(End.: Sierrade la GuUira)......... 6/1». ssp. minor (Urb.) Borhidi
b Hojas glabrescentes, sin callos o grupo de pelos en las axilas del envés
(End.: Or.: Pico TUurquino) .ciiininns 7. T. acunae Borhidi
8 a Hojas ferrugineo- a pardo-escamosas en el eNVES....ccccvvceienreiernreniennns 9
b Hojas blancuzcas a plateado-escamosas en el eNVES....coovveiervrcenne 10
9 a Hojas coridceas de 6—9 cm., no hirsutas en las axilas de los nervios
del envés (End.: PR.: Cajalbana).....ne. 8. T. coriacea Urb.
b Hojas cartdceas de 8—14 cm., nervios laterales hirsutos a barbudos
en las axilas del envés (End.: Or.: Moa)........... 9. T. barbata Borhidi
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10 a Hojas de 6—9 cm., nervios primarios hundidos en el envés, inflores-
cencia pauciflora de 6—8 cm. (End.: PR.: Sierra del Rosario)

10. T. impressa Urb.
b Hojas de 8—14 cm., nervios primarios poco hundidos en el liaz,
apenas prominulos en el envés; inflorescencia multiflora de 10—20 cm.
de largo (Cuba, Espanola, Jamaica, Rahamas y Florida)...........
11. T. bicolor (Mill.)) Cogn.

aa Ramitas, peciolos e inflorescencia sin pelos largos extendidos
11/a. var. bicolor
bb Ramitas, peciolos e inflorescencia con pelos largos extendidos. ..
11/b. var. patenti-setosa Borhidi

Tetrazygia elegdns Urb. var. cacuniinis Borhidi var. n.

A typo difiért: foliis 2.5—4 cm longis, subtus lepidibus margine integris obsitis, inflo-
rescentiis usque ad 2 cm longis, fructibus 3—3.5 mm longis.

Holotypus: Bucher 140; Cuba: Prov. Oriente; Sierra Maestra, Mogote
Peak, Pico Turquino. Leg.: C. G. Bucher 29. febr. 1930.

Tetrazygia urceolata (Urb.) Borhidi comb. n.

Basionymon: Miconia urceolata Urban in Symb. Ant. 9. 1923. p. 116.

Adde ad descriptionem: limbus calycis sub anthesi et in fructu supra ovarium manifeste
elongatus et productus, superne ampliatus, lobi exteriores calycis tuberculati, minuti, ovarium
fructusve quasi semper 2-loculares. Sine dubio Tetrazygia ex affinitate T. elegantis Urb.,
a qua foliis apice attenuatis et acutis, calycibus fructibusve gibberoso-squamosis differt.

Tetrazygia delicatula (A. Rieh.) Borhidi comb. n.

Basionymon: Miconia delicatula A. Richard in La Sagra: Histdria Fis.
Pol. Nat. de la Isla de Cuba X. 1845. p. 268. — Synonyma: Tetrazygia elaeagnoi-
des Griseb. in Cat. Plant. Cub. 1866. p. 98.

Adde ad descriptionem: limbus calycis sub anthesi et in fructu supra ovarium manifeste
elongatus et productus, superne infundibuliformiter elatus. Ovarium 3-loculare.

Tetrazygia cristalensis Borhidi sp. n.

Arbor parva. Rami hornotini tenuiter 4-angulati, lepidibus peltatis, lanceolatis vel
linearibus, multiradiatis, ferrugineis vel brunnescentibus densissime obtecti. Folia 1—2 cm
longe petiolata, petiolis basi 1.5—3 mm crassis, convexis, supra anguste sulcatis, dense brunneo-
lepidotis suffulta, lanceolata vel oblongo-lanceolata, basi obtusa vel rotundata, antice longe
acuminata, apice ipso obtusa, 7—14 cm longa et 2.5—4 cm lata, basi trinervia cum nervis
2 marginalibus, transversalibus inter sese 4—7 mm remotis, omnibus supra impressis et reti-
culato-anastomosantibus, subtus tenuiter sed manifeste proininulis, obsolete reticulato-
venosis, supra nitida, initio sparse lepidota, mox glabra et obsolete punctata, subtus lepidibus
griseis vel plerumque flavo-aeruginosis permultiradiatis densissime obtecta, domatiis nullis
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suffulta, margine integra, plana, coriacea. Inflorescentiae terminales 2—3 cm longe pedun-
culatae, panicula anguste pyramidata, pauciflora, 4—7 cm longa, pedicellis 4—6 mm longis.
Calyx fructifer 9—14 mm longue, limbo 3—4 mm longo, utrinque lepidoto; lobi 5, triangulares,
acuti, 2—3.5 mm longi, dorso carinati, exappendiculati. Petala 5, obovata, 6—7 mm longa,
basi breviter stipitata. Stamina 10. Ovarium 3-loculare. Fructus subglobosus non pleno maturus
8 mm longus, 6 mm in diam.

Holotypus: Cuba: Prov. Oriente; Sierra del Cristal, entre Los Mulos y
Corea, ait. aprox. 630. m.s.m. Leg.: M. Lépez Figueiras (UO 279) 27—28.
aug. 1958. SV! Isotypus: SV!

Tetrazygia acunae Borhidi sp. n.

Frutex vel arbor parva. Rami hornotini 4-angulati, striati, lepidibus griseis minutis
et adpressis obsiti vel glabrescentes, vetustiores teretes, striati et dense lenticellati. Folia
10—15 mm longe petiolata, lanceolata vel oblongo-lanceolata, antice longe acuminata, apice
ipso acuta, basi obtusa, 3—5.5 c¢cm longa et 0.8—1.5 cm lata, e basi trinervia, nervis supra
parum impressis, subtus prominentibus, lateralibus a margine 1—2 mm remotis, transversalibus
inter sese 2—4 cm distantibus, supra obsolete impressis vel inconspicuis, subtus conspicuis
non prominulis nec reticulatis; lamina supra in sicco nigrescens, rugulosa, initio griseo-lepidota,
mox glabra, rugulosopunctata, subtus pallidior, griseo-lepidota mox glabriuscula, margine
integra, tenuiter recurva, pergamacea. Inflorescentiae 0.5—1 cm longe pedunculatae, pauci-
florae, ipsae 1—2 cm longae, pedicellis 4—5 mm longis. Calys fructifer 7—9 mm longus, limbus
2—3 mm longus, lobi 5, breviter triangulares, 1—1.5 mm longi. Stamina 10. Fructus globosus
5—6 mm in diam., 3-locularis.

Holotypus: Acuna 19 452; Cuba: Prov. Oriente: Sierra Maestra, Pico
Turquino. Leg.: J. Acuna jul. 1936. SV!

Obs.: Ex affinitate T. lanceolati Urb. et T. minoris Urb. (ambae ex
mogotibus prov. Pinar del Rio) sed ab illis ramulis 4-angulatis, foliis nigrescen-
tibus et subtus glabriusculis, non domatiatis, pergamaceis vel subchartaceis
differt.

Tetrazygia barbata Borhidi sp. n.

Arbor parva usque ad 5—6 m alta. Rami hornotini crasse 4-angulati, lepidibus minutis,
ellipticis vei lanceolatis, brunnescentibus, margine fimbriatis dense obsiti, vetustiores teretes,
glabri, tenuiter striati. Folia petiolis 1—4 cm longis, basi 2—2.5 mm crassis, supra canalicu-
latis, lepidotis suffulta, lanceolata vei ovato-lanceolata, basi obtusa vei breviter angustata,
antice longe acuminata, 6—11 cm longa et 2.5—4 cm lata, e basi trinervia cum nervis 2 margi-
nalibus a margine 0.5—1 cm distantibus, transversalibus inter sese 3—5 mm remotis, supra
tenuiter impressis, subtus bene prominentibus, lamina supra in sicco obscure viridis, minute
granuloso-muricata, subtus lepidibus rotundis vel semiorbicularibus, radiatis, valde adpressis
initio subdense obsita, mox glabrescens, pallide flavo-brunnea, basi inter nervés vel plerumque
etiam in axillis nervorum transversalium ferrugineo-domatiata, margine integra, plana vel
tenuiter recurva, chartacea. Inflorescentiae terminales 4—6 cm longe pedunculatae, ipsae
5—8 c¢cm longae, pedicellis 1—2.5 cm longis. Calyx 6—7 mm longus, utrinque dense brunneo-
lepidotus; limbus 5-lobatus, lobi semiorbiculares, 0.5—1 mm longi. Petala 5, alba, obovata,
antice rotundata, excisa vei apiculata, basi 1 mm longe stipitata, 6—8 mm longa, utrinque
pulverulenta. Stamina 10; filamenta 3—3.5 mm longa, sub apice paullo arcuata; antherae
lineari-lanceolatae, 5—5.5 mm longae, non appendiculatae, apice 1-porae. Stylus 10- 12 mm
longus, apice breviter attenuatus et curvatus. Ovarium 3-loculare. Fructus ellipticus vel sub-
globosus, usque ad 10—12 mm longus et 6—8 mm in diam.

Holotypus: Leon 20 286! Cuba: Prov. Oriente; Playa de Moa. Leg.:
Leon, Clemente et Howard 25. jul. 1941. SV!, isotypus: SVI!
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Spécim, exam.: Pinares de Moa, Ledn 22 506! Leg.: Leén, Clemente,
Alain et Cris6gone, 3. aug. 1945, — Moa, Bucher, 11 442 SV!; — Yama-

nigiiey, Taco Bay, Leg.: M. Lépez Figueiras, 12. apr. 1960. UO 778 in SV!
— Ibidem UO 2166 in SV!

Tetrazygia bicolor (Mill.) Cogn.
var. patenti-setosa Borhidi var. n.
A typo differt: ramis hornotinis, petiolis et inflorescentiis longe patenti-setulosis.

Holotypus: Acuna 19 461 SV! Cuba: Prov. Pinar del Rio, Cerro de Cabras.
Leg.: Acuna et Torres 10. oct. 1954. — Isotypus: SV!
Tetrazygia lanceolata Urb. ssp. minor (Urb.) Borhidi comb. n.

Basionymon: Tetrazygia minor Urban in Fedde’s Repert. 22. 1926.
p. 224.
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THE CELLULOSE SKELETON STRUCTURE IN
SOME CELL TYPES OF THE GAMETOPHYTON OF
MARCHANTIA POLYMORPHA L.

I. THE ABAXIAL EPIDERMIS CELLS, THE SMOOTH RHIZOIDS, AND RHIZOIDS
WITH TUBERCLED THICKENINGS OF THE CELL WALLS

By
J. Domotor-Szilagyi and |. Wojnarovits-Hrapka

MATE ZALKA PRIMARY SCHOOL, BUDAPEST; CENTRAL RESEARCH AND DESIGN INSTITUTE FOR
THE SILICATE INDUSTRY, BUDAPEST

(Received September 4, 1976)

This study presents the results of light-, polarization- and scanning microscopical
examinations of the abaxial epidermis cells, of the smooth rhizoids, and of those with
tubercled thickenings of the cell wall structure of the gametophyton of Marchanda
polymorpha L. Data are furnished whether in addition to the differences in their shape
and size, these three types of cells show differences with respect to their sub- and light-
microscopical structure.

The examinations showed that in the case of the abaxial epidermis cells and of the
smooth rhizoids remarkable differences occur in the structure of the various walls of the
same type of cells depending on the side from which they delimit the cell. The data on
the growth and differentiation of the cell walls of the basic part of the abaxial epidermis
cells and the tubercled rhizoids show that the thickening shapes, which are characteristic
of the developed cell wall, appear far before the final cell size has been reached. In the
anticlinal cell walls of the basic part of the abaxial epidermis cells, and of the smooth
and tubercled rhizoids, a microfibril orientation perpendicular to the horizontal plane
of the thallus is indicated by indirect examinations. This fact demonstrates a micro-
fibrillation perpendicular in relation to the longitudinal growth of the cells and of the
thallus. In the appendage part of both rhizoid types, the microfibrils appeared to be
nearly parallel to the longitudinal axis of the appendage. The demonstration of peculiar
microfibril orientations was made in the smooth and tubercled rhizoid appendages
with a sinuous profile (following a helical course), and at the base of appendage of the
smooth rhizoids (concentric), as well as in the tubercled thickenings of the cell wall
(radial). The scanning electronmicroscopical examinations of the young smooth rhizoids
confirmed the results of the indirect investigations.

Introduction

The structure of the cell wall, correlated with the growth process, the
functioning of the given cell, and with the influence of the adjacent cells, all
of which determine the shape of the cell, is very characteristic of the various
types of the cells. Furthermore, within one single cell, the structure of the cell
wall can be different depending on whether it is adjacent to a similar, or to
a different type of cell, or to the external surroundings (Smith, 1972; Frid-
valszky, Nagy, 1966; Fridvalszky, 1967).

In the case of plants with a cellulose cell wall structure, reasonable and
valuable information may be provided by the polarization microscopical exam-
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ination of those structures. This celllulose cell wall is biréfringent with respect
both to shape and speciality. The double refraction of the shape originates
from the arrangement of the microfibrils, recognized also directly by the elec-
tronmicroscope (Frey-Wyssling, Muhlethaler and Wyckoff, 1948 and
Preston, Nicolai, Reed and Millard, 1948), as well as from the arrange-
ment of the elementary fibrils running along the length of the microfibrils
— periodically reaching even the crystallic level (micell) — (Frey-Wyssling,
1954; Muhtethaler, 1960). The special birefringence of the cellulose cell-wall
on the other hand originates from the crystal-lattice structure of the cellulose
of a monoclinous system, with two optical axes, and consisting of linear chain
molecules and decurrent along the elementary fibrils (Sponster and Dore,
1926; Herczog and Jancke, 1928; Meyer and Mark, 1930; Sponslter, 1931;
Astbury, 1933; further, Meyer and Misch, 1937). The direction of the greatest
refractive index of the cellulose cell wall skeleton can be determined by way
of polarization microscope. Thus information is provided, beyond the micells
and the degree of micellation, also on the pattern of cellulose molecules
(Mellors, 1955; Ruch, 1956; Frey-Wyssling, 1957; and Roelofsen, 1959).
The birefringence of the cell walls can be increased by dichroic staining (Ruch,
1956; Roelofsen. 1959).

The great visual field depth of the scanning electronmicroscope — cor-
responding to about half size of the experimental object — (Kimoto, 1972)
affords the stereoscopic observation of a large part of the cell wall of a given
cell. Accordingly the site of the section drawn into examination can easily
and with certainty be identified. The examinations of the cell walls of whole
cells can on the other hand show clearly also the means of conjointment of the
individual sides. In the case of a cellulose skeleton cleared of matrix materials,
the advance of the cellulose fibrils in space, and thus their possible intertwin-
ing, can with certainty be clarified by means of the scanning electronmicroscop-
ical picture, to be traced with difficulties even in transmission electron-
microscopical pictures.

Marchantia polymorpha L. has been examined by several researchers
since the last century. The cellulose structure of the types of cells occurring
on the ventral surface of the lamellar thallus of the gametophyton, and the
formation process of these structures, their correlation with the course of
growth, the pecularities of the different functions of the entire cells and of the
individual cell walls have not, however, been studied so far. Therefore this
work proposed to explore the cellulose skeleton structural characteristics of
the epidermal cells on the ventral surface of the dioecious gametophyton of
Marchliantia polymorpha L., and also the characteristics of its smooth and
tubercled rhizoids with regard to the correlations mentioned above.
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Material and method

The gametophytons, irregarding their sex, of Marchantia polymorpha L., constituting
the subject of our examinations, were collected in the green-house of the Botany Garden of
the Eostvoes Lordnd University, Budapest. In order to make cutting more convenient, we fixed
the thalluses in a mixture of formalin, glacial acetic acid, alcohol and water (Warrington,
1970), then after removing these materials in water, we processed the thalluses in 40% alcohol.
For the microscopical and polarization microscopical examinations of the cell walls of differ-
ent positions occurring in the abaxial epidermis, cross-sections and longitudinal sections as
well as abaxial epidermis peels were prepared by hand. The position of the cells occupied in
the thallus was examined on processed preparations. These, partly stained with toluidine blue
und partly unstained, were coated with watered glycerine.

A

Fig. 1. Sketch of the growing apex of Marchantia polymorpha L. gametophyton; A = grow ing
apex; C = examined cell: a = distance of the examined cell (C) from the growing apex

From the cell walls of the hand-made cross-sections and longitudinal sections, the
plasma and matrix materials were removed at 90 °C by means of a trietanoamine treatment.

After washing out with water, the cellulose skeleton of the cells became suitable for
polarization optical examinations (Scott and co-workers, 1956). In addition to the unstained
preparations, and in order to increase the birefringence of the cell wall, part of the sections
were stained with chlorine-zinc-iodine (Frey, 1927), others were stained with 1% Congo red
(W atchii, 1947; Bukovinszky, 1969). The covering of the preparations was made by means
of watered glycerine which is of relatively weak refraction.

The polarization microscopic examinations were carried out by means of a Jena Zeiss-
manufactured polarization microscope. For the qualitative observations, first rate red sheets
were inserted.

For the scanning electronmicroscopic examinations, similarly to the polarization micro-
scopic preparation method, fixed and purified pieces of the thallus, about 3x3 mm in size,
were placed on copper lamellds of 5X 5 mm size, and dried at 28 °C for 48 hours, then they
were fixed to the copper lamellds by means of liquid metal-adhesive. In the further part of
the preparation, the material underwent vacuum evaporation in a 2 «10-5hgmm vacuum
and was given a golden coat of about 200 A thickness. The scanning electronmicroscopic ex-
aminations were made by means of a JSM-U-type scanning electronmicroscope.

When examining the rate of growth of the cells, their position was determined on the
basis of their distance from the growth peak of the thallus measured in a longitudinal direction
(Fig. 1), by means of a measuring ocular. In practice, we managed this by assuring that the
position of the cell determined during the measurements remain independent of the arc-shaped
curve of the peak region of the thallus. In the interests of tracing the growth rate of the cells
and for the accurate determination of the cell shape, the characteristic cell wall measures of
the cells were taken also by means of a measuring ocular, on the basis of the averages of 20
measurements in each case. In all cases the fully developed cell walls were examined on sam-
ples taken at an appr. 22 mm distance from the growing apex of the thallus.
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Results and discussion

The abaxial epidermis of the gametophyton of Marchantia polymorpha L.
(Fig. 2 and 7) is uniseriate. Some of its cells on the two sides of the midrib,
developedinto multicellular lamellae.Certain cells occurring in the areas between
the lamellae formed into tubercled rhizoids with incrassate cell walls, while

Fig. 2. Cross-sectional picture of the midrib region of a Marchantia polymorpha L. gameto-

phyton; ae = axial epidermis; cp — parenchyma layer rich in chloroplasts; ap = layer of

angulate parenchyma cells; vc = vascular cells; abe = abaxial epidermis; | = lamellae; M =
= midrib-like elevation

some others into so-called smooth rhizoids without a thickening of the cell
Avails. The latter grow, nearly perpendicularly to the ventral surface of the
thallus, towards the ground from which they absorb water. The tubercled
rhizoids are parallel with the thallus (Smith, 1955).

The abaxial epidermis cells

The cellulose cell wall structure of abaxial epidermis cells with developed size
and cell trail

In processed preparations, they are elongately hexagonal in a superior
view. Their longer axis is nearly parallel with the midrib. The longitudinal
axis of the abaxial epidermis cells covering the midrib region wholly corre-
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sponds to the direction of the midrib. In the direction towards the side edges
of the thallus, on the other hand, this situation turns to its very reverse in that
the longitudinal axis of the abaxial epidermis cells, in relation to the midrib,
turns more and more in a transversal direction.

On the basis of measures taken in the lateral near-midrib region, it can
be stated that the average length of the abaxial epidermis cells lying in this
region is 64 micrometer, their diameter 38 micrometer. Their smallest cell
height to be seen in the cross- and longitudinal sections is 10 micrometer.
The abaxial epidermis cells covering the midrib region between the ventral
lamellae are smaller. Their length is 46 micrometer, their diameter 15 micro-
meter, their smaller height measured in their cross-section 5.5, their larger
height 7 micrometer on the average. The measures taken at a distance of about
five cell rows counted from the lateral margin of the thallus, that is, the mea-
sures taken near the external margin, gave an average of 79 micrometer in
length, and 30 micrometer in diameter. The height data were in agreement
with those of the epidermis cells in the lateral region near the midrib.

The examination of the cell wall structure was made on the abaxial
epidermis cells lying in the lateral part, which is nearer the midrib. The cell
walls lying in a cross-sectional plane, between crossed nigois, reveal that parallel
with the height of the cell there are thickenings consisting of fine threads.
These rib-like formations, which are more biréfringent, are here and there
free, while at other points they are only partly separated from each other.
These thickenings show an additional colour in the direction identical with
the great refractive index of the first-rate red sheet. Thus the orientation of
the microfibrils can also be considered as identical with the direction of the
thickenings. This means that the microfibrils of these cell walls are perpendic-
ular to the direction of the longitudinal growth of the thallus. The cell walls
of the abaxial epidermis cells lying in the plane of a longitudinal section show
a structure similar to the former in the polarization microscopical examinations
(Fig. 3).

It occurs occasionally that the joint cell wall of the abaxial epidermis
cell and the great parenchyma cell above it (in a lateral thallus part!) lies in
the plane of the cross-section during the cutting, affording good observation.
This cell wall appears to be slightly hut uniformly biréfringent between crossed
nicois in the polarization microscope. A complete extinction occured in agree-
ment with the longitudinal axis of the thallus. By inserting a first-rate red
sheet, it could be established that in these joint cell walls the microfibril
orientation is also perpendicular to the direction of growth of the thallus. In the
epidermal peel, the covering cell wall of the epidermis cells and the cell walls
opposite them, which were described in the foregoing, can only be studied
jointly. However, the experimental results obtained in the abaxial epidermis
cells of Marchantia polymorpha L. (summarized in Fig. 4) support even so the
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observations made earlier in examinations of other plants, namely that the
cellulose structure of the cell walls can be different also within the same cell,
depending on weather it is adjacent to a similar cell or to another type, thereby
indicating also the functional differences of the cell

walls (Fridvalszky,
Nagy, 1966; Fridvalszky, 1967).

Fig. 3. Longitudinal section of mature thallus region, with the abaxial epidermis, between
crossed nigois; abe = cell wall of an abaxial epidermis cell in the plane of a longitudinal section;
its cell wall thickenings are in a diagonal position. Congo-red staining

A

Fig. 4. Stereoscopic picture of the skeleton structure of the abaxial epidermis cell in a Mar-

chantia polymorpha L. gametophyton; E = cell wall adjacent to the external environment;

A = cell walls adjacent to cells of identical type; P = cell wall common with angulate paren-
chyma cells
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The growth and differentiation of the cellulose structure of the abaxial epidermis
cells

The length of the abaxial epidermis cells in a near-midrib lateral position,
at a distance of 145 micrometer from the growing apex of the thallus, is 12
micrometer. Their length characteristic the developed state (64 micrometer)
is already reached at a distance of 1500 micrometer from the growing apex.
Thus their length at this 1355 micrometer phase has increased to about five
times of its original size. Their height does not show any considerable change.
The increase in their diameter of a value which is that of is two and a half
times more than their previous diameter (it increased from 12 to 33 micro-
meter) at the phase mentioned before.

It was most suitable to study the differentiation of the cellulose skeleton
of the growing cell at the stage of development showing the most remarkable
pattern of thickening of the cell wall, namely the anticlinal cell walls displaying
rib-like incrassations. The rib-like thickenings and other structural specialities
(described in the previous chapter) characteristic of these cell walls in their
developed state, can at the earliest be observed with the polarization mi-
croscope at 1050 micrometer from the growing apex of the thallus (see Fig. 5).
The relationships between the longitudinal growth of the abaxial epidermis

Fig. 5. Epidermal peel of a relatively young abaxial epidermis between crossed nicois. The

longitudinal axis of the epidermis cells is of a diagonal position. In the cell walls lying in the

plane of the preparation the more strongly biréfringent wall-thickenings are already observable.
Congo red staining
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cells (in a lateral position) and the formation of the skeleton structure of the
cell wall is shown in a graph in Fig. 6.

Although not discussed in detail, it should be noted that in the course
of examinations by a polarization microscope, the anticlinal cell walls of the
abaxial epidermis cells, covering the midrib region, show a cellulose structure
similar to that occurring in the lateral region (Fig. 7).

distance measured from the apex in pm

Fig. 6. Correlation between the longitudinal growth and the formation of cell wall structure

of the laterally-situated abaxial epidermis cells; circle = the appearance of the structural form

characteristic of the developed anticlinal cell walls

Fig. 7. The zone of origin of the smooth rhizoids, in the longitudinal section of the midrib re-

gion. between crossed nicois. On the cell walls of the abaxial epidermis cells lying in this plane,

the lattice-like cell wall thickenings (arrow), which are more biréfringent in their diagonal
position, can be observed. Chloro-zinc-iodine staining

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



CELLULOSE SKELETON STRUCTURE IN MARCHANTIA POLYMORPHA 49

The smooth rhizoids

The cellulose cell wall structure of the fully developed smooth rhizoids

It is a generally accepted view that, the rhizoids function analoguously
with the roots of the higher plants that is, they are “organs” of the nourishment
uptake (Habertandt, 1918; Smith, 1972). The difference between the func-
tion of the “smooth” rhizoids and the surrounding abaxial epidermis cells in
the gametophyton of Marchantia polymorpha L. is shown also by their struc-
ture composed of two parts. Their basis lies between in the plane of the abaxial
epidermis cells, and its form is similar to that of the epidermis cells. A long,
characteristic, tube-like elongation arises perpendicularly from the basis
(Fig. 7). The basal part is slightly elongated parallel with the longitudinal axis
of the thallus. In this direction, their average size is 51 micrometer, their
diameter perpendicular to this plane 34 micrometer, while their height is 13
micrometer. In the polarization microscopical examinations, the structure of
the anticlinal cell walls of the basic cell proved to be similar to that of the
cell walls in a similar position of the abaxial epidermis cells. This similarity
was valid with respect to both the direction of the microfibrils of these cell
walls and the pattern of thickening of these latter (Figs 7 and 8).

It occasionally occurred in preparations of longitudinal sections that the
cell wall constituting the basis of the elongation of the smooth rhizoid happened

Fig. 8. Cell wall of the longitudinally lying basal part of a mature smooth rhizoid (arrow),
between crossed nicois. The cell wall thickenings are of a diagonal position. Congo red staining
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to be in the plane of the section and so we were able to examine it also in a view
from above. When inserting first rate red sheet in the case of the polarization
microscopical examination, an additional colour appeared along the side
parallel with the gamma axis of the auxiliary plate, in every case, while in the
direction perpendicular to it, a subtraction colour appeared. Consequently it
can be said that the microfibrils in the rhizoid basic cell are of a concentric
arrangement (Fig. 9).

Fig. 9. The zone of origin of mature smooth rhizoids along the longitudinal section of the

midrib region, between crossed nicois. With the application of a first rate red sheet. At the

same time an additional colour appears in the basal part of the elongations in a subtractional
position. Congo red staining

The rhizoid elongation showed extinction in North-South and East-
W est situations, while in a North-East and South-West situation it showed
a maximum birefringence (Fig. 10). In the case of smooth rhizoids with a
sinuous profile, the extinction was not uniform even in the case of orthogonal
position, on the two margins of the elongation, along the dotted line, illumina-
tion was observed also later (Fig. 11). On inserting first rate red sheet, the
elongation showed an additional colour in the case of a diagonal position, that
is, in that parallel with the gamma axis of the auxiliary sheet. The rhizoids
with sinuous walls in a position of North-South direction and under conditions
similar to the former ones showed alternatively additional and subtractional
colours on the two margins of the elongation, in accordance with the aforemen-
tioned dotted line. This is characteristic also of the optical behaviour of the
ripe cotton hair (Roelofsen, 1959). On the basis of this, it can be said by
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inference that in the elongation of the sinuous rhizoids, there is also a helical
microfibril arrangement.

Summarily, it can therefore be stated that, depending on their position,
even identical rhizoid cells can be bordered by cell walls of different skeleton
structures. Obviously, these cell wall structures of different pattern owe their
existence to their different functions.

It is also worthy of mentioning that the margin of the obtusely rounded

Fig. 10. Smooth rhizoid elongation of a sinuous profile, between crossed nigois, in a diagonal
position
Fig. 11. The smooth rhizoid elongation shown in Fig. 10, between crossed nicois, in an ortho-
gonal position

apical part of the smooth rhizoid shows a yellow colour on the application
of the first rate red sheet, therefore a subtraction colour, in opposition to the
blue colour of the margins of the diagonally situated elongation. While in
a situation perpendicular to this the apex emerges in a blue interference colour.
Hence in the apex part, the direction of the curvature is followed by the inicro-
fibrils as well. If examining only among crossed nicois, the birefringence of
the margin of the apex, in comparison with the elongation margin, is weaker,
which indicates that on this part the cell-wall is thinner or at least biréfringent
that is, of an arranged skeletal structure. Our results referring to the cell
wall of the smooth rhizoids are summarized in Fig. 12.
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Fig. 12. Spatial picture of the smooth rhizoid cell wall structure in a Marchanlia polymorpha L.

gametophyton; E = elongation; EB = cell wall forming the basis of the elongation; AbE =

= cell walls common with abaxial epidermis cells; P = periclinal cell wall occuring towards
the inner side of the thallus

The cellulose cell wall structure of smooth rhizoids at a relatively young age

The basal part and the elongation of the smooth rhizoids at a young
stage were examined by means of the scanning electronmicroscope. We suc-
ceeded in directly identifying a structure in the external periclinal cell wall
projecting and at the same time forming the basic cell of the elongation, which
was to be expected on the basis of the preceding indirect polarization examina-
tion, and which has already been described in detail when discussing this wall
of the fully developed cell (Fig. 13). It can be seen in the scanning electron-
microscopic picture that around the basic part of the removed rhizoid elonga-
tion, the cellulose filaments are concentrically arranged in the larger half of
the periclinal cell wall area. In part of the picture, a filament transversely
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interwining the concentrically running filaments and probably organically
connecting the elongation to the basal part, can also be seen (Fig. 13).

The elongated part of the young rhizoids, indicated under the polariza-
tion microscope, amicrofibril orientation which is similar to that of the smooth
rhizoids in the developed parts of the thallus, that is an orientation agreeing
with that of the longitudinal axis of the elongation. In the case of the eventual

Fig. 13. Basal part of a young smooth rhizoid. Around the place of protrusion of the elonga-
tion (re), the fibrils are concentrically oriented in the larger half of the cover; df = fibril inter-
woven diagonally. Scanning electronmicroscopical picture

fissures of the rhizoids, which occurred in the course of preparation, it was
characteristic that their direction was in agreement with the microfibrillation
(Fig. 14). The speciality fine structure of the elongated part of the smooth
rhizoids is indicated by the fact that not even the scanning electronmicroscop-
ical magnification of 40.000 X made an identification of the separated fila-
ments possible. In spite of this even in the scanning electronmicroscopical
picture, there can be recognized a kind of arranged state which in an indirect
way corresponds to the orientation detected indirectly by means of the polar-
ization microscope (Fig. 15).
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Fig. 14. Smooth rhizoid in a relatively young stage with a longitudinally ruptured wall, be-
tween crossed nicois and in a diagonal position. Congo red staining

Fig. 15. Scanning electronmicroscopical picture of the outer surface of a smooth rhizoid elon-
gation in the relatively young stage; — = direction of the longitudinal axis of the rhizoid
elongation
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The rhizoids with tubercled cell wall thickenings

The cellulose cell wall structure offully developed rhizoids
with tubercled cell wall thickenings

The tubercled rhizoids with very special thickening of the cell wall are
probably the most well-known among the cell types of Marchanda poly-
morpha L. Investigations were mainly concentrated upon their elongated part,
in the course of which several authors established that the tubercles, which
follow a helical course while rising from their original position, may unite
with each other up to a length of a half circle or for three quarters during their
rise, and this is indicated externally by the sinuous outline of the rhizoid
(Kaster, 1956). Dipper (1872) held the view that the special distribution
of the protoplasm caused the special thickening of the wall, and so also the
tubercled thickening of the cell wall.

The examination of the basal part inserted among the abaxial epidermis
cells of the tubercled rhizoids was on the other hand rather neglected. This
basal part is similar in shape to that of the abaxial epidermis cells, its length
is 60 micrometer and its diameter 29 micrometer. The tubular part, with diam-
eter of 9—16 micrometer and a length of some 2 mm, protrudes from it,
aligned to the ventral side of the thallus (Fig. 16). The tubular elongation
becomes extinct between crossed nigois in a position of North-South and
East-W est direction, while a maximum birefringence is produced by it in its

Fig. 16. Origin of tubercled rhizoids at a distance of 1200 micrometer from the growing apex
of the thallus. Longitudinal preparation, between crossed nigois, by inserting a first rate red
sheet. Congo red staining; — = direction of the gamma axis of the first rate red sheet
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North-East and South-West position (Fig. 17). By inserting the first rate red
sheet it could he determined that the direction of the greatest refractive index
of the cell wall was parallel with the longitudinal axis of the cell. Similarly
as in the case of natural fibres, it was especially on the two longitudinal margins
of the rhizoid that the additional colour manifested itself strongly. Certain
tubercled rhizoids, however, did not produce a complete extinction even in
their orthogonal position, but similarly to the smooth rhizoids of a sinuous

Fig. 17. Tubercled rhizoid elongation in a developed stage, between crossed nigois, in a diagonal
position. Congo ied staining

profile, they continued to luminesce in a broken line along their margins (Fig.
18). It can be inferred from this that their microfibrils might become arranged
in a helical course. This inference is supported by the fact that when inserting
the first rate red sheet, the margins of the cell wall alternatively show addi-
tional and subtractional colours, in accordance with the illuminating broken
lines.

The determination of the microfihril orientation occurring in the tubercles
was carried out in double-walled tubercled rhizoids. By applying a narrow
condensor-opening, between crossed nicois, four luminescent light-spots emerg-
ed at the root of each tubercle in the North-South position of the rhizoids
(Fig. 18). On a diagonal position of the first rate red sheet, in relation to the
main axis of it, the yellow colour of the two marginal light spots and at the
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same time the other two light spots on the opposite side indicated that the
microfibrils become radially arranged in the tubercles (Fig. 19).

The region of the rhizoid wall which is a transition between the cover
and the basal part of the elongation was studied separately. The polarization
microscopical examination indicated an arranged structure also in this part
of the cell wall. Under the effect of the first rate red sheet, the additional colour
was in agreement also in this mouth of the rhizoid elongation with that of the

Fig. 18. Mature tubercled rhizoid elongation, between crossed nigois, in an orthogonal position
At the root of the tubercles, luminescent light spots, four at each, are observable. Congo red

staining
Fig. 19. Rhizoid elongation and its situation, same as in Fig. 18, with the application of a first
rate red sheet; — = the direction of the gamma axis of the first rate red sheet

longitudinal axis of the elongation. From this is follows that the microfibrils
of the cover are arranged parallel with the longitudinal axis of the rhizoid
elongation, the cover, and with the direction of the longitudinal growth of the
thallus.

In preparations of longitudinal sections, there are tubercled thickenings,
similar to the tubercles of the elongation on the cell wall of the opened inner
surface of the anticlinal cell walls of also the basal part and also on the inner
surface of the cover (Fig. 20). Our data on the cellulose cell wall skeleton
of the matured rhizoids with tubercled thickenings of the cell wall are summa-
rized in Fig. 21.
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Fig. 20. Longitudinal section of part of the midrib-like elevation, showing the origin of the
tubercled rhizoids; It = tubercled thickening of the cell walls of the basal part

21 ADbE

Fig. 21. Spatial picture of the structure of the tubercled rhizoid in a Marchantia polymorpha

L. gametophyton; E = elongation; EB = cell wall part forming the basis of the elongation;

AbE = cell walls in common with abaxial epidermis cells; P = periclinal cell wall occuring
towards the inner side of the thallus

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



CELLULOSE SKELETON STRUCTURE IN MARCHANTIA POLYMORPHA 59

The growth and differentiation of the cellulose structure of the rhizoids
with tubercled cell wall thickenings

Of the two rhizoid types occuring on the thallus of Marchantia poly-
morpha L., we traced the growth and differentiation of the cellulose cell wall
structure of the “tubercled” rhizoids; since the characteristic thickenings
allow a better observation of the process development.
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Fig. 22. Correlation between the longitudinal growth of the basal part of tubercled rhizoids

and the formation of the cell wall structure; circle with dashed line = appearance of the

characteristic tubercles of the anticlinal cell walls; circle with continuous line = [definite presence
of the characteristic tubercles of the anticlinal cell walls

The basal part of the “tubercled” rhizoid, situated at a distance of 450
micrometer from the growing apex of the thallus, has a length of 36 micro-
meter and a diameter of 9 micrometer; the length of its elongation is 400—600
micrometer, 9 micrometer in diameter. In the still undeveloped rhizoids,
occurring at the aforementioned phase, the primordia of the tubercled thicken-
ings are already observable by means of the polarization microscope. At the
same time, the microfibrils are also observably arranged in the cell wall of the
elongation, in the direction of its longitudinal axis, which is characteristic
also of the developed rhizoids (Fig. 16).

The length of the basic part of the tubercled rhizoids, originating at
a distance of 1200 micrometer from the apex, is 39 micrometer, its diameter
21 micrometer; the diameter of its elongation is 9 micrometer also here. The
tubercles can definitely be seen in this region and even their radial structure
can be observed. The tubercled rhizoids which lie at a distance of 2000 micro-
meter from the apex reach sizes characteristic of their mature state (the length
of the basic part is 60, its diameter 29 micrometer, the diameter of the elonga-
tion fluctuates between 9— 15 micrometer, while its length is about 2000 micro-
meter). Therefore, while the length of the basic part increases merely twice
to its original size in this section, the increase in length of the elongations is
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fivefold. In Fig. 22 a graph of the increase in length of the hasal part, while
in Fig. 23 that of the elongation, are shown, in connection with the formation
of the characteristic tubercled thickening of the cell wall.
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Fig. 23. Correlation between the longitudinal growth of tubercled rhizoid elongation and the

formation of the cell wall structure: circle with dashed line = appearance of the tubercled cell

wall thickenings; circle with continuous line = definite presence of the tubercled cell wall
thickenings
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CORRELATION BETWEEN ABOVE-GROUND
PHYTOMASS PRODUCTION AND THE
CHLOROPHYLL CONTENT IN THE VEGETATION
OF A “LOSZPUSZTARET”, IN FIELD
EXPERIMENTATION AND IN CONDITIONED
SITUATIONS

By
L. Endkédi and I. Horvath
BOTANY DEPARTMENT, JATE, SZEGED

(Received: December 30, 1976)

We examined the correlation between the above ground phytomass production
and the chlorophyll content in the dominant species of four stands in the plant asso-
ciation of the loess puszta meadow (“l6szpusztarét”, Salvio-Festucetum rupicolae panno-
nicum Zdélyomi, 58), in field experiments and in conditioned circumstances (in photo-
stat). We pointed out a close positive linear regression relation between the phytobio-
mass production and the chlorophyll content of the production calculated for dry weight,
concerning the closeness of the correlations, there was no essential deviation between
the values of field experiments and those of conditioned circumstances.

Introduction

The correlation between the chlorophyll content of plant associations
and their production was examined by several authors (for example Gessner,
1949, 1959; Bray, 1960, 1962; Brougham, 1960; Medina-Lieth, 1964;
Ovington-Lawrence, 1967) — primarily with regard to aqueous vegetations;
concerning — terrestrial vegetations, the question is rather untreated; Fekete
(1972) provides a critical survey of them. We have already published data on
the correlation between organic matter production, the photosynthetic energy
utilization and the chlorophyll content in relation to plant stands of salt soild
(Horvath—Bodrogkoszy, 1973). At present we examine the organic matter
production and photosynthetic energy utilization of the vegetation of a l9sz-
pusztarét (Salvio-Festucetum rupicolae pannonicum Zd&lyomi, 58), in field
experiment (Endrédi—Horvath, 1976), and in conditioned circumstances.
The present paper submits the results related to the correlations between the
dry matter production and the chlorophyll quantity corresponding to it for
above-ground living plant parts (= phytobiomass — Précsényi, 1975) in the
species occurring in the greatest quantity or dominant in the plant stands of
the l6szpusztarét.
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Material and method

The vegetation examined consisted of the following stands of the Salvio-Festucetum
rupicolae pannonicum Zélyomi. 58 (Sod, 1964; 1973) association, which occur on the western
slopes of Nagyhegy at Dunaféldvar (Endrédi—Horvath, 1976):

-F.r.p. Zé6lyomi, 58
-F.r.p. Zélyomi, 58
-F.r.p. Zélyomi, 58
-F.r.p. Zé6lyomi, 58

festucetosum rupicolae;
stipetosum capillatae So6, 59;
andropogonetosum (Boros, 53) So6, 59;

S.
S.
S.
S. poetosum angustifoliae Zélyomi, 59.

PoONE

The field experiments of the plant stands were made from the beginning of April till
the end of September, 1975. The stands of the experimental area were at the start of the in-
vestigations — April 2, 1975 — mowed down and the plant material removed. Subsequently
(till the end of the vegetation period), the above-ground phytobiomass of the plant stands which
was growing undisturbed was sampled by the mowing method (Odum, 1959), at the points of
time indicated, in Table 1.

We took samples at random from four areas of 25x 25 cm each in the sampling areas
at a time; in the calculations we worked with the average of the four repetitions. The material
of the samples was dried at 80 °C up to a constant weight, and the dry matter quantities thus
obtained were recalculated for 1 m2 area units.

Each of the plant stands was examined also among conditioned circumstances, in the
photostat made by us (Endrédi—Horvath, 1975). Three pieces of “grass cubes”, 20 X 20 X
X 20 cm each, were cut from the plant stands; at the beginning of the investigation the vegeta-
tion was cut back to the surface of the ground also in these cases; the material was placed
into stand-boxes and put into the photostat.

The temperature in the photostat was 18—28 °C in a daily rhythm, the relative vapour
content of the air varied between 45—80%; as a result of continuous ventilation C02 con-
centration was practically constant and it was in agreement with the natural concentration
(0.03%). By daily watering with destilled water, an approximately identical water supply was
guaranteed for the vegetation during the investigations. Light was provided by means of 40 kW
F 33 fluorescent tubes, for 12 hours daily. The light density was about 12 000 lux, which cor-
responds to about 10.5 cal *cm-2 < h-1 energy. This, during the 180 day experimental period,
amounted to total of 22 680 cal » cm-2 energy. At the same time, in field conditions, the plant
stands received about 69 700 cal «cm-2 global radiation. (The datum is obtained from the
measurements of the Agrometeorological Observatory at Martonvasar-Erdéhét, a station of
the Central Institute for Aerological Physics — situated at a distance of about 50 km from the
experimental area; for kind permission of using the data thanks are due to the head of the
observatory, Dr. Janos Pletser.

The investigations in conditioned circumstances were made from April 1to September
28, 1975; sampling times are included in Table 1. The periods of investigations are in agreement
with those of field experiment.

Table 1
Times and periods of investigations

Sampling times Time (da\s) elapsed

No Field experiment In the photostat b%%’x%ﬁnag’o frorgf ktngsgtii?]rgling
| April 30 April 29 28 28
0 May 31 May 30 31 59
3 June 30 June 29 30 89
4 July 31 July 30 31 120
5 August 31 August 30 31 151
6 September 29 September 28 29 180
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The taking of samples was identical with that used in field experiments: the vegetation
was cut down in half of the area of the culture boxes (2 dm2 at a time. Thus, the application
of three culture boxes by stands made it possible to take samples six times.

The chlorophyll content of the species was determined at the time of the sampling
(Table 1), so that we were also able to observe the seasonal changes in the chlorophyll content
during the period of investigations. Photosynthetic pigments were removed from the fresh
plant material — repeating it five times — by means of acetone; for rinsing petrolether was
used. The absorption of pigment-extract was measured with Spekol photometer at 647 and
664 nm wave lengths the quantity of chlorophyll was determined according to Ziegter and
Egte (1965), by means of the following equation:

Chlorophyll a -j-b = 7.01 «Aw -f- 17.76 « A&47 mg - |-1.

In our calculations, we used the average values of the repeated investigations.

The correlations between chlorophyll content and phytobiomass production were ex-
amined by means of regression analysis; besides, significance calculations were also made
(Svab. 1973).

The species composition and cover of the plant stands examined were nearly identical
with respect to field experiments and conditioned circumstances. In our study, we considered
the following species:

— S.-F. r. festucetosum rupicolae: Festuca rupicola;

— S.-F.r. stipetosum capillatae: Stipa capillata and Salvia nemorosa;

— S.-F. r. andropogonetosum : Bothriochloa (Andropogon) ischaemum ;

— S.-F. r. poétosum angustifoliae: Poa angustifolia and Achillea collina.

These species took the greatest share in the above-ground phytobioinass production
of our stands examined; their average shares are shown in Table 2.

The number of other species forming the stands was between 10 and 30.

Table 2
Average share of the plant species examined in the above-ground phytobiomass

production

Average share in the above-

ground phytobiomass
Species production (3)
Field experiment In the photostat

Festuca rupicola 65.35 63.78

Stipa capillata 56.46 43.90

Salvia nemorosa 13.45 26.51

Bothriochloa ischaemum 62.87 72.00

Poa angustifolia 39.26 39.02

Achillea collina 13.90 38.83
Results

The seasonal changes in chlorophyll concentration calculated for dry
weight in the plant species examined of the ldszpusztarét are shown in
Fig. 1.

Chlorophyll content essentially showed identical changes in field experi-
ments and in conditioned circumstances during the period of investigations.
Differences in general arise from the fact that in the great majority of the
species stands grown in the photostat (Festuca rupicola, Stipa capillata, Salvia
nemorosa, Achillea collina) the highest chlorophyll concentration developed
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Chlorophyll concentration Chlorophyll  concentration
jirng y/mg
8. 8.
6 6-
4 4
2 2
Stipa capillata
0 1 r-— O M
1 2 5. 6. 3. 4.

Fig. 1. Chlorophyll concentrations at the sampling times, calculated for the dry weight
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not at the beginning of the growth period, but later, while in the case of field
experiments this was experienced only with Achillea collina. Chlorophyll con-
tent in general in the lowest at the end of the vegetation period, with the excep-
tion of the field stand of Poa angustifolia.

The above-ground phytobiomass production values and the correspond-
ing chlorophyll quantities in the various sampling periods are given in detail
in Table 3 and demonstrated in Figs 2, 3.

Table 3

The quantity of the above-ground phytobiomass production and the chlorophyll
content of the phytobiomass at the experimental points of time

Above-ground phytobio- Chlorophyll content of
. Sampling mass production (g/m2 phytobiomass (mg/m2)
Species times
In field In photostat In field In photostat
Festuca rupicola I 15.84 39.71 121 328
2. 85.75 135.56 433 1246
3. 161.00 207.50 506 1344
4. 112.00 237.58 359 1493
5. 85.75 168.42 274 956
6. 58.75 133.97 157 669
Stipa capillata 1. 18.55 25.36 129 189
2. 148.62 81.12 980 750
3. 373.00 133.93 2205 1281
4. 341.60 162.53 1733 1304
5. 358.00 132.50 1280 820
6. 163.50 131.52 574 496
Salvia nemorosa l. 13.34 19.24 97 292
2. 31.62 54.70 228 660
3. 63.65 90.69 440 1741
4. 92.80 118.14 267 1426
5. 63.20 87.42 205 714
6. 16.65 15.63 38 111
Bothriochloa ischaemum 1 17.20 47.97 169 533
2. 112.75 189.24 780 1098
3. 362.63 257.55 2161 1415
4. 431.80 420.30 1820 2430
5. 190.50 225.42 715 805
6. 42.50 40.53 92 67
Poa angustifolia 1. 18.70 60.75 174 903
2. 150.25 103.59 914 995
3. 261.85 118.44 885 708
4. 197.65 89.98 605 342
5. 137.67 81.20 474 214
6. 99.82 71.74 365 163
Achillea collina 1 10.30 27.50 82 361
2. 38.75 79.67 422 1254
3. 55.00 116.26 500 1295
4. 74.88 126.64 520 1094
5. 55.25 98.50 311 805
6. 48.34 94.39 209 728
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in photostat

Festuca Stipa Salvia Bothriochtoa  Poa Achillea

Fig. 2. Above-ground phytobiomass productions in the testing periods

Discussion

On the basis of our results concerning the above-ground living parts of
the plant species which are dominant or share in the vegetation to the greatest
proportion of a l6szpusztarét, the following inferences can be drawn.

The chlorophyll concentration calculated for the dry weight was higher
in the photostat than in field experiments (Fig. 1) for Botriochloa ischaemum
and Poa angustifolia, however, no significant differences could he shown
(Table 4). (Significance calculations were made by using the data shown in
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Fig. 3. Chlorophyll quantities in the above-ground phytobiomass productions at the testing
times
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Table 4

Results of the significance tests of chlorophyll concentrations calculated for dry
weights

Chlorophyll concentration calculated for the dry weight (H/mg)

Mean values

ST o g e
n field photostat (D) (P)
Festuca rupicola 4.15 6.81 2.66 1.96 i%
Stipa capillata 5.09 7.37 2.28 1.65 50
Salvia nemorosa 4.97 12.29 7.32 5.03 °.
Bothriochloa ischaemum 5.47 5.57 0.10 — —
Poa angustifolia 4.82 6.53 1.71 — —
Achillea collina 7.48 10.75 3.27 2.38 1%

Fig. 1.). The situation is the same in the chlorophyll quantities corresponding
to the dry matter production per unit of area (Tables 3 and 5).

The higher chlorophyll content in conditioned circumstances is the con-
sequence of a lower level of light energy. The differences among species are
probably explainable by their different light demands. The conditioned cir-
cumstances differently influenced the phytobiomass production of the examin-
ed plant species. The dry-matter production per unit of area — with identical
cover in Festuca rupicola, Salvia nemorosa and Achillea collina, was consider-
able more in the photostat than in the field expérimentais, while in Stipa
capillata and Poa angustifolia the production value in field experiments was
significantly higher. In the two kinds of Bothriochloa ischaemum stands there
was no essential difference in relation to the quantity of dry matter production
(Tables 3, 6).

Table 5

Results of the significance tests related to the chlorophyll content of above-ground
phytobiomass

The chlorophyll content of the above-ground phytobiomass production (mg/m2)

Mean values

Species Significant

Differences differences Probability
In field In of mean values (SD) P)
photostat
Festuca rupicola 303.33 1006.00 702.67 519.58 i%
Stipa capillata 1150.14 806.67 343.50 286.63 10%
Salvia nemorosa 212.50 824.00 611.50 531.14 5%
Bothriochloa ischaemum 956.17 1058.00 101.83 — —
Poa angustifolia 569.50 554.17 —15.33 — —
Achillea collina 340.67 922.83 582.17 575.93 0.1%
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In the correlation analyses, we considered the above-ground phytobio-
mass production per unit of area, and the chlorophyll quantities corresponding

to them (Table 3). The results of the regression analysis are given in Table 7
and in Figs 4, 5.

Dry-matter production Dry-matter production

g/rrr - Salvia  nemorosa
150H

125

100 04
75—+

a5 a3
50

02

25-
0641 r =0.6847
0
01 02 03 04 05¢9g/m2
Chlorophyll  content

Chlorophyll  content

Chlorophyll  content
"2 Dry-matter production

g/m2 Dry-matter “production

Poa angustifolia 100-  Achillea collina

80- apn

o

ce~ 5-/403

_ 6 a a

Lo —l ZA

20- y*=13.567+ 98.299 X
‘Al r =0.7875

02 04 06 08 10 g/m2

00 02 03 04 OSg/m2
Chlorophyll content

Chlorophyll ~ content

Fig. 4. Correlations between above-ground phytobiomass productions and chlorophyll quanti-
ties in the plant stands of field experiments
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According to our investigations, there is a close positive linear regression
relation between the dry-matter production and the chlorophyll content —
with the exception of the Salvia nemorosa stand grown in field experiments
and that of Poa angustifolia in conditioned circumstances.

Fig. 5. Correlations between the above-ground phytobiomass productions and the chlorophyl
contents in plant stands grown in photostat
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Table 6

Results of significance tests related to above-ground phytobiomass production

Phytobiomass production above-ground (g/m2

Species Mean values Differences Significant Probability
In field In of tvhaelugean diff(esrlgr;ces Ie(\sl
photostat
Festuca rupicola 86.51 153.79 67.28 58.49 i%
Stipa capillata 248.88 111.16 —137.72 —126.10 5%
Salvia nemorosa 46.88 64.30 17.42 12.47 50
Bothriochloa ischaemum 192.90 196.83 —3.93 — —
Poa angustifolia 144.32 87.62 —56.70 —53.17 10%
Achillea collina 47.09 90.49 43.40 41.32 0.1%
Table 7

Results of the regression analysis of above-ground phytobiomass production and of the
chlorophyll content

Correlation between above ground phytobiomass production and the
chlorophyll content

Species Correlation coefficient Probability level of significance
w (p)
In field In photostat In field In photostat
Festuca rupicola + 0.8950 +0.8995 204 204
Stipa capillata +0.9012 +0.7851 2% 10%
Salvia nemorosa +0.6847 +0.8633 Not significant 5%
Bothriochloa ischaemum +0.9507 +0.9540 1% 1%
Poa angustifolia + 0.8277 + 0.2765 50% Not significant
Achillea collina +0.7875 + 0.7294 10% 10%
Mean values + 0.8411 + 0.7513 — —
Differences in mean values 0.0898 Not significant Not significant

The close correlation between the above-ground phytobiomass production
and the chlorophyll content of the production is proven also by the fact that
in our experiments, for the plant species in which the considerably less light
energy in the photostat was accompanied by a large-scale increase in the chlo-
rophyll concentration calculated for the dry matter weight, the organic-matter
production in general also became considerably higher than that in field exper-
iments. An exception to this is, however, Stipa capillata, the productivity
of which was unfavourably influenced by the conditioned circumstances.
Concerning the closeness of the correlation, it is worthy of attention that in
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Bothriochloa ischaemum the nearly identical chlorophyll content in the field
experiments and in conditioned circumstances resulted in virtually identical
quantities of above-ground phytobiomass production.

Summary

We examined the correlation between the organic matter production
of above-ground living parts and the chlorophyll content in dominant species
which take the greatest share in the dry-matter production of four stands of
the plant association of a l6szpusztarét (Salvio- Festucetum rupicolae panno-
nicurti Zo6lyomi, 58). The investigations were made for 180 days, sampling
in general at 30 day-intervals, in field experiments and in conditioned circum-
stances. The latter were prepared in photostats devised by us. The jdant stands
were light for 12 hours per day at 12 000 lux light intensity in the photostat.
Chlorophyll concentrations were determined from the fresh material, then
they were calculated for dry weights. The species composition and cover of
the plant stands examined in field experiments and in conditioned circum-
stances were virtually identical.

The following inferences can he drawn:

1. In the photostat, the lower energy level of light resulted in a chloro-
phyll concentration higher in general than that in field experiments.

2. The above-ground phytobiomass production was significantly higher
in three species (Festuca rupicola, Salvia nemorosa and Achillea collina) in
conditioned circumstances, and in two species (Stipa capillata and Poa angusti-
folia) in field experiments, while in Bothriochloa ischaemum there was no essen-
tial deviation.

3. There is in general a close positive linear regression relation between
the above-ground phytobiomass production and the chlorophyll content of the
production, both in field experiments and in conditioned circumstances.

4. Concerning the closeness of the correlation no significant differences
were found between the plant stands grown in the field and those in conditioned
circumstances.
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ALGAL SPECIES DIVERSITY IN TWO EUTROPHIC
FISHPONDS

PART 1. SPECIES-INDIVIDUAL LEVEL
By

L. Hajdu

BOTANICAL DEPARTMENT OF THE NATURAL HISTORY MUSEUM, BUDAPEST
(Received: October 2, 1976)

The shannon measure of species diversity of the plankton algae approaches its
possible maximum (logx) to a smaller extent in a more eutroph lake than in a less
eutroph one, and also its absolute size is smaller. In a considerable part of the year,
diversity is determined by the species number (/= 0.5089), which on the other hand
is highly correlated with the duration of sunshine (r +0.7134 p < 0.1% Y = 5.8912 +
+ 0.1810X), but lower with insolation (r = 0.6161 p < 1%). In a smaller part of the
year, evenness plays a dominant part in the changing of diversity, if e < 0.2. This
period falls to the time of the alga-maximum and the nutrient limitation accompanying
it. The selective inhibiting influence of the blue-green algae, which proliferate at that
time of year and decrease the evenness, is also presumable. The average species number
is higher, the average evenness is lower in a more eutroph lake, and both tendencies
take a stronger course in the period of higher number of algae (above 100 millions of
ind. per liter). The Margatef index is correlated with the Shannon index. The param-
eters calculated with a higher accuracy (H, R, J) did not provide considerably better
results, since the algal data counted by means of the traditional algological method
provided a false statistical accuracy. The results are demonstrated in a new-type column
diagram.

In my article on the examination of the two fishponds (Hajdu, 1974)
| also attempted to characterize the structure ofthe community. “It is a very
characteristic phenomenon that in summer, in the more eutrophic lake,
a Chlorophyta arrives at a saliently high dominance, while the species number
of the population remains the same, or it increases only slightly.” This was
such a conspicuous characteristic that the trend appeared even from the table.
By analysing the structure of the association with a finer method (diversity
examination), a considerably greater number of characteristics can be recogniz-
ed and even the possibility of researching for correlations with the various
ecological factors arises. If the table of data is regarded as an implicit function,
then the diversity index is (one of) the explicit function form.

Algologists have for a long time endeavoured to provide their data in
a more easily intelligible, more explicit, and therefore in an expectably more
valued form.

In algology, there are significant traditions of qualifying on the basis of
the so-called bioindicators. In that, the individual species of the community
— the bioindicators — are paid special attention, when from their presence
inferences are drawn with respect to certain characteristics of the environment.
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In these cases, however, more or less of the species are left out of consideration;
species which on the given level of our knowledge are not considered as indi-
cators, or, more exactly, we have not yet recognized what they indicate. The
indicator method has several disadvantages and one <4f the most significant
is that the number of the species which are considered as indicators is insignif-
icant in comparison with that of the other species which may emerge. The
indicator species, in most of the cases, were “calibrated” by way of experience
when they were in community; it was only in the rarest cases that they were
supervised in axenic cultures. The indicators are always participants of a dy-
namic community; they reflect the characteristics of not only the anorganic,
hut also of the biotic environment, therefore, by working with indicators,
the information can be obtained on the level of the community and not from
an “autecological” source. The most widespread product of the indicator con-
ception in hydrobiology is the saprobiological system, which by means of
a rather insensitive scale provides information on the level of the saprobe
content. The restrictions of saprobiology become to a considerable extent
evident by the fact that in both of the two fishponds examined the saprobity
indices calculated on the basis of algae were beta-mesosaprobic (Hajdua, 1974),
whereas one of the ponds was constantly receiving fertilizers from the goosery
situated on its shore. The true field of application of the saprobity index is
in the indication of the organic contamination which rapidly changes in space
and time, or is of a great quantity. The list of the trophy indicators is much
more modest than even that (cf. Hooper, 1969). The method of community
structure analysis increasingly gains ground also in algology. One of its most
widespread kinds is diversity examination. In opposition to the saprobity
index, the diversity index is much more sensitive and exact, because it is more
mathematized and informs us on the total effect of all environmental factors
influencing living beings. This advantage is at the same time a disadvantage
to a certain extent, because the effect of the factors can be separated only if
they are measured separately and can be correlated with the diversity index.
One of the best methods of examining the process of eutrophication from the
algological side (Hooper, 1969) is the diversity analysis.

M aterial

It was reasonable to choose an eutrophic water, a fishpond, to examine how trophy
affects diversity. In this country, researches concerning fishponds can, as a result of primarily
the work of Hortobagyi, look back to a fine tradition (Hortobagyi, 1950, 1957, 1958, 1959,
1963, 1965, 1967). These examinations can provide a useful basis for recent eutrophication
investigations. The description of the two fishponds examined and the way of sampling is to
be found in a previous paper (Hajdua, 1974), where the quantitative data were published.
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Methods

It isknown (Hairston, 1959, Hurlbert, 1971, Sheldon, 1969) that the species number
of the sample depends on the number of individuals actually counted in the sample, therefore,
as far as possible, identical sample sizes should be used. This requirement is especially valid
for the Brillouin index (Pielou, 1975, Moss, 1973); the Shannon index is to a great extent
insensitive with respect to the size of the sample. When processing the material of the fish-
ponds, the primary aim is to obtain quantitative data; the existing data are subsequently
evaluated for their diversity. In the quantitative work we use the total number of algae (I1V),
which changes as usual, since the quantities of algal density and of the abioseston in the in-
dividual samples are different. In the 2 ml Uthermohl chamber it is usually a diagonal which
is counted through, and then each of the algae is recorded by species. From the list thus ob-
tained. we choose the species of which fewer than 50—100 specimens were found and for them
we continue counting in another diagonal so that the statistical accuracy can be brought to
a near identical level (0.95 confidence limit expressed as percentage of count: ~40—20%).
We carry out this counting with respect to about 5—20 species in a sample. For the large-bodied
rare species, which, however, constitute the majority of the biomass, as for example Ceratium
the species on the whole bottom of the chamber are counted. This is the Uthermoéh1’s (1958)
elastic chamber method.

The species which had not come to the eye during the quantitntive work, but were
found at the qualitative analysis, were marked with cross in the Table (Hajdu, 1974). When
calculating the index these crosses were uniformly changed into one. In the interests of the
calculation technique described above, the index had to be calculated by using a very high
total number of algae (in an extreme case 508 000) brought together in a common unit of volume,
that is, in one milliliter. Multiplying upwards is necessary to determine the proportion of the
algae related to each other in a common unit of volume. This common volume must be the
smallest possible so that the numbers should not be too high, therefore it is reasonable to name
it as smallest common volume. Thus it is better if the smallest common volume corresponds
to the largest actually counted volume of the chamber, instead of the one liter which is usual
in the case of quantitative works (for example 2 ml if the-hole bottom slide is wholly counted).
The data of the infraspecific taxa were interpreted as separate sources of information, they
were not taken together with the data of the species; it is anyhow infrequent that the species
occurs together with its variety or form.

The basic data are given in individual/milliliter units on the basis of the samples taken
from the two fishponds monthly. From this and from the average volume of the individual
algae, we calculated the total volume of the species as well. The diversity results calculated on
the basis of the volume data will be published in my next paper. According to Fogg (1975),
the production shows the best correlation with the cell surface, therefore it would have been
justified to calculate the cell surface, too. However, while the volume can be well measured by
means of plastiline models, in the case of the surface a kind of estimation has acquired a much
greater role, therefore it was disregarded.

When counting the diversity, we used the logarithm of base two, therefore the value of
H" falling to one species is to be understood in bit individual.-1 *

Since no definitely crystallized standpoint has as yet been reached in the literature in
respect of the index to be used for the estimation of the structure dynamism of the algal asso-
ciations, we composed a computer programme by means of which all parameters respectively
statistics, judged as important on the basis of the preliminary orientation, can be calculated
(see below numbered from 1to 20). A few of these parameters will probably be superfluous and
can be omitted from further examinations. The equations enumerated below are partly taken
from the work of PeeTt (1974) and of Pielou (1975), and partly the result of my own consider-
ations.

b\l
Symbols: Hland H" are the Shannon diversity, p, m ‘],\‘:' vliere N is the relative
frequency of the i-tli speciesin the sample; s is the number of species per sample; var [H] is the
variancy of the Shannon measure of diversity; H is the Brillouin measure of diversity com-
puted by Stirling approximation accounts to equation (20); Rt, B2 R 3 [, are the redundancies
calculated with various accuracies; Ju ,/2, J3, J4 are the equitabilities calculated with various

accuracies; M is Margalef’s index of species richness; e is the L1oyd-Ghelardi measure of

* Conversion modules: H",2 x 0.3010299957 = ff"(¥)decit/indH " (2 X 0.6931471806 =
= H'\e) nit/ind., H \w) X 3.321928095 = H"(2) bit/ind., H'\e) X 1.442795041 = H"{2 bit/ind.
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equitability (L1oyd-Ghelardi, 1964); d is an index of dominancy, the ratio of the maximally
represented species in the sample (Simpson, 1949).

H'= -2 Pilog2Pi; H”= - 2 -~log2 (1)
i=1 i=l 1y
Y — log., -n*-
., e "¢ R o1
var "1 =
("] N 2172 2
1 nr! 1 R
a= nAreA W (log21V!) — /'—II g2 n,
- (3)
- Ey><~N Iogz—N H_ZlT/ _%=| log2n, (s — 1) log2(2a) + log2N
H" max, - H"
R, = '
' H" max, “)
R = H" max, - H"
"7 H"max, — H min2 ®)
H" max2— It
R, = H" max2 ©
. H" max2—H
RI_Il-l7“*max2—H min3 Q)
H" maxj = log2s )
Itmax, = =0 ~log, M —s log, 1j ()
H" mirij = 0 (10
H min, = ™ {log, m - log, [IV—(s- 1)] '} (11
H min3 = [log21V+21V log2N — log, (IV+ 1 —3s) -
(12
—2(N 4 1 - s)log, (TV-j-1—5) (1 —s) log, 2]
i =1-ri= Hnax - (13)
J2=1 R, (14)
=1 R3 (15)
Ji= 1- «4 (16)
s— 1
* Tuat (7
s
£= ---
: (18)
d = (Pi) max = JtjE*. (19)
log2iiri + log, YN + N log2N N (20)

Computation by a Videoton 1010 BM computer by means of ASA FORTRAN pro-
gramme (available on request).
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Of 108 set of data, 14 parameters were calculated. In the first part of
the series of papers, we give here the most important data calculated on the
basis of the number of algal individuals of the species (Table 1). Later we shall
describe also the changes of these parameters at the level of genus and division
as well as the values calculated on the basis of the volume. Owing to lack of
space, a few of the less marked parameters have been left out of the Table,
but in the discussion we touch the conclusions that can be drawn on their

basis.

Table 1

Yearly change of the main parameters and statistics in the two fishponds examined

Ménth N 1000 i./I.

3 602
3127

7 589
29 016
40 592
349 518
185 570
508 734
156 111

OU’)>:Z>Z""“‘

Mean 142 651

J 257
F 10 144
M 5 250
A 4 684
M 39 068
JY 24 061
A 12 442
S 78 207
0 125 048
Mean 33 240

19
21
17
36
72
68
53
67

41

12
16
18
30
44
46
61
53
39

35

Fertilized, more eutroph fishpond

A7 bit/i.

2.1613
3.2329
3.1174
2.2980
4.2057
1.7994
2.6742
2.1272
3.2066

2.7581

[A ] var n

0.0017 0.51830
0.0037 0.76105
0.0013 0.70970
0.0003 0.56220
0.0005 0.81349
0.0000 0.29165
0.0001 0.43929
0.0000 0.37137
0.0001 0.52861

0.0009 0.55507

Unfertilized, less eutroph fishpond

2.0294
0.7867
2.9472
4.3587
4.6963
3.4889
4.4589
4.0006
2.7378

3.2783

0.0283 0.56610
0.0002 0.19667
0.0018 0.70676
0.0040 0.88828
0.0006 0.86022
0.0006 0.63164
0.0020 0.75183
0.0002 0.69843
0.0001 0.51799

0.0042 0.64644
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2.1461
3.2098
2.9251
2.2948
4.2012
1.7990
2.6726
2.1266
3.2336

2.7343

1.9223
0.7825
2.9338
4.3321
4.6907
3.4824
4.4549
3.9974
2.7362

3.2591

S-l
InN

2.0759
2.2366
2.2385
1.5571
3.2984
5.5624
5.5230
3.9575
5.5192

3.5520

1.9823
1.6261
1.9846
3.4311
4.0669
4.4606
6.3636
4.6152
3.2379

3.5298

a %

48.96
31.47
34.58
58.97
15.58
79.82
56.12
66.21
39.80

47.95

63.42
84.35
29.68

9.63

9.52
25.51
15.82
21.17
48.24

34.15

0.33
0.74
0.66
0.53
0.75
0.05
0.13
0.11
0.19

0.41
0.25
0.62
11

0.86
0.35
0.57
0.43
0.23
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In column-diagramme No. 1, a somewhat more illustrative way of
demonstration is introduced than the earlier ones: the empty part of the column
indicates the mathematical maximum of diversity, while the black part indi-
cates the actual value. Complementarily to this, in diagrammes Nos 2 and 3
the changes in the two components of diversity, viz. species number and
evenness as a function of time are indicated. The linear broken line in the
diagrammes denotes the yearly average of the parameter illustrated on the
basis of nine samples.

fertilized unfertilized

Maximum and actual
diversity (H*)

Fig. 1. Yearly course of the Shannon-diversity (if”) and its maximum (log) in the fishponds
Fig. 2. The monthly species number (s) in the fishponds
Fig. 3. Yearly change of the evenness (J) in the fishponds

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



ALGAL SPECIES DIVERSITY IN TWO EUTROPHIC FISHPONDS. I. 83

Table 2

The values of all parameters computed. Note the minor differences between H” and H,
and those between R and J values

A7 = 4.2057 var H” = 0.0005
H = 4.2012 M = 3.2984
R, = 0.18651 Jjt = 0.81349
r2 = 0.18703 J2 = 0.81297
«3 = 0.18652 n = 081348
«4 = 0.18708 sh = 0.81292
d = 15.58% e = 075

On a randomly chosen sample (fertilized fishpond, in May) we present
all the fourteen statistics (Table 2), when s = 36, N = 40 592 thousand
ind.liter-1.

Column diagramme No. 4 shows the changes in the total number of
algae during the year, while diagramme No. 5 the dominance calculated on
the basis of equation No. 19.

After Hutcheson (1970) we made a t-test on the basis of varif”; all if”
differed from one another at a very high degree of freedom.

fertilized unfertilized

Fig. 4. The number of algae (N) in the different months in the fishponds
Fig. 5. The change of the index of dominancy (d) in the fishponds
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Discussion

The average of diversity (if not otherwise indicated, by diversity we
always mean H ”)is lower in the more eutrophic pond than in the less eutrophic
one, even though the average of the possible maximum (log2s) is, owing to the
greater species number, even somewhat higher in the eutrophic pond. In other
words: the actual diversity at the average approaches the possible one better
in the less eutrophic pond.

Considering the various diversity values, two minimum values occur
during the year: one in winter and the other in the middle of summer. In the
evaluation we must pay attention to the diagrammes of evenness and of species
number; in the winter period which is poor in sunshine, the evenness is also low,
the actual H" is hardly more than the half of the possible value. Improving
conditions make the increase in evenness much sooner possible than they do
in relation to species richness. Since evenness rises quickly and stays at a high
level even subsequently, in this period a further increase of H" depends on
the species number. The same dependence on the species number is charac-
teristic of the. autumn and winter periods as well, hut only with an opposite
sign, that is, the decrease of the species number has a decisive effect on the
changes in H". In the middle ofsummer, the situation is different, the species
number hardly changes, hut evenness decreases considerably, that is, a few
of the species are extremely dominant. The decrease in evenness is much more
pronounced in the more eutrophic pond.

On the basis of the preceding analysis it appears that the number of
species determines diversity in a considerable part of the year, and this deter-
mination predominates to a smaller extent in the more eutrophic water;
in the period ofa great number of algae, a small evenness is the decisive forming

Fig. 6. Correlation diagram between H” and H
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component. To prove this, we calculated from the data of the two fishponds
a linear correlation between the values of H" and //m . The latter is log., s,
thus it depends only on the species number. Incidentally, it should be men-
tioned that as a matter of fact correlations should be searched for only between
measured data of known distribution. Correlations between calculated param -
eters — especially if they also have a common member — is not interpreted.
It is apparent in the correlation diagramme (Fig. 6) that if the enclosed points
are left out of consideration then a good correlation can be expected. Such
a stratagem is allowable in the case when there is a biological reason for leaving
out something from our consideration. In this case, the requirementiscomplete-
ly fulfilled, since the four points fall indeed to the summer period of the
fertilized pond, when evenness is low (the letters by the side of the points
are the initials of the months).

From the total 18 data r = -f~0.3208 N.S. p*> 10% Leaving out July

October, r= + 0,7746 p< 01 % re= 14, ¥ (H) = X (iog2d — 1,48.

Only July- October r = -1 0.0595; there is no assessible correlation,

for the whole year between J and if”, r = J-0.2636 N.S., Y"H) =
= 2.11 + 1.46 X (J).

It clearly appears that diversity has a section depending on s, and
another one depending on J, and this./-dependence (that is, the low J decreases
diversity strongly) is more pronounced at the time of the greater number of
algal individuals. The ./-dependence hereindicates the more eutrophic character,
it appears at an of algal density about 100 million individual/liter. It is
worthy of attention that Hutburt (1970) also noticed the appearance of the
nutrient competition at a similar order of magnitude in the number of algal
individuals; it was in this period that the spheres lacking nutrient around the
algae intercepted with one another. We attempted to determine in the ponds
examined when is it that the ./-value is critical from the viewpoint of forming
the diversity index. J = 0.5 appears to be such a limit value, but only when
the number of the species is at the same time great. In the fertilized fishpond
it is critical from July to October, it is not critical in the fertilized pond in
January, in the unfertilized one in January, February and October because
in the latter cases a low s accompanies the low J. A more unambiguous border
line can be drawn on the basis of e, since here the values below 0.2 indicate
without exception the critical unequitability. Kircher (1972) observed in
birds similar s-dependent and ./-dependent periods in diversity; J dependence
was characteristic of the unfavourable period even there.

| tried to detect what kind of environmental factor can be responsible
for the sharp separation of the two periods. At the time of the ./-dependence
the most characteristic feature in the eutrophic pond, from the point of view
of the algae, is that the unsatisfied nutrient demand surpasses by several
hundreds of thousand times the nutrient supply, for example, in phosphorus.
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Although the a smaller extent, a similar shortage occurs in other important
nutrient elements as well (Fogg, 1975). Unfortunately, | could not count
a correlation between the concentration of the nutrient and the evenness,
because 1 had not enough data from this period nor possibilities to measure
the nutrient-content data of such a great sensitiveness. In this case theoretical
considerations must substitute proof. The nutrient shortage in summer is an
unquestionable fact. Several algae are able to store phosphorus in quantities
that extend far beyond their need. These, at the time of shortage in phosphorus,
are in a more advantageous position than their fellow algae, while such an
advantage leads invariably to the decrease in evenness. Fuhs (1969), for
example, experienced that the reproduction of the two diatoms examined
was more decisively influenced by the quantity of phosphorus which had
already been bound in the cell than by the one which had been solved in
water. In the four summer months of low evenness, the proportion of the
blue-green algae increased, and in August even water bloom appeared. The
blue-green algae may secrete materials into the water which inhibit the repro-
duction of the other algae (Boyd, 1973; Murphy et ah, 1976). This inhibition
has also an effect towards the decrease in J. Concerning the shortage in nutrient
during the critical four months, there is an indirect evidence. From the basic
data (Hajdua, 1974), a Bravais-type linear correlation is calculated between
the total number of bacteria counted on the membrane filter and the total
number of algae. The correlation is positive for the unfertilized pond: r =
— +0.603 p -+ 5%, October left out: r = +0.843 p + 1%; it is, on the other
hand, no for the fertilized pond: r = —0.016 n = 9 N.S. If in the fertilized
pond the time interval is narrowed towards the greater algal number, then
between May and October the correlation is already closer, but still not accept-
able, r= —0.831 p < 10% n = 5, while in the critical summer months,
between July and September, the correlation is even closer, r = —0.999J>+5%
n — 3. The greater mass of the algae inhibits the bacteria in the competition
for the nutrient, that is why the increasing negative correlation occurs (cf.
Rhee, 1971. Fitzgerald, 1969 etc.).

The graph of species richness rises until the summer period, then it
decreases and automatically offers the hypothesis that the species number
changes in proportion with the quantity of sunshine during the year. The
sunshine can be characterized on the one hand by the insolation, its unit is
Kkal cm-2 month-1, and on the other hand by the duration of sunshine, its
unit is hour month-1. For the correlation calculation | used the 50 years’
average of the data measured by the Meteorological Institute in Budapest.
Insolation and species number show close correlation: r = +0.6161 p + 1%
n = 18. The duration of sunshine and the species number show more close
correlation: r = +0.7134 p < 0.1% n = 18 = 5.8912 + 0.1810X. Thus
it is not the intensity of sunshine but rather its duration that determines the
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species richness in the ponds; the coefficient of determinations r2= 0.5089.
that is, the duration of sunshine is to 50.89% the cause of the great species
number in summer.

Summarily we can say that in the ponds examined the components of
diversity — evenness was decisively influenced by the nutrient supply, while
that of the species number by the number of the hours of sunshine. Naturally,
the determination here is not direct; the factors have effect evidently by the
agency of niche proliferation and decrease.

As can be seen the simpler diversity conception (diversity = species
number), would not have enabled us to recognize an unfavourable effect
— so important for the community — as in our case the summer nutrient
shortage was — and it even would inform us in a diametrically opposed sense
regarding the critical period.

From the data, we calculated the index of Lioyd-Ghelardi (1964)
(see Table 1). One of the data is worthy of special mention: the April e of the
unfertilized pond is 33; dividing it by 30 produces 1.1, that is, nature showed
a more even distribution in this case than it would be allowed by the maximum
of the MacArthur model which was used. The high e indicates a one-dimen-
sional limitation. The yearly course of e follows its J well, which is natural
of course, because both of them reflect a ratio in relation to a maximum,
e is numerically a smaller value because here the basis of comparison is not
the mathematical maximum, but a smaller one, the hypothetical natural
maximum. As has been mentioned earlier, e characterizes the critical points
of evenness better than J does.

In Table 2 we presented the values determined with varying accuracy.
Here the following relations of magnitude can be observed:

H < H"; J4< J2< J3< J4 < R3< R, < Rn

It is noteworthy how closely H and H" appear to each other (cf. Table 1
and 2), even though we did not know the distribution of the population here
but estimated it by means of the sample. The Brillouin index can be con-
sidered a very sensitive one (Pielou, 1975) to the identical sample size (iV);
we worked with varying sample size and this does not even appear in the
differences Il and H ™. The various J and R values did not differ considerably
from each other either, despite the fact that they were calculated with varying
accuracies. All these can probably be attributed to the fact that the basic
data were very high and therefore even the inaccurate Stirting formula could
give a satisfactory approximation. We must, however, be aware of the fact
that this is only a security of appearance, because we have worked not with
the actually counted data but with the much greater values resulting from
multiplication up to milliliter.
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IfJ is given, then it is superfluous to give also redundancy, because they
complement each other to one, and thus one can be calculated from the other.
In environmental protection studies, applying R instead of J is to a certain
extent more expressive, since this changes in a direct proportion with pollution
and detriment. On the other hand, J is an optimistic parameter; it increases
in an environment which is optimal for the majority of organisms. In the
interpretation of Patten (1962), succession is a phenomenon in which the
planktonic algal community develop from the low R towards the higher one,
that is, from the high J towards the low one. If we accept this interpretation,
then we can observe two courses of succession in the ponds; one lasts up to
July, the other begins at this time. The extension of the concept of succession
in this way is, however, not entirely accepted. In the examinations by Emien
(1973), H" decreased towards the end of succession, while in opposition to this
lgnatides (1969) observed that diversity was in increase during the succes-
sion; Odum (1969) also considers this rising tendency as generally valid.
Fott (1975) draws the line of succession stages at the main transformations
of the community, thus it appears now at low diversity, then at a high one.
In the water, succession always tends toward the terrestrial association (peri-
phyton, macrophyta); it is doubtful whether there is indeed a succession,
also within the plankton association, or if it is merely a periodicity without
any tendency.

In Tahié 1 and in Fig. 5, the index of dominance is also indicated. In the
interests of clarity, p, max is given in percentage. This does not tell us more
than the former parameters did; it reminds us mostly of the trend of R. but
the essential points are occasionally even more conspicuous (fertilized pond,
July; unfertilized pond, April and May).

The correlation between the Margalef index (M) and H" is close;
r= +0.5942 n= 18 p <C !%+ The Margalef index can be calculated very
easily and, as is clear from this close correlation, it reflects the changes faith-
fully. It lias, however, other deficiencies, as for example in the lack of any
theoretical background, no auxiliary parameter of evenness can be counted
to it, etc. It is by no means suitable for the substitution of the Shannon index,
but for a quick orientation it can be used well.

It is a definitive characteristic of the diversity index that it indicates
the conditions deviating from the permanent average: the greater the devia-
tion from this long-term average: the more considerable the decrease in the
index (possibly, its increase). If the question is whether trophy can be indi-
cated by the diversity index then the answer to this question is to be found
primarily in an eutrophic water. The two fishponds examined gave a good
example of the extent to which diversity decreases at the time of a higher
number of algal individuals. In an oligotrophic water, presumably other factors
are decisive in the formation of the index, and not eutrophy. Such an oligo-
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trophic lake does not exist in this country, so | could not extend my exami-
nations into this direction. The data examined in the present paper also indi-
cate that correlation between H" and the number of algal individuals is only
possible at the time when the number is great, for there is no correlation
between H" and N when related to the whole year (r = 0.3037 N.S., n = 18).
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Assimilation type of 30 species of the “Kis Tece” sand steppe community (Fes-
tucetum vaginatae, F. wagneri) near Y acratét was studied. Of the 30 observed species
grown in a steppe area with warm and dry microclimate four appeared to be C4, and
seven of the C3assimilation type, while seven proved to be C3—C4, that is, of the inter-
mediary type. Twelve species could not be evaluated by the method used owing to its
high acidity.

Introduction

In an ecosystem, the stream of energy can, from any given point, he
traced back in most cases to the primary energy fixation process of the green
plants. Photosynthesis, the carbonic assimilation, is the most important
problem of the entire biosphere. Since the photosynthetic carbon-assimilation
the only was of formation or organic carbonic compounds from the inorganic
carbonic compound carbon dioxide, therefore, in respect to production of
organic substances, its efficiency distribution in time and space are equally
important.

In the last ten years, the research of processes of C02 assimilation led
to the discovery of a new mechanism (Kortschak et al.,, 1965, Hatch and
Stack, 1970). It was proved that the primary CO02fixation of some plants did
not take place in the Calvin-cycle (C3type) but in a so-called C4 dicarboxilic
acid cycle. Several characteristics of photosynthesis of the C4type were differ-
ent from those of the C3type. These characteristics are summarized in Table 1
(Smith, 1976).

It is in the selective advantage of such a type of CO2assimilation that the
source of evolution of photosynthesis should be searched for. Results of
enzyme studies led to the recognition that RuDP-carhoxylase could function
as an oxigenase in the presence of high oxygen and low carbon dioxide con-
centration and that the efficiency of photosynthesis was strongly reduced
by the formation of photosphoglycolate (Bowes and Ogren, 1972).

In plants of the C4 assimilation type, having a C02reduction pathway
via the CALVIiN-cycle in the chloroplasts of the bundle sheath parenchyma
cells, RuDP-carboxylase can operate at a lower oxygen concentration and the
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competition between 02 and CO02 scarcely follows. Besides, the efficiency of
the C4 dicarboxylic acid cycle operating in the mesophyll cells in increased
by the higher affinity of PEP-carboxylase to C02than that of the other CO.,
fixing enzyme (Table 1). This phenomenon is especially important in the ecolo-
gical conditions of reduced water supply and a limited gas exchange owing
to the closed stomata.

Table 1

Some distinctive parameters of C3 and C4 types of photosynthesis

Parameters [ox] Ci
Primary CO., fixing enzyme RuDPC PEPC
Green bundle sheath parenchyma absent present
Requirement of CO, concentration 30—150 ppm 10 ppm
Light saturation 40 klux complete sunlight,

intensity

Optimum temperature (lor CO., fixation) 15 20 C 33-35 C
Photorespiration active low

On the basis of these facts it was established that algae, mosses, ferns,
gymnosperms had exclusively the C3type of photosynthesises also the major-
ity of Angiosperme. Species of the C4 assimilation type can be found in some
13 families of flowering plants (Smith, 1976, Dowton, 1975). Probably the
absence of a close relationship among these families suggest a polyphyletic
origin of the C4type of photosynthesis and also an adaptation to the warm
and arid climate (Moore, 1974).

On the basis of biochemical and anatomical investigations, species with
free cross-pollination and of different CO., assimilation types were found in the
above-mentioned families. For example, the presence of specific PEP-carbox-
ylase isoenzymes were demonstrated in the parent and hybrid plants. Iso-
enzymes of the parent plants were different, hut in their hybrids isoenzymes
of both parents could be detected (Hatch et al., 1972). These results also
suggested the absence of a clear-cut boundary between the two assimilation
types, and thus the occurrence of intermediary forms.

Biochemical or anatomical characteristics of leaves of the intermediary
forms can be either of the C3or C4type (Kennedy and Leatsch, 1974).

The assimilation type of a plant can he established by determination
of one of the most typical parameters, the ratio of carboxylating enzymes
(RuDPC and PEPC). Determination ofthe enzyme activities is a comparatively
simple method. According to the literary data, the ratio of the RuDP-carboxy-
lase and PEP-carhoxylase activity in typical C3species (e.g. Hordeum vulgare,
Spinacia oleracea) is about 22 and 14, respectively, while that of typical C4
species (e.g. Digitaria sanguinalis, Zea mays) is about 0.2 and 0.6, respectively.
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Species with an activity ratio between the two extreme values (about 2) are
considered as intermediary forms (Goldstein et al.,, 1976). On the basis of
this short summary it is evident that also in the case of species with an inter-
mediary assimilation type the possibility of a selective advantage in changing
environmental conditions is valid. For this reason, it is interesting to study
whether there exist such species in a given phytocenosis, and also to know
how environmental conditions influence the possibilities of C02 assimilation.

Material and aims

For the observation, an experimental area was chosen which was being investigated
from several points of view. In this area, the occurrence of C3and C4plant types was studied.
The grassland of the “Kis Tece” sand steppe at Yéacratdt was chosen for the collection of plant
samples. The vegetation consists of mosaic-like (Alternating) spots of the communities Festu-
cetum vaginatae danubiale and Festucetum wagneri. This area is undisturbed and there have
been no agricultural activity there since 10—15 years. It is probable that in earlier times some
parts of the area had been cultivated occasionally. The succession has now advanced so far
that there is no physiognomical and cenological differences between the formerly cultivated
and the original, undisturbed areas. In addition to the two constituent Festuca species of the
community, Fumana and Medicago are locally dominant, while smaller areas covered by the
moss-lichen synusium are the most conspicuous.

The whole area is covered by a quicksand — like Pleistocene deposit of the Danube.
Beneath spots of the dominant Festuca wagneri and Poa angustifolia, a thick layer of about
15—20 cm humus had formed.

The above mentioned communities have a double vegetation period: in spring and in
autumn. They have also two rest periods during the summer aridity and in winter. The area
studied is characterized by extreme warming up, sometimes moderated by wind. The level of
the subsoil water is more than 5 m, and thus important only for plants (e.g. Fumana, Eryn-
gium) with long roots. This subsoil water level cannot be reached by Gramineae which are
wholly seared by the middle of summer. The stocks surviving the drought revive and they
commence an increased vegetative development by the effects of the autumnal rains.

In our experimental area, the occurrence of species of the C4 type was expected as a
result of the microclimate which is frequently similar to semi desert circumstances. To de-
tection of these plants isimportant for the research work done in the Department of Zoology,
University of Agriculture (Go6d6llg), and for the Department of Plant ecology, Botanical Re-
search Institute, HAS (Vécréatdt), because the nutrition biology of the fauna of the area is
also studied. Literary data suggest that species of the C4type, as food sources, are of lower
quality than the C3type plants for the herbivorous animals. Most of the observations were
carried out with insects feeding mainly on species of the C3type though no preference was
found. Distinction between the C3and C4dtype plants may be significant, because of the assumed
effects of interspecific competition. According to some hypotheses, such a selective plant con-
sumption has an important ecological role. It may occur that an insect is apparently hungry,
though it has plenty of the C4plant types. The process of decomposition is also different in the
two assimilation types, because the breakdown of C4 species is slower (Caswell et ah, 1973).

Detailed information on ecological studies and literature of the model area at Vacratot
can be found in the paper of Fekete—Précsényi—Molnar —Melké (1977).

The plant material for the study was collected on 2 and 13 October, 1976. and it was
processed immediately.

Experimental methods and results

On the basis of the above mentioned data it is evident that the ratio
of activities of the two carboxylating enzymes can be used to distinguish the
two assimilation types of plants. For this reason, first, the RuDP- and PEP-
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carboxylase activity of species collected from the given communities was
measured. From the weighted samples of green plant parts, the enzymes were
extracted by Bjorkham’s method (1968). The enzyme activities were deter-
mined by measuring the 24C incorporation in presence of D-ribulose-1,5-
diphosphate and phospcenolepyruvate, so that H14CC>7 was added, as another
substrate, to the system (Bjorkman and Gauhl, 1969, Nagy et ah, 1973).
In species with leaves of an acidic character, the activity of the two enzymes
cannot be determined by this method. Besults of the experiments are pre-
sented in the following table (Table 2).

Table 2

The eniyme activities and assimilation types of the species studied

. PEP-carboxylase RuDP-carboxylase Assimilation
Species (i mole co 2/g/hr PEP-carboxylase type
CareX praecox 0.14 41.1 c3
Achillea ochroleuca 0.38 9.1 c3
Andropogon ischaemum 1.87 0.1 c4
Carex liparicarpos 0.54 31.5 c3
Carex praecox 8.05 15 c3c4
Carex stenophylla 5.76 2.5 C3C 4
Centaurea arenaria 1.34 13.0 c3
Cynodon dactylon 5.11 1.4 c3c 4
Cytisus ratisbonensis 0.60 14.7 Cc3
Digitaria sanguinalis 1.89 0.4 c4
Festuca vaginata 0.36 2.9 c3ca
Festuca wagneri 2.17 4.8 C3C 4
Plantago indica 0.05 167.3 c3
Poa angustifolia 3.29 2.9 C3C 4
Poa bulbosa 2.40 1.6 c3c 4
Silene otites 1.50 0.1 c4
Scleranthus annuus 12.03 0.6 c4
Syntrichia ruralis 0.06 75.3 Cc3

Owing to an acidic character of the leaves, the method could not be
used in the following species: Cladonia foliacea, C. furcata, Erodium cicutarium,
Euphorbia seguieriana, Eragrostis pooides, Fumana procumbens, Holoschoenus
romanus, Medicago minima, Polygonum arenarium, Potentilla arenaria, P.
argentea, Thymus serpyllum.

The data clearly show that, in addition to the species excluded by the
inapplicability of the method, only four out of the 18 species observed proved
to be of the typical C4 assimilation type.
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It is remarkable that the PEP-carboxylase activity of the species con-
sidered as intermediate by the ratios given in literature surpasses that of the
C3types (except Festuca vaginata), and that they are near the C4type species.

They are probably able to reduce C02by both pathways, and in these
plants one of the two cycles operates dominantly depending on the environ-
mental conditions. On the basis of repeated measurement made during the
spring vegetation period, further conclusions are expected.

The study was made in cooperation with the Department of Geobotany,
Botanical Research Institute, Has. The authors are indebted to Istvan
Précsényi, D. Sc., Head of the complex study for his kind help.
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Paleocene and Eocene fossil Angiospermatophyta pollen grains were brought
under SEM examinations. The results showed characteristics not detectable by the
earlier light-inicroscopical method. The present work also substantiates the significance
of the SEM method in the knowledge of pollen grains.

I. Introduction

The aim of the present work was the assessment of the scanning electron-
microscopical results related to some Angiospermatophyta pollen grains of
stratigraphical, facies, ecological and pollen-morphological importance in
comparison with the earlier light-microscopical descriptions.

Il. Material and method

In accordance with the aim of the paper, the following pollen grains were examined:

1. Stephanoporopollenites hexaradiatus (Thg. 1940) Th. & Pf. 1953 subfsp. semitribinae
W. Kr. 1961. Locality: Menat, France, Paleocene, Thanetian formation 1I.

2. Echimorphomonocolpites echinatus (Muller 1968) L. Réakosi 1973.

Locality: Oroszlany, Hungary, Middle Eocene, lignit deposit sediment.

3. Kopekipollenites magnus (L. Rékosi 1973) n. comb. Locality and geological age are
identical with those of the preceding.

The pollen grains selected while dry were put on polyvynilchlorid adhesives (cf. Lef-
fingwell & Hodgkin, 1971). Shading was carried out by gold, the pictures were taken in the
Ele ctronmicroscopic Laboratory, Department of General Zoology, ELTE by an SM-50A Jeol
type apparatus. The author is indebted to dr. J. Kovacs, senior lecturer, for his assistance
given in the laboratory examinations.

I1l. Results

1. Stephanoporopollenites hexaradiatus (Thg. 1940) Th. & Pf. 1953 subfsp.
semitribinae W. Kr. 1961 (Plate I, 1—4).

The work of GéczAn, Groot, Krutzsch & Pacltova (1967) is significant
with respect to the light-microscopic taxonomy of the species. The study of
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Kedves, Heged(is & Bohony (1971) may also be mentioned, concerning strati-
graphy. By the form-species, the Normapolles or *“its transitional region”
of the Euro-Asian continent, the Paleocene age can he determined with cer-
tainty. A finer taxonomy of the species makes further distinctions possible.
It is interesting that this form-species has not yet been known from the
Normapolles region of the North American continent; it is probably absent
from that area (cf. Kedves & Kiraly, 1968).

No TEM data are so far known of this form-genus.

Pictures were taken of the pollen grains chosen for publication at various
settings; change in the setting was arranged at 45—60° (see 1, 2 in Plate I).
The apertures are different in the various settings. They exogerminalia are
sometimes typically circular, however, apertures slightly elongated towards
the poles are more general, resembling colpi. The size of the exogerminalia is
around 0.5—0.7 p. The surface ornamentation is rather varying at high magnif-
ications (3, 4 in Plate I). Locally, semispherical formations can be observed.
The most general is the rugulate ornamentation; the width of its elements is
around 0.6—0.8 p.

2. Echimorphomonocolpites echinatus (Muller 1968) L. Rakosi 1973 (1—3
in Plate I1).

Owing to the facies ecological importance of the micro- and macro-
fossils of the genus Nypa, several studies discuss them. L. Rakosi’swork (1973)
summarizes the light-microscopical nomenclature of fossil pollen grains. For
the time being, no TEM data are known on this pollen grain.

A number of half-pollen grains, corresponding to their light-microscopical
morphology, have undergone scanning electronmicroscopic examinations. The
surface ornamentation along the colpus and of the extragerminal exine are
identical. The outermost ectexine layer (the tectum) is perforated. The per-
forations are general circular. Two types as to size can he distinguished, the
width of the smaller is 0.2—0.3 p, that of the bigger ones 0.5—0.7 p.

After Haseldonckx (1972), data on recent and fossil Nypa pollens are
available. Although the detailed descriptions of the scanning results have not
been published, the perforations of the tectum are observable on both the
recent and the fossil materials. It should he mentioned that, on the basis
of Haseldonckx’s pictures, the surface of the large spines is not entirely
smooth. This characteristic cannot unambigously be stated from our own
pictures.

3. Kopekipollenites niagnus (L. Rakosi 1973) n. comb. (1—3in Plate 111,
1—4 in Plate IV).

Syn.: 1973, L. Rakosi — Diporites magnus n. fsp. 1974, Kedves — Kope-
kipollenites transdanubicus n. fgen. et fsp.

A very characteristic form in the Eocene deposits of Hungary.

Concerning the pollen grain, also TEM data are available (1—3inP latelll).
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The exine consists only of ectexine (1 in Plate Il1l). The tectum is locally
perforated (1,2 in Plate I11), its surface wavy, with smallerand larger protuber-
ances. The morphology of the infratectal layer elements in the cross-section
pictures is columnar or furcate. The character of this layer is recognizable in
the tangential sections (3 in Plate I1Il), in essence alveolar. The size and
morphology of the alveoli are varying. In comparison with the two former
layers, the pedium is thin, T/I/P = 2—3/2-—2.5/1.

SEM results: a number of specimens have been examined, and identical
results have been obtained. The pores are circular the ornamentation of the
apertural surface and of the extraapertural exine is identical (1—4 in Plate 1V).
The tectum is locally canaliculately (0-2/x width) perforated (4 in Plate IV).
The surface is rugulate, the width of the ornamental elements is 1.5—2 p,
that of the furrows is 0.1—0.15 p.

Summary

1. The surface of Stephanoporopollenites hexaradiatus semitribinae is
uneven, essentially rugulate; the size and morphology of the submicroscopic
ornamental elements are varying.

2. The tectum of the fossil Nypa pollen grain is perforated as opposed
to the light microscopical data.

3. The submicroscopic tectal formations ofthe germinal and extragermin-
al exines of Kopekipollenites are identical. The tectum is perforated.
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Plate |
Stephanoporopollenites hexaradiatus (Thg. 1940) Th. & Pf. 1953 subfsp. semitribinae W. Kr.
1961. (The pictures were taken of identical specimens) 1., 2. A total picture of the pollen grain
examined in various settings X3000; 3. The ultrasculpture of the germinal region. X 10 000:
4. The ornamentation of the extragerininal exine. X 10 000
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Plate |1
Echimorphomonocolpites echinatus (Muller 1968) L. Réakosi 1973; 1. A total picture of a half
pollen grain. X 2000; 2., 3. Details of the submicroscopic tectum. (The pictures were taken of
another specimen.) X 10 000
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Plate 111
Kopekipolleniles magnus (L. R&kosi 1975) n. comb. TEM exine structure. 1. Cross-section of
the extragerminal exine. X 25 000; 2. Tangential section of the tectum. X25 000; 3. Tangential
section of the infratectal layer. X25 000; T = tectum, | = infratectal layer, P = pedium
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Plate 1V
Kopekipollenites magnus (L. Rakosi 1973) n. comb. 1. Total picture of a pollen grain. x2000;
2., 3. Details of the germinal region of other specimens. X2000; 4. Detail of the ornamentation
surrounding the pore (picture taken of the specimen shown in Fig. 1). X 10 000
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DER ABBAU VON WALDSTREU, DAS
FREIWERDEN BIOGENER ELEMENTE UNTER
LABORVERHALTNISSEN*

By
M. Kovacs

BOTANISCHES FORSCHUNGSINSTITUT DER UNGARISCHEN AKADEMIE DER WISSENSCHAFTEN,
VACRATOT

(Angekommen 10 Februar, 1977)

Decomposition of litter, resp. the release of biogene elements of stand-building
and more common tree and shrub species of a turkey oak-oak forest has been investigat-
ed under laboratory conditions.

More than 50 per cent of the mass of biogene elements has been released, dissolved
from the litter in 3—4 months. The element being released most rapidly and in greatest
amount is potassium. Green leaves are decomposed more rapidly than dry autumn
leaves (litter).

Einfuhrung

In Hinsicht auf die N&hrstoffversorgung eines Walddkosystems ist der
Gang der Nahrstoff-Freisetzung von groBer Wichtigkeit. Wir verstehen dar-
unter, wie lange und in welchem Male die auf den Boden gefallene Streu
mineralisiert wird, mit welcher Geschwindigkeit und in welcher Quantitdt die
verschiedenen biogenen Elemente freigesetzt befreit, bzw. fir die Pflanzen
verflighar gemacht werden. Diese Prozesse kdnnen unter naturlichen Ver-
hiltnissen untersucht werden, in dem von mir untersuchten Okosystem wird
diese Arbeit von anderen Forschern durchgefiihrt (s. Té6th—Papp—Lenkey,
1975). Sie kdnnen aber auch im Laboratorium, unter kiinstlichen Bedingungen
untersucht werden. Beide Anndherungsformen kdnnen wertvolle Daten zur
Kenntnis der GesetzmdaRigkeiten der biogenen Zyklen beitragen.

Ein bestimmter Teil der Laubbl&tter (etwa 10 Prozent) kommt wéhrend
der Vegetationsperiode (bis Mitte September) im grinen Stadium auf die
Bodenoberflache. Laut den Untersuchungen von Papp—Toéth (1973) gelangen
im Sikfokuter Eichen-Zerreichenwald bis Mitte September etwa 330 kg/ha
Blatter, zu Ende der Vegetationszeit dagegen 3381 kg/ha Streu auf die Boden-
flache. Wdahrend der Vegetationszcit d&ndert sich die chemische Zusammen-
setzung der Laubblatter und demgem&aR kommen die verschiedenen biogenen
Elemente in verdnderlichen MaRen auf den Boden.

* “Sikfékut Project” No. 30.
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Untersuchungsmethode

1. Das Probenmaterial wurde vom Nordungarischen MAB-Forschungsgebiet, vom sog.
»Sikfokit Projekt« entnommen.

2. Eine ausfiihrliche Beschreibung des Mustergebiets s. bei P. JakuCS (1973).

3. Die Proben wurden am 10. Oktober 1973 (Streu) und am 18. Juni 1974 (grine BI4t-
ter) von folgenden Arten des Eichen-Zerreichenwaldes entnommen: Acer campestre, A. tala-
ricum, Cornus mas, Crataegus oxyacanlha, Euonymus verrucosa, Ligustrum vulgare, Lonicera
xylosteum, Quercus cerris, Q. petraea.

Von den lufttrockenen Bléattern wurden 25 g (in zweifacher Wiederholung) in die sog.
Perkolationsréhre gesetzt (vgl. R app, 1976, 1971). Zu einer jeden Probe wurde zu Beginn des
Abbaus und nach dem Verlauf von 30 Tagen 100 ml destilliertes Wasser gegeben, das nach
einer Stunde abgesaugt wurde. Die Quantitat der zu Beginn des Abbaus herausgeldsten Ele-
mente ist in den Abbildungen 1—13, am O-Punkt der horizontalen Achse angegeben.

Die mit Watte gestopften Perkolationsréhre wurden in einem Thermostat mit 28 °C
fur 11 (grune Blatter), bzw. 19 (Trockenblatter, Streu) Monate aufbewahrt. Je nach Verlauf
von 30 Tagen wurden die Menge der abgesaugten Lésung bestimmt und die, in der Ldsung
befindlichen folgenden Elemente festgestellt: Ca, K, Na, Mg, N, P, Mn, Fe, Zn.

Untersuchungsergebnisse

Zu Beginn des Experiments wurde die chemische Zusammensetzung der
B latter der einzelnen Arten bestimmt (Tabelle 1). Die chemische Zusammen-
setzung der Blitter zeigt eine hochgradige Ubereinstimmung mit den von
Toth— Papp—Lenkey (1974) gemessenen Werten. In gréfRter Menge h&uft
sich Ca an, es kommt zu 2—3% in den Blattern von Acer tataricum, Lonicera
xylosteum und Cornus mas vor. In einer Menge von etwa 1 Prozent kommen
noch in den Bléattern N, und in einigen Arten (Cornus mas, Euonymus verru-
cosa, Ligustrum vulgare, Lonicera xylosteum) K vor. Eine verhdltnismaRig
groRere Quantitdt von Mg ist in den Bl&ttern von Cornus mas, Crataegus
oxyacantha, Euonymus verrucosa und Lonicera xylosteum zu finden. Die grdssten
Mengen von den untersuchten biogenen Elementen waren in den Bldttern
einzelner Straucharten zu messen, wie z. B. Cornus mas, Lonicera xylosteum,
Euonymus verrucosa und Ligustrum vulgare.

Gewichtsverlust wahrend des Abbaus

Das Ausgangsgewicht (25 g) der untersuchten Baum- und Straucharten
mit dem melbaren Gewdcht nach dem Abbau verglichen, konnten nach dem
Verlauf von 11, bzw\ 13 Monaten folgende Prozentwerte im Gewichtsverlust
festgestellt werden:

Der Abbaugang der grinen Blatter und unter diesen der Gang der
Dekomposition hei den Straucharten, und ihr im Laufe des Abbaus zustande
gekommener Gewichtsverlust ist groRBer als der Verlust der trockenen Blétter.
Es ist anzunehmen, daB wahrend eines intensiveren Abbaus der N-Gehalt
der Bldtter eine beachtenswerte Rolle spielt, und dieser Gehalt in den grinen
B lattern hdher ist.

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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Zeichnung

34/74
23/73
24/73
39/74
25/73
26/73
35/74
38/74
33/74
32/74
31/74
21/73
22/73
36/74
19/73
20/73
37/74

Chemische Zusammensetzung der Streu im Prozentsatz der Trockensubstanz

Pflanzennahme

campestre
Acer lalaricum
Acer tataricum
Acer tataricum
Cornus mas
Cornus mas
Cornus mas
Crataegus oxyacantha
Euonymus verrucosa
Ligustrum vulgare
Lonicera xylosteum
Quercus cerris
Quercus cerris
Quercus cerris
Quercus petraea
Quercus petraea

Quercus petraea

Zeitpunkt der
Probeentnahme

18.
10.
10.
18.
10.
10.
18.
18.
18.
18.
18.
10.
10.
18.
10.
10.
18.

7.

10.
10.

7.

1974.
1973.
1973.
1974.
1973.
1973.
1974.
1974.
1974.
1974.
1974.
1973.
1973.
1974.
1973.
1973.
1974.

Tabelle 1

Asche

10.4
7.8
8.2
6.7

14.1

14.1

14.3

10.6
8.6
7.9

12.6
6.6
6.3
6.1
7.2
7.1
6.5

1“
%

1.01
1.41
1.55
1.23
1.31
131
1.41
1.05
1.54
1.90
1.37
0.98
0.96
1.72
1.01
0.96
1.69

P
%

0.12
0.06
0.06
0.14
0.14
0.13
0.18
0.11
0.25
0.21
0.17
0.09
0.09
0.20
0.10
0.10
0.21

Ca
%

1.59
2.05
2.00
1.45
3.41
3.15
2.42
1.80
1.46
0.88
2.19
1.10
1.03
0.76
1.40
1.42
1.17

Mg
%

0.56
0.58
0.53
0.42
1.01
0.93
0.80
0.81
0.74
0.47
0.94
0.24
0.21
0.33
0.39
0.37
0.36

K
%

0.98
0.40
0.45
0.55
1.15
1.02
0.87
0.55
1.13
1.56
1.63
0.43
0.45
0.88
0.45
0.32
0.49

0.026
0.028
0.026
0.026
0.027
0.026
0.028
0.028
0.025
0.020
0.030
0.019
0.022
0.028
0.019
0.021
0.027

Mn
%

0.130
0.090
0.136
0.082
0.009
0.009
0.020
0.012
0.017
0.023
0.017
0.080
0.080
0.087
0.192
0.106
0.100

Zn
%

0.0058
0.0077
0.0085
0.0064
0.0055
0.0051
0.0037
0.0037
0.0089
0.0046
0.0038
0.0030
0.0031
0.0032
0.0040
0.0036
0.0017

Fe

%

0.021
0.0195
0.0193
0.021
0.0205
0.0236
0.013
0.018
0.019
0.019
0.027
0.021
0.021
0.021
0.0158
0.0165
0.010
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11 Monate 13 Monate

griine Blatter trockene Blatter
Acer campestre 68 -
A. tataricum 66 76
Cornus mas 68 70
Crataegus oxyacantlui 65 —
Euonymus verrucosa 65 —
Ligustrum vulgare 66 —
Lonicera xylosteum 68 —
Quercus cerris 65 72
Q. petraea 62 78

Gang des Abbaus, Menge der freigeivordenen biogenen Elemente

In den Abbildungen 1— 13 haben wir die Quantitdt der monatlich heraus-
geldsten biogenen Elemente in mg und den Prozentwert der einzelnen Ele-
mente (die Menge der herausgeldsten Elemente gleich 100 gesetzt) dargestellt.
Bei der Ubersicht der Abbildungen stellt es sich heraus, daR im Laufe des
unter Laborverh&ltnissen vonstatten gehenden Abbaus das Freiwerden der
Elemente nicht gleichmdBig ist und drei Phasen unterschieden werden
kénnen.

Bei den Blattern zahlreicher Arten erfolgt in den ersten drei Monaten
des Abbaus (erste Phase) das Freiwerden von einer groBen Menge verschie-
dener Elemente, so kann bei Lonicera xylosteum das Maximum der ausgeldsten
Elemente im ersten Monat, bei Euonymus verrucosa und Ligustrum vulgare im
zweiten Monat, bei Cornus mas und Acer tataricum dagegen im zweiten und
dritten Monat gemessen werden. Ein Maximum der ausgeldsten Elemente kann
in den ersten drei Monaten bei jenen Arten gemessen werden, in denen sich
der K-Gehalt der Blatter um 1 Prozent befindet. Die Maximalwerte hdngen
mit dem duBerst schnellen Freiwerden von K zusammen.

Die zweite Phase des Abbaus dauert 4—5 Monate lang, in dieser Zeit
verlangsamt sich das Freiwerden der biogenen Elemente. Bei einigen Arten
(Acer campestre, Cornus mas, Lonicera xylosteum, Ligustrum vulgare) ist im
5. bis 6. Monat des Abbaus ein zweites Maximum in der Quantitat der frei-
gewordenen Elemente nachzuweisen. In der ersten und zweiten Phase werden
80— 90 Prozent der gesamten Menge von biogenen Elementen frei.

Aufgrund der Quantitdt der freigewordenen Elemente kann der rascheste
Abbau bei Lonicera xylosteum und Euonymus verrucosa wahrgenommen wer-
den, wdhrend dieser bei den anderen untersuchten Straucharten geringfligig
langsamer ist.

Acta Botanica Academiae Scientiarum Hunearicae 23, 1977



/16T ‘€z @eoeBUNH WNJeNUSIDS SelWspedy BdIUBlog By

Abb. 1—13. Menge der herausgeldsten Kationen in mg (a), Verteilung der Elemente im Prozentsatz der Menge von herausgeldsten
Kationen (b)
Abb. 1. Acer campestre Abb. 2. Acer tataricum

NIYLSATVM NOA Nvdav X 3a



KOVACS, M.

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977

Abb. 4. Crataegus oxyacantha

Abb. 3. Cornus mas
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Monat
b

Abb. 5. Euonymus verrucosa

Den Abbau der im grinen und trockenen Stadium gesammelten Bl&tter
(Acer tataricum, Cornus mas, Quercus cerris, Q. petraea) verglichen, mag fest-
gestellt werden, daR der Abbau der griinen Bl&tter schneller vor sich geht
und in kirzerer Zeit eine grofRere Menge biogener Elemente frei werden, als
aus den trockenen Bldttern. Naturlich hdngt die Quantitadt der in absolutem
W ert freigewordenen biogenen Elemente auch von der chemischen Zusammen-
setzung der Blatter ab.

Die Menge der im Laufe der 11, bzw. 19 Monate dauernden Inkubation
freigewordenen biogenen Elements ist in den einzelnen Arten folgende:

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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11 Monate andauernde Inkubation mit griinen Blattern

Acer campestre 289.3 mg
A. tataricum 268.6 mg
Cornus mas 438,2 mg
Crateagus oxyacantha 293,2 mg
Euonymus verrucosa 375,7 mg
Ligustrum vulgare 529.6 mg
Lonicera xylosteum 466,9 mg
Quercus cerris 297,4 mg
Q. petraea 213.1 mg
19 Monate andauernde Inkubation mit trockenen Bldttern
Acer tataricum 290.5 mg
Cornus mas 435,9 mg
Quercus cerris 211.5 mg
Q. petraea 228,1 mg

Abb. 6. Ligustrum vulgare

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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Abb. 7. Lonicera xylosteum

Bei den einzelnen Arten ist die Menge der herausgeldsten biogenen
Elemente vor allem von dem K-Gehalt der Blatter bestimmt (vgl. Tabelle 1),
welche Tatsache auch durch die Daten der vorgenommenen Regressions-
analyse (r: 0.882, p:0.1%) bewiesen wurde.

In Anbetracht der Menge der freigewordenen Elemente gestaltete sich
die Reihenfolge der Arten (in Richtung Abnahme) folgendermalen:

8 Acta Botanica Academiae Scienliarum Hungaricae 23, 1977
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b
Abb. 8. Quercus cerris

Abb. 9. Quercus pelraea
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Abb. 10. Acer tataricum

Ligustrum vulgare—Lonicera xylosteum— Cornus mas— Euonymus verru-
cosa— Crataegus oxyacantha— Acer campestre—A . tataricum —Quercus cerris —
Q. petraea.

Die quantitative Reihenfolge der aus den grinen und trockenen Blédttern
der einzelnen Arten ausgeldsten biogenen Elemente ist folgende:

Acer campestre (griine Blatter) K>Mg>Ca>N>Mn>P>Na>Zn> Fe
A. tataricum (griune Blatter) K>Ca>Mg>Mn=N>Na>Zn>Fe>P
(trockene Blatter) K>Mg>Ca>N>Na>P=2Zn>Mn= Fe
Cornus mas (griine Blatter) K> Ca> Mg> N> Na> P> Mn> Zn> Fe
(trockene Blatter) K>Mg>Ca>N>Na>P=Zn>Mn>Fe
Crateagus oxyacantha (grine BIlitter) K>Mg>Ca>N>Na>P>Zn=Mn>Fe
Euonymus verrucosa (griine Blatter) K> Mg>Ca>N> Zn> I\a> P> Mn> Fe
Ligustrum vulgare (griine Blatter) K>Ca>Mg>N>Na>Mn>P>Zn>Fe
Lonicera xylosteum (griine Blatter) K>Mg>Ca>N> Na>Zn>Fe> P> Jllu
Quercus cerris (griine Blatter) K>Ca>Mg>N>Mn>P=Na>Zn>Fe
(trockene Blatter) Ilv> Ca> Mg> Mn> N> Xa> P> Zn> Fe
Q. petraea (griine Blatter) K>Mg=Ca>N>Mn>P>Na>Zn= Fe
(trockene Blatter) K>Mg>Ca>N>Mn>Na>P>Zn>Fe

Bei sdmtlichen untersuchten Arten ist in gréBter Menge Kalium frei-
geworden, ihm folgten Ca, bzw. Mg. Aus den grinen Bldttern werden in

g* Ada Bolanica Academiae Scientiarum Hungaricae 23, 1977
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b

Abb. 11. Cornus mas

11 Monaten 80—90 Prozent des K-Gehalt, aus den trockenen Bl&ttern dagegen
in 19 Monaten 50—70% herausgeldst.

Das rapide Freiwerden des Kaliums wird dadurch hervorgerufen, daf
im Prozentverh&ltnif der herausgelésten Elemente Kalium vorherrscht.
Dieses Verhéltnis dandert sich bei den trockenen Blattern nach einem 10—15
Monate andauernden Abbau, weil sich wegen der raschen Herauslésung des
Kaliums das K-Prozentverhdltnis verringert, der Prozentsatz von Kalzium
und Magnesium dagegen zunimmt (Abb. 9—13).

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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Abb. 12. Quercus cerris

Monat
b.

Abb. 13. Quercus petraea
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Zusammenfassung

Den unter Laborverhéltnissen durchgefithrten Untersuchungen des
Abbaus gemdR geht die Dekomposition der grinen Bl&tter — aufgrund des
Gewichtsverlustes und der Menge der freigewordenen biogenen Elemente —
rascher vor sich, als die der trockenen Blatter. Der raschere Abbau steht ver-
mutlich mit dem hdheren Nitrogengehalt der Bldtter im Zusammenhang.

Im Gang des Abbaus kénnen 3 Phasen unterschieden werden in der
ersten Phase, d.h. in den ersten drei Monaten des Abbaus wird eine groRe
Quantitdt biogener Elemente frei. In der 4—5 Monate andauernden zweiten
Phase wird das Freiwerden der Elemente verlangsamt, wéhrend in der dritten
Phase in verhdltnism&Rig gleichméaRiger Verteilung monatlich eine sehr
geringe Mange von Elementen herausgeldst wird.

Mehr als 50 Prozent der biogenen Elemente werden in den ersten 4—5
Monaten der Dekomposition frei.

Das Freiwerden einer grofen Menge von biogenen Elementen erfolgt
in den ersten drei Monaten vor allem hei solchen Arten, in deren Blattern
sich der K-Gehalt um 1 Prozent bewegt.

Das am raschesten und in gréfRter Menge ausgeldste Element ist das
Kalium.

Die Blétter einiger Straucharten (Cornus mas, Euonymus verrucosa,
Ligustrum vulgare, Lonicera xylosteum) »gehen« anndhernd zweimal soviele
biogene Elemente ab, wie die Blétter der Bdume Quercus cerris und Q. petraea.

Die Entstehung des artenreichen Unterwuchses in einer dichte Strauch-
schicht aufweisenden Waldgesellschaft mag mit dem raschen Abbau der Bldtter
der Straucharten, sowie mit dem Freiwerden einer groBen Menge biogener
Elemente im Zusammenhang stehen. Diese Annahme kann natidrlich nur
durch die mehrjdhrigen Ergebnisse (s. Toth et al., 1975) einer auf dem Felde
durchgefiihrten experimentalen Abbau-Forschung bestédtigt werden.
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PHLEUM STUDIES 11

PHLEUM HUBBARDII A NEW SPECIES OF POACEAE (GRAMINEAE)

By
D. Kovats

BOTANICAL DEPARTMENT OF THE NATURAL HISTORY MUSEUM, BUDAPEST

(Received: November 25, 1976)

A new series (Series Pratenses), and a new species of Poaceae (Gramineae the
Phleum Hubbardii D. Kov. (diploid: 2ra = 14) are reported. The holotypes of Linnaeus
Phleum nodosum- and De Candolle’s Phleum bertolonii are described. Earlier, the
diploid Phleum pratense L. was identified with either of these two types. The measure-
ments of the two holotypes are compared with those of the here-described diploid
(2n = 14) Phleum Hubbardii D. Kov. — and of the hexaploid (2n = 42) Phleum pra-
tense L. It has been stated that the two holotypes mentioned above are not diploid,
but are identical with the underdeveloped, “depauperate” hexaploid. Ph. pratense L.
of stunted growth. By comparing in general the here-described diploid Ph. Hubbardii
D. Kov. and the hexaploid Ph. pratense L. with regard to some of their characteristics
and sizes of organs it can be stated that the differences between the two species are not
only quantitative (the difference between the smaller diploid and greater hexaploid
sizes of organs), but also qualitative (9 out of the 10 characteristics examined are dif-
ferent) in nature.

Introduction

The author has been dealing with Phleum pratense L. for about three
years. Besides studying the plants collected from natural habitats, observa-
tions were also made on the samples of the two species grown under identical
ecological conditions in experimental gardens. In this way, the differences
caused by habitat factors are eliminated and on the other hand, the deviations
arising as a result of polyploidy or different growth habit become more pro-
nounced.

In previous paper | tried to compare the external and internal morpho-
logical characteristics of the fertile culms of the diploid (2n = 14) and the
hexaploid (2n = 42) Phleum (Nordenskisld, 1945; Darlington—Whylie,
1955), in order to distinguish the two species and also to point out the differ-
ences in their growth (Kovats, 1976).

In the course of these works light has been thrown upon the fact that
Phleum nodosum Linnaeus, 1759, and Phleum bertolonii De Candolle, 1813,
which used to be considered as the holotypes of the diploid 2n = 14 Phleum,
are in fact underdeveloped “depauperate”, specimens of stunted growth of
the hexaploid 2n = 42 Phleum pratense L. The earlier authors used to identify
the diploid phleum with the holotype of Linnaeus or De Candolle, Without
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any examination of the holotypes mentioned. Therefore, | had to give a new
name and description together with a new holotype, by pointing out at the
same time the genotypic characters. On the basis of all these, the diploid
Phleum can he distinguished unambiguously from the hexaploid Phleum.
In the literature, even in some of the works which consider the diploid Phleum
as an independent species and separate it from the hexaploid Ph. pratense L.,
the subareal tuberosus internodes of stem are taken as basis, which is a mis-
judgement of the differentia specifica (Linné, 1759; Host, 1801—1809;
De Candolle, 1813; Bertoloni, 1833; Grossheim, 1928; Hermann, 1956;
Butscher, 1961), or they consider only the differences in sizes as decisive
when separating the two species (Clapham—Tutin—Warburg, 1959).

In my previous work (Kovats, 1976) even | myself used the Phleum
bertolinii DC. designation, after the German worker (Hermann, 1956) and the
English workers (Dandy, 1958; Clapham—Tutin—Warburg, 1959, 1962;
Hubbard, 1968) for the designation of the diploid Phleum.

In my present work a new Phleum series, a polyploid line, the Series
Pratenses D. Kov. has been erected. This is not new in the Poaceae (Gramineae)
research, for J. ujneryi in the course of his evolutionary studies has already
established evolutionary polyploid lines, in the genera Sesleria and Koeleria
(Uineryi. 1959, 1961—1974).

Materials and methods

We collected the type specimens together with Jézsef Ujhelyi and Sandor Toth in
Hungary, from the dry meadow near the village H&rsk(t in the Bakony Mountains, at the
entrance of the Esztergéli valley, at an altitude of 400—450 m. Sandor Toth led us to this
excellent habitat. The specimens which were collected by us are deposited in the Herbaria of
the Natural History Museum of Budapest (HB).

Stems from the above materials were planted in experimental gardens together with the
samples collected from other areas, under identical conditions.

For a comparison between the diploid and the hexaploid species, the new holotype and
the De Candolle holotype, skin preparations from culms (Ujhetyi, 1954) and collodium
replicates (Lovas, 1960; Sarkany-Szalai, 1964) were made from the uppermost internodes
of the culms bearing the panicle, where the culm becomes free from the leafsheaths. The photo-
graphs taken of the epidermis are of identical magnification.

A table is given for a comparison between the holotypes (Table 1, Group A) and for
the general characteristics and sizes of the diploid and hexaploid Phleum (Group B) (Clifford,
1969; Sneath-Sokal, 1973; Szujko6-Lacza—Sen, 1976). The measures are in general from
the average of about 50 data (Group B). With the exception of the types, the minimum and
the maximum averages are also given for the various organs (Group B, minimum x and maxi-
mum x). After the data of length and diameter, the ratios are also given. The characters and
the sizes are given in serial numbers, there are altogether 19 of them; the characters that exist
are given a -f sign, the missing characters are indicated with a — sign. The non-establishable
and non-measurable characters are marked & in types of Group A. The characters and sizes of
the Linnaeus holotype, and Hubbard’s data (1956) are given on the basis of correspondance
with Hubbard. After the characters and the measures, the development of the specimens
examined (it is only different with the types), and the phenological stages are marked after
Szujko6-Lacza—Fekete (1973) (Table 1).

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



PHLEUM STUDIES. II. 121
Results and discussion
The analysis of the Linnaeus and De Candolle holotypes

| had no opportunity to see personally the Phleum nodosum type or
types of Linnaeus (1759). I, therefore, made a personal communication with
the world famous researcher of grasses, Dr. C. E. Hubbard, to seek his com-
ments as to why he used in the second edition of his book (Hubbard, 1968)
the designation Phleum hertolonii after De Candolle (1813), instead of Phleum
nodosum L. (1759) used in the first edition (Hubbard, 1954). Hubbard’s
remark, for which | owe a debt of gratitude to him, is represented below:

“There are two speciemens under Phleum nodosum in the Linnean Herbarium, London,
numbered 81.2 and 81.3.

Sheet 81.2 is labelled at the base “nodosum” in Linnaeus’s handwriting. The sheet
also bears a small stuck-down label on which is written “Gramen typhoides, vol. 3, p. 154, no*
14", and “Phleum nodosum# The first part (“Gramen typhoides”) was queried as being the
writing of Segmir, by Savage in his account of the Linnean Herbarium, but it does not agree
with the extract of Segmir’s handwriting given by Savage. It resembles the handwriting of
G. A. Murray (No. 38, in Savage’swork). The “Phleum nodosum4#is in the hand of Linnaeus.
On this sheet there are four separate pieces of culm, bearing one or two leaves, and each with
an inflorescence, together with one piece of the lower part of the culm with the basal internode
swollen and 13 mm long by 4 mm wide at the base. The leaf-blades are 4.5—6 cm long, in-
volved (about 2.5 mm wide when opened out). The spikes are cylindrical, 3.5—5.5 cm long
by 5—6 mm wide. The spikelets are 2.7—3 mm long, and with 0.5—1.5 mm long awns.

This is the plant | first accepted as the type of Phleum nodosum L. which | studied for
Dr. W. B. Turill’s transplant experiments (published in the Journal of Ecology) when he
compared the growth of the diploid (Ph. nodosum) and hexaploid (Ph. pratense) in various
types of soil. It was also used by me in the first edition of “Grasses”. Later | found it was not
the type, having been added to the Linnean Herbarium after 1759.

Sheet 81.3 is labelled at the base “Phleum nodosum#4and “A”.The “A” and other letters
of the alphabet were given to new species described in the “Systema Naturae” ed. 10. On the
back of the sheet has been written “Gramen nodosum spicatum b. B. Prodr”. The specimen
consist of a single culm doubled up on the sheet, with the upper part (one leaf and spike) broken
from the bottom half of the plant. The basal internode is d= bulbous, 17 mm longX 5 mm wide
at the base. The culm is very slender, about 54 cm long, geniculate, unbranched, about 2 mm
wide above the bulbous zone. The leaf-blades are up to 20 cm long, 2.5 mm wide. The spike
18 mm long X7 mm wide (including awns) i ovate-oblong, with reduced sterile spikelets at
the base. The best developed spikelets are 3 mm long, with awns 2 mm long, while the other
spikelets (poorly developed) have shorter awns.

The specimen agrees very well with the diagnosis of Phleum nodosum which Linnaeus
gave in the Syst. Nat. (1759), and moreover the name “Ph. nodosum A” is in the handwriting
of Linnaeus, the letter “A” coming from the “Syst. Nat.”, showing that Linnaeus had the
specimen before the Second Edition of the “Species Plantarum”, where Phleum nodosum is
numbered “2”. This specimen must be the type (holotype) of Phleum nodosum. Unfortunately
it is a depauperate plant of the larger Phleum pratense L. It is similar to specimens from Sweden
and Scotland, which have small -f- normal large inflorescences on the same plant”. (C. E.
Hubbard 5. 5. 1956) ... “As a result of discovering that this specimen was a depauperate
specimen of Phleum pratense L., it became a synonym of that species. The next name for the
diploid, previously named Ph. nodosum L. proved to be Phleum bertolonii DC.” . ..

C. E. Hubbard 5. XI. 1975

The type specimen of De Candolle’s Phleum bertolonii was obtained by
the Courtesy of the Conservatoire et Jardin Botaniques Ville de Geneva.
Unfortunately the specimen turned out to be a stunted flowering form of the
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Photograph 1. Phleum bertolonii, the holotype of De Candolle

large hefty Phleum pratense L.; the upper most internode having grown out
only a little of the leaf sheath and the upper part of the panicle having spikelets
still in flowering while the lower ones having completed their blossoming (Table
1, Group A. Photograph 1).

At the beginning | had doubt about the originality of the De Candolle
type specimen since the time of collection, in the hand-writing of Bertoloni
the collector, could be read either as 1810 or 1820. This uncertainty was even
increased by the circumstance that recently somebody wrote on the label
which held the plant to be of 1820 (Photograph 1). In this case this description
should be related to a specimen collected after 1813 and therefore could not
be a holotype. My doubts were eliminated when to my inquiry | received
a reply from Geneva that there was no more Ph. bertolonii DC. specimen
collected by Bertoloni in De Candolle Herbarium. Several Phleum plants
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Photograph 2. Holotype of Phleum Hubbardii D. Kov.

were described by De Candonre, but none of them was from Italy. The spe-
cimen examined by me corresponded to the description (De Candonre, 1813,
p. 132).

It is further proved by the following facts that, only the specimen exa-
mined by me could he the holotype of De Candot1e. The habitat of the spe-
cimen is written as Sarsana (also according to the description, De Candotite,
1813), and there are a few remarks, date, and the hand-writing of the collector
Bertotoni: “Phleum nodosum L. An recta? Stamina alba, quando que pur-
purascentia Sarsana 1810. CMG. n. Bertotoni”. Besides, in the hand-writing
of De Candotr1e the following can be read on the type sheet: “Phleum Ber-
tolinii DC. (a. P. DC. Scripsit)” (Photograph 1).

As has been mentioned in the foregoing paragraphs the holotype of
De Candotte (1813) Phleum bertolinii, on the basis of its measures, unfor-
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Table 1

Comparison of various characters and sizes (in mm) of the Linnean Phleum nodosum and De Candolle Phleum bertolonii holotype
and of the diploid Phleum Hubbardii D. Kov. holotype Group A and in general of the diploid Phleum Hubbardii

Culms (mostlv) maintain-
ing upright growth -f-
or not

Culms slender/stout

D. Kov. and the hexaploid Phleum pratense L. grown in the identical habitat — Group B
F?Jloout’;/pés Group B
Characters hf]':tnyapeeuff DhEolg;ynp:O?\:e Phleurr]nel‘flvugt;);?(lj)i,{]g. Kov. Phleum Hubbardii D. Kov. Phleum pratense L.
breath/ breath/ breath/ minimum X breath/ minimum X breath/
length length length maximum X length maximum X length

. Basal internode

(usually) tuberous

+ 0or not — + +
. Measurement of the length 17 10 £ 7-10 0.71- 10-25 0.80 —

lowermost tubers and 0.29 1.20 1.40

breath 5 12 7 5-8 0.80 8-15 0.60

. Extravaginalis innovation

present -f- or absent — & & + —
. Intravaginalis innovation

present -f- or absent — & & & - ¥
. Innovation present -

absent — in upper

internodes of the stems & & & _
. Shoots often partly vege-

tative -f- or not — & & & + -
. All of the shoots usually

fertile -f- or not — & & & +
. Shoots usually prostrate

or procumbent + —
. Shoots spreading on the

ground specially in

autumn -f- or not — & & & + _

to
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. Measurement of culms

length 540 590 530 300-800 0.0033- 700-1500 0.0021-
and 0.0037 0.0033 0.0028
breath 2 2 15 1-1.5 0.0018 1.5-3 0.0020
. Number of nodes present & 6-7 5-9 5-10 6-8
. Length of the leafsheaths & 20-105 20-100 20-170 100—200
. Measurement of
leafblades length 200 90 40-70 0.050- 50-120 0.040- 120-300 0.050-
and 0.012 0.033
breath 25 3 2-2.5 0.035 2-3 0.025 6-9 0.03
. Length of the ligules & 5 1.5-3 2-4 5—6
. Measurement of length 18 105 70 10-90 0.30 - 60-150 0.116 —
panicles and 0.066 0.085 0.085
breath 7 7 6 3-6 0.066 7-10 0.066
. Length of the spikelets 3 3 2-2.5 2-2.5 3-3.5
(the best develop’
ed)
. Length of the awns 2 1 1 0.5-1 1-2
(the best develop-
ed)
Examined plant(s) well under developed
developed + or not — “depauperate” stunted growth 4~ r +
Phenological stages & 24, 32-33, 42 24, 32-33, 42 24, 33, 42 24, 33, 42
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Photographs 3. and 4. Epidermal structure of the culm holotype of the new species, Phleum
Hubbardii D. Kov. and De Candolle’s holotype Phleum bertolonii culm, below the panicles
(collodium replicas, X 200 in every case)
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Photographs 5. and 6. Epidermal structure of diploid Phleum Hubbardii D. Kov. and hexaploid
Phleum pratense L. culms, below the panicles (skin preparation, X 200 in every case)
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tunately, is identical with a robust blossoming Ph. pratense L. which has not
yet reached its final height. This is indicated by the width of lowermost tuber,
the thickness of the culm, the length of the ligules, the length and width of
the panicle and the large size of the spikelets (Table 1, Group A; Photograph 1).
The identical structure of the epidermis also testifies this, besides the external
morphological comparison (first of all the widths of the costal and intercostal
zones are similar; Photographs 3—6). An exception is the short culm which is
a consequence of the stunted growth. It is especially the uppermost internode
below the panicle (Photograph 1) that is short, 18 cm, in comparison with the
other parts of the culm. By comparing the diploid and the hexaploid Phleum
— on the basis of the averages of about 200 data — it can be observed that
the uppermost internode of the specimens of the diploid species that have
reached its full height is 19 cm, while that of the hexaploid Ph. pratense L. is
33.4 cm (Kovats, 1976).

The holotype of Linnaeus (1759) Ph. nodosum (the one which can he
the holotype on the basis of the time of collection) is also an underdevelop-
ed, “depauperate” form of a Ph. pratense L. (personal communication of
Hubbard, 1956); this is also shown by its measures (Table 1, Group A). The
length measure of the tuber is remarkably great, 17 mm (Table 1, Group A,
2); in the Ph. pratense L. it is 10—25 mm (Table 1, Group B, 2). The length
measure of the leaf-blades is also extremely great, 200 mm (“up to 20 cm long”,
Hubbard, 1956) (Table 1, Group A, 15); in the Ph. pratense L. it is 120— 130 mm
(Table 1, Group B, 15). The spikelets are long, 3 mm (“the best developed
spikelets are 3 mm long, with awns 2 mm long, while other spikelets (poorly
developed) have shorter awns” (Table 1, Group A, 18); in the Ph. pratense L.
it is 3—3.5 mm (Table 1, Group B, 18). The shortness of culm, 540 mm (Table
1, Group A, 12). and especially the short size of the panicle, 18 mm (Table 1
Group A, 17) is a consequence of the specimen being underdeveloped, “de-
pauperate”.

The diploid Phleum species is known from the literature (Nordenskisld,
1945; Hubbard, 1954, 1968; Clapham—Tutin—Warburg, 1962; Hess—
Landolt—Hirzel, 1967; Bor, 1970), but the type-specimens are hexaploid
Ph. pratense L.-s. As a result of the incorrect analysis of the holotypes, or of
the lack of its knowledge, it has been mistakenly identified with the diploid
species, therefore the names applied for the diploid Phleum (Ph. nodosum L.
and Ph. bertolonii DC.) are not valid.

Phleum Hubbardii D. Kov. Species nova

Syn.: Ph. nodosum L. pro. p. Linnaeus, C. (1759): Systema Nature, ed. 10. 871.
Ph. pratense ssp. var. nodosum (L.) SREB. pro. p. Sreber, J. C. D. (1769): Beschreibung der
Graser nebst ihren Abbildungen nach der Natur. 1. 102. Ph. bulbosum Host pro. p. Host, N. T.
(1809): Icones et Descriptiones Graminum Austriacum. 4. 12—13. Ph. bertolonii DC. pro. p.
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De Candolle, A. P. (1813): Catalogus Plantarum Horti Botanici Monspeliensis. 151 —152.
Ph. pratense L. var. (?) stoloniferum (Host) Borbdas, pro. p. Borbéas, Y. (1877—78): Mat. és
Term.-tud. Koéziem. 15. 308. Ph. pratense ssp. nodosum (L.) Rieht, pro. p. Richter, K. (1890):
Plantae Europeae. 1. 36. Ph. pratense var. nodosum Batt. et Trabut pro. p. Battandier et Trabut
(1895): Flore de I’Algérie. Monocotylednoes. 144. Ph. pratense ssp. Ph. vulgare var. Bertolonii
A. and G. pro. p. Ascherson, P. — Graebner, P. (1898): Synopsis der Mitteleuropdischen
Flora. 2. 142. Ph. pratense var. pilisense Boros pro. p. Boros, A. (1964): Agrobot. 5. 287—295.

Plantae perennes, graciles, usque 30—60 cm longae, laxe caespitosae, multicaules, re-
cumbentes, innovationibus extravaginalibus, rhizomatibus multicaulibus, prorepentibus vel
stoloniferis, bulboso-incrassatis, usque 6 cm longis, et 1,5—3 mm crassis, vaginis vetustis in-
tegris vel parum maceratis, brunneo-fuscis, laxe inflatis. Cormi steriles graciles, usque 20 cm
longi. Culmi 1,5 mm crassi, basi usque tribulbosi, internodia inferiora 7 mm, superiora 20 mm
longa. Vaginae foliorum usque 3 cm longae, laminae usque 9 cm longae et 2 mm latae, lanceo-
latae, ad apicem angustatae, marginibus, et costis minutissime scabriusculae. Ligulae foliorum
usque 2 mm longae, integrae, obtusae. Culmi floriferi usque 53 cm longi, et 1,5 mm crassi,
basin dense bulbose inflati usque ad 3 mm. Vaginae foliorum inferiorum usque 2,5 cm longae,
superiorum usque 10 cm longae, laminae inferiorum usque 7 cm longae, et 2 mm latae ad apicem
longe angustatae, superiorum usque 4 cm longae, et 2,5 mm latae, gradatim angustatae, mar-
ginibus et nervis minutissime scabriusculae. Ligulae inferiores usque 3 mm longae, superiores
usque 1,5 mm longae. Paniculae spiciformes, usque 7 cm (8—9 cm) longae, et 0,6 cm crassae,
dense oblongo —cylindricae, pallide virescentes, albescentes, pedicelli spiculorum brevissimi,
in rachide 1—5 spiculis. Spiculae parvae, sine aristis 2—2,5 mm longae, aristis 1 mm longis,
et sine ciliis 1 mm latae, uniflorae, glumae oblongae, truncatae, breviter aristatae, carinis
dense ciliatae, ad marginem pallidae-hyalinae, gluma inferior 0,6 mm lata, ad marginem albide
hyalina, minutissime remote sericea, marginibus laxe longeque ciliatis. superior 0,8 mm lata,
marginibus glabris, lemma 1,5—2 mm longa, in apice minutissime denticulata, palea 1,5 mm
longa, bicarinata. Antherae 1,5—1,8 mm longae.

Habitat in graminosis siccis.

Holotypus (photographia 2) adest in Herbario Musei Historico-Naturalis
Hungarici Budapestini (HB).

Holotypus: Hungaria occidentalis. In pratis siccis ad pag. Harskut,
montium Bakony-hegység, prope opp. Veszprém. 30. IX. 1975. Leg. J. Ujhetyi
S. Toeth et D. Kovats.

| dedicate the plant to Dr. C. E. Hubbard, the retired Deputy Director
of Boyal Botanic Gardens, Kew, a well known authority of grass systematics
and a specialist of the flora of Australia and tropical Africa.

The plant is a perennial, slender herb 30—80 cm high, with 5—10 nodes
(the number of nodes under garden conditions can even be 16), the upper
internodes are 14—19 cm long, the lower ones 0.3—2.3 cm long (Kovats,
1976).

The stocks are multiculmed — the innovation is extravaginal — there-
fore they grow into loose tufts of branch and bush (Photographs 7 and 8).
The culms are mostly geniculate, decumbent, loosely spread, and especially
in autumn lie on the ground (Kovats, 1976).

The rhizomes are frequently multilobed; their external morphology
being generally of two kinds. On the one hand, as a straight continuation of
the above-ground culms, they are underground internodes, which have become
more or less thickened tuberously. On the other hand, these tuberous inter-
nodes continue growing in stolons (stoloniferous rhizome). These are the parts
of culms which are mostly the prostrate branches of the underground shoots
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Photograph 7. Extravaginal innovation of Phleum Hubbardii D. Kov. the new culms break
through the leaf sheaths (X8)

and thus they connect the old shoots remaining from the previous years with
the new ones of the year, growing above-ground.

The underground 2—3 internodes of the culms mostly become thickened;
after the works of Trot1 (1937) and Arber (1965) | also name these thickenings
tuber. They are in general 7—10 mm long and 5—8 mm wide. Under garden
conditions, the lower part of their upper internodes can also become tuberously
thickened or newly developed lateral shoots can develop also from upper
nodes, and often not only one (KovATS, 1976). These newly developed shoots
have roots which are mostly also tuberous and although the relative main
axis are usually rootless, in certain cases they also develop roots (Photograph 9).
In autumn, with the relative main axes bending down on to the soil, they come
into contact with soil, then get into soil, easily become detached and live
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Photograph 8. Phleum Huhbardii D. Kov. with extravaginal innovation, its loosely tufting stock;
and the thick, non-tufting stock of Phleum pratense L. with intravaginal innovation

further as independent stocks. Thus the plant reproduces itself in a vegetative
way (Kovats, 1976).

As generally in grasses of marshy land, here also cauline shoots develop.
Three quarters of the shoots are fertile, bearing panicles, and only one quarter
of them is vegetative. The latter are 14—45 cm long and 1— 1.5 mm wide.

In autumn, the lower and middle internodes of the vegetative shoots
are generally elongated, while the leaf sheaths and leaf blades become disorgan-
ized. The upper culm parts are on the other hand short, tuberously swollen,
the leaves are green, and fresh (Photographs 10 and 11).

The dead, old leaf sheaths stretch apart and scale off during the early
stage of development; their color being dark brown. The lower leaf sheaths
of the fertile shoots are 2—10 cm long, the upper ones 7—17 cm. The lower
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Photograph 9. New shoots with tuberously swollen base growing from the upper node of the
culm, bearing roots even far above ground —in Phleum Hubbardii D. Kov. grown under garden
conditions (X 7)

leaf blades are 6— 12 cm long, 2—2.5 mm wide; the upper ones 5—12 cm long
and 2—3 mm wide. The leaves are lanceolate, tapering towards the apex along
the edges and the ribs are minutely roughciliate. The lower ligules are 3—4 mm
long and the upper ones 2—3 mm.

The leaf sheaths and leaf blades of the vegetative shoots are also usually
shorter and often even narrower than those of the fertile shoots. The lower
leaf sheaths are 2—4 cm long, the upper ones are mostly even shorter, 2—3 cm
long. This shortness is especially conspicuous in autumn when the upper
culm parts do not elongate but swell tuberously and ramify (Photographs 10
and 11). The lower leaf blades are 3—10 cm long, 2—3 mm wide, while the
upper ones 3—6 cm long and 2—3 mm wide, lanceolate, narrowing towards
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Photograph 10. Two vegetative shoots and a fertile shoot in the middle of Phleum Hubbardii
D. Kov.

the apex. The ligules are 1.5—2 mm long, mostly split bluntly, and membranous
(Photograph 12).

The panicles are 1—9 cm longer, 3—6 mm wide, compact, long-cylindric-
al, light green, often white, the rhachillas are extremely short, often ramifying
(with 1—5 branches) (Photograph 13). The spikelets are rectangular, standing
closely (Photographs 13 and 14), without awn they are 2—2.5 mm long, 1 mm
wide, uniflorous; the awn is mostly 1 mm long. The glumes are long, blunt,
with short awn; the carina is densely ciliate, of pale colour along the edge,
pellicular, transparent. The inferior glume is 0.6 mm wide, along the edges
white, pellicular, minutely hairy in the membranous sides sparsely along the
edges, provided with long cilias. The superior glume is 0.8 mm wide and smooth
along the edges. The lemmas are 1.5—2 mm long, finely toothed at their tip
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Photograph 11. Vegetative shoot end, with tuberously swollen internode parts, of Phleum
Hubbardii D. Kov.

(Photograph 15), the palea are 1.5 mm long carinate; the anthers are 1.5—1.8
mm long.

The frequent occurrence of the present species in Hungary is testified
by the collection kept in the Herbarium of the Natural History Museum of
Budapest. The plant is spread throughout the country (Javorka, 1925;
So6—Javorka, 1951; So6—Karpati, 1968; So6, 1973), flowering from May
to September. In xerotherm grasslands it is an important constituent of short-
grasses of hills and plains and short rough grassland, on a wide range of soil
Hubbard, 1954, 1968; Clapham—Tutin—Warburg, 1962). It is a wide-
spread plant also in Europe (Hegi, 1927; Nordenskiold, 1945; Hubbard,
1954, 1968; Hess—Landolt— Hirzel, 1967).
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Photograph 12. The bigger leaf sheaths of Phleum pratense L. and the smaller leaf sheaths of
Phleum Hubbardii D. Kov. with their leaf blades and ligulas (x8)

Series Pratenses D. Kov., series nova

Rhizomatibus bulboso-incrassatis, paniculis anguste elongato-cylindricis, densis, si
curvantur, non lobatis. Carina glumarum in mucronem gluma 2—4-plo breviorem abiens.

The lowermost, mostly underground internodes of the shoots are tuber-
ously thickened. The developed panicles are elongated cylindrical, dense,
remaining so when bent; do not become lobular. The glumes are elongated
(2—4 mm long), blunt, with short awns.

To this series belong the so far clarified diploid 2n = 14 Phleum Hub-
bardii D. Kov. and the hexaploid 2n = 42 Phleum pratense L.
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Photograph 13. The spikelets of Phleum Hubbardii D. Kov. on short rhachillas, these are fre-
quently ramifying (X 20)

Comparison between the two species

The hexaploid Phleum pratense L. is a more robust and taller (70— 150
cm) plant than the diploid Ph. Hubbardii D. Kov. Its fertile shoots mostly
have fewer nodes, 6—8 (Table 1, Group B, 13); the uppermost internodes of
the fertile shoots, below' the panicle, are also much longer, 27—36 cm, than
in the Ph. Hubbardii D. Kov. (Kovats, 1976).

The innovation of the multi-shooted stocks of Ph. pratense L. is intra-
vaginal, therefore it is of densely grown branches and does not grow thick
(Photographs 8 and 16), mostly goes upright, rarely geniculate, but does not
lie onto the ground. The shoots of Ph. Hubbardii D. Kov. on the other hand,
are loosely growing thick, with extravaginal innovation (Photographs 7 and 8),
mostly geniculate, lie down the ground in autumn, thus they reproduce them -
selves vegetatively (Kovats, 1976).
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Photograph 14. The bigger spikelets of the holotype of De Candolle Phleum bertolonii and
the smaller spikelets of the holotype of the diploid Phleum Hubbardii D. Kov. (x 28)

Photograph 15. An opened spikelet of Phleum Hubbardii D. Kov. in the middle the lemmas
and the anthers (X 23)

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



138 KOVATS, D.

Photograph 16. The innovation of hexaploid Phleum pralense L. is intravaginal (X7)

The tuberous growth ofthe culm-parts (especially those under the ground)
can be observed in both species (Table 1), these are not distinguising characters.
Therefore, the two species cannot be separated on the basis of these characters,
not even into infraspecific taxa as can be read in the works of the following
authors: Visiani. 1842: Deaktn, 1854; Hooker—Walker—Arnott, 1860;
Boissier, 1881; Fiori, 1896—1908; Ascherson—Graebner, 1898—1902;
Schinz—Keller, 1900; Bentham— Hooker, 1904; Fiori, 1923—25; Javor-
ka, 1925; Hegi, 1927; Hayek—Markgraf, 1932; Komarov, 1934; Bordzi-
lowskio—Lavrenko, 1940; Kiurapp, 1950; So6—Javorka, 1951; Dostal,
1954; Rothmaler, 1963; Jordanov, 1963; So6—Karpati, 1968; Savulescu,
1972; So6, 1973). The authors mentioned above consider the tuberous, diploid
Ph. Hubbardii D. Kov. of smaller built-up as a subspecies, variety, or synonym
of the hexaploid Ph. pratense L. Tuberosity and the stoloniferous rhizome does
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exist also in the hexaploid Ph. pratense L., only probably to a smaller extent.
Tuberosity is of a smaller extent, primarily in the upper nodes, than in Ph.
Hubbardii D. Kov., which is especially conspicuous in garden conditions. The
same refers to the lateral shoots (KovATS, 1976).

I have not yet met vegetative shoots in Ph. pratense L. According to my
observations so far, from each of the surviving fertile lateral shoots, panicled
shoots develop, in opposition to Ph. Hubbardii D. Kov. where (the difference
is especially conspicuous in garden conditions) about a quarter of the shoots
is vegetative; these are especially remarkable in autumn, they bend down onto
the soil, their upper internodes are short and frequently develop the tubers,
with green leaves (Photographs 10 and 11).

The leaf sheaths of the hexaploid Ph. pratense L. (10—20 cm long), and
its leaf blades (12—30 cm long and 6—9 mm wide), as well as its ligules
(5—6 mm long) are of much greater size than those of Ph. Hubbardii D. Kov.
(Table 1, Group B, 14, 15, 16; Photograph 12). This difference in size exists
also in the flowers; the panicles are 6—15 cm long, 7—10 mm wide, the spi-
kelets are 3—3.5 mm long without their awns; awns are 1—2 mm long (Table 1,
Group B, 17, 18, 19; Photograph 14). Similarly, this difference in size is mani-
fest also in the epidermal structure of the two species (Photographs 3—86).

By comparing the 19 selected characters and organ sizes in the two
Phleum species (Table 1, Group B), it can he observed that there are differences
with respect to 9 characters (3—11) while there is agreement with respect to
one of them (in the thickening of the lowermost internodes). Among nine size
characters the number of nodes, the sizes of the organs of the hexaploid Ph.
pratense L. are much larger, and the number of nodes in general is smaller
(KovATS, 1976). Sometimes the highest sizes of certain organs of the diploid
Ph. Hubbardii D.Kov. correspond to one another, or they approximate to
the lowest sizes of the hexaploid Ph. pratense L. (Table 1, Group B).

The Ph. pratense L., as against to Ph. Hubbardii D. Kov., is mostly fre-
quent in mezotherm grasslands, water-meadows, and other low-lying grass-
lands, field margins, roadsides and waste places (Bentham—Hooker, 1904;
Bews, 1929; Hubbard, 1954, 1968; Clapham—Tutin—Warburg, 1959,1962).
It is widely distributed in the whole country, and flowers from May to Septem-
ber (Javorka, 1925; So6—Javorka, 1951; So6—Karpati, 1968; Sod, 1973).
Its frequent occurrence in Hungary is testified by the collection of the Herba-
rium in the Natural History Museum of Budapest. It is a wide-spread and
cultivated plant also in Europe (Bentham—Hooker, 1904; Hegi, 1927;
Klapp,1950; Hubbard,1954, 1968; Hess— Landolt—Hirsel,1967; Mathé—
Heszky, 1972).
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Summary

The diploid Phleum has generally been misidentified with the holotypes
of Linnaeus (1759) and De Candolle (1813) by most of the workers; only
some authors pointed out its characteristic features (Nordenskiold, 1945;
Hubbard, 1954, 1968; Clapham—Tutin— Warburg, 1962; Hess— Landolt—
Hirzel, 1967; Bor, 1970). In most of the works the species characters are
misjudged and it is not the diploid Phleum separated on the basis of differencia
specifica which is described. In fact, the two holotypes are the hexaploid
Phleum pratense L. The author has, therefore, reinterpreted the diploid Phleum
species and named it Phleum Hubbardii D. Kov.

The Ph. nodosum type of Linnaeus (1759) (the specimen collected before
the description) is an underdeveloped, “depauperate” Ph. pratense L. specimen
(Hubbard’s personal communication); this is testified by its sizes given by
Hubbard, especially the small panicle, and the shortness of the culm. In the
same way, Hubbard’s statement that this type specimen is a hexaploid
Ph. pratense L. is confirmed by his data as well, i.e. the large size of the tuber,
the leaf blade and of the spikelets (Table 1, Group A).

The Ph. bertolonii type of De Candolle (1813) with its great sizes, is a
hexaploid Ph. pratense L. specimen (Table 1, Group A, Photographs 1 and 3).
An exception is the short culm, especially the brevity of the uppermost inter-
node, which is a consequence of the blunt growth.

The thickening of the lowermost internodes, the elongated cylindrical
form of the panicles, which remains cylindrical even after bending, are char-
acters existing in both the diploid Ph. Hubbardii D. Kov. and the hexaploid
Ph. pratense L. The two species discussed so far constitute an evolutionary
line, the Series Pratenses D. Kov., series nova.

The diploid Ph. Hubbardii D. Kov. and the hexaploid Ph. pratense L.
species have been compared independent of the types. The two species differ
from each other not only in their organ sizes (Table 1, Group B, Photographs
1—6, 12 and 14), growth and vegetative distribution (Kovats, 1976), but also
in their innovations. The Ph. Hubbardii D. Kov. is of loose tuft, growing thick,
its innovation extravaginal (Photographs 7 and 8), whereas the Ph. pratense L.
is of dense tuft, with its stocks growing not thick, and its innovation intra-
vaginal (Photographs 8 and 16).

In mezophytic grasses, in general, so also in the Phleum species, each of
the lateral shoot is transformed into mature stem. The largest part of the
Ph. Hubbardii D. Kov. stocks (in general, three quarters of the whole) are
fertile, bearing panicles; only a small part (the remaining 1/4) consists of vege-
tative shoots, while in Ph. pratense L. | have for the time being observed only
fertile shoots and have not yet seen vegetative shoots in it.
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The phytoplankton of the river Zala was examined from qualitative and quanti-
tative viewpoints in the years between 1972 and 1976. In the course of the detailed
taxonomical analysis of the phytoplankton 191 taxa were determined (Cyanophyta 11,
Euglenophyta 8, Xanthophyceae 1, Chrysophyceae 2, Bacillariophyceae 125, Cryptophyceae 1,
Volvocales 3, Chlorococcales 37, Desmidiales 3). The taxon number related to the whole
period of investigations was studied. The number of taxa increased along the river
toward the mouth. The taxon number of diatoms was the highest in all stations. The
number of Chlorococcales taxa increased down the river and the taxon number ratio of
Chlorococcales : Bacillariophyceae, as well. In the course of the quantitative examination
of the phytoplankton, its percentage composition and diversity as well as the total algal
counts and the quantity of chlorophyll-a in the volume of aunit of water was determined.
Chrysophyta., which characterizes the phytoplankton and within it primarily the
dominance of diatoms, decreased in the direction] of the Zala mouth. The values of
both the parameters of diversity and the degree of eutrophication increased in the di-
rection of flow and reach in general their maximum value in the region of the mouth.

All these changes can be related to the considerable loads of plant nutrients
mainly at the river reach below Zalaegerszeg and to the decrease in the flow velocity
there.

Introduction

The river Zala occupies an outstanding position among the water courses
flowing into Lake Balaton, with regard to either its discharge or its being loaded
with plant nutrients. The Zala provides 30—60% of the surface run off flowing
into Lake Balaton; it also provides approximately the 20—50% of phosphorus
and the 30—40% of nitrogen, transported by the water streams flowing into
the lake. The river directly exerts its effect in the south-western basin of the
lake, first of all in the Keszthely Bay. It has a decisive role in the silting up of
the bay and in its increasing eutrophication.

Despite the key role of the Zala in the formation of the water quality
of the Balaton, there are only few publications dealing with the river from
hydrobiological and waterchemical viewpoints. Algological data were published
by France (1897) and Tamas (1971) based on examinations of the lower
section of the Zala; and on those at several points of the river by Unerkovich
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(1975). Entz (1959) mainly analysed the inorganic ion-composition of the water
on the lower reach of the river.

W ater chemical investigations, carried out since the beginning of the 70s,
clarified — among other results — the role of the river in the turnover of
nutrients in the lake and the effect of waste, primarily of industrial origin,
flowing into it in the region of Zalaegerszeg (Toth et al.,, 1975; Toth, 1976).

The systematic hydrobiological examination of the river Zala and its
tributaries began in 1970, in the laboratory of the West-Transdanubia District
W ater Authority. Between 1970 and 1972, saprobiological examinations were
made; in the years between 1972 and 1976, the investigations were extended
to measuring other parameters (total algal counts, chlorophyll-a) of the biolog-
ical quality of water (Vizkelety, 1973; Vizkelety and Lenti, 1976). In that
period the fundamental qualitative exploration of the phytoplankton of the
river was also carried out.

In our present study, we investigated the changes in phytoplankton
composition at four characteristic points of the Zala, in 1973 and 1975. In the
course of taxonomical data processing, which rendered the foundations of
guantitative examinations, we took into consideration the data of also other
sites and times of sampling.

Material and method

The sampling sites (Fig. 1) and the sampling times are summarized in Table 1. In order
to ensure the accurate measuring of the discharge, simultaneously with the sampling, the
sampling site from Fenékpuszta was translocated into the hydrological measuring section built
at 345 m above the river mouth in 1974. The examinations, made simultaneously at the two
points, did not show significant deviations in the measured water-chemical and hydrobiological
parameters, therefore they are marked with one symbol (F) and evaluated jointly. With regard
to the samples from which quantitative analyses were also made there is an asterisk at the
sampling time in Table 1.

For the taxonomical analysis of the phytoplankton, both spot samples and filtered
(through plankton net No. 25.) ones were used. The microscopical examination of the samples
was made on living, centrifuged material and on fixed, sedimentated one as well; mostly with
phase contrast method, by means of Amplival (Zeiss) and Peraval-Interphako (Zeiss) micro-
scopes. The conservation of the phytoplankton was carried out by Lugol’s solution containing
acetate and after it by formalin. The diatoms were examined from materials destructed by
sulphuric acid, in preparations embedded in Canada balsam or Styrax. Scaled drawings and
microscopic photographs were taken of the great majority of the algae observed during the
analysis. The works of Brunnthaler (1915), Cleve-Euler (1951 —1955), Felfoldy (1972),
Fstt (1971), Gojdics (1953), Hortobagyi (1973), Huber-Pestalozzi (1955), Hustedt
(1930), Pascher (1927), Starmach (1966). and of Uherkovich (1966) formed the basis of the
determination.

The total algal counts were determined in fixed samples previously described. The
algae was densed on SARTORIUS-Membranfilters of 0.45 [n pore diameter; after drying it was
made transparent by means of Cellosolv (Felfoldy, 1974).

The quantity of chlorophyll-a contained in a unit of water volume was determined from
spot samples, after the hot methanol extraction of the material densified on membran filters,
photometrically, using a Spekol photometer (Felfoldy, 1974).

The diversity index and equitability were calculated on the basis of the following equa-
tions (Shannon and Weaver, 1963; Edden, 1971; Clifford and Stephenson, 1975).

" !
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here
H" is the Shannon—Weaver diversity,
S is the number of taxa occurring in the sample,

ni is the number of individuals belonging to the i-th taxon,
JV is the total number of individuals,

Table 1

Localities and times of sampling

River

Locality Symbol station (km) Time
Oriszentpéter 6 115.350 1972. 1X. 11.
1973. V. 2.*
V. 5.
1X 17.
X. 24.
1974. VI. 25.
1975. 1V. 7.*
VIl 28.*
X 28.*
Andrashida A 81.960 1973. V. 2.*
V. 5.
1X. 17.*
1974. V1. 25.
1975. IV. 7.*
VI 28.*
X 28.*
Pékaszepetk P 63.300 1976. V. 16.
Zalaapati 4 22.810 1972. V. 26.
X. 16.
1973. V. 7.*
1X 19.*
X. 24,
1974. V1. 25.
1975. 1V. 8.*
VIlI. 28.*
VIl 25
X 29.*
Fenékpuszta F 0.000 1972. V. 26.
X. 16.
1973. V. 7.*
1X 21.*
X. 24,
0.345 1974. V1. 25.
1975. 1V. 8.*
VII. 29.*
VIl 25.
X. 29.*
1976. 111. 15.
VII. 5
X. 4

* Quantitative analyses .
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g
loft2s

where

J is the equitability,
H" is the Shannon—Weaver diversity,
s is the number of taxa occurring in the sample.

We presented diversity, log, equitability and number of taxa together, according to
Hajdu’s method (1976).

------ limit of the catchment areo
? = stations

0 = Oriszentpéter

A = Andréshida

Z = Zalaapdti

F = Fenékpuszta

Fig. 1. Map of the Zala River with locations of sampling

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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Results and discussion

Enumeration of taxa examined

CYANOPHYTA

Chroococcales

. Microcystis aeruginosa Kuatz.

Diameter of cells: 3.0—5.0 //.
F: 1975.1Y. 8., VII. 29.

Hormogonales

. Aphanizomenon flos-aquae (L.) Raifs

F: 1972. V. 26. '

. Lyngbya epiphytica Hieron.

O: 1975. X. 28.
Z: 1975. VII. 28.

. Lyngbya limnetica Lemm.

Z: 1972.V. 26., 1975. X. 29.

. Oscillatoria limnetica Lemm.

Width of trichomes: 1.5—2.0 p. Length
of cells: 5.0 p.
F: 1972. X. 16.

. Oscillatoria limosa AG.

Width of trichomes: 12.5—22.5 p. Length
of cells: 2.0—7.0 p.

0O: 1973. IX. 17., 1975. IV. 7.

F: 1972.V. 26., 1975. IV. 8.

. Oscillatoria planctonica W ol.

Width of trichomes: 2.0—2.5 p. Length
of cells: 2.5—3.0 p.

0: 1975. X. 28.

Z: 1975. X. 29.

F: 1975. VII. 29.

. Oscillatoria raciborskii Wol.

Width of trichomes: 8.0 p. Length of
cells: 2.5 p.

Z: 1972. V. 26.

. Oscillatoria sancta (Kutz.) Gom.

Width of trichomes: 15.0 p. Length of
cells: 2.5—3.8 p.

Z: 1972.V. 26.

Oscillatoria tenuis Ag.

Width of trichomes: 7.5—12.5 p. Length
of cells: 1.8—5.0 p.

6: 1973. IX. 17.. 1975. IV. 7.

Z: 1972.V. 26.

F: 1972.V. 26., 1973. IX. 21.

Romeria elegans (Koczw.) Wol.
Dimensions of cells: 4.0 x 1.5 p.

A: 1973. IX. 17.

EUGLENOPHYTA

Euglenales

Euglena acus Ehr.

Dimensions of cells: 130—132.5x 10.0 —
12.0 p. Paramylum: rodlike bodies, com-
monly ten, 8.5—14.0 X2.0—3.0 p in size.

10-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
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A: 1973. V. 5.

Z: 1975. VII. 28.

F: 1972. X. 16., 1975. VII. 29.
Euglena tripteris (Duj.) Klehs
F: 1975. VII. 29.

Phacus caudatus HUBN.

F: 1973. IX. 21.

Phacus longicauda (Ehr.) Duj.
Z: 1973. 1X. 19.

F: 1972. V. 26.

Phacus pyrum (Ehr.) Stein
Dimension of cell: 30.0x15.0 p.
F: 1973. V. 7.

Phacus tortus (Lemm.) Skv.

F: 1975. VII. 29.

Trachelomonas similis Stokes
Dimensions of lorica with the curved
collar: 30.0—31.0x17.0 —19.0 p. Diam-

eter of pore: 2.0 p.

F: 1972. X. 16.
Trachelomonas volvocina Ehr.
A: 1973. IX. 17.

Z: 1973.V. 7., 1975. X. 29.

F: 1973. 1X. 21., 1975. X. 29.

CHRYSOPHYTA
Xanthophyceae

Planctonema lauterbornii Schmidle
F: 1975. X. 29.

Chrysophyceae

Anthophysa vegetans (O.F.M.) Stein

O: 1972. 1X. 11, 1973.V. 2, V. 5, IX.
17., X. 24., 1974. V1. 25., 1975. IV. 7,
VII. 28., X. 28.

A: 1973. V. 5., IX. 17,
1975. IV. 7,, V1. 28.

P: 1976. VI. 16.

Z: 1972. V. 26., X. 16., 1973. V. 7., IX.
19., X. 24., 1974. V1. 25., 1975. IV. 8.,
VIl 28, VIIIl. 25, X. 29.

F: 1972. V. 26., X. 16.. 1973. V. 7., IX.
21., X. 24.,1974. V1. 25, 1975. IV. 8.,
VII. 29, VIII. 25, X. 29.

Dinobryon divergens Imhof

0: 1975. IV. 7.

F: 1975. V1I. 29.

1974. VI. 25,

Bacillariophyceae
Centrales
Cyclolella bodanica Eulenst.
Z: 1975.V1Il. 28.

Cyclotella comla (Ehr.) Kutz.
Diameter of valve: 22.0—23.0 p.

1977
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

NEMETH, J.

P: 1976. VI. 16.

Z: 1973. V. 1.

F: 1972. X. 16., 1973. X. 24.

Cyclotella glomerata Bachm.

Diameter of valve: 10.0 fi.

10/10 fi.

A: 1973. V. 2.

Z: 1973. V. T.

F: 1973.V. 7., IX. 21.

Cyclotella meneghiniana

17 2)

Diameter of valve:

9-10/10 fi.

6: 1973.V. 2.

Z: 1973.V. 7..1975. VII. 28., X. 29.

F: 1972.V.26., 1973. V. 7., IX. 21,
1974. V1. 25., 1975. 1V. 8, VII. 29,
1976. V1. 5.

Cyclotella ocellata Pant.

Diameter of valve: 19.0 —22.5 fl. Striae:

9-10/10 fi.

O: 1973.V. 2.

A: 1973. IX. 17., 1975. VII. 28., X. 28.

Z: 1973. 1X. 19., 1975. X. 29.

F: 1973.V. 7. IX. 21.

Melosira granulala (Ehr.) Ralfs

A: 1973. IX. 17., 1974. V. 25.

Z: 1973. X. 24., 1974. V1. 25., 1975. VII.
28., X. 29.

F: 1972. X. 16., 1973. V. 7., 1974. VI. 25.

Melosira granulata (Ehr.) Ralfs

var. anguslissima MULL.

Diameter of valve: 4.0 —4.5 ft. Length:

225 ft

O: 1974. VI. 25.

A: 1975. X. 28.

Z: 1972. X. 16.. 1975. X. 29.

F: 1973.V. 7., X. 24

Melosira granulata (Ehr.) Ralfs

var. angustissima MULL. f. spiralis MULL.

Diameter of valve: 4.0 fi.

Z: 1975. X. 29.

F: 1975. VII. 29.

Melosira italica (Ehr.) KUTZ.

Z: 1975. VII. 28.

F: 1973. IX. 21, 1975. VII. 29.

Melosira islandica O. MULL,

ssp. helvetica 0. MULL.

Diameter of valve: 5.0 fi. Length: 5.5 fi.

A: 1973.V. 2., IX. 17.

F: 1973. IX. 21.

Striae:

KUTZ. (Fig.

13.0 —30.0 fI. Striae:

Melosira varians C.A. Ag.

Diameter of valve: 15.0 —29.0 (i.

O: 1973. X. 24, 1974. V1. 25, 1975. VII.
28., X. 28.

A: 1974.VI. 25, 1975. VII. 28., X. 28.

Z: 1972.V. 26., X. 16., 1974. VI. 25.,
1975. VII. 28., X. 29.

F: 1973. V. 7., IX. 21, 1974. VI. 25,
1975. VII. 29.

Stephanodiscus hantzschii Grin.

Diameter of valve: 17.5 fi.

Z: 1973. V. 7., X. 24., 1975. VIII. 25.
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35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.
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Pennales

Achnanthes gibberula Grun.

Z: 1973. V. 7.

Achnanthes lanceolata Bréb.

Length: 20.0 —21.0 fi. Width: 5.5—7.5 fi.
§triae: 13/10 fi.

O: 1973. V. 2., 1975. VII. 28.
A: 1973. V. 5., IX. 17.
Z: 1972. V. 26., 1973. V. 7., IX. 19., X.

24,
F: 1973. V. 7., 1975. IV. 8., VII. 29., X.
29., 1976. IIl. 15.
Achnanthes lanceolata Bréb.
var. rostrata Huast.
Z: 1972. V. 26., 1973. X. 24.
Achnanthes minutissima KUTZ.
Length: 12.5 fi. Width: 2.5 fi.
G: 1973. V. 5., X. 24., 1975. IV. 7.
Z: 1973. V. 7., X. 24.
F: 1973. V. 7.
Amphora ovalis KUTZ.
Length: 37.5—38.0 fi.
18.8 ft.
G: 1973. X. 24.
A: 1975. IV. 7., X. 28.
P: 1976. VI. 16.
F: 1972. V. 26., 1974. VI. 25.
Anomoeoneis sphaerophora (KUTZ.) P fitz.
F: 1973. X. 24.
Aslerionella formosa H ass.
Length: 47.5 fi. Width: 3.0 ft.

Width: 17.0—

Z: 1975.X. 29.

F: 1972.X.16., 1975. X. 29.

Caloneis amphisbaena (Bory) Cleve
(fg- 2

?)
Length: 69.0—80.0 ft. Width: 24.0—
30.0 fi. Striae: 14—16/10 fi.
O: 1974. VI. 25.

A: 1973.V. 5., 1975.X. 28.

Z: 1972.X. 16.

F: 1976. 111. 15.

Caloneis bacillum (Grun.) Mereschk.
Length: 24.0 fi. Width: 6.0 fi. Striae:
22/10 fi.

0O: 1973. V. 5.

Caloneis silicula (Ehr.) Creve (Fig. 6)
Length: 57.7—68.0 fi. Width: 14.0—
15.0 p. Striae: 16—18/10 p.

Z: 1972. X. 16.

F: 1973. V. 7., 1976. IIl. 15.

Ceratoneis arcus KUTZ.

Length: 47.5 p. Width: 7.0 fi.

0: 1973. V. 5.

Cocconeis pediculus Ehr.

Length: 26.5—50.0 p. Width: 17.5—
36.0 fi.

A: 1973. V. 5.

Z: 1972. V. 26., 1973. X. 24.

F: 1973. 1X. 21., X. 24.

Cocconeis placentula Ehr.

Length: 25.0—32.5 p. Width: 15.0—
22.5 p.
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49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

ALGAL COMMUNITIES IN THE CATCHMENT AREA OF RIVER ZALA. I

O: 1973. Y. 5.

A: 1975. VII. 28.. X. 28.

Z: 1972. Y. 26., X. 16., 1973. V. 7., IX.
19., X. 24., 1974. V1. 25.,, 1975. VII.
28.

F: 1972. V. 26., X. 16., 1973. V. 7., IX.
21., 1975. IV. 8., VII. 29.

Cocconeis placentula Ehr.

var. euglypta (Ehr.) Cleve

Length: 26.0—40.0 p. Width:

25.0 p. Punctae: 14/10 p.

Z: 1972. V. 26., 1975. VIII. 25.

Cymatopleura elliptica (Bréb.) W. Smith

var. nobilis (Hantzsch) Hust.

16.0 —

A: 1975. VII. 28.
Cymatopleura solea (Bréb.) W. Smith
Length: 90.0—156 p. Width: 225—

42.0 p. Costae: 7—8/10 p.

0O: 1973. V. 5., 1974. VI. 25

A: 1973. V. 5., 1974. VI. 25.

Z: 1975. VII. 28., X. 29.

F: 1972.V. 26., 1973. V. 7., X. 24., 1974.
V1. 25, 1975. VII. 29., 1976. I11. 15.

Cymatopleura solea (Bréb.) W. Smith

var. regula (Ehr.) Grun.

Length: 34.0 p. Width: 9.0 p. Costae:

7/10 p.

O: 1973. V. 5.

F: 1972. X. 16.

Cvmbella cistula (Hempr.) Grun.

F% 1972. X. 16.

Cymbella delicatula KUtz.

Length: 21.0 p. Width:

16/10 p.

0O: 1972, IX. 11.

Cymbella lanceolata (Ehr.) v. lleurck

Length: 144—175 p. Width: 25.6 —44.0/7.

F: 1972. V. 26., 1975. IV. 8.

Cymbella naviculiformis Auersw.

Length: 35.0 p. Width: 10.0 p. Striae:

16/10 p.

0: 1973. V. 2,V. 5

5.0 p. Striae:

Cymbella prostrata (Berk.) Cleve

Length: 225—85.0 p. Width: 17.5—

30.0 p. Striae: 10/10 p.

A: 1973. V. 5., IX. 17., 1975. IV. 7.,
X. 28.

Z: 1973. V. 7., IX. 19, X. 24. 1974.
V1. 25, 1975. IV. 8., VII. 28.

F: 1975. IV. 8.

Cymbella sinuata Greg.

Z: 1975. VII. 28.

Cymbella ventricosa KUTZ.

Length: 22.0—30.0 p. Width: 6.0-

10.0 p. Striae: 12—13/10 p.
O: 1972, I1X. 11., 1975. VII. 28., X. 28.

A: 1973. V. 5., 1975. IV. 7., VII. 28,
X 28

Z: 1972. V. 26., 1973. 1X. 19.

F: 1972. X. 16., 1973. I1X. 21.

Diatoma elongatum Ag.

Length: 77.5 p. Width: 5.0 p. Costae:

7110 p.
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Z: 1975. X. 29.

F: 1975. IV. 8.

Diatoma vulgare Bory

Length: 47.5 p. Width: 12.5 p. Costae:
7/10 p.

F: 1972. V. 26., X. 16.

Diploneis ovalis (Hilse) Cleve

Z: 1972. V. 26.

Epithemia sorex Kirz.

Length: 24.0—30.0 p. Width: 9.0—10.0//.
Areolae: 14/10 p.

F: 1973. V. 7.

Epithemia zebra (Ehr.) KUtz.

var. porcellus (KUtz.) Grun.

Length: 43.8 p. Width: 10.0 p.

F: 1973. V. 7.

Eunolia lunaris (Ehr.) Grun.

Length: 57.5 p. Width: 5.0 p.

F: 1973. V. 7.

Fragilaria capucina Desm.

Length: 37.5 p. Width: 5.0 p.

O: 1975. IV. 7.

A: 1973. V. 5.

F: 1972.V. 26., 1974. V1. 25., 1975. IV. 8.
Fragilaria construens (Ehr.) Grun.
Length: 31.0 p. Width: 7.0—13.0 p.
Striae: 14/10 p.

A: 1975. IV. 7.

F:1972. X. 16., 1973. X. 24., 1975. V II. 29.
Fragilaria crotonensis Kitton
Length: 150 p. Width: 7.5 p.

F: 1973. V. 7.

Gomphonema acuminatum Ehr.
O: 1975. VII. 28.

Gomphonema acuminatum Ehr.
var. coronata (Ehr.) W. Smith
Length: 50.0—84.0 p. Width:
22.5 p. Striae: 6—7/10 p.

O: 1973. V. 5., 1975. VII. 28.
A: 1975. X. 28.

Z: 1972. V. 26.

F: 1972. X. 16.

Gomphonema angustalum (KUTZ.)
Rabenh.

var. producta Grun.

Length: 22.5—31.0 p. Width: 55—8.0 p.
Striae: 10/10 p.

O: 1973. V. 5., 1975. VII. 28.

A: 1975. VII. 28.

F: 1974. VI. 25., 1975. VII. 29.
Gomphonema augur Ehr.

Length: 30.0 p. Width: 15.0 p.

A: 1973. V. 2., IX. 17.

13.0 —

Z: 1975. VII. 28.

F: 1973. I1X. 21., 1974. VI. 25, 1975.
VII. 29.

Gomphonema constrictum Ehr.

Length: 30.0—55.0 p. Width: 12.0—

20.0 p. Striae: 8—10/10 p.

0O: 1973. V. 5., IX. 17., X. 24., 1975.
VIl 28.

A: 1973. IX. 17., 1974. VI. 25., 1975.
X. 28.
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Plate I. 1—2: Cyclotella meneghiniana KUTZ; 3—4: Nitzschia amphibia Grun.; 5: Navicula
gracilis Enhr.; 6: Caloneis silicula (Ehr.) Cleve; 7: Caloneis amphisbaena (Bory) Cleve
8: Rhopalodia gibba (Ehr.) O. Mull.; 9: Gomphonema olivaceum (Lyngb.) Katz.
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80.

81.
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Z: 1972.y. 26., 1973. X. 24., 1975. VII.
28.

F: 1972. V. 26.,
V. 8, VII. 29.

Gomphonema intricatum KUTZ.

6: 1973. V. 2.

Gomphonema intricatum KUTZ.

var. vibrio (Ehr.) Cleve

F: 1975. VII. 29.

Gomphonema olivaceum (Lyngb.) Katz.

(Fig. 9)

Length: 23.4 —35.0 ft. Width: 7.4—10.0Il.

1973, IX. 21., 1975.

Striae: 10—12/10 p.

0O: 1973. V. 5.

A: 1973. I1X. 17., 1975. VII. 28.

Z: 1972. V. 26.. 1973. V. 7., IX. 19,
1975. 1V. 8.

F: 1973. V. 7., IX. 21., X. 24, 1975.
V. 8, VII. 29, 1976. I1l. 15.

Gomphonema parvulum Kutz.

Length: 17.0—25.0 il. Width: 5.0—

10.0 il. Striae: 12—16/10 //.

O: 1972, I1X. 11, 1973. IX. 17, X. 24,
1975. IV. 7., X. 28.

A: 1975. X. 28.

Z: 1973. IX. 19.

F: 1976. Il1l. 15.

Gyrosigma acuminatum (Kutz.) Rabenh.
Length: 110—115 //. Width: 15.0 p.

0O: 1973. X. 24.

Z: 1972. V. 26.

Gyrosigma attenuatum (Kutz.) Rabenh.
Length: 222-330 p. Width: 25.0-27.5 p.
O: 1973. V. 5.

Z: 1973. X. 24., 1975. IV. 8.

F: 1972. V. 26., 1973. X. 24.
Gyrosigma scalproides (Rabenh.) Cleve
Length: 47.5 p. Width: 10.0 p.

O: 1975. VII. 28.

A: 1975. VII. 28., X. 28.

Z: 1972. X. 16., 1973. I1X. 19, 1975.
X. 29.

F: 1975. IV. 8.

Hantzschia amphioxys (Ehr ) Grun.

Length: 35.0—37.5 p. Width:
Keel punctae: 8/10 p.

O: 1975. IV. 7., X. 28.

A: 1973.V.5, 1974.V1. 25.,1975.V 11. 28.
Z: 1972. V. 26 1973. X. 24.

F: 1975. VIII. 25.

Mas'.ogloia smithii Thwait.

Length: 62.5 p. Width: 13.7 p.

Z: 1972. V. 26.

75 p.

Méridien circulare Ag.

Length: 27.5-33.0 p. Width: 6.5-12.5
p. Striae: 13—15/10 p.

O: 1975. IV. 7.

A: 1973. V. 2., 1975. IV. 7.

Z: 1973. V. 1.

F: 1973. V. 7.. 1976. IIl. 15.

Navicula cryptocephala Kutz.

Length: 25.0—57.5 p. Width: 8.0—
15.0 p.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.
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G: 1972. IX. IL, 1973.V. 2., V. 5., 1975.
V. 7., VII. 28., X. 28.

A: 1973. V. 2., V. 5, IX. 17., 1974. VI.
25., 1975. IV. 7., VII. 28., X. 28.

Z: 1972. V. 26., X. 16, 1973. V. 7.,
IX. 19., X. 24., 1974. VI. 25., 1975.
VIL 28., VIII. 25.. X. 29.

F: 1972. V. 26., X. 16., 1973. V. 7., IX.
21., 1975. IV. 8.

Navicula cryptocephala KUTZ.

var. veneta (Kutz.) Grun.

6: 1973. V. 2.
Z: 1973, IX. 19.
F: 1973. IX. 21.

Navicula cuspidata Kuatz.

Length: 27.5 p. Width: 125 p. Striae:

13/10 p.

A: 1975. VII. 28.

Z: 1972. V. 26., X. 16.

F: 1972. V. 26.

Navicula dicephala (Ehr.) W. Smith

F: 1973. X. 24.

Navicula gastrum Ehr.

Length: 32.0 p. Width: 15.0 p

A: 1973. IX. 17.

Z: 1974. VI. 25.

F: 1973. X. 24., 1974. VI. 25.

Navicula gracilis Ehr. (Fig. 5)

Length: 46.0—52.5 p. Width:

12,5 p. Striae: 11-12/10 p.

6: 1972. IX. 1L

A: 1973. V. 5., IX. 17., 1974. VI. 25,
1975. IV. 7., VIL 28.. X. 28.

Z: 1972. V. 26., X. 16, 1973. V. 7,
IX. 19., X. 24, 1975. VIII. 25,
X. 29.

F: 1972. X. 16.,
1976. I11. 15.

Navicula hungarica Grun.

var. capitata (Ehr.) Cleve

Length: 25.0—37.5 p. Width:

12.5 p. Striae: 5—7/10 p.

0O: 1975. X. 28.

A: 1973. IX. 17,
VIl 28, X. 28.

Z: 1973. IX. 19., 1975. X. 29.

F: 1972. X. 16.. 1973. V. 7., IX.
X. 24., 1975. IV. 8.

Navicula menisculus Schum.

A: 1975. IV. 7.

Navicula placentula (Ehr.) Grun.

A: 1975. IV. 7., X. 28.

Navicula radiosa Kutz.

Length: 37.5 p. Width:

10-12/10 p.

0: 1973. V. 2.

A: 1973.V. 5., 1974. VI. 25, 1975. IV. 7.,
X. 28.

Z: 1972. V. 26., 1973. V. 7., X. 24.

F: 1972. V. 26., X. 16, 1973. 1X. 21.

Navicula rhynchocephala KUTZ.

Length: 50.0—70.0 p. Width:

15.0 p. Striae: 8—9/10 p.

9.0 —

1973. V. 7., X.

24.,

10.0 —

1974. VI. 25., 1975.

21.,

10.0 p. Striae:

12.5—
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G: 1973. V. 2., Y. 5., IX. 17., X. 24,
1975. I1V. 7.

A: 1973. Y. 5, IX. 17., 1975. VII. 28.

Z: 1973. V. 7., IX. 19., X. 24.

F: 1972. V. 26 1973. V 7.

Navicula tuscula (Ehr.) Grun.

O: 1973. V. 5.

Navicula viridula Kuatz.

Length: 41.0—50.0 fi. Width: 10.0—

11.0 fi. Striae: 11 —13/10 fi.

O: 1972. IX. 11, 1973. V. 2., V. 5,
IX. 17, X. 24., 1974. V1. 25., 1975.
V. 7., X. 28.

A: 1973. V. 2., V. 5, IX. 17, 1974. VI.
25., 1975. IV. 7., VII. 28., X. 28.

Z: 1972. V. 26., X. 16., 1973. V. 7., IX.
19., X. 24., 1974. V1. 25., 1975. IV. 8.,
VIl 28., VIII. 25, X. 29.

F: 1972. V. 26., X. 16., 1973. V. 7,
IX. 21., 1974. VI. 25., 1975. IV. 8.,
VIl 29., 1976. IIl. 15.

Neidium dubium (Ehr.) Cleve

f. constricta Huast.

G: 1972. I1X. 11.

Neidium productum (W. Smith) Cleve

Z: 1973. X. 24.

Nitzschia acicularis W. Smith

Length: 65.0 —128 fi. Width: 3.7—5.0 fi.

O: 1973. V. 2., V. 5., 1975. IV. 7., VII.

28., X. 28.

1973. V. 2., V. 5., IX. 17,

7., VII. 28, X. 28.

P: 1976. VI. 16.

Z: 1972. V. 26,
IX. 19,
X. 29.

F: 1972. X. 16., 1973. V. 7.,
25., 1975. 1V. 8., VII. 29,

Nitzschia acuta Hantzsch

Length: 87.0 fi. Width: 5.0 fi.

0: 1973. V. 5.

Z: 1973. V. 7.

Nitzschia amphibia Grun.

A: 1973. V. 5.

Z: 1972. V. 26.

F: 1976. I11. 15.

. Nitzschia anguslata (W. Smith) Grun.

Z: 1972. X. 16., 1973. V. 7.

Nitzschia capitellata Huast.

Length: 66.0—70.0 fi. Width: 6.0 —8.0 fi.

Keel punctae: 11/10 fi.

0O: 1975. X. 28.

A: 1975. X. 28.

A: 1975. IV.

X. 16., 1973. V. 7.,
1975. VII. 28, VIII. 25,

1974. V1.
X. 29.

(Fig. 3—1)

Z: 1973. V. 7., IX. 19.

F: 1973. I1X. 21.

Nitzschia commutata Grun.

Length: 85.0 p. Width: 10.0 fi. Keel
punctae: 6/10 fi.

F: 1975. VII. 29.

Nitzschia dissipata (Kutz.) Grun.
Length: 16.5-35.0 fi. Width: 3.7-7.5 fi.
Keel punctae: 5—6/10 fi.

0O: 1973. V. 5.
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A: 1975. X. 28.

Z: 1973. IX. 19.

F: 1973. V. 7., 1975. IV. 8.

Nitzschia frustulum (Kutz.) Grun.
Length: 47.0 fi. Width: 5.0 fi. Keel
punctae: 12/10 fi.

O: 1972. I1X. 11

Z: 1972. V. 26.

Nitzschia holsatica Huast.

Length: 52.5 fi. Width: 3.7 fi.

F: 1972. X. 16.

Nitzschia kiitzingiana Hilse

Length: 26.0 fi. Width: 3.5 fi. Keel
punctae: 14/10 fi.

Z: 1972. V. 26., 1973. IX. 19.

Nitzschia linearis W. Smith
Length: 100—160 fi. Width: 7.5—8.5 fi.
Keel punctae: 8—12/10 fi.

O: 1972. IX. 11, 1973. V. 2., IX. 17,
1975. IV. 7., VII. 28., X. 28

A: 1973. V. 5., IX. 17., 1974. VI. 25,
1975. IV. 7., VII. 28., X. 28.

Z: 1972. V. 26., X. 16., 1973. V. 7,
1X. 19, X. 24., 1975. VII. 28., X. 29.

F: 1972. V. 26., X. 16., 1973. V. 7,
IX. 21., X. 24., 1974. VI. 25., 1975.
V. 8., VII. 29., VIII. 25., X. 29.

Nitzschia microcephala Grun.

Length: 22.5 fi. Width: 5.0 fi.

Z: 1975. 1V. 8.

Nitzschia palea (Kutz.) W. Smith
Length: 30.0 —58.0 /1. Width: 5.0 —7.0 fi.
Keel punctae: 10—12/10 fi.

O: 1973. V. 2., V. 5, IX. 17, 1974. VI.
25., 1975. Iv. 7., VII. 28., X. 28.
A: 1973. V. 2., V. 5., IX. 17., 1974. V1.
25., 1975. IV. 7., VII. 28., X. 28.

P: 1976. VI. 16.

Z: 1972. V. 26., X. 16., 1973. V. 7., IX.
19, X. 24., 1975. IV. 8., VII. 28,
X. 29.

F: 1972. X. 16, 1973. V. 7., IX. 21,
1974. V1. 25., 1975. IV. 8.. VII. 29,
X. 29.

Nitzschia parvula Lev.

O: 1975. IV. 7.

Z: 1972. V. 26.

F: 1972. V. 26., X. 16.
Nitzschia recta Hantzsch
Length: 60.0 fi. Width: 5.0 fi.
Z: 1973. V. 7.

F: 1972. X. 16.

Nitzschia romana Grun.
Length: 37.5 fi. Width: 5.0 fi.
G: 1973. IX. 17.

. Nitzschia sigmoidea (Ehr.) W. Smith

Length: 320 —480 fi. Width: 9.6 —30.0 fi.

Keel punctae: 5—7/10 fi.

A: 1973. V. 5., 1975. X. 28.

Z: 1972. V. 26., 1975. IV. 8., VII. 28.

F: 1972.V. 26., 1973. V. 7., X. 24., 1974.
V1. 25, 1975. IV. 8.

Nitzschia slagnorum Rabenh.
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129.
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131.

132.

133.
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Length: 90.0 p. Width: 10.0 p. Keel
punctae: 6—7/10 p.

A: 1975. X. 28.

Z: 1973. IX. 19., 1975. X. 29.

F: 1973. 1X. 21., 1975. VII. 29.
Nitzschia sublinearis Hust.

O: 1975. IV. 7.

Z: 1972. V. 26.

F: 1973. I1X. 21.

Nitzschia tryblionella Hantzsch

var. victoriae Grun.

Length: 29.0-48.0 p. Width: 16.0—
24.0 fi. Keel punctae: 7—8/10 p.

F: 1973. I1X. 21., 1975. VIII. 25.
Nitzschia vermicularis (KUTZ.) Grun.
Length: 130 p. Width: 6.5—7.5 p. Keel
punctae: 8/10 p.

A: 1973. IX. 17.

F: 1972. V. 26.

Pinnularia borealis Ehr.

A: 1973. V. 2.

Pinnularia interrupta W. Smith

A: 1975. IV. 7.

Pinnularia maior KUTZ.

F: 1973. V. 7.

Pinnularia microstauron (Ehr.) Cleve
0O: 1973. V. 2, V. 5, 1975. IV. 7.
Pinnularia microstauron (Ehr.) Cleve
var. brébissonii (KUTZ.) Hust.

Length: 41.0 p. Width: 10.0 p. Striae:
13/10 p.

A: 1973. V. 5.

Pinnularia microstauron (Ehr.) Cleve
f. biundulata O. MULL.

06: 1973. V. 5.

Pinnularia molaris Grun.

F: 1975. VII. 29.

Rhoicosphaenia curvala (Kutz.) Grun.
Length: 30.0—37.0 p. Width: 125 p.
Striae: 6/10 p.

A: 1973. V. 5.

Z: 1975. X. 29.

F: 1972. X. 16., 1975. VII. 29.
Rhopalodia gibba (Ehr.) O. Mall. (Fig. 8)
Length: 64.8 p. Width: 85 p. Costae:
7-8/10 p.
F: 1976. Il11. 15.

Rhopalodia gibba (Ehr.) O. Mull.
var. ventricosa (Ehr.) Grun.

F: 1975. VII. 29.

Stauroneis anceps Ehr.

Z: 1972. V. 26.

Stauroneis anceps Ehr.

f. gracilis (Ehr.) Cleve

Length: 53.7 p. Width: 10.0 p.
O: 1973. V. 5.

Stauroneis phoenicenteron Ehr.
0O: 1973. V. 5.

Stauroneis smithii Grun.

Length: 22.5 p. Width: 7.5 p.

6: 1975. 1V. 7.

Surirella angustata KUTZ.

Length: 37.5 p. Width: 7.5 p.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

153

G: 1973. V. 5.

A: 1975. VII. 28., X. 28.

Surirella biseriata Breb.

Length: 250 p. Width: 80.0 p.

F: 1972. V. 26.

Surirella linearis W. Smith

Length: 90.0 p. Width: 37.5 p.

Z: 1972. V. 26.

F: 1973. X. 24.

Surirella ovalis BrEb.

Z: 1972. V. 26., 1973. V. 7.

Surirella ovata Kutz.

Length: 23.5—25.0 p.

125 p.

O: 1972. 1X. 11., 1973. V. 2., V. 5., 1975.
IV. 7., VII. 28., X. 28.

A: 1973.V. 2., V. 5., 1974. VI. 25., 1975.
IV. 7., VII. 28., X. 28.

Z: 1973. V. 7., IX. 19,
VIl 25., X. 29.

F: 1973. V. 7., IX. 21., X. 24.

Surirella ovata KUTZ.

var. pinnata (W. Smith) Hust.

Length: 28.0 p. Width: 9.0 p.

O: 1973. V. 5., 1975. IV. I.. VII. 28.

A: 1975. X. 28.

Z: 1972. V. 26.

Surirella robusta Enhr.

var. splendida (Ehr.) v. Heurck

Width: 11.0 —

1975. IV. 8,

Length: 100—125 p. Width: 60.0
70.0 p.

O: 1973. V. 5.

A: 1973. IX. 17.

Z: 1972. V. 26.

F: 1972. V. 26., 1975. VII. 29.

Synedra acus KUTZ.

Length: 180 p. Width: 4.5 p.

Z: 1975. X. 29.

F: 1972.V. 26., X. 16., 1973. V. 7., 1975.
X. 29.

Synedra acus KUTZ.

var. angustissima Grun.

Z: 1973. V. 7.

Synedra capitata Enhr.

F: 1972. V. 26., 1973. V. 7.

Synedra ulna (Nitzsch) Ehr.

Length: 100—318 p. Width: 4.5—8.0 p.

Striae: 8/10 p.

O: 1972. I1X. 11.. 1973. V. 2., V. 5., IX.
17., X. 24., 1974. V1. 25, 1975. IV. 7.,
VII. 28.

A: 1973.V. 2.,V. 5, 1974. VI. 25., 1975.
V. 7., VII. 28.

Z: 1972. V. 26., X. 16, 1973. V. 7., IX.
19., X. 24., 1975. IV. 8., VII. 28.

F: 1972. V. 26., 1973. V. 7., X. 24., 1974.
VI. 25., 1975. IV. 8., VII. 29.

Synedra ulna (Nitzsch) Ehr.

var. biceps (Kutz.) Schonf.

Length: 202 p. Width: 7.5 p.

Z: 1975. IV. 8.

Synedra ulna (Nitzsch) Ehr.

var. oxyrhynchus (Kutz.) v. Heurck
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147.
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150.

151.

152.

153.
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Length: 50.0 —68.8 fi. Width: 4.5—8.7 fi.
O: 1975. VII. 28.

A: 1975. VII. 28.

Z: 1973. V. 7.

F: 1973. V. 7., 1974. VI. 25.

Tabellaria fenestrata (Lyngb.) KUtz.
Length: 72.5 fi.

O: 1975. IV. 7.

A: 1973. V. 5.

Tabellaria flocculosa (Roth) Kutz.
Length: 25.0—28.0 fi. Width: 3.0 —5.0 fi.
Striae: 18/10 fi.

O: 1975. IV. 7., VII. 28.

A: 1973. V. 5.

PYRROPHYTA
Cryplophyceae

Cryptomonas erosa Ehb.
F: 1975. VII. 29., X. 29.

CHLOROPHYTA

Chlorophyceae
Volvocales

Chlamydomonas simplex Pasch.
F: 1973. IX. 21.

Eudorina elegans Ehr.

06: 1973. 1X. 17.

Pandorina morum (MULL.) Bory
6: 1973. IX. 17.

A: 1973. IX. 17.

Z: 1972. X. 16.

Chlorococcales

Actinastrum hantzschii Lacerh.
Dimensions of cells: 12.5x2.5 ft.
Z: 1975. VI1I. 28.
F: 1975. VII. 29.

Ankistrodemus convolutus Corda

Z: 1972. X. 16., 1975. VIII. 25.

F: 1972. X. 16., 1975. VI1. 29, X. 29.
Ankistrodesmus falcatus (Corda) Ralfs
F: 1974. VI. 25.

. Ankistrodesmus falcatus (Corda) Ralfs
var. acicularis (A. BR.) G. S. West

F: 1972. X. 16.

Ankistrodesmus falcatus (Corda) Ralfs
var. spirilliformis G. S. West
A: 1973. IX. 17.. 1975. VII.
Z: 1975. VII. 28.

F: 1975. VII. 29., X. 29.
Ankistrodesmus setigerus (Schrad.) G. S.
West

F: 1972. X. 16., 1973. V. 7., 1975. VII.

28.

29.
Chodatella quadriseta Lemm.
F: 1975. VII. 29.

159.

160.

161.

162.

163.

164.

166.

168.

169.

170.

172.

173.
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Coelastrum microporum Naeg.

A: 1973. IX. 17.

Z: 1972. X. 16., 1975. VII. 28., X. 29.

F: 1972. X. 16., 1975. VIIIl. 25., X. 29.

Crucigenia apiculata (Lemm.) Schmidle

(Fig. 10)

Coenobia of four cells.

cells: 5.5—7.0 X4.5 fi.

G: 1974. VI. 25.

F: 1974. VI. 25.

Crucigenia fenestrata Schmidle

A: 1973. IX. 17.

Z: 1972. X. 16., 1973. IX.
VIl 28., VIII. 25, X. 29.

F: 1972. X. 16., 1973. V. 7., 1975. VII.
29., X. 29.

Crucigenia quadrata Morren (Fig. 11)

Coenobia of four cells. Dimensions of

cells: 55—6.5x5.0 fi.

Z: 1973. I1X. 19.

F: 1972. X. 16., 1974. VI. 25., 1975. X.
29.

Crucigenia tetrapedia (Kirchn.) W. et W.

(Fig. 12)

Coenobia of four cells.

cells: 7.5—7.7x5.0 fi.

A: 1973. IX. 17.

Z: 1975. VII. 28.

F: 1973. IX. 17., 1974. VI. 25.

Dictyosphaerium pulchellum W ood

Z: 1975. VII. 28.

F: 1972. X. 16., 1975. X. 29.

Dimensions of

19., 1975.

Dimensions of

. Kirchneriella lunaris (Kirchn.) Moeb.

A: 1973. IX. 17.

Z: 1975. VII. 28.

F: 1972. X. 16., 1973. V. 7., IX. 21,
1975. X. 29.

Kirchneriella obesa (W. West) Schmidle

A: 1973. IX. 17., 1975. X. 28.
Z: 1973. I1X. 19., 1975. VIII. 25.
F: 1975. X. 29.

. Nephrochlamys subsolitaria (G. S. West.)

Korsh.
Z: 1973. IX. 19.
Pediastrum boryanum (Turp.) Menegh.

Z: 1972. V. 26., X. 16.. 1975. VII. 28.
F: 1972. X. 16., 1974. VI. 25.
Pediastrum duplex Meyen

F: 1972. X. 16.

Pediastrum tétras (Ehr.) Ralfs

F: 1972. X. 16.

. Scenedesmus acuminatus (Lagerh.)
Chod. Coenobia of four cells. Dimen-

sions of cells: 25—30.5x5 —6.5 ft.

A: 1974. VI. 25.

Z: 1975. VII. 28.

F: 1972. X. 16., 1975. VII. 29, X. 29.
Scenedesmus acuminatus (Lagerh.)
Chod.

var. elongatus G. M. Smith.

F: 1975. X. 29.

Scenedesmus anomalus (G. M. Smith)
Tiff. (Fig. 14)
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Plate I1. 10: Crucigenia apiculata (Lemm.) Schmidle; 11: Crucigenia quadrata Morren: 12: Cru-

cigenia tetrapedia (Kirchn.) W. et W.: 13: Tetrastrum glabrum (Roll) Ahlistr. et Tiff.

14: Scenedesmus anomalus (G. M. Smith) Tiff.; 15: Closterium moniliferum (Bory) Ehr.:

16: Scenedesmus rostrato-spinosus Chod. var. serrato-pectinatus Chod.; 17: Tetraédron muticum
(A. Br.) Hansg.
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Plate I11. 18: Scenedesmus intermedius Chod.; 19: Scenedesmus spinosus Chod.; 20: Scenedes-

mus ecornis (Ralfs) Chod. var. disciformis Chod.; 21: Scenedesmus coartatus Hortob.; 22 —

23: Scenedesmus opoliensis P. Richt.; 24: Scenedesmus denticulatus Lagerh.; 25: Scenedesmus
denticulatus Lagerh. var. linearis Hansg.
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Coenobia of eight cells. Dimensions of

cells: 125—13.0x2.5—3.0 p. There are

straight spines only on the free poles of

outer cells, their lengths varies from 13.0

to 14.0 p.

F: 1976. X. 4.

Scenedesmus coartatus Hortob. (Fig. 21)

Coenobia of four cells. Dimensions of

cells: 12.5-15.0x3.0-3.5 p.

F: 1972. X. 16., 1975. VII. 29.

Scenedesmus denticulatus Lagerh.

(Fig. 24)

Coenobia of four cells. Dimensions of

cells: 10.0—12.0x4.5 —6.0 p.

F: 1972. X. 16., 1975. VII. 29.. X. 29.

Scenedesmus denticulatus Lagerh.

var. linearis Hansg. (Fig. 25)

Coenobia of four cells. Dimensions of

cells: 14.0-15.0x3.5-4.0 p.

F: 1972. X. 16.

Scenedesmus ecornis (Ralfs) Chod.

Z: 1973. I1X. 19., 1975. X. 29.

F: 1972. X. 16., 1975. X. 29.

Scenedesmus ecornis (Ralfs) Chod.

var. disciformis Chod. (Fig. 20)

Coenobia of four cells. Dimensions of

cells: 5.0—9.4x 3.0—6.0 p.

F: 1972. X. 16., 1973. IX.
VIl 25, X. 29.

Scenedesmus granulatus W. et W.

Z: 1975. X. 29.

F: 1975. VII. 29.

Scenedesmus intermedius Chod. (Fig. 18)

Coenobia of four cells. Dimensions of

cells: 6.0—7.0X2.5—3.0 p. Length of

spines: 4.0—5.0 p.

Z: 1975. VII. 28., VIII. 25.

Scenedesmus opoliensis P. Richt.

(Fig. 22-23)

Coenobia of four cells. Dimensions of

cells: 145—26.0x4.5 —8.5 p. Length of

spines: 9.5—29.5 p.

F: 1974. V1. 25., 1975. VIII. 25., 1976.

X. 4.

Scenedesmus quadricauda (Turp.) Breb.

A: 1973. IX. 17., 1975. IV. 7.

Z: 1972. X. 16., 1973. V. 7,
1975. 1V. 8., VII. 29.,, X. 29.

21., 1975.

IX. 21,

183.

184.

185.

186.

187.

188.

189.

190.

191.
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Scenedesmus rostrato-spinosus Chod.
var. serrato-pectinatus Chod. (Fig. 16)
Coenobia of four cells. Dimensions of
cells: 17.0x 5.0 p. Length of the short

and the long spines: 15—4.5 p and
13.5—14.5 p respectively.
P: 1976. VI. 16.

Scenedesmus spinosus Chod. (Fig. 19)

Coenobia of four cells. Dimensions of

cells: 75—11.0x2.5—3.0 p. Length of

spines: 0.5—5.0 p.

0O: 1974. VI. 25.

A: 1973. IX. 17.

Z: 1974. V1. 25.

F: 1972. X. 16., 1974. V1. 25., 1975. IV.
8., X. 29.

Tetraédron caudatum (Corda) Hansg.

var. incisum Lagerh.

F: 1973. IX. 21

Tetraédron muticum (A. Br.)

(Fig. 17)

Length of a side: 22.0—23.0 (i.

A: 1973. IX. 18.

Tetrastrum glabrum (Roll) Ahlstr. et

Tiff. (Fig. 13)

Coenobia of four cells. Dimensions of

cells: 45—5.0x3.5 —4.0 /n.

F: 1972. X. 16., 1975. V1II. 25.

Tetrastrum staurogeniaeforme (Schrod.)

Lemm.

Z: 1975. VII. 28., VIII. 25.

F: 1975. IV. 8., X. 29.

Hansg.

Conjugatophyceae
Desmi diales

Closterium aciculare West

F: 1972. X. 16., 1974. VI. 25., 1975.
X. 29.

Closterium moniliferum (Bory) Ehr.

(Fig. 15)

Dimension of cell: 240x46 p.

F: 1974. VI. 25.

Staurastrum paradoxum Meyen
A: 1973. IX. ]7.
Z: 1975. VII. 28.
F: 1972. X. 16.

The quantitative ecology of the phytoplankton

The number of taxa which occurred in the whole period of investigations
in the individual sampling sites, and the distribution of the taxa numbers
among the various taxonomical groups, are shown in Table 2. In all the experi-
mental stations, the highestnumber oftaxa isrepresented by Bacillariophyceae,
the next in order is Chlorococcales — with the exception of Oriszentpéter.
The taxon number of the order of Chlorococcales increases in the direction from
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Oriszentpéter towards Fenékpuszta; this increase also prevails in the case of
diatoms, after a smaller fall at Andrashida. The taxon number of plankton
algae observed at the individual sampling sites, in the direction from the origin
of the river towards its mouth, also increases. This is especially remarkable if
a comparison is made between the two upper sampling sites (Oriszenpéter and

Table 2

Number of taxa observed at different stations

Stations
Systematic groups B

6 A z F
Cyanophyta 4 | 6 6
Euglenophyta 0 2 3 8
Xanthophyceae 0 0 0 1
Chrysophyceae 2 1 1 2
Bacillariophyceae 61 57 76 82
Cryptophyceae 0 0 0 1
Volvocales 2 1 1
Chlorococcales 2 10 19 33
Desmidiales 0 1 1 3
Number of algal taxa 71 73 107 137

Andrashida) and the two stations of the lower reach (Zalaapéati, Fenékpuszta)
(Fig. 2). The number of taxa belonging in the order Chlorococcales increases
at a much greater rate in the direction towards the mouth than that of the
diatoms, which results in the increase of the ratio number between the Chloro-
coccales and Bacillariophyceae taxa (Fig. 3). The greater proportion ofthe
unicellular green algae in both the taxon number and the composition of the
phytoplankton periodically becomes especially pronounced in the area of
Fenékpuszta. Such a state developed there on October 29, 1975, when the
Chlorococcales : Bacillariophyceae taxon ratio increased to 3.14; 59.1% of the
phytoplankton consisted of unicellular green algae, 11.9% of diatoms. These
changes can be brought into correlation with the decrease in the flow velocity
and with the increase in the plant nutrient content of the water below Zala-
egerszeg, but the direct effect of the marsh waters flowing into the river at the
lower reach cannot be left out of consideration. This indicated by the appear-
ance of characteristic green algae formations like, for example, Scenedesmus
coartatus Hortob., at Fenékpuszta.

The composition of the phytoplankton of the river Zala is shown in
Table 3.
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The dominance of Chrysophyta is characteristic of the phytoplankton of
the river. In the course of our further analysis we exclude the Chlorococcales
dominance which occurs at Fenékpuszta only rarely and simultaneously with
the temporary stagnation of the water.

The ratio of Chrysophyta in the composition of phytoplankton is 81.0—
100.0%, mostly above 90%, its minimum is at Fenékpuszta in all of the exper-
imental periods. 49.1—98% of the phytoplankton consist of diatoms which

Fig. 2. Number of taxa at different stations

Fig. 3. Chlorococcales: Bacillariophyceae quotient on the basis of all taxa observed
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Table 3

Distribution of phytoplankton algae

1973. V. 2-7. 1973. 1X. 17- 2L
Systematic groups B
6 A z F A z F
Cyanophyta 0 0 0 0 0.4 0 0.8
Euglenophyta 3.8 0 4.6 3.6 2.9 1.3 5.1
Xanthophyceae 0.5 0 0 0 0 0 0
Chrysophyceae 20.8 0 11.9 0 0 0.6 9.2
Bacillariophyceae 72.6 97.4 80.9 87.7 90.5 90.3 73.1
Cryptophyceae 0.9 2.2 2.6 4.6 0 0 1.7
Volvocales 0.9 0 0 0.5 2.1 0.6 4.2
Chlorococcales 0 0.4 0 3.6 3.3 7.2 5.9
Desmidiales 0.5 0 0 0 0.8 0 0

100.0 100.0 100.0 100.0 100.0 100.0 100.0

represent the phylum Chrysophyta in the greatest proportion, sometimes
exclusively. Changes in their proportion is not related to either the sampling
sites or the sampling periods, while on the other hand it is in a reversed pro-
portion with the ratio of Chrysophyceae (Fig. 4). The increase in the proportion
of Chrysophyceae, which is almost exclusively represented by Anthophysa
vegetans (O. F. M.) Stein, is accompanied by the decrease in the proportion
of diatoms, independently of the site and the time of sampling. The appearance
of A. vegetans and the change in its proportion cannot be brought into relation

50-
2 40-
0o 4
s 30- o \
o
20. C§\ \ 0
N
10 0 @
\
©
0-1
50 60 70 80 90 100

Bacillariophyceae (per cent)

Fig. 4. Relation between the relative abundance of Bacillariophyceae and Chrysophyceae
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among systematic groups in per cent

1975. IV. 7-8. 1975. VII. 28 29. 1975. X 28-29.

6 A z F 6 j A z F I o6 A z F

0 0 0 0.9 0 0 1.2 0.9 12.7 0.9 0.9 3.2
2.3 0.3 0 6.0 0 14 3.6 5.3 1.0 0 4.7 9.6
0 0 0 0 0 0 0 0 0 0 0 2.2
5.8 1.6 3.5 9.5 33.6 8.2 24.4 31.9 28.5 0 21.2 8.6
91.3 97.8 96.5 82.3 66.4 83.5 58.9 49.1 52.9 98.3 60.9 11.9
0.6 0 0 0 0 14 1.2 53 3.9 0 9.0 3.2
0 0 0 0 0 14 0.6 0.4 1.0 0.4 0 1.1
0 0.3 0 1.3 0 4.1 9.5 7.1 0 0.4 3.3 59.1
0 0 0 0 0 0 0.6 0 0 0 0 11

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

with any of the other parameters which were measured, calculated, and given
in the present paper.

The algae belonging to the other taxonomical groups usually play a sub-
ordinated role in the composition of the phytoplankton, or they are missing
from the composition. Among these, the plankton algae belonging in the
Chrysophyceae occur at Oriszentpéter and Zalaapati, while Euglenophyta and
Chlorococcales at Fenékpuszta, in all the periods of sampling.

Figure 5, which was drawn on the basis of the average data from the
period between May 1973 and July 1975, shows the changes in percentage
ratio of the plankton algae belonging to the Chrysophyta and other groups
along the river. From Oriszentpéter towards Fenékpuszta, the proportion
of Chrysophyta, mainly the diatoms in the composition of the phytoplankton
graduallv decreases, and the proportion of plankton algae belonging in the
other taxonomical groups increases. This reflects the process of the Zala
becoming a stagnant water, which is especially pronounced at Fenékpuszta,
where the constant presence of plankton algae belonging to the Euglenophyta
and Chlorococcales is also an indication of the above statement.

The changes in diversity, log., s, equitability and number of taxa are
shown in Fig. 6. Besides these parameters, the total algal counts and the
quantity of chlorophyll-a to be found in a unit volume of water are given
in Table 4.

The value of diversity is 2.86—4.06 at Oriszentpéter, 2.29—4.37 at
Andrashida, 1.69—4.41 at Zalaapati, 3.69—4.92 at Fenékpuszta; on an average
these values in the same order are 3.53, 3.01, 3.56 and 4.37. The values, after
a smaller fall at Andrashida, increase in the direction of Fenékpuszta. Consid-
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Table 4
Number of taxa(s), diversity (H"), log, equitability (J),

Time 1973. Y. 2-7. 1973. IX. 17 - 21.
Station 6 A z F A z F
Number of taxa (s) 30 17 25 42 33 40 47
Diversity (H") 3.60 2.29 3.59 4.26 3.04 4.38 4.92
log2s 4.91 4.09 4.64 5.39 5.04 5.32 5.56
Equitability (J) 0.73 0.56 0.77 0.79 0.60 0.82 0.89

Total algal counts (106Xind./Il) — — _
Chlorophyll-a content (mg/m3) — — —

ering the various periods, this tendency does not prevail consistently. How-
ever, the maximum of diversity, with the exception of one period, was always
measured at Fenékpuszta.

In April, 1975, the value of diversity and equitability considerably
decreased from Oriszentpéter to Zalaapati, then it rose again at Fenékpuszta,
but it did not reach that measured at Oriszentpéter. This change is in close
correlation with that occurring in the proportion of Navicula viridula Kuatz.,
whose ratio in the phytoplankton composition is 1.2, 56.3, 76.5 and 34.5
per cent, downriver from Oriszentpéter towards Fenékpuszta. N. viridula
becoming dominant is manifest also from the fall in equitability to a large
extent: it was 0.50 at Andrashida at that time, and 0.39 at Zalaapati, which

100 -,

Chrysophyta

other systematic groups

Fig. 5. Changes in relative abundance of algal groups at different station
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total algal counts and chlorophyll-a content
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were the smallest values in the whole period of investigations. In these cases*
diversity also changes in a reverse direction with the values of algal counts,
characterizing the degree of eutrophication, and of chlorophyll-a content.
This was not experienced in other cases; the greater values of diversity are
even characteristic in general of the mouth section of the river.

The course of diversity changes is in good agreement with the taxon
number characteristic of the various samples (Fig. 6).

In general the parameters of taxon number, diversity and the degree
of eutrophication (total algal counts, chlorophyll-a content) all increase along
the river toward the mouth. They reach their maximum values at the lower
reach and indicate the direction of the changes which presumably ensue in
the case of building a reservoir for the restoration of the former part played
by the Kis-Balaton in keeping suspended sediment and nutrient from arriving
in the river.

Summary

The phytoplankton investigations carried out in the river Zala between
1972 and 1976 gave the following results:

1. In the period ofinvestigations 191 taxa was observed. Their breakdown
according of taxonomical groups is as follows: Cyanophyta 11. Euglenophyta 8,
Xanthophyceae 1, Chrysophyceae 2, Bacillariophyceae 125, Cryptophyceae 1,
| olvocales 3, Chlorococcales 37, Desmidiales 3.

2. In all sampling sites, and considering the whole period of investiga-
tions, the taxon number of diatoms is the greatest.

3. The taxon number of the plankton algae related to the whole period
of investigation increases from the direction of Oriszentpéter towards the
mouth.

4. The taxon number of Bacillariophyceae increases after an insignificant
fall at Andrashida, downriver, but at a lower rate than that of Chlorococcales,
which also manifests from the increase of an identical direction in the Chloro-
coccales : Bacillariophyceae ratio of taxon number.

5. As regards the phytoplankton of the river, the dominance of Chryso-
phyta is characteristic. This phylum is represented to the greatest proportion,
sometimes exclusively, by diatoms.

6. Downriver the dominance of Chrysophyta, primarily diatoms gradually
decreases and by this the proportion of the algae belonging in other taxonom-
ical groups increases.

7. The increase in the proportion of Chrysophyceae, which is represented
almost exclusively by Anthophysa vegetans, is accompanied by a decrease in
the Bacillariophyceae proportion.
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8. Both the parameters of diversity and the degree of eutrophication

(algal counts, chlorophyll-a content) increase along the river, and reach their
maximum value in general in the region of the mouth.

All these changes can be brought into correlation with the considerable
loading of plant nutrients, and the decrease in the flowth velocity on the river
reach downstream of Zalaegerszeg; they indicate the direction of those changes
which may ensue after the construction of the planned Kisbalaton reserv oir.
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The author is working on a revision of the African species of Syrrhopodon and
Calymperes genera. In the first paper of his series the descriptions of Syrrhopodon insu-
larum Bizot et Onraedt and that of S. stuhlmannii Broth, are completed and their
distribution is mapped, mainly on the basis of the rich material collected by T. Poes
in Tanzania. Special attention is paid for the leaf margin structure of S. stuhlmannii
Broth., which differs considerably from all other species of the genus and seems to
bear evolutionary significance. On this base the new Tricostatae section is established.

Introduction

The East African species of Syrrhopodon were described mostly by
Mitten (1886), Brotherus (1894. 1897, 1914), Potier de la Varde (1948,
1953, 1958), Dixon and Theriot (1942), Demaret and Leroy”(1944) and
finally by Bizot (1976). Several more authors completed the picture of their
distribution (Lindau, 1895, Theriot, 1931, Demaret, 1940, Demaret and
Leroy% 1947, Potier de la Varde, 1953, 1955, 1958, Bartram, 1953, Bizot
and Pécs, 1974).

The present author starts his studies with the investigation ofthe East Af-
rican species. In the first paper of a proposed series he deals with two species,
known before only from theirtype locality. In the case of Syrrhopodon insularum
Bizot et Onraedt (Sect. Cavifolii), described on the base of a sterile specimen
from the Seychelles, even its generic position was uncertain. The other species,
Syrrhopodon stuhlmannii Broth., which was known until recent times also only
by a sterile specimen, from the Uluguru Mts. Now, based on the rich material
collected by T. POCS, the author describes the sporophytes and deals with
the anatomy of its leaf margin, which seems to be unique and evolutionary
very important within the genus. The aim of his further studies will be a full
revision of the African Syrrhopodon and Calymperes species. The limited
number of species belonging to other genera was or will be revised by others
(Calymperopsis by Tixier, 1967, Thyridium by Nowak?).
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Syrrhopodon insularum Bizot et Onraedt
(Figs 1—14)

This species was recently described from the Seychelles (Bizot, 1976)
and the present Author recognized it from other collections too, as from the
materials of the Brotherus Herbarium (Helsinki, HBR), collected in the
Seychelles and among our materials (EGR) collected by POCS in East Africa.
Brotherus distinguished the Seychelles specimen, as a new species on the
herbarium label (S. divergens nom. herb.), but never described it.

Syrrhopodon insularum is a tipical member of the Cavifolii Section, and
the only one, which occur in East Africa. Its distribution in the Mascarenes,
Madagascar and in the Uluguru Mountains underlines again the old links
between these mountains and the East African Islands (cf. POCS, 1975).
Its known total distribution is (see Fig. 28):

Reunion — Réserve forestiére de la Mare Longue pres de St. Philippe, sur les arbres d’une
foret primaire dégradée humide, 200 m, 18. 12. 1969, Onraedt 69 R 963 (type).

Seychelles — Mahé, Cassada Mts., leg. J. S. Gardiner, 1908 (HBR — sub nomine Syrrhopodon

divergens Broth, nom. herb.).
— lle Mahé, foret du Morne Blanc sur bois pourri en sousbois, 23. 1. 74, Onraedt

4 S 109.

Madagascar — Ad ligua putrida. Cerele Me on Bara, secteur d’lvondro, poste de Soaramo.
leg. Croll, 1900, ex Herb. G. Paris (HBR — separated from the Syrrhopodon sparsus
R. et C. material).

Tanzania — Uluguru Mts., Submontane rain forest on the SE slope of Mt. Tumbako, 1050 —
1390 m, coll.: T. Poes and M. Lungwecha, 6875/L, 6875/M, EGR, BP, DSM, EA.

On the base of the observed specimens | tried to complete the desci-ip-
tions of this interesting species: Contenions, forming dull green, inside brownish
mats, which fall easily to parts. Stem 10—20 mm long, densely foliated, near
the apex branching, and nearly in whole length covered by red rhizoids.Theupper
5—10, living leaves are green, the lower ones brownish and bruised. The upper
leaves, when dry, are bent or curled, in wet condition straight patent, 2.5 —3
mm long, 0.4—0.5 mm broad, their margins slightly incurved. The lower
leaves are shorter and broader, when entire. The sheathing part is scarcely
broader than the lower part of free lamina, narrow obovate, occupies 1/4—1/3
of the whole leaf length. The margin of the sheathing part is armed by short
(12—33 pm), unequal, upwards directed, acute teeth. The blade is elongate-
lanceolate or ligulate-lanceolate, with a short, mucronate apex.

The hyaline cells border the blade in two rows up to the apex or near so.
The hyaline border almost disappears downwards, near the first ciliae forming
a 1 cell broad margin, than at the base of the sheathing part again into a 4—5
cells broad border. The hyaline border in its whole length is 1 cell layer thick.
The midrib is 50 pm broad at its base, upwards gradually tapers off, backside
smooth or with scattered, blunt papillae. The ventral face of the blade midrib
is rough by the mamillose bulges of the covering cells, which are slightly
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larger than the lamina cells and are arranged in lines. These emergent cells
are not present on the sheath midrib. The cancellinae (endohyalocysts) are
arranged in 4—5 rows on each side, greater along the midrib (45—50 X20—25
pm) narrower and shorter near the border (35—40x10—12 pm). The can-
cellinae accompanying the midrib are excurrent in the blade, elongate rectan-
gular. The chlorocysts of the lamina are 7—10 pm in diameter, quadrate,
rectangular or irregular hexagonal. Their dorsal face smooth or minutely papil-
lose, ventral face mamillate. Sporophyte unknown. Vegetative reproduction

Figs 1—8. Syrrhopodon insularum Bizot et Onraedt 1—3: Leaves from the upper part of the
stem. 4—6: Lower leaves. 7: Transversal section from the middle of an upper leaf. 8: Propa-
gules
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by clubshaped propagulae, which develop on the upper third of the midrib,
forming small groups or clusters. The propagulae are 160— 180 pin long, divided
into 6— 10 septae, similar to that of the other members of the Section. At the
same time, the arrangement of propagulae makes clear the generic position
of this species, excluding the possibility of a Calymperopsis. On the other
hand, it was observed, that the spherically protruding cells on the ventral

Figs 9—14. Syrrhopodon insularum Bizot et Onraedt. 9—12: Cancellinae (endohyalocysts)
at the upper part of the sheath. 13: Cancellinae from the leaf base. 14: Chlorocysts from the
leaf blade. AIll drawn from Poes—Lungwecha No. 6875/L, by S. Orban
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face of midrib become easily detached, probably serving also the purpose of
vegetative propagation.

Observations: Syrrhopodon insularum differs in several aspects from the
West African ciliferous species, likewise from the Asian ones. The most con-
spicuous feature, well observed by its author, M. Bizot too, are the sphaeric,
protruding, detachable cells arranged in lines on the ventral surface of the mid-
rib. The west African and Asian species of the section (S. armatus, S. afro-
ciliatus, S. paucifimbriatus, S. larminatii and others) bear elongated quadran-
gular cells at the same site, which are not sphaerically protruding, but usually
possess a large acute papilla, which in many cases is prolonged in a spine.

The broad lamina and the hyaline border reaching the apex show affinity
to the Asian species, on the other hand the cancellinae far adcurrent to the
costa is a feature common with the African species. This mean difference
between the species of African and Asian Cavifolii was shown also by pictures
by Poécs and Tixier (1967: 127, 129), who established, that all African
Cavifolii have adcurrent cancellinae, while some of the Asian members of this
section have cancellinae, which end abruptly in arounded group near the blade.

Further differences are that the adcurrent cancellinae near the midrib
end in a group of elongate quadrangular cells, which are only slightly shorter,
than the other endohyalocysts. At the same time the cancellinae of other
African Cavifolii end in pearllike rows of rounded cells, which gradually dimin-
ishing in size (cf. figures of Pdcs and Tixier, 1967: 129). The ciliae of the
sheath by S. insularum are much shorter and more unequal, then by the related
species, and are very rigid, and directed towards the apex. The chlorocysts
are similar in size to the other species of the section, but differ from the
African Cavifolii not bearing papillae at all, only slightly mamillose on their
ventral face. Due to the almost smooth cells the upper part of lamina is trans-
lucent. The only from this point of view, comparable Asian Cavifolii taxon is
Syrrhopodon larminatii var. epapillosa Po6cs et Tixier, which also differs by
the arrangement of cancellinae and by the spinose midrib and leaf shoulder.

The only known locality of Syrrhopodon insularum Bizot in East Africa
lies in the north eastern part of Uluguru Mountains. The plant is corticolous,
in a submontane rain forest developed by continons high rainfall round
3000 mm/year without dry season. The dominant trees are Ocotea usamba-
rensis, Myrianthus holstii, Allanblackia stuhlmannii and Cylicomorpha parvi-
flora. Vascular and micro-epiphytes are abundant (P6cs, 1976: 486). All West
African members of the Cavifolii section are tropical rain forest dweller or
are living by similar climatic conditions. In East Africa lowland rain forest
habitats are quite seldom, restricted to the rainy, eastern slopes of the Usam-
bara, Nguru and Uluguru Mountains, probably this is the reason, why repre-
sentatives of the Cavifolii section are so rare here (personal communication
by T. Pocs).
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Syrrhopodon stuhlmannii Broth. (Figs 15—26)

This moss species was described by Brotherus in 1897 based on the
material collected by StuhiImann under No. 8809 from the Uluguru Mts. in
Tanganyika, East Africa. The moss was not collected for more than 70 years,
until T. POCS carried out a detailed vegetation mapping and systematic col-
lecting in the mountains, and collected it from so many localities, that the
description could be completed and a comprehensive picture of the distri-
bution of this interesting endemic species could be drawn. (Three of these
localities were published in Pdcs—Bizot, 1974: 421).

As compared to the original diagnosis of the species (Brotherus,
1897: 240) the author, studying the rich material, has observed many interest-
ing morphological features, which were not included, especially concerning the
sporophyte and the anatomy of leaf margin. Therefore a new, more complete
description is given:

Dioicus. Forms large, dense Dicranum like cushions and mats up to
20 cm thickness and covering sometimes several square metres of surface.
The cushins outside are vivid green in fresh, dark green when dry, inside rusty
brown, interwoven by rhizoids.The stem is3—20cm long, erect, densely covered
by Dicranum like, falcate leaves whith shiny, white sheaths, and by reddish
brown rhizoids, simple or dichotomously branched below apex. Its lower part
gradully dies off and merge in a peat like stuff formed by the lifeless shoot
parts. The leaves are 10— 12 mm long, 0,3 mm broad in their upper and 0.8—
1mm broad at their lower part, falcate, rigid; patent when dry, unilaterally
bent in wet conditions, their blade narrow linear. The leaf margin is strongly
thickened, in cross section rounded, 35—40 pm in diameter along the blade
and 130— 150 pm broad on the sheath. In its transversal section several
layers of stereid cells are seen covered by a one layered epidermis and with
conducting cells of more spacious lumen in the median line. (See 19—21,
24—26 Figures.) The shoulder of the sheath is densely ciliate, the margin of
the blade is dentate with double teeth in its upper half. The midrib is very
vigorous, 160 pm broad at the base, upwards tapering off and about 35 pm
where ends in the apex. The back of midrib is covered by blunt papillae.
The cancellinae form a triangle with its apex penetrating in the blade. The
endohyalocysts are short quadrangular, 36x13 pm large, along the midrib
somewhat longer. The chlorocysts are rounded quadrangular, small, 8 pm in
diameter, ornated by blunt verrucose papillae (see Figs 19, 20, 24). The spo-
rophytes develop quite often. The capsule is oblong-obovate, 3 mm long, erect
(see Fig. 19), shiny rusty brown, its short, tapering neck with several
scattered stomata (see Fig. 22) of the phaneropor type. The seta is 10—15 mm
long, smooth, shiny, brown, twisted in dry condition. The peristomiuin is
simple, with 16 linear teeth, each 8— 10 septate (see Fig. 18). Their upper part
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is pale yellow, lower brownish, with strongly warty surface. The exothecium
cells are elongate rectangular or sexangular (Fig. 23). The lid is elongated
conic (Fig. 26). The calyptra is straw coloured, cucullate, smooth, covers the
capsule in its whole length. Sporae globular, 12 pm in diameter, minutely
warty (see Fig. 17).

The author would like to lay particular stress on the leaf anatomy, espe-
cially on the structure of the thickened border, seen in the transversal section
which shows a unique structure within the genus according to our present
knowledge. Demaret and Leroy (1947: 209—211) divided the subgenus
Orthotheca into two sections according to their thickened margins: the first
one with triangular or trapezoid transversal section without stereids, and the
second with pluriangular shape in section with incrassate walled stereid cells.
Studying the transversal leaf section of S. stuhlmannii, it became clear, that
in its thickened, in cross section rounded border, beside the outher cell layer
and beside the stereids, there are also central conducting elements (see Fig.
19—21, 24—26). In this manner the structure of the border agrees with that

Figs 15—21. Syrrhopodon stuhlmannii Broth. 15: Capsule. 16: Lid. 17: Spores. 18: Peristo-

mium teeth. 19: Transversal section from the upper third of an average leaf. 20: Ditto, from

the middle. 21: Ditto, from the leaf sheath centre. — a: Cilia. Drawn from Poes—Mwanjabe —
Sharma No. 6579/E, by S. Orban
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of the midrib. This feature seems to be an important evolutionary step within
the subgenus Orthotheca. Although the leaf border structure is the most differ-
entiated by our species within the subgenus, many facts suggest, that this
is a primitive character. Such evidences, as the mostly terricolous manner,
very large size (up to 20 cm height), the stomata on the capsule neck seem
to prove its archaic character beside the endemic occurrence in cristalline
massifs of precambrian age. It should be possible, that all small sized, epiphytic
species developed from this archaic types of Syrrhopodon. Similar, in cross
section round bordered species, as S. polytrichoides from New Caledonia and
S. croceus from Oceania show similar size and habit although here lack the
conducting elements from the border.

On the base of the peculiar leaf border anatomy a new section is proposed
for Syrrhopodon stuhImannii, within the suhgenus Orthotheca: Sectio nova
Tricostatae. Margo foliis in sections transversalia rotundata, compositione
costae similis.

Distribution: Endemic in East Africa, Tanzania, in the old cristallins
massivs of Uluguru and Nguru Mountains. In the Ulugurus is distributed

Figs 22—36. Syrrhopodon stuhlmannii Broth. 22: Stoma from the capsule neck. 23: Exothe-

cium cells. 24: Transversal section from the upper part of an average leaf. 25: Ditto, from the

middle of the hlade. 26: Ditto, from the sheath centre. — a: cilia. Drawn by S. Orban, from
Poes—Mwanjabe —Sharma No. 6579/E
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Fig. 27. Distribution of Syrrhopodon stuhlmannii in the Uluguru Mts. (Drawn by T. Pécs)
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Fig. 28. Distribution of Syrrhopodon insularum in the East Africa and the East African Islands

only in the northern, more humid part of the mountains, where many localities
are known, while only one locality was detected from the Ngurus, where it
might be also more widespread (see Fig. 27).

The collecting numbers are that of T. P6cs. He was often accompanied
by colleagues, assistants and friends. All specimens were collected between
August 1969 and March 1973. (The exact type locality is not known, because
the type specimen bear only the data: Uluguru Mts., 1600 m altitude.)

Uluguru Mts. Mt. Lupanga above Morogoro town, W ridge 1850 —1900 m — 6549/C; SW
ridge above Mbete village, 1700 —1900 m — 6285/CF, CG; ridge between Lupanga and Kinazi
peaks, 1800 —1900 m — 6836/Q; SE and S slopes of Mt. Tumbako, NE of Kinole village, 1340 —
1530 m — 6876/0. 6877/U; SE, E, NE and N slopes and the top of Mt. Bondwa. S of Morogoro
town, 1600-2120 w - 6051/BJ, 6052/C, 6232/L, 6260/G, 6261/R, 6398/D, 6404/AA, 6526/AA,
6535/H, 6574/C, 6578/G, JA, 6579/C, E, 6599/E, K; valley on the NNE slope of Magari peak,
1500 —1800 m — 6296/W; MIlulu valley NE above Tangeni village, 1450 —1550 m — 6558/K;
Mt. Kifuru top, N of Bunduki, 1980—2010 m — 6915/S.

Nguru Mts. Dunema ridge S of Kwamanga village, above Mhonda Mission — 1400 —
1500 m - 6398/D.
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Ecology: It grows only in such montane rain forests and in elfin forests,
where the main annual rainfall is higher than 3000 mm and no dry season
occurs, between altitudes of 1340 and 2120 metres. Its occurrence in large
masses is characteristic in the high altitude mossy forests and in the subalpine
elfin forests above 1800 m altitude, where it covers by a thick carpet and
by large cushions the ground and is able to develop a fur on all parts of the
trees. It was observed 10 times as terricolous, in 10 cases as corticolous, four
cases on rotting wood and in two cases on smaller branches. Sporophytes were
seen 8 times out of 26, both on soil and on hark. The plant plays an important
role in the water interception and humus formation of the mossy rain forests.
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The paper discusses the production biological examinations of the part of the
Quercetum petraeae-cerris forest stand of the “Sikf6kat Project” research area (Jakucs,
1973) in which the foresters carried out selecting in September 1973, with an aim of
later deforestation. As a result of opening the canopy to a considerable extent, and of
the removal of the shrub layer, the environmental factors changed strongly, especially
the quantity of radiation reaching the herbaceous layer.

The number of individuals in the herbaceous layer and the changes in its cover,
as well as the changes in the quantity of phytomass and production — by the example
of the two dominant plant species — are analysed by means of a comparison with the
corresponding data of the natural forest.

It is stated that the number of individuals and the cover for 1 ha increased
6.0 —6.5 times to that occurring in the natural forest, and again the quantity of phyto-
mass and production increased to its 10—30 folds.

Introduction

In September 1973, the foresters carried out a selection aiming at defore-
station in a 10 ha forest portion belonging and completely corresponding to
the intensively investigated forest stand within the framework of the MAB
program of Hungary. In the pre-cut area, only about a quarter of the wood
stand of the forest was left to ensure the natural regeneration of the forest
by means of its a corn crop. While in the natural forest there are 816 oak
individuals growing in 1 ha, the number of trees in this 1 ha area is 226 at
present. The average distance of the trees from one another has become about
10 m as against about 3 m average trunk distance in the natural forest. The
estimated coverage of the foliage dropped below 20%, while formerly it had
been 79.9% (Majer, 1974, Jakucs—Horvath— Karasz, 1975). In the shrub
layer of the selected forest there remained only some sprout individuals, which
in itself means a considerable structural difference in comparison with the
rich shrub layer of the natural forest (KARASZ, 1976).

The sudden and drastic alteration of the structure of the natural forest
ecosystem completely upset the relatively permanently stable functioning

*“Sikfékat Project” No. 26.
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of the ecosystem. In the herbaceous layer of the closed natural forest, phyto-
mass and production investigations had been carried out continually since
1973. In the second year following the selection, the investigations were
extended to the herbaceous layer of the neighbouring pre-cut fores too.

It was by this means that we wanted to obtain data on the reaction of
the undergrowth of the remaining forest, which had been deprived of a con-
siderable part of its phytomass and primary production, to the changed envi-
ronmental effects accompanying the changes in structure. Among these effects
the cessation of the radiation screening effect of the closed forest can he judged
as the most important. Namely, the quantity of the short and long-wave radia-
tion can penetrate almost without obstacle into the stand which has been
thinned and deprived even of its shrub layer, this causes completely different
ecological conditions for the herbaceous species which had assimilated to the
shaded, slightly mesophyl ecological conditions of the forest.

We are also certain that the causes of the changes to he described below
should be found, besides the microclimatic changes indicated above, in the
fact that owing to the thinning of the trees and the disappearing of shrubs,
the soil an organic matter of the forest ecosystem, which had been in equilibrium
for many years, has become virtually immediately usable for the herbaceous
layer.

Our investigations are related to the second year following the inter-
vention, that is, to 1975. Since the intervention, which had been begun, has
been stopped for a long time — for the very reason ofinvestigating the changed
conditions — we intend to repeat our present survey at a later time too.

Here we mention that 1975 in its climatic nature was relatively warm
(yearly average 10.7 °C) and rich in moisture (yearly amount 714 mm).
Warming up at spring-time started very early (February: 0.7 °C, March:
7.9 °C), and again the permanent warm weather ceased only by the end of
September. Precipitation appeared definitely in the midsummer maxima
(showers, storms) (June: 145.8 mm, July: 114.3 mm, August: 97.5 mm) and
we observed only a very small (a quarter of a fifth) maximum in March and
in October. The early strong warming up, the relatively small quantity of
precipitation in spring, and the warm period without precipitation in Septem-
ber, as well as the warm moist weather in summer, in comparison with that
of the two previous years of a different climatic nature, became expressed also
guantitatively in the changes of phytomass and production.

Sampling

The description of the methods of harvest and the monolithic method, or that of the
individual plant sampling, had been given earlier (Jakucs—Papp, 1974). The method of re-
cording the species count the number of individuals and the coverage data necessary for the
recalculations per ha was also similar to that applied in the herbaceous layer of the natural
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ecosystem: we counted in 10 randomly marked, 4x4 m areas. We considered the 10 times
repetition of the counts enough, because the herbaceous plants in the area closed immediately
and appeared no longer in mosaics but approximately in a homogeneous arrangemenet.

The detailed seasonal phytomass examinations were made for two species, Dactylis
polygama and Poa nemoralis, since in our estimation these two species can give 70—80% of
the phytomass or production of the area (in the natural forest they give 48—55%, according
to our measurements). In the case of Dactylis polygama, we applied the individual plant
method, while the samples of Poa nemoralis were collected by harvesting or monolithic sam-
pling. In both of the areas, the samples were taken at identical points of time.

Results and discussion

Changes in the specimen and the cover conditions

In a comparison between the two areas (natural forest and selected
forest), it can be immediately stated that under the effect of the changed
environmental factors the herbaceous layer in the thinned forest has completely
overgrown the soil surface. The mosaic herb layer, corresponding to the light
conditions which is characteristic of the natural closed forest, has completely
transformed during the two vegetational periods. The short period that has
elapsed is not yet enough to check the changes in species composition, there-
fore we present first the changes that ensued in the number of individuals
in the various species and in their cover (Table 1).

It can he seen from the Table that against 1539 187 individuals per ha
in the natural forest, 9 774 600 plant individuals in 1 ha could be counted

Table 1

Number of individuals and cover of the herbaceous layer per 1 ha of the closed (A)
and selected (B) forest

Specimens Cover (per cent)
Species

A B A B
Carex michelii 89 782 148 438 5.7 12.9
Carex montana 68 866 519 750 3.5 29.5
Chrysanthemum corymbosum 76 3312 0.1 3.4
Dactylis polygama 39 310 309 938 4.1 29.0
Festuca heterophylla 25 417 149 563 1.0 9.0
Fragaria vesca 2 293 16 937 0.7 5.0
Galium schultesii 13 347 92 937 4.0 19.2
Lathyrus niger 912 3437 0.7 2.9
Lathyrus vernus 199 8 000 0.3 5.1
Melica uniflora 302 806 390 000 3.9 6.5
Poa nemoralis 975 832 7971 500 6.6 50.8
Other 20 347 160 788 1.4 29.8
s 1539 187 9 774 600 32.0 203.1
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in the pre-cut forest. The latter value is 6.35 fold of the former. The cover of
the herbaceous layer of the selected forest changed to a similar extent. It
became 6.39 times greater (203.1%) than the value measured in the natural
forest (31.8%).

In a comparison between the number of individuals and cover data of
the various species in the two areas, the following inferences may be mentioned:
Among the recorded 11 species, the greatest difference in the number of indi-
viduals occurred in Chrysanthemum corymbosum in the two areas. In the selected
forest the individuals of the species mentioned was about 43 times greater
per ha, and again its value of cover 57 times greater. Similarly, the number
of individuals of Lathyrus vernus was about 40 times greater, whereas its
cover value increased only to 20 fold. This may imply that for the increase in
Lathyrus vernus the changed surroundings were favourable — at least in the
first years — while at the same time it developed a much smaller assimilatory
surface than in the closed forest. It should also he mentioned that hardly any
change occurred in the number of individuals and cover values of Melica
uniflora (the number of individuals per ha is 1.29, its cover 1.65 times greater).
Similarly, hardly any changes could be found in the Carex michelii values.
Both species responded to the changes rather by developing a larger assimi-
latory surface.

Finally, we also mention that in the category of “others” the specimen
number increased to a much smaller extent than the coverage value. This
supports our observation, namely that in the pre-cut area primarily the spe-
cimen numbers of species increased whose leaf area is of greater size — mainly
that of dicotyledonous species (for example, Silene vulgaris, Melampyrum
nemorosum, Symphytum tuberosum, Campanula trachelium, Trifolium medium,
Cynanchum vincetoxicum, etc.).

The evaluation of phytomass and production as well as certain related indices,
on the basis of the two test species

Dactylis polygama

The phytomass data per 1 ha in a breakdown of three fractions in both
the closed and the selected forest are summarized in Table 2 and illustrated
in Fig. 1.

In the case of the above-ground living fraction, a course of changes with
two maxima can he experienced in both areas. The first maximum appeared
in the closed forest in the middle of July, the second two months later, in the
middle of September. In the herbaceous layer of the thinned forest, this species
gives a smaller maximum, as early as the end of May, while the second maxi-
mum which represents a greater value of biomass, similarly to the closed forest,
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appeared with a two-month delay, by the end of July. The value of the first
maximum is 16 times greater, that of the second maximum 27 times greater,
in the thinned forest.

The change of course of the above-ground dead fraction was also similar
in the two areas. The greatest phytomass values were measured at the sampling
after the summer minimum appearing in both areas (in the closed forest in

Fig. 1. Monthly changes in the phytomass fractions of Dactylis polygama in closed (A) and
selected (B) forests — kgVha

the middle of July, in the thinned forest in the middle of June). The phytomass
of the dead fraction was of a value about 13 times greater in the thinned forest.

The root phytomass showed a greater value in the middle and at the end
of the vegetative period. In the middle of July its quantity was of a con-
siderable value in both areas, that is 20.10 and 254.49 kg/ha, respectively.
The first value (measured in the closed forest) is 13 times smaller than the
second.

In the case of the above-ground fraction, the value of the yearly pro-
duction (the difference between the maximum and minimum phytomass)
was calculated that the growth of the dead fraction, measured up to the time
of the maximum of the living fraction, was also considered. The concurrently
decomposed quantity could not be considered.

While the yearly above-ground production of Dactylis polygama plants
growing in the closed forest was 19.39 kg/ha, and again its underground pro-
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duction was 14.80 kg/ha, in the area which received a greater quantity ofradia-
tion we measured 510.70 kg/hal/year for the above-ground parts, and 178.7
kg/halyear for the underground parts. In a comparison the above-ground
fraction value is 26 times, that of the underground fraction 12 times greater
than the corresponding values of the natural forest.

Concerning the above-ground living fraction, we measured the greatest
weight increase per day in May and June (-(-0.021 g/m2day) in the closed
forest, and again in May (-(-0.790 g/m2day) in the thinned forest. The greatest
weight decrease indicating the process of decay was measured between the
two last samplings in the closed forest (—0.027 g/m2day), while in the
thinned forest it occurred much earlier, in July and August (—0.662 g/m2day)
(Table 3). One of the reasons of this is that the high temperature during mid-

Table 2

Monthly dry weight data of the phytomass fractions in Dactylis polygama in closed
(A) and selected (B) forests — kg/ha

A
Above-ground fractions Underground
living dead fractions
94 2.87 2.08 5.66 10.61
30.4 6.84 3.26 8.96 19.06
26.5 11.52 3.58 7.15 22.25
18.6 16.24 5.15 16.59 37.98
11.7 17.74 3.03 20.10 40.87
12.8 13.88 8.18 12.97 35.03
17.9 14.94 16.75 12.85 44,54
22.10 5.46 18.04 11.24 34.74
B
Above-ground fractions Underg_round .
living dead fraction
9.4 2.29 36.57 83.96 122.82

30.4 78.72 93.29 88.19 260.20
26.5 284.21 108.79 156.53 549.53
18.6 237.41 105.69 126.92 470.02
11.7 403.23 143.19 254.49 800.91
12.8 191.54 166.93 182.03 540.50
17.9 39.98 224.09 262.63 526.70
22.10 23.87 226.88 134.73 385.48
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Table 3

Productivity values of the phytomass fractions in Dactylis polygama (g/m-day)
in closed (A) and selected (B) forests

A
Above-ground fractions Underground
living dead fraction
94— 304 + 0.019 + 0.006 +0.016
21
30.4—26.5 + 0.018 + 0.001 - 0.007
26
26.5—18.6 +0.021 + 0.007 +0.041
23
18.6—11.7 +0.006 —0.009 + 0.015
23
11.7—12.8 —0.012 +0.016 —0.022
32
12.8—17.9 +0.003 + 0.024 —0.001
36
17.9—22.10 —0.027 + 0.004 —0.005
35
B
Above-ground fractions Underground
living dead fraction
9.4— 304 +0.364 +0.270 + 0.020
21
30.4—26.5 + 0.790 + 0.060 + 0.263
26
26.5—18.6 —0.204 —0.013 —0.129
23
18.6—11.7 + 0.721 +0.163 + 0.555
23
11.7—12.8 —0.662 + 0.074 —0.226
32
12.8-17.9 —0.421 + 0.159 + 0.224
36
17.9—22.10 —0.046 + 0.008 —0.365
35
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summer (July: 20.4 °C, August: 19.5 °C) and the dryness of midsummer, -which
can accelerate the process of decay, is to a certain extent compensated in the
closed forest by the shrub and tree foliage.

The values of dead fraction productivity in the closed forest varied
between —0.009 and +0.024 g/m2day, and again in the thinned forest between
—0.013 and +0.270 g/m2day.

The growth of the underground fraction in the closed forest was the most
significant between May and June (+ 0.041 g/m2day), and again in the thinned
forest between June and July (+ 0.555 g/m2day).

The exchange turnover rate (Odum, 1960) was almost identical in the
two areas. The 92% and 99% aboveground living fraction values, respectively
suggest that Dactylis polygama carries over only a minimum quantity of green
m atter for the subsequent vegetation period. The dead fraction on the other
hand remains standing for a longer period (turnover rate: 88% and 84%)
respectively. The corresponding turnover time is 1.2 years on the average.

The turnover rate of the underground parts proved to be the slowest
(74% and 68%), respectively. The turnover times corresponding to these values
were 1.4 and 1.5 years, respectively.

The values of the Root Importance Index calculated for the various
samplings (Struik, 1965, Struik—Bray, 1970) are to be found in Table 4.
In both areas, the importance of the root in the total phytomass was the
greatest in the period of the first sampling (53.55% and 68.36%, respectively).
In the further samplings, the values remained below 50%, and it was only by
the end of the vegetation period that they resumed an increasing trend in
both areas.

Table 4

Changes of the root importance indices of Dactylis polygama in closed (A) and
selected (B) forests

Sainmgp" 9.4 30.4 265 18.6 11.7 128 17.9 2210
A (%) 53.35 47.00 32.13 43.68 49.18 37.02 28.85 32.35
B (%) 68.36 33.89 28.48 27.00 31.77 33.68 49.86 34.95

Poa nemoralis

The data of the phytomass fractions per 1 ha are given in Table 5 and
illustrated in Fig. 2. In a comparison with the weight data per 1 ha of Dactylis
polygama discussed above it is immediately clear that the weight data of
Poa nemoralis are greater by an order of magnitude per unit area.
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The above-ground living phytomass fraction in the closed forest, starting
from the low values at early springtime and continuing with rapid changes
shows a maximum as early as mid-July. Although at the samplings following
this, the values are lower, still they represent considerable phytomass through-
out. This maximum in the thinned forest is shown only in mid-August. Its
values is on the other hand about 19 times higher than that measured in the
natural forest.

Fig. 2. Monthly changes in the phytomass fractions of Poa nemoralis in closed (A) and selected
(B) forests — kg/ha

It was characteristic of the course of changes in the phytomass of the
above-ground dead fraction that even three smaller maxima were measured
during the vegetation period until the more intense increase in autumn started.
In both areas, the main maxima were measured at the time of the last sampling
and this in the thinned forest was 34 times greater than in the closed forest.

The quantities of the under-ground phytomass in both areas were the
greatest in spring and in the late summer months. The maximum root phyto-
mass of the thinned forest was 31 times greater than that measured in the
closed forest.

The yearly above-ground production of Poa nemoralis in the closed
forest was 119.53 kg/ha and in the selected forest 4055.11 kg/ha, that is,
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Table 5

Monthly dry weight data of the phytomass fractions of Poa nemoralis in closed
(A) and selected (B) forests (kg/ha)

A
Above-ground fractions Underg_round c
living dead fraction
9.4 37.74 26.28 115.68 179.70
30.4 63.27 19.87 97.45 180.59
26.5 89.09 32.85 131.07 253.01
18.6 115.57 31.93 124.73 272.23
11.7 78.84 23.65 124,51 227.00
12.8 81.50 31.90 136.11 249.51
17.9 72.34 30.62 85.54 188.50
22.10 68.39 37.65 81.47 187.51
B
Above-ground fractions Underground c
living dead fraction
9.4 530.86 927.86 2361.63 3820.35
30.4 1359.62 1186.18 4289.60 1 6835.40
26.5 1799.84 870.20 2847.29 5517.33
18.6 1392.94 942.85 1787.42 4123.21
11.7 1620.52 620.27 1830.10 4070.89
12.8 2156.21 978.66 2717.14 5852.01
17.9 1349.76 834.64 2164.54 4348.94
22.10 1367.41 1267.97 2014.65 4650.03

34 times greater. The underground fraction production, similarly as in Dactylis
polygama, is smaller than the above-ground production in both areas. In the
closed forest it is 60.58 kg/hal/year, in the thinned forest 1927.97 kg/hal/year
(the latter value is 32 times higher).

The productivity value expressing the daily growth (Table 6) for the
living fraction was the greatest in April in both the natural and the thinned
forests (-1-0.122 and +3.946 g/m2day, respectively). The productivity values
of the dead fraction in the natural forest changed between —0.360 and 0.050
g/m2day in the closed forest, and again between —1.403 and +1.238 g/m2day
in the thinned forest. The greatest daily root phytomass increase in the closed
forest was +0.131 g/m2day, and in the open area +9.181 g/m2day.

The turnover rate of the above-ground living fraction is lower than
that in the case of Dactylis polygama (88% and 75%, respectively). The turn-
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over rate of the above-ground dead fraction changes also around 50%, in both
areas and so it is nearly identical with that of the underground phytomass
(44% and 58%, respectively). Accordingly the turnover time of the latter
fractions is about 2 years.

Table 6

Productivity values of the phytomass fractions in Poa nemoralis (gjm-jday) in closed
(A) and selected (B) forests

A
Above-ground fractions Underground
living dead fraction
9.4-30.4 + 0.122 -0.031 - 0.087
21
30.4—26.5 +0.099 +0.050 +0.131
26
26.5—18.6 + 0.115 —0.004 —0.028
23
18.6-11.7 —0.160 —0.036 —0.001
23
11.7—12.8 +0.008 + 0.026 +0.036
32
12.8—17.9 —0.025 -0.004 —0.140
36
17.9—22.10 —0.011 + 0.020 —0.012
35
B
Above-ground fractions Underground
living dead fraction
9.4—30.4 + 3.946 + 1.230 + 9.181
30.4—26.5 + 1.693 —1.215 —5.547
26.5—18.6 —1.769 + 0.316 - 4.608
18.6—11.7 + 0.989 —1.403 +0.186
11.7—12.8 + 1.674 + 1.120 + 2.772
12.8—17.9 —2.240 —0.400 — 1.535
17.9—22.10 + 0.050 + 1.238 —0.428

The root importance indices, calculated for the various samplings,
changed similarly in both areas during the vegetation period. Root importance
is the greatest in springtime also in this species. In the further samplings,
we obtained values greater than 50% only in a few cases (Table 7).
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Table 7

Changes in the root importance indices of Poa nemoralis in closed (A) and
selected (B) forests

Sairr?gpl_ 9.4 30.4 26.5 18.6 11.7 12.8 17.9 22.10

% 64.37 53.96 51.80 45.82 54.85 54.55 45.38 43.45

B(%) 61.82 62.76 51.60 43.35 44.96 46.43 49.77 43.33
Summary

A portion of about 10 ha of a homogeneous stand of Quercetum petraeae-
cerris forest (“Sikfékat Project”) was selected by foresters in 1973. About 3/4
of the trees were cut (Figs 3 and 4) as well as rich shrub layer of the forest.
In this area and in the adjacent we examined the structural and production
changes parallel in the two dominant species of the herbaceous layer (Dactylis
polygama, Poa nemoralis) during 1975. We intended to observe the effects of
the increased quantity of radiation (changed microclimate) and the abundant

Fig. 3. Section of the Quercetum petraeae-cerris forest in the Sikfé6kat Project research area,
Photo: P. Jakucs
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anorganic substances lying partly unused in the soil on the herbaceous layer
which had been left relatively undisturbed.

Our results show that the number of individuals of the herbaceous spe-
cies, and their cover value, did saliently increase immediately after the inter-
vention. While in the natural forest the coverage of the herbaceous layer was
31%, it increased above 200% in the selected forest. Similarly, great increase
was measured also in the case of the specimen. The quantity of phytomass
and production, in the case of the fractions of the two test plants increased
to 10—33 folds. While the total yearly production of Poa nemoralis in the
closed forest was, for example, 180 kg/ha in the selected forest, this increased
to 5983 kg/ha (increased 33 times!).

The results show that in the forest, abruptly deprived of its foliage and
shrub layer, the herb layer attempts to take over part of the turnover role of
the organic matter in the years after the intervention. Owing to this, its phyto-
mass and production abruptly increase to their manyfold. If in the later
years the powerful shooting and regeneration of the trees and shrubs start,
they probably regain this role from the herbaceous layer, thus creating grad-
ually the specific turnover of the forest. If on the other hand — owing to

Fig. 4. Section of the selected forest stand adjacent to the research area. Photo: A. Hevesi
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some reason — the reforestation does not ensure, the herbaceous species,
which otherwise have an ecological demand for a closed forest, would gradually
be forced back and yield ground for indifferent or for ubiguitous weed species.
The soil would rapidly become poor in nutrient supply, homogenized and
qualitatively devaluated.
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In the first publication, the authors summarized the results of their investiga-
tions carried out in the summer of 1976, by comparing the values obtained on the basis
of various niche-measurements. The present study proposes an analysis of the examin-
ations made in the autumn of 1976, then a comparison between the summer and autumn
results. The autumn measurements were also carried out with regard to two niche axes
(the soil moisture content and the depths of maximum root mass, in connection with
space utilization) and are related to 9 species.

In the soil moisture content axis, the niche breadth of Festuca vaginata, pre-
dominating in the association, isthe greatest both in summer and autumn. The niche
breadth fluctuation of summer and autumn is stronger in the root-depth axis than in
the other one. In the case of a good water supply of the soil in the autumn, the value
of the average overlap increases; it is not likely, however, that this would express the
increasing competition.

In the two-dimensional niche space (the combinations of the categories of the
two factors), all the overlap indices result in a lower value than if considered separately
on the various factor axes. According to the community matrix, the community effect
is the greatest in relation to the species (Festuca) constituting the community. The ad-
ventitious Cynodon has the greatest species effect. The two kinds of effect are under
the influence of strong seasonal fluctuation in the case of most of the species. In the
two-dimensional niche space, the ecological isolation of Fumana procumbens is of the
greatest extent: it has no effect on the community, nor has the community on it.

In our preceding publication, after a general introduction and a compar-
ison between, the niche indices (Fekete et al., 1977), we summarized our
niche investigations carried out in summer, 1976 (June 8). In our present
paper we describe our autumn niche investigations and compare the summer
and autumn results (September 9, 1976).

The examinations were made in the same area, with identical methods,
as has been described in our preceding paper. The species examined were also
identical (Festuca vaginata, Medicago minima, Thymus sp., Euphorbia seguie-
riana, Carex stenophylla, Fumana procumbens, Equisetum ramosissimum,
Cynodon dactylon, Centaurea arenaria) with one exception, namely Minuartia
did occur that we had to leave it out of our investigations.

The categories of soil moisture content and root depth, as well as the
frequency of species in the various categories, are given in Tables 1—3 (3 data
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Table 1

The frequency of species in soil moisture categories

ms j

0.4 —0.7 0.8- 11 1.2-15 16- 19 2.0- sum

Species
Festuca 8 10 6 4 0 28
Medicago 2 8 5 2 0 17
Thymus 1 7 4 2 0 14
Euphorbia 0 1 6 5 1 13
Carex 0 3 5 3 0 n
Fumana 0 0 3 6 1 10
Equisetum 1 0 3 5 0 9
Cynodon 0 0 3 4 1 8
Centaurea 1 0 3 2 1 7
Sum 13 29 38 33 4 117

Table 2
The frequency of species in root depth categories
cm

) 2.0—-3.9 4.0-59 6.0 7.9 8.0—9.9 10.0 Sum

Species
Festuca 13 12 2 | 0 28
Medicago 13 3 9 0 0 18
Thymus a 2 | 0 0 14
Euphorbia 0 6 3 3 | 13
Carex 7 4 | 0 0 12
Fumana 0 1 2 4 4 1
Equisetum 1 2 2 3 1 9
Cynodon 0 1 5 1 1 8
Centaurea 1 1 3 2 o 7
Sum 46 32 21 14 7 120

were excluded of the soil moisture content measurements because they were
not reliable).

We applied the evenness function, Horn index, the non-weighted and
the weighted and the weighted Schoener index, as well as Levins’s formulas;
their symbols are identical with those used in the preceding paper.

In addition, we also present the “d” values and the result of the D-anal-
ysis.
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Table 3
The frequency distribution of the species in the categories of soil moisture and
root depth
0.8-1.19 1.20 -1.59 1.60- 1.99 0
6 B 2 6 w t— 4 IO g P
Species N <4 ©°% o oo @ 0o o ° o ® °
Festuca 6 2 6 4 1 5 11 2
Medicago 11 6 1 1 3 11 11
Thymus 1 6 1 3 1 1 1
Euphorbia 1 321 2 11 1
Carex 12 4 111
Fumana | 2 2.2 2 1
Equisetum 1 111 2 12
Cynodon I 2 31 1
Centaurea 1 I 2 11 1
Sum 10 3 19 9 1 11 13 8 5147 1273 2 2

The results of the autumn examinations

Niche breadth
Soil moisture content

On the basis of all indices, the greatest value of niche breadth belongs
in Festuca (Table 4), and again the smallest in Fumana. The niche breadth of
Equisetum and Cynodon is narrow, too.

Table 4

Niche breadth
Soil moisture

Species Cow Hi Bi
Festuca 0.9554 (1) 0.8287 (1) 3.6298 (1)
Medicago 0.9272 (2 0.7568 3) 2.9797 3)
Thymus 0.9055 (3) 0.7276  (4) 2.8003 (5)
Euphorbia 0.8686 (5) 0.6952 (5) 2.6831 (6)
Carex 0.8859 (4) 0.6630 (6) 2.8145 (4)
Fumana 0.7231  (9) 0.5580 (9) 21739 (9)
Equisetum 0.7882 (7) 0.5821 (8) 23143 (8)
Cynodon 0.7318 (8) 0.6054 (7) 2.4612 )
Centaurea 0.8620 (6) 0.7935 (2 3.2658 (2)

In parentheses the rank numbers.
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Root depth

The greatest niche breadth (in all three indices) was unambiguously found
in Equisetum (Table 5). In the other cases, the situation is not so unequivocal.
It appears that Thymus and Medicago possess here the narrowest niche breadth.

Table 5
Niche breadth
Root depth
Species Ce, w H, Bi
Festuca 0.8555 (6) 0.6379 (6) 2.4655 (5)
Medicago 0.8490 (7) 0.4833 (8) 1.7803 (g)
Thymus 0.8468 (8) 0.4076 (9) 1.5557  (9)
Euphorbia 0.8599 (5) 0.7648  (4) 3.0731  (4)
Carex 0.8620 (4) 0.5515 (7) 2.1820 )
Fumana 0.8772 3) 0.7851 3) 3.2712  (2)
Equisetum 0.9793 @ 0.9462 @) 4.2644 (1)
Cynodon 0.8295 (9) 0.6670 (5) 2.2857 ()
Centaurea 0.9380 2) 0.7935 ) 3.2658 (3)

In parentheses the rank numbers.

Combination of soil moisture, content and root depth

In the case of combining the two characteristics, we calculated only with
non-weighted values (Table 6). The niche breadth of Euphorbia is the greatest,
that of Cynodon the smallest (cf. Fig. 1).

Table 6

Niche breadth
The combination of soil moisture and root depth

Species H; 5.
Festuca 0.6151 3) 6.396 (2)
Medicago 0.6234  (2) 5.556 (5.5)
Thymus 0.5031 (8) 3.922 (9)
Euphorbia 0.6518 (1) 7299 (1)
Carex 0.5492 (5) 4.878 7
Fumana 0.5431 () 5.556 (5.5)
Equisetum 0.5869 (4) 6.329 (3)
Cynodon 0.4642  (9) 3.968 (g)
Centaurea 0.5430 @) 6.173  (4)

In parentheses the rank numbers.
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-59 6-7.9 -9.9 10- ,cm

-39

Festuca vaginata Medicago minima

Fig. la—b

Zig. 1. Position of the species in the system of co-ordinates formed by the soil moisture and
mot depth axes. Hatching pattern indicates frequency. For the range of categories see figure
of Festuca vaginata

1 6-7.9 8-9.9 10- ,CM

I 4-59

2-3.9

10.4-0.79' Q8-119 '120-159'160-199" 2.0- 1ms '04-0.79' 08-1.19 '120-159460-199" 2.0- 1Im¢£

Thymus sp. Euphorbia seguieriana

Fig. lc —d
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Carex stenophylla Pumana procumbens

Fig. le—f

The sequence appearing from combining the two characteristics shows
hardly any similarity to that obtained in the case of the separate characteristics
(rrank = 0.65 combinations — soil moisture content; rrank = —0.13 combin-
ations — root depth). Euphorbia lies in around the middle of the rank with
regard to both the soil moisture content and the root depth; Cynodon is fairly
near to Euphorbia (see column Htin Tables 4 and 5). No special weight can
be attributed to any of the characteristics.

Fig. Ig h
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3

1<14-0.79'0.8 -n3'm0O-n3460/1331
Centaurea arenaria

Fig. Ii.

Niche overlap

Soil moisture content

2.0-

'mS
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According to Rhj and d, the greatest overlap value was shown by the
species pair Medicago-Thymus, while according to the Chi and Chiw indices

by the species pair Cynodon-Fumana. The minimal

overlap, according to

Chi; Chiwand d, appeared in the species pair Medicago- Fumana, while accord-
ing to the Rhi measure in the species pair Medicago-Equisetum (Tables 7,

8 and 9).

Species

Festuca
Medicago
Thymus
Euphorbia
Carex
Fumana
Equisetum
Cynodon
Centaurea

In the

Table 7

Niche breadth and overlap values

Soil moisture

Festuca '\gaeg(; " Thymus

0.8287 0.9643 0.9429
0.7568 0.9947
0.7276

Euphor-
bia
0.6970
0.7262
0.7452
0.6952

Carex

0.8354
0.8924
0.9130
0.9135
0.6630

Fumana

0.5689
0.5502
0.5692
0.9332
0.7584
0.5580

Equi-
setum

0.7332
0.5080
0.6726
0.8506
0.7691
0.8931
0.5821

Cynodon

0.5912
0.5814
0.5963
0.9529
0.7789
0.9927
0.8798
0.6054

main diagonal the J1, values, in the semimatrix the Rfr values.
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rea

0.7244
0.6885
0.6688
0.8729
0.7198
0.8808
0.8877
0.9035
0.7935-
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Table 8

Niche breadth and overlap values
Soil moisture

Species Festuca '\g:goi_ Thymus E”Eig‘”' Carex  Fumana SEG?LlIJI:’] Cynodon Cepet:u-
Festuca 0.9554: 0.8065 0.7850 0.4335 0.6295 0.3570 0.4680 0.3570 0.4995
Medicago 0.8191 0.9272 0.8690 0.4880 0.6840 0.4115 0.5225 0.4115 0.5290
Thymus 0.7914 0.9536 0.9055 0.5055 0.7015 0.4290 0.5000 0.4290 0.4990
Euphorbia 0.3806 0.3701 0.3827 0.8686 0.8040 0.7615 0.7175 0.8365 0.7910
Carex 0.7348 0.7479 0.7605 0.6222 0.8859 0.5725 0.6055 0.6975 0.7010
Fumana 0.1462 0.1357 0.1482 0.7123 0.3735 0.7231 0.8560 0.9000 0.6855
Equisetum 0.3234 0.2436 0.2137 0.6809 0.3802 0.8168 0.7882 0.8330 0.7295
Cynodon 0.1469 0.1364 0.1490 0.7458 0.3885 0.9310 0.8235 0.7318 0.7855
Centaurea 0.4119 0.2428 0.2243 0.6535 0.3876 0.5367 0.7092 0.6890 0.8620

In the main diagonal the C,; w values; in the upper semimatrix the C/,- and in the lower
semimatrix the C;,; tt, values.

Table 9

The euclidean distance (d) between species

Species Festuca I\g;gdoi— Thymus Eugigor— Carex  Fumana SES?I}J‘IT:] Cynodon Cepé:u—
Festuca 0.657 0.445 0.928 0.713 1.075 0.896 1.045 0.897
Medicago 0.598 0.098 0.877 0.542 1.091 1.035 1.041 0.947
Thymus 0.556 0.073 0.874 0.533 1.073 1.033 1.030 0.974
Euphorbia 0.879 1.233 1.280 0.392 0.422 0.407 0.263 0.328
Carex 0.204 0.270 0.334 1.050 0.716 0.670 0.615 0.583
Fumana 1.276 1.352 1.372 0.870 1.325 0.234 0.170 0.566
Equisetum 0.931 1.103 1.117 0.515 1.019 0.582 0.270 0.503
Cynodon 1.229 1.279 1.328 0.851 1.257 0.903 0.780 0.273
Centaurea 1.021 1.076 1.124 0.732 1.053 0.850 0.463 0.485

In the upper semimatrix the values of soil moisture, in the lower semimatrix the values
of root depth.

Considering the average overlap values (on the basis of Rhi, Chi, Chiw
and d; see Table 10), Euphorbia stands at the first place, Carex is near to it;
the overlap of these two species is great with the other species. At the other
end of the series we find Festuca and Medicago, the overlap of which is small
with the other species. It is interesting to observe that Fumana stands at the
sixth place according to all the measures.

The distribution of the On- Chi]lw Rhi and d indices is given in Table 11.
Index Chishows an almost identically great similarity in the 0.7 and 0.4 classes,

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



NICHE STUDIES ON SOME PLANT SPECIES OF A GRASSLAND COMMUNITY.

Species Cm
Festuca 0.5420 (g)
Medicago 0.5902 (7)
Thymus 0.5897 (8)
Euphorbia 0.6672 (2)
Carex 0.6744 (1)
Fumana 0.6216 (6)
Equisetum 0.6540 (4)
Cynodon 0.6562 (3)
Centaurea 0.6525 (5)

Table 10

Average niche overlap values of species
Soil moisture content

m

Caa

0.4693
0.4561
0.4529
0.5685
0.5494
0.4750
0.5239
0.5012
0.4818

In parentheses the rank numbers.

™
®)
9
@
@
(6)
®
4)
(5)

Rki

0.7571
0.7382
0.7628
0.8364
0.8225
0.7683
0.7742
0.7846
0.7933

®)
9
]
@
@
(6)
(5)
4)
®)

0.8320
0.7860
0.7575
0.5614
0.5955
0.6684
0.6310
0.5883
0.6338

201

9
®)
™
@
®)
(6)
4
@
(5)

while Chiwin the 0.7 and 0.3 classes. The Rhjvalues are frequent in the 0.9—0.7
classes, while among the d values those belonging in 1.0 classes are the most
frequent. It is remarkable that in the case of the index Rhj the distribution
of the values is the narrowest, it is restricted to five classes; further that in the
case of the indices Chi, Chiw and Rhi we did not observe a definite peak, while

the d values showed a peak.

Table

11

Distribution of niche overlap and d values

Category 14 13 12 11

Soil moisture

Chi

Root depth
Chi
C,,i?
Rhi
Combinations
Chi
Rhi
d values
soil moisture
root depth 4 6 3

combinations 10 7 3

10 09
|
2
9
1
4
8

8
5 2
3 6

0.8

0.7 0.6 0.5

8 5 5
7 4 1
8 4 7
5 3 6
5 1
2 4
2 0 5
4 6 2
2 3
2 0
3 0 0

0.4

0.3

N

0.2 0.1
4 6
6 4
6 5
3
6 9
8 3
4 1
2 0

0.0
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The species and community effects calculated on the basis of the com-
munity matrix (Tables 12 and 13) resulted in different ranks, as had been
expected. Considering the competition concerning soil moisture content, the
plant community has a great effect on Centaurea, and has hardly any effect
on Fumana and Thymus. In this competition, Euphorbia and Equisetum have
great effect on the other species, while Festuca and Medicago have only a very
weak effect.

Table 12

Community matrix
Soil moisture

A " Festuca l\gggoi— Thymus Eugigor— Carex  Fumana Ee?ﬁr;] Cynodon Cepetgu—
Festuca 3.62y8 1.0218 1.0185 0.6581 0.8483 0.5445 0.6628 0.5510 0.6298
Medicago 0.8388 2.9797 1.0265 0.6469 0.8763 0.4732 0.5256 0.5039 0.5259
Thymus 0.7858 0.9647 2.8003 0.6309 0.8547 0.4803 0.5113 0.5001 0.4859
Euphorbia 0.4865 0.5825 0.6045 2.6831 0.9005 1.0113 0.9860 1.0062 0.8551
Carex 0.6578 0.8278 0.8590 0.9446 2.8145 0.8444 0.8528 0.8635 0.7675
Fumana 0.3261 0.3452 0.3728 0.8193 0.6522 2.1739 0.9422 0.9239 0.6833
Equisetum 0.4226 0.4082 0.4226 0.8505 0.7012 1.0030 2.3143 0.9322 0.7348
Cynodon 0.3736 0.4162 0.4396 0.9230 0.7551 1.0460 0.9914 2.4612 0.7910
Centaurea 0.5666 0.5764 0.5666 1.0408 0.8906 1.0265 1.0369 1.0496 3.2658
In the main diagonal the B, values.
Table 13
The species and the community effects
Specie effect Community effect
Species

Root depth Soil moisture content Root depth Soil moisture content
Festuca 0.5937 (4) 0.5572  (9g) 0.6159 (3) 0.7418 (4)
Medicago 0.6035 (2) 0.6428 (8) 0.4551 (6) 0.6771 (7)
Thymus 0.6045 (1) 0.6638 (7) 0.3911 (8) 0.6517 (8)
Euphorbia 0.5252 () 0.8143 (1) 0.5711 (5) 0.8041 (3)
Carex 0.6008 (3) 0.8098 (3) 0.5602 (4) 0.8272  (2)
Fumana 0.3802 () 0.8036 (4) 0.4091 (7) 0.6331 (9)
Equisetum 0.4980 (8) 0.8136 (2) 0.8159 (1) 0.6844 (5)
Cynodon 0.5198 (7) 0.7913 (5) 0.3855 (9) 0.7170 (3)
Centaurea 0.5551 (5) 0.6842 (6) 0.6769 (2) 0.8442 (1)

In parantheses the rank numbers.
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Root depth

Considering either of the indices, the maximum overlap appears in the
Medicago-Thymus species pair. The minimum overlap value was experienced
in the species pair Thymus-Fumana, with the exception of the index,
where the species pair Thymus-Euphorbia showed a minimum value (Tables
14 and 15).

Table 14
The niche breath and overlap

Root depth
Species Festuca Nclaeg% Thymus Eugigor— Carex  Fumana Ee(t]lhjr; Cynodon Cepet:u—
Festuca 0.6379 0.9192 0.9054 0.6666 0.9518 0.3793 0.6999 0.4772 0.7081
Medicago 0.4833 0.9953 0.4313 0.9727 0.2609 0.5667 0.4011 0.6218
Thymus 0.4076 0.3609 0.9604 0.2227 0.5277 0.3199 0.5686
Euphorbia 0.7648 0.5188 0.8167 0.9009 0.8455 0.8028
Carex 0.5515 0.2601 0.6096 0.3867 0.6210
Fumana 0.7851 0.8693 0.8180 0.7125
Equisetum 0.9462 0.8281 0.9144
Cynodon 0.6670 0.8287
Centaurea 0.7935

In the main diagonal the if, values, in the semimatrix the 7%, values.

Table 15
The niche breadth and overlap values

Root depth
Species Festuca '\g(_(;(;_ Thymus Eugigor— Carex  Fumana Ee?tjlrln Cynodon Cep;;“'
Festuca 0.8555 0.7020 0.6780 0.5355 0.8685 0.1980 0.4405 0.2320 0.3925
Medicago 0.8509 0.8490 0.9360 0.2775 0.8335 0.2020 0.3890 0.2360 0.3965
Thymus 0.8300 0.9730 0.8468 0.2135 0.7975 0.1620 0.3255 0.1960 0.3565
Euphorbia 0.2740 0.1310 0.1040 0.8599 0.4160 0.5795 0.7520 0.5575 0.6040
Carex 0.9153 0.9356 0.9135 0.8095 0.8620 0.1745 0.4170 0.2085 0.3690
Fumana 0.2541 0.2280 0.2028 0.7459 0.2230 0.8772 0.7165 0.5220 0.5575
Equisetum 0.4603 0.3715 0.3445 0.7362 0.4292 0.7924 0.9793 0.5820 0.7610
Cynodon 0.2155 0.1539 0.1268 0.6175 0.1844 0.6155 0.5620 0.8295 0.6785
Centaurea 0.4499 0.4003 0.4886 0.6537 0.4188 0.6455 0.8341 0.6123 0.9380
In the main diagonal the niche breadth values, C/. in the right semimatrix the Cu

values and in the left semimatrix the Chi-, u values.
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W ith regard to the average overlap. Euphorbia stands at the first place,
Fumana at the last one (Table 16). In the case of root depth no species can
be found which coidd be given the same rank number in the case of the indices.

The distribution of the Rhi values shows a maximum (0.9) value (Table
11), which cannot be found in the case of the other indices. The Chi, Chjw
and Rhi values occur in an almost identical domain.

The community effect, which has been calculated on the basis of the com-
munity matrix (Table 17), is unexpectedly high (Table 13). The community

Table 16
Average niche overlap values of species
Root depth
Species Cwm Chii w RM
Festuca 0.5058 (4) 0.5312 (4) 0.7134  (3) 0.8367 (3)
Medicago 0.4965 (5) 0.5055 () 0.6461 () 0.8730 (5)
Thymus 0.4581 (7) 0.4979 (7) 0.6076 (g) 0.8980 (6)
Euphorbia 0.4919 (6) 0.5089 (5) 0.6679 (4) 0.9262 (7)
Carex 0.5105 (3) 0.6036 (1) 0.6601 (5) 0.8140 (2)
Fumana 0.3890 (9) 0.4634 (8) 0.5424  (9) 1.0662 (9)
Equisetum 0.5479 (1) 0.5663 (2) 0.7396 (1) 0.8137 (1)
Cynodon 0.4015 (g) 0.3860 9) 0.6131 (7) 1.0140 (8)
Centaurea 0.5144 () 0.5629 (3) 0.7222  (2) 0.8505 (4)
In parentheses the rank numbers.
Table 17
Community matrix

Root depth
T ™ Festuca '\gggdoi_ Thymus Eul;))ir;or— Carex  Fumana E?Erinse_ Cynodon Cepet:u—
Festuca 2.4655 1.0224 1.0629 0.5486 1.0345 0.1600 0.4305 0.2532 0.4152
Medicago 0.7383 1.7803 1.0668 0.1827 0.8654 0.0630 0.2528 0.1608 0.3108
Thymus 0.6707 0.9322 1.5557 0.1282 0.7964 0.0404 0.2099 0.0972 0.2540
Euphorbia 0.6838 0.3153 0.2532 3.0731 0.5317 0.6017 0.7354 0.7388 0.7093
Carex 0.9156 1.0607 1.1170 0.3775 2.1820 0.0991 0.3434 0.2045 0.3637
Fumana 0.2123 0.1158 0.0851 0.6405 0.1485 3.2712 0.7269 0.7062 0.6372
Equisetum 0.7446 0.6055 0.5753 1.0205 0.6712 0.9475 4.2644 0.9475 1.0154
Cynodon 0.2347 0.2064 0.1429 0.5495 0.2142 0.4935 0.5079 2.2857 0.7349
Centaurea 0.5500 0.5702 0.5333 0.7538 0.5444 0.6362 0.7776 1.0500 3.2658

In the main diagonal the J3, values.
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has a strong effect on Equisetum, while hardly any influence on Cynodon and
Thymus. Thymus and Medicago have great effect on the other species, and again
the effect of Fumana and Equisetum is very small.

Combination of the soil moisture content and the root depth

The overlap is the smallest in the species pair Medicago-Fumana, while
again it is the greatest in the species pair Medicago-Thymus (Tables 18 and 19);
an exception is the Rhj value according to which the overlap is the greatest
between the Festuca and Thymus.

Table 18

Niche breadth and overlap values
Combination of root depth and soil moisture content

Species Festuca "g:goi_ Thymus E%?;] o Carex  Fumana Ee?djr;] Cynodon Cepet:u_
Festuca 0.61.51 0.6905 0.8198 0.4526 0.7135 0.2490 0.3923 0.3170 0.4260
Medicago 0.4925 0.6234 0.7794 0.3211 0.6574 0.1073 0.3618 0.1218 0.2275
Thymus 0.5710 0.7065 0.5081 0.2686 0.8001 0.4044 0.1801 0.2521 0.3111
Euphorbia 0.3625 0.2350 0.2135 0.6517 0.4504 0.4186 0.6292 0.6204 0.7090
Carex 0.5035 0.4430 0.5895 0.3450 0.5492 0.2268 0.2395 0.2811 0.2305
Fumana 0.1710 0.0585 0.1430 0.4075 0.1815 0.5431 0.5015 0.6508 0.4520
Equisetum 0.2185 0.2360 0.1435 0.4960 0.1820 0.4225 0.5868 0.5163 0.6012
Cynodon 0.1960 0.0585 0.1430 0.4325 0.1815 0.5250 0.3475 0.4642 0.7521
Centaurea 0.3565 0.1170 0.2135 0.5270 0.2525 0.4570 0.4760 0.7050 0.5429

In the main diagonal the H, values;
semimatrix the Cfq values.

in the upper semimatrix

the R/,¢and in the lower

Ta

ble 19

The euclidean distance (d) between species
Combination of soil moisture content and root depth

Species "g:;oi_ Thymus Eugir;or— Carex Fumana Ee%]rln Cynodon Cep;gu-
Festuca 0.8321 0.7431 1.0671 1.0150 1.2724 1.2255 1.2272 1.1053
Medicago 0.3676 1.2870  0.8895 1.3677 1.2724 1.3648 1.3135
Thymus 1.3058  0.8360 1.3416 1.3576 1.3104 1.3104
Euphorbia 1.1544 0.9585 0.9184 0.9096  0.7810
Carex 1.3104 1.2912 1.2649 1.3166
Fumana 0.9768 0.9064 1.1020
Equisetum 1.0145  0.9437
Cynodon 0.7071
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Considering the average overlap value, the values according to a Chi,
Rh:and d order resulted in an identical rank number in Equisetum and Cynodon.
At the beginning of the series there appear Euphorbia and Festuca; the aver-
age overlap of these is great, while Fumana stands at the end of the series
(Table 20).

Table 20

The average niche overlap values of species
Combination of soil moisture content and root depth

Species Chi Rhi d
Festuca 0.3589 (3) 0.5076 (1) 1.0609 (2
Medicago 0.2934  (9g) 0.4083 (8) 1.0868 (5)
Thymus 0.3404  (4) 0.4769 (3) 1.0715 (3)
Euphorbia 0.3774  (2) 0.4837 (2) 1.0477 (1)
Carex 0.3348 (5) 0.4499 (5) 1.1347 (8)
Fumana 0.2958 (8) 0.3763 (9) 1.1543  (9)
Equisetum 0.3153 o 0.4277 co 1.1250 (7)
Cynodon 0.3236 (6) 0.4389 (6) 1.0881 (6)
Centaurea 0.3881 (1) 0.4637 (4) 1.0724  (4)

In respect of the distribution of the overlap and the d values (Table 11),
the d-values gave a curve with one peak. In comparison with the distribution
of the corresponding values of soil moisture content and root depth, the highest
frequency of the Chi and Rhi values shifted towards the lower class intervals,
and the d values showed a similar tendency; here it must be taken into consi-
deration that an increase in the d-value means a decrease in the overlap.

The community effect is the highest in the case of Euphorbia, the lowest
in Thymus (Tables 21 and 22). The species effect is high in Cynodon, and low
in Fumana.

The rank number (6 and 3) of two species, viz. Carex and Centaurea,
were identical in the case of the community and species effect.

A (-analysis was carried with the same species and characteristics as
were considered in our previous publication. The centre of the Fumana,
Euphorbia and Medicago niche is at a great distance from that of the other
species. The centres of Euphorbia and Fumana are near to each other. The
distance between Festuca and Medicago is minimal (cf. Table 23).
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Medi-
cago

0.707
5.556
0.788
0.204
0.571
0.067
0.171
0.060
0.154

Table 21

Community matrix
Combination of root depth and soil moisture content

Thymus

0.930
1.117
3.922
0.190
0.722
0.117
0.101
0.143
0.185

Euphor-
bia

0.401
0.156
0.102
7.299
0.273
0.461
0.532
0.425
0.679

diagonal the J3, values.

Table 22

Carex

0.548
0.650
0.580
0.409
4.878
0.150
0.190
0.179
0.160

Equi

Fumana setum

0.204 0.255
0.067 0.150
0.082 0.063
0.606 0.613
0.132 0.146
5.556 0.489
0.557  6.329
0.500 0.389
0.444 0.593

The species and community effect
Combination of soil moisture content and root depth

Thymus

0.357

Species effect

0.389
0.340
0.438
0.379
0.358
0.324
0.337
0.482
0.408

Table 23

4)
Y]
@
()
(6)
(C)]
(®)
()
(3

Results of D-analysis

1.059***

((Ai
@A Festuca
Festuca 6.369
Medicago 0.617
Thymus 0.573
Euphorbia 0.460
Carex 0.420
Fumana 0.178
Equisetum 0.253
Cynodon 0.194
Centaurea 0.414
In the main
Species
Festuca
Medicago
Thymus
Euphorbia
Carex
Fumana
Equisetum
Cynodon
Centaurea
Species Medicago
Festuca 0.143
Medicago
Thymus
Fumana
Euphorbia

*significant at 5%
** significant at 1%

level
level

*** significant at 0.1% level

Fumana

1.605***
1.333***
1.593***

Community effect

0.473
0.372
0.306
0.508
0.326
0.320
0.379
0.317
0.454

Euphorbia

0.967***
0.889**
0.989***
0.581

@
()
9
)
(6)
™
4
(8)
®)
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Cynodon Centau-
0.312 0.428
0.083 0.139
0.141 0.118
0.781 0.803
0.220 0.127
0.700 0.400
0.620 0.608
3.968 0.643
1000 6.173

Carex
0.228
0.206
0.235
1.383***
0.806*
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Summer—autumn changes
Soil moisture content

On the basis of the summer and the autumn investigations, the niche
breadth of Festuca is the greatest in relation to soil moisture content. Festuca,
the dominant species, can be found in any of the categories of soil moisture
content; it is only in the domain greater than 2.0 mS where it does not appear.
After it, Medicago and Thymus follow, and Centaurea. The niche breadth of
Cynodon, Fumana and Equisetum is narrow both in summer and autumn.
Equisetum and Cynodon in summer lie on the end of the axis which is opposite to
Fumana. In autumn all three species are frequent in the high mS categories,
the most frequent value is in the same category. Their occurrence is virtually
restricted to two-three categories both in summer and autumn.

In the summer investigations, the overlap value was high between
Festuca and Carex, according to the Rhj and Chi index numbers; and again
according to the rf-value it was great between Carex and Equisetum. In autumn,
according to the Rhj and d-values, the overlap is great between Medicago
and Thymus, while according to the Chi value it is great between Cynodon
and Fumana. In summer, the lowest overlap values were experienced between
Fumana and Equisetum. On the basis of autumn measurements, the overlap
value is small between Medicago and Equisetum (the value of Rlu) and between
Medicago and Fumana (Chi and d values).

In examining the average overlap order of the species, non-reliable
negative correlations can be detected in the case of the various indices between
the summer and autumn ranks. If the rank numbers belonging in the various

Table 24

The rank of average niche overlap values
Soil moisture

) Summer Fall

Species cu Am d Cchi Rm d
Festuca 1 1 1 9 8 9
Medicago 5 4 5 7 9 8
Thymus 3 3 2 8 7 7
Euphorbia 8 7 8 2 1 1
Carex 2 2 3 1 2 3
Fumana 9 9 9 6 6 6
Equisetum 7 8 7 4 5 4
Cynodon 4 5 4 3 4 2
Centaurea 6 6 6 5 3 5
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index categories are added up (Table 24), and their sum is ranked, naturally
a negative correlation is received between the summer and the autumn ranks
(rrank = —0.31). In summer, Festuca had a high average overlap value in
relation to the other species, while by the autumn the value of the same species
was the lowest. Festuca, as it were, has changed place with Euphorbia.

The frequency distribution of the overlap values (Table 25) in the summer
and the autumn investigations can be considered identical in the case of indices
Rhiand d (f = 2.9868, df: 4; and f = 6.7971, df : 7). In the case of the Chi
indices, the frequency of the summer and autumn overlap values differs
(f = 11.3088, df: 5).

Table 25

The distribution of overlap values
Soil moisture

The community effect is great in summer in the case of Cynodon and
Equisetum, and again in autumn in the case of Centaurea and Carex. Fumana
appears at the end of the line both in summer and autumn (Table 26). From
this it can be inferred that the other species have no influence on the compe-
tition of Fumana related to soil moisture content. Festuca has influence on
the other species in summer, Euphorbia in autumn; thus, in this case, the
species effect reflects the average overlap value. In summer, Euphorbia and
Fumana have hardly any effect on the other species, in autumn the influence
of Festuca and Medicago is minimal. The species and community effects of
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Table 26

Species and community effect
Soil moisture, rank numbers

Species effect Commun ty effect

Spectes Summer Fall Summer Fall
Festuca I 9 6 4
Medicago 5 8 5 7
Thymus 2 7 3 8
Euphorbia 8 1 9 3
Carex 3 3 4 2
Fumana 9 4 8 9
Equisetum 7 2 2 6
Cynodon 4 5 1 5
Centaurea 6 6 7 1

Medicago, Euphorbia and Centaurea were about identical in value. In autumn,
besides Medicago and Euphorbia, Thymus and Carex have about identical
species and community effect values.

Root depth

In the summer investigations, Euphorbia had the greatest niche breadth,
in the autumn Equisetum ; this latter had on the other hand, the almost narrow-
est breadth in summer. Centaurea occurred in merely category in summer,
thus it showed the smallest breadth; in autumn this occurred with Thymus.
The order of the species is different in summer and in autumn; no species can
be found which would occupy the same or about the same rank both in summer
and in autumn. At the autumn measurements the majority of the species
shifted towards the smaller root depth categories (2—3 and 4—5 cm).

In the case of all overlap indices, it is between Carex and Medicago
where the maximum overlap value is to be found in summer. Overlap is the
greatest between Medicago and Thymus in autumn, in the case of all indices.
The overlap value is minimum between Fumana and Medicago, Fumana and
Thymus, Fumana and Carex, Fumana and Centaurea and Fumana and Equise-
tum in summer. The species pair Thymus— Fumana and that of Thymus and
Euphorbia showed their minimum overlap in autumn. It is worthy of observa-
tion that .Medicago overlaps with some of the species both in summer and in
autumn to a great extent; the species pair Thymus— Fumana hardly overlapped
in any of the two investigations. The overlap order of the 36 species pairs
that can be formed shows a good agreement with one another both in summer
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and in autumn, according to even several of the indices (positive significant
rank correlations, cf. Table 34).

In the average overlap order, in summer, Thymus unambiguously takes
the first place, then Festuca and Medicago follow. At the opposite end of the
rank stand Euphorbia, Centaurea and Fumana. In autumn, Equisetum stands
in the first place, then Centaurea follows, and again at the other end of the
rank now stands Thymus, Cynodon and Fumana (Table 27). Between the

Table 27
The rank of average niche overlap values
Root depth
Summer Fall
Species
Chi Rhi d ni Vm i
Festuca 2 2 3 4 3 3
Medicago 3 3 2 5 6 5
Thymus | 1 1 7 8 6
Euphorbia 7 7 7 6 4 7
Carex 5 5 5 3 5 2
Fumana 9 9 9 9 9 9
Equisetum 6 6 6 1 1 1
Cynodon 4 4 4 8 7 8
Centaurea 8 8 8 2 2 4

summer and autumn ranks (Chj, Rhl) there is a non-reliable negative correla-
tion, while between the ranks formed on the basis of d values there is a non-
reliable positive correlation. After adding up the rank numbers belonging in
the various index categories, and after ranking the detained sums, a non-
reliable negative correlation appears between the summer and autumn ranks.

The frequency distribution of the overlap values (Table 28) can be con-
sidered as identical in the two investigations, with regard to all indices (Chi,
Rhi and d). The y2values, in the corresponding order, are 6.6857, df : 6; 5.4738,
df: 5; 5.8118, df : 7.

The community effect in summer is the greatest with Thymus, and again
it is saliently high in Equisetum (Table 29). In the case of Fumana, the com-
munity effect is minimal in summer; no similarly great value, orone approxim-
ating this, could be experienced in autumn, when low values occurred with
Cynodon and Thymus. The species effect was the greatest in Equisetum in
summer, in Thymus in autumn; in Fumana it was minimal in both of the
cases. Fumana has no influence on the other species in the competition for
utilizing space (below ground), neither have the other species on Fumana.
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Table 28
The distribution of overlap values
Root depth
Category 14 13 12 j11 10 09 08 06 05 04 03
summer | 2 3 6 3 2
CHi
fall I 2 3 6 3 6
summer 2 3 3 4 6
A w
fall 4 4 5 | 6 2
summer 4 5 5 2 3 4
*Hi
fall 8 7 5 4 3 4
summer 5 2 3 4 2 6 3 1 2 2 2
d
fall 4 6 3 5 2 4 0 4 2 1
Table 29
Species and community effect
Root depth, rank numbers
Species effect Community effect
Species
Summer Fall Summer Fall
|
Festuca 3 4 3 3
Medicago 6 ; 6
Thymus 4 1 1 8
Euphorbia 8 6 6 5
Carex 7 3 5 4
Fumana 9 9 9 7
Equisetum 1 8 7 1
Cynodon 5 7 2 9
Centaurea 2 5 8 2

0.2

0.1

0.0

a

The community effect was identical in the case of Festuca and Medicaeo
in summer, and again in that of Thymus and Cynodon in autumn. The species
effect showed about identical values in the species in summer, with the excep-

tion of Fumana and Euphorbia; in autumn.

was the exception.
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Combination of root depth and soil moisture content

The order of niche breadths calculated on the basis of combinations is
different in summer from that in autumn (Table 30; rrank = 0.5667, df : 7).
Carex occupied the same place both in summer and in autumn, in the middle
of the series. At the beginning of the series there appear Festuca and Euphorbia,
at the end of the series there stand Equisetum and Cynodon. From the average
overlap orders it appears (Table 31) that the ranks formed according to any
of the indices showed no agreement in respect of the sampling times. Forming
the ranks on the basis of the three indices (Rh{, Chj and d), the average overlap

Table 30

The rank of niche breadths (Hf) of species in summer and fall
Combination of soil moisture content and root depth

Species Summer Fall
Festuca | 3
Medicago 5 2
Thymus 3 8
Euphorbia 2 1
Carex 4 4
Fumana 6 5
Equisetum 9 7
Cynodon 7 9
Centauren 8 6

Table 31

The rank of average niche overlap values of species in summer and fall
Combination of soil moisture content and root depth

Cm d
Species
Summer Fall Summer Fall Summer Fall

Festuca
Medicago
Thymus
Euphorbia
Carex
Fumana
Equisetum
Cynodon

® O U1 © W NN A
m o ~N © U N A © W
® o O w ~N N A
A OO N © 01N W ©
o b OO W NN O
A OO N © ®© oW o N

Centaurea
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of Festuca is the greatest. Festuca had the greatest overlap value in summer,
Euphorbia in autumn. Fumana was the last in order in all cases.

The summer and autumn distribution of the overlap frequencies calcul-
ated in the combinations (cf. Table 11) was significantly different in the case
of the Chi and Rhj indices (y2= 12.2762, df : 5; y2= 13.4510, df : 5), while in
the case of d the two distributions can be considered as identical (y2= 2.3332,
df: 5).

In summer, according to all three indices, the maximum overlap occurred
in different species pairs; according to Rhj: Festuca-Equisetum ; according to
Chi: Cynodon-Equisetum ; on the basis of d: Medicago-Thymus. The minimal
overlap appeared between Fumana and the following species, in all three index
categories: Medicago, Thymus, Equisetum and Centaurea. According to d,
the great overlap value of summer investigations, in the species pair Medicago-

Table 32

The rank of species by species and community effect in summer and fall
Combination of soil moisture content and root depth

Species effect Community effect
Species

Summer Fall Summer Fall

Festuca 4 4 I 2
Medicago 5 7 5 5
Thymus 6 2 2 9
Euphorbia 8 5 6 1
Carex 3 6 3 6
Fumana 9 9 9 7
Equisetum 1 8 7 4
Cynodon 2 1 4 8
Centaurea 7 3 8 3

Table 33

Results of D-analysis
Summer and fall

Species D value
Festuca 1.3161***
Medicago 0.9655**
Thymus 1.6023***
Fumana 1.1140**
Euphorbia 3.2764***
Carex 1.3150**
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Ra nk correlation coefficients between summer and fall values of the various measures

Measure At
Hi 7
Miw 7
B i 7
cw 34

34
R hi
ahi 34
ih 34
d 34

Table 34

Root depth

—0.5833

—0.4500

-0.6167
0.3515*
0.5068***
0.4474**
0.3277*
0.4296***

df = degree of freedom.

Soil moisture
content

0.4500
0.5500
0.7167*
0.0916
0.0044
—0.0548
—0.0131
—0.1583

Combination of
soil moisture
content and

root depth

0.5667
0.1833
0.2449
0.2430
0.1910
0.2748
0.2691
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Thymus, occurred also in autumn; in this period, they showed great overlap
also according to Chi; on the basis of Rhi the overlap was great in the species
pair Festuca-Thymus. The minimal overlap remained also in autumn in the
species pair Fumana-Medicago, according to the
Medicago-Cynodon is also of low overlap, according to Chi and d.

indices;

the species pair

Fig. 2. Position of niche centres on root depth (cm) and soil moisture content (mS) axes in
summer and fall. 1: Festuca, 2: Medicago, 3: Thymus, 4: Fumana, 5: Euphorbia, 6: Carex. Empty

marks: summer,
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It can not be detected correlation in the two sampling times neither
between the species effect ranks (cf. Table 32) nor between the community
effect ranks. Fumana appears to have both in summer and in autumn about
identical species and community effects. In summer, the species effect was
maximal in Equisetum ; in autumn this species showed one of the very low
values. In both summer and autumn, in the case of Fumana, the species and
the community effects were minimal. In Cynodon and Thymus, high species
effect and low community effect appeared in autumn. The community effect
was strong in both periods in Festuca.

According to D-analysis (Table 33, Fig. 2), the distance between the
summer and the autumn niche centres of all the species is significant. The
distance between the two centres (summer and autumn) is the shortest in
Medicago.

Summary

Considering the seasonal dynamics of niche breadth, the various species
behave differently. On the soil moisture content gradient, for example, the
most constant is Festuca vaginata, with a niche broadest both in summer and
autumn. Centaurea is an example of seasonal lability: by the autumn it becomes
a soil moisture “generalist”. An example of specialization for autumn is
Euphorbia. In any case, the fluctuation of summer and autumn is not general;
Equisetum, Cynodon and Fumana remain “specialists”.

On the root depth axis indicating the utilization of space, the seasonal
fluctuation is much greater than on the soil moisture content axis. The cause
of this is not completely clear. Root depth (or more exactly: the depth of the
maximum root mass) depends on the different life cycles of the species; this,
however, does not imply a change in the variability measures (measure cate-
gories). Niche breadth here is seasonally mostly constant in the case of Festuca
and Carex.

It appears that in summer the species which is of great breadth on the
soil moisture content axis has a broad niche also on the root depth axis.
This refers also to the other extreme case. In summer, the two-dimensional
distribution of the frequency values (combined categories) expresses this
correlation in rank (the breadth order according to the combined categories
shows a good agreement with these of one dimension). In autumn the two-
dimensional breadth sequence is not similar to that formed according to either
soil moisture content or root depth. Anyhow, it appears from the data that
the interaction of the two factors is different from that in summer.

According to the behaviour recorded in the two-dimensional niche space,
the niche volume of Thymus is seasonally the most sensitive, and again that
of Carex stenophylla is mostly constant. The volume of Euphorbia seguieriana
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is besides that of Festuca vaginata which predominates in the community,
the greatest both in summer and autumn. This obviously suggests that these
two species, in relation to these two factors, can “find a home” (form a home)
anywhere in this community. On the other hand, independently of the season,
Equisetum ramosissimum and Cynodon dactylon are of narrow volume, pre-
sumably owing to different causes: this ecological specialization in Equisetum
can probably be traced hack to physiological reasons, and again in the case of
Cynodon it seems a tenable hypothesis (to be checked) that in the assignment
of the realized niche of this species, which established itself secondarily here,
the competitive effect (narrowing) of the original grassland is also consid-
erable.

The question of the kind of correlation existing between niche breadth
and overlap automatically arises. On the soil moisture content axis the summer
results show that in the case of a species with broad niche the average overlap
(the average formed in relation to the other 8 species) is also great, while
species which have become more specialized overlap only to a smaller extent
with the others. In autumn, however, the situation is quite different on this
same axis. Festuca which is of great breadth (first in the order) is the last when
considering the average overlap; the order of the other 8 species is very differ-
ent, according to these two viewpoints. It cannot be left out of consideration
that before the autumn measurements there were abundant rains: the water
supply of the soil was better than in summer. In the case of an abruptly formed
excess, the equilibrium between supply and use obviously does not develop;
this certainly influences the values and relations of niche breadths and over-
laps. There is no doubt that the copious water supply mentioned above makes
the values equalized in autumn. Thus, for example, while in summer the niche
breadth of /1 mvaried between 0.43 and 0.92, in autumn it varied only between
0.55 and 0.82. The average Rhi overlap values of the 9 species in summer
vary between 0.54 and 0.84; this range narrows in autumn down to 0.74—
0.84 m the good water supply favours the formation of high overlap values.
From the comparison between the summer and autumn data it is evident
that here we are not dealing with a general increase in actual competition.
The situation seems rather the opposite: in the case of a poorer water supply,
the signs of separation become outlined.

Concerning the average overlap values of the species, in the two-dimen-
sional niche space, all indices resulted in lower values than separately on the
individual axes. Obviously, the inclusion of any further axes would increasingly
reduce the overlaps. Thus the adding of further factors, the forming of combin-
ations, etc. creates the possibility of more complete analyses of fundamental
questions related to the ecological separation of species sets.

The general overlap tendencies are well evaluable in the two-dimensional
space. Accordingly, the overlap of Festuca (on an average with all the others)
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is great both in summer and autumn (the above contradiction is eliminated in
two dimensions; cf. autumn overlap on the soil moisture content axis). The
general overlap of Fumana is the smallest. The average overlap of Fumana
and Cynodon is not influenced by seasonal changes; that of Euphorbia on the
other hand is considerably influenced; in this the new position occupied by
as Euphorbia in autumn in the two-dimensional space may also interplay,
indicated by the result of D-analysis.

The examination of the community matrix suggests that the community
effect both in summer and autumn is the greatest on the very Festuca vaginata
which predominates in the community, while the effect of this species on the
community (through the two factors, or more exactly, through their combin-
ations) is only of medium degree. The strongest species effect both in summer
and autumn belongs to the adventitious Cynodon. In any case, this reciprocal
effect may he subordinated to a strong seasonal fluctuation in most of the
species. The ecological isolation of Fumana is very remarkable: it has no effect
on the community, neither has the community on it.

According to the result of D-analysis, the niche centre of the species
becomes significantly removed by the autumn, in comparison with that of
the summer.

It cannot be left unsaid that the adequate interpretation of the numer-
ical results obtained on the basis of the community matrix still awaits its
turn. It is hardly possible to obtain one without suitably planned and accom-
plished series of experiments.

Literature was given in Part One of this paper.
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Cytological and some functional peculiarities of a spontaneous albino mutant
appeared in 1974 in a haploid plant of Nicotiana sylvestris Speg. et Comes and main-
tained without any changes were determined and compared with the original green
plants. It was established that albino plants had significantly high stability of chromo-
some numbers. The majority of the cells remained permanently haploid in the same
conditions as green plants grown. The mutant is chlorophyll deficient and C02 fixation
is missing from it. In malate dehydrogenase, peroxidase and esterase izoenzyme patterns
of green and albino plants specific differences were detected.

Albino and chlorophyll deficient mutants are effectively used, as mark-
ers, in classical plant genetics and in cell fusion experiments. Androgenic
haploid plants produced by anther cultures have provided good material for
the isolation of mutants. It was Carltson (1970) who first isolated auxotroph
mutants from cell cultures of haploid N. tabacum. The application of haploid
callus and cell suspension cultures for mutant isolation requires caution since
diploidization of the haploid cells occurs. Thus, the plants regenerated from
these cultures are not purely haploids. Reliable results can only he expected
by a continuous control of chromosome number of the regenerated plants.

From haploid callus culture of Petunia hybrida streptomycin resistant
cell lines have been isolated by Binding et al. (1970, 1972). Two of the isolated
lines proved to be auxotrophs for auxin. During maintenance of the tissue
cultures the streptomycin resistance decreased and they could not regenerate
resistant plants.

In the genus Solanum the effect of ploidy level on isoenzyme composi-
tion of soluble proteins have been studied by Desborough and Peleguin
(1967). Comparison of the haploid wild species, interspecific hybrids and tetra-
ploid plants suggests no relationships between number of esterase isoenzyme
bands and ploidy level. Peroxidase and esterase isoenzymes of Nicotiana
species and of their hybrids were studied by Smith et al. (1970). In species of
a taxonomic section the same isoenzyme patterns are found while peroxidases
and esterases varied in species of the different sections.

On purpose to verify the origin of Nicotiana tabacum peroxidase, esterase,
malate dehydrogenase and other isoenzymes of some 60 Nicotiana species were
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analyzed by Sheen (1970, 1971). Isoenzyme patterns of N. sylvestris and
N. tomentosiformis were similar to that of N. tabacum.

Lethal albino mutants of Nicotiana tabacum have been maintained in
vitro by adding phytohormones (Shaeffer and Menser, 1975). Cytological
and biochemical basis as well as characteristics of the mutation have not yet
been reported. According to the authors there is significant difference between
the green plants and the albino mutants in growth rate.

Since these albino mutant types can be maintained in tissue cultures,
thus, they can use marker in different genetical investigations.

Haploid plants of both Nicotiana sylvestris Speg. et Comes and Nicotiana
tabacum cv. Petit Havanna were also produced by Maliga and Szilagyi
(1973) using the anther culture method of Nitsch and Nitsch (1969). On an
artificial culture medium the sterile haploids could be maintained by serial
transplantation of leaf primordia. In these cultures of haploid plants kept in
the light shoot parts of white color have appeared in October, 1974. The white
plant were cultured separately from the green ones. This white phenotype of
the plants was unchanged during the cultivation.

Cytological and biochemical characterization of the mutant phenotype
appearing spontaneously were the aim of the present work.

Material and method

Haploid green plants (abbreviated SH) and mutants (abbreviated SHM) of Nicotiana
sylvestris Speg. et Comes were grown under sterile conditions in 100 ml Erlenmeyer flasks con-
taining a modified culture medium (Kovacs, 1971). The cultures were transferred to fresh
media in every 3—4 weeks. The cultures were held in a climatic chamber “Mytron” at 24—
26 °C in continuous light.

Ploidy of the plants was checked by counting of chromosomes in mitoses. Since albino
mutants could not develop roots for this reason young leaves were used for cytological analysis.
The young leaves were pretreated with 0.05% colchicine solution for 2.5 hours and the mitoses
of acetocarmine stained leaflets were studied by light microscope (Szitagyi, 1975). An NFpK 2
microscope with an MF Zeiss camera was used to make microphotographs (magnification was
X1000).

It is completely clear that mutation directly or indirectly affected chloroplasts. Effect
of mutation was characterized by measuring the capacity of C02 assimilation and of chloro-
phyll content in leaves indicating the function of chloroplasts.

Study of isoenzymes and of electrophoretic separation of leaf soluble proteins provides
data that are in connection with the function of deficient chloroplasts and with requirements
making maintaince of albino mutants possible.

Chlorophyll content of leaves was measured by spectrophotometrically in ethyl ether
solutions after the extraction with aceton. In vivo assimilation of C02 was characterized by
the radioactivity of leaf discs incubated in atmosphere containing 1JC02 In vitro assimilation
was measured by 14C incorporation into organic bound in a solution containing leaf extract in
the presence of ribulose-1.5-diphosphate as substrate (Bjorkman, 1968, Nagy et ah, 1973).

Leaf extract of plants was submitted to polyacrylamide gel electrophoresis. The malate
dehydrogenases were separated on 6 per cent gel, the electrode buffer was tris-glycine at pH 8.3.
A current not exceeding 2 milliamps per tube was applied. Isoenzyme bands were stained in a
solution containing sodium malate, as substrate, NAD as coenzyme and PMS, NBT indicator
dyes at pH 8.0. In this system the RuDP carboxylase band was red and the malate dehydro-
genases developed violet colour (Mauer, 1971).
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Peroxidases were separated in 7.5 per cent gel under the same conditions described be-
fore. The staining solution consisted of o-dianisidine dissolved in ethanol and H20 2as substrate
in acetate buffer at pH 4.7 (Smitn et ah, 1970).

Isoelectric focusing of esterases was carried out in the presence of ampholine pH 3—9 at
300 volts. Time of separation was 4 hours. The bands were developed in a reaction mixture
containing a-naphthylacetic acid as a substrate and fast blue RR indicator dye in phosphate
buffer at pH 6.2.

Proteins were stained with 0.5 per cent of Coomassie blue in 20 per cent trichloroacetic
acid solution. The experiments were repeated three times using 3—4 parallels in each. In the
illustration one of the gels is shown.

Experimental results

The spontaneous albino mutants derived from green leaf cultures of
haploid N. sylvestris plants are propagated by serial passages. We have been
maintaining these albino mutants isolated in 1974 for 2 years. The mutants
maintained are stable and there are no changes in their phenotype. A green
and an albino mutant culture are shown in Fig. 1. Young leaves of the albino
mutants having pale green colour become white in continuous light.

The chromosome number of the plants studied was also determined.
It was shown that ploidy level in the albino mutants was more stable then in
the green plants (Table 1). Figures 2 and 3 show haploid and diploid cells.

Data of the table clearly indicate an increased diploidization of green
plants. Moreover 7 tetraploid cells were also found among them. On the other
hand, cells of the albino leaves kept the original haploid level by far the great-
est number and only a small proportion of plants was diploid.

On the basis of the facts above mentioned it is evident that there are
variations in ploidy level of both green and albino plants. For this reason in
the present comparative experiments only haploid samples of both green and
albino plants are used. Since the pigment deficiency suggests some disturbances
of chloroplast function of albino mutants, first, data connected with these
observations are presented. Chlorophyll content of young leaves of green and
albino plants were determined. Means of chlorophyll content and the ratios
of chlorophyll a to b are shown in Table 2.

In mutant leaves the amount of chlorophyll is only 10 per cent of normal
green plants. In continuous light the mutants become completely white.

Table 1

Chromosome number of green and albino Nicotiana sylvestris Speg. et Comes plants

Observed cell number
Plant material

n= 12 2n = 24 o 8
SH 20 247 7
SHM 403 84 —
Total 423 331 7 761
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Table 2

Chlorophyll content and ratio of chlorophyll a to b in green and albino Nicotiana
sylvestris Speg. et Comes plants

Plant terial Total chlorophyll nmole/g
ant materia fresh weight Chlorophyll a/b

SH 293 25
SHM 25 2.8

There is no significant difference between green and albino plants concerning
chlorophyll a/chlorophyll b ratio.

Table 3 illustrates the photosynthetic C02fixation and RuDP carboxyl-
ase activity. Determinations were performed with young leaves.

Figs 1—3. 1: Cultures of green — SH (right) and albino — SHM (left) Nicotiana sylvestris Speg.
et Comes. 2: A haploid cell of Nicotiana sylvestris Speg. et Comes (x 1000). 3: A diploid cell of
Nicotiana sylvestris Speg. et Comes (XIO0O0)
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Table 3

Photosynthetic CO,, assimilation in leaves of Nicotiana sylvestris Speg. et Comes
green and albino plants

Plant material RuDP ‘carboxylase nmole “;s;li%(i)laltﬁnoz
! C02/g fresh ight/h
g fresh weig our 105 cpm/cm2hour

SH 980 28.5
SHM 290

According to the data of the table the enzyme isolated from young leaves
of albino mutants can work under optimum conditions. In vivo this working
capacity of C02assimilation cannot be realized.

Results of electrophoretic experiments performed on leaves of haploid
plants grown conditions have described before are illustrated in Figs 4—6.
Nine malate dehydrogenase isoenzymes can be separated. In the reaction
mixture described the tenth band of 0.18 Rp value gives a red colour cor-
responding to the enzyme protein of the RuDP carboxylase. In accordance
with the above mentioned data this enzyme is inactive in the mutant plants.
Protein staining of this band of the mutant is more weaker than that of the
green plant. One isoenzyme of 0.26 Rp value of malate dehydrogenases is
absent from the mutant which confirms the protein patterns (Fig. 4).

Fig. 4. Protein (left) and malate dehydrogenase isoenzyme (right) patterns of leaf extracts
of green — SH and albino — SHM Nicotiana sylvestris Speg. et Comes
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Fig. 5. Peroxidase isoenzyme patterns of leaf extracts of green — SH and albino — SHM Nico-
liana sylvestris Speg. et Comes

Fig. 6. Separation of proteins (left) and esterase isoenzymes (right) by isoelectric focusing in
leaf extract of green — SH and albino — SHM Nicotiana sylvestris Speg. et Comes
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Six peroxidase isoenzymes can be visualized by o-dianisidine and H20 2
system. The mutant leaves have no band at Rp 0.43.

A strongly stayning band of Rp 0.43 is absent from the mutant leaves
and at the same time the bands at Rp 0.22 and 0.60 have higher colour intens-
ity (Fig. 5).

Ten isoenzyme hands were identified by isoelectric focusing. Differences
could only he detected in acidic pH range. In the mutant extract an intensive
band was found at pH 3.4. This hand was missing from extract of the green
leaves. The band at pH 5.7 was present in the mutants only. In leaf extracts
of the green plants an intensive band with high amount of protein having
isoelectric point at pH 5.0 was detected by staining the proteins. This hand
was not present in the albino mutants (Fig. 6).

Discussion

Spontaneous and induced chlorophyll deficient mutants are usually
used in genetical experiments. The different varieties of them are well known
in Angiospermae plants (Kirk, 1972, Gough, 1972, Travis et ah, 1975, Vagera
et ah, 1976).

The chlorophyll deficient and chloroplast defective characters of plants
can be brought about by genetic change either in genome or in plastome.
Interaction between an organellum and cell is complicated since protoplasm
of higher plants is extraordinarily complex and differentiated. Because of
complex influences the primary locality of a genetic change cannot be detected
by simple experimental approaches. In the present period of the authors’
experiments carried out on tobacco albino mutants data were obtained for
deep-rooted analysis of phenotype rather than for probable locality of the
genetic block. Mutagene treatment was not applied for this reason, the muta-
tion studied could be considered spontaneous. Due to pigment deficiency the
albino plants are lethal. They have no photosynthesis and ability to form roots.
Growth intensity of the mutant is lower than that of the green type. This
characteristic is similar to that of the albino mutants of Nicotiana tabacum
isolated by Schaeffer and Menser (1975).

The obligate requirement for indoleacetic acid of the mutant studied
agrees with their data, too. During our extensive investigation abnormalities
in chromosome morphology, breakages and unusual mitoses could not be
detected by cytological analysis. Stability of chromosome number in the
albino plants is remarkable. The diploidization observed in the normal type
is rather in agreement with the literary data (Szitagyi, 1975). To stabilize
the haploid level of cell cultures a para-fluorophenylalanine treatment is
recommended by Gupta and Carltson (1972). Stability of chromosome number
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of the albino mutant isolated in our laboratory may be in connection with the
reduced level of growth. During growth and development of plants it is well
known that the change of ploidy level occurs and only the developed stage is
characterized by stable chromosome counts. Since the albino types have
a reduced growth intensity, therefore the instability characterizing an inten-
sive growth period does not occur.

Deficiency of chloroplast functions is consequent upon the low chloro-
phyll content of the albino leaves and upon the disappearance of their pale
green colour in light. In albino leaves inactivity of RuDP carboxylase enzyme
of CO02fixation pathway, a characteristic protein of chloroplasts, was proved
by the authors’ experimental results. Measurable activity in vitro suggested
the presence of the enzyme protein in the young pale green leaves, however,
it could not function due to the absence of photoreactions in vivo. In the
monogenic recessive 4-carotene mutant of maize (Nagy, 1975) and in white
segments of the variegated probably plastom mutant Tradescantia albiflora
(Gyurjan et al., 1976) a similar functional disturbance was found. Reduced
amount of the RuDP carboxylase enzyme protein and absence of the activity
were proved by the data of electrophoretic observations.

RuDP carboxylase, a key enzyme of photosynthetic CO0, assimilation
is encoded in DNA of both nucleus and chloroplast (Kawashima and Wildman.
1972). Pathways of chlorophyll synthesis are completely coded by the nucleus
(Kirk, 1976, Wettstein et al., 1971). Mistake of the genetic code regulating
any above mentioned function results in similar phenotypic change. The
exact localization of the mutation requires cross-breeding experiments.

Isoenzyme studies of Nicotiana species have been extensively used for
the analysis of their phylogenetic relationships. All the characteristic izo-
enzymes of Nicotiana sylvestris (Smith, 1970, Sheen, 1971) were found in our
experiments, too though there were some differences in the experimental
circumstances. Composition of izoenzyme patterns depends on growth con-
ditions, components of media and on stages of ontogenesis. Though the muta-
tion observed is evidently lethal therefore, the maintenance of the albino
mutant leaves on nutrient media suggests metabolic pathways producing
enough energy for growth in spite of complete deficiency of the photosynthetic
CO02 fixing system.

The differences described between green and albino leaves refer equally
to genetic block and different metabolic pathways, too. The characteristic
data described can be applied as markers of the mutant in further experiments.
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The authors have attempted to make a numerical evaluation of similarities
and dissimilarities in morphological characters of four species of Gentiana [viz. G.
ciliata (1.), G. pneumonanthe (2.), G. cruciata (3.), G. asclepiadea (4.)] reported from
Hungary.

Forty-tree exomorphic characters, selected from different part of the plants,
have been tabulated in form of a polytomic key. Out of these, eight well-marked quanti-
tative characters have been tested by variance analysis.

The result of our study reveals that G. ciliata shows a very low degree of affinity
with the other three species of Gentiana. Thus, its exlusion from Gentiana appears to
be more probable. We, therefore, support Froelich (1796), Link (1921), Grisebach
(1839) and Tutin and Heywood (1973) in treating this species under Gentianella.

Introduction

Gentiana Linn., the type genus of the family Gentianaceae, owes its name

in honour of Gentius, a king of Illyrius (about 500 B. C.) who was supposed
to have discovered the medicinal properties of Gentiana root (G. lutea Linn.)
as a remedy for plauge (cf. Sen 1977). This name was proposed by Tourne-
fort (1700) and later published by Linnaeus in his Species Plantarum (1753).
Griesebach (1839) split it into two subgenera — Gentianella and Eugentiana.
Kusnezow (1896 —1906), in his monographic study of Eugentiana, followed
Griesebach (L c.) and enumerated the following distinguishing character-

istics:

Gentianella

[

nectar cells

3. Apical portion of the petals rounded or 3.

acute when petals 3 or 5

Kusnezow (L c.) emphasised that

Eugentiana

Folds absent between calyx and corolla 1. Folds always present
2. Basal portion of the corolla tube with 2.

Nectar cells absent at the base of the
corolla tube

The apical portion of petals always acute
with three veins

presence of the folds between the

calyx and corolla was the main character to separate Eugentiana from Gentia-
nella (Fig. 1). Further, in Eugentiana the stamens were fused at the base of
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Fig. 1. Reproductive parts of the four Gentiana species. Signs: ca = calyx; co = corolla;
f = fold; fr = fruit; n = nectar cells; st = stamen; sti = stigma; sty = style
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the petals and ovaries and fruits were stalked. On the other hand, the ovaries
and fruits of Gentianella were without stalk except the section Crossopetalum.
The family Gentianaceae has generally been divided into two families (Giig
1895) — the Gentianoideae and Menyanthoideae, which can be distinguished
by the following characters:

Gentianoideae Menyanthoideae
1. Terrestrial plant 1. Marshy or aquatic plant
2. Leaves opposite 2. Leaves alternate
3. Corolla involute or imbricate 3. Corolla induplicate-valvate

Don (1838), Britton (1897) and Wettstein (1935) are, however, of the
opinion that these two taxa should be elevated to the rank of independent
families, a view supported by the morphological and anatomical findings of
Lindsey (1938).

In the present investigation, the authors have attempted to make a
numerical evaluation of morphological characteristics of the Hungarian species
of Gentiana with a view to finding out the degree of their mutual relationship
i.e. similarités and dissimilarites between them, and to facilitate their easy
identification. We have been influenced by the views of Sokal and Sneath
(1963), Given (1969), McNeill, Parker and Heywood (1969) and Horanszky
(1969). It is interesting to quote Sokal and Sneath (L c.) that “The degree
of overall similarities of two or more organisms, represented by numerical
values will considerably help the traditional taxonomists” and that the
numerical taxonomy is “the numerical evaluation of the affinity or similarity
between taxonomic unit and the ordering of these units into taxa on the basis
of their affinités”. Dutta (1975) has also given a similar emphasis to numerical
evaluation of characters, that “the degree of overall similarity of two or more
organisms, represented by numerical values, will considerably help the tradi-
tional taxonomists who aim at creating a classification, and the modern
biosystematists who are trying to gain an understanding for the reasons lead-
ing to the similarities and dissimilarities between the taxa.

From Hungary, six species of Gentiana were originally reported, viz.
G. ciliata L., G. asclepiadea L., G. pneumonanthe L., G. cruciata L., G. livonica
(Ledeb.) Eschh., G. austriaca A. and J. Kern. (So6-Javorka, 1951). So6 (1966)
following Kusnezow (1. ¢.) has treated the four species under the genus Gentiana
(G. ciliata L., G. pneumonanthe L., G. cruciata L., G. asclepiadea L.) and has
shifted other two species under the genus Gentianella (G. livonica (Lebed.
So00, G. austriaca A. et J. Kern.) Dost. 1954 (cf. So6 1966), Tutin and Heywood
in Flora Europaea (1972) have treated G. ciliata L. under the genus Gentianella.
They have based their opinion on the data supplied by H. MerxmUller.
Rechinger (1966), however, did not treat G. ciliata L. under Gentianella.
The present study has been carried out on four species, namely G. ciliata L.,
G. pneumonanthe L., G. cruciata L., G. asclepiadea L., following So6 (1966),
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with a view to ascertaining the systematic position of G. ciliata L. on the
hasis of numerical evaluation of morphological characteristics and to illustrate
the relationship among the species.

Material and methods

All our observations are based only on the dried herbarium specimens of Herbarium
Budapest (H. B.). Forty-three exomorphic characters were selected from a herbarium specimen
of each species and studied critically. This process was repeated fifteen times on fifteen different
specimens of each species in developmental stadium and phenophases like 23, 31, 32 and 42
(Szujko-Lacza and Fekete, 1973). Numbers 24, 31, 32 and 42 here represent the different
developmental stadium of the same plant, viz. leaf growth termination, shoot with flower bud,
beginning of flowering and start of denudation of shoot and leaves, respectively. The repetition
of the same developmental stadium was found to be high because we could study only the
herbarium specimens collected by different collectors at different times from different locali-
ties. The exomorphic characters studied have been enumerated in the Table 1in form of a poly-
tomic key, giving different numbers to different characters. The similarities and dissimilarities
of characters have been expressed in form of two states in column 5 following Sokal and
Sneath (1963). The characters which show similarities and dissimilarities among the species
have been coded by the expression 1 and 0, similar and dissimilar, respectively, while those
differing in every species by the expression 2. In some cases the quantitative characters are
quite variable in the same species. No coding has been done in such cases and the values
have been taken as such.

Further, the qualitative character differences like 20 have not been considered numerical-
ly. The total and percentage of similarities of different species combinations have been tabul-
ated in Table 2. Table 3 shows the total and percentage of dissimilar characters in each species.

Out of forty-three exomorphic characters, eight marked quantitative characters have
been selected for variance analysis following Svab (1967). We selected the leaves for measure-
ment from the middle portion of the plants where all the characters appear to be more promi-
nent (Zalensky 1904; more exactly Szujké-Lacza 1974). In case of length we measured from
petiole to apex and in breadth widest portion inthe middle. The length—width ratios are given
in Table 1 after Hickey (1972).

Results and discussion

At first, we represent the result in the polytomic key of the four Gentiana
species and the basic data for discussion.

Fig. 2. The exomorphic

character and length/

width ratio of the leaves

of Gentianella ciliata,

G asclepiadea Gentiana pneumonanthe,
31 G. cruciata,G. asclepiadea
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Fig. 3. Similar morphological characters
in different combination of species

Fig. 4. Number of dissimilar exomorphic
and quantitative characters for each
species
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Characters

Primary root

Rhizome

Stem divided by internodes
Number of stem

Height of stem

Length of the branches

Shoot erect or prostrate

Shape of stem lineolate or
cylindrical

Hairy or naked

Phyllotaxy opposite cuneate
or opposite decussate

Sessile or petiolate

Symmetrical or asymmetrical

Shape of leaves

Length—width ratio

Leaves hairy or naked

Leaf apex acute of acuminate

Leaf base truncate or obtuse

Margine ofleaves entire or not

Number of veins with
midrib

Inflorescences terminal cym-
es or terminal -f- axillary
both

No. of flowers originated in
each internode

Flowers pedicillate or sessile

Table 1

Polytomic key for four Gentiana species

1 C. ciliata
|
0
|
3—13, some-
time un-
branched
measured
measured
1
0
1
0
0
|
narrow lanceo-
late —lanceo-
late
9:1
1
1
1
1
3
1
1
1

2. G. pneumonanthe

6-9

measured
measured
1

0
0

0
0

ovate-nlarrow

lanceolate —
lanceolate
6:15
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3. G. cruciala

~N —O

3-

measured
measured
1

1

«

0
0
1
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late or oblong

G. asclepiadea

measured
measured
1

0

1
1
1
wide lanceolate
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No. of
character

23

24
25
26

27

28

29
30

31
32

sdumber and name of species

Characters

Length of pedicels

Length of the calyx tube
Number of sepals
Sepals linear or curvilinear

Sepals glabrous or pubescent

Shape of corolla funnel or
tubular

Length of corolla tube

Folds between petals present
or absent

Petals pubescent or glabrous

Colour of flower

Number of stamens
Epipetalous or free
Filaments flattened or linear
Length of the filaments

Anthera oblong or other
types

Length of gynoecium

Style short or absent

Stigma bilobed or other
types

Fruit stalked or sessile

Shape of capsule oblong or
other types

Shape of seeds

1. C. ciliata
1—15cm
measured
4
curvilinear
1
1
measured
0
1
blue
4
1
1
measured
1
measured
measured
1
1
1
oblong with
narrow and
acute apex

Table 1 (eont.)

2. C. pneumunanthe

0.3—0.4 cm
measured
5

narrowlinear

1

0
measured

1

0
blue with
greenish lines

5

1

1
measured

1
measured
measured

1
1

1
ovate narrow
obtuse apex
and not
winged

3. G. cruciate

sessile

measured
4
linear (two
short and two

long)
1

0
measured

measured

1
measured
measured

1
0

1
ovate with
narrow apex
and not
winged

4. G. asclepiadea

sessile or sub-
sessile
measured
5
linear and
unequal

1

0
measured

1
0
blue with red-
dish purple
spots in side
5
1
1
measured

1
measured
measured

1

1
globose with
obtuse apex
and winged

Sign of differences

5 4
2 2
! 1
0 0
1 1
0 0
2 1
5 4
1 1
1 1
! 1
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Table 2

Similar morphological character in different combination of species
(number of characters like Table 1)

. Total number
Number of species £ simil
in combination Character number of similar %
characters in

each combination

1, 2, 3 4 3, 7, 12, 18, 27, 34, 35, 37, 40, 41 10 16.9

1, 2, 3 10, 11, 16 3 5.0

2,3 4 1, 2, 9, 15, 20, 30, 31 7 11.8

1, 2, 4 41 1 1.6

1, 2 17, 22 2 3.3

1, 3 25, 33 2 3.3

2, 4 25, 33 2 3.3
Table 3

Dissimilar exomorphic characters for each species

Species number Character numbers (like Table 1) Total %

i 1, 2,9, 13, 14, 15, 20, 21, 26, 28, 30, 31,43 13 22.0

2 13, 14, 26, 28, 32. 43 6 10.1

3 4,8, 13, 14, 26, 43 6 10.1

4 10, 11, 13, 14, 16, 26, 43 7 11.8
Table 4

Number of identical exomorphic characters
in different combination of species

Species number Total number of common
in combination or similar characters

1, 2 16
1, 3 15
1, 4 11
2, 3 20
2, 4 19
3, 4 17
1, 2, 3 13
1, 2 4 11
1, 3 4 10
2,3 4 17
1, 2 3 4 10
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One of the best character among the four species the length/width ratio
of the leaves (Fig. 2) on the middle position of steam.

According to Fig. 3 and 4 the larger part of the similar characters origin-
ated from the 2nd, 3d and 4th species and the 1st gives the highest number
of dissimilarities.

According to Table 2, 3 and 4, characters common among four species:
3,7, 12, 18, 27, 35, 37, 40, 42. The number of similar characters is very high.
So they indicate not only the similarities among the four species but probably
also some generic characters.

Characters common among G. pneumonanthe, G. cruciata and G. asclepia-
dea: 1, 2, 9, 15, 20, 21, 28, 30, 31.

Character common among G. ciliata, G. cruciata, G. asclepiadea : 32

Character common among G. ciliata, G. pneumonanthe, G. asclepiadea : 42

Characterscommon amongG. ciliata, G.pneumonanthe,G. cruciata : 10,11,16

Individual characteristics of G. ciliata: 1, 2, 15, 20, 21, 28, 30, 31

Characteristic features of G. cruciata: 4, 8

Individual characteristics of G. asclepiadea 10, 11, 16

Character number 13 and 14 are appropriate for the separation of these
four species when taken together, whereas character number 26 and 42 are
suitable for differentiation of these species individually.

From Table 2 and 4 we can conclude that many morphological characters
of species 2, 3, 4 are similar and therefore they come very near to each other.
G. ciliata differs from other three species in 13 characters.

Tables 16, 19 show maximum S.Ds. in character number 29 and 36. The
next in descending order are the character numbers 6 and 24. The next comes
character number 5. The character number 38 shows the minimum S.Ds.,
while no S.Ds. in found in 4 and 23.

Table 5

Heigth of stem in mm

Specimens
2 3 4 5 6 7 8 9 10 n 12 13 14 15  Average

No. of species

I 180 174 90 160 142 95 100 113 130 200 152 270 300 295 160 171
2 200 260 100 600 580 320 420 452 284 601 550 480 380 250 212 379
3 340 140 130 345 217 295 180 520 255 302 235 240 210 190 175 252
4 625 440 580 730 700 750 615 600 623 400 454 550 520 480 701 585
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Table 6

Analysis of variance of the data

Source of variability SQ FG MQ
Treatment = species 1464 502 3 488 167
Residual 609 099 56 10 877 F = 44 806
Total 2 073 601 59
Table 7

Averages (in the diagonal),
their differences (in the right upper half of the matrix),
levels of significance according to species

Species 1 2 3 4
| 171 208 81 414
2 379 127 206
3 252 333
* *
4 585

Significance levels: * P = 53; ** P = 1%; *** P = 0.1%

Table 8

Length of the branches in mm

Specimens
2 3 4 6 7 8 9 10 1 12 13 : 14 15  Average
No. of species
1 62 31 20 25 28 52 130 100 12 60 32 18 921110 80 56.8
2 200 210 150 102 98 450 552 600 270 292 150 100 5101280 92 270.4
3 232 520 150 85 305 420 520 302 210 190;340 255 175 :140 180 268.3
4 600 440 730 580 700 613 600 400 454 550 750 730 4551520 480 573.5
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Table 9

Analysis of variance of the data

Source of variability SQ FG MQ
Treatment = species 2 033 582 3 677 860
Residual 855 207 56 15 272
Total 2 888 789 59 F = 443
Table 10

Averages (in the diagonal),
their differences (in the right upper side of matrix)v
levels of significance according to species

Species 1 2 3 4
| 56.8 213.6 30 516.7
2 270.4 243.6 303.1
3 26.8 546.7
4 * * * 573.5
Table 11

Length of the calyx tube in mm

Specimens
2 3 4 5 6 7 8 9 0 1 12 13 14 15 Average

No. Of species

| 20 18 25 16 19 20 17 24 21 16 18 20 21 18 26 19.9

18 22 17 25 22 28 24 18 21 17 18 20 22 23 24 212
10 6 8 1 7 8 8 7 10 7 1 8 9 7 8.3
20 18 22 21 23 21 18 17 19 17 20 22 18 17 22 19.7

A ow N
~

Table 12

Analysis of variance of the data

Source of variability SQ FG MQ
Treatment = species 1648 3 549
Residual 278 56 5 F = 509
Total 2026 59

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



240 SZUJKO-LACZA, J.-SEN, S.

Table 13

Average (in the diagonal),
their differences (in the right upper side of matrix),
levels of significance according to species

Species 1 2 3 4
| 19.9 1.3 11.6 0.2
2 21.2 12.9 15
*k *x
3 8.3 11.4
4 = 19.7
Table 14

Length of the corolla tube in mm

Specimens
2 3 4 5 6 7 8 9 10 1 12
No. of species
| 52 48 52 47 50 28 53 48 47 38 51 49
2 42 46 41 42 38 43 41 42 41 43 42 40
3 19 25 25 26 24 22 25 23 25 28 28 21
4 41 42 38 37 42 43 42 38 39 40 41 38
Table 15
Analysis of variance of the data
Source of variability SQ FG MQ
Treatment = species 4515 3 1505
Residual 915 56 5
Total 5430 59
Table 16

Average (in the diagonal),
their differences (in the right side of matrix),
levels of significance according to species

Species

~ w N

Acta Botanica Academiae Scientiarum

Hungaricae

2 3
5.2 23.2
41.8 18.0
23.8
*
23, 1977

7.0
1.8
16.2
40.0

13

38
41
19
42

14 15
48 56
42 43
25 24
40 37
F r= 301

Average

47.0
41.8
23.8
40.0
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18

24

8

18

17
0 27

9

17

Treatment =

Residual

Total

Specimens

No. of species

~ wN

20
27
19
32

24
34
15
31

16
26

18

species

Species

18
32
22
28

A w N

18
28

16

Sources of variability

21
30
18
34

Table 17

Length of the filament in mm

116
i24
11
18

7 8 9
17 18 17 20
28 30 25 26
9 8 8 7
17 20 18 19
Table 18

10 n 12
16 17 18
28 25 26

8 10 8

18 17 18

Analysis of variance of the data

SQ FG
2638 3
156 56
2794 59
Table 19

MQ

879

Average (in the diagonal),

17

Fk

10.1
27.1

Table 20

Length of the gynoecium

20
28
23
28

22 17 21 18
31 27 31 32
24 25 19 22
32 30 31 29

their differences (in the right upper side of matrix),
levels of significance according to species

3 4
8.6 0.8
18.7 9.3
8.4 9.4
> 17.8
in mm
0 1
17 21 16
29 28 29
21 23 20
32 31 28

13

15
31

9
16

13

16
31
19
29

F

14

16
27

7
20

14

18
29
20
31

293

22
28
22
29

241

Average

17.0
27.1

7.4
17.8

Average

19.4
29.7
20.6
30.4

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



242 SZUJKO-LACZA, J.—SEN, S.

Table 21

Analysis of variance of the data

Source of variability SQ FG MQ
Treatment = species 1534 3 511
Residual 1205 56 22 F = 232
Total 2739 59
Table 22

Average (in the diagonal),
their differences (in the right upper side of the matrix),
levels of significance according to species

Species . 2 3 4
| 19.4 10.3 1.2 11.0
2 29.7 9.1 0.7
3 20.6 9.8
*
4 30.4
Table 23

The number of S.Ds. (significant differences) in eight characters
at different probability levels according to character number

Character p

number pi<, p01°0

4 0 0 0 0

2 0 0 2

3 0 0 3

23 0 0 0 0
24 0 3 0 3
29 2 1 1 .
36 1 3 0 4
38 1 0 0 1

z o 7 1 zz= 17
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Table 24
Distribution of S.Ds. per quantitative morphological character (a)
in each species (b). Symbol: I = sum of row
Table 25

Number of S.Ds. per species pair regardless of the nature
of quantitative morphological character

Symbols: I = sum of row; Il = number of S.Ds. (humber of observations
in percentage); Il = sum of row and column
b
. 3 4 | " 11
b
1 0 0 0 0 0 0 10
2 2 0 0 0 2 2.0 4
3 3 1 0 0 4 4.1 9
4 5 1 5 0 11 114 u
X 10 2 5 0 LL= 17 17.5 34
Table 26

Number of dissimilar exomorphic
and quantitative characters for each species

Dissimilar
No. of
Species exomorphic quantitative Total
characters characters
I 13 10 23
2 2 8
3 5 1
4 7 n 18
v 32 28 ZZ = 60
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The Table 24 shows relative differencesin quantitative characters between
the species. The gradual increase of S.Ds. from 1st to 4th indicates the distance
of dissimilarity between them.

The four species show dissimilarities from each other in eight characters.
The total values of S.Ds. istherefore 96. The column |1 of the Table 25 indicates
that the maximum values of S.Ds. is reached in Gentiana asclepiadea because
this species differs from all other species in eleven characters.

Maximum dissimilarities are found in the 1st species, and the next in
descending order is the species number four. On the other hand, the 2nd and
3rd species are very near to each other (Table 26).

Conclusion

Ten characters have been found to be common to all the four species,
while seven to species No. 2,3 and 4 (Table 2). Percentage of similarities indi-
cate that G. pneumonanthe, G. cruciata and G. asclepiadea show a high degree
of affinity among each other, whereas G. ciliata stands out by its individual
characteristics. Character number 13 and 14 are appropriate for the separation
of these species when taken together, whereas character number 26 and 42
are suitable for differentiation of these species individually (Table 3).

Of the eight quantitative characters selected for variance analysis,
three characters, viz. number 4, 5, and 6 are vegetative and five are reproduc-
tive, namely number 23, 24, 29, 39 and 38.

The sum of the significant differences of vegetative characters has been
found to be 5, while that of reproductive characters is 12. Maximum significant
differences are noticed in character number 29 and 36 (Table 24). The next
in descending order are the character number 24, 5 and 38; the character,
number 4 and 23 showing no significant differences. Again, we find that,
while the species G. pneumonanthe, G. cruciata and G. asclepiadea show close
resemblances, G. ciliata differs from other species in 10 quantitative and 13 qua-
litative characters (Table 23).

The result of our study reveals that G. ciliata shows a very low degree
of affinity with the other three species of Gentiana. The same species differs
from rest of the three species by more then half (23 characters) of the investig-
ated characters. Thus, its exclusion from Gentiana appears to be more probable.
We, therefore, support Froetich (1796), Link (1821), Grisebach (1839) and
Tutin and Heywood (1973) in treating this species under Gentianella.
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In the second part of this study the author furnish the results of the morpho-
logical investigations of vine seeds. First of all, on the basis of the sculptural character-
istics and habitus of V. sylvestris seeds, classes of characters are set up. The V. sylvestris
seed is analysed on the basis of the seeds of 1- and 2-seeded berries. The V. sylvestris
seed is mostly globular: the seed beak is short and conical; the base of the seed is
broad, cuneate; the dorsal side is of sharp contour; the chalasa scute is broad-oviform,
drop shaped or round; the fosette (of the ventral side) are slightly furcate (or ofV shape)
or of a parallel course.

The seed weight of the Hungarian types of V. sylvestris is between 2.19 and 3.34 gr
as against that of V. vinifera, which is also grown in Hungary, (cv. Koévidinka, cv.
Kadarka, cv. Kékfrankos etc.), having their seed weight between 1.79 and 2.87 gr.

The seed number per berry of V. sylvestris plants (on an average of 17 samples)
is 1.70. The seed average per berry of the V. vinifera variety is higher (2.09). According
to the regression examination of the berry volume, in the V. riparia sample examined,
the increase in seed number per berry and the berry volume are correlated only in the
case of two-seeded berries. In V. sylvestris, in general, several seeds organize themselves
in greater berries.

The qualitative characteristics of the seed

I have virtually grouped morphological characteristics here that cannot
be analysed by linear and weight measurements, and on the basis of this
I examined and described the seed samples obtained from nine habitats. These
diagnostic characters may also be called macroscopic features (since the seeds
are small, I have made the analysis by means of a stereomicroscope).

(1) Shape and general outline of the seed. Valuable data were have
been already obtained by the synthesis of the linear measures, related to
regarding the shape of the seed. On the basis of my own results obtained there,
and those of other published works literary data, | have proposed a grouping
scheme for a better survey:

The shape groups of the seeds are as follows:

(A) Rotundate seed group (s. rotundati): For example, (1) semen cor-
datus, (2) s. rotundatus, (3) s. turbinatus, (4) s. quadrangularis, (5) s. quinquan-
gularis, etc. Majority of our V. sylvestris plants according to their seed shape
(71%), in the s. rotundati group. For example, plants No 1, and 15 have rotun-
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Fig. 16. More important shape characters of V. sylvestris and V. riparia seeds. Dorsal side:
a—h chalaza scutate and seed shape habituses; a—d V. sylvestris, e—h V. riparia (drawing
by 1. Kiss)

date seeds; plants No 2, 5, 6 and have quandrangular seeds; [liants No 6, 16
and 21 have quinquanguldr seeds.

(B) Slender, elongate seed group (s. elongati); here belong plants No. 10
and 23 (s. obovatus), and 19 (s. ellipticus), etc.

(2) The apex of the seed (apex seminis) is mostly clearly but shallously
incised in the middle. Its two lobes are slightly rounded. The base of the seed
(basis s.) is characteristic, being usually widely cuneate; it forms the coniform
seed rostrum (rostrum s.), which is characteristic of the majority of the speci-
mens. Only a few of the plants have a cylindrical (necked) rostrum; it is usually
moderately thick and thin rostrum is rare. The surface of the rostrum is often
rugose. The location of the furrows also depends on the radial striation running
downwards from the base. The rostrum is mostly cylindrical in cross-section,
its apex is shallowly bilobate; in 20% of the specimens clavate; in more than
half of the specimens straight, in a few cases (see plants 10 and 24) it definitely
curves ventrally.

(3) The shape of the seed in a side view mainly depends variation of the
dorsal part, and to less extent on that of the ventral. In the case of one-seeded
berries, also the ventral side influences the profile of the seed. With regard
to the lateral view, weeds of the following forms can be distinguished:
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Fig. 17. Ventral side: a—h types of fosettes; a furcate, b turning outwards, bracketed, c and d
hook-shaped, e parallel, f and g branching off, h turning inwards, bracketed (drawing by
1. Kiss)

(1) ovate,
(2) guttiform,
(3) spider-backed,

(a) flat spider-backed, etc.
(4) arcuate beetle backed,

(a) flat beetle-backed, etc.
(5) straight of flat-bodied
(6) bent or crescent-shaped.

In V. sylvestris, the general shape profiles are: in one-seeded berries the
seed is ovate, in two-seeded berries it is flat beetle-backed and flat spider-backed
in V. riparia: it is the arcuate or beetle-backed seed. The characteristic
spider-backed type occurs in one-third of the specimens. In a lesser quantity
the so-called straight (flat)-bodied seeds are also represented.

(4) The seeds of V. sylvestris specimens examined are yellowish-brown
or chocolate-brown in colour. The mature seeds gradually become rust-coloured.
The seeds remaining in the dry berry shell preserve their original colour for
a longer time. The seeds of V. sylvestris are more or less glossy whereas those
of V. riparia seeds are violet brown and rather dull.

(5) The other characteristic of V. sylvestris is the accentuation or sharpness
of the seed sculpture a general feature in the material examined. By examining
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Fig. 17a. 1 Grape seed profiles: a—c V. sylvestris, a and c flattened, spider-backed, d V. ripa-
ria, ribbed. 2 Chalaza sections, a convex, b convex, recessed c—e concave types (drawing by
. Kiss)

the dorsal side, it could be established that both the dorsal canal (canalis dor-
salis) and the chalaza distinctly appear to he of a definite form. The radial
striae of the scutum of the chalaza are developed in all directions in 50%
of the material; in the seeds of a few plants they are characteristic only on the
two sides of the dorsal canal. The dorsal canal (running from chalaza to rostrum)
generally does not have any side protuberance (gibba bazalis) either in V.
sylvestris or V. riparia. Only rarely it occurs in sylvestris, primarily in the
case of one seeded berries, among our plants, No. 2 has a characteristic
side protuberance (Table 3).

(6) A feature regularly in the characterization of V. sylvestris
shape of the ehalazal scutum. Contrary to the published data, the so-called
completely rotundate ehalazal scutum was not frequent, it occured only in
four specimens. The widely-ovate (guttiform) scutum appeared with a higher
frequency.

The ehalazal scutum is distinctively deliminited from the sides of the
body, by a small horseshoe-shaped or circumambient canal. Its cross-section
is usually convex, in a smaller percentage concave. In the latter case a narrow
ridge runs around the edge of the canal. In a greater number of specimens,
the chalaza scutum was alignhed with the surrounding seed surface or it was
slightly elevated.
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Fig. 18/1

Fig. 18/2

Fig. 18/3

Fig. 18. Wild-growing V. sylvestris and V. riparia seeds, from dorsal and ventral view, in a

comparison with the V. vinifera L. cultivars grown in Hungary. V. sylvestris: 1 Szentldrinc,

2 Simonfa No. 51, 3 Csoszpuszta No. 9, 4 Csoszpuszta No. 10, 5 Haros No. 2, 6 Begov H. YU ;

V. riparia: 7 Haros No. 11/10, 8 Papsziget 9 Haros, No. XV-A; V. vinifera: 10 cv. Furmint,
11 cv. Harslevell, 12 cv. Red tramini
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Fig. 18/4

Fig. 18/5

Fig. 18/6
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Fig. 18/6

Fig. 18/7

Fig. 18/7
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Fig. 18/8

Fig. 18/9

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



CARPOLOGICAL EXAMINATION OF WILD-GROWING VINE SPECIES OF HUNGARY. II. 255

Fig. 18/12



256 TERPO, A

) Similarly noticeable features for classification can be found on the
ventral side of the seed. The most significant among them are the fosettes
(fossae s.); their systematization improves the description of the seeds to a
great extent, and thus are useful in taxonomic works. The decurrence of the
fosettes are also to be considered i.e.: (a) forked fV-shaped), (b) parallel,
(c) semicircular (bracketed) turning towards the direction of the raphe. Their
shape is simple, straightly canaliculate, shallowly trough-shaped, or branching
into lateral furrows. There also occured uncinate and J or L-shaped wdth
a fosettes short basal section; these latter are frequent in V. sylvestris.

The decurrence of the furrows is overwhelmingly furcate (60—70%)
though parallel furrows are also frequent; here and there bracketed ventral
forrows were also found in V. sylvestris and riparia. In the seeds of the latter
species the ventral furrow is furcate.

The termination of the fosettes can also be characteristic. In our material
they usually ended us in the upper third of the body, abruptly or indistinctly
(that is, they reached two-thirds of the body). Downwards, they run out in
indefinite form onto the rostrum of along the rostrum to the margin of the
seed; more rarely, with a definite (pronounced) ending. It should be noted that,
in general unfurcate fosettes or those having only insignificant side branches
are frequent. The seeds from “Cs6szpuszta” (No. 11) had pronounced furcate
(lobate) ventral fosettes. The furrow may be shallow or deep or indistinct.
The ventral fosettes of both the sylvestris and the riparia plants are usually
deeper, with sharp, definite outlines.

Summarizing the qualitative characters of the examined V. sylvestris
stand — in the description of which | have primarily taken into consideration
the one-seed and two-seeded berries — it can be stated that the seeds are
mostly rotund, their rostrum is short and coniform, their apex with a shallow
but wide incision; the end of the apical lobes is straight their angles are slightly
rounded. The base of the seed is usually widely cuneate (sloped). The peak ofthe
rostrum is slightly bilobate only rarely incrassate (clavate); the rostrum is
straight, rarely arcuate. The shape profile ofthe seed is mostly flattened spider-
backed orflatly beetle-backed. The dorsal side shows a sharp profile; the chalazal
scutum is rounded or more frequently widely ovate, guttiform, the canalis
dorsalis is conspicuous, the basal protuberance (gibba b.) is rarely developed.
The fosettes of the ventral side are mostly furcate (V) or parallel, straightly
canaliculate (fossae canaliculatae), uncinate or J- or L-shaped on rarely pro-
nounced and ramifying. The fosettes usually reach two-thirds of the body.
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The weight of the seeds

Only a few published data on the weight of the seeds of wild grapes are
available. Goethe (1881) emphasizes that the diagnostic character of weight
is extremely constant in the species; it is between 1.4 and 5.8 g in both the
European and the American species. Potebnja (1911) distinguishes 3 groups
of cultivated grapes on the basis of weights: light-weight up to 3 g, medium-
weight between 3—4 g, and heavy weight above 4 g, on the basis of the average
weight of 100 seeds.

Kirchheimer (1955) published interesting data on the seed weight of
V. sylvestris: the average weightof the seedsof Upper Rhine plants are 2.54,
2.52, 2.13 g; that of the Danube-bank plants of Upper Austria is 2.53 g,
per habitat.

The average weight of the seed specimens of some of the habitats is as
follows:

V. sylvestris V. vinifera (after Facsar)
g g
10. Cs@szpuszta No. 10 2.190 Kovidinka 1.792
— Cs6szpuszta No. 3 2.568 Kadarka 2.584
20. Feketeerd6 No. 4 3 345 Kékfrankos 2.871
23. Hé&ros No. 2 2.826 Medoc noir 2.140
V. riparia Stock-vines

10. Haros No. 3/75 1.862 1616 C. 2.039
- Haros H—11/10.17 1.132 T-K 588 2.047
— Csongrad No. 5a 1.405

— Mindszent No. 8/75 1.742

It is remarkable that the tiny seeds of V. riparia also show a relatively
great variability. V. sylvestris specimens Nos 20 and 23, from areas along the
Danube, are of varying weights and they are rather heavier in comparison to
the data published by Kirchneimer. In all specimens, the seeds originating
from four-seeded berries were always lighter than those from one-seeded or
even from three-seeded berries.

The number of seeds per berry

Seed production is considered among the essential characteristics of the
wild vine species, as in the case of basic species from two viewpoints. One
should like to know to what extent the seed number per berry is a typical,
constant diagnostic characteristic of the various species. Is there any differ-
ence between the populations of the species living in different conditions.
Further what role is played by seed production in the survival of the species
and in eventual tendencies to increase the habitat. Both species discussed
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Plate VI. The last pistillate V. sylvestris plant of the Island of Héaros (alongside the Danube
(painted by Mrs Lexa)
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in this paper investigated this enquiry; V. sylvestris because it is becoming
extinct, and V. riparia because it attracted attention by extending its range.

Kirchheimer (1955) examined V. sylvestris materials originating from
areas similar to the habitats of our wild vines. According to his data, the seed
number per berry of V. sylvestris inhabiting groves along the Danube in Lower
Austria is as follows:

Habitats and berry number

Seed number Stadt (400) Eckartsau (900)
% %
i 44.0 42.6
2 21.5 32.0
3 22.0 18.3
4 11.5 6.3
5 1.0 0.6
6 — 0.2

The author obtained similar seed ratios in the Upper Rhine habitats
used for comparison. For example, 63% of the material collected from the
island in the Rhine at Ketsch consisted of 1- and 2-seeded berries; only 25%
of it was 3-seeded. He examined materials of a similar distribution near
Germersheim (1- and 2-seeded 68%, 3-seeded 15%). In the material near
Speyer (Otterstadt), 80% of the berries was 1- and 2-seeded, only 9% of them
contained 3 seeds.

I have compiled tables of the seed production of the wild-growing vines
of Hungary (Tables 7, 8). It appears from both tables that there are con-
siderable differences between the two species concerning seed number per
berry of the specimens, either between the two species or within the two species
themselves. In addition, differences occur within the stands of the various
habitats. Comparing Kirchheimer’s and our data, obtained from the plants
along the banks of the Danube, the percentage of seed production per berry
shows a surprising picture, meaning almost a coincidence of data. In the case
of specimen No. 13 (Feketeerdd, No. 4, near Mosonmagyardvar), the percent-
age ratio of the 1- and 2-seeded berries is 86%, in specimen No. 14 it is 65%,
in specimen No. 15 it is 70%.

It is worth while to compare the specimens 15 and 16, since the plant is
the same, the only difference being that the material of No. 16 was collected
in 1969, while that of No. 15 in 1975. The difference is not substantial: for
example, the number of 1-seeded berries is 45 and 44%, that of the two-
seeded berries is 25 and 32%, that of the 3-seeded berries is 18 and 16%.
Considering the average of the 17 specimens (1.705), I think that these seed
productions are relatively very good.
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Seed number per berry in V. sylvestris specimens obtained in Hungary and from abroad — Bulgaria (BG), Roumania (R)

Kesztolc INo. 4

No. 14

No. 36/74

No. 50
Szendehely I11.
Szendehely XI.
Cs6szpuszta

No. 3/75

No. 9/75
Botykapeterd

No. 1/68
Simonfa No. 1

No. 51

No. 53/24
Feketeerdd

No. 4

Papsziget No. 1
Héros No. H-S2/

Haros No. 11-S2/

Haros No. 100

2:

o

BG KAM. No. 1
R Toplet No. 5
YU MAC Vinica
No. 2
YU MAC Blatec
No. 4
YU B Zenica VI.
YU-B Doboj IV.

\%

96

1-seeded berry

n

33
41

535
15
1
39

110
91

170

180
402

1676
53.00

31
75

547

374
340
258

1625
61.09

%

36.0
70.0
40.8
40.0
52.0
20.0

33.0
58.6

53.5
60.0
44.0
21.4

57.0
54.5

45.3

44.0
80.5

57.0
62.0

65.0
40.0
75.0

2-seeded berry

94

132
91

904
28.50

37
240
84
385
67

825
31.01

0

20.0
30.0
44.4
60.0
20.0
60.0

43.0
31.4

29.5
24.0
36.0
40.7

29.0
215

25.0

32.3
18.0

22.0
31.0

29.1
30.0

45.0
20.0

Tabic 7

and Yugoslavia (YU)

3-seeded berry

n

138

53

27

70

69

441
14.00

34

111
15

185
6.95

%
24.0
148
210
20.0

14.0
10.0

13.8
16.0
16.0
29.1

14.0
17.4

18.7

16.8
1.0

14.0
7.0

41

5.0
13.0

4-seeded berry

n

40

28

141
4.45

15

25
0.93

%

10.7

6.8
0.5

5.0

0.2

0.7

1.0

5-seeded berry

n

%

6-sceded berry

n

%

Average

2.32
1.30
1.74
1.60
1.40
2.00

2.02
1.51

1.67
1.56
1.80
2.25

1.56
1.77

1.95

1.86
1.21

1.70

1.68
1.50

100
70

1000
25
25

182

193
167

375

409
500

3168
54
120
823
468
851
344
2660

09¢
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17.

19.

20.
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Table 8

Seed number per berry of V. riparia plants growing wild along the rivers Danube, Tisza and Bodrog

Danube

Haros R2
R5
117

No.
No.
No.
No.
No.
No.
No.

No

21/68
22/68
23/68
24/68
25/68
26/68
3/75

11/75

K.\VI75
HA-105
HA-104

Tisza

Toserdo No. K2

Mindszent

No.
No.
No.

6/75
8/75
10/75

Csongrad 111/75

Bodrog

Bodrogkeresztur

No.
No.

\%

%

7
9

1-seeded berry

n

41

148
28

35
215

3265
35.61

%

13.0

41.0
10.0
69.1
21.9

63
26.6

2-seeded berry

n

42
39

52

228
398

3628
39.57

%

36.7
29.4
43.2
38.1

47.0
46.8
29.4
26.3
31.0
44.0
47.9
41.5
41.4

32.0

42.0
39.0

40.6

40.7
49.2

3-seeded berry

n

201
167

1696
18.49

%

12.5

15.2
18.9
145
11.6
12.2

40.5
25.0
20.0
16.6
13.5
17.2

37.0

12.0
37.0

32,0

35.9
20.7

4-seeded berry

n

96

567
6.18

%

5-seeded berry

N

11
0.11

1.0

0.5
1.6

6-seeded berry

n

0.01

%

Average

261

1.81
2.55
1.37
2.22

2.63
201

1.956

100

100
100
214
128

560
808

9168
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Table 9
Seed number by berry of the general V. vinifera cultivars growing in Hungary

1-seeded berry 2-seeded berry 3-seeded berry 4-seeded berry

Average
n % n % n % n %

1 Koévidinka 1972 51 10 129 26 187 37 133 27 2.80 500
2. Olaszrizling 1972 81 16 230 46 145 29 44 9 230 500
3. Radarka 1972 163 33 231 46 90 18 16 3 191 500
4. Kékfrankos 1972 280 56 165 33 45 9 10 2 1.57 500
5. Rizlingszilvani

1974 8 16 25 50 1 22 6 12 2.30 50
6. M. Ottonel 1974 33 33 44 44 18 18 5 5 19 100
7. Chasselas 1974 60 60 27 27 13 13 — — 1.53 100
8. Red tramini 1974 81 81 18 18 1 1 — — 1.20 100
9. Banati rizling

1974 22 22 36 36 31 31 1 11 2.31 100
10. Olaszrizling 1974 19 19 41 41 30 30 10 10 231 100

E 798 946 571 235  — 209 2550

% 31.29 37.09 22.39 9.21

The V. sylvestris plants do not bring a better yield or ratio in more
southern areas (for example, in Yugoslavia) either. According to the table, the
smallest average per berry (1.22) occurs in the Macedonian grapes. Their
averages per berry — 1.38—1.76 — are very low, considering the fact that
the temperature conditions are much more favourable there. Probably the
dioecious nature of the vine plant is one of the causes that this relatively low
seed production remains on the same level.

Another interesting phenomenon is that in a few habitats in Hungary
(for example, No. 1, Kesztdlc 4, in the Pilis Mountain; and No. 7, Cs6szpuszta 3,
in the Bakony Mountains), the average value of seed production per berry
in V. sylvestris is above 2.0. The average of V. riparia specimens in essence
also reaches that value, but the interval between the extreme average values
is much higher in this species, even between two plants of the same habitat.
On the island of Haros in the Danube, there occur seed averages of 1.39 and
2.79 per berry, but the situation is very similar also in the stands along the
river Tisza.

In general, the average of 3 seeds per berry always presupposes that the
sum of the ratio of the two-seeded and three-seeded berries be greater than
that of the one-seeded and two-seeded ones together. The more abundant
seed production of V. riparia also contributes to the rapid and relatively mass
renewal proliferation of this plant. This is a condition of only a smaller import-
ance in the mass proliferation of this species; the decisive role as a whole is
played by the relatively extensive resistance of the plant against diseases and
insect pests and by its special ecological requirements.

Finally, we summarized in a separate table the data of V. vinifera
-cultivars (Table 9) which were regularly used as control material in our V.

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



/16T ‘Sz oeouebunH WNJeNUBIOS eIWapedy edluBlog By

Plate VII. Vitis riparia with branched and loose clusters, from the
plains between the Bodrogs (Tokaj, Bodrogkeresztar)

Plate VIIl. Vitis riparia from the willow groves alongside the river
Tisza, from the side of Csongrad (painted by V. Csapody)
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sylvestris researches. Their seed average per berry is above 2.0. The higher seed
average per berry of V. vinifera varieties, as deoecious plants, deserves attention
in any further V. sylvestris researches.

Correlations between seed number per berry and berry size

Berry size and the seed number per berry concern primarily to cultivated
plant taxonomists and archeobotanists and last hut not least specialists in the
field of practice. As a consequence of the allometric growth process, the util-
ized organs of a plant may grow to a multiple extent and more powerfullv
than the whole plant, or its other, non-utilized parts. The berry size of the vine
plant has also increased considerably in the wake of several thousands years
of cultivation and selection. According to Negrul’ (1960), parallel with the
increase in size of the berry the seed also became greater. He confirmed it by
calculations (correlation coefficient R = 0.66 T: 0.048; each mm of berry
increase represents a 0.27 mm increase in the seed). At the same time, of several
species, relatively large berries in seeds only of small size develop. The latter
statement has previously been proved also in the two basic species.

Recently, Schumann (1972, 1973) dealt with the effect of seed number
on the size of the berry and its guice production in V. vinifera. His results
corroborate former researches (Muller—Thurgau 1908 etc.), according to
which berries with a greater seed number are larger than those with a smaller
seed number, but their economic value may be lesser. The size values related
to one seed the species, and showed a linear correlation with a 0.21—0.67 cm3
increase in value.

Several authors (e.g. Negrul’l.c. Levadoux, l.c.) deduce the varieties
of V. vinifera directly from the population of V. sylvestris. Therefore we felt
it necessary to establish the correlation between wild seed number per berry
and berry size also in some representatives of the parent vine species. We have
also drawn into our investigations three V. riparia types (Haros No. 3, Haros
No. 11/10 and Haros No. XV/A), in addition to the four V. sylvestris forms
(Cs6szpuszta No. 3, Cs8szpuszta No. 9, Feketeerd6 No. 4, Haros No. 2).
W ith the exception of one sample the specimens appear in the table of seed
number per berry.

The examinations, conducted by means of regression analyses, have in
general confirmed the results obtained for the V. vinifera varieties (Schumann,
l.c.). The length of the berry and the increase in seed number per berry showed
a positive correlation, which is generally uni-directional in all examined plants
and which proves the correctness of our evaluation of the results obtained
during our studies and measurements. As has been indicated earlier, in the
majority of specimens most of the seeds grow in general in the largest berries.
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Table 10

Regression equations, coefficients and the data pairs of the correlation between berry-
length and seed number per berry (see.

Vitis sylvestris Correlation
specimens coefficient
Cs@szpuszta No. 3 r= + 0.67
Cs@szpuszta No. 9 r= +0.58
Feketeerd6 No. 4 r= + 0.70
Haros No. 2 r= + 045
Regression

Regression coeff. and

significance
= 0.78
= 0.56
= 0.62
=0.48

I+

0.086
0.094
0.063
0.094

I+

o T T O
I+
< < < <

I+

Table 11

equation, coefficients and the data pairs of the

diameter and seed number by berry (see.

Vitis sylvestris Correlation
specimens coefficient
Cs6szpuszta No. 3 r= + 0.78
Cs@szpuszta No. 9 r= + 0.77
Feketeerdd No. 4 p= *t ©°8
Héaros No. 2 r= + 0.56

Regression equation, coefficients
length and seed

Vitis riparia Correlation

specimens coefficient
Haros No. 3 r= + 0.85
Héros No. 11/10 r= + 0.90
Haros No. XY-A r= + 0.88

Regression coeff. and

significance
0.68
0.62
0.68
0.57

I+

0.054
0.060
0.048
0.085

1
I+

I+

o T T T

< < < <

I+

Table 12

Regression coeff. and
significance

b = 1.01 + 0.063 Y

b = 1.27 + 0.062 Y

b = 0.75 + 0.056 Y
Table 13

Regression equations, coefficients and data pairs of the
diameter and seed number per berry (see

Vitis riparia Correlation

specimens coefficient
Héaros No. 3 r= + 0.83
Héros No. 11/10 r= + 091
Héaros No. XV-A r =+ 091

Regression coeff. and
significance

b = 0.90 + 0.051 Y

b = 1.10 £ 0.050 Y

b - 0.63 + 0.039 Y

and data pairs of the correlation
number per berry (see Fig. 19)

Fig. 17)

Regression equation Data
- 0.78 X—3.87 n =
= 0.56 X—2.61 n =
= 0.62 X—3.73 n =
= 0.48 X—1.69 n =
correlation betiveen berry
Fig. 18)

Regression equation Data
= 068 X—3.55 n =
= 062 X—3.25 n=
= 0.68 X—4.42 n=
= 0.57 X—231 il =

betiveen berry

Regression equation Data
= 1.01 X—4.92 n =
- 127 x-6.59 n=
= 0.75 X—3.44 n =
correlaton betiveen berry
Fig. 19)

Regression equation Data
- 090 X 4.62 n =
= 110 X—5.77 n =
= 0.63 X—2.99 n =

265

pairs

100

70
100
100

pairs

100

70
100
100

pairs

100
100
50
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It also has been pointed out earlier that the seeds become shorter in the case
of 3—4 seeds per berry and that grow more slowly. Theoretically, therefore,
the flesh meat of the berry may increase at a greater proportion in the case
of berries with higher seed-number (3—5) than in the case of 2- and 3-seeded
berries.

The inter- and infraspecific deviations an infraspecific ones are worthy
of special attention in the regression analysis. The graphs show conspicuously
regularities which — although showing errors to a certain extent, yet at the
same time, is characteristic of the two species, and manifesting itself in the
deviations (Figs 17—20).

The line demonstrating the correlation between berry length and seed
number per berry of “Cs@szpuszta No. 3” among the V. sylvestris specimens
is the most abrupt; it is characteristically aligned with the direction of the
lines of V. riparia specimens (Fig. 17). The berry of this plant can be consid-

Fig. 19. Correlation between berry length and seed number per berry in V. sylvestris specimens

Fig. 20. Correlations between berry diameter and seed number per berry in V. sylvestris spe-
cimens
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ered to be of medium size on the level of wild vines. In general, the first
viable seed can be expected to appear at 5.0 and 6.5 mm lengths, while between
7.0 and 8.0 mm two viable seeds may appear. An individual new seed usually
appears at a berry length increase of 1.3 mm which is 24% of the one-seeded
berry and 13% of the two-seeded berry. Incidentally, 76% of the berries are
one- or two-seeded berries.

The relationship between berry length and seed number is expressed
by a less abrupt line of the two V. sylvestris plants which grow along the
Danube (No. 20, Feketeerd§ No. 4; No. 23, Haros No. 2). These have larger
berries and bigger seeds; in most of the cases, a new seed can be expected
at a 1.6 and a 2.1 mm increase. In these plants, a greater increase in berry
size occurs, because the increase in length is quicker than the increase in seed
number rate.

Although the regression of the former group is significant at a P = 0.1%

Fig. 21. Correlations between’berry length and seed number per berry in V. riparia specimens

Fig. 22. Correlations between berry length and seed numbers per berry in V. riparia specimens
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level, there is an even closer relationship between berry width and seed number.
The difference is little between the courses of the lines, they are located much
closer to each other. The next seed can be organized at an increase in volume
of 1.47 (No. 3) and 1.75 (Haros No. 2) mm on the average.

The values of the V. riparia specimens show an even closer correlation,
their lines are nearly equally sleep. On the other hand, we may except here
a greater increase in width only on the appearance of the next seed (Haros

0350-
0.300-
0.250-
0.200-

> 0.150-
0.100-

0.050-

mseed in lumber

Fig. 23. Correlations between seed number per berry and berry volume averages, with confid
ence interval (V. riparia, '"Haros’ K. Y./15)

No. 3 = 1.11 mm; Haros No. 11/10 = 0.94 mm; Haros XV—A = 1.59 mm).
As far asthe length ofthe berry isconcerned, nearly identical data are obtained™*
0.99 mm in Haros No. 3, Haros No. 11/10 and at 1.33 mm in Héaros No. XV —A.

The regression relation presented is most unambiguous; it shows the regu-
larity characteristic of the basic vine species; the regression equation reacts
especially sensitively on the correlative changes between berry width and seed
number.

As has already been mentioned in several specimens the berry length
decreases together with the increase in seed number per berry in the same
plant (for example, in the case of 3- or 4-seeded berries). We presumed that
the length and diameter of the berry also decreased. Information was sought
with regard to this process as well. Therefore we carried out several kinds of
volume measurements (cm3) for the berries and calculations related to seed
number. The results of the calculations related to the measurements of berries

*The appearence of the next seed may be expected.
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of one of the Danube-bank V. riparia specimens (Haros K. V./75) will be given
below. In the course of these experiments we measured the volume of 531
vine berries and counted the seeds per berry, and subsequently we calculated
the average berry volumes corresponding to the various seed numbers, together
with the confidence intervals belonging to them.

Under the headings of the volume groups two kinds of percentage data
are given. The percentages of the second row have to be summed up vertically
and evaluated (Table 14).

Among the values of berry volume, berry volume averages belonging
to seed groups No. 1, 2 and 3 differ significantly at probability level P = 5%.

Fig. 24. Percentage distribution of berry volume classes of different seed numbers in "Haros
K. ¥./75" of V. riparia
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There is no significant difference between the berry volume averages of seed
groups Nos 3 and 4. The confidence intervals have been calculated by means
of the equation V~ t30Sy, where V is the average volume of the seednumber
group, Sy is 'ts error, t5, is the value of t appearing in the Table.

The diagrams call attention to a peculiar phenomenon. About one half
of the 531 berries examined belongs to the 0.2 cm3category, while the number
of the 0.4 and 0.5 cm3size berries is very small (Fig. 22).

2n=531 piece

Fig. 25. Percentage distribution according to seed number per berry in V. riparia 'Héaros
K. V./75" berries of different volume

One-seeded berries appear in all classes, but virtually 97% belong to the
0.1 and 0.2 cm3categories, and from this 61% only to the first category. It is
characteristic that in the highest category (0.5 cm3), only 3-seeded berries
can be found; the overwhelming majority ofthe 4-seeded berries is in the 0.3cm3
category (Figs 22 and 23). However, attention must be called to the fact that
the number of 4-seeded berries was very small (n = 9)in the specimens, and
so this result refers rather to the natural variability only; the volume ratio of
the 4-seeded berries can be accepted only conditionally.

The diagram demonstrating the correlations between average berry
volume and seed number per berry substantiates several of our carpological
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Table 14

Correlation data between seed number per berry and berry volumes
(cm3 in V. riparia (Haros K. V./55)

Frequency by volume groups, cm3

Seed number Average berry C_onfidence
per berry volume, cm3 interval 01 02 0.3 0.4 05
i hl= 0.1304 111 66 3 I - No.
w 181 OXx46 +£0.025 0.61 0.36 1.65 0.5 - 9%
% = 34 h,= 0.1616 87.4 23.7 2.8 6.6 } 9
2 N, = 0.1902 15 194 40 3 - No.
n2= 252 10.216 +0.0258 5.9 76.9 15.87 119 — 9%
% = 47 h2= 0.2418 11.8 69.7 37.3 20.0 _ %
3 hl = 0.2855 1 17 57 10 4 No.
"a = 89 (0.3005 1 +0.015 1.1 19.0 64.0 11.2 4.49 9
o% = 17 h,= 03155 0.7 60 532 66.6  — 9%
4 /i, = 0.2649 - 1 7 1 - No.
n, =9 |b.365!T +0.0406 - 11.1 77.7 11.1 _ 90
o = ¢ h, - 0.3461 _ 0.3 6.5 6.5 i 9
£ = 531 127 278 107 15 4 No.
23.9 523 200 28 07 94
investigations made so far. Berry size — the average volume — increases in

a nearly identical proportion from the seedless berry through the one-seeded
berry to the 3-seeded one (the difference is significant on a P = 5% probability
level). However, if more than three seeds grow in the berry, then the growth
becomes highly insignificant, or the size and weight of the berry show a de-
creasing tendency. A reliable evaluation of the volume of 4-seeded berries is
aggravated here by the fact that there were only relatively few 4-seeded
berries in the specimens. This is rather conspicuously illustrated also by the
remarkably widening confidence hand.

Summary

The botanico-carpological analysis of the wild-growing vine species of
Hungary has provided useful data to the solution of the following:

(1) Despite the fact that the ecological requirements of Vitis sylvestris
and V. riparia are close to each other, they are different, since V. sylvestris
showed adjustement not primarily to an uptake of great quantities of water
but to the more balanced ecological conditions.
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(2) The fruit clusters of Vitis species in the area studied are loose, alate,
their berries are blue, bluish black or black; no white-berreid forms have been
detected. It is characteristic that V. sylvestris shows hardly any difference in
seed number compared to V. vinifera, while its cluster size is only one half or
one-third of V. vinifera, and the weight of its berries only 25—39%.

(3) The diagnostic character of the wild grape seeds are of primarily
significance even today in the interspecific taxonomy of vine. The typical
features useful for distinguishing the species are as follows the shape of the
seed in dorsal and lateral views; the length of the rostrum, and the sculpture
of the dorsal and ventral sides. The seed of V. sylvestris is characterized by
a definite and distinct sculpture and the short rostrum, the rotund or widely-
ovate chalaza scutum; the furcate or parallel decurrence of the ventral fur-
rows reaching the upper two-thirds of the seed body.

(4) The seed measurements make especially indices (length/width,
width/length, rostral length/seed length) possible a more accurate separation
and they are characteristic of the various species.Theclose relationships between
Vitis sylvestris populations growing in various parts of Europe can be con-
spicuously demonstrated by means of these indices.

(5) The seed number per berry is also characteristic of the species
examined.

A correlation can be deduced between the seed number per berry and
berry measurements also in the wild berries. The volume of berry flesh related
to one seed decreases with the increase of seed number.
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APPENDIX
Vitis vinifera varieties used in the comparison 5. Ottonel muskotadly —4 — (Muskéat Ottonel
Wine grape varieties blanc)
6. Pinot = Kisburgundi — 5 — (Noirien,
1. Bouvier — 1 — (Précoce de Bouvier Pineau noir)
blanc) 7. Chardonnay = Burgundi — 6 — (Char-
2. Medoc — 2 — (Mondeuse noir) donnay blanc)
3. Korai piros Veltelini (Veltelin rouge 8. Oporto — 7 — (Autrichien. Portugais
précoce) bleu)
4. Rizlingszilvani — 3 — (Mdller Thurgau 9. Lednyka (H) — 8 —
blanc) 10. Szilvdm — 9 — (Sylvain bleu, rouge, vert)
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. Héarslevell (H) -
. Furmint (H) — 20 —

. Cabernet (Cabernet franc)
. Cabernet Sauvignon

CARPOLOGICAL EXAMINATION OF WILD-GROWING VINE SPECIES OF HUNGARY. II.

. Melon — 10 — (Melon)

. Tramini — 11 — (Tramente rose)

. Ezerj6 (H) — 12 —

. Sémillon (Sémillon blanc)

. Sauvignon — 13 — (Gros Sauvignon)
. Piros Yeltelini (Yeltelin rouge)

. Z8ld Veltelini (Ranfol blanc)

. Kékfrankos — 14 — (Franconien noir)

. Muskotdly — 15 — (Muscat Frontignan
noir)

. Cirfandli — 16 — (Zierfandler rouge)

. Olaszrizling — 17 — (Risling italien
blanc)

. Rajnai rizling — 18 — (Risling blanc)

19 -

— 21 — (Cabernet
Sauvignon)

. Kadarka — 22 — (Kadarka noir)
. Kéknyelli (H) — 23 —

. Mézes (H) -
. Banati rizling (H) — 25 —
. Budai (H)

. Piros

24 —

szlanka — 26 —
Pamidie)

(Bois jaune,

. Csomorika (H)
. Pozsonyi (H)
. Mustos (H)

. Szerémi (H)
. Erdei (H) -
. Fehér szlanka =
. Kévidinka (H)
. Z6ld dinka (H)
. lzsdki (H) — 28 —

. Muscadelle (Muscadelle de Bordelais)
. Muscat Bouschet (Muscat Bouschet)
. Kocsis Pal szilvanija (H)

. Ortlibi — 29 — (Kniperle)

. Aligoté (Aligoté blanc)

. Gamay (Gamay noir, gris)

. Burgundi fehér (Gamay blanc)

. Vords hegyl (Rotgifpler)

. Merlot (Bigney, Merlan, Merlot noir)
. Kovérszold (Grassa)

. Kiradlyleanyka (H)

. Neuburgi (Neuburger blanc)

. Korai olasz (Friuher Welscher)

. Bajor
. Gohér (H) — 30 —
. Bernath Janos (H)
. Kozma (H)

. Gyodngyfehér (H)

27 -
Magyarka (H)

Bajnéar (H)

(H)

273

. Cso6kaszélé (H)

. Kecskemét viraga (H)

. Baratcsuha (Kdélner noir)

. Petit Bouschet (Aramon-Teinturier)
. Szeredi (H)

. Jardovany (H)

. Juhfark (H) — 31

. Kiralysz616 (H)

. Purcsin (Purchinok)

. Sarfehér (H)

. Szagos bajnar (H)

. Hamvas =
. Balint (H)
. Lisztes — 32 — (Fehér lisztes, piros 1.; H)
. Vékonyhéju
. Olasz kadarka (?)

. Aprofehér (H) — 33 —

. Szegedi (H)

. Mathiasz muskotéaly (H)

. Gyongysz6l6 (H)

. Ciganysz616 (H) — 34 —

. Alikant BUsé (Alicante Bouschet)
. Alanttermé (H)

. Beregi (H) — 35 —

. Balafant (Balafant blanc)

. Voros dinka (Dinka rouge)

. Hosszunyell (H)

. Mirkovacsa (Radovinka)

. Bakator (Bakator. B.
. Szemendriai

. Pécsi dinka (H)

. Raksz616 (H)

. Bogdanyi (H)

. Clairette (Clairette rose, blanche)

. Aramon (Aramon noir, gris, rouge, blanc)

Baratcsuha (H)

=Boros (H)

rouge)

Table grape varieties

Csiri-csuri — 36 — (Admirable de
Courtiller)

Dodrelabi — 37 — (Gros Colman)
Tiskéspupli zamatos — 38 — (Puhlja-
kovskij)

Génuai zamatos — 39— (Chaous)

Afuz Ali — 40 —

Ezeréves Magyarorszag emléke (H) —

41 -

Cegléd szépe (H) — 42 —
Kocsis Irma (H) — 43 —
Mathidsz Janosné (H) — 44—
Chasselas blanc — 45 —

Rosa menna di Vacca — 46 —
Csaba gyongye (H) — 47 —

Probably old Hungarian varieties, or such that was grown in Hungary.

The diagram of Fig. 11 in the first part of this study (Acta Botanica Acad. Sei. Hung.
22, 209 —247, 1976) has been compiled on the basis of the seed data of the 94 Vine grape
varieties which have their serial number before their names.

The serial numbers to be found after the name of various varieties (1—47) mark those
Vine grape varieties and table grapes varieties the data of which have also been used in several
places of this study (for example, Acta Botanica Acad. Sei.,, Hung. 22, 240—243). The data
of the 47 species marked in this way were processed in our Institute.
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WOOD ANATOMY OF CERATOPYXIS HOOKER F.
EX HOOKER (RUBIACEAE) A MONOTYPIC
ENDEMIC GENUS OF WEST CUBA
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and
K. Babos

Research Institute for Wood Industry, Budapest
(Received November 3, 1976)

The anatomy of the secondary xylem of Ceratopyxis verbenacea (endemic in
West Cuba) is described. Data of the vessel members, fibers, medullary rays and axial
parenchyma are given, also some morphological and ecological characteristics.

Statistical methods were used in the processing and evaluation of the data to
determine the variability of the vessel members and fiber length.

Introduction

The genus Ceratopyxis Hook. f. ex Hook., represented by the single species Ceratopyxis
verbenacea (Griseb.) Hook. f. ex Hook belongs to the tribe Chiococceae of the family Rubiaceae.
The plants are resiniferous unarmed tall shrubs or little trees up to 4—6 m heigth. Branches
stout, thick and glabrous, with 5—10 mm long, coriaceous and persistent stipules, acuminate
and mucronate at apex, connate at base. Leaves opposite, coriaceous, subsessile, blades ob-
long-elliptic or oblong-lanceolate, 4—10 cm long and 1—2.5 cm broad, shortly acuminate,
at apex acute or obtuse; base cuneate; glabrous or puberulous at base. Inflorescences dense,
many-flowered, terminal, 3—7 cm long thyrsoideous panicles with 4.5—14 cm long peduncles.
Calyx 5-lobed, 4 mm long, sparsely puberulous, segments erect, rigid, lanceolate and subulate.
Corolla yellowish, pale 5—Ilobed, 6—8 mm long, pilose externally, glabrous in the throat;
segments valvate. lineo-lanceolate, reflexed. Stamens 5, inserted at base of corolla, filaments
puberulous anthers dorsifixed, lineal, exserted. Ovary bilocular, style filiform, stigma bifide
at apex. Ovules solitary, pendulous, cylindric. Capsule bilocular, coriaceous, loculicide, bival-
vate, 4—5 mm long, puberulous. (Fig. 1.)

The genus is an endemic one of the limestone “haystack-hills” (“mogo-
tes”) of the Organos Range in West Cuba, with a very restricted area between
Guane and San Diego delos Banos. (Fig. 2.) The ecological and cenological condi-
tions of the species were studied by A. Bornhidi (1973. He found that this shrub
is one of the most important elements in the pioneer phase of the succession
of the haystackhills. In can be found sparsely in the fissures of the perpendi-
cular, insolated slopes, in extreme microclimatic and water conditions; but it
is frequent as a dominant species at the very tops of the mogotes, forming a
very interesting endemic pioneer association with terrestrial Bromeliaceae,
named by Borniai as Vrieseo-Ceratopyxidetum.
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Fig. 1. Ceratopyxis verbenacea. Photo: A. Borhidi

Fig. 2. Limestone haystack-hills in West Cuba. Photo: A. Borhidi
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Materials and Methods

For the study of the xylem elements, a wood sample of a mature trunk was collected,
with its herbarium vouchers, in the upper most part of Jose Miguel’s limestone haystackhill
(Jose Miguel’ Mogote), at the north end of the Vinales Valley, in the province of Pinar del Rio
(see Table 1).

A wood block (1x1x2 cm in size) was aspirated under vacuum at room temperature
until waterlogged, and then placed in an autoclave, with a 50% solution of glycerine in water,
to a pressure of 3.5—4.5 atm during 1 1/2 hours.

Table 1

Citation of ivood collection and location of Herbarium vouchers

Serial Num-
Specific name Collectors and Diam. of the ber of the Place of collection Location of Herba-
date wood sample wood in the rium vouchers
collection
Ceratopyxis M. Vales, Jose Miguel’s Herbarium of
verbenacea A. Borhidi 6,8 cm 51 mogote the Academy
(Rubiaceae) 20-11-1974 Pinar del of Sciences,

Rio, Cuba Cuba

Sapwood white to pale yellowish, thickness about 17—19% or 0.5 —0.7 cm.

Heartwood brownish, 2.4—2.6 cm from the pith to the sapwood, about 81—83%.

Heartwood in cross section with gummy contents, fibers curved when viewed in radial
section.

For sectioning a Leitz sledge microtome was used. Cross (C. S.), longitudinal tangential
(L. T.S.), and longitudinal radial sections (L. R. S.) were made to a thickness of 12 to 15 /1.
The sections were stained in a 3% solution of Toluidin blue in 50% ethylic alcohol, differen-
tiated, dehydrated, cleared in xylene and mounted in Canada balsam.

Lengths of the vessel members and fibers was measured in macerated material. For this
purpose a small wood sample was heated in a 1: 1 mixture of hydrogen peroxide and glacial
acetic acid at 60 °C (Franklin, 1945). One hundred fibers were measured, while for the other
features only 30 to 50 measurements were taken.

Frequency, mean and standard deviations for the length of the vessel members and
fibers were calculated according to Svab, 1967.

Number of vessels, fibers, medullary rays and axial parenchyma per sq. mm was ob-
tained from the study of ten different areas in the cross section as viewed under a Carl Zeiss
microprojector, and the mean was calculated.

The most frequent range (M. F. R.) was obtained when the frequency was more than
50% of the total.

For photomicrography, a Carl Zeiss microscope and an Exacta Varex lib camera
was used.

Microscopic Anatomy

Wood diffuse porous, growth rings absent. Pores very numerous, rounded
to slightly oval, very small, predominantly solitary (Fig. 3). Mean length of
vessel members 658.8 //, M.F.R. 470—891 fi. Middle tengential and radial diam-
eters 37.7 [Nand 42.5 /t, respectively. Cell walls 2.3—5.7 /n thick (Fig. 4).
Intervascular pitting alternate and minute, borders roundish 3—4.2 /nin diarn-
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Fig. 3. Uniseriate medullary rays, scanty paratrachéal wood parenchyma and walls of the
fibers very thick. Cross section. Magnification: 120 X
Fig. 4. Thick wall of the vessel members, wood parenchyma cells, canals of the bordered pits
in the walls of the fibers. Cross section. Magnification: 300 X

Fig. 5. Vessel members type I. with very large tails, fibers and wood parenchyma. Magnific-
ation: 120 X
Fig. 6. Vessel members -ype Il. with short tails, simple perforation plates and minute bordered
pits. Magnification: 120 X
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eter, aperture also roundish 0.5—1.2 /nin diameter. Perforation plate simple
Vessels in heartwood with gummy contents (Figs 5 and 6).

Medullary Rays. — Uniseriate, not very frequently 2 cells smaller in
width in some rays (Fig. 7). Width very fine from 5.4—14 /x; height from
1 to 28 cells or 17.7—323.5 /x. Cells mostly procumbents (Fig. 8), sometimes
upright cells in margin of rays. Cell walls 1.8—3.6 [1thick; pitted. Rays in
heartwood with gummy content (Figs 9 and 10).

Fig. 7. Sapwood elements without gummy contents. Medullary rays with 2 small cells in width.
Longitudinal tangential section. Magnification: 300 X
Fig. 8. Gummy contents in vessel elements. Homogeneous medullary rays formed from pro-
cumbent cells. Longitudinal radial section. Magnification. 120 X

Fibers. — Polygonal, radial distribution, with very small lumen (Figs 3
and 4). Mean length 934 /x, M.F.R. 740—1159. Middle diameter 17.2 (n. Walls
commonly 2.7—9.8 /i thick. Pits small, distinctly bordered, and with slit-like
aperture (Fig. 11). In cross section, canals of pit very conspicuous.

Wood parenchyma. — Typically scanty paratrachéal (Figs 3 and 4).
In strands of 2—4 or up to 6 cells. Mean height of cells about 129.5 /n. Middle
diameter 13.1 ti. Thickness of wall 0.9—1.9 |n. Pits abundant (Fig. 12).
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Fig. 9. Non-typical heterogeneous medullary rays. Minute bordered pits in the fibers. Longi-
tudinal radial section. Magnification: 300 X
Fig. 10. Heartwood vessel members, medullary rays and fiber lumen with gummy contents.
Uniseriate medullary rays. Longitudinal tangential section. Magnification: 120 X

Fig. 11. Group of fibers with different ends and minute bordered pits. Magnification: 120 X
Fig. 12. Interwood-parenchyma pitting. Magnification: 300 X
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Discussion

Only for the Rubiaceae family it was found literature in wood anatomy,
and in any case these didn’t treat about this genus.

Anatomical features of the xylem of Ceratopyxis verbenacea were com-
pared with data recorded by Metcalfe and Chalk (1950) for different genera
of this family no significant differences (see Table 2) could be obtained from
this comparison.

Table 3 shows data recorded from our wood anatomy research.

Lengths of the fibers and vessel members present a normal Gauss
distribution (Figs 13 and 14).

Classes and frequency for the vessel members and fiber lengths are given
in Tables 4 and 5.

lengths in microns

Fig. 13. Distribution of the fiber lengths of Ceratopyxis verbenacea

Fig. 14. Distribution of the vessel members lengths of Ceratopyxis verbenacea
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Table 2

Comparative study of four data with one obtained by Metcaife and Chark, 1950

Wood elements

Vessels

Axial
parenchyma
strands
strands

Medullary
rays

Libers

Anatomical features

Total length
Tang. diam.

Number per
sq. mm
Perforation

plate
Pitting

Distribution

number of
cells

Size

Total length

Pitting

Mean data for the family Rubiaceae

according to Metcaife and
Chatk, 1950

500-1300 fi
M.F.R. 500—800
very small, small, medium
size
>50

simple
alternate

Apotracheal or
vasicentric
4-8

Uniseriate or 2 distinct
sizes

600 —2.200 fi mostly
1100-1500 fi
septate or not
Bordered or simple

Table 3

Ceratopyxis verbenacea

414-1092,5 fi

M.F.R. 470—819 p

very small 20.7—52.5 p
84

simple

alternate, minute

scanty paratrachéal

2 -6

uniseriate rarely 2 cells

very small

609.5-1253.5 p
M.F.R. 740-1159 p

not septate

Bordered minute

Comparison of dimensions of the xylem elements of Ceratopyxis verbenacea
(Values expressed in microns)

Anatomical features

Total length

Tang. diam.

Rad. diam.

Lumen

Number per sq. mm

Thickness of wall

Distribution
Pits

Height of cells
Radial length
Height

W idth

Vessels Fibers
414-658.9- 609.5-934-
1092.5 1253.5
20.7- 37.7-
52.9
7.2-17.2-25.2
20.7- 42.5-
55.2 -
- 1.8—37—7.2
84 3068
2.30-4.6-5.7 2.7—6.7—9.8
Diffuse Radial
Bordered, Bordered,
minute minute
alternate
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Axial Parenchyma

3.6-13.3-19.8

170
0.9-1.8
Paratrachéal
Simple, of the
same size

74.5-129.5-
230.7

Medullary rays

88
1.8-2.16-3.6
Simple, of the

same size

12.6 —13.6 —
25.2
32.4-50.4-
68.4
17.7—108.6 —
323.5
5.4-9.1-14.4
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Table 4

Frequency of the member lengths of vessels

! (riqlﬁcsrsori]'; Frequency /100 f %
0 oo 9 0.09 9
1 540 20 0.20 20
2 680 15 0.15 15
3 820 6 0.06 6
4 960 1 0.01 1
Table 5
Frequency of the fiber lengths

glﬁ:srsonirs] Frequency /100 f%
0 600 3 0.03 3
| 670 7 0.07 7
2 740 12 0.12 12
3 810 15 0.15 15
4 880 16 0.16 16
5 950 17 0.17 17
6 1020 15 0.15 15
7 1090 10 0.10 10
8 1160 4 0.04 4

9 1230 1 0.01

Concerning wood anatomy in relation to the phylogeny it might he
stated that the secondary xylem of Ceratopyxis shows evidences of speciali-
zation. Vessel perforation plates are exclusively simple and intervascular
pitting are hordered, alternate and minute, features which imply a very high
specialization.
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ZUR NOMENKLATUR YON OPHRYS FUCIFLORA

Von

H. W. Wirth

WIESBADEN, BRD

(Eingegangen am 25. August, 1975)

This note attempts to provide a short survey of the history of Ophrys fuciflora
auc. rec. and to clarify its nomenclatural situation. It was found that neither Orchis
fuciflora Cr. nor Orchis arachnites Scop, and Orchis holoserica Bum . fil. can be used
as basionyms. Orchisfuciflora Cr. has no reference to Ophrys fuciflora Moench and must
therefore be excluded from further consideration. Orchis arachnites Scop, cannot be
used because of the existence of Ophrys adrachnites Miller, a later synonym to Ophrys
apifera Huds. Orchis holoserica Burm fil. is a doubtful synonym of Ophrys apifera,
if not rejected as nomen confusum. The next available and legitimate name is Arachnites
fuciflora F. W. Schmidt, on which Moench based his combination Ophrys fuciflora.
It is therefore suggested to consider Ophrys fuciflora (F. W. Schmidt) Moench as the
correct name under art 11 ICBN.

Die Nomenklatur von Ophrys (0.) fuciflora gehdrt zu den schwierigsten
Problemen auf diesem Gebiet. Mehr als ein Jahrhundert standen die Namen
0. fuciflora und 0. arachnites miteinander in Wettbewerb, ohne daR sich
jemand berufen fiuhlte, die Verhéltnisse abschlieRend zu klaren. Schlieflich
setzte sich o . fuciflora durch, wobei aber weiterhin umstritten blieb, welche
Autoren fir diese Kombination zu zitieren waren. 1967 kam Greuter nhach
einer eingehenden Prifung der einschldgigen Textstellen zu dem Ergebnis,
dall auch 0. fuciflora zu verwerfen sei. Statt dessen schlug Greuter vor, fur
0. fuciflora den Namen 0. holosericea (Burnt, fil) Greuter zu verwenden.
Sundermann nahm auf dieser Grundlage weitere Kombinationen vor. Die
Begrindetheit dieser Neuerungen ist jedoch zweifelhaft. Es erscheint daher
angebracht, einmal nachvollziehbar die komplizierte Nomenklaturgeschichte
der 0. fuciflora darzulegen und an den Bestimmungen des Internationalen
Codex der botanischen Nomenklatur (ICBN) zu messen.

1. Als erster, nach den Nomenklaturregeln erheblicher Name fir 0.
fuciflora und damit als Ausgangspunkt ihrer Nomenklaturgeschichte gilt Carl
von Linnes 0. insectifera var. adrachnites oder arachnites 1753. Allerdings
beginnen bereits hier die Auslegungsschwierigkeiten. Linné begriindete diesen
Namen auf dem Zitat vier dlterer Synonyme, die unterschiedliche Deutungen
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erlauben. Legt man das Hauptgewicht auf das Zitat von Sebastien Vaillant,
dessen Abbildungen Linné noch weiteren Varietdten zugrunde legte, dann
kann dieser Name durchaus auf 0. fuciflora bezogen werden. Linné selbst
brachte jedoch wenige Jahre spéter seine var. arachnites mit 0. sphegodes
(in Amoenitates Acad. IV 1759, S. 107) in Verbindung. SchlieBlich (ab 1771)
schlof sich Linneé in vollem Umfang Hattler an, der mindestens 0. fuciflora
und o . apifera zusammenfalite, was anschliefend darzulegen sein wird.

2. Albrecht von Halter verdffentlichte 1760 unter dem Titel »Orchidum
Classis constituta« einen Aufsatz, der fir die Systematik der europdischen
Orchideen im 18. und frihen 19. Jahrhundert grundlegend wurde. Als Nr. 5
fuhrte er eine Art auf, die er nach vorlinneischer Tradition als Orchis radicibus
subrotundis, labello holosericeo, emarginato, medio processu brevissimo bezeich-
nete und deren Beschreibung auf 0. fuciflora weist. Jedoch bezog Haller
auch 0. apifera und sogar 0. sphegodes mit ein. Haltler war ndmlich der
Ansicht, da 0. sphegodes, besonders aber 0. apifera Abblihformen von 0.fuci-
flora seien. Vor allem die kennzeichnenden Merkmale der 0. apifera (dreilappi-
ges Labellum, verldngerter Konnektivfortsatz, zuriickgeschlagene Sepalen usw.)
faBte Haller als Verdnderungen bei der Alterung der 0. fuciflora-Blite auf.

3. In seinem 1768 erschienenen Werk »Historia stirpium indigenarum
Helvetiae etc« bekraftigte Halter seine Auffassung. Er &nderte den urspring-
lichen Namen ab in Nr. 1266 Orchis radicibus subrotundis, labello holosericeo,
emarginato, appendiculato, bezeichnete die Abblihformen (also 0. apifera und
O. sphegodes) als Varietdt 8 und bildete (Tafel 24) 0. fuciflora, sowie zwei
Einzelbliten von 0. apifera hervorragend unter der Bezeichnung »Orchis
fuciflora« ab. Die lUberragende Autoritdt Hatrer’s hatte zur Folge, dal sich
im kontinentaleuropéischen Schrifttum erst im 19. Jahrhundert die Uber-
zeugung durchsetzte, dall nicht nur zwei, sondern vier Ophrysarten ndrdlich
der Alpen Vorkommen. Selbst Linné konnte sich dem EinfluB Hallers nicht
entziehen. Er Gbernahm (in Mantissa altera 1771) den polynominalen Artnamen
von Haltler 1768 als Diagnose fir die von ihm begrindete var. arachnites.
So verbanden sich Linnes Ophrys insectifera var. arachnites und Hallers
Orchis Nr. 1266 und wurden Grundlage der Nomenklatur von 0. fuciflora.

4. Ein anderer Name fur 0. fuciflora ist Orchis fuciflora Crantz 1769.
Obwohl an Linné und Halter ankniipfend, zog J. Heinrich Nepomuk Crantz
die Artgrenzen enger und beschrédnkte seine Orchis fuciflora eindeutig auf
0. fuciflora im heutigen Sinn. Bereits in seiner, der eigentlichen Beschreibung
vorausgehenden Kurzdiagnose kennzeichnete er seine Orchis fuciflora zweifels-
frei durch den Hinweis auf das ungeteilte Labellum und nach vorn gebogene
Labellanhdngsel.

5. Ebenfalls auf O.fuciflora bezieht sich nach Greuter Orchis holoserica
Burm. fil. 1770. Eine befriedigende Zuordnung dieses Namens ist jedoch
schwierig, da er lediglich auf dem Zitat zweier dlterer Synonyme begriindet
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wurde und das Typusexemplar, eine korsische Pflanze, verschollen ist. Das
erste Synonym ist Hatter Orch. Nr. 5. Wie bereits dargelegt, steht hei Hatler
zwar 0. fuciflora im Vordergrund, 0. apifera und auch 0. sphegodes kénnen
jedoch nicht ausgeschlossen werden. Das zweite Synonym ist Caspar Bauhin
Pinax S. 83 Nr. VII Orchisfucum referens majorfoliolis superioribus candidis et
purpnrascentibus. Auch hier handelt es sich um einen sehr schwierig zu deuten-
den Namen. Bauhin gab keine Diagnose, sondern grindete ihn auf 16 Synony-
men des 16. und fruhen 17. Jahrhunderts. Der in dem Namen enthaltene
Hinweis auf die GréRe der Pflanzen deutet auf 0. apifera hin. In diesem Sinne
ist auch der Name Bauhins mehrheitlich ausgelegt worden. Die Tradition
geht im wesentlichen auf Sebastien Vaittant 1727 zuriick, der wohl erstmals
alle vier nérdlich der Alpen vorkommenden Ophrysarten nebeneinander und
zweifelsfrei abbildete und den verschiedenen Namen C. Bauhins zuordnete.
0. sphegodes wird als Orchis fucum referens colore rubiginoso C. Bauhin Pinax
83, 0. fuciflora als Orchis araneam referens C. Bauhin Pinax 84 and 0. apifera
als Orchisfucum referens, galea dk alis purpurascentibus Vaill. auf der Abbildung
bezeichnet, sowie im Text (S. 146/47) von Vaillant auf Bauhins Orchis Nr.
VIl Pinax 83 bezogen. Linné z. B. ist Vaillant in Species Plantarum 1753
in vollem Umfange gefolgt. Auch Jean Francois Seguier 1754, der erstmalig
0. fuciflora und 0. apifera einander kritisch gegeniiberstellte, folgte Vailtant
und bezeichnete 0. fuciflora als Orchis araneam referens C. B. Pinax 84. Fir
0. apifera bildete er den neuen, bezeichnenden Namen Orchis araneam referens
rostro recurvo, da er in einem friheren Werk (1745) Bauhins Orchis Nr. VI
wie alle Orchisfucum referens-Namen Bauhins auf 0. sphegodes bezogen hatte.
Dieses Beispiel zeigt, mit welchen Unsicherheiten die Zuordnung der Bauhin-
schen Namen belastet ist. Bauhins Orchis Nr. VII wurde auch unabhéngig
von Vaillant als 0. apifera gedeutet. Z. B. in der von Johann Jakob Dil-
lenius bearbeiteten 3. Auflage von John Rays »Synopsis Methodica Stirpium
Britannicarum« 1724, einem der bedeutendsten botanischen Werke des 18.
Jahrhunderts vor Linné, wird 0. apifera als Orchis fuciflora, galea dk alis
purpurascentibus Johann Bauhin, 2, 766 bezeichnet und Caspar Bauhins
Orchis Nr. VIl als Synonym aufgefiihrt. Einzurdumen ist allerdings, daR
Halter Orchis Nr. VII C. B. mit der Abbildung von O .fuciflora bei Vailrant
in Verbindung brachte. Da Haller aber Vailtants Abbildung der 0. apifera
ebenfalls zitierte, und zwar bei der »Abblihform« (und spéteren var. R) l&4Rt
sich dies zwanglos durch die von Haltler angewandte Artumgrenzung erkla-
ren. Unterstellt man, dalR Burmann das Zitat Bauhins nicht einfach von
Haller Ubernommen hat, sondern im Sinne seiner Zeitgenossen auslegte,
spricht vieles daflr, daB sich Orchis holoserica Burm. fil. auf 0. apifera beziehen
sollte. Hinzu kommt, daR 0. fuciflora sensu stricto bisher nicht mit Sicherheit
fir Korsika nachgewiesen wurde. Nach Briquet kommen auf Korsika nur u. a.
0. exaltata, 0. scolopax und 0. apifera vor. Briquet betrachtete Orchis holoserica

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



288 WIRTH, H. W.

als Synonym von O. apifera und ein beachtlicher Teil des Schrifttums folgte
ihm darin (vgl. Camus, lc. Orch. S. 322, Nelson S. 175, Keller—So006 S. 67).

6. Als auf 0. fuciflora zu beziehender Name gilt ferner Orchis arachnites
Scopoli 1772. Dies trifft allerdings nur sehr bedingt zu. Wohl zitierte Scopoli
Orchis Nr. 1266 von Haller 1768 und bezeichnete das Labellum als unge-
teilt. Er spaltete jedoch seine Orchis arachnites in drei Varietdten auf, wovon
die erste nach den zitierten Abbildungen und der Diagnose mit Sicherheit
0. apifera und die dritte 0. sphegodes ist. Lediglich die zweite Varietdt kénnte
far 0. fuciflora in Anspruch genommen werden. Scopoli folgte demnach in
vollem Umfang Haller.

7. Gleiches durfte auch fir Johann Jakob Reichard gelten, der erstmals
um 1772 die Kombination Ophrys arachnites vornahm. Aus der Textstelle
geht die Umgrenzung der Art durch Reichard nicht hervor. Zitiert werden
sowohl Halter, Linné und Scopoli. Da sich aber im Herbar von Reichard
unter der Bezeichnung 0. arachnites ein Exemplar von 0. apifera befand
(nach Dos11 Fl. Baden, zitiert nach Ascherson und Graebner S. 630) sind
unter diesem Namen zumindest 0. fuciflora und 0. apifera zusammengefalt
worden.

8. Bekannter und spéater hdufiger zitiert wurde allerdings die Kombina-
tion 0. arachnites Lamarck 1778. Jean Baptiste de Lamarck bezog sich auf
Hatter, auch auf Vailtant und dessen Abbildungen von 0. fuciflora, die
beigegebene Beschreibung betrifft jedoch ausschlieflich 0. apifera. Auch
0. sphegodes ist mit eingeschlossen.

9. Die fur die Nomenklaturgeschichte bedeutsamste Kombination O.
arachnites erfolgte jedoch erst 1784 durch Johan Anders Murray. Linné hatte
sich nie entschlieBen kdnnen, seine Sammelart 0. insectifera aufzugliedern.
Erst in der 14. Auflage von Linnes »Systema Vegetabilium« erhob der Bearbei-
ter dieser Auflage, Murray. 0. insectifera var. arachnites L. in den Rang einer
Art. Er versah sie mit einer Beschreibung, die Hallers Phrase von 1768
und damit Linnes Diagnose nur unwesentlich abwandelte und zitierte Hallers
Abbildung. Hieraus darf geschlossen werden, daB 0. arachnites (L.) Murr,
sowohl 0. fuciflora als auch 0. apifera umfalte. Diese Kombination erlangte
deshalb entscheidende Bedeutung, weil sie das spétere Schrifttum mit der
Autoritdt Linnes verband. Vielfach wurde sogar Linné als Autor genannt.
Fast alle spadteren Kombinationen im Zusammenhang mit 0. fuciflora héngen
von diesem Namen ab.

10. Dies gilt auch fir den von Franz von Paula Schrank 1789 geprdgten
Namen Orchis fuciflora. Die Diagnose der Orchis fuciflora Schrank ist eine
deutsche Ubersetzung der Beschreibung Murrays. AuRerdem wird die Ab-
bildung Halters zitiert, wovon Schrank offensichtlich seinen Namen uber-
nahm. Auch diese Kombination ist daher auf 0. fuciflora und 0. apifera zu
beziehen.
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11. Eine Neukombination von 0. arachnites Murray ist auch Epipactis
arachnites F. W. Schmidt 1791, allerdings mit einer bemerkenswerten Ein-
schrdnkung. In der Diagnose bezeichnete Franz Willibald Schmidt das Label-
lum ausdriicklich als »ungeteilt, ausgerandet und fast dreilappig«. Damit wird
erstmals wieder seit Crantz 1769 eindeutig ein Name gebildet, der sich aus-
schlieBlich auf o . fuciflora beziehen durfte.

12. Zwei Jahre spéter, 1793, Uberfihrte Schmidt seine Epipactis arach-
nites in die von ihm neugeschaffene Gattung Arachnites. Um das Entstehen
eines Tautonyms zu vermeiden, benannte Schmidt sie nunmehr in Arachnites
fuciflora um. Nach den angegebenen Synonymen zu urteilen, entlehnte
Schmidt das Epitheton »fuciflorax von Schrank. Crantz war Schmidt zwar
bekannt und er zitierte ihn an anderer Stelle ausfuhrlich, nicht jedoch hei
Arachnites fuciflora. In der Textstelle erw&hnte Schmidt auferdem das fur
0. fuciflora kennzeichnende Haarbilschel (ber dem Labellanhdngsel und
grenzte seine Arachnites fuciflora damit auch zweifelsfrei gegenuber 0. sphego-
des ah.

13. Im Jahre 1800 tauchte erstmals die Kombination Ophrys fuciflora
auf. Olof Swartz gab eine Aufzdhlung der zu Ophrys gehdrenden Arten.
Dabei erwahnte er 0. fuciflora, aber auch 0. arachnites. Alle diese Namen
sind jedoch ohne Beschreibung oder Angabe von Synonymen. Ihr Inhalt ist
daher nicht erfaBbar. Allerdings wurde 0. fuciflora Sw. spdater h&ufig als
gultiger Name zitiert, jedoch kdnnte dieser Name mit gleichem Recht fur
andere Taxa in Anspruch genommen werden, wie Lamarck 1805 dies tat, als
er 0. fuciflora Sw. auf 0. sphegodes bezog und als var. B seiner 0. arachnites
zitierte.

14. SchlieRlich, 1802, bildete Konrad Moench seine Kombination
Ophrys fuciflora, auf Arachnites fuciflora Schmidt fuRend. Aus der Diagnose
Moenchs ergibt sich mit Eindeutigkeit, dal er damit O.fuciflora im heutigen
Sinne kennzeichnete. Das Labellum wird als sehr breit und schwach dreilappig
bezeichnet, womit offenbar die zuweilen fast trapezférmige Lippe der O.fuci-
flora angesprochen wird.

1. Nach Art. 11 Absatz 3 IBCN ist der korrekte Name einer Art die
Kombination des &ltesten zur Verfliigung stehenden Epithetons auf derselben
Rangstufe mit dem korrekten Namen der Gattung, der die Art zugeordnet
ist. Da die Bezeichnung »Orchis fuciflora« bei Halter 1768 nur ein Kirzel
fur den polynominalen Namen Orchis Nr. 1266 ist und Haller sich nie zu
einer Ubernahme des linneischen Nomenklatursystems entschlieBen konnte,
ist dieser »Name« nach Art 23 Anm. 3 ICBN unbeachtlich. Es handelt sich
um eine Bezeichnung, die nur zuféllig den Erfordernissen der modernen Be-
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nennungsweise entspricht (sog. pseudobindrer Name). Orchis fuciflora Cr. ist
damit der &lteste Artname und demgemdR ist das Epitheton »fuciflora« bei
Bildung des korrekten Namens grundsétzlich zu verwenden (sog. Basionym).
0. fuciflora Moench ist die dlteste glltige Kombination des Epitheton »fuci-
flora« unter die korrekte Gattungsbezeichnung Ophrys, denn der Name von
Swartz 1800 enthdlt weder eine Diagnose noch eine individualisierende
Bezugnahme auf Synonyme. Er widerspricht somit den zwingenden Form-
vorschriften der Art. 32 ff ICBN und ist folglich unwirksam (sog. nomen
invalidum) und nach den Nomenklaturregeln unbeachtlich. (Art. 12 ICBN).
Jedoch setzt Art. 11 Abs. 3 ICBN nach Sinn und Wortlaut voraus, daB das
&lteste zur Verfigung stehende Epitheton und nur dieses, nicht ein anderes,
zufallig gleichlautendes tatsdchlich kombiniert wird. Zwischen Orchis fuciflora
Cr. und Ophrys fuciflora Moench bestehen aber keine derartigen Beziehungen.
O. fuciflora Moench ist eine Neukomhination von Arachnites fuciflora Schmidt.
Dieser Name wiederum ist ein Ersatzname (nomen novum) fir Epipactis
arachnites, der auf der Kombination 0. arachnites Murr, beruhte, welche durch
Rangerhéhung von 0. insectifera var. arachnites L. entstand. Auch Orchis
fuciflora Schrank, wovon Schmidt das Epitheton fir seine Arachnites fuci-
flora entlehnte, steht in keiner erkennbaren Beziehung zu Crantz. Greuter
ist daher zuzustimmen, dall es die Kombination »0. fuciflora (Crantz) Moench«
nicht gibt.

2. Eine Nachholung der Neukombination von Orchis fuciflora Cr. unter
Ophrys verbieten die Nomenklaturregeln. Nach Art. 64 ICBN sind Namen
oder Kombinationen unzulédssig, sofern sie mit einem dlteren, legitimen oder
illegitimen Namen oder Kombination dbereinstimmen (sog. heterotypische
Homonyme). Die bereits bestehende Kombination 0. fuciflora Moench ver-
hindert daher eine Uberfiihrung des von Crantz geschaffenen Epithetons
»fuciflora« auf Ophrys. Hierbei wird unterstellt, dal Orchis fuciflora Cr. und
0. arachnites Murr., wovon sich O. fuciflora Moench ableitet, unterschiedliche
Typen zugrundeliegen.

3. Die Kombination »O. fuciflora (Crantz) Moench« kann auch nicht
unter Berufung auf Anmerkung 2 zu Art. 33 ICBN glltig gemacht werden.
Diese Bestimmung erlaubt lediglich, Uber einen Formfehler bei Vornahme
einer Neukombination hinwegzugehen, der in einem Irrtum bibliographischer
Natur besteht. Es ist jedoch nicht Zweck dieser Regel, einen nach anderen
Bestimmungen (wie hier z. B. Art. 11) fehlerhaften Namen zu rechtfertigen.

4. Da Orchisfuciflora Cr. wegen Art 64 ICBN nicht mehr als Basionym
einer Neukombination unter Ophrys verwandt werden darf, ist nach Art. 72
ICBN auf das nun folgende »dalteste verfigbare legitime, auf der betreffenden
Rangstufe stehende Epitheton« zuriickzugreifen. Nach Greuter ist der
nachstgultige Name fur 0. fuciflora Burmanns Orchis holoserica. Er bildete
edaher die Neukomhination 0. holosericea (Burin, fil.) Greuter. Es ist jedoch
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nicht eindeutig zu ermitteln, was Burmann unter seinem Namen verstand.
Will man ihn nicht von vornherein alsundeutbar zurlickweisen und unterstellt
man, Burmann habe sich hei dem Zitat Bauhin s der Auslegung wichtiger
Autoren seiner Zeit angeschlossen, dann spricht alle Wahrscheinlichkeit dafir,
dal es sich um ein jungeres Synonym von 0. apifera handelt. Nach Art. 55
ICBN bestimmt sich der Inhalt einer Neukomhination nach dem Basionym
bzw. dem ihm zugrundeliegenden Typus. Geht man also davon aus, daB
Orchis hnloserica der 0. apifera entspricht, muB O. holosericea (Burm fil.)
Greuter als Synonym von 0. apifera bewertet werden. Dieser Name scheidet
also fir die Nomenklatur von 0. fuciflora aus.

5. Der ndchste zur Verfigung stehende Name wdre Orchis arachnites
Scop. Aber abgesehen davon, daR es sich hier um eine Sammelart handelt,
die 0. fuciflora nur neben anderen Arten enthdlt, ergdbe eine auf dieses Basio-
nym begrindete Neukombination unter Ophrys nur ein illegitimes Homonym.
Im Jahre 1768 hatte n&mlich Philip Mirtter den Namen 0. adrachnites als
jungeres Synonym von 0. apifera gebildet. »Adrachnites« ist aber nur eine
Schreibvariante zu »arachnites«. Linné z. B. gebrauchte 1753 beide Schreib-
weisen nebeneinander in der gleichen Textstelle. 0. arachnites Reichard ist
daher ein jingeres und damit illegitimes Homonym zu 0. adrachnites Miller.
Somit scheidet diese Kombination sowie alle anderen, spdteren arachnites-
Komhinationen fir eine weitere Betrachtung aus.

6. Gleiches gilt fir Orchisfuciflora Schrank, und zwar aus einem doppel-
ten Grund. Einmal ist dieser Name ein jingeres Homonym zu Orchis fuciflora
Crantz und fallt schon von daher als Basionym aus, da nach Art 55 ICBN
nur legitime Namen Grundlage einer Neukombination sein dirfen. Zum ande-
ren wiirde durch die Uberfiihrung des Epithetons in die Gattung Ophrys
wiederum ein weiteres jungeres Homonym zu 0. fuciflora Moench entstehen.

7. Nomenklatorisch von Bedeutung ist erst wieder Arachnites fuciflora
Schmidt. Grundlage dieses Namens ist 0. arachnites Murr. Dieser Name ist
illegitim, da er ebenfalls ein jlingeres Homonym zu 0. adrachnites Miller
darstellt. Damit ist auch die hierauf begriindete Kombination Epipactis
arachnites Schmidt illegitim, die durch Arachnites fuciflora Schmidt ersetzt
wurde. Trotz dieser Ableitung erweist sich jedoch Arachnites fuciflora seihst
nach den Nomenklaturregeln als legitim. Es handelt sich ndmlich hierbei
um einen sog. Ersatznamen (nomen novum) im Sinne von Art 7 Anm. 11,
Art. 72 ICBN. Schmidt wollte die Bildung des (illegitimen) Tautonyms
»Arachnites arachnites« vermeiden und schuf daher einen neuen Namen. Dieser
Name begriundete gemdfl Art. 72 ICBN eine neue Prioritdt und ist gultig
und legitim. Auch die Tatsache, dal Schmidt das Epitheton »fuciflora« einem
illegitimen Namen (Orchis fuciflora Schrank) entlehnte, schadet nicht. Nach
der Anmerkung zu Art. 72 ICBN kann ndmlich ein Epitheton aufgenommen
werden, welches dem Taxon vorher in einem illegitimen Namen gegeben
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worden ist, falls sich nicht seine Anwendung in der neuen Stellung oder neuen
Auffassung verbietet. Der ndchste verfigbare Name nach Orchis fuciflora Cr.
ist folglich Arachnites fuciflora Schmidt.

8. Ophrys fuciflora Moench ist eine Neukombination von Arachnites fuci-
flora und damit die erste legitime Kombination unter Ophrys im Sinne von
Art. 11 ICBN. Basionym fir diese Kombination ist also nicht Orchis fuciflora
Cr., sondern das zuféllig gleichlautende Epitheton von Arachnites fuciflora
Schmidt, so dal der korrekte Name gem&B Art. 11 ICBN Ophrys fuciflora
(F. W. Schmidt) Moench lautet.

Das Ergebnis der nomenklatorischen Uberpriifung ist sicher auf den
ersten Blick verbliffend, nach den Nomenklaturregeln aber folgerichtig. Die
Tatsache, daR einerseits der alteste Artname Orchis fuciflora Cr. nicht benutzt
werden kann, daB aber andererseits doch 0. fuciflora Moench der korrekte
Name ist, ist die Folge des Zufalls, dal das Epitheton »fuciflorax mehrfach
und unabhédngig von einander zur Kennzeichnung des gleichen Taxons ge-
braucht wurde (wahrscheinlich abgeleitet von dem vorlinneischen Namen
Orchis fuciflora, galea & alis purpurascentibus J. Bauhin). Zusammenfassend
ist festzustellen, daB es eine Kombination »O. fuciflora (Crantz) Moench«
nicht gibt, weil 0. fuciflora Moench nicht aut Orchisfuciflora Cr. zurlickgefihrt
werden kann. Die Kombinationen 0. arachnites (Scop) Reichard und 0. arachni-
tes Lam. sind als jingere Homonyme von 0. adrachnites Miller illegitim.
0. holosericea (Burm fil) Greuter scheidet aus, weil sein Basionym entweder
als nicht deutbar zu verwerfen oder wahrscheinlich ein Synonym zu 0. apifera
ist. 0. fuciflora Sw. ist ein ungultiger Name. Auch die oft zitierte Kombination
0. fuciflora Reichenbach pat. ist illegitim, da sie ein jingeres Homonym zu
0. fuciflora Moench darstellt. Es bleibt als einzige gultige und legitime Kombi-
nation 0. fuciflora (F. W. Schmidt) Moench, da sie auf dem nach Orchisfuci-
flora Cr. néchstverfiigbaren legitimen Namen Arachnites fuciflora Schmidt
beruht.
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Hybridization and the Flora of the British Isles. Edited by C. A. Stace. Academic Press,
London, New York, San Francisco 1975. pp. 626. £ 14.80.

This book is very remarkable in four aspects.

1. It demonstrates the highly advanced state of floristic studies in British Isles. While
in some countries botanists are tackling to produce the first species list of flowering plants,
Britain was able to make a compilation of 1439 interspecific vascular plant hybrids.

2. An evaluation of the occurrence of interspecific hybrids in the British Isles (see also
C. A. Stace: Wild hybrids in the British Flora. In: S. M. Walters edit.: European Floristic
and Taxonomic Studies. Published for the Bot. Soc. Brit. Isi. by E. W. Classey Ltd. 1975.
p. 111 —126) indicates, that out of some 2500 wild species there are 626 confirmed plus 122
possibly correct interspecific hybrids. In addition, 464 other combinations are listed which are
known from other countries only although their parents grow in Britain. Thus, hybridization
between different species is fairly common in nature.

3. Under each hybrid combination there are valuable informations as follows:

a) The valid binomial and the synonyms of the hybrid;

b) Description of the hybrid (morphology, fertility, variation, introgression, vigour,
etc).;

c) Ecological and geographical distribution (both within and outside of the British
Isles);

d) Survey of experimental work (e.g. artificial hybridization, back crossing, cytogenetic
studies);

e) Chromosome number of the hybrid and its parents;

f) Reference to the most important literature.

4. The first part of the book (Section A. Introductory) contains an up to date review
on hybrids and hybridization in general. This part is written by C. A. Stace, and it makes up
almost one sixth of the book (90 pages). The treatment is very good and detailed, dealing with
almost every aspects of hybridization (even the somatic cell hybridization is included).

Such hook can never be complete since hybridization may occur in newer combinations
and some less conspicuous ones are to be detected. Among these | mention the pentaploid
Cystopteris fragilis which has also been found in Britain (Vida, Acta Bot. Acad. Sei. Hung. 20:
182). On the other hand some obviously incorrect combinations (e.g. Polypodium X Pteri-
dium; Polypodium X Polystichum) may well have been omitted.

Britain’s Hybrid Flora is a very valuable book not only for British botanist but for all
biologists too.

G. Vida

Conservation of threatened plants. Edited by J. B. Simmons, R. |I. Beyer, P. E. Brandham,
G. L1. Lucas and V. T. H. Parry. New York —London 1976. Plenum Press. XIV -f- 336 pp.

This is the first volume of the NATO Conference Series I: Ecology, and it embodies the
proceedings of the “Conference on the Function of Living Plant Collections in Conservation
and Conservation-orientated Research and Public Education, held at the Royal Botanic Gar-
dens, Kew, England, September 2—6, 1975”. Approximately 150 participants of twenty-eight
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countries attended the work of this conference. Delegates were present from the German Dem-
ocratic Republic, Yugoslavia, and also Poland, but South American countries, as well as
China, India, and Japan, e.g., were not represented.

The main topics of the conference were; the resource potential of existing living collec-
tions; record systems; problems and techniques of cultivation; functions of conservation-orient-
ated living plant collections in research; botanic gardens in relation to public education; inter-
national co-operation and legislation, etc. Instead of taking a detailed survey of all of the
papers presented at the ten conference sections and published in this volume, the reviewer
would like to draw the reader’s attention to some cardinal problems discussed by the speakers
and the audience.

It is a well-known fact that the world flora is seriously endangered by the growth of
human populations and the demands of consumer societies. According to J. Heslop-Harrison
(Kew, England), one tenth of the angiosperm species are threatened by extinction. P. H.
Raven (Missouri Botanical Garden) underlined that “...the extinction of each species of
plants is accompanied by a ten- to thirty-fold loss amongst other organisms” (p. 155). The
number of threatened tropical plant species is extremely high; about one-third will be extinct
by the end of this century. He stressed that introduced animals have often caused rapid and
irreversible changes in species composition. For example, in Hawaii, at high elevations,

.. grazing animals have very serious effects and it seems absolutely incomprehensible that
authorities have thus far refused to exterminate the mammal populations, apparently consider-
ing the sport that hunting them provides to a few more important than the destruction and
irretrievable loss of thousands of species of unique plants and animals which evolved in the
Hawaiian island over millions of years” (p. 168).

Many economic reasons urge a policy of conservation for plants, because in the long run
our own survival depends on a wise and balanced exploitation of the vegetation. Most of the
conference participants agreed that such policies must be based primarily on conservation
in the natural habitat and that “. .. the basic requirement for the preservation of the threaten-
ed floras of the world is . . . the setting up of an adequate network of ecosystem reserves in all
the major floristic regions” (J. B. Simmons, Kew, England). Living plant collections and botanic
gardens are not able to replace the conservation in the field, but they certainly will meet their
obligations in the integrated system of conservation of endangered plant species and ecosystems
and in their restoration and re-establishment (p. 13, G. Budowski, IUCN, Switzerland; p. 27,
J. B. Simmons).

K. Esser (Bochum, FGR) and other contributors have made a clear distinction be-
tween preservation and conservation of threatened populations and species. Conservation
means to keep populations under the same conditions as in nature, following the same paths
of evolution. Preservation denotes to keep them essentially in the same state as when they
were taken from the natural habitat. In cultivated collections neither of these aims is attain-
able for different reasons (e.g. continuous alteration of genotypes by genetical recombination;
unwanted hybridization; selection by incompletely controllable environment, etc., (pp. 185 —
186) O. H. Frankel (Canberra City, Australia), G. Hawkes(Birmingham, England), K. Esser
and others urged the great importance of proper sampling methods by the creation of living
collections. Every effort has to be made in order to reduce sampling errors and to get samples
containing the majority of the genotypic variants of the whole native population sampled.
From this point of view, Y. H. Heywood (Reading, England) was wholly right when he crit-
icized very sharply the usual practice of most botanic gardens to get seed samples from other

gardens and to offer them for exchange through seed lists, which “. . .tended in many cases
to become overlarge, unselective, inaccurate and repetitious in the sense that they contained
the same material often received shortly before from other gardens ... A more or less standard

set of taxa was built up in many botanic gardens often at the expense of local native taxa which
were largely ignored. The seed lists reflected this and the same often inaccurately identified
seeds were exchanged, cultivated, exchanged, and cultivated, year after year ... The con-
sequence: considerable percentage of taxonomic misidentification of plants grown in botanic
gardens ...” (p. 227). His recommendation is: “...seed exchange should become a much
more critical and selective activity ... The number of taxa listed will have to be reduced,
allowing gardens to concentrate on their native floras, specialized collections or on exotic
floras in which they have a special research interest” (p. 230).

O. H. Frankel’s recommendation followed the same line: ..any botanic garden
should restrict the number of taxa which it seriously wishes to protect” and “the main em-
phasis should be on ecologically suited taxa which you expect to be maintained in your botanic
gardens over long periods”. A reasonable genetic diversity of the population sample — he
stressed — “is a matter of insurance even under protected conditions” and is much more im-
portant “if the object is re-establishment in the wild state”. According to him, the genetic
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diversity will be “far more effectively preserved over an ecological transect”. From the point
of view of the succesful re-establishment, he underlined the importance of the study of breeding
systems and the autecological aspects of the taxa concerned, as well as the synecology of the
community in which they are to be established (p. 247).

Theoretically, the so-called gene banks or seed-banks offer the most efficient method for
preservation of samples of threatened plant populations. No significant genetic alterations could
be observed in seed samples stored at temperatures of —18 °C to —20 °C and at a moisture
content of 521% in sealed containers. In order to restore the viability of stored seed samples
there is a need of cyclic rejuvenation by sowing and seed growing. The genetic integrity of re-
juvenated samples may be influenced by selection, outcrossing, and random fixation of some
alleles (drift). These questions and others, connected with the seed bank program (quarantine
problems, documentation, etc.) were shortly but very convincingly discussed by W. Handelman
(Braunschweig). He emphasized that the seed banks have been given first priority for
preservation purposes, because the establishment of natural genetic reserve areas for cultivated
plant species as well as for their wild relatives and primitive forms would be a rather unrealistic
task (p. 213-222).

Special research topics were discussed by J. Heslop-Harrison (reproductive physiol-
ogy) and C. D. Cook, Zirich (autecology). Special cultivation techniques and research pro-
grams connected with them were outlined by H.-H. Poppendieck, Hamburg (Mesembryan-
themums), by T. Boécher and O. Olsen, Copenhagen (arctic glasshouses), and by K. R.
Woolliams, Hawaii (propagation of Hawaiian species). Especially distressing is this report
announcing that almost 50% of the known Hawaiian species — mostly endemic ones — are
under severe stress or facing extinction!

Another very important group of articles dwelt at length on different systems of docu-
mentation and data processing (O. Ngilsson, Uppsala; J. Cullen, Edinburgh; F. H. Perring,
Huntington, England; M. Hofman, Konstanz, F. G. R.). All authors and reasoners concurred
that a sound and unified system of data recording and processing would be a prerequisite for
information exchange and for a successful co-operation among conservation-oriented botanic
gardens and other institutions. Some basic requirements of the international co-operation were
outlined by O. H. Frankel. He stressed that all living plant collections and especially the bo-
tanic gardens have to work in the long run and to have a clearly understood time scale of con-
cern in their activities bounded with conservation or preservation of endangered wild plant
species or populations.

E. S. Ayensu (Smithsonian Institution, Washington) argued that botanical institutions
should play a pivotal role in conserving as many as possible of the threatened species. He under-
lined the importance of research works on plants about whose biological syndromes and natural
habitat regimes we have not enough information. The international exchange and sharing of
materials and information as well as a propaganda activity for the countenance of conserva-
tion efforts — are the necessary steps in a conservation program (pp. 259 —267) .

G. L1. Lucas (Kew, England) shortly summarized recent developments in international
cooperation and legislation in plant conservation. Of first importance is the setting up of the
Threatened Plant Committee (TPC) by the Survival Service Commission of the International
Union for Conservation of Nature and Natural Resources (IUCNNR). Another major develop-
ment outlined by Mr. Lucas was the Convention on International Trade in Endangered Species
of Wild Fauna and Flora, which has been signed in Washington in early 1973 and came into
force on 25th August 1975. The full text of this Convention and the Conference resolution are
added to the Conference material too.

The sum up, this book contains many valuable ideas, information, and recommenda-
tions not only for the curators and managers of botanic gardens and other living plant collec-
tions but for all specialists interested in problems of natural conservancy.

B. Janko

M. Maroéti: A ndvényi szovettenyésztés alapjai (The bases of plant tissue cultivation) 1976,
345 pp. 147 illustrations. Akadémiai Kiad6, Budapest

The results of plant tissue culture achieved in the past decades have made it possible
to use the in vitro sterile techniques as a method of theoretical and applied research in plant
physiology and genetics, in plant breeding and in agricultural practice. Thus, laboratories of
plant tissue cultivation have been and are being set up in the fairly various fields of plant re-
search for the application of sterile breeding techniques. The rapid and wide spread of the
method have necessitated the publication of a comprehensive handbook in Hungarian.

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



298 RECENSIONES

Professor Mihaly MarOti has been dealing with plant tissue cultures for more than a
quarter of a century at the Lordnd EOtvds University of Budapest. His own experiences and
the literary results are successfully composed in his book, which is the first of its kind of a com-
prehensive handbook in the specialist literature in Hungarian and which can be fruitfully used
by researchers and specialists dealing with plant tissue cultures in their work.

In the book consisting of seven chapters, the author discusses the various fields of plant
tissue cultivation mainly from plant physiological and methodological viewpoints. Following
the Introduction and List of Abbreviations, in Chapter Il the notion purpose and use of iso-
lated cultivation is presented and its history is summarized from Wochting (1878) and
Haberlandt (1902) up to our days (1975).

One of the vital requirements of a fruitful plant tissue cultivation is carrying out ex-
periments for and composing the suitable culture medium. The organic and inorganic compo-
nents of the culture medium is dealt with in Chapter I11. The value of this Chapter is increased
by the fact that the author deals in detail with the role, importance and effects of the various
nitrogen sources, carbo-hydrates, vitamines, stimulants and inhibitors in the metabolism of
the isolates. Chapter 1V deals with the growth, differentiation and organogenesis of the isolated
plant parts. In this chapter, the author deals separately with embryo and ovule cultures and
organ cultures (shooting, root, leaf, flower, fruit, anthera) as well as their in vitro growth and
development. In this Chapter, also the technical questions of callus cultures and cell cultures,
the problems of their growth and differentiation are dealt with. Finally, a short summary is
provided on the most important problems and results of the research related to protoplast
cultures. In this Chapter the author discusses for too much of the material and it would have
been more advantageous from the viewpoint of readers or researchers using the book if sepa-
rate chapters had dealt with the material grouped according to certain conceptions.

After Chapter V, which is devoted to the various kinds of callus tissue cultures, Chapter
VI deals with the fields of application of tissue cultures. Unfortunately, this Chapter has a
shortcoming in so far as it does not indicate the fields of genetics and breeding in spite of the
fact that relevant references and inferences are found in abundance in Chapter IV.

Chapter VII provides a number of useful pieces of advice for laboratories which are
being set up. It discusses the general methodological questions of in vitro techniques, and de-
scribes the most important nutrient mediums.

The value of the book is greatly increased by the fact that, in addition to the discussion
of the various subjects, there are detailed references at the end of the various chapters, and also
the terminology and the basic notions related to the isolated plant parts are given. A further
advantage of the book, which was published in 1976 that the literature of 1975 is treated in it
in a still appreciable way.

In a last analysis it can be stated that the elaboration of the subject attains the standard
of books published in English on tissue cultures, it supplies a long-felt need in Hungarian spe-
cialist literature, and it can be used with success by researchers and specialists dealing with

tissue cultures.
L. Heszky

Schultz, V., Eberhardt, L. L.. Thomas, J. M. and Cochran, M. I.: A bibliography of quanti-
tative ecology. 1976. Dowden, Hutchinson and Ross. Stroudsburg, Pennsylvania, pp. 1—361.

The authors compiled their bibliography from the following consideration: of late years,
the application of mathematics and statistics in ecology has increased to such an extent that
the compilation of a relatively many-sided bibliography has become a necessity.

Great attention has been paid to the use of mathematics and statistics in ecology, and
besides, the application of computers has not been neglected either. The works containing stand-
ard mathematical and statistical methods have been included only in such cases if they con-
tain a detailed discussion of the methods as well.

The periodicals which where considered important have been dealt with from the first
issue up to 1974.

When grouping the material they were faced with several difficulties (for example, the
delimitation of subjects, category of certain publications, classification, etc.).

The number of subject groups had to be restricted: the survey of the literature belong-
ing in the theory of genetics and evolution has not even be attempted.

The bibliographical matter has been grouped according to the following categories:
age, age structure; compartment models; competition, density dependence and regulation;
computers and data procession; simulation; cyclic phenomena; diversity; energetics and pro-
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ductivity; utilization, treatment and control; frequency distributions; growth of individuals;
grow th of population; mathematical models; population models; stochastic models: operation
research and programming; ordination; patterns; plotless sampling; plots and quadrats; pop-
ulation dynamics; population estimation methods of capture and recapture; population
estimation (other methods); reproduction; sampling; survival and mortality; taxonomy; books,
bibliographies and educational matters. The volume ends with an index.

The bibliography overwhelmingly contains American and zoologist authors; it is only
sporadically that, besides J. Ecology, European periodicals are to be found (for example, Oikos,
Ecologiya), and authors are even rarer. The fact that S. Brody’s book and the volume entitled
Proc. First Internat. Congr. of Ecology are missing is very conspicuous.

W ith regard to viewpoints of botanists it is hardly understandable that the book of
Vasilevits, and aestdk-Catsky-Jarvis has been left out of the volume; further, that the ac-
tivities of D. M. de Vries among the Dutch botanists, and of N. Numata among the Japanese,
as well as that of R. Mclntosh among the North Americans have not been discussed.

To place Bertalanffy to letter V in the alphabetical order is puzzling for us Hunga-
rians.

Certain subjects (for example, niche) are difficult to be found in the applied categories.

The remarks mentioned do not diminish the value of the volume from which a survey
of the North American ecological literature is available for the European researchers.

I. Précsényi

Hutchinson, G. E.: A Treatise on Limnology. Vol. Ill. Limnological Botany, John Wiley &
Sons, New York—London—Sydney—Toronto, 1975, 660 pp. 164 Figs, 76 Tables

Legions of researchers the world over deal with the most varying scientific problems,
the number of publications increases astonishingly even in the seemingly most insiginficant
fields of science. This flood of publication is even more increasingly observable in limnology,
for a significant part of environmental pollution caused by mankind infects waters and this
presses intensive research forward. It is only the safety-belt of good summarizing works that
can offer an escape from the sea of publications which inundates everything. The term com-
pilative work used to have a slightly degrading sense, this, however, has been blown away by
the wind of modern times. An appropriate compilative work has by all means more value than
even an independent work of medium standard. This is even more so when the compilation is
of a creative character. Hutchinson’s book is not merely a dry enumeration of the most im-
portant articles written on the subject, but the factual material is also transmitted through
the furnace of a personality of encyclopaedic knowledge, therefore the work is to a consider-
able extent an individual production. This book can serve as an example of how7to write on a
scientific subject at a high intellectual standard, but at the same time within the capacity of
everybody, and imbued with a deep love of nature. The author throws light with imposing
certainty and brevity upon the biochemical, physiological, histological, etc. background of the
phenomena described and he does so in such a distinguished English style that even a reader
with medium-level familiarity with the language is forced to look up his dictionary rather
frequently, which, however, causes at the same time a great deal of pleasure as well. The book is
devoid of two faults frequently occurring in such books: ignoring the metric system and leaving
the European works —and even more those from the socialist countries —out of consideration.
The authors’ conception on nomenclature (e.g. Phragmites australis) is modern, but in justified
cases he is prepared to compromise (e.g. Schoenoplectus-Scirpus problematic) and — very agree-
ably — delimits himself from the extreme cases of nomenclature (i.e. from the Cyanophyta
conception of Drouet and Daily). The Bibliography consists of 38 pages and like a Baedeker
of the specialist literature indicates the more important works with an asterisk. The book pos-
sesses such advantages as can be appreciated by the reader also in the preceding volumes. The
chapters are easily surveyable, they begin with an introduction, are satisfactorily divided into
sections and closed with a summary. A list of the geographical location of the lakes discussed is
also provided in this volume. The use of the book is facilitated by a general index and an index
of genera and species of organisms.

The book contains the following six chapters: The Lower Rooted Vegetation; The Nature
and Diversity of Aquatic Tracheophytes; Biological Characteristics of the Tracheophytes of
Inland Waters; The Chemical Ecology of Freshwater Macrophytes; The Distribution of Macro-
phytes in Lakes; The Algal Benthos.
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It is too difficult to emphasize anything from the book. Table 7 has great significance
from general limnological viewpoints; Classification of life-forms and growth-forms of higher
aquatic plants; and Table 8; A comparison of the scheme of ecological classification used in the
present work ...The former chaos of nomenclature has been successfully eliminated and a
well-comprehensible system has been created. Where an extremely small number of autecol-
ogical data is available Hutchinson makes a great number of little-known experimental
results public property. The terminology of algal benthos is by no means uniform the world
over and from this, possible, misunderstandings may arise. This problem may be solved only
if the system of a widely-known work of great influence is generally accepted and specialists
would use it. llaptobenthos and lierpobenthos used in this work would indeed be satisfactory
for this purpose.

The friends of the preceding two volumes will not be disappointed by the third volume
either and, what is more, we may be convinced that this third volume will assist the first two
ones in attaining friends for themselves, too.

L. Hajdu

Bohm, Anton (1976): Morphologische Studien im Bereiche der Pyrrhophyta. Das Problem
Form und Selektion. Bibliotheca Phycologica Ed. 22. J. Cramer in A. R. Gantner Verlag
Kommanditges. Vaduz, 119 pp., 32 plates, 197 figures.

The aim of the subject, as is explained in the summary by the author himself, is “to point
out and promots the liquidation of the view and prejudicies that have been set for a long time,
taken over without criticism and accumulated infinitely”. The results: the form of the Pyrrho-
phytas does not play a part in the improvement of the floating movement; further, it does ot
serve any of the tasks supposed by the literature. In the case of Pyrrhophyta, a uniform notion
of species is in principle impossible, since the importance of the morphe and the tabulation is
not known, and the frequent interception (overlapping) of these two characteristics results in
a completely incomprehensible situation. The reality of the progressive form lines and the
parallel trends makes the effect of intern factors (that is, a common inheritory stock) unstead
of the extern factors probable. There are signs of both intraspecific and transspecific evolution.
The final question of the work is whether the form has a part to play, or whether it has to
have a part to play in selection.

A young scientist, at the beginning of his career, considers every problem as a simple
one. The more, however, he works deeper into a field, the problems look the greater, while the
question increasingly more unsolvable. Possibly, in an extreme case the aim is no longer to
find a solution but to find a problem. The notions and methods of all the biological science
branches are burdened with faults. Nevertheless, the positive features and the negative ones
should be brought into equilibrium, since the one-sided mentioning and exaggeration of the
unsolved problems lead to cynical standpoints, and puts a question-mark whether further
work is at all reasonable. This doubting in everything can be felt in Bshm’s work, and it is
perceptible immediately at the first glance of the frequent occurrences of quotation marks,
exclamation marks and question marks.

Algae taken in the traditional sense embrace such a large organizational and ecological
domain that no statement valid for all of them without exception (and only for them) can be
made. Let us call the statement an algal rule.

In terms of this thought, Bohm engages in discussion with the theory that the append-
ages and the form serve the improvement of floating. He contravenes this hypothesis by means
of analysing the floralists in literature. The reviewer who, dissimilarly to the authors, has not
spent his whole life in studying the Pyrrhophyta, cannot judge to what extent the contra-ex-
amples not mentioned here influence the conclusion. Nevertheless, in the very sense of the
algal rule, we cannot agree with the exaggerating final conclusion that the form is always un-
important in floating movement uptaking the nutrient, preventing against grazing etc. We
have known since Darwin that the organs that have lost their functions show an extreme va-
riability. The existence and great stability of these morphological marks suggest that the algae
do use them for something. There is rigorous economy in nature; no self-contained, function-
less formations can be general. Because, on the basis of our present knowledge, we cannot
still recognize the function we cannot make the statement that it has never had an importance
in selection, in niche segregation, etc.

The book will be of use for not only those dealing with evolution theory and genetics
but also for taxonomists. The author analyses — even though in an exaggerating way — such
problems that exist actually. It is true that the mechanical theory of expedience and selection
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is in principle condemned by everybody, nevertheless, in explaining concrete cases, everybody
makes frequent use of it. If in such cases those who have read the book turn not immediately
to the most convenient explanation of expedience but meditate whether such a connection
can exist here, then it can be inferred that the book has achieved the aim set to it. Enjoying it
within bounds, the reader will be able to acquire — if he has not yet done it — the sound doubt-
ing and problem-seeing necessary for a right taxonoinical attitude. It is a pity that the book
has been published only in German; the danger of ignoring it from the side of English-speaking
countries threatens is.

L. Hajda

Pielou, E. C. (1975): Ecological Diversity. John Wiley & Sons, Inc. New York, pp 165.

The aim of the author was, as she states in the preface: “...a short state-of-the-art
book would be useful to the many research workers and graduate students who are concerned
with, or about to start work upon, this topic.”

The volume is divided into 8 chapters. The first deals with the indices of diversity and
evenness. There are described three diversity indices (Shannqny-Vt/eav?r, Brillouin zend
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as well as the “equitability index” according to L1oyd and Ghelardi). A more detailed review
can be found in earlier book of the author (Pielou, 1969, An introduction to mathematical
ecology. Witey, New York).

The problems concerning sampling processes are also included in this chapter. The
method for estimating diversity of large communities seems a little labourous.

Chapter 2 describes three, so-called resource apportioning models, the niche preemption,
the broken stick and the overlapping niche models. In the former two there is supposed to be
a limiting resource, shared among the species coexisting in the same area. In the third one,
no such limiting resource is assumed. The three models give species-abundance distributions
which can be compared with the observed ones. Their testing is described in Chapter 4.

In Chapter 3, some probability distributions are outlined, e.g. the truncated negative
binomial, the logseries and the lognormal distributions.

In Chapter 5, the problem of the diversity and stationary spatial pattern is discussed, as
well as two tests (based on the / 2distribution) to judge whether a species can occurinacommunity
as separate individuals rather than as patches, randomly mingled. It is shown that the mosaic
character of the community affects the species-individuals diversity, therefore the spatial
diversity of the community investigated must be taken into account, calculating the real spe-
cies-individuals diversity of the community. This is done by use of conditional probabilities.

Chapter 6 deals with the problem of communities, whose pattern shows an unidirectional
variation, i.e. with the zoned communities. First the competition model is described, for two
species coexisting along a gradient (in Subchapter 6.2.). Subsequently the author deals with
the so-called “beta diversity”, or “species turnover” along a gradient. The measure of beta
diversity (the term used by Whittaker) is based on the similarity of two quadrates on the
gradient. The lesser the similarity between two quadrates getting more and more distant from
each other is, the greater the value of B (0 <[ B <C 1). The greater the change in species com-
position is, the higher B becomes. Here we must point out that the uncritical use of the term
“diversity” can lead to misunderstandings, since the word “diversity” in the term “beta di-
versity” does not mean the same as the concept used on other pages of the volume. The term
“species turnover” instead of “beta diversity” is much better.

In 6.4. we find a method for comparing zone patterns in different communities based
on the coefficient of concordance.

Subchapter 6.5. deals with the problem of the “continuum concept” and the “integrated
community concept”, i.e. with the problem whether species depend only on the abiotic factors
of the environment, or on the presence of the other species occurring in the same area as well.
In the former case, the boundaries of the zone occupied by a single species will be located ran-
domly and independently along the gradient, in the latter case they will form batches. A third
case too is also possible, when the species are so adapted to the environmental conditions
(biotic or abiotic) that the zone boundaries tend to be spaced evenly along the gradient. There
is also a method given to test the three hypothesis for a given empirical situation.

In the last two Chapters (7 and 8) the author deals with the factors (in the widest sense
of the word) which result in the given species-abundance relations, i.e. diversity. In Ch. 7, she
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touches upon (as a review) the problems of niche, species packing, and coexistence of compe-
titors, with a great nun; her of references. In 7.4. and 7.5. the population interactions in a patchy
habitat are discussed, outlining two models, the model proposed by Skellam and that by
Horn & MacArthur.

Chapter 8 contains a process to calculate niche width and overlap, based on an mXn
contingency table (m species and n locations). In the same chapter, there are briefly discussed
the stability-predictability-productivity hypothesis related to diversity, the diversity on small
islands, and the temporal changes in diversity through geological time.

There is a great number of diversity and evenness indices and functions used or pro-
posed in the literature, and most of them is defined merely by the function used to calculate
them. Therefore it would have been rather important to deal with the concept of diversity
itself. This concept does exist (see: Juhasz-Nagy, P. 1973, Bot. Kdéziem., 60: 35—41). In the
volume, the concept of diversity is used only in a narrow sense, for most of cases as species-
individuals diversity. The lack of clarification of the concept can be misleading (as mentioned
above, in connection of the term “beta diversity”), for example in subchapters 8.4. and 8.5.,
where the term “diversity” is used in the sense of species number. The species-individuals di-
versity is only a special case of diversity, the concept itself is more universal. It is a basic phe-
nomenon of all systems where a partition can be made, and it reflects on the spectral structure
of the given collection. That is, it is valid not only for synbiological systems. (See: Dévai, |.—
Horvath, K.—Juhéasz-Nagy, P. 1971, Ann. Univ. Sei. Budapest. Sect. Biol., 13: 19—32;
Juhasz-Nagy, P. 1973, Bot. Koziem., 60: 35—41.).

Considering the aim of the author as stated in the preface “...a short state-of-the-art
book ...”, it would have been worth while outlining also other diversity functions, e.g. the
“mutability index” proposed by Gini (see Leti, G. 1965, Metrén, 24: 332—378), the index
submitted by Mclntosh (Mclntosh, R. P. 1967, Ecology, 48: 392—404), the “Number of
Moves” and “SD” suggested by Fager (Fager, E. W. 1972, Amer. Nat., 106: 293 —310), the
HiLL-ratios (Hit1, M. O. 1973, Ecology, 54: 427 —432), etc. These papers, and other compre-
hensive reviews (e.g. Cancela Da Fonseca, J. P. 1966, Bull. Mus. Hist. Nat. Paris, 38: 961 —
968; 1969, Rev. Ecol. Biol. Sol., 6: 1—30 and 533 —555; PeeT, R. K. 1974, Annual Rev. Ecol.
Syst., 5: 285—307: N6sek, J. N. 1977, Acta Bot. Acad. Sei. Hung., in press), are not included
in the bibliography either. It should be noted that the last one was published too late to be
included in the reference list.

The volume is well illustrated, both by examples and illustrations. It is a useful starting
point to gather information in the field and whoever intends to delve deeper into one of the
problems can find instructions in the bibliography.

J. N. Nések
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PE3IOME

NCCNEAOBAHUNE ®UTOTMJIAHKTOHA HA O3EPE BEJIEHLEWN
(4MCcno BOAOPOCNEN N BUOMACCA)

X. BAPTA

Ha ocHOBaHWM uccnefoBaHWS KonuuecTBa ocobeld M 6uomacchl B 13-TW TOYKax 03epa
BeneHuen B 1973—1974 rogy, 6bl/10 BblgeneHo Npy nIoLaaun, oTIMYaOLLMXCS APYT OT Apyra no
anbrosiornm, a TakXxe BHYTPU 3TOM NOLLAAN MOXHO 6bI/IO BbIAENNTbL NEPEXOAHON, UNN C KaKoii-
/NGO TOUKM 3PEHNS MHAMBUAYAIbHBIA TUM BOAbl. CryLEHHOCTb MNAHKTOHHBIX BOAOPOC/EV B
CBOPHbIX MYHKTaxX CeBEPO-BOCTOYHOIO 03epa O4eHb BbICOKAs, 3T0 MECTO NIaHKTOHHOM 3BTpodu3a-
umn. Ha nnowjaay toro-3anafHoro osepa CrylleHHOCTb 0COGelt HU3Kast U B pesynbTare GeHTo-
HWNYECKOI 3BTPO(IM3aLMM NUTaTENbHbIE BELLECTBA He 06pasytoTcs B UTOMNIaHKTOHe. B cepegnHe
03epa TPO(MUYHOCTb BOAbI HE6O/bLLUAS, YMCNO OCO6EH B (DUTONIAHKTOHE HAXOAMTCA MEXay ABY-
M BblLLIE Ha3BaHHbIMV TEPPUTOPUAMM, & Ha AHE HET BOASHbIX pacTeHuid. Pasnnuns mexay Benu-
YnHaMK, MONYYEHHbIX MPU N3MEPEHUM OBOJOPOC/IEHNS BMECTE C 61IOMAcCOii He Takue KpaiiHue,
KaK npu m3MepeHuy umcna ocobeil. Ha oLeHKy 6momMacchl BAMAIOT BUAbl 60MbLuMe MO pasmepy
(Peridiniopsis borgei Lemm. Bolryococcus braunii Kiitz, a Bufbl, KOTOpble MO CBOEMY 0ObeMy
MeHbLue KIOB TO/MbKO TOrfa BAMSAKOT Ha U3MEHEHWE BENMUMHBI, €CN CTYLLEHHOCTb 0cobeii 6onee
MUMOHa. ABTOP MOKasana, Yto Ha TeppMTOpUM 03epa, PasnMyaroLWencs no HaanunK BOLOPOC-
Nein cocTas BMAOB (IUTOMMAHKTOHA TOXE Pas/MUHbINA.

SKOPN3NONOIMMYECKNE NCCNEAOBAHUA TAJIO®NTOB B CYXOW ”
MONMYCYXoun 30HE

. ABTOSKONOINA TANOPUTA LIMOMASTRUM MONOPETALUM (L) BOISS
BbIAETAOLWEIO COJib

K. X. BATAHOYHW »n M. ABO CUTTA

B cTaTbe OnucbIBaeTCA nepeas 4acTb M3 CEpUM UCCNEeAO0BaHUS ranogmToB, NponspacTa-
IOLWX B CYXMX W MOMYCYyXMX 30HaxX. B 3Tol 4acTu faeTcsi onucaHue eruneTcKux ranocﬁmos
Limoniastrum monopeialum, BbIAENAOWMIA COMb ranouT, NpomspacTaeT B 3anafHol MeauTep-
paHHol 30He ErunTa, co cnabbiM cy6-nycTbiHHLIM KanMaTom. OfHaKo pacTuTeNbHble CO0bLLe-
CTBa NpeobnafatoT B Maio-3aCOMEHHbIX YC/TOBUAX Ha MEcYaHHbIX Noysax. [ s XxapakTepHo, uTo
OHV MMEOT NOTEHLMaNbHYH CMOCOBHOCTL (HOPMMPOBATL Hacbinu. OPMMPOBaHME 3TWUX HaCbINei
VIMEET MHOT0 9KO/IOT MUECKMX nocneacTauni nocpeACTBOM 3(pheKTa CBA3N Mexay BOJOM, pacTeHus-
MM 1 No4Boi. DOPMMPOBaHME 3TUX HaCbiNeid MMEET MHOTO 3KOM0MMYECKMX MOCMeACTBMIA noc-
pescTBOM 3(peKTa CBA3U MexXay Bo,qom pacTeHMSAMU ¥ MOYBOA. POpPMUPOBaHME 3TUX Hacvmem
naet napannensHo € pocToM paCTeHMM M [OCTUraeT 3Ha4YMNTEIbHOro pasMepa BbICOTOM 50 cM 1
BbilLe. IMpu thopmupoBaHy HacbInel pasBMBaeTCA fBa TWMa KOPHEeW: My4YKn KOPOTKMX, HEXHbIX
KOPHEN W [/IMHHbIX BOJIOKHWUCTBIX KOPHei. O6a Cnoco6CTBYHOT 3HAUYMTE/TbHOMY BMUTHIBAHMIO
BOfbl pPacTeHMAMU. PacTeHWs MMelOT 4Ba pas/IMyHbIX TUMa Xesnes, pasnuyaroLmxcs CBoUM pac-
npesfeneHWeM Mo Teny pacTeHus, CTPYKType U PYHKUMW. 3TO CONsHblE Xenesbl W CU3UCTbIe
Xenesbl. XKenesbl, BbIAENAIOWME COMb HAXOAATCA Ha NINCTbSAX M MONOAbIX KOpHAX. Kaxpaas
3aK/toyaeT B cebe 16 KNeToK, 12 U3 HUX BblAeNUTeNbHbIE, & 4 AOMONHUTeNbHble. CAu3UCTbie
XKenesbl HaxopaaTcsi Ha 060/04Ke NIMCTA, Ha MOBEPXHOCTW 3anuAepmuca, Kaxpjasa COCTOUT U3
pas/IMYHOro Ymcna KeToK Y 3ak/oyaeT B cebe 60/bLIOE YMC/IO He BbIAENUTENbHBIX, JOMNOMHN-
TeNbHbIX KETOK.



HOBbIA POA AHTU/IbCKMX OCTPOBOB TETRAZYGIOPSIS, A TAKXE POf HA
KYBE TETRAZYGIA L. C. RICH. (MELASTOMATACEAE).

A. BOPX1NAN

B gaHHoOli paboTe faeTcA TaKCOHOMMWYECKas peBu3us Kyb6uHckoro popa Tetrazygiah. C.
Rich. Bnepsble onucaHbl 3 BUAa, 2 BapuaHTa 1 2 KOMOMHauuy aToro poga. Kpome 3atoro npeg-
NnaraeTcs HOBbIA aHANNTUYECKWIA KoY. [pyn MOMOWM 3TOM PEBM3UM MOXHO PacnosHaTb HO-
Bbll POA, pacTywuini Ha ATWAnak, W OTMYaloLeiics OT pofa Tetrazygia MO CTYPKyTpe ua-
LIeYKU. ITOT POA NOMYYMN Ha3BaHWe Tetrazygiopsis W COLEPXMT 2 CeKuuu 1 8 BULOB.

CTPOEHWE LENONO3HOW OBOMOYK/ B HECKOJIbKNX TUMAX KNETOK
FAMETO®UTA MARCHANTIA POLYMORPHA L. I. KNETKW/ HWXHEW CTOPOHbI
SNVAEPMANCA, TNAOKUNE PW3ONAbI, PM3OUAblI C YTOJNWEHHLIMA
LWNNOBNAOAHBIMA  KNETKAMU

4. LEMETEP-CUNALbWU, N. BOMHAPOBUY-XPAMKA

B faHHOIA CTaTbe aeTCs OTYET O CTPOEHUM LIE//IHONIO3HO 060I0UKY KNETOK HUMXKHEN YacTu
anugepMuca ramMetouTa ¢ FIafgKUMU U LUMMOBMAHLIMA PU30MAAMM MPU MOMOLLM CBETOBOIO,
MONAPN3aLNOHHOTO_1 9N1EKTPOHHOTO MIUKDOCKOMa CKaHHUHI. 3TW TPU TuMa KNeTOK PasinyHbl
He TONbKO MO CBOeld (hopMe ¥ pasmepy, HO U MO Cy6- U CBETOMMKPOCKOMNYECKOMY CTPOEHWIO.
370 NoATBEPXKAAET TOT B3/, YTO pasnnuHas (yHKUUS KNeTOK NPOSBASETCSA U B OCOBEHHOCTM
CTPOEHUsI 0GOMOYKM KIETOK. ViccrefjoBaHUs MOKasa/v, YTo B Cyyae HUDKHE 4acTu KNeTok
aNuaepMUca 1 B Cyyae rafKux pU30UA0B Pasnnums B CTPOEHUU HABMIOLAETCSA B TEX e CaMblX
TWNax KAETOK MeX.y pasnuuHbIMA 060/104KaMU KIETOK 1 B 3aBUCUMOCTU OT TOTO C KaKoi CTopo-
Hbl OHW HaxOAATCA. JTO MOATBEPXAAET paHee U3BECTHbIE JaHHbIE O TOM, YTO OfMHAKOBblE TUMbI
AntdhepeHLMPoBaNCh BHYTPU KNETKM a TakKe B CBA3M C (DyHKLMeit 000/I04EK KIETOK.

LlaHHble 0 KNeTKax HUKHel CTOPOHbI aNMAepMICa a Takxe AaHHble 0 AnddepeHumaLmn 1
pOCTe OCHOBHO#1 YaCTW 060/104KM KNETOK LUMMOBUAHBIX PU30MOB NMOKA3bIBAKOT, UTO A/s Pa3BUTON
060/104KN K/ETKM XapaKTepHO TO, YTO YTO/LeHHble (DOPMbl NOABNAKOTCA 3a0N0 /0 NONHOMO
pasBUTUS KNETKU. KOCBEHHbIE UCCEA0BAHNS KIETOK HUXHEA CTOPOHbI SNUAEPMMKA B aHTUK/IU-
HapHbIX 060/104KaxX KNETOK FNafKMX U LIMMOBIAHBIX PU3OW/IOB YKa3bIBaAM Ha NepreHanKynsp-
HYI OpMEHTALMIO MUKPOMMBPUIN FOPU3OHTAILHOW MAOCKOCTU KOMOHUIA. JTOT (hakT AEMOH-
CTPMpYeT NepreHaNKyNApHY0 MUKPODUOPMILHOCTL B CPABHEHMM [/IMHBI POCTa KNETOK U KO/o-
HUiA. B 0TPOCTKOBOI YacTit 0601X TMMOB PU30MI0B MUKPOMMBPMLI pacnonaraoTcs napannens-
HO MPOAONLHOM OCM OTPOCTKOB Tak, YTO C POCTOM 3TOW YacTU KIETKU UMEETCS BO3MOXHOCTb
CYAMTb O MUKPO(UBPUIBHOCTU. BbiM MOKa3aHbl OPUEHTALMM MUKPODUBPUAN B FAAZKNX W
LIMTOBUIHBIX OTPOCTKAX PU30MA0B BOIHUCTOTO MPotuns (CreyoLymMy No ABVKEHUIO BUHTA), a
TaK)Xe B OCHOBaHUW rNaJKNX PU30nA0B (KPYroBOe) 1 B LUMTOBUAHBIX YTO/LLEHNAX CTEHKMN KIETKM
(nyuncToe). DNEKTPOHHO-MUKPOCKOMMYECKIe UCCNef0BaHUs TNafKUX prU30MIO0B B paHHel cTagum
MOATBEPAUIN Pe3y/ibTaTbl KOCBEHHbIX OMbITOB.

CBA3b MPOAYKUMN HAASEMHOMN ®UTOBMOMACCHI C COAEPXAHWMEM
XIOPOGUNA Y PACTEHUW, NMPOU3PACTAIOLLNX HA JIECCOBOMYCTbIHHbLIX
MOYBAX B KOHANUWMOHABHbBIX NTPYHTOBbIX YCNOBUAX

n. 3HAPEAWN, N. XOPBAT

ABTOpbI UCCMEfOBAM B3aWMOOTHOLUEHWE HAA3EMHOW MPOAYKUMM (BUTOBMOMACCHI C CO-
LepXaHuem Xnopodunna B KOHAWUMOHAbHBIX (B CBETOBO Kamepe) M IPYHTOBBIX YCIOBUSX
Y BW[JOB, HAXOAALMXCS B YEThIPEX (POHAAX acCoLmaLmu.

ABTOpbI MOKA3&N TECHYID MO3UTUBHYIO, NNHEApHYH, PErPecCUBHYI0 CBA3b MeXay
MPOLYKLMeN prUToBMOMACCHI M COLlepXKaHNEM XI0POINNG, PACCUMTAHHOTO Ha NPOAYKLIMM CYXOro
Beca. [1py CpaBHEHWM Pe3y/ibTaToB, MOMYyUYEHHbIX B KOHAULMOHAMBHbIX 1 FPYHTOBBIX YC/OBUSIX
aBTOPbI He MOMYYUNN CYLLECTBEHHBIX PasUYMii.



WHAEKCbI PA3HOOEBPA3USA BWAOB BOAOPOCNEN B ABYX EBTPO®HbIX
PbIBHbIX O3EPAX |

n. XAnQy

BungoBas pasHOBUAHOCTb MO Shannon s MEHbLUEN CTEMEHN NPUBAMKAETCA K BO3MOXHO-
My Makcumymy (log2 b) B 6oree 3BTPO(HOM 03epe, YeM B MeHee 3BTPOPHOM U ee
abcoNoTHas BE/IMYMHA TOXEe MeHblue. B 6onblieil yacTu roga uvcno BugoB (r2= +0,5271)
OnpefieNseT pasHo06pa3HOCTb, UTO MOKA3bIBAET TECHYIO KOPPENALMIO C MPOAOMKUTENLHOCTLIO
[HeBHoro ceeta (r = +0,7260 p< 0,13%) u cnabyto ¢ nHconsumeid (r = +0,1999).

B HebonbLIOl YacTu roga B 06pasoBava| pasHoo6pasus rNaBHy0 Po/lb UrpaeT paBHO-
MepHOCTb. B 310 Bpems HabnogaeTcs MakCHMaibHOe KOMMYECTBO BOAOPOC/EN U BMeCTe € 3TUM
YBE/IMUEHHAA arIMMUTAUUA NUTaTeNbHbIX BEWECTB. MOXHO NPeanoNoXuTb, YTO B 3TO BPEMS
CeNeKTUBHOE MOJaB/eHNe PasMHOXMBLUMXCA CUHWUX BOAOPOC/EN BIMAET M Ha NOHVDKEHWE PaBHO-
MepHocTW. CpefiHee YmMC/o BMAOB BhbILLe, CPEAHAS PaBHOMEPHOCTb HUXKE B 3BTPOQHOM 03epe 1 06e
TEHAEHUMN YBENMYMBAIOTCA BO BPEMS YBEIMUYEHNS uncna Bogopocneii (biwe 100 MUNIMOHOB Ha
NATP). VIHASKC Mabgater HAXOAUTCA B KOPPENALUN C MHAIKCOM Shannon. lapameTpsl, pac-
CUMTaHHble C 6OblUeli TOYHOCTbIO He Jaiu 3HAUYMTENbHO YHWMWX Pe3y/nbTaToB, MOTOMY YTO
AaHHble Mo BOAOPOCNAM PacCUMTbLIBA/IMCL CTapbIMU METOAAMU W OHU AaNy HETOUHbIE CTATUCTU-
yeckvie pesynbTaTbl. ABTOPbI M306paXar0T MOMyYeHHble AaHHbIE B KOMIOHHOM Awarpamme.

N3YUYEHUE TUMA ACCUMUIALMN Y BUAOB MECYAHHO-CTEMHOIO [AEPHA

A. XOPAHCKW, A. X. HAAb

B pabote npuBOAATCA f[aHHble MO U3Y4YeHWIO TuNa accumunaumm 30 BUAOB, npouspacTa-
IOLLIMX Ha NecyaHHO-CTenHOM AépHe okono “Kis Tece” BaupatoTa (Festucetum vaginatae, Feslu-
cetum wagneri). /13 BCeX MCCMef0BaHHbIX BUAOB, PACTYLLMX B MECTaX C NOAYMYCTbIHHBLIM XapKuM,
CYXVM MUKDOKANMATOM, YeTbipe 6binu Tuna C4 cemb C31 cemb C3_4, BepHee NepexoiHoro Tvna.
[BeHaauaTyi BUAaM HEBO3MOXHO 6blI0 AaTh OLEHKY M3-32 KUCMOTHOM peakuuu.

SNIEKTPOHHOMUKPOCKOMWYECKWNE WN3YYEHUA ICKOMAEMOM MblbLbI
ANGIOSPERMATOPHYTA MAJIEOLUEH! tOMN W CPEAHESOLIEHHOW OPbI

M. KEABELW

Mbinbla Angiospermatophyta MafeOLEHHON U 30LEHHON 3pbl 6blia  MCCledoBaHa
MpY MOMOLLM 3N1EKTPOHHOTO MUKpockona COM. 3Tu uccnefoBaHUs NMPUBENN K HOBbIM pe3y/ibTa-
Tam, KOTOpble He ObINM MOMyYeHbl MPX MOMOL CBETOBOTO MWKpOCKoma. HacToswas pa6ota
TaKXKe MOATBEPXAAeT 3HauyeHne COM npu UCCNe0BaHUM UCKOMAeMO MbibLibl.

OEKOMMNO3NUMA  JIECHOW MOACTWAKW, OCBOBOXAEHWE BMOTMEHHbLIX
3JIEMEHTOB B JIABOPATOPHbIX YC/NOBUNAX

M. KOBAUY

B faHHO/ cTaTbe aBTOp MCCledyeT [eKOMMO3WULUMI0 NIECHOM MOACTU/KM 6ofiee 4acTo
pacnpocTpaHeHHbIX BWJOB [EPEBLEB U KYCTapHUKOB, BXOASLIMX B cOCTaB [Ay6OBOro fieca
(Quercus cerris) W OCBOBOXAEHME OUOTEHHbIX 3/IEMEHTOB B /1aB0PAaTOPHBIX YCMOBUSIX.
Bonee 50% KonnuecTBa 6GMOTEHHbIX 3/1EMEHTOB OCBOBOXAAETCS 3a TPW - YETbipe Mecsila U3
necHoli nopcTunku. Camblii GbICTPbIA M B CaMOM GOSIbLLOM KOJMUECTBE BbIAENAETCS Kanuii.
3eneHble IUCTbS pasnaratoTcs GbICTPee, YeM OCEHHUE Cyxue NUCTbS (ecHas MOACTWKA).



HOBbLI BWA POACEAE (GRAMINEAE) PHLEHM HUBBARDII KOVATS

. KOBAY

OnucaHa HoBasi cepus (Series Pratenses) W HOBbIA AMMAOWAHBIA BUA Phleum hubbardii
Kovats 2n = 14.

MN3BECTHbI XONOTUMbI Linné Phleum nodosum — De Candolle Phleum bertolonii. PaHee
KaKOM-TO 13 3TUX ABYX BUA0B OTOXAECTBAANN C AMMIOUAOM Phleum pratense L. Pasmepbl ABYX
XO/IOTUMOB 6bININ CPaBHEHbI C pasmepamu Ph. hubbardii Kovats (2n =14) u rekcannougHbIm
Ph. pratense L. ABTOp onpefenu, YTo Bbllle Ha3BaHHble [Ba XONTMNA He Aunnounibl, a cnabble
ellle He BbITAHYBLUMECS pacTeHUs, TOXELACTBEHHbIE rekcannongy Ph. pratense L. [pu cpaBHeHUU
HEKOTOPbIX CBOICTB M pasMepoB OpraHoB AMMIOMAHOrO Ph. hubbardii Kov 6bino onpegeneHo,
YTO MeXAay [ABYMS 3TUMW BMAAMU PasHWULA He TOSIbKO KBaHTUTATMBHAsA (MeXAy AWMIoWAHbIMU
M rekcannouHbIMM opraHaMu pasHuLua MeHblUad), a Takke KBanutatueHas (M3 10 uccnefo-
BaHHbIX CBOIWCTB B 9-TV MMeeTCA pasHuLa).

N3YUYEHWNE ®PNTOMNAHKTOHA 3A/bl

E. HEMET, 3. BUSKEJNIETMU

_ABTOpbI 13yyanu (OUTOMNAHKTOH 3a/bl B_1972—1976 rofjax C Ka4eCTBEHHOI 1 KONNYECT-
BEHHOI TOYKM 3PEHNA. B pesynbTate I'IO,EI,pO6HOI/I TaKCOHOMMYECKOIA O6pa6OTKVI (*)VITOI'I}'IaHKTOHa
aBTopbl onpegenunu 191 TakcoH (Cyanophyta Il, Euglenophyta 8, Xanthophyceae 1, Chry-
sophyceae 2, Bacillariophyceae 125, Cryptophyceae 1, Volvocales 3, Chlorococcales 37, Desmi-
diales 3, ABTOpr n3yymnn onpeneneHHoe Ymcio TakCoHOB, KOTOPOE OTHOCMNOCHL K LEenomy Wuc-
CneaoBaHHOMY BPEMEHU rofa 1 KOTOPOE POC/I0 MO HamnpaB/EHNKO YCTbA peKI/I Ha Bcex y4dacTKax
cambIM 6ONbWNM 6bI10  KOMNYECTBO TaKCOHOB ANaTtoMoBbIX BO,U'OpOCI'IeVI Umncno TakCcoHOB
Chlorococcales YBEMUMBAIOCh MO NPOLO/LHOM OCU PEKM Ha YPOBHE OTHOLLEHWA Chlorococcales :
Bacillariophyceae. B I'IpOLI,ECCE KO/TNYECTBEHHbIX MCCﬂE,qOBaHIAI/I (*)VITOI'IJ'IaHKTOHa aBTopbl on-
peaennnn ero I'IpOLleHTHbII/I COCTaB U pacnpocTpaHeEHNE, a TaKXxe 06u.|.ee yucno BO,quOCﬂeM n
KO/IMYECTBO XN0pOMnA/Ia «@ B eAUMHUYHOM 00bemMe BOAbl. [ns (DUTOMNAHKTOHA XapakTepHa
Chrysophyta, a BHYTpW 3TOro BMAa B MeEPBYH ovyepefb AOMWUHAHTHOCTb ANATOMOBbLIX BO,quCﬂeM
YMEHbLLIAETCA MO HamnpaB/IEHNO YCTbA 3anbl. OU'EHKa napameTpoB pacnpeneneHna 1 CTeneHn
FpO(bI/I3Ma OQMHAaKOBO pocna no Hanpas/lEHWK YCTbA W A[OCTUrana MaKCcuMasibHOM OLEHKN
06bIKHOBEHHO B paiiOHE YCTbA.

OTN U3MEHEHUA MOXHO CBA3aTb C 3arpy>XeHHOCTbIO y4aCTKa PeKu nop 3ana3repcer
PaCTUTENbHbIM NUTATE/IbHbIM MaTepPUasioM, a TaKXXe C YMEHbLUEHNEM CKOPOCTU PEKN.

MCCNEAOBAHNE A®PPNKAHCKWX CALYMPERACEAE

w. OPBAH

ABTOp paboTaeT Haj peBM3neil apuKaHCKMX BUAOB Syrrhopodon M Calymperes. BSTon
CTaTbe OH OMUCbIBaeT BWA Syrrhopodon tanzaniae (CEKLMS Cavifolii). ABTOP AOMNOMHAET on
aeneHne Syrrhopodon stuhlmannii, FNaBHbIM 06pa30M Ha OCHOBE MaTepuana, KOTOprVI bI]'I
cobpaH Moy Tamallem B TaHraHbuKe. ABTOp 00palllaeT BHUMaHWE Ha CTPYKTYpPY Kpas N1CTa,
KOTOprIZ OT/INYaEeTCA OT APYrux BMAOB 3TOr0 poja, N KOTOprVI MMEET 3BOTIOLMOHHOE 3HAYEHNE.
Ha ocHoBaHun 3TOro aBTOP OTKpPbIBAa€T HOBYHO CEKLUMIO (CEKLU/IH Tricostaiae)

BINAHNE BbIPYBEKW JNECA HA MPOAYKUMNIO YPOBHA MAMKOCTEBE/IbHbIX
OYBOBOIO JIECA

M. MAMNMN

ABTOp 3aHMMAaeTCA B CTaTbe MCCef0BaHWEM GMONOTNYECKO NPOAYKLUMK fneca Quercetum
petraeae-cerris, Haxogsuleiics wa Tepputopun «Sikfokit Project» (saxkucs, 1973), Ha KOTOpOiA
NEeCHUKMN B ceHTAbpe 1973 roga BbIpyOWaW Nec ¢ NOCAeayoLLel Lebio CNIOWHON BbIpYOKW. B
pesynbTaTe Pa3poCLUeiCs KPOHbl AepeBbeB W yAaNeHUs YPOBHS KyCTapHWKOB OKpYXKatoliue



YCNOBMWSA CUNBHO M3MEHUINCL, B OCOGEHHOCTW KOMMYECTBO COMIHEUHbLIX Ny4eil, KOTOpble [0XO0-
0N 10 YPOBHA MATKOCTEOE/NbHbIX.

B paboTe XxapakTepu3yloTCsi KONMYECTBO OCOBEi MArKOCTEOENbHbIX BUAOB U U3MEHEHNE
MOKPOBa, & TaKXXe U3MEHEHVE KONMYECTBa (IMTOMACCh! M MPOAYKLUUN ABYX AOMUHAHTHBLIX BUOB.
3TV flaHHbIe CPaBHUBAIOTCA C JAHHLIMW HETPOHYTOrO feca.

ABTOp OMpeAenua, HYTo YMCN0 0COBe NPUXOAALLMXCA Ha 1 rekTap v NOKPOB YBENNUYUAUCH
B 6,0 - 6,5 pa3 No CpaBHEHWIO K HETPOHYTOMY fecy. A KONMYeCTBO (IUTOMAcChl U NPOAYKLUM
yBenuyunocs B 10-30 pas.

MPUMEHEHWE AHAJIN3A NICHE A/17 HEKOTOPbIX BKAOB
MECYAHHOCTEMNHbLIX ACCOUMAUMN WN. CE3SOHHAA AOVWHAMUWKA

W. MTPEYEHbBWN, . 3K3T3, 3. M3/IKO, 3. MOJIbHAP

ABTOpPbl B MEPBOM COOOLLEHN 0606LWMAN AaHHble UCCNef0BaHWA MPOBEAEHHBIX J1ETOM
1976 roga, cpaBHMBasA MOMYYEHHbIE OLLEHKN Ha OCHOBE PasfNYHbIX M3MepeHuWid niche. B faHHO
CTaTbe OMUCHLIBAIOTCS Pe3y/bTaTbl OCEHHWUX W3MEPEHUI, a TaK)Ke CPaBHUBAIOTCS JIETHUE W OCEH-
Hue pesynbTaTbl. OCEHHVE M3MEPEHNS TOXEe MPOUCXOAAT Ha ocu 2 niche (cogep>kaHune BNaXHOCTM
MoYBbl, MaKCUMasbHas rnybuHa KOPHEBOW MacChl, CBA3aHHasA C UCMOMb30BaHVEM MN/0Laamn) 1 oT-
HOCATCA K [eBATW BUAaM.

Ha ocv BnaHOCTW MO4Bbl M IETOM W OCEHbIO LUMpWHa-niche Festuca vaginata, CcOC-
TaBNAOLWER coobLiecTBO, camas 60/blias. JIeTHe-OCEHHAR LWMpUHa-(QAYyKTyaunsa niche Ha
ocv FNy6uHbI KOpHel 6onee CUbHasA, YeM Ha Apyroi. OCeHbIO B Cyyae XOPOLUEro CHabXeHus
MoYBbI BOAOW, CPEAHAN OU< HKa overlap MOAHWMMAEeTCs, HO 3TO He O3Ha4aeT PacTyLlyl KOMMNeTu-
Lmto.

B fBYX n3mepeHMaX nnowaan (KoM6rHaLmMm KaTeroprum aByX (hakTopoB) KaXKAblii MHAIKC
overlap MOKa3bIBAaeT HU3LLYIO OLIEHKY, YeM HeKoTOopble (haKTOpbl, PaCMOMOXEHHbIE MO OTAe/b-
HOCTM Mo ocaM. 1o martpuuy community, community effect, MpMHUMas BO BHUMaHWE BUA,
COCTaBAALWMIA CO0OLLECTBO (Festuca) CaMblii CUbHBLIN. Camblii 60MbLIOK 3deKT Buga Npu-
Wwenblia Cynodon daciylon. Y 60/MbWNHCTBA BUAOB ABOVHOE BMAHWE MOABEPraeTcs CWIbHOM
Ce30HHON (yKTyauun. B gByx usmepeHusx nnowaan niche camoro 60/bLWOro pasmepa foc-
TUraeT 3KOMOrMyeckas Wu30NAUMS Fumana procumbens: OHa He BAMSAET Ha COOGLLECTBO M
COO06LLECTBO Ha Hee.

CPABHUTENbHbIA AHAMIN3 HOPMANBHOIO W CMIOHTAHHOIO MYTAHTA
ALBINA TABAKA NICOTIANA SYLVESTRIS SPEG. LT COMES

n. CunnAgbn, A. X. HAOb

B craTbe faetcd cpaBHUTE/bHAA LMUTOMOrMYecKas UM BMOXUMUYECKAs XapaKTepucTuka
HOPMa/bHOTO M CMOHTAHHOrO0 MyTaHTa AWMKOro Bufaa Tabaka N. sylvestris Speg. et Comes.

MyTaHT albina cnoHTaHHO BO3HWMK B 1974 rofly B ranfoufgHON KynbType N. sylvestris
N C TEX Mop COXpaHsAeTcs co CTabunbHbIM (PeHOTUNOM. ABTOpbI onpesenunu, yto albina myTaHT
COXpaHseT CBOM rannovaHblii ypoBeHb (M = 12), Torga Kak 3eneHble pacTeHWs B 3HAUUTeNbHO
CTeneHn AuUNNouaU3NPOBANUCH.

MyTaHT ¢ XNopohUNbHLIM AeeKTOM U B HeM OTCYTCTBYeT dmkcauma CO,. 3HauuTeNbHble
pasnymsa Mexay MyTaHTOM W 3efieHbIM pacTeHMeM HabMofatoTCA NMpu CPaBHEHUW MOMYHEHHbIX
CMeKTPOB AerniporeHassl A6/104HOM KMCNOTbI, NEPOKCKUAA3bl U 3CTepasbl.

4YNCNMOBAA OLEHKA ®EHOTUMUMYECKOIo POACTBA BEHIEPCKUMX BWOOB
GENTIANA

0. CYNKO-NALA, C. CEH

ABTOPbI Jain YAC/OBYIO OLEHKY MOXOXMX W PasfnyatoLmnxcs Mexay coboi pasnnyHbixX
MOPONOrMYecKMX MPU3HAKoB Y BUAOB Gentianella ciliata (1), Gentiana pneumonanthe (2), G.
cruciata (3), G. asdepiadea (4), KOTOpble M0 MHeHWtO P. LLloo (1966) OTHOCATCA K pody Gentiana.
B sToil cTaTbe fatoTcs pesynbTartbl 06paboTKM rep6apums, Haxopswerocs B 60TaHUYECKOM



mysee. ABTOPbI BbIOpanu 43 Pas/MYHbIX MOP(ONOrMUECKUX NPUSHAKA M3 Pa3/IUYHBIX OpraHoB
pacTeHWin 1 CpaBHMBaAW UX B (hOpMe NOMTOMUYHOIO Ktoya. Bocemb 13 HUX Obiiv 06paboTaHbl
MpY NOMOLLM BapuWaHTHOrO aHanusa, 419 KBaHTUTaTWBHOW XapaKTepucTUKM MOpKoIorMyeckoro
xapaktepa. W3 43 xapaktepucTuk 10 y KaXAO0ro 3 4YeTblpex BUAOB ObliM OfAMHAKOBbLIE, & CEMb
66111 NOXoXU Y 2,3,4 BUga.

bonbllasa CTeneHb CXOXXecTu Yy BUAOB G. pneumunanlhe, C. cruciata u G. asclepiadea
MOXeT 6bITb BblpaXKeHa B MpPOLeHTaX, TOrja Kak Mexay 43 xapakTepucTukamu G. ciliata 23
OT/IMYannCb OT APYrux Tpex BUAOB.

Ha ocHoBaHUW faHHbIX BUAHO, 4TO 13 1 14 npu3Haku BMecTe, 26 1 42 N0 OTAENLHOCTU-
3TO TaKMe NPU3HaKK, Mo KOTOPbLIM YeTbIpe BUAa OTIMYAOTCA ApYr OT Apyra.

Mexay 5 BeretaTMBHbIMK U PENPOAYKTUBHBLIMI OpraHamMmn KBaHTUTaTMBHO OblfiM NoKasa-
Hbl CUFHU(MKAHTHbIE pa3Mumsa. Y 60MbLIMHCTBA BMAOB pasnuuus Habnwoganmcb B 29 n 36
NpU3HaKe.

P Ha ocHOBe KBa/IMTATUBHbLIX W KBAaHTUTATMBHbLIX Pe3y/IbTaTOB aBTOPbI COrMallalTCca C

Onpe,qeneHl/IEM Fkolich (1796), Grisebach (1839), Kusnecov (1896),T utin,Heywood (1973)_
YTo G. ciliata oTHocuTCcA K PoAy Gentianella.

Kapnonornyeckue U3yyYeHUA AUKOpaAacTyUWUX BUAOB BUHOrpaga
B BEHIPUNWN

KAYECTBEHHAA v konuuecTBeHHasa xapakTepucTuka cemMsH
BUHOrpaga

A. TOPMNO

Bo BTOpOIi YacTW CTaTby aBTOP [aeT OTYET O MOPKONOrMYECKUX UCCNEA0BAHUAX CEMSH
BMHOrpaga. B nepByto oyepedb Ha OCHOBaHUM (HOPMbI U CKYNbTYPbl CEMSAH V. sylvestris aBTOp
nojpasgenser CBOWCTBA Ha Knacchbl. CeMeHa V. sylvestris XapakTepu3yloTCsi Ha OCHoBe 11 2-x
CEMAHHbIX Arof. CemeHa V. sylvestris 60/IbLUEIA Y4aCTbIO OKPYT/ible, K/HOBUK CEMEHU KOPOTKWIA
1 KOHWYECKMWI, N/eYn CEMEHN LIMPOKME, KNWHYaTble, [OP3aibHas CTOPOHA OCTPOrO PUCYHKa,
XasasHbli WMTOK WMPOKO-0Ba/IbHBIA, (OPMbI Kanin uan Kpyriblii.

Bopo3gbl BEHTPaNbHOW CTOPOHbI B 60MbLUei YacT cnabo BunoobpasHble (thopmbl V) num
pacnonioXxeHHble napannensHo. Bec ceMsAH BEHrepckux TWMOB V. sylvestris 2,19-3,34 rp. a
BEC CEMSAH V. vinifera (cv. Kovidinka, cv. Kadarka, cv. Kékfrankos W. TA) 179—287 rp.
KonnyectBo cemsiH B KaXKJoW frofe y pacTeHuii V. sylvestris C cpegHem ¢ 17 o6pa3u03
—1,70, a y V. vinifera 60nblie 2,09. Mo wuccnefoBaHWIo perpeccun o6beMa firof B obpasue
V. riparia MeXfy POCTOM KOAMYeCTBa CEMSH B KaXAOW Aroge W 06bLEMOM Arofbl TOMbKO C
[BYXCEMAHHbIMU ArofamMmn ecTb Koppenauusa. Y V. sylvestris B 60MbWINX Arofax 06bIKHO-
BEHHO 06pasyeTcsi 60/bLUe CEMSH.

AHATOMWA APEBECWHBI CERATOPY XIS HOOKER F. EX HOOKER (RUBIACEAE)
(MOHOTUMNWYHBLIN TEHYC, PACTYLWWMWN HA 3ANAOAHOW TEPPUTOPUWN KYBbI)

M. A. BANEC, K. BABOLW

Pa6oTa faeT onucaHue aHaTOMUM BTOPWUYHON KCU/EMbI MOpPodbl Ceratopyxis verbenacea
pacTylueil Ha 3anagHoi Tepputopun Ky6bl. Halla cTaTbsi COAEPXUT JaHHbIE O COCYAax, BOJOK-
Hax, CepALEeBMHHBIX lydaxX M MPOLOMbHLIX NAapeHXMMax, a Take HEeKOTOpble MOpgoormyeckme
U 3KOMOTUYECKME XapPaKTEPUCTMKN.

PaboTy NpOBOAWAM MPU MOMOLLYM CTAaTUCTUYECKMX METOAO0B U CPABHEHWEM [aHHbIX Onpe-
LENsNU U3MEHEHUs! B COCYAaX U ANIMHAX BOMOKHA.

HOMEHKJ/TIATYPA OP1lIRYS FUCIFLORA
X. Y. YUPT
ABTOp fienaeT 0630p MCTOPUM UCCeAoBaHNA Ophrys fuciflora aue. rec W MbiTaeTcs

YTOYHUTb HOMEHKNAaTypy 3TOro BuUAa. Ha ocHose HOMEHKNAaTYPHbIX pa3'bFICHeHVIVI aBTop
CUMTaeT, 4To Ophrys fuciflora (F. w. schmidt) Moench—npaBuibHOE Ha3BaHWe.
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NOTAS SOBRE ACANTACEAS CUBANAS
. OPLONIA Y ELYTRARIA

Por
A. Borhidi
INSTITUTO DE BOTANICA, ACADEMIA DE CIENCIAS DE HUNGRIA, VACRATOT, HUNGRIA
by
O. Muidiz

INSTITUTO DE BOTANICA, ACADEMIA DE CIENCIAS DE CUBA, LA HABANA
(Llegado: 25 de julio, 1977.)

The first part of the present study contains a discussion on some taxondmica!
problems of the genus Oplonia Raf. and an amplified new analytical key to the complete
genus, further contributes the descriptions of 4 species and 1 subspecies new to science
(0. moana sp. n., 0. cubensis sp. n., 0. multigemma sp. n., 0. Acunae sp. n., and 0. spinosa
ssp. insularis ssp. n.) and a more complete redescription of some critical species: 0.
nannophylla Urb., 0. tetrasticha (Wr. ex Griseb.) Stearn, 0. polyece (Stearn) Borhidi.
The second part contains a new analytic key to the Cuban species of the genus Elytraria
Miehx., with descriptions of 2 species and 1 subspecies new to science (E. spathulifolia
sp. n., E. filicaulis sp. n. and E. planifolia ssp. Acunae ssp. n.) and finally describes
a new Stenandrium species (S. heterotrichum sp. n.).

1. El género Oplonia Raf.

Sobre este género un estudio muy notable fue publicado por W. T. Stearn
(1971). Este autor encontrd, que el género antillano Anthacanthus Nees y el
género madagascano Forsythiopsis Baker son idénticos y su mas antiguo
nombre genérico valido es: Oplonia Raf. Stearn realiz6 una serie de investi-
gaciones multifaceticas sobre las espécies de este género, incluidos varios
intentos de classificarlas objetivamente a base de 24 caracteristicas morfo-
légicas elegidas utilizando distintos métodos estadisticos de la taxondmia
numérica. Ademas el autor analizé la distribucién geografica de las espécies,
discutio la importancia paleo-fitogeografica de la disyuncidn de la distribucion
de este género sacando numerosas conclusiones interesantes. En cuanto a la
elaboracion taxondémica del género, Stearn distingue 14 espécies y 4 varie-
dades, — entre ellos 2 espécies y 2 variedades nuevas para la ciencia, — ademas
mapifico la distribucién geografica de cada taxones estudiados.

Los autores del estudio presente realizaron colectas abundantes en todas
partes de Cuba, para tener materiales de estudiar suficientes, para hacer
observaciones directas sobre los cambios morfoldgicos en las distintas fases
ontogénicas y para estudiar las condiciones ecolégicas, que permiten la existen-
cia y desarrollo de las espécies de Oplonia en Cuba. Basandonos en estas
observaciones e investigaciones llegamos a las conclusiones siguientes:

1. Las espécies antillanas del género Oplonia pueden listarse en dos
grupos: a. espécies poco variadas de areas pequefias (0. jamaicensis, 0. purpu-
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rascens, 0. multigemma); b. espécies de poblaciones muy variadas, mayormente
con una distribucién geografica mas amplia, (o . spinosa, o . tetrasticha).

2. En ciertas espécies (0. nannophylla, 0. spinosa, 0. cubensis) la varia-
bilidad morfoldgica de la misma planta puede ser mas grande durante su
desarrollo individual, que la diferencia especifica entre dos espécies relacio-
nadas. Por esta razon es necesario conocer bien la variabilidad individual de
las distintas espécies, las propiedades morfologicas de los renuevos primarios
y secundarios, retofios, etc. e incluirlas detalladamente en las descripciones.
Tenemos que subrayar la importancia de las observaciones de las plantas
vivas en el campo durante por lo menos un ciclo vegetativo.

3. Los intentos de la clasificacién numérica de las espécies de este género
realizados por W. T. Stearn no aportaron un resultado positivo, lo que nos
hace pensar que las caracteristicas morfolégicas utilizadas para este fin, no
fueron bien seleccionadas. Segln nuestras experiencias obtenidas en plantas
cubanas 10—11 de las 24 caracteristicas consideradas por Stearn tienen valor
taxondmico dudoso o débil, por lo menos en este género, (por ejemplo:
largo de internodios, pubescencia de tallos, pedicelos y corola, la base redon-
deada o el apice emarginado de las hojas etc.); por otra parte encontramos
algunas caracteristicas morfolégicas mas confiables y de mayor importancia
taxonémica (por ejemplo: textura, margen y estructura del epidermis de las
hojas, presencia o ausencia y morfologia de los cistolitos y glandulas en las
hojas, relacion del tubo y lébulos de la corola, etc.), que no fueron tenidas
en consideracion por Stearn. Ademas, consideramos la ramificacion efectiva
y potencial (presencia de las yemas) de las espinas, como una caracteristica
especifica importante y geograficamente muy bien delimitada, la que se
encuentra solamente en la provincia de Oriente, y alli caracteriza 3 distintas
espécies bien definidas.

4. Observabamos, que las espécies cubanas tienen areas ecolégicamente
muy controladas. Las espécies, que viven en caliza no pueden migrar a la
roca serpentina, e igualmente, las zonas de serpentina tienen también sus
taxones exclusivamente propios. Tenemos por poco probable, que la misma
Oplonia spinosa (Jacq.) Raf. cresca en las montafias de serpentina del origen
paleégeno en Oriente, la que vive en las calizas costeras nedgenas o cuater-
narias en las demas Antillas y Bahamas. Pensamos, que las poblaciones ser-
pentinicolas de la o . spinosa agg. pertenecen a una espécie distinta y morfo-
logicamente distinguible, la que nosotros llamamos 0. cubensis Borhidi.
De manera parecida se distinguen en Cuba Occidental las poblaciones de la
espécie costera 0. tetrasticha y la serpentinicola 0. nannophylla. (Véase: la
fig. 2.)

Casi no hay localidad o bi6topo, donde los individuos de dos espécies
distintas crescan juntos. La Unica zona excepcional es la Costa Sur de la
Sierra Maestra, donde se hallan algunas poblaciones de las espécies 0. tetrasticha,

Acta Bot&nica Academiae Scientiarum Hungaricae 23, 1977



NOTAS SOBRE ACANTACEAS CUBANAS I. 305

Fig. 1. Espinas y hojas en algunas especies del género Oplonia (orig.). A: Oplonia spinosa
(Jacq.) Raf. ssp. spinosa (Buch, 1851, Haiti); B: O. spinosa ssp. insularis Borhidi (Curtiss 133,
New Providence, Bahamas); C: 0. cubensis Borhidi (holotipo: Borhidi, Yales Yy Oviedo
SV); D: Oplonia moana Borhidi (holotipo: Samex 26819 SV); E: 0. tetrasticha (Wr. ex Griseb.)
Stearn (Cuba: Peninsula de Guanahacabibes, Punta Holandés, Bornhidi ¥y Oviedo); F: O.
tetrasticha (isotipo, w right 3067, Cuba Occidental); G: 0. polyece (Stearn) Borhidi (Cuba;
Playa Pesquero Nuevo, Borhidi); H, I, J: O. nannophylla (Urb.) Stearn (H, Cuba; Loma de
Coca, Campo Florido; Borhidi, Vales Y Moncada; |I: Loma Preluda de Cajalbana; Bornhidi
y Capote; J: holotipo, Exkman 19534); K: O. purpurascens (Griseb.) Stearn (isotipo, W right
3066, Cuba Occidental); L, M: O. mulligemma Borhidi (L: Cuba; Ceja de Melones, Borhidi,
Bp; M: h0|0tip0, Lépez Figueiras 1367 SY)

0. polyece y O. Acunae. Las especies cubanas del género Oplonia — y evidente-
mente las de Jamaica también son vicariantes, que mutualmente se reem-
plazan en sentido geografico u ecoldgico. (Véase fig. 3.).
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Clave analitica para el género Oplonia:

1 a Plantas inermes, hojas de 2—10 cm de 1argo .....cceiiinvineienennn 2
b Plantas mayormente armadas por espinas axilares, (inermes en la
0. minor y O. linifolia); hojas de 0.1—4 cm de largo ............ 6

2 aHojas acuminadas a agudas en el apice, I6bulos del calizdi de igual
largo (4.5—5 mm), como el tubo de la corola ..o 3

b Hojas obtusas o redondeadas en el apice, I6bulos del caliz més cortos
que el tubo de la corola de 5—10 mm de 1argo ......nenne. 4

3 aFlores 7—10 en cada axila; hojas estrechamente cuneadas en la base
(PErU) e 1. 0. grandiflora (Lindau) Steam

b Flores 1—3 en cada axila, hojas redondeadas en la base (Madagascar)
........................................................................................... 2. O. acuminata Steam
4 a Lobbulos de la corola mas cortos del tubo, estilo glabro (Jamaica)
........................................................................... 3. O. jamaicensis (Lindau) Steam

Loébulos de la corola mas largos del tubo, estilo pubérulo ... 5

5 a Lobulos del caliz estrechamente triangulares, esparcidamente pelosos
(M adagasCar) ... 4. O. vincoides (Lam.) Stearn

b Ldébulos del caliz estrechamente oblongos, densamente pubescentes
(M @A @GASCAT) ittt 5. O. puberula Stearn

6 8 Plantas TNEIMES e 7
Plantas @ SPIN 0 SAS ittt ene s 8

7 a Hojas elipticas o estrechamente obovadas (Madagascar) ..............
.................................................................................. 6. O. minor (Benoist) Stearn
aa Hojas y caliz glabros a glabrescentes ... aaa
bb Hojas y caliz pubérulos ... var. vestita (Benoist) Stearn
aaa Hojas de 2—9 mm de largo y 1—4 mm de ancho .. var. minor
bbb Hojas de 12—25 mm de largo y 4—10 mm de ancho ...
......................................................................... var. meridionalis (Benoist) Stearn

b Hojas lineales (Madagascar) ... 7. O. linifolia (Benoist) Stearn

8 a Espinas recurvas 0 defleXas . 9
b Espinas rectas, horizontalmente extendidas o ascendentes ........... 11

9 a Espinas muy delgadas de basta 5—6 mm de largo, hojas muy pequefias
de 1—3 mm, orbiculares, aovadas a cordiformes, densamente hirsuto-
vellosas a glabrescentes (Cuba: Oriente: Moa) 8. O. moana Borhidi

b Espinas mas largas y gruesas, hojas elipticas u obovadas, mas grandes

Y G 0 S s 10

10 a Espinas todas simples; el margen de las hojas plano (Bahamas—Islas
VITQENES) oo 9. O. spinosa (Jacq.) Baf.

aa Hojas coriaceas, cistolitos lineales, prominulos en ambas caras

............................................................................................................... 9a. ssp. spinosa

bb Hojas membranaceas a cartdceas, mates, cistolitos lineales en el
haz, puntiformes en el envés ........ 9b. ssp. insularis Borhidi
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Espinas con yemas o brevemente ramificadas; hojas coriaceas, nitidas,
el margen revoluto, cistolitos lineales prominentes en el haz, puntifor-
mes en el envés (Cuba: Norte del Oriente) ......... 10. O. eubensis Borhidi
Espinas de 3— 15 mm de largo, mayormente delgadas a veces ausentes 12
Espinas de 1—3 cm de largo, rigidas, fuertes, simples o ramificadas 17
Arbustico muy denso y postrado de hasta 10—15 cm de alto, espinas
delgadas ascendentes, internodios muy cortos, hojas de 1—3 mm de

largo (Cuba Occidental) ............. 16. O. nannophylla (Urb.) Stearn
Arbustos méas altos y extendidos, internodios de mas de 1 cm de largo,
hojas de 3—40 MM e 13

Pedicelos de 1—2 mm de largo, mas cortos del caliz; hojas elipticas
(Cuba: Mogotes de Pinar del Rio) . 11. O. purpurascens (Griseb.) Stearn
Pedicelos mayormente mas largos del CaAliz ...cccoivvciinvciinincniens 14
Espinas ascendentes con 2—6 pares de yemas, hojas de 2—5 mm de
largo, aovadas, redondeadas a subacorazonadas en la base; flores en
grupos 3—6-floros (Cuba: Oriente: Serpentinas de Holguin) ...
..................................................................................... 17. O. multigemma Borhidi
Espinas sin yemas, hojas mas grandes, cuneadas o estrechadas en la
base, flores solitarias o en fasciculos 2—4-floros ......ccociviiivcnevinenne 15
Corola blanca, estambres siempre inclusos, filamentos de 0.8 mm de
largo, méas cortos de las anteras; hojas mayormente méas anchas bajo
la mitad (Jamaica) ..cormininnienieienen 12. O. acicularis (Sw.) Stearn
Corola roja, purpurea o morada palida o azul, muy raramente blanca;
estambres exsertos o insertos, filamentos de 1.5—7 mm de largo, mas
1argosS de 18S BN TETAS ciiiiiiiieeeee ettt 16
Hojas de 3— 12 mm de largoy 1.5—6 mm de ancho, elipticas u obovadas,
peciolos de hasta 1 mm; flores 1— 2, pedicelos de 2—7 mm de largo
(JAM @ICA) i 13. O. microphylla (Lam.) Stearn
Hojas de 5—40 mm de largo y 3—20 mm de ancho, aovadas, elipticas
u obovadas, peciolos de 2—5 mm de largo; flores solitarias o en fasciculos
2—4-floros, pedicelos de 5—15 mm de largo (Jamaica) ....ccinnne
............................................................................ 14. O. armata (Sw.) Stearn
aa Corola roja; hojas mayormente mas anchas bajo de la mitad
.............................................................................................................. var. armata
bb Corola purpurea o morada palida o casi blanca; hojas mayormente
mas anchas en la mitad ..., var. pallidior Stearn
Espinas todas simples sin yemas, flores 1—2 .., 18

b Espinas con yemas o ramificadas; flores mayormente en fasciculos 19

Hojas membranaceas a cartaceas, mates, de 6—15 mm de largo, con
cistolitos lineales en el haz y puntos glandulosos en el envés (Cuba)
.......................................................... 15. O. tetrasticha (Wr. ex Griseb.) Stearn
Hojas subcoridceas a coridceas, nitidas, de 1—3 mm de largo, pelosas
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a glabras, con cistolitos prominentes y puntos glandulosos hundidos en
ambas caras (Cuba Occidental) .. 16. 0. nannophylla (Urb.) Stearn

19 a Espinas sencillas, ascendentes, con 2—6 pares de yemas, mayormente
hojosas en las ramas adultas, hojas de 2—5 mm de largo, aovadas,
redondeadas a subacorazonadas en la base, flores en grupos 3—6-floros

en las axilas o sobre las espinas (Cuba: Oriente: Serpentinas de Holguin)
..................................................................................... 17. 0. multigemma Borhidi

b Espinas siempre ramificadas, horizontalmente extendidas, hojas de
6—20 MM A& ArQO0 oo 20

20 a Hojas mayormente cartaceas, mates, con cistolitos lineales en el haz,
puntiformes y lineales en el envés, puntos glandulosos poco conspicuos,

tubo de la corola igual o mas largo que los I6bulos (Cuba: Costas de
OrieNte) oo 18. 0. polyece (Stearn) Borhidi

b Hojas mayormente coridceas, nitidas, cistolitos inconspicuos en ambas
caras, puntos glandulosos aparentes en el envés; I6bulos de la corola

mas largos del tubo (Cuba: Or.: Sierra Maestra) 19. 0. Acunae Borhidi

Oplonia moana Borhidi sp. n.

Frutex ramosus, spinosus. Rami hornotini brunnescentes, circumcirca breviter patenti-
pubescentes, internodiis 4—7 mm. longis, leviter quadranguldres. Spinae tenues, leviter
recurvatae, simplices, 3—5 mm. longae, basi 0,5 mm. crassae, in ramis vetustioribus rariter
absentes. Folia dimorpha, breviter et tenuissime petiolata, ad ramos hornotinos orbicularia
vel late cordata, 2—4 mm. longa et 2,5—4 mm. lata, 4pice rotundata et basi truncata, rotundata
vel leviter cordata, ad ramos vetustiores elliptica, &pice obtusa et basi cuneata, 3—5 mm.
longa et 1,5—3 mm. lata, omnia supra + dense hirsuta, subtus glabrescentia, concavo-bullata,
margine valde revoluta, supra cystolithis linearibus crassis prominentibus, subtus nervo
medio crassiuscule prominulo et cystolithis punctiformibus suffulta, coridcea. Cetera ignota.

Holotypus: SV 26819!; Cuba; Prov. Oriente, Mina Potosi, Moa. Leg.:
V. Samek, Mai. 1968. Isotypus: Bp !

Spécim, exam.: Oriente: Cupeyal del Norte, Rio Toa; leg.: A. Borhidi,
O. Mudiz et S. Vazquez 3248 ! 9. febr. 1970. Cerro de Miraflores, Yaguane-
que, Moa; leg.: A. Borhidi, R. Capote €t Ramona Oviedo, 12. sept. 1974.

Obs.: 0. cubensi Borhidi affinis, quae a specie nostra foliis majoribus
ovatis et glabris, spinis tenuibus brevibusque differt.

Oplonia spinosa (Sw.) Stearn ssp. insularis Borhidi ssp. n.

A typo differt: foliis minoribus, membranaceis vel chartaceis, utrinque opacis, supra
cystolithis linearibus, subtus punctiformibus suffultis.

Holotypus: Curtiss 133 in Herb. Acad. Sei. Cuba SV!; (isotypi: BM;
F; GH; K), Insulae Bahamenses, New Providence prope Nassau; 24. mart. 1903.
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Oplonia cubensis Borhidi sp. n.

Frutex usque ad 1—2 m. altus. Rami ascendentes, teretes, glabri vei circumcirca vel
faciebus oppositis dense breviterque pubescentes. Spinae conspicue curvatae, plerumque
horizontaliter elatae vei ad ramos juveniles breviter adscendentes et rectae, plerumque puberu-
lae, apicem versus quasi semper 2-gemmatae vel leviter trifurcatae, 2— 10 mm. longae, basi
usque ad 1,5 mm. crassae. Folia subsessilia vei 1—2 mm. longe petiolata, plerumque ovata
vel elliptica, sub medio vei in medio latissima, apice obtusa et emarginata, rariter acuta, basi
plerumque obtusa vel rotundata, 4—15 mm. longa et 1,5—5 mm. lata, nervo medio supra
profunde impresso, subtus crassiuscule prominenti, lateralibus supra leviter impressis, sed
plerumque utrinque nullis; lamina supra obscure viridis, nitida vel lucida, papilloso-areolata
et cystolithis quaqueversis crassiuscule prominentibus rugulosa, subtus pallidior, cystolithis
punctiformibus et glandulis impressis punctata, sparse pubescens vel glabra, margine valde
revoluta, crasse rigideque coridcea. Flores axillares plerumque 3—6, fasciculati, pedicelli
2—7 mm. longi, glabri. Calyx 2—4 mm. longus, lobi anguste triangulari-subulati, cystolithis
punctati, glabri. Corolla plerumque profunde violadcea, glabra, tubus 5—10 mm. longus,
lobi late obovati 4—5 mm. longi; stamina inserta vel exserta, filamenta 0,5—1 mm. vel 3—5
mm. longa, antherae usque ad 1,5 mm. longae; stylus 1 cm. longus. Capsula obovata, &pice
acuminata et acuta cea. 1 cm. longa, glabra.

Holotypus: Cuba; Prov. Oriente. Sierra del Cristal; in fruticetis ser-
pentinosis montanis cacuminis Mt. Cayo Verde in alt. 850 m. s. m., Corea,
Mayari Arriba. Leg.: A. Borhidi, M. Vates et Ramona Oviedo, 10. apr.
1976. SV!; isotypus: Bpl.

Spécim, exam.: Sierra del Cristal: Mayari Arriba; Charrascos cerca de
la cresta del Cristal. Leg.: 2—7. apr. 1956. Arain, Acufa €t Lépez Figueiras
5701 (SV !), 5703 (SVv !), 5708 (SV !), 5810 (SV!); — Cayo Verde, in pinetis,
alt. 700 765 m. s. m.; leg.: 10. apr. 1976. A. Borhidi, M. Vales et Ramona
Ovideo (SV !, Bp!); — Region de Moa: Cayo Chiquito, Moa; leg.: 18. mai.
1944. cremente 2346 (SV ), Mina Franklyn, leg.: 20. mai 1944. Ciemente
3665 (SV ), Cerro de Miraflores, leg.: jul. 1942. Lesn et Montero 21152
(SV), — Ibidem, leg.: 12. sept. 1974. A. Bornhidi, R. Capote €t Ramona
Oviedo (SV!, Bp!), — Playa de Vaca, leg.: apr. 1943. Marie-Victorin,
Clemente €t Arain 21503 (SV ). Ibidem, leg.: 9. nov. 1945. Acura (SV ),
Ibidem leg.: 25. mart. 1970. A. Bornidi, O. Muniz et S. Vazquez (SV!),
Rio Cayoguan, leg.: Arain €t Ciemente 856 (SV!), — Falda NO del Rio
Toa, Cupeyal, leg.: 10. febr. 1970. A. Borhidi, O. Muniz €t S. Vazquez 3409 !
(Bp et SV); Sierra de Nipe: Pinares de Mayari, leg.: 18. jul. 1970. A. Bornhidi,
O. Muniz 8210!

Obs.: O. spinosae (Jacq.) Raf. affinis, quae a specie nostra spinis simplici-
bus, tenuioribus, non gemmatis, plerumque glabris, foliis plerumque membrana-
ceis vel chartaceis, margine non revolutis differt.

Oplonia tetrastiecha (Wr. ex Griseb.) Stearn

(Syn.: Anthacanthus tetrastichus Wr. ex Griseb. in Catal. Plant. Cub. 1866.
p. 195. sensu Wr. non Stearn)
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Frntex ramosissimus, spinosus, rami decumbentes vel ascendentes, hornotini flavicantes,
quadrangulares, circumcirca breviter puberuli vel longius hirsuti (typus !); spinae simplices,
rigidae, rectae, setaceae, horizontaliter patentes, folia subduplo superantes, 0,7—2 cm. longae,
basi usque ad 1 mm. crassae; folia breviter petiolata, obovata vel anguste elliptica, apice
rotundata et leviter mucronata, basi cuneata, 5— 10 mm. longa (incl. petiolum), 2,5—5 mm.
lata, utrinque glabra, supra cystolithis tenuibus prominulis suffulta, subtus glanduloso-
punctata. membrandcea vel papyracea. Flores 1—2, axillares, pedicelli 4—7 mm. longi,
glabri vel sparsissime stipitato-glandulosi. Calyx 2,5—4 mm. longus, lobi calycis subulati,
quasi usque ad basem incisi. Corolla pallide violacea vel violacea, in fauce purpureo- vel brunneo-
punctata, glabra vel puberula(?); tubus 4,5—10 mm. longus, lobi 3—4 mm. longi: stamina
indusa vel exserta, filamenta 1—4 mm. longa, antherae 1,5 mm. longae.

Typus: Wright 3067 in Cuba Occidentali (SV isotypus!).

Spécim, exam.: Pinar del Rio: Peninsula de Guanahacabibes, leg.:
Acuia et Zayas, 23. jul. 1955 (19945 SV ), Punta del Holandés, leg.:
A. Borhidi et Ramona Oviedo, 23. mart. 1976. Habana: Valle de Almen-

dares, dec. 1908. leg.: Leoén 465!; Loma de Machado, Jibacoa, 2. jan.
1929. leg.: Lesn et Roig 13756! M atanzas: Punta Guanal, leg.: 30. mai.
1974. A. Borhidi, B. Del-Risco, R. Capote SV'! Boca de Canasi, 17. oct.
1928. leg.: Leén 13696 (SV)! Peninsula de Zapata, Paso Malo, leg.: 13.
mart. 1975. A. Borhidi et E. Del-Risco SV! Las Villas: Cienfuegos, Pasa
Caballo, leg.: A. Borhidi et O. Mudiz, 21. aug. 1969. SV ! Cienfuegos,
Gavilan, 23. mart. 1928. leg.: Jack 5815 SV ! — Loma de Guajabana, Caiba-

rién, leg.: Acura 24. febr. 1952. 17514 SV !

Obs.: La Oplonia tetrasticha es una especie calcicola de las costas y lomas
costeras y crece exclusivamente en rocas calizas en la parte occidental de
Cuba, desde la Peninsula de Guanahacabibes hasta la provincia de Las Villas.
Todos los ejemplares de Oplonia, colectados en las zonas serpentinas de Cuba
Occidental, pertenecen a la especie O. nannophylla (Urb.) Stearn.

Oplonia nannophylla (Urb.) Stearn

Esta especie fue descrita por Urban en base de un ejemplar colectado
por Ekman (16534 S) cerca de Guanabacoa en las Lomas de Jata, en 3 de
Junio, 1923. Recolectando ejemplares de esta especie en varias localidades
observaba, que la descripcién era basada en una forma extrema, destruida
varias veces por fuego, que perdi6 toda su potencia regenerativa en la habitad
seca y extremadamente pobre en nutrientes. Observé también, que ejemplares
viejos, — parecidos al del tipo — desarrollaban ramas juveniles estériles
caracterizadas por espinas y hojas pequefias, delgadas y densas, ademas
desarrollaban ramas largas, fértiles con espinas largas, fuertes y hojas peque-
fias, coriaceas. De esta manera Hegé al resultado que la Oplonia nannophylla
(Urb.) Stearn es una especie comUn de todas las areas serpentinas de Cuba
Occidental, y sus ejemplares normales estuvieron confundidas a menudo por
los botanicos, con los ejemplares de la Oplonia tetrasticha (Wr. ex Griseb.)
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Fig. 2. Distribucién geografica de las especies Oplonia tetrasticha o; O. nannophylla «: 0
purpurascens x; y 0. multigemma -j-

Stearn. Por esta razén considero necesario hacer una redescripcién completa
de ambas especies. El diagnosis de la Oplonia nannophylla (Urb.) Stearn es
como sigue:

Frutex usque ad 1 m. altus. Rami hornotini teretes vel leviter compressi, circumcirca
breviter dense hirsuti, glabrescentes vel glabri, vetustiores teretes, cortice longitudinaliter
fisso; internodiis in ramulis juvenilibus secundariis 1—5 mm. longis, in ramis vetustioribus
4—8 mm. longis, nodi sub spinis valde incrassati, cicatricibus petiolorum delapsoruin obtecti.
Spinae supra axillis foliorum solitariae, ad ramos juveniles tenues, adscendentes, rectae, ad
ramos vetustiores a basi adscendentes horizontaliter vel subhorizontaliter directae vel leviter
ascendentes, rectae vel basi levissime curvatae, 0,8—2 cm. longae, simplices, egemmatae,
brevissime hirsutae vel glabrae. Folia subsessilia, obovata vel obovato-elliptica, basi pleruinque
in petiolum angustata, 1—3 mm. longa et 0,7—1,5 mm. lata, spinis multo breviora, nervo
medio supra inferne prominulo vel obsoleto, subtus initio paullo prominenti, apicem versus
evanescenti. lateralibus utrinque nullis; lamina supra obscure viridis, nitida, cystolithis qua-
queversis, crassiuscule prominentibus obsita, subtus pallidior, cystolithis obsoletioribus et
punctis glandulosis impressis suffulta, supra pilosa, brevissime glanduloso-hirsuta vel glabra,
utrinque nitida, crassiuscule rigideque coriadcea. Flores axillares 1—(—2); pedicelli 5—10 mm.
longi, glanduloso-pilosi vel glabri. Calyx 1,5—2 mm. longus, lobi quasi usque ad basem incisi,
1,3— 1,8 mm. longi, triangulari-subulati, glanduloso-pilosi vel glabri. Corolla profunde violacea,
utrinque pilosa vel glabra, fauce brunneo-punctata, 7—10 mm. longa, tubus 4—7 mm. longus,
lobi obovati, 3—5 mm. longi. Stamina inserta, filamenta 1—3 mm. longa, ovarium ovatum,
4pice acuminatum, 2—3 mm. longum, glanduloso-pilosum vel glabrum. Stylus 3—4 mm.
longus, &pice breviter capitatus. Capsula oblanceolata, acuminata, 0,7— 1,5 cm. longa rariter
brevior.

Specimina examinata: Prov. Pinar del Rio: Loma Préluda de Cajalbana,
in fruticetis serpentinosis, leg.: 28. jan. 1976. A. Borhidi et R. Capote SV !,
Bp ! — lbidem 28. apr. 1976. leg.: A. Borhidi et R. Capote SV !, Bp ! Cua-
bales al Este de la Loma de Cajalbana, La Palma, leg.: 10. jun. 1950. Alain
et Acufia 1395 (SV ) Ibidem febr. 1953. Arain 2757 (SY!), apr. 1954,
3901 !, 3909 ! (SV). - Falda Sur de la Loma Cajalbana, leg.: Acufia et Roig
jul. 1951 (SY) ! In fruticetis serpentinosis ad Bahia Honda, leg.: A. Borhidi,
R. Capote et J. Urbino, 26. aug. 1975. (SY)! Prov. Habana: Lomas de
las Jatas 3.jun. 1923. leg.: Ekman 16534 (typus S!), Ibidem, Ekman 16530 !

Ibidem, Leén 2865! 4. jan. 1912 (SV!) Loma de Coca, Campo Florido,
leg.: A Borhidi et O. Mudiz 19. sept. 1969. (SY !) - Ibidem, leg.: A. Borhidi,
M. Yales et Milagros Moncada 10. dec. 1974. Prov. Matanzas: Loma
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Galindo, Piedra Sola, Corral Nuevo; leg.: A. Borhidi, E. Del-Risco et

R. Capote 30. mai. 1974 (SV)! Prov. Las Villas: Sabana de Motembo,
2. jun. 1919. Leoén et Fortun 8579 (SV)! Ibidem, 28. aug. 1922. Leén
11385 (SV) ! Cerro Chivo, Santa Clara, leg.: 3. sept. 1969. A. Borhidi,

O. Muniz et S. Vazquez 324 SV !

Oplonia niultigemina Borhidi sp. n.

Frutex ramosus, spinosus. Rami hornotini brunnescentes, leviter quadrangulati, faciebus
oppositis brevissime et adpresse pilosi, vetustiores albicantes, glabri, spiniformes. Spinae
ascendentes, leviter quadranguléres, 6— 12 mm. longae, rariter longiores, basi usque ad 1,5—2
mm. crassae, nodosae, 2—8-gemmiferae, postremo foliosae et floriferae. Folia brevissime
petiolata, ovata vel elliptica, 4pice rotundata vel obtusa, basi rotundata vel breviter angustata,
2— 5 mm. longa et 1,5—3 mm. lata, spinis multo breviora, nervo medio supra impresso,
subtus prominenti, lateralibus utrinque nullis, lamina supra cystolithis linearibus crassiuscule
prominulis, subtus commatis sparsis, plerumque ad nervum medium aggregatis suffulta,
ceterum albo-punctata, utrinque nitida, glabra, margine incrassata, coridcea. Flores in axillis
ad ramos hornotinos vel ad ramos laterales vetustiores spiniformes 3—=6-fasciculati. Pedicelli
3— 6 mm. longi, glabri vel sparse glandulosi. Calyx 3—4 mm. longus, glaber vel sparse glandulo-
sus, lobi oblongo-lanceolati, acuti, quasi usque ad basem incisi. Corolla violadcea vei pallide
violacea, tubus 6—10 mm. longus, glaber, lobi valde inaequales, breviores 2—3 mm., longiores
4— 5 mm. longi, glabri, omnes obovati, 4pice rotundati. Stamina indusa, filamenta 1—1,5 mm.
longa, antherae ovatae, 1,5 mm. longae, stylus usque ad 2 cm. longus. Capsula oblanceolata,
glabra, 0,6—1,2 cm. longa.

Holotypus: LF 1367 SV! Cuba; Prov. Oriente; lomas junto Holguin,
carretera de Cueto. Leg.: Lopez Figueiras 30. mai. 1954. Isotypus: SV!

Spécim, exam.: Prov. Oriente: in fruticetis sempervirentibus serpenti-
nosis aridis ad Ceja de Melones inter Santa Lucia et Holguin. Leg.: A. Borhidi
14. febr. 1976. (SV !, Bp ), — in fruticetis sempervirentibus serpentinosis
inontis Cerro Galano, Camino La Palma, Holguin, leg.: A. Borhidi, R. Capote,
Ramona Oviedo 25. sept. 1975. (SV !, Bp !), — Cuabales de serpentina, Hol-
guin, mai. 1939. Leg.: Leén et Carabia 1898! (SV), Cerro de Fraile, Hol-
guin, 21. febr. 1970. Leg.: A. Borhidi et O. Muriz 3916! (SV, Bp).

Oplonia polyece (Stearn) Borhidi comb. et stat. n.

(Syn.: Oplonia tetrasticha var. polyece Stearn in Bull. Brit. Mus. Hist. Nat.
Bot. 4. No. 7. 1971. p. 311. — O. tetrasticha ssp. polyece Borhidi in Acta Bot.
Acad. Sei. Hung. 19. 1973. p. 45)

Frutex ramosissimus, spinosus; rami ascendentes, hornotini flavicantes, quadrangulares,
in faciebus oppositis vel circumcirca puberuli vel plerumque patente-hirsuti. Spinae primariae
rectae, lignosae, 1—3,5 cm. longae, basi usque ad 2,5—3 mm. crassae, ramificatae vel 2—4-
gemmiferae usque foliigerae. Folia usque ad 2 mm. longe petiolata, obovata, ovata vel elliptica,
apice rotundata et saepe emarginata, basi cuneata, obtusa vel rariter rotundata, 0,6—2 cm.
longa et 0,3—12 cm. lata, juvenilia utrinque sparse ad nervum medium subtus dense hirsuta
vel longe pilosa, postremo glabrescentia vel glabra, supra cystolithis linearibus prominulis
suffulta, subtus cystolithis linearibus et puctiformibus obsoletis vel manifeste prominulis
albo-punctata et obsolete glanduloso-punctata, papyracea vel chartacea. Flores 2—4, axillares
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vei ad spinas subsolitarii; pedicelli 3—6 mm. longi, glabri. Calyx 3—5 mm. longus, glaber
vel sparse pilosus, lobi calycis subulati, quasi usque ad basem incisi, apice plerumque permanen-
ter pilosi. Corolla pallide azurea vel violacea, glabra vel sparse glanduloso-puberula, tubus
6—11 mm. longus, lobi 5—7 mm. longi. Stamina exserta, filamenta 2—5 mm. longa, antherae
cca. 1,5 mm. longae. Capsula oblongo-obovata, 1—1,5 cm. longa, &pice brevissime apiculata,
cystolithis punctata.

Spécim, exam.: Prov. Oriente: Manigua de Aguadores, Santiago de Cuba,
mai. 1946. Leg.: Ciemente 5021 (SY !), — Ibidem, 20. oct. 1969. Leg.: A. Bor-
HIDI et O. MuNIZ 765! (SV), El Morro, Santiago de Cuba, 12. jun. 1953.
Leg.: Acuiia et Corretr 18708 ! (SY) - Ibidem, 21. oct. 1969. Leg.: A. Borhidi
et 0. MuNIZ 828! 830! (SV, Bp); Manigua del Aeropuerto, Santiago de
Cuba, 14. mart. 1954. Leg.: Loépez Figueiras 1131 (SV!); — La Socapa, 21.
oct. 1969. Leg.: A. Borhidi et O. Mudiz 890! 891! (SY, Bp); - Versailles,
Santiago de Cuba, 3. febr. 1970. Leg.: A. Bornhidi 2693 ! (SY); Punta Gorda,
Santiago de Cuba, 6. apr. 1976. Leg.: A. Borhidi, M. Vales et Ramona Oviedo
(SV; Bp); - EI Sardinero, Siboney, 12. febr. 1970. Leg.: A. Borhidi, O. Mu#iz
et S. Vazquez 3509 ! (SV); Yunque de Daiquiri, 29. oct. 1969. Leg.: A. Bor-
hidi 1442! (SV, Bp); — Costa seca de Imias, Baracoa; 14 15. sept. 1952.
Leg.: Acura 17892 ! (SV); — Jauco, Baracoa, 17. mart. 1970. Leg.: A. Borhidi,
O. Muidiz et S. Vazquez 4427 1 (SV, Bp); Minas de Nicaro, Ocujal, Mayari,
jul. 1953. Leg.: Acufia, Alonso et Pino 18790! (SV); Playa Pesquero
Nuevo, Santa Lucia, 15. febr. 1976. Leg.: A. Bornidi (SV, Bp).

Fig. 3. Distribucién geografica de las especies Oplonia cubensis O; O. moana +; O. Acunae «:
y O. polyece X

Oplonia Acunae Borhidi sp. n.

Frutex ramosissimus, valde spinosus. Rami ascendentes, hornotini flavicantes, leviter
quadrangulares, circumcirca breviter puberuli vel setuloso-hirsuti. Spinae leviter ascendentes
vel horizontales, rigidae, lignosae, 0,8—2,5 cm. longae, basi usque ad 2,5 mm. crassae, trifur-
catae vel ramificatae, saepe foliigerae. Folia elliptica, ovata vel obovata, 4pice acuta vel
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obtusa, basi attenuata, 0,6—2 cm. longa et 0,3—0,8 cm. lata, juvenilia cum petiolis (1—3 mm.
longis) utrinque dense breviterque hirtula, postremo utrinque nitida, glabra, coriacea, cystoli-
this utrinque absentibus, subtus glanduloso-punctata et nervo medio lateralibusque utroque
latere 2—3 prominulis suffulta, margine plana. Flores axillares, 1—3; pedicelli 4—7 mm. longi,
glabri; calyx 3—5 mm. longus, glaber, lobi subulati usque ad basem incisi; corolla pallide
azurea, tubo 5—7 mm. longo, lobi 6—10 mm. longi, intus brevissime lanuginosi. Capsula
oblongo-obovata, 1—1,5 cm. longa, plerumque glabra.

Holotypus: Acura 11239 SY!; Cuba; Prov. Oriente, Sierra Maestra,
Pico Turquino. Leg.: J. Acufa, 2. aug. 1935. Isotypus: Acura 9710 SV!

Spécim, exam.: Prov. Oriente: Sierra Maestra: Mogotes de Baire prope
pag. Matias in alt. 450—500 m. s. m. 23. oct. 1969.Leg.: A. Borhidi et O. Muidiz
1032 (SY)! Ibidem Pozo Azul, 23. oct. 1969. Leg.: A. Borhidi et O. Muiiiz
963! (SV); Mogotes de Baire, La Tabla, 5. febr. 1970. Leg.: A. Borhidi,
O. Muniz et S. Vazquez 2880! (SV; Bp)

2. El género Elytraria Michx. en Cuba

El género Elytraria Michx. ha sido poco estudiado en Cuba. EI articulo
presente afiade alas 3 especies conocidas en este pais la descripcidon de 2 especies
y 1 subespécie nuevas mas y una clave analitica para las espécies cubanas:

1 a Hojas oblongas a aovadas, cartdceas; caliz 5-mero ....cccevvvvivcnrerennns 2
b Hojas orbiculares o espatuladas, membranaceas; caliz 4-mero ..........

2 a Bracteas pubérulas por fuera (Cuba: LV.; Cam.; Or.; endémica) ........

1. E. Shaferi (P. Wils.) Leonard

Bracteas 1ampifias POTr FUETA i 3
3 a Hojas fuertemente crenadas y rugosas, firmes (Cuba: Cam.; Or.; endé-
MICA)  oeeteiie ettt bbbt ettt bbb e b 2. E. cubana Alain

b Hojas enteras o repandas, el margen denticulado o poco crenulado,
mayormente entero (Cuba: PR.; LV.; Cam.; Or.; endémica) ...
.............................................................................................. 3. E. planifolia Leonard
aa Hojas aovadas de 1.5—3 cm, el margen denticulado u poco crenulado,

espigas de 1—1.5 cm, bracteas de 3—4 mm de largo, capsula de

b2 T 1111 PR 3a. ssp. planifolia

bb Hojas oblongo-oblanceoladas a lineari-oblongas de 2.5—5 cm, el
margen entero; espigas de 1.5—2 cm, bracteas de 5—6 mm de largo,
capsula de 3.5—5 mm (Cuba: Cain.; endémica) .....crmmiminrnieienernnns
............................................................................................. 3b. ssp. Acunae Borhidi

4 a Peciolo de 1.5—3 cm de largo, pedinculo y raquis pelosos debajo de las
escamas; lobulos laterales del caliz lineal-lanceolados (Cuba: Or.: Baracoa
sobre caliza; endémica) ............ 4. E. spathulifolia Borhidi et Mufiiz
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b Peciolo de 0.5—1 cm de largo, pedinculo y raquis muy delgados y glabros
debajo de las escamas; l6bulos laterales del caliz aovados y aristulados en
el apice (Cuba: Or.: Moa, sobre serpentina; endémica) ...
) e e e — e — s —e s e e abasaraeaas 5. E. filicaulis Borhidi et Mufiz

Elytraria planifolia Leonard ssp. Acunae Borhidi ssp. n.

A typo differt: foliis oblongo-oblanceolatis vel lineari-oblanceolatis, 2,5—5 cm. longis
et 0,4—0,8 cm. latis, margine integris, spiculis 1,5—2 cm. longis et 0,5—1 cm. latis, bracteis
ovatis 5—6 mm. longis, capsulis 3,5—5 mm longis.

Holotypus: Acufia 16322 SY!; Cuba; Prov. Camagley, Sabanas entre
ciudad Camagiey y Sierra de Cubitas, solo serpentinoso. Leg.: J. Acufia et
E. Rodriguez, 1. aug. 1950.

Elytraria spathulifolia Borhidi et Mufiiz sp. n.

Planta acaulis, radice fibrosa. Folia spathulata, limbo ipso orbiculari vel late obovato,
4pice rotundato, basi breviter cuneato et in petiolum 1,5—3 cm. longum et 2—4 mm. late
alatum protracto, 1—1,5 cm. longo et 0,8— 1,2 cm. lato, nervo medio utrinque tenuiter proini-
nulo, longe et sparse piloso vei glabrescenti, lateralibus utroque latere 2—3, apicem versus
arcuatis, utrinque prominulis et conspicue reticulatis, lamina utrinque glabra, supra viridis,
subtus opaca, margine leviter crenulata, tenuiter membrandcea. Pedunculi 2,5—7 cm. longi
et 0,5—1 mm. crassi, 4pice plerumque divaricati vel ramificati, spiculas 1— 3 gerentes. Squamae
basi valde dilatatae, apicem versus longe attenuatae, acutae, brevissime aristatae, 2—3 mm.
longae, extus glabrae, intus manifeste puberulae, pedinculo ipso sub squamulis fibroso-piloso.
Spiculae 0,7—1,5 cm. longae et 2—3 mm. crassae, rhachide pilosae. Bracteae late ovatae,
basi auriculatae, 2,5—3 mm. longae, 4pice breviter acuminatae, extus glabrae, intus pilosae,
margine brevissime ciliatae, bracteolae lanceolatae, 1,5—1,8 mm. longae, dorso pilosae.
Calycis lobi 4, superior late ellipticus laterales lineari-lanceolati, inferior profunde incisus,
omnes 2 mm. longi, apice breviter acuminati et pilosi. Corolla non visa. Ovarium superum
glabrum. Stylus filiformis, 0,5 mm. longus.

Holotypus: Arain 5073 SV!; Cuba; Prov. Oriente; in saxosis calcareis
humidis rivi Rio Yumuri, prope opp. Baracoa. Leg.: Arain, e. V. Morton
et Lépez Figueiras, 13. jan. 1956.

Elytraria filicaulis Borhidi et Mufiz sp. n.

Planta acaulis, radicibus brevibus fibrosis. Folia brevissime spathulata, lamina ipsa
orbicularis vel late obovata, 4pice rotundata, basi breviter attenuata, 0,5—1 cm. longa et
0,4—0,8 mm. lata, in petiolum 1—15 mm late alatum, 0,5—1 cm. longum protracta; nervo
medio utrinque prominulo et sparse ferrugineo-piloso vel glabrescenti, lateralibus utroque
latere 2—3, arcuatis, utrinque prominulis et supra obsolete reticulatis, lamina supra viridis
et papillosa, subtus opaca, margine integra, papyracea. Pedunculi filiformes, usque ad 6—7
cm. longi et 0,4—0,7 mm. lati, sub squamis glaberrimi. Squamuli e basi late ovati, auriculato-
amplexicauli, longe attenuati, 1,5—2 mm. longi, extus glabri, intus superne minutissime
lepidoti, inferne pilosiusculi. Spiculae solitariae, 2—6 mm. longae, usque ad 3 mm. latae,
rhachide glabrae. Bracteae late ovatae, 2—2,5 mm. longae, acutae, brevissime aristulatae.
inferne margine membranaceae et glabrae, superne brevissime ciliatae, extus glabrae, intus
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lepidotae et pulverulentae. Bracteae 2, lanceolatae, 2 mm. longae, latitudine inaequimagnae,
acutae, carinatae, dorso brevissime pilosae. Calycis lobi scariosi, superior lateralesque late
ovati, laterales 2, dorso carinati et apice breviter aristulati, lobus inferior lineari-lanceolatus,
4pice bilobatus, omnes superne pilosi, 1,8—2 mm. longi. Capsula 2 mm. longa, glabra.

Holotypus: Ciemente 4736 SV!; Cuba; Prov. Oriente; Region de Moa.
Orillas de un arroyo, charrascal del Coco. Leg.: Cilemente, Leén, Alain
et Cris6gone, 3. aug. 1945. Isotypus: Leon 22618 SV !

Obs.: Cum praecedenti, foliis spathulatis, floribus calyceque 4-meris
inter omnes species cubanas insignes. E. filicaulis ab E. spathulifolia peduncu-
lis et rhachidibus glabris, lobis calycis lateralibus ovatis, carinatis et breviter
aristatis, lobo inferiori bilobato omnino differt.

3. Stenandrium heterotrichum Borhidi sp. n.

Planta acaulis, 5— 10 cm. alta; rhizoma usque ad 4 mm. crassum, radiculas multas
filiformes emittens. Folia basaba 2—5 cm. longe petiolata, petiolis pilis longis albis tenuibusque
puberulis vei glabrescentibus suffulta, obovata vel oblongo-obovata, basi longe acuminata,
4pice rotundata, 2—5,5 cm. longa et 0,8— 1,8 cm. lata, supra pilis longis articulatis sparse et
pilis brevissimis dense pilosa, subtus ad fiervos longe pilosa, inter fiervos brevissime hirtula,
postremo glabrescentia et minutissime nigro-punctata, margine plana, integra vel manifeste
crenulata, subchartacea. Inflorescentia folia superans, pedunculi 4—7 cm. longi, 1—1,5 mm.
crassi, longe pilosi. Bracteae oblongo-obovatae vel lineari-obovatae, 6— 10 mm. longae et
1,5—3 mm. latae, apice obtusae vel rotundatae, basi cuneatae, longe pilosae. Bracteolae 2,
lineares, 2 mm. longae. Calycis lobi 5, lineari-lanceolati, subulati, 2,5—3 mm. longi, subaequi-
magni, basi in 1/4 altit, coaliti, dense pilosi. Corolla alba, tubo 4—5 mm. longo et 1 mm. lato,
lobis breviter obovatis. Stamina in tubo corollino sub garganta inserta. Capsula 4,5—5 mm.
longa, puberula. Semina 2, orbicularia vei obovata, marginem versus squamulosa.

Holotypus: UO 586 SV!; Cuba; Prov. Oriente; Playa Aguacate cerca

de Maravi, O. de Baracoa. Leg.: Lépez Figueiras 10. apr. 1960.
Obs.: S. crenato Urb. affinis a quo statura multo majore, indumento
heteromorplio praeter alias notas species nostra clare differt.
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SUPRAINDIVIDUAL VERSUS INDIVIDUAL
HOMOGENEITY OF PHOTOSYNTHETIC
PIGMENTS: A STUDY ON COMMUNITY STRUCTURE*
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(Received June 3, 1977)

The photosynthetic pigment contents (chlorophylls and carotenoids) were
examined in 3 strata of Quercetum petraeae-cerris association. The separation of the
pigments was carried out by means of thin-layer chromatography. Besides the species
(individual) samples, supraindividual, mixed samples, which contain the layer-forming
species together, were also analysed in to determine whether there is such a regulation
— operating at a supraindividual level — which has a homogenizing effect on the bio-
chemical structure. Sampling of both the species-individuals and the supraindividuals
was repeated four times, their evaluation is based on the scattering on the resemblance
of the related repetitions and on the homogeneity of their diversity (pigment diversity).

On the basis of the standard deviation in the total chlorophyll content of the
mixed samples, the shrub and herb layers are more homogeneous than their components
the species, while the upper canopy takes a medium position between the two oak
species (their components). The Euclidean distances (chord distances) calculated on
the basis of the relative frequencies of the six pigments (chlorophyll-a, chlorophyll-b,
carotene, lutein and antheraxanthin together, violaxanthin, neoxanthin) show that
the upper canopy and the herb layer as a supraindividual unit is more homogeneous
than the individual components. In the pigment diversity (expressed by means of
Shannon’s formula) is considered, all the three layers are more homogeneous than the
individual species. The fixed state of the pigment structure of the upper and lower
layers of the forest, but especially that of the herb layer, indicates the existence of
homeostasis regulated supraindividually.

Introduction

It is not accidental that today, when the function of the ecosystem is
one of the outstanding questions of ecology, the structure of plant associations
has become accentuated. Structure is a spatial order of certain elements,
components. The principle of structural simultaneity defined by Junasz-
Nagy must be accepted; according to that principle, in any of the objectums
of the vegetation, there exist not only one but several and various structures
simultaneously. For example, a structure may manifest itself in the real,
topographical or in the topological space, it can be autophenetic or synphenetic
(Juhasz-Nagy 1972). For example, the synphenetic structural characteristic
of the association is the species diversity which has recently been analysed
on a very large scale, and often in connexion with its function.

*“Sikfokut project” No. 33.
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W ith respectto function, an essential synphenetic structure is the physio-
gnomical structure of the community. Such is, for example, simply the vertical
stratification, or the pattern of horizontal distribution of the leaves and the
organs of the assimilation (which is in direct relationship with the leaf-area-
index, LAI) also important with respect to function; the architecture taking
into consideration also the vertical and horizontal arrangement, the inclination
and orientation of the organs, is more complex (for review see Fekete 1972).
The models aimed at describing these structures, the so-called productive
structures (Monsi- Saeki 1953, Monsi 1968, etc.) form the basis of several
other, community-photosynthesis models describing the primary function of
primary producents, that is the CO,, assimilation.

In close correlation with the light conditions, there exist photosynthetic
pigment structures as well. Odum McConnell—Abbott (1958) were the first
to describe the types of plant associations according to their pigment structure
(vertical distribution of the chlorophyll concentration), and at the same time
according to the efficiency of chlorophyll content, and to the energetic effi-
ciency of photosynthesis. According to them there can be distinguished:
1) stratified communities (forest and benthic communities), 2. shaded commu-
nities (cave communities), 3. mixing communities (in turbulent upper waters),
4. thin cultures with all bright light (many laboratory cultures, in nature
where only thin vegetation can develop on surface of rocks, water or in new
colonization). Other authors, later even pointed out that in associations with
well developed canopy (where edaphic factors — for example, water defi-
ciency — do not prevent the closing of the foliage), with an adequate light
dispersiveness of there is a reliable vertical connexion between the chlorophyll
content of the various strata of the community and the logarithm of the light
absorbed by the chlorophylls (cf. for example Okubo- Oizumi- Hoshino—
Nishimura 1968). B rougham (1958, 1960, 1965, Pitat 1967, OkuBO
Kawanabe Hoshino 1971) and others even pointed out that there is a corre-
lation between the quantity of the chlorophylls (the so-called chlorophyll
index, which is analogous with the LAI, cf. Kvéet—Ondék —Necas -Jarvis
1971) and the growth rates in this cases. Recently, Mal1—Das (1974) pointed
out a significant connexion between the chlorophyll content of the community
and the standing biomass, while Sing-Billore (1975) established a significant
correlation between chlorophyll content and the energy content of the com-
munity. These connexions prove the existence and functioning of well-defined
vertical pigment structures — as simultaneous, productive structures.

The simultaneous existence of several productive structures may raise
the question which of them should be analysed? Evidently this considerations
entails professional deliberation. In an environment with low radiation, for
example, when the majority of the leaf mass is under the effect of low light
intensity, the photosynthesis is to a great extent limited by light and photo-
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chemical reactions. In these cases, it is reasonable for us to choose the photo-
synthetic pigments as a basis for comparison of photosynthesis; naturally,
the pigment structure also becomes essential. Hodanova (1973, 1975), for
example, was able to describe the PhAR-attenuation in sugar-beet canopy
better by means of the chlorophyll structure than by the leaf area structure.
If on the other hand the majority of the assimilating organs live in an environ-
ment with high radiation then it is mostly C02 and the various (physical-
anatomical) resistances related to its uptake, that play the part of limiting
in such cases, a more suitable basis for comparison is provided by leaf area,
and it is the structure formed by the assimilating organs that should be
analysed.

Gessner (1949) was the first to call attention to the fact that the various
(aquatic) plant associations, with respect to their chlorophyll content, are
rather uniform. The fact that there exists a much greater agreement between
the chlorophyll contents of the various plant communities (calculated for a
unit of area) than there is between the various species is considered by Odum
(1959) as a manifestation of the association homeostasis, “where the whole is
not only different from, but cannot be explained by, the parts alone. In intact
communities, various plants, young and old, sunlit and shaded, are apparently
integrated and adjust, as fully as local limiting factors allow, to the incoming
sun energy, which, of course, impinges on the ecosystem on a ‘square meter’
basis”.

It is beyond doubt that the recognition of the above facts by Gessner
and Odum has many perspectives even today. At the same time numerous
methodological questions (for example, that of sampling) and more general
questions of principle are awaiting clarification too. Evidently, the comparison
of the pigment content of “communities in general” with that of the “species
in general” is not enough. It is obvious that the discussion becomes more
exact if we compare supraindividual and individual organizations within one
community. This is what has been done in our study. We undertook the task
of analysing the pigment structure according to strata in the stand of a multi-
layered association. It should be noted here that in examining within the
layers the distribution of the pigments in relation to one another, our analysis
refers at the same time to a sort of — biochemical structure. As regards
this structure, we held the view that since the photosynthesis only takes place
in the presence of all the pigment assemblage, therefore, not only the chloro-
phylls but also the carotenoids may be considered as part of this structure.
(Evidently, similar views were held by for example Vyas—Yyas 1975 when
they analysed, besides the chlorophylls, also the various carotenoid compo-
nents; similarly, according to canopy strata — but only on individual levels.)
We believe that the definiteness of this biochemical structure, and the certain
constancy of its parameters (concerning both time and space) must be necessary
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requirements for the values of the parameters of the material and the energy
flow to remain nearly constant too.

If it can he demonstrated at a supraindividual level that the above-
mentioned regulation of the pigment concentrations and pigment ratios which,
even though different by species and by individuals, have incidentally come
about at individual levels, this may mean that there is a kind of homeostasis
in the photosynthetic system of the community. It must be emphasized, how-
ever, that even if the existence of such a homoestasis is pointed out it can by
no means be an adequate study of homeostasis, it only may introduce it.
The analysis of homeostasis is impossible without repetitions in time; the
homeostatic mechanisms, which are responsible for the equilibrium, function
in time; so do the various feedback control mechanisms (cf. Rosen 1967).

Let us mention here that the detailed description of the complete
vertical pigment structure of the multi-layered forest will be given in another
study (Tuba, 1977).

Material and method

Our examinations were carried out at Sikfokdt (Northern Hungary, at the foot of the
Bukk Mountain, 6 km from the town of Eger), in the model area of the “Sikfokat Project”
(Quercetum petraeae-cerris ecosystem research) directed by the Botany Department of the
Kossuth L. University of Debrecen. The present study contains the autumn data of the
1976 vegetation year. The examined forest is about 70 years old, of sprout origin. The qualita-
tive description of the structure—first of all on the basis of projective covers—Is given in the
the paper by Jakucs—Horvath—K arasz (1975). According to the paper, the canopy layer
is formed by two oaks (the name-giving Quercus petraea, Qu. cerris). The tree heights are in
general between 15—19 m. The upper canopy covers 0.799 ha/ha; the trees do not or hardly
integrate (average tree cover X number of individuals; 0.9414 ha/ha). The shrub layer separates
into two layers: high and low shrub layers; these consist of 12 and 16 mainly common species.
The upper shrub layer is of 1—5 m height, the most frequent in it is Cornus mas and Acer
campestre. The lower shrub layer is below 1 m in it the most frequent is Ligustrum vulgare. The
projective cover of the upper shrub layer is 0.6640 ha/ha, while that of the lower shrub layer
is half of it, 0.3028 ha/ha. The individuals of the upper shrub layer are more integrating than
those of the trees; multiplying the canopy cover of an average shrub by the number of indi-
viduals results in greater cover values (1.3081 ha/ha) than in the case of the canopy. Shrubs
primarily lie not immediately below the trees but they fill the intervals between the trees,
instead. The LAI of the forest is 8 ha/ha (+ 10%) (Jakucs ex verb.).

In accordance with our aim, sampling was carried out in two ways: from the dominant
species forming the layer (individual level), and from the mixed samples (supraindividual
level). The dominant species examined were as follows: Canopy layer: Quercus cerris, Qu.
petraea. Shrub layer: Acer tataricum, Cornus mas. Euonymus verrucosus, Ligustrum vulgare.
Herb level: Carex montana, Melica uniflora. Three specimens were chosen from the species
each. Samples were taken from the upper, middle and lower of all the individual specimens;
representing in this way the various levels in the samples in their full heights. A further varia-
tion of sampling was that samples were taken also within the vertical “small layers” (for exam -
ple, middle canopy layer), from parts more exposed to light or more shaded. In the case of
herbs the upper, middle and lower vertical “small layer” means those parts of the plant itself.
On the basis of the viewpoints mentioned before, 80 leaves were collected per species in the
morning hours and the leaves were immediately processed. One disc per leaf was taken for
the pigment examinations, with a cork-crew of 0.9 cm diameter. The pigment investigation
took place in four repetitions per species, and from 20 discs per repetition. The “half-leaf”
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method was used for taking the disc (Maroti—Szajkeé, 1972), and for that matter the middle
part of the “half-leaf” since the distribution of the pigments changes from the base of the leaf
towards the apex. The leaf ribs do not contain pigments, therefore, we mostly worked with
symmetric leaves so that an identical quantity of leaf ribs could get into the various samples.
From the herbs which could not be used in discs, leaf-pieces of 1— 1.5 cm area were taken
equivalent to about a circle of 0.9 cm in diameter.

For the mixed samples, the following method was elaborated. Sampling areas of 1 X 1m
in the herb layer, 6 X 6 X 2 m in the shrub layer, and 7 X 7 X 10 m in the canopy were
marked (on the basis of reasonability and practicability considerations). It is important that
the individuals of the species marked for the investigations in the individual level had to be
marked within the sampling areas of the layers concerned so that they formed an organic
part of that. For the supraindividual pigment investigations, leaf samples were taken from
all the species occuring in the sampling area, in proportion to their percentage cover; in 20
discs of a repetition, the various species had to have so much share (taking a disc by leaf)
that this figure should express the above ratio. The 20 discs collected in this way were crushed
and the pigment extract of the supraindividual samples were prepared. This again was repeated
four times.

The herb layer sample consisted of 11 species (Carex montana, Melica uniflora, Fragaria
vesca, Lathyrus vernus, Heracleum sphondylium, Galium schultesii, Dactylis polygama, Festuca
heterophylla, Quercus petraea juv., Ligustrum vulgare juv., Cornus mas juv.), so did the shrub
layer sample (Cornus mas, Cornus sanguinea, Euonymus verrucosus, Eu. europaeus, Acer tatari-
cum, A. campestre, Crataegus monogyna, Cerasus avium, Clematis vitaiba, Quercus cerris, Qu.
petraea), while the canopy layer consisted of two species (Quercus cerris and Qu. petraea).

The fresh and the dry weights of the leaf discs and of the herb leaf specimens were
measured in all cases. The areas of the latter were measured with electronic light-planimeter
(Czellar—Papp, B. 1975).

The extraction and the separation of various pigments were carried out according
to the method of Maréti—Gabnai (1971), that is with thin-layer chromatography. The pig-
ment quantities related to 1 g dry weight were calculated from the measured extinctions by
means of the equation of Hager—Meyer - Bertenrath (1966).

In the samples analysed by means of the above method, each of the repetitions is charac-
terized by the quantitative spectrum of the six pigments. The repetitions which belonged
together — 4 in each of the cases — were compared in pairs to determine their similarity.
The Euclidean distance, calculated on the basis of the normalized vectors, that is the chord
distance was used, which, between repetitionsj and k is

G K - [20—dk1V(j =ta)!12
where gjk = f_\]xhj mx hk;
aij — Jthnj and ofic = h

here,h = 1, ... 6, the various pigments and x/r: the concentration of pigment h, in repetition j
(Ort1oci 1967).

The pigment spectra of the various repetitions were analysed also by means of the
Shannon—Weaver’s formula of information theory;

H = —2h7 PibgzPh

an index, sensitive to the relative ratios of the various components, which has gained ground
in ecology and which is suitable for measuring the diversity in the characteristics we are
concerned with. Here we estimate pt by means of the relative concentrations of the individual
pigment components determined in one repetition.
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Results and discussion
Chlorophylls

First the homogeneity of chlorophylls will be examined because of their
central role in the mechanism of photosynthesis. For this we use the values
of standard deviation (Table 2) calculated from the chlorophyll concentrations
of the repetitions, in mg/g (for their average values see Table 1).

In the canopy layer, the standard deviations of the chlorophyll compo-
nents of the mixed samples, and of the quantity of total chlorophyll content,
take a medium position between the corresponding values of the two oak
species, on the basis of the four repetitions. The canopy layer itself, neverthe-
less, reflects a rather stable pigment layer, in comparison with the two lower
layers.

In the shrub layer, the levels of both the chlorophyll-a and the total
chlorophyll of the mixed samples are well adjusted. However, the standard
deviations of chlorophyll-b, in the case of Acer tataricum and Euonymus verru-
cosus., remain below the values of the mixed samples taken from the shrub
layers.

The herb layer is definitely homogeneous supraindividually, considering
its chlorophyll concentration in comparison with that of the species. The
standard deviation values of the layer forming species in the canopy layer
are smaller than those in the shrub layer or herb layer. The cause of this can
be found in the fact that the light conditions in the canopy layer are more
uniform than those in the lower layers, where they are more extreme. As a
result, chlorophyll homogeneity in the two lower layers manifests itself rela-
tively more strongly at the supraindividual levels. Presumably, it is a kind of
compensation for the fluctuation in light.

Chlorophylls and carotenoids

Besides the two chlorophylls, the following pigments were determined
by means of the thin-layer chromatograph: carotene, lutein and antheraxanthin
together, violaxanthin, and neoxanthin (Table 3).

By the Euclidean distances (chord distance, cf. Table 4) the homogeneity
of the samples was estimated as follows; the smaller the distance, the greater
the resemblance, that is homogeneity.

In a comparison between the species of the three layers, the two species
of the canopy layer excell with respect to the well-fixed pigment structure
having only slight deviations in their repetitions. In the shrub layer, Ligustrum
(having leaves up to late winter time), which is ever-green in nature, is the
most uniform, and again the pigment structure of Acer tataricum is the most
variable. It should be noted that the band in which Ligustrum develops its
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Table

1

Chlorophyll concentration in dominant species
and in mixed samples of various strata of forest studied, 1976.
(Averages of 4 repetitions)

Upper canopy:

Quercus cerris
Quercus petraea
Mixed sample
Shrub layer:
Acer tataricum

Cornus mas

Euonymus verrucosus

Ligustrum vulgare

Mixed sample
Herb layer:

Carex montana

Melica uniflora

Mixed sample

Chlorophyll a Chlorophyll b

mg/g
0.979 0.297
1.214 0.591
1.196 0.393
0.621 0.624
0.344 0.688
1.185 1.669
3.171 4.313
0.335 0.704
3.687 2.336
5.693 3.431
3.309 1.167
Table 2

Chlorophyll
a+ b

1.276
1.806
1.589

1.245
1.032
2.827
7.484
1.040

6.023
9.124
4.476

Concentrations of carotenoids in dominant species
and in mixed samples of various strata offorest studied. 1976.
(Average of 4 repetitions)

Upper canopy:
Quercus cerris
Quercus petraea
Mixed sample

Shrub layer:
Acer tataricum
Cornus mas
Euonymus verrucosus
Ligustrum vulgare
Mixed sample

Herb layer:
Carex montana
Melica uniflora

Mixed sample

Carotene

0.210
0.241
0.272

0.468
0.325
0.684
0.224
0.647

0.964
1.545
0.283

antheraxanthin
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Lutein +

0.274
0.319
0.300

0.479
0.560
0.887
0.563
0.451

1.245
2.176
0.551

Violaxanthin Neoxanthin
mg/6
0.049 0.063
0.161 0.121
0.122 0.086
0.234 0.243
0.228 0.145
0.396 0.424
0.550 0.270
0.501 0.287
0.834 0.558
0.852 0.975
0.403 0.256
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Table 3

Standard deviations of values of chlorophyll concentrations

Upper canopy:
Quercus cerris
Quercus petraea
Mixed sample

Shrub layer:
Acer tataricum
Cornus mas
Euonymus verrucosus
Ligustrum vulgare
Mixed sample

Herb layer:
Carex montana
Melica uniflora

Mixed sample

Chlorophyll a

0.102
0.167
0.156

0.291
0.263
0.396
0.416
0.089

2.963

2.496
0.732

Table 4

Chlorophyll b

0.010
0.224
0.172

0.075
0.195
0.091
0.824
0.189

1.386
0.980
0.274

Chlorophyll
a+ b

0.096
0.284
0.196

0.259
0.433
0.460
1.066
0.226

4.339
2.188
0.914

The average values of chord distances between the repetitions
of various (individual, supraindividual) samples.

(Averages of 6—6 pair-wise comparisons)

Upper canopy:

Quercus cerris

Quercus petraea

Mixed sample

Shrub layer:

Acer tataricum

Cornus mas

Euonymus verrucosus

Ligustrum vulgare

Mixed sample

Herb layer:

Carex montana

Melica uniflora

Mixed sample
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0.1050
0.1970
0.0981

0.4535
0.2607
0.3315
0.1398
0.5624

0.3044
0.3829
0.1335
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canopy is much narrower (lower shrub layer) then that of the 1 5 m high
Acer tataricum, and that the light environment of the former is most probably
more uniform.

Considering the pigment homogeneity of the mixed sample of the canopy
layer, it surpasses even that of Quercus cerris, even though this is very homo-
geneous.

Not the same can be said of the shrub layer. In the lowest layer, a kind
of definite uniformity re-establishes itself; the repetitions of the mixed sample
are very similar to each other, the distance is more than double, even in
Carex montana, of the mixed sample (Table 4).

The values of pigment diversity move in a rather well-definable interval
(Table 5); it is only the low diversity value of Ligustrum that is conspicuous;
it is explainable by the extremely high chlorophyll contents. On the basis of
the standard deviations of pigment diversities (Table 6) a definite uniformity
can be established in all three layers of the community. The standard deviation
values of pigment diversity in the supraindividual samples are smaller in each
of the layers than those of the species forming the layer. In comparison with
the components (species), the pigment diversity of the herb layer is the most
stable. It can be stated that the relative abundancies of the six pigments,
with the standard deviations of their diversity values between 0.034 and 0.182,
reflect a more stable situation than do the chlorophylls with their standard
deviation values between 0.010 and 4.339. In the case of the total pigments

Table 5

The values of pigment diversity.
(Averages of 4 repetitions)

Upper canopy:

Quercus cerris 1.964
Quercus petraea 2.108
Mixed sample 2.033
Shrub layer:
Acer tataricum 2.410
Cornus mas 2.374
Euonymus verrucosus 2.349
Ligustrum vulgare 1.807
Mixed sample 2.396
Herb layer:
Carex montana 2.315
Melica uniflora 2.221
Mixed sample 1.896
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Table 6

Standard deviations of values of pigment diversity

Upper canopy:

Quercus cerris 0.102
Quercus petraea 0.053
Mixed sample 0.043
Shrub layer:
Acer tataricum 0.135
Cornus mas 0.077
Euonymus verrucosus 0.074
Ligustrum vulgare 0.118
Mixed sample 0.056
Herb layer:
Carex montana 0.182
Melica uniflora 0.135
Mixed sample 0.046

also, the level of the pigments in the canopy stratum is more definite, in
comparison with those of the two lower layers.

If therefore we do not accentuate the individual components — as is
done in the case of the chord distance and consider only the changes in
pigment distribution, then the homogeneity can he detected in all the three
strata, that is in the shrub layer as well. The greater homogeneity of the supra-
individual samples, in comparison with the individual ones, in the canopy
and the herb layer, was caused by the nearly identical ratios of the six compo-
nents. The cause of similarity is identical with that of the diversity values.
For the time being, it is difficult to explain the increased homogeneity the
supraindividual pigment diversity in the shrub layer; in the four repetitions
of the supraindividual samples, the pigment ratios are different, which results
in a relatively high average distance, while at the same time the diversitv
values continue to remain at nearly identical levels. It would bring us nearer
to the solution of the question if we knew the species diversity structure of
the community and its layers; Margalef, for example, considers that the
species diversity and certain — supraindividual biochemical diversities
(according to him simply the carotenoid-chlorophyll ratio) are correlated. So
far very few investigations have been carried out in this line, with respect to
terrestrial communities almost nothing has happened. An exception is the

* It is important to note that even though we in principle agree with the importance
of the carotenoid/chlorophyll ratio, the Di30/Dmi ratio (D = optical density) recommended
by Margater, cannot be accepted for the estimation of diversities, for reasons mentioned by
Winner (1972) and also because of other objections.
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phytoplankton which is methodically easier to he analysed (Margalef 1958,
1963,1964,1965; Antia et al. 1963, Winner 1969, Hallegraeff 1976a, b) and
the laboratory microcosmos (Cooke 1967). For the expression of the changes
in community structure (which ensues under the effect of the changes in
light conditions of the phytoplankton), Mclntire Tinsley Lowry, 1969,
consider the diversity of fatty acids more suitable than pigment diversity.
Odum’s article (1969), which is so often quoted, also calls attention to such
biochemical diversities.

Let us note here that the carotenoid/chlorophyll ratio shows the same
pattern as the chord distances; the supraindividual sample is more uniform,
in the uppermost and lowermost layers, than are the individual samples,
whereas this does not refer to those in the shrub layer.

From our results we can infer that there exists such a regulation at the
supraindividual level which homogenizes — in accordance with the conditions
and requirements of the community organization the pigment structure
built up on the individual levels. It is plausible that in the levels organized
from many species and treated uniformly by the environment where the
whole scale of light-adapted leaves and shade-adapted leaves of all the species
present with all their transitions — are present by a thoroughly “designed”

ratio, the relative ratios of the various pigments are of a more precisely
fixed value than the ones belonging to the various species. However, the layers
of the multi-layered community do not — in many respects — behave identi-

cally. It seems that the lowest layer of the forest, the herb layer is that where
the homogenizing effect of the supraindividual organization is the strongest.
One probable reason for this is to be found in the reaction of the pigment
systems which are sensitive near the light minimum. On the other hand, it is
possible that the herb layer, having many species, tolerates the daily strong
light-fluctuation in this way. From the viewpoints of sampling also, the herb
level is a more favourable objectum: it is composed of many species, more
compact than the diffuse shrub layer which is difficult to be sampled. The
stableness of the pigment structure of the forest-herb layer (but, if not so
definitely, that of the canopy layer) indicates the presence of homeostasis
regulated supraindividually. The important details of this need to be clarified
by planning suitable time-dynamic investigations (delimitation of the period
of homogeneity greater at supraindividual than at individual level etc.),
and by a causal analysis of the regulation mechanism.
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Our diversity programme run by means of a set of hypothetical data has con-
firmed that a great number of our indices are very sensitive to sample size, thus they
are unsuitable for algological purposes. In our further researches, only H", J and S
will be used. The volumetric biomass of the various algal species will be given in the
present study. Diversities calculated from the individual and from volume data correlat-
ed with each other in the non-fertilized fishpond, while in the fertilized one they did
not. The latter phenomenon is due to the lower evenness and equitability (J and e) —
primarily to the salient data of the absolutely dominant species. The diversity computed
from the volume data appears to lag behind its possible maximum even more than that
experienced in the individual data; this tendency is more pronounced in the fertilized
lake. The fishponds are rich in genera (2.3 infrageneric taxa fall to one genus, on
average), therefore, the diversity on genus level did not significantly differ from that
of the species. On division level, however, the loss of information is indeed significant.
It was only the Chlorophyta division which was always quantitatively dominant, the
species diversity of which correlated significantly with that of total algae.

In Part | of the series (Hajdu 1976), we examined the diversity in two fish-
ponds on species-individual level. In Part 11, we shall now examine some other diversity
problems, viz.: sensitivity of the used indices to the sample size; correlations between
diversities calculated on the basis of number of specimens per species and of volume
per species; partition of the diversity to some taxonomic levels; relationship between
the diversity of individual divisions and that of the total algaflora.

Methods

The quantitative plankton data serving as a basis for the article have already been
given in an earlier publication (Hajda 1974). When computing the diversity, we endeavoured
to follow the usual symbols: H" — Shannon measure of diversity, H — B rit1ouin measure
of diversity, J — evenness, S — number of species, etc. Some other symbols have also been
used; for example, evenness computed on the basis of the various equations is denoted J\, J2
J 3, J:;j* It would have been too voluminous to repeat the equations here again, therefore, we
only refer to the collection of equations furnished in Part One (H ajdua 1976).

When | carried out the quantitative count, | did not know yet that our image of the
community structure would be dependent on sample size. If we increase the sample size
(by counting more individuals under the inverted microscope), then the number of species
increases, while the evenness decreases continually.

Part of the changes occurring in the diversity as a result of the above phenomenon is
due to counting artifacts, but the range of changes is considerably wider than the one caused
by this error.

There are two ways of avoiding the above error, viz. by using standard sample sizes,
or by Pietou’s subsamplinganalysis. If we consistently count in each sample for example
1000 algal individuals, then the proportion between the overestimation of the common species
and the underestimation of the rare species will decrease considerably. Pietou’s method
requires essentially more work than this (Pietou 1966, 1975; Lioyd, Inger, King 1968).
We have to increase the sample size (N) continually, than diversity (H") is to be plotted as
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a function of sample size. Initially, H" rapidly increases because of new species entering the
process, but later on, new species are ever more seldom to be found. It is about at this stage
that H" has its maximum, and from now on it decreases. This is so because evenness (J)
decreases; disproportionately more of the dominant species can be detected; it is easier to
find new rare species than new individuals belonging to the recorded rare species.

In some samples, we carried out Piertou’s analysis afterwards, and we found that,
by counting up to 700— 1500 ind/sample total algal number (1V), we were already at the declin-
ing branch of the diversity curve. As far as | know, no such analysis has as yet been carried
out in algae. Since in the technicalities of our method there is some deviation from that of
Pietou, we think it is worthwhile to describe ours briefly. When counting by means of the
inverted microscope, each of the individuals is recorded on the counting sheet with a small
dash in the row of the given species, as is usual. A mere change in comparison with the tra-
ditional method is that the counting carried out and recorded with respect to a visual area
of the eutrophic water is closed by a bar in relation to about each of the visual areas, while
on the right-hand side of the bar we write the cumulative number of the individuals (it is the
sum total of the number of individuals observed in the given species examined up to that
time). From the more longer series of the cumulative numbers (the species list increases),
which consists of increasingly greater figures, diversity is computed again and again. Then
we continue counting, but the recording bars are now written on the right-hand side of the
last row of figures. After scrutinizing the visual areas, we close the sheet again and compute
the diversity again. The highest H" value is accepted as characteristic of the community.
A great help in our work can be a programmable pocket calculator; while sitting by the
microscope, we can complete the mass of diversity calculations within a few minutes.
Labour-consuming microscopical counting can be spared in this way, since as soon as diver-
sity turns into persistent decline, we can stop counting. Using a larger computer for this pur-
pose would be rather time-consuming. A larger computer is needed indeed only if further data-
processing (classification, ordination, etc.) is planned. A programme prepared for Texas SR
56 calculators is available on request.

Dr. P. Juhasz-Nagy has been so kind as to call my attention to the fact that computing
the arithmetic mean, and Bravais’s estimation of the correlation between these indices,
from diversity values from the ingredients of diversity is not without problems. The cause of
this has already been stated by Lioyd and Ghetardi (1964): “However, since both H(s) and
M(s) are on a scale of dits of information per individual’, something akin to a logarithmic scale,
it does not seem appropriate to compare them by means of a ratio.” (ltalics by the author.)
By taking the average of values on a logarithmic scale, we underestimate the real mean:
probably, the mode is more appropriate to be used, instead. In the few cases | have examined,
mean and mode were fairly near to each other; the error does not seem too considerable. The
mean is nevertheless appropriate for providing information in the case for example, of evaluat-
ing a histogram. In the present work we did not take the averages from the indices in the tables.
In the literature, however, the averaging of the diversity values is frequently described: for
example, in MacArthur (1965), Pielou (1966), Lioyd (1968), Goldman (1970), Egloff—
Brakel (1973), Moss (1973). Calculation of linear correlations is allowable only in the case
of measured, normally distributed data, but, in spite of this, it is often carried out (Et1oranta
1976, Hajdu 1976), or even if not calculated, the correlation diagram is published (for example,
Pietou 1966, H plotted versus J). In the present work, Spearman’s rank correlation (R)
is used instead of Bravais’s correlation. Significance is denoted as follows: * % 0.1%),

* 1%, * 5%, N. S.: non-significant.

For comparing the various diversities, here again the simplest method is used, i.e.
the comparison of the values of indices. It we intended not merely to compare the differences
in the complexity of the two structures, but at the same time we should like to consider also
the similarity of species lists, this would require a more complicated method; for example
to calculate Hdiff (MacArthur 1965 MacArthur et al. 1966) or RO (H orn 1966) etc. Results
of such of investigations will be given in the next article of the series.

We wanted to supplement the earlier diversity values calculated on the basis of indi-
vidual species numbers (H\ndspec) with those calculated from biomass (Hvolspec)- After
microscopic measurements, algal models were prepared; while immersing the model in water
the volume of algae was determined; in algae the form of which could be approximated by means
of simple geometric bodies, the volume was determined by calculations. By taking the algal
specific weight uniformly as 1.000, the volume was calculated for fresh weight where 1 mm3 =
= 109"m3= 1 mg. The average yearly volume of the various species is given in Table 3.
By multiplying the ind/cm3values of the earlier (Hajdu 1974) data matrix with the volume
data one by one, then the matrix containing the volume data is obtained. This has served
as a basis for Hyolspec calculations.
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Results

1. Sample size dependency of some indices in the algological practice

In

the first article of this series (Hajdua 1976) it was stated that the

values of some indices were in agreement up to two to four decimal places;
if we consider also the variance then these values are practically identical

(11 with
viduals.

H", R\-n)-This was attributed to the great number of algal indi-
The vol/cmt data were about ten times greater than the ind/cm3

data, and then the agreements were even more pronounced. Pielou (1975)

wrote th

It

at
limH = H" and H"—H >0
min (nj) o
seemed however that the agreement is significant even in the nydata

occurring also in practice. In order to check this, the programme was run by
means of a set of hypothetical data (Table 1). The results are given in Table 2.

Table 1

Eight artificial samples for testing the sample size dependence of the indices

No. Number of individuals per species

1 6,2 1,1

2 3,222, 1

3 60, 20, 10, 10

4 80,9,5 2,1, 1, 1,1

5 640, 152, 84, 59, 4,4, 4,4,4,4,3,3,3,3.3,3,3,3,2,222211,1
1,1, 11

6 210, 200, 200,200, 190

7 6400, 2000, 1200, 310, 40, 20, 10, 8, 6, 2, 2, 1, 1

8 82346,12468, 3312,1214, 254, 123, 86, 82, 73, 12,8, 7,6, 2,1, 1, 1, 1,1,

No. S
I 4
2 5
3 4
4 8
5 30
6 5
7 13
8 21

1,1

Table 2

Some characteristic indices obtained after the run of the first set of data.
H" and .1[ are mostly independent of sample size

H" varH*" « ‘]' ‘]» j
1.5710 0.3129 1.1601 0.78548 0.33297 0.77134 2.2449
2.2465 0.4415 1.6530 0.96749 0.86300 0.96795 1.0868
1.5710 0.0299 1.4800 0.78548 0.75596 0.77873 0.74019
1.1649 0.0430 1.0413 0.38831 0.24717 0.37259 0.18024
1.9180 0.0077 1.8553 0.39087 0.34692 0.38671 0.33565
2.3212 0.0043 2.3018 0.99969 0.99969 0.99969 0.99968
1.4809 0.0003 1.4768 0.40019 0.39731 0.39986 0.39672
0.90984 0.0000 0.90916 0.20714 0.20649 0.20706 0.20636
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Table 3

Average volume of the algal species to be found in the fishponds:
/im3individual (no designation); pm3col. (with colony); pm3/fii. (filamentous)

Algae

Achroonema macromeres Skuja/fil.

Anabaena circinalis Rabh./fil.

Anabaena flos-aquae (Lyngb.) Bréb./
ra.

Aphanizomenon issatschenkoi (Ussacz.)
Pr. L./fil.

Chroococcus turgidus (Kg.) Naeg./col.

Gomphosphaeria lacustris Chod./col.

Lyngbya circumcreta G. S. West/fil.

L. epiphytica Hieron./fil.

L. limnetica Lemm./fil.

Merismopedia marssonii Lemm./col.

M. tenuissima Lemm./col.

Microcystis aeruginosa Kiitz./col.

M. elachista f. planctonica G. M.
Smith/col.

M. flos-aquae (W ittr.) Kirchn./col.

M. marginata (Menegh.) Kiitz./col.

Oscillatoria limnetica Lemm./fil.

0. pseudogeminata G. Schmid/fil.

0. tenuis var. tergestina Rabenh./fil.

Pelonema subtilissima Skuja/fil.

Phormidium foveolarum (Montagne)
Gomont./fil.

P. mucicola Naum, et Huber—Pest./
fil.

Pseudanabaena articulata Skuja/fil.

P. catenata Lauterb./fil.

lihabdoderma lineare var. spirale
Wolosz./fil.

Romeria leopoliensis (Kacib.) Koczw.

Spirulina laxa Smith

Synechocystis aquatilis Sauv.

Unknown Cyanophyta

Euglena acus Ehrb.

. acus var. longissima Defl.

antefossa L. P. Johnson?

oxyuris f. minima Bourr.

pisciformis Klebs.

polymorpha Dang.

. spathiryncha Skuja

. tripteris (Duj.) Klebs

. viridis Ehr.

Euglena sp.

Lepocinclis cymbiformis Playf.

L. ovum var. conica Allorge et Lef.

Phacus acuminatus Stokes

. caudatus Hiibn.

. caudatus var. minor Drez.

curvicauda Swir.

. granum Drez.

helicoides Pochm.

longicauda (Ehr.) Duj.

. orbicularis Hiibn.

mmmmmmmm

TUUUUTTO

Volume,
/<m3

600
1500

1000

2 000
3 000
150
200
80
240
400
400
16 000

600
5 000
100
20

3 000
250
16

3 000

Algae

P. pseudonordstedtii Pochm.

P. pyrum (Ehr.) Stein

Trachelomonas dybowskii Drez. 1

T. planctonica Swir.

T. planctonica var. vermiculosa
Balech.

T. scabra Playf.

T. similis Stokes

T. verrucosa var. granulosa (Playf.)
Conr.

T. volvocina Ehr.

T. volvocinopsis Swir.

Trachelomonas sp.

Amphora ovalis Kiitz.

Anomoeoneis sphaerophora (Kiitz.)
Pfitz.

Attheya zachariasi j. Brun

Bicoeca cristallina Skuja

B. ovata Lenini.

B. planctonica Kissel

Centritractus africanus Fritsch et Rich

C. brunneus Fott

Cercobodo varians Skuja

Chrysococcus guttaeformis Hortob.

Cocconeis placentula var. euglypta
(Ehr.) CL

Cyclotella chaetoceras Lemm.

Desmatractum indutum (Geitl.) Pasch.

Dinobryon divergens Imhof

Fragilaria crotonensis Kitt.

Gloeobotrys coenococcoides Fott

Goniochloris mutica (A. Braun) Fott

G. sculpta Geitl.

Gyrosigma attenuatum (Kiitz.) Rabenh.

Kcphyrion littorale Lund

Khaivkinea acutecaudata Skuja

Mallomonas acaroides Perty

Mastigella sp.

Melosira granulata (Ehr.) Ralfs/fil.

M. granulata var. angustissima
Miill./fil.

M. granulata var. angustissima f.
spiralis Hust./fil.

Monas vorax Skuja

Monosiga ovata S. Kent

Multicilia lacustris Lauterb.

Navicula hungarica var. capitata
(Ehr.) CL

Nitzschia acicularis W. Smith

N. palea (Kiitz.) W. Smith

Ophyocytium capitatum Wolle

0. cochleare A. Braun

Paraphysomonas vestita (Stokes) De
Saedeleer
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Algae

Pseudokephyrion entzii Conrad

Rhizosolenia longiseta Zach.

Salpingoeca amphoridium J. Clare

Stephanodiscus hantzschii Grun.

Synedra acus Kitz.

S. ulna (Nitzsch.)

Synura petersenii Korschik.

Unknown epiphyte

Other Centrales (2 species)

Other Pennales sp. 1

Other Pennales sp. 2

Other Pennales sp. 3

Ceratium hirundinella (0.
Schrank

Cryptomonas pusilla Bachm.

Cryptomonas sp.

Gymnodinium sp.

Actinastrum hantzschii Lagerh./cen.

Ankistrodesmus acicularis (A. Br.

Korschik.)

. angustus Bern.

bibraianus (Reinsch.) Korschik.

convolutus Corda

. falcalus (Corda) Ralfs

longissimus Lemm.

pseudomirabilis Korschik.

subcapitatus Korschik.

Carteria multifilis (Fres.) Dill.

C. peterhofiensis Kissel.

Chlamydomonas epiphytica G. M.
Smith

C. globosa Snow

C. rodhei Skuja

C. skujae Pasch.

Chlamydomonas sp. 1

Chlamydomonas sp. 2

Chlamydomonas sp. 3

Chlorella vulgaris Beyer.

Chlorhormidiumflaccidum (Kitz.)Fott

Chlorogonium elegans Playf.

C. elongatum Dang. var. plurivacuo-
latum Skuja

C. tetragamum Bohl.

Chodatella amphitricha Lagerh.

C. balatonica Scherff.

C. ciliata (Lagerh.) Lemm.

Chodatella sp.

Closterium limneticum var.
Ruzicka

Coelastrum microporum Naeg./cen.

C. sphaericum Naeg./cen.

Crucigenia quadrata Morren/cen.

C. rectangularis (A. Brau) Gay/cen.

C. tetrapedia (Kirchn.) W. et W./cen.

Dicellula inrmis Fott/cen.

Dictyosphaereium ehrenbergianum
Naeg./col.

F. Mill)

>>>>>>>

tenue

3*

Volume,
/nn3

580

130

1200
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Algae

D. pulchellum Wood/col.

Elakatothrix lacustris Korsch.

Francéin tenuispina Korschik.

Gloeotaenium loitleshergianum
Hansg.

Hyaloraphidium contortum var. te-
nuissimum Korschik.

Kirchneriella lunaris (Kirch.) Moeb.

K. obesa (W. West) Schmidle

Koliella longiseta (Visch.) Plindak

Lagerheimia genevensis Chod.

L. marssonii Lemm.

Lobomonas ampla var. okensis
Korschik.

Micractinium pusillum Fres./cen.

Mycacanthococcus cellaris Hansg.

Nephrochlamys subsolitaria (West)
Korschik.

Oocystis elliptica f. minor W. West

0. lacustris Chod.

O. parva W. et G. S. West

0. submarina var. variabilis Skuja

Pandorina morum (Mdller) Bory

Pediastrum boryanum (Turp.)
Menegh./cen.

P. duplex Meyen./cen.

P. simplex (Meyen.) Lemm./cen.

P. tétras var. tetraodon (Corda)
Rabenh./cen.

Phacotus lenticularis (E. Stein)

Pteromonas angulosa Lemm.

Scenedesmus acuminatus (Lagerh.)
Chod./cen.

S. acuminatus f. tortuosus (Skuja)
Uherkov./cen.

S. acutus Meyen/cen.

S. anomalus (G. M. Smith) Tiff./cen.

S. anomalus var. acaudatus
Hortob./cen.

S. arcuatus Lemm./cen.

S. brevispina (G. M. Smith) Chod./
cen.

. coartatus Hortob./cen.

. decorus Hortob. var./cen.

. denticulatus var. linearis
Hansg./cen.

. dispar Bréb./cen.

. dispar f. spinosus Hortob./cen.

. ecornis (Ralfs) Chod./cen.

. ecornis (Ralfs) Chod. forma/cen.

. ecornis var. disciformis Chod./cen.

granulatus W. et G. S. West/cen.

. granulatus f. elegdns Hortob./cen.

. granulatus f. disciformis
Hortob./cen.

. intermedius var.
Hortob./cen.

www;m

w

bicaudatus
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Volume,
lum3

1800
160
600

20 000
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Algae V?:l::;e’ Algae V?Jumn;e'
S. lefevrii var. semiserratus Schroederia spiralis (Printz) Korschik. 1000

Uherkov./cen. 800 Siderocelis minutissima (KorschikT
S. lefevrii var. semiserratus Heynig 70

Uherkov. forma/cen. 800 S. oblonga (Naum.) Fott 80
S. longispina var. capricornus S. ornata (Fott) Fott 140

Skuja/cen. 700 Sphaerocystis schroeteri Chod. 1400
S. opoliensis P. Rieht./cen. 1200 Staurastrum contortum G. M. Smith 300
S. ovalternus Chod./cen. 1000 S. paradoxum Meyen 500
S. opoliensis var. bicaudatus S. polymorphum Bréb. 2 300

Hortob./cen. 1200 Tetraedron caudatum var. incisum
S. protuberans Fritsch./cen. 550 Lagerh. 150
S. quadricauda (Turp.) Bréb./cen. 1000 T. incus var. torsum Turn. 500
S. quadricauda var. longispina f. T. limneticum Borge 1000

asymmetricus (Hort.) Uher 1000 T. minimum (A. Braun) liansg. 1000
S. quadricauda var. maximus W. et T. minimum var. longispinum Defl. 1000

G. S. West/cen. 4500 T. triangulare Korschik. 50
. quadricauda (Turp.) Bréb. Tetrastrum glabrum (Roll.) Ahlstr. et

varietas/cen. 900 Tiff./cen. 150
S. rectus Hortob. et Németh T. pulloideum Teiling/cen. 150

varietas/cen. 600 T. punctatum (Schmidle) Ahlstr. et
S. semicristatus Uherkov./cen. 300 Tiff./cen. 200
S. so6i var. symmetro-granulatus T. staurogeniaeforme (Schroed.)

Hortob./cen. 500 Lemm./cen. 250
S. so6i Hortob. varietas l./cen. 3000 T. sp. 50
S. so6i Hortob. varietas 2./cen. 500 Treubaria triappendiculata Bern. 1000
S. spinosus Chod./cen. 400 T. varia Tiff, et Ahlstr. 2 000
Scenedesmus sp./cen. 500

2. Diversity on species-volume level

The basic aim of the examinations was to determine the yearly course
of diversity in the two fishponds, and to examine whether any differences
occurred in the diversity of the fish ponds having different trophy. Several
authors have already suggested (for example, Withm 1968, Lioyd and
Ghelardi 1964) that diversity shoidd he calculated from volume or biomass
data instead of the number of individuals because the differences in size will
even out in this way. If biomass and not the number of individuals is taken
as a measure of species “importance”, then the yearly course of diversity
takes a slightly different form. In Table 4, where the results are given, var
H" does not occur because it was zero to four decimal places; neither does H,
because it was in agreement with H", up to five decimal places.

In the fertilized fishpond, the biomass of the algae was always higher
also in its totality, but the biomass of 100 thousand algae was greater too:
0.1432 mg, S. Dev. 0.1104, and again in the non-fertilized pond it was 0.1030
mg, S. Dev. 0.0915.

In order to estimate the similarity of indices calculated on the bases of
volume and individuals the correlation was determined (Table 5). In the non-
fertilized lake, the trends of diversity and of evenness to a great extent follow
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the same course whether we start from ind./spec, or from vol./spec. data (Fig. 1).
However, owing to the low evenness in the fertilized fish pond (there are a great
number of algae with different volumes in one sample), there is no correlation
between the diversities computed from the two kinds of data. The evenness

n,

trend closely follows the dominance trend (p,)max max% ; high dominance

Fig. 1. Diversity maximum (empty column); diversity computed from the individual per

species data (the black column drawn into the left-hand half of the empty column); and from

the volume per species data (black column on the right-hand side). To the left of the vertical

axis, the monthly data of the fertilized pond; to the right those of the non-fertilized pond.
The diversity unit is bit/individual, or lut /;nii

is accompanied by low evenness (Table 4). In the fertilized fishpond R =
0.9333*** in the non-fertilized pond R = 0.966***. Thus, the differences
in the results obtained by means of the two methods occur mainly because
of the difference in the only mostly dominant species. The Lioyd-Ghetardi
measure of equitability gave similar values as the measure of evenness, its
correlation is not significant in the fertilized fishpond, and again in the non-
fertilized one the correlation of evoi and find is significant on a p 0.1%
level (Table 5).

The volume/species diversity values in the two fishponds are smaller
than that of individual/species. Since the species numbers are in agreement,
this decrease is only attributable exclusively to the lower evenness (more
pronounced volume dominance). In two cases of the 18, H VOlspec H /% Spec.
This tendency was even more pronounced in the fertilized fish pond where
ifvoispec appeared even more behind its possible maximum than in the case

of fiindspec-

The value of Spearman’s correlation between Margater’s index (M)
and Shannon’s diversity computed from the volume data does not signifi-
cantly differ from zero.
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Table 4

Yearly changes in the indices computed on the basis of volume data obtained from the fishponds.
G: algal fresh weight mg/l; S: species number of the sample; 11": Shannon diversity
bit/pm3species; J : evenness; M: Margalef index; d = (nfN )max % ; £ equitabilitv

Fertilized, more eutroph fishpond

Month G mg/l s H* J M 4% e
J 2.470 18 1.3044 0.31280 2.1761 79.66 0.17
F 6.290 19 1.4777 0.34786 2.0579 78.22 0.19
M 13.743 21 2.3993 0.54624 2.0990 38.18 0.33
A 103.355 17 0.60681 0.14846 1.3858 92.71 0.12
M 22.384 36 3.8148 0.73788 3.4945 19.94 0.58
JY 876.918 72 0.48147 0.07804 5.1885 95.45 0.03
A 141.609 68 3.4698 0.56999 5.6488 22.07 0.23
S 170.065 53 3.5897 0.62670 4.4959 23.77 0.32
0 103.250 67 2.0924 0.34493 5.7170 72.20 0.07

Mean 160.009 41 58.02

Unfertilized, less eutroph fishpond

J 0.599 12 1.2449 0.34727 1.7201 81.60 0.25
F 0.026 16 0.37448 0.09362 4.6038 95.37 0.06
M 14.227 18 0.96506 0.23143 1.5686 85.41 0.11
A 4.980 30 3.4705 0.70727 3.4065 23.05 0.53
M 18.263 44 4.4034 0.80656 4.3821 11.00 0.73
JY 26.268 46 2.4196 0.43805 4.5859 58.42 0.15
A 9.238 61 4.1127 0.69346 6.5709 16.42 0.43
S 26.651 53 3.7601 0.65645 5.1028 38.52 0.38
0 65.697 39 2.5478 0.48200 3.4257 36.73 0.21
Mean 18.439 35 49.61
Table 5

Spearmans rank correlation values computed on the basis of volume
per species and number of individuals per species in the ponds

Fertilized Unfertilized
HWw -HT1 +0.4667 N.S. +0.9000***
Jind  Jvol +0.4000 N.S. +0.9000***
rind <o, + 0.4166 N.S. +0.8500**
eind  evol +0.5166 N.S. +0.6666*
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3. The effect of pooling the data to a higher taxonomical level on the indices

The species individual and volume data within genera and divisions
were pooled (as if the determination had taken place only for Scenedesmus
sp. or Chlorophyta sp. level), and from the data obtained in this way, the hier-
archic diversity was computed. The results are given in Table 6. We did not

Table 6
Demonstration of the effect of pooling on the index. Cumulative hierarchical diversity
and its ingredients. At diversity in the species column is 11(pus)-
in the genus column J1(D) -(- H(D) (G), in division column: fi(b)

Diversity Evenness Taxa/sample
Month . . s o 0
species genus divisio species genus divisio c

1 K 8

J 2.1613 2.1422 1.4267 0.51830 0.53554  0.61445 18 16 5

F 3.2329 3.0078 1.9178 0.76105 0.79000 0.82595 19 14 5

M 3.1174 2.4103 1.3828 0.70970  0.58967  0.69138 21 17 4

voA 2.2980 2.2980 0.64703  0.56220 0.56220  0.27866 17 17 5

.Elh M 4.2057 3.7230 1.4295 0.81349  0.75872  0.61564 36 30 5

JY 1.7994 1.4898 0.21547  0.29165 0.27807  0.09280 72 41 5

d n 2.6742 2.5608 1.1262 0.43929  0.47798  0.48505 68 41 5

d S 2.1272 2.0291 0.69144  0.37137  0.40224  0.29779 53 33 5

0 3.2066 3.0271 1.3410 0.52861  0.59500 0.57753 67 34 5

J 2.0294 1.9284 1.4362 0.56610 0.55744  0.61853 12 11 5

t F 0.7867 0.78554  0.65090  0.19667  0.20632  0.28033 16 14 5

d ™ 2.9472 2.9449 1.6928 0.70676  0.72047  0.84638 18 17 4

NOOA 4.3587 4.1210 1.4834 0.88828  0.91100 0.74171 30 23 4

M 4.6963 4.4542 1.2788 0.86022  0.86837  0.55077 44 35 5

= JY 3.4889 3.1537 0.67448  0.63164 0.64917  0.29048 46 29 5

S A 4.4589 3.1859 0.69952  0.75183  0.66271 0.34976 61 28 4

S 4.0006 3.6887 1.0073 0.69843  0.71349  0.43381 53 36 5

0 2.7378 2.7070 0.95424  0.51799 0.58292  0.47712 39 26 4

J 1.3044 1.3020 0.99361  0.31280 0.32551  0.42792 18 16 5

F 1.4777 1.3344 1.0951 0.34786  0.35047  0.47162 19 14 5

d ™ 2.3993 2.2023 1.3413 0.54624 0.53880  0.67067 21 17 4

NOA 0.60681  0.60681  0.26892  0.14846  0.14846  0.11582 17 17 5

d M 3.8148 3.5367 1.7930 0.73788  0.72076  0.77219 36 30 5

YooY 0.48147  0.42704  0.11537 0.07804 0.07970  0.04968 72 41 5

d A 3.4698 3.2103 1.8813 0.56999  0.59921  0.81024 68 41 5

S 3.5897 3.2526 1.6815 0.62670  0.64478  0.72420 53 33 5

d 0 2.0924 1.9788 1.2415 0.34493  0.38895  0.53469 67 34 5
J3

0 1 1.2449 1.2220 1.0280 0.34727  0.35323 044272 12 11 5

F 0.37448 0.37339  0.27519  0.09362  0.09807 0.11852 16 14 5

v M 0.96506  0.96376  0.59676  0.23143  0.23578  0.29838 18 17 4

A 3.4705 3.3260 1.4439 0.70727  0.73527  0.72197 30 23 4

n M 4.4034 4.1607 1.4865 0.80656  0.81116  0.64019 44 35 5

w gy 2.4196 2.1488 0.51564  0.43805  0.44233  0.22207 46 29 5

5 A 4.1127 2.5487 0.64397  0.69346 0.53016  0.32198 6i 28 4

S 3.7601 3.4672 1.5313 0.65645 0.67597  0.65951 53 36 4

0 2.5478 2.4400 1.5632 0.48200 0.51910 0.78162 39 26 4
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apply pooling to Class, Order and Family levels because in these fields
extreme taxonomic schools of thought occur in algology. The aim of
pooling was to find the answer to two questions: is it absolutely necessary
to determine as far as species in the given pond, or it would have been enough
to take only genera into consideration, and, in general, to what extent the
differences in taxonomical conception have an effect on diversity (the questions
will be given a fuller treatment in the discussion).

Fig. 2. Partition of the monthly diversity values, H[pos) computed from the individual

data, into species H(dq)S (empty part of column), genus if(b) (G) (shaded part), and divi-

sion H(b) (black part). Left part of the Figure refers to the fertilized pond, right side to the non-
fertilized, less eutrophic pond

Fig. 3. Partition of diversity values, computed on the basis of volumen data, into species,
genus and division components

The usual species diversity//" (DGS) (Pielou 1966, 1969, 1975; L1oyd
Inger King 1968, Symons 1972) has been partitioned into three taxonomic
levels in the present case: J1(b) diversity of divisions per sample; //(d)(G)
averaged generic diversity within division, /T(dq)(S) averaged species diversity
within genus (Figs 2 and 3):

woes) = N1(0) -f H'D)(G) F jF(DQ(S)

From the cumulative data of Table 6, //('Dg)(S) is obtained in such
way that from the numbers occuring in the column designated as species,
the numbers occurring in the column which is designated as genus are
substracted. /f('D)(G) is obtained by substracting the value of division
column from that of genus column. H"0) is in agreement with the value of
the division column.
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In zoology, the determination of animals is done by means of separat-
ing by sorting several times (Egloff Brakel 1973), therefore, the necessity
of counting the hierarchical diversity occurs spontaneously; depending on
whether the determination and selection has to be continued or there are
enough differences already in the sample diversity at the taxonomic levels
determined until them. The determination of the various algae does not take
the same course, but irrespective of this our work would be greatly facilitated
in practice if it would occasionally be enough to determine only up to genus
levels.

The data of Table 6 are also shown in a histogram (Figs 2 and 3). As is
clear from the figures, pooling causes a loss of information, but the trend
essentially remains unchanged. The decrease of information increases on indi-
viduals/division level, and mainly in the non-fertilized pond. This is most
detectable from the correlation coefficients of Table 7.

Table 7

Spearman s correlation coefficients of diversities and evennesses occurring
on various levels of the hierarchy, and pooled in various ways

Species-genus Species-divisio
diversity evenness diversity evenness
Ind. fertilized + 0.9666*** + 0.9500*** + 0.7666* + 0.8833*
unfert. +0.9300*** +0.9333*** + 0.2000 N.S. +0.5000 N.S.
Vol. fert. + 0.9500*** +0.9833*** + 0.9550*** +0.9333***
unfert. +0.9500*** +0.9833*** + 0.6166 N.S. + 0.6333 N.S.

4. The relationship between species-diversity within the various divisions
and the total algal species-diversity

This examination was carried out by using only the individual data.
Diversity within the division was computed as if only the individuals of a single
division had been observed in the samples in each case. The diversity index
calculated in this way was compared with that computed on the basis of the
whole association. In the background of this examination the question appears
that to what extent the species-diversity of a single taxonomical group (here
division) can inform us on the species-diversity of the total phytoplankton.

In Table 8 we summarized the values according to divisions. It is remark-
able that the diversity values of all the division are characteristically higher
in the non-fertilized fishpond, with the exception of the Euglenophyta division,
which is more diverse in the fertilized pond.

For the evaluation, Spearman’s correlation (Table 9), and for the species
number Bravais’s correlation (Table 10), were applied. It is only the diversity
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Table 8

Demonstration of the effect of cleaving of the data. Changes in the three indices computed
from the individual per species data in each division and on the level of total algae

Divisio

Cyanophyta

Euglenophyta

Chrysophyta

Pyrrophyta

Chlorophyta

Algae total

Month

COPLZPEMCOOPLZPENC OV P ZPENCOVP>YEPENC OV P ZPI MR OOPSZ TN

[y

Ja

NP OONNNNNRERPRRPRNOOOODUTOOONRPRPRPWONNWNOUINANONRERN RO

Fertilized pond

H"

0.79799
0.00000
0.43275
0.00000
0.00000
1.8774
1.4237
0.79186
1.3120
0.27620
1.1679

0.81128
1.2389
2.1539
2.7396
1.8358
0.78338
0.00000
1.6337
1.0277
1.6133
2.7233
1.4054
0.64120
1.0907
0.48605
0.12985
0.00000
0.00000
0.00000
0.06101
1.0000
0.2164
0.99801
0.18362
1.1264
2.3539
2.6045
2.7322
3.1821
1.6813
1.6533
1.4842
3.1531
2.1613
3.2329
3.1174
2.2980
4.2057
1.7994
2.6742
2.1272
3.2066

0.34368

0.43275

0.52367
0.44911
0.79186
0.65598
0.27620
0.50297

0.81128
0.78166
0.76724
0.76418
0.61193
0.49426

0.81687
0.36607
0.62411
0.85910
0.60526
0.24805
0.36356
0.18803
0.12985

0.06101
1.0000

0.2164

0.99801
0.18362
0.37545
0.78463
0.75285
0.97322
0.72447
0.30439
0.31091
0.29422
0.55867
0.51830
0.76105
0.70970
0.56220
0.81349
0.29165
0.43929
0.37137
0.52861
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Unfertilized pond

H*

0.50326
1.00000
0.99108

0.86313
1.00000
1.00000
0.92551
2.2148
0.0000
1.8219

0.09408
0.09563
1.0186
1.0019
1.0000
0.59767
1.2389
0.0000
1.9519
2.7504
2.9587
1.2599
2.7831
1.4581
0.50637
0.00000
0.00899
0.00000
0.91830
1.3788
0.00000

0.32985

1.9953
0.81293
0.39787
3.6544
3.8709
3.0979
4.0183
3.5127
2.0509
2.0294
0.7867
2.9472
4.3587
4.6963
3.4889
4.4589
4.0006
2.7378

0.50326
1.00000
0.99108

0.86313
1.00000
1.00000
0.58393
0.85680

0.78466

0.09408
0.06033
0.39403
0.38759
1.00000
0.37709
0.78166

0.56423
0.91680
0.85525
0.44877
0.87795
0.45998
0.50637

0.56770

0.91830
0.86992

0.32985

0.85930
0.35011
0.19893
0.87637
0.83354
0.63768
0.73602
0.67429
0.42662
0.56610
0.19667
0.70676
0.88828
0.86022
0.63164
0.75183
0.69843
0.51799
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Spearman4 correlation coefficients between indices computed per division
and from the total algal community

Cyanophyta
Euglenophyta
Chrysophyta
Pyrrophyta
Chlorophyta

Unfertilized

J

+0.0714 N.S.
—0.6071 N.S.
+0.7143*

+ 0.8000 N.S.
+0.5500 N.S

Fertilized
M J H"

- 0.1429 N.S. —0.1429 N.S. —0.1905 N.S.

0.1905 N.S. +0.0238 N.S. —0.5714 N.S.
+ 0.2619 N.S. +0.3333 N.S. +0.9048**
—0.8286 N.S. —0.8286 N.S. + 1.000***
+0.7000*** + 0.6833* +0.8833**

Table 10

Bravais's correlation coefficients of the total algal species number
and of those per division

Cyanophyta
Euglenophyta
Chrysophyta
Pyrrophyta
Chlorophyta

Cyanophyta
Euglenophyta
Chrysophyta
Pyrrophyta
Chlorophyta

+ 0.7035*
+0.6837*
+0.2646 N.S.
+0.7009*
+0.9851***

+0.1939 N.S.
+ 0.5239 N.S.
+ 0.4460 N.S.
-0.2465 N.S.
+0.9858***

Fertilized pond

(m= 42340
(m= 43452
(m= 26964
(m — 33.333
(m= 13414

Unfertilized pond

(m= 21333
(m = 4.2440
(m= 2.0236
(m= —3.7935
(m= 1.1694

b= 23.8158)
b= 20.9444)
b=  25.6428)
b= —14.3333)
b= 7.9851)
b= 30.4667)
b= 22.2409)
b= 21.7287)
b= 40.9293)
b= 10.1079)

of the Chlorophyta division making the decisive portion of the flora corre-
lates reliably with that of the total algae and this is indicated also in the

species number.

Discussion

1. Do we need sample size dependent indices in the algological studies?

A characteristic part of the results obtained after running an artificial
sample has been selected for Table 2. As can be seen, by increasing the average
size of the data (n,), H" and H as well as Jx, J2 J3and J4 approximate each
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other, while var H" is decreasing. Special mention must be made of Samples
1 and 3, the structures of which are identical; but the number of individuals
are ten times higher. It is here that the enormous disadvantage of Brillouin’s
H emerges: it interprets Sample 3 as being more diverse. Shannon’s diversity
at the same time does not change. Cairns and Dickson (1971) published a pro-
gramme to be promoted in practice. A similar but more expanded programme
is used by us. The redundancy obtained by them deviates only slightly from
our indices R3and Rv The J3and Javalues of Table 2 are 1 — R3and 1 Rj.
As can be seen, this redundancy is also sensitive to sample sizes, therefore, it
can frequently be misleading instead, for practical purposes, equation
R =195 - 4~
logr

is proposed. In the case of algological data, where the counting of total algal
community is impossible, the algal flora of a pond can always he estimated
only by means of samples. An index, which to such a considerable extent
depends from the actual number of individuals, caused only trouble so it is
not needed. The programme has been reduced considerably. In comparison
with the earlier situation when 14 indices were used, now only S, H" and J are
printed together with their histogram. On request, the ASA FORTRAN
programme is available (only in a limited number).

2. Is it ind./spec, or vol./spec. that provides a more satisfactory basis for
computing the diversity?

The solution to this classical problem has acquired great importance also
in algology. As can be seen in our subsection 2 when giving the results, diver-
sities computed on the basis of two kinds of data first of all in the fertilized
fishpond are different, i.e. they do not show the same trend. The question
justifiably emerges, which one is more suitable for providing correct infor-
mation? | believe, this is primarily determined by the aim of the investi-
gation. Several authors (Withm 1968, Lloyd— Ghelardi 1964) emphasize
that the biomass data are more satisfactory because they equalize the size
and biomass differences occuring among the individuals. In the case of plankton
algae, this kind of difference is on the average 10—20 fold within one commu-
nity. On the other hand, the data of the number of individuals provide greater
significance to the individual. This is a definite advantage. It is commonly
known (Golterman 1975) that smaller algae reproduce themselves at a quicker
rate. Obviously, it is the individuals that are used as population dynamical
basic units and not the data of biomass per species. A Crucigenia is destroyed
not by the unit of biomass #m 3, or by the cell number, but in a way that the
whole cenobium is, for example, pouched by an algivor, or it becomes deposited
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out of the epilimnion, etc. The essence of the individual concept in my
view — is the common “fate” that is, the dynamics of the algal population
can be traced more satisfactorily on the basis of the number of individuals.
From the viewpoint of nutrition biology (for example, the diversity in the
diet of planktonic Crustacea), on the other hand, the diversity computed from
biomass data according to algal species may be of importance. In this case,
however, it is only the grazable size stock that is considered, because the large-
bodied species constituting a great majority of the biomass are due to their
large size safe from grazing. In estimating the algal volume we can undoubtedly
make errors and these are even increasing by the fact that algae can change
their water content, and so their volume as well, within broad limits, while
their dry matter content remains unchanged. Margalef (1954) observed that
the size and volume of algae decreased on heat contamination, while the dry
matter content was unchanged.

The size of most of the algae is not proportional to their age; it grows to
almostits maximum in the dark, at night, while during daytime itincrease only
insignificantly. In the case of Ceratium hirundinella (Entz 1933), growth takes
87.5% of its course, during 3 hours, which is 4.1% of algal life-span and again
91.6% of the volume increase takes place in 9 hours (12.5%). A cell of the
same size can be young and “diluted” and by getting older it will be more
concentrated at the same time. During daytime, the dry matter content falling
to aunit ofvolume increases, theprotein/carbohydrate ratio decreases. ldentical
volumetric biomasses do not necessarily mean identical nutritive values.

We know from the investigations of Steenbergen (1975) that within
the Scenedesmus cell, 2—4 autospores come into existence already in the first
half of the day, and again 8 of them in the second half of day; these are bio-
chemically already new individuals, but they are considered as new counting
units, individuals, only after getting out the cell.

The number of individuals and the biomass values give an estimation
of the “importance” of the species in the community. We have knowledge of
the fact that certain species can be more important for a community then
would be indicated by their number or volume. The effect exerted by species
on the limiting nutritive element accentuates the importance of the species.
When computing the algal diversity, it is first of all the nutritive strategist
species having an effect on the level of limiting nutritive element that should
be stressed. Whether this weight should be increasing or decreasing in
nature, and what scale it should indeed cover these are questions which
should be decided by means of investigations to this end, and on the basis
whether the introduction of e.g. an algal species which produces phosphatase
would increase, or decrease, the diversity of the community. Our present
algaecological knowledge has not yet reached a satisfactory stage where our
analyses could be expected to deal with such distinguished considerations.
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Concerning diversity changes, in the majority of cases we attempt to give
an explanation by means of changes in the abiotic environment, primarily
because we have little knowledge of the biotic effects. On the other hand,
diversity changes which do not correlate with the changes in the abiotic
environment can evidently he attributed to the biotic environment, to the
interaction of the community members. This interaction may be both posi-
tive and negative. The positive effect is interpreted in the following way:
a new species arises, which would not considerably increase diversity yet,
but it has an effect that it makes a new niche open, provides the possi-
bility for the settlement of new species (S increases), with a possibility of
stimulating the reproduction of species which had smaller number of indi-
viduals until then (Huntsman—Barber 1975), thus J can grow. Species
opening new niches are for example the ones which produce phosphatase in
a phosphor-limited environment, opening thus new P-resources, and raising
the P-level periodically (Soeder et al. 1971), and again producing chelate in
a ferro-limited environment (Murphy et al. 1975). The motivation of algae
in producing chelate is not based on altruism but mainly on selfishness, never-
theless the residue may still be enough for other species.

The negative effect may come from inhibition (see the literature quoted
by Hutchinson 1967, Fogg 1975), which may manifest itself in a decrease
in evenness, with the possibility of elimination of species. The apparently
incomprehensible decrease in diversity (which is not explainable by abiotic
causes, e.g. contamination, light decrease etc.) can ensue also in the cases when
the examined population gets under the effect of such selective grazing as is
not prevalent in the reference community, or under the effect of invasion by
a species-specific parasite.

As a final conclusion it can be inferred that in the case of algae it is most
advisable to compute the diversity index on the basis of both the number of
individuals and the volume.

3. Hierarchic diversity

If the data were pooled for genera, then the information loss is sur-
prisingly small. This is because there are many genera (for 2.3 species falls
one genus). If the species were more cogeneric, the information decrease
would have been greater. The pooling was concerned with 36 genera having
165 species, while the other 65 genera were monospecific. The genera possessing
more than 5 species were as follows: Scenedesmus (37), Tetraédron (12), Phacus
(10), Euglena (10), Trachelomonas (9), Ankistrodesmus (8), Chlamydomonas (5).
It is rare that the species of a genus can be found together in one sample;
this seems to be the main cause of the minor information loss. If, for example,
the Scenedesmus acutus and the Scenedesmus quadricauda were in separate
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samples, then in the diversity index there is no indication of the fact that they
were only mentioned as Scenedesmus sp. in our quantitative list. Even if the
species of a genus live together, then the number of their individuals is often
so small that they do not significantly influence the diversity index, which is
mainly sensitive to the most frequently occuring 10 -15 species (Sager —
Hasler 1969, Bradbury 1973). Here it should also be mentioned that in
our article we have used the term species diversity throughout, whereas
essentially the term infraspecific would be the correct one since the subspecific
taxa have not been included in the species, but they appear as separate sources
of information. Nevertheless, the result has even less been influenced by this
than by pooling to genera, because the number of infraspecific taxa was
smaller.

A practical conclusion is that in the algal diversity examinations, in
these fishponds, it would not have by all means been necessary to determine
to the species; by determining only to genera in all probability we could
have obtained the same results. An unjustifiable merging of certain genera
(for example, Scenedesmus genus in the conception of Philipose 1963) does
not essentially influence the conclusions that can be drawn on the basis of
diversity. Naturally, there can be such communities in relation to which this
statement is not valid; if there occur in the sample only a few genera with
many species, then the pooling can cause a considerable decrease in infor-
mation (Pielou 1969,Symons 1972,Pielou 1975,L1oyd—Inger—King 1968).

Pooling by division primarily in the non-fertilized pond brings
about a considerable loss of information. This could only be expected since
the number of divisions (s) is small, and their distribution is uneven. This
part of the examination mainly serves only as a basis for comparison with
pooling up to genera.

Mclntire and Overton (1971) carried out similar examinations in algae,
but there is no special reason for a comparison of our results with theirs because
of the fact that they used different taxocens (attached diatoms), and other
kinds of biotop (estuary). It would be superfluous to evaluate in detail the
components of the hierarchic diversity in the two fishponds; evaluation is
possible by a simple look at Figs 2 and 3. Anyhow, H(DG)(S) is surprisingly
small, and again H(p){&) is surprisingly great. These two values are charac-
teristically higher in the non-fertilized pond.

4. Relationship between the species diversities in individual divisions
and those in the total algal community

As has become clear from our results, it is only exceptional that the species
diversity within one division is in agreement with that computed on the
basis of the total algal flora. Such approximate agreement can occur only in
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a division that is dominant in the community, and represents a significant
ratio of species number and the number of individuals in the species. However,
such is practically the case already when 10 -20 of the species with the greatest

or rather about n, number of individuals belong to the division at issue.
e

The two values are in complete agreement if the community consists of the
members of only one division. In the case examined, the Chlorophyta division
was dominant over all the other divisions, and its species diversity was positive-
ly correlated in both ponds with the total algal species diversity. The species
diversity of the other four divisions did not behave identically in the fertilized
and the non-fertilized ponds, and, their correlation with the diversity of the
total algal community was not significant.

From the investigations the conclusion can be drawn that in the plankton
of the two eutrophic ponds, the Chlorophyta determine decisively the diversity.
We should not be too erroneous if we wanted to characterize the water by
means of the diversity of green algae. On the basis of this, presumably, the
algal species diversity of rivers can also be satisfactorily estimated by means
of the values of the taxocen of the epibiotic diatoms, since this constitutes
a characteristic part of the biocoenosis of the river. Similar extrapolation is
used in almost all the diversity examinations. In characterizing a pond, we
do not survey the whole flora, but only, for example, the phytoplankton,
and this is not always satisfactory, sometimes, however, we may be forced
to do this. When, for example, we want to estimate the difference between the
diversities of two taxonomic groups that are not significant quantitatively,
then the diversity indices will have to be computed for them separately, not
by extrapolation.

The diversity of the Euglenophyta algae was greater in the fertilized
lake. This fact is in agreement with the picture drawn of them. We must
note, however that the saprobity index of Pantie-Buck was not different
between the two ponds (Hajda 1974).

The next article in this series will deal with the resemblance between
diversities of the algae of the fishponds.
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TERATOLOGICAL GOLGI APPARATUS IN THE
MESOPHYLL CELL OF THE FOLIAGE-LEAF
OF SINAPIS ALBA

By
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BOTANICAL DEPARTMENT, A. JOZSEF UNIVERSITY, SZEGED
(Received August 27, 1977)

In the section prepared from the mesophyll cell of the foliage-leaf of white
mustard (Sinapis alba L.) an electronmicroscopic structure different from the known
cell organells was observed. The plants were 5 weeks old, the prepardtum was made
from the 6th foliage leaf. For the fixation glutaraldehyde-Os04 was used. The well-
definable structure, consisting of tybuls and vesycules, excludes the artifact. On the
basis of its pattern, size and closed built-up, and owing to the lack of rhizozomes, it
is assumable that the structure is a deformed, teratological form of a Golgi apparatus.

The biological application of the electronmicroscope has lended an enor-
mous impetus to cytological researches. The capability to break-down to a large
extent the various objects examined has created the possibility for us to obtain
knowledge of several structures which we had not been able to examine earlier.

The introduction of the electronmicroscopic techniques has made also
possible the deep-going examination into the characteristics and functional
peculiarities of the Go1gi apparatus. As it is known, the Go1gi apparatus can
be found in organisms from the lower order to those of the higher orders,
in both the plant cells and the animal cells as well. It is in general characteristic
of the Goigi apparatus that it consists of the closely adhering cisterns and of
the smaller or greater vésicules lying around them (Photo 1). Many kinds of
differences have, however, been pointed out in relation to the Goi1gi apparatus,
especially in the quality, quantity and grouping of the cisterns (Photo 2, 3,
4 and 5).

The basis of the great variety in morphology and structure is the dif-
ference in development, differentiation and function. Namely, the Goigi
apparatus plays an important part in the production of increments, in the
synthesis of the carbon hydrate components of plant cell-walls, and proteids,
etc. The picture obtained by the electronmicroscopic technique is to a large
extent influenced by the method used for the demonstration (fixation), and
also by the plane of cutting.

The relationship of the Goigi apparatus with other components of the
cell has since long been supposed. For example, in the growing cell, the close
relationship of the Goi1gi apparatus with the seed membrane is observable.

4+ Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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Photo 1. Typical Golgi apparatus in Nitella cell; magn. 28.000 X (Turner 1965). Photo 2. Golgi
apparatus of Trichomonas termopsidis; magn. 69,000 X (Aros-Grimstone, 1968). Photo 3.
Grouping of Golgi apparatuses in the epididymis cell of the tame rabbits; magn. 9,000 X
(Fawcett, 1966). Photo 4. Various section of Golgi apparatuses from the spermatyde of the
Helix aspersa; magn. 7,600 X (Dauwalder et al. 1972). Photo 5. Longitudinal section of Golgi
apparatuses in the Trichomonas termopsidis ; magn. 25,000 X (Amos-Grimstone 1968). Photo 6.
The structure observed by us from the mesophyll cell of the foliage leaf of Sinapis alba; magn.
30,000 X
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Its function is also in connection with the lysosomes and the endiplasmatic
reticulum. With respect to the latter, Novikoff (1971) detected some proofs.

The material of knowledge that has so far been accumulated in relation
to the Golgi apparatus is of a large scale, nevertheless, as far as its function
and construction are concerned, there are aspects, which have not been revealed
up to the present time.

In our paper we present a structure which has been prepared from the
mesophyll of the foliage leaf of white mustard (Sinapis alba L.) by means of
glutaraldehyde-0s04fixation, in the course of an electronmicroscopic examina-
tion (Photo 6; the sixth foliage leaf of a 5-week-old plant).

The white mustard was grown in phytotron, in sand culture, with the
application of Knop nutrient solution. In a daily rhythm, the temperature
has changed between 18—25 °C, and again the relative vapour content of the
air between 45 and 70%. The photoelectric intensity was 12.000 Lux (with
Hungarian make F,9 photoelectric tubes); the time of photoelectricity was
daily 16 hours.

The structure lied in the cytoplasm along with the chloroplasts of the
cell. Its size: 1—2 fi. Its well-definable construction, consisting of tubules
and vesyculuins, excludes the preparation artifact. Owing to its pattern,
size and close built-up as well as the lack of rhibosomas, it is assumable that
the structure observed is a deformed teratological variety of the Golgi appa-
ratus. We do not consider indicated to describe the new cytoplasm as an
organeil.
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XENOBIOTICS AND SOIL MICROBIOTA
AFFECTED BY XENOBIOTIC INTERACTIONS
Yl. LUPIN-RHIZOBIEM SYMBIOSIS AND
HERBICIDE COMBINATIONS*

By

M. Kecskés, F. Borbély and |I. Borbély

RESEARCH INSTITUTE FOR SOIL SCIENCE AND AGRICULTURAL CHEMISTRY OF THE
HUNGARIAN ACADEMY ENCES, BUDAPEST . o
RESEARCH CENTRE OF SEED PRODUCING AND TRADING COVPANY, NYIREGYHAZA

(Received October 5, 1977)

The effect of 108 herbicides and combinations was observed on the root nodu-
lation of Lupinus albus in culture ecosystems rich in native rhizobia. Generally the
macrosymbiont proved to be more sensitive to the herbicides than the microsymbiont.
The inhibition of Lupinus albus—Rhizobium lupini symbiosis by herbicides and herbicide
combinations is manifest by the reduced size and number of root nodules formed
on the tap root. The Karmex-Afalon-Satecid combinations gave quite good results
for the chemical weed control of Lupinus albus cultures.

The effect of herbicides and herbicide combinations on the root nodula-
tion and the biological production of plants was studied for seven and four
years respectively in lupin culture-consociations (Lupinus albus, L. luteus) in
Nyirség the main lupin growing area of Hungary, in slightly acidic brown
forest soil rich in native rhizohia.

Some of the results concerning mainly L. albus will be presented here
with special regard to the root nodidation. In the course of our comparative
investigations carried out in these culture ecosystems it was established that
of the symbionts the macrosymbiont is more sensitive to the herbicides than
the microsymbiont: the same herbicide preparation (3-cyclohexyl-5,6-tri-
methylene uracil) was lethal to the L. albus yet it was not lethal to L. luteus,
both of them belonging to the same genus. The Rhizobium lupini strains able
to “infect” all of the Lupinus species, after L. albus is destroyed formed effective
symbiosis with L. luteus in the same soil.

On applying N-(3,4-dichlorophenyl)-N’,N’ dimethylurea after the de-
struction of L. luteus the undisturbed symbiosis of L. albus and R. lupini could
be observed.

The Lupinus albus was killed by about 4% (2,4,5-T, atrazine, ametryne -f-
atrazine, lenacil) of the studied 108 herbicides (their trade, common and

* As a lecture presented at the International Symposium on “The interaction of soil
microflora and environmental pollution” Pulawy, Poland, 7—10 Sept., 1977.
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Fig. 1. Effect of different herbicide treatments on the root nodulation of Lupinus albus (field
exp. 1973). 1= DCPA; 2 —=Gesapax; 3 = Gesaran; 4 = Patoran; 5= Afalon; 6 = Treflan;
7 = Control, unhoed c.; 8 = Tenoran; 9 = Avadex; 10 = Yenzar;ll = Sys67;12 = Dachtal;
13 = Legurame; 14 = Maloran; 15 = Satecid 50; 16 = Banlene “plus”; 17 = Vegadex;
DCU Diralid; 19 = Planavin 75; 20 — Igran 50; 21 = Aniten D; 22 = Amchem;
Trimetrin; 24 = hoed control; 25 = NaTa; 26= Endothal; 27 = Ramrod; 28 = Aniten
M; 29 = Cotoran; 30 = CartexM; 31 = Gesaprin 50; 32 = Gesatop 50; 6/a = Venzar (extreme
example not affected by herbicides). A = the whole length of root; B = distance between
the crown and the first nodule; C = “large” nodule on the tap root; D = medium size nodule
on the lateral root; E = small nodule on the lateral root; F = small nodule on the tap root

-
[ee)
([

§ x -SATECID

CONTROLS
Fig. 2. Root nodulation of Lupinus albus (1973)

chemical names are found: Borbély et al. 1976). But not the L. luteus,
the Lupinus luteus was destroyed by 10% of the preparations (MCPA, meco-
prop, monuron, diuron, dicamba -f- 2,4-D, chlorthiamide, secbumetin, ter-
butryne, chloral, monolinuron chloral) but they were not significantly
harmful to the L. albus and with the surviving cells of R. lupini, an effective
symbiosis was formed.
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Fig. 3. Effect of herbicides on Lupinus albus (1973)

Generally those characteristic delayed root nodulation forms on the roots
of Lupinus species developed in the soil treated with herbicide combinations
(indicating the reduced biological production of the symbiosis) which are formed
on the roots of legumes on the effect of fungicides (Seed dressings of vetch:
Kecskés and Vincent 1969) were not found.

The inhibition of the lupin-rhizobium symbiosis by herbicides and her-
bicide combinations is manifested by the reduced size and number of the root
nodules formed on the tap root (Fig. 1).

As regards the number of nodules in the herbicide combination treat-
ments (Fig. 2) in some cases more were found than in the unhoed control
plots (average 20 plants of each plot) but statistically evaluable differences
were not proved.

W ith respect to our own combination (Karmex-Afalon-Satecid: diuron
linuron-propachlor) gave quite good results in the root nodulation, the number
of plants, the yield of seeds and the weeds were restricted by these treatments
(Figs 3 and 4).
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Fig. 4. Effect of herbicides on Lupinus albus (1973, 1974, 1975, 1976)

These results supported our earlier findings (Borbély et al. 1976) that
not only the number but the weight of weeds is necessary for establishing the
efficiency of herbicides or the herbicide combinations.
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RELATIONSHIPS BETWEEN
GROWTH CHARACTERISTICS OF
MAIZE HYBRIDS AND SUGAR BEET VARIETIES

By

I. Précsényi

HAS RESEARCH INSTITUTE FOR BOTANY, VACRATOT

(Received June 10, 1977)

On the basis of a correlation matrix between the growth characteristics (RGR.
NAR, LAR, RLGR, LAI, CGR and efficiency) of two genetically different maize
hybrids (DKXL-342 and OSSK-218) and two sugar beet varieties (Beta poly M/102
and Kawemono), principal component analyses were made to show whether a factor
can be detected in relation to which the growth analysis characteristics of the two
different agricultural plants, grown among different conditions, react similarly, or
whether there exists a factor characteristic only of one species. The first component
of the maize hybrids contains a factor which can be considered identical in the hybrids.
This can be regarded as the general factor. The second component separates the hybrids,
and this may be the genetical factor. Since the factor occuring in the first component
does not separate the genetically different hybrids and seems different also from that
occuring in the sugar beet varieties, this factor may be characteristic of maize. Similarly,
in the case of sugar beet varieties, the first component may contain a factor character-
istic of sugar beet. No separating factor occurs in the sugar beet varieties. The signs
RGR and RLGR, RGR and efficiency, NAR and efficiency weights are identical in
the various components in both species (with the exception of one case in the maize
hybrids). The factor influencing RGR acts similarly on RLGR and efficiency, and the
one which effects NAR acts similarly on efficiency as well. LAR and LAI reacts in
plants contrarily to all factors, they can never be found on identical parts of the axes.
All this, indicates similarities between the different species. It seems, that although
we analysed very different species, also grown among different conditions of cultivation,
there exist factors to which the various growth analysis characteristics react similarly.
In assessing the results, we must take into consideration that they are valid only in
the system chosen.

The relationships between the characteristics used in growth analysis
and the climatic factors, nutrient supply and density, have been studied by
several researchers (e.g. Briggs -K idd—W est, Blackman, Watson, Thorne,
Hughes, etc.). Investigations were made in experimental conditions in numer-
ous cases, thus the effect of the treatment(s) was guaranteed. The treatment
was selected on the basis of previous knowledge and hypothesis. The effect
of temperature, radiation and stand density on the characteristics was not
frequently examined. The relationships between the characteristics have only
been studied to a slight extent. The cause of this may be found in the fact
that correlations exist among the characteristics (Briggs—Kidd—West
1920, Watson 1952).

Starting from the correlations extent between the growth analysis
characteristics oftwo agricultural species (maize and sugar beet), we attempted
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to detect whether there exists a factor to which the growth analysis charac-
teristics of two different species grown among different conditions react
similarly, and whether there can be found a factor characteristic only of
the species.

Material and method

The description and growth analysis of two genetically different maize hybrids (DK XL-
342 and OSSK-218) were published by Précsényi— Czimber— Csata—Sz6CS— Moinar and
Metks (1976), on the basis of plants cultivated at Babolna, in 1974.

The description and growth analysis of the two sugar beet varieties (Beta poly M/102
and Kawemono) were given by Précsényi— Bognar— Czimber and Viragh (1977). The varie-
ties may genetically be closely related (no data on the producing of Kawemono were provided
by the producer firm): morphologically and in growth characteristics the varieties are very
near to each other. The growth analysis was made on the basis of plants grown at Csorna,
in 1976.

In both cases, the data were obtained from plants grown in the fields.

Table 1

Correlation between the growth characteristics of maize hybrids
(OSSK-218 and DKXL-342)

0SSK prXt RGR NAR LAR RLGR LAI Efficiency CGR
RGR 0.600 0.491 0.845 — 0.545 0.709  —0.409
NAR 0.173 —0.700 0.200 0.164 0.654 0.173
LAR 0.591 —0.573 0.782 0.973 0.273  —0.900
RLGR 0.754  —0.436 0.927 -0.854 0.482 -0.773
LAI —0.536 0.554  —0.963 -0.873 —0.273 0.927
Efficiency 0.554 0.718 —0.154 0.055 0.163 0.000
CGR - 0.464 0.645  —0.900 - 0.809 0.936 0.254

Table 2

Correlation between the growth characteristics of sugar beet varieties
(Beta poly M/102 and Kawemono)

Beta poly

Kawemono RGR NAR LAR RLGR LAI Efficiency CGR
RGR 0.796 0.846 0.843 —0.804 0.752 0.028
NAR 0.912 0.500 0.753 —0.489 0.884 0.378
LAR 0.703 0.375 0.653 -0.718 0.389 -0.207
RLGR 0.861 0.798 0.568 -0.639 0.794 0.139
LAI —0.682 -0.453 -0.800 -0.564 - 0.552 0.389
Efficiency 0.912 0.939 0.455 0.819 -0.550 0.252
CGR 0.253 0.478 —0.253 0.271 0.343 0.371
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By means of principal component analyses of the matrices of correlations between
the characteristics components can be produced that are uncorrelated and in which the certain
variates (in the present case the growth analysis characteristics) have weight. Analyses of the
weight matrix may call attention to phenomena which have not or hardly been studied so
far; they may point to further researches (Lawtey— Maxwett 1963). The identification of
the components with a certain (e.g. an ecological) factor frequently encounters difficulties,
because the factors must be independent owing to the independence of the very components.

RGR, NAR, LAR, RLGR, LAI, CGR and efficiency were drawn into our analyses.
For the basic data of principal component analyses, we used a correlation matrix. The correla-
tions between the various characteristics were calculated by the Spearman rank correlation
coefficient (See Table 1 and 2). Evaluation was made on the basis of weights obtained after
rotation. Components were considered in which the weight of at least one of the variables was
greater than 0.5.

Results

Examining the weights of the maize hybrids (Table 3) it appears that
the hybrids do not separate in the first component. There is a factor in this
component which in comparison with LAl and CGR acts oppositely on the
LAR and RLGR ofboth hybrids. If it has a positive effect on LAR and RLGR,

Table 3

Matrix of component weights. Maize hybrids

ANAANC .omponent DKXL 0SSK

Variable | I 11 v | 1 1 v
RGR 0.394 -0.262 0.480 0.748 0.518 0.505 0.683 —0.086
NAR —0.145 -0.936 0.384 0.247 —0.446 0.631 0.054 —0.624
LAR 0.798 0.642 0.222 0.249 0.936 —0.103 0.255 1 0.156
RLGR 0.754 —0.055 0.283 0.550 0.830 0.075 0.455 0.205
LAI -0.941 —0.175 -0.194 —0.179 -0.980 0.094 -0.121 —0.089
Efficiency 0.092 -0.206 0.955 0.240 —0.081 0.938 0.135 —0.083
CGR —0.986 —0.074 0.091 —0.132 —0.907 0.180 -0.131 —0.188
Variance, % 60.2 32.8 7.8 2.9 63.5 29.2 2.7 2.4

then it is negative on LAl and CGR. This component can be called LAR-
RLGR versus LAI-CGR component. Since the hybrids react similarly to the
content of this component, it can also be called general component. The second
component may have a genetical content, since it separates the hybrids.
In DKXL, the third is the efficiency component. The fourth component of
DK XL, and the third component of OSSK is the component RGR. The fourth
component of OSSK is NAR.

In DKXL there are two, in OSSK there is one, component in which
a variable each stands with an opposite sign.

If the sequence of components is considered an order of importance, it
becomes evident that, although there are components in hybrids containing
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factors which effect efficiency and RGR, their place is different in the row
of components.

The signs of the weights of RGR and RLGR, of NAR and efficiency,
of RGR and efficiency, of LAl and CGR, are with the exception of one compo-
nent, identical in hybrids. The weight signs of LAR and LAl are opposite is
the case of all components in the hybrids.

Each of the factors has a unidirectional influence on the LAR of DKXL.
Similarly, each of the factors has a unidirectional influence on LAI, but it
is of an opposite direction as the one effected on LAR. In the case of OSSK,
the factors effect RLGR identically.

From the matrix of the weights of the components of sugar beet varieties
it appears (Table 4) that the varieties do not separate according to any of the
components. Contrarily to the variable with a great weight on the individual
components, there are variables with a small weight in most of the cases;

Table 4

Matrix of component weights. Sugar beet varieties

Component Beta poly

Variable I " i v Y

RGR 0.558 0.020 0.688 0.235 0.345
NAR 0.851 0.263 0.346 0.118 0.128
LAR 0.195 0.141 0.938 0.136 0.180
RLGR 0.558 0.075 0.436 0.673 0.200
LAI —0.354 0.342 —0.472 —0.176 —0.709
Efficiency 0.915 0.109 0.160 0.245 0.207
CGR 0.197 0.966 —0.098 0.036 —0.124
Variance, % 64.2 22.2 6.7 3.1 2.3

Component Kawemono

Variable I " " v Y

RGR 0.806 0.500 0.117 0.221 0.153
NAR 0.920 0.156 0.261 0.169 0.116
LAR 0.252 0.926 —0.173 0.155 0.157
RLGR 0.637 0.328 0.123 0.674 0.125
LAI -0.379 —0.569 0.317 -0.139 —0.642
Efficiency 0.909 0.213 0.164 0.188 0.170
CGR 0.284 0.168 0.935 0.064 0.105
Variance, % 64.9 24.3 4.6 3.1 2.0
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exceptions are the second component of Kawemono and the third component
of Beta poly, although in this latter one the weight does not reach the 0.5 value.

On the first component, NAR and efficiency have great weights. With
the exception of LAI, the other variables have a positive weight, the weight
of LAI does not even reach 0.4. The first component may contain a factor
which may he a general factor, characteristic of the two varieties. On the
second component of Beta poly and on the third component of Kawemono,
the pattern of the weight signs is identical. The weight of the CGR is maximum
on the two components. The third component of Beta poly seems identical
with the second component of Kawemono, LAR is opposed to LAI. The
fourth and the fifth components can be regarded as identical in the varieties,
the weights of the variables differ only to a slight extent from each other.
On the fourth component it is RLGR, on the fifth LAI, which has the greatest
weight.

In both varieties there is one component which reacts oppositely on
two variables. In the sequence of the components of the varieties, opposite
signs occur in the first three, while the content of the fourth and fifth compo-
nents may be identical.

The signs of RGR, NAR, RLGR, and of the efficiency weight are identical
on all components. The signs belonging to the LAR and LAl weights are in
opposition on the components.

Let any one of the two varieties be considered, the signs of the weights
of RGR and RLGR, of RGR and efficiency, of NAR and efficiency, are identical
on the components, with the exception of one case of the maize. This means
that the factor effecting RGR has a similar directional influence on RLGR
and efficiency; and again, the factor effecting NAR has an identical directional
effect on efficiency. Naturally, this holds also for the other two variables:
the factor effecting efficiency effects in the same direction, for example, NAR.

The opposition between LAR and LAI exists both in the maize hybrids
and the sugar beet varieties. This opposition is so strong that if it is demon-
strated on the components, they will get in different quarters of a co-ordinate
system. Similarly as the weights on the axes, then the two characteristics lie
in opposite quarters in a two-dimensional case; if, for example, LAR is in the
first quarter, then LAl is in the third. This phenomenon is worthy of
attention because there are two different species involved.

W hen assessing the results, we must naturally also take into considera-
tion the fact that they are valid only in the chosen system (for the seven
growth analysis characteristics mentioned above).

Although we endeavoured to identify the components as far as possible
this does not mean that they are the very factors. On the basis of the results
of the analysis, the direction of further research may be indicated and the
questions posed be solved by means of further research.
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The authors studied the niche overlap of nine plant species of a grassland com-
munity, in two dimensions (soil moisture content and root depth, and the combination
of these), in summer and autumn. For a further analysis of the overlaps, cluster analysis
is suggested in this paper, while for the estimation of overlaps, the use of the Euclidean
distance between species (chord distance, d), or more exactly the formula (2—d2
(Ori1éci 1967). Cluster analysis was carried out on the basis of the average linkage
clustering. The summer and the autumn dendrograms can be compared with one
another; seasonally, the similarity is greater according to the soil moisture content,
and again it is smaller according to root depth; factor combinations take a middle
position. The dendrograms also testify the authors’ earlier statement according to
which the overlap picture according to factor combinations is nearer to that according
to root depth.

Niche overlap between two or more species is an indication of common
resource exploitation. It implies a certain degree of similarity in the require-
ments of the various species (Shugart—Patten 1972). The lack of overlap
is an indication of efficient resource division (Cody 1968).

A way of estimating the degree of overlap is to determine the Euclidean
distance (d) between species on the niche axis examined, or the so-called
chord distance (Ort6ci 1967). The value of chord distance may vary between
0 and 1.41. The greater this value is on the axis examined, the smaller the
overlap between the two species given. For the estimation of the overlap
value, the application of value (2 - d2) is suggested.

By using the cluster analysis we wanted to obtain an answer whether,
on the basis ofthe overlap values, there can be found clusters among the species.
In the analysis, first those species fuse among which the overlap is great, the
resource exploitation is similar, and the requirements are near to one another.
Then the fusion similarity decreases in the course of fusion as more and more
species belong to the various groups.

Material and method

In our former two papers (Fekete et al. 1977; Précsényi et al. 1977) the methods,
aims and results of the niche examinations into plant species of grassland communities were
described. To the present paper the data from the preceding studies have been used (Tables 1—3).
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Table 1

Niche overlap of species. Soil moisture

Festuca '\g;gd(j- Thymus FL:][;’:I- E“E{;‘”’ Carex  Cynodon E?uu rlr? e Cernet: v

Festuca 1.56 1.84 1.22 1.00 1.96 1.76 1.72 1.76
Medicago 1.57 1.72 0.81 0.76 1.42 1.74 1.62 1.48
Thymus 1.80 1.99 0.86 0.82 1.83 1.86 1.53 1.17
Fumana 0.84 0.81 0.85 191 0.49 0.50 0.21 0.69
Euphorbia 1.14 1.23 1.24 1.82 0.54 0.56 0.47 0.96
Carex 1.49 171 1.71 1.49 1.85 1.77 1.86 1.34
Cynodon 0.91 0.92 0.94 1.97 1.93 1.62 142 1.54
Equisetum 1.20 0.93 0.93 1.94 1.83 155 1.93 0.82
Centaurea 1.19 1.10 1.05 1.68 1.89 1.66 1.92 1.75

In the upper semimatrix the summer values, in the lover semimatrix the autumn values.

Table 2

Niche overlap of species. Root depth

Festuca Nclggoi- Thymus Fuma- Eugir;lor- Carex  Cynodon E?Llfriﬁe_ Cepet;u-

Festuca 1.25 1.68 0.05 1.05 1.09 1.87 1.78 1.40
Medicago 1.64 1.89 0.00 0.45 1.98 1.07 1.18 0.53
Thymus 1.69 1.99 0.00 0.67 1.82 151 1.61 0.85
Fumana 0.37 0.17 0.12 1.42 0.00 0.62 0.00 0.00
Euphorbia 1.23 0.48 0.36 1.24 0.32 1.24 0.64 1.07
Carex 1.96 1.93 1.89 0.24 0.90 0.92 1.13 0.27
Cynodon 0.49 0.36 0.24 1.18 1.27 0.42 1.68 1.33
Equisetum 1.13 0.78 0.75 1.66 1.73 0.96 1.39 0.63
Centaurea 0.96 0.84 0.74 1.28 1.46 0.89 1.76 1.78

In the upper semimatrix the summer values, in the lover semimatrix the autumn values*

The so-called average linkage clustering method has been used (Sokal-Michener 1958).

The maximum fusion similarity: 2; the minimum one: 0. The distance between 0 and 2
was arbitrarily divided into four parts: 2.0—1.5; 1.5—1.0; 1.0—0.5; 0.5—0. In this way,
a more easily surveyable picture of fusion was obtained.

For comparing the structures of the dendrograms, Phipps’s method (1971) was used
with the difference that the chord distance was calculated.
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Table 3

Niche overlap of species. Combination of soil moisture and root depth

Festuca Nclggg- Thymus F“n’Qa' E”{,’ig‘"' Carex Cynodon E?ﬁriﬁe- Cepet:u-

Festuca 0.53 1.09 0.05 0.53 1.01 1.27 1.47 0.89
Medicago 1.31 1.70 0.00 0.18 1.26 0.52 0.56 0.20
Thymus 1.45 1.86 0.00 0.24 1.30 0.89 0.96 0.54
Fumana 0.38 0.13 0.20 1.49 0.00 0.14 0.00 0.00
Euphorbia 0.86 0.34 0.29 1.08 0.35 0.00 0.21 0.59
Carex 0.97 121 1.30 0.28 0.67 0.69 1.12 0.26
Cynodon 0.49 0.14 0.28 1.18 1.17 0.40 1.54 0.43
Equisetum 0.50 0.38 0.16 1.05 1.16 0.33 0.97 0.00
Centaurea 0.78 0.27 0.28 0.78 1.39 0.27 1.50 111

In the upper semimatrix the summer values, in the lover semimatrix the autumn values.

Results
Soil moisture content

As regards soil moisture content, different clusters took form in summer
and in autumn (Figs 1 and 2). In summer, four clusters of two species can
be found between 2.0 and 1.5 similarity values. One species, Centaurea, fuses
with the Festuca-Carex-Thymus-Cynodon cluster with similarity values between
1.5 and 1.0; to this cluster of five species loosely links the Medicago-Equisetum
species pair; and again, to this cluster of seven species such formed links,
with a very low similarity value, the Fumana-Euphorbia species pair of very
strong similarity value. In autumn, a cluster, consisting of a species pair
(Medicago-Thymus), with similarity values between 2.0 and 1.5, takes form,
and also two such clusters that consist of three species each. To the Medicago-
Thymus species pair, at similarity values between 1.5 and 1.0, links the Festuca,
and in this same region the former two clusters, consisting of three species
each, fuse. Then, at the similarity values between 1.0 and 0.5, the clusters
consisting of three and of six species also fuse.

Root depth

The root depth dendrograms (Figs 3 and 4) show not more similarity
than that at values between 2.0 and 1.5 there can be found three clusters
consisting of two species pairs, but these species pairs are not identical in
autumn and summer. The dendrogram shows one species pair (Fumana-
Euphorbia), and a cluster consisting of four species, at similarity values be-
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Fig. 1. Dendrogram of soil moisture content, summer

Fig. 2. Dendrogram of soil moisture content, autumn
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Fig. 3. Dendrogram of root depth, summer

Fig. 4. Dendrogram of root depth, autumn
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Fig. 5. Dendrogram of combination of soil moisture content and root depth, summer

Fig. 6. Dendrogram of combination of soil moisture content and root depth, autumn
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tween 15 and 1.0, in summer. In the next similarity category (1.0 -0.5),
Centaurea is the first to fuse with the four species clusters mentioned above,
then comes the Medicago-Carex species pair. To the seven-membered cluster
thus formed, loosely links the Fumana-Euphorbia species pair. In autumn,
a great similarity value is shown by the Medicago-Thymus and the Festuca-
Carex species pair. These four species fuse at similarity values between 1.5
and 1.0, and form a four-membered cluster which links only at the last fusion
to the other five-membered cluster, which has taken form also in the similarity
category with values between 1.5 and 1.0.

Combinations

The dendrograms show different pictures with regard to also the combi-
nation of soil moisture content and root depth (hereinafter: combinations;
Figs 5 and 6). In the dendrogram compiled on the basis of summer measure-
ments, there are three species pair to fuse, and again in the autumn measure-
ments there are two, in the similarity category of 2.0—1.5. The Medicago-
Thymus species pair emerges in this category in summer and autumn as well.
The Fumana-Euphorbia species pair maintains its independence up to the
last fusion in summer, and also Centaurea occurs separately up to the fusion
before the last. In summer, in the similarity category of 1.5—1.0 there can
be found two clusters consisting of three species, which fuse in the next cate-
gory. In autumn, again there occur two three-membered clusters in the 1.5
1.0 similarity category, but these are constituted of other species than those
found in the summer dendrograms. In the next similarity category, there
occur a four- and a five-membered cluster.

Conclusions

The Centaurea and the Fumana-Euphorbia species pair in summer
separate from the other species with regard to the two dimensions and also
their combination. The different behaviour of Fumana from the other species
has already been indicated in our former paper (Fekete et al. 1977). The
fact, however, that Euphorbia behaves similarly to Fumana has been detected
only now. Our attention to the separation of Centaurea has been called by
the analysis.

On the basis of the dendrograms it seems that in autumn, at similarity
values between 2.0 and 1.0 there are already greater clusters to form, while
in summer they occur only at values lower than 1.0. This may be an indication
that the requirements of species are more different in summer.

According to their structures, the dendrograms showed the following
order: combinations, summer-autumn (d = 0.379); root depths, summer-
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autumn (d = 0.537); and soil moisture content, summer-autumn (d = 0.553).
Structurally, the dendrograms of the combinations are at most in the vicinity
of one another.

In the table below, the distances between the structures of the combina-
tions and of the dimensions are indicated:

soil moisture soil moisture root depth
content content
summer autumn summer autumn
r. . summer 0.417 0.339
autumn 0.408 0.237

For comparisons between the dendrograms, the chord distance was used.
In the similarity categories mentioned above, the junctions were counted
and, on the basis of the frequencies falling to the various categories, the chord
distances were calculated. The two dendrograms are at most “similar” to
each other between which the distance is the smallest.

The smallest value between the summer and autumn dendrograms of
the individual dimensions occurred in soil moisture content (d = 0.232); then
came the summer and autumn dendrogram of combinations (d = 0.333), while
the greatest distance occurred between the two dendrograms of root depths
(d - 0.579).

The dendrograms of combinations are nearer to those of root depths
than to those of soil moisture content; see the table below:

soil moisture soil moisture root depth
content content
summer autumn summer autumn
I summer 0.539 0.471
combinations JITT 0.671 0.493

The results can support the authors’ earlier statement according to which
the overlap picture by factor combinations is nearer to the overlap picture
of root depth.
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SYSTEMATISCH-NOMENKLATORISCHE
BEMERKUNGEN UBER KRITISCHE TAXA
DER MITTELEUROPAISCHEN FLORA

Yon

R. So6
BOTANISCHER GARTEN DER L EOTVOS UNIVERSITAT, BUDAPEST

(Angekommen am 1. September, 1977)

As a continuation of his earlier studies (Acta Bot. Hung. 1963— 1971, Annal.
Univ. Budapest Sect. Biol. 1964—1972, with co-authors; and Feddes Repertorium
1972, 1974), the author presents his newer statements of taxonomy and nomenclature;
these are stammed from the compiling of the 6th volume of Synopsis ... Florae Vege-
tationisque Hungaridé. Mention must be made of the new taxonomical evaluation of
the saisonpolymorph ecotypes; of the surveying of certain critical form categories and
aggregates, as regards especially the Jovibarba hirta, Fraxinus angustifolia, Leucanthe-
mum vulgare, Scilla bifolia etc. groups.

Beschreibungen neuer Taxa, neue Namenskombinationen, mikrosyste-
matische und geobotanische Bemerkungen usw., die im Laufe meiner Synopsis
systematico-geobotanica habe ich seit 1963 in mehreren Studienserien mitge-
teilt, so besonders «Species et combinationes novas florae Eur6paé praecipue
Hungaridé 1—X.» Acta Bot. Acad. Sei. Hung. 9—17. (1963—1971) — als
Ergdnzung dazu «Nomina a nobis non rite publicata», ibidem 18. 1972 —
ferner »Uber einige Formenkreise der ungarischen und Kkarpatischen Flora
I—XVIIll.« mit verschiedenen Mitarbeitern, Annal. Univ. Budapest Sectio
Biolog. 7—10., 12, 14. (1964—1972) und Acta Bot. 1. c. 14. (1968). Die wich-
tigsten systematisch-nomenklatorischen Ergebnisse der Synopsis 1—5. (1964—
1973) wurden im Feddes Repertorium 83. 129—212, 85. 433—453 (1972, 1974)
zusammengefasst. Vorliegende Mitteilung ist eine Fortsetzung der genannten
und bezieht sich auf solche Probleme, die wé&hrend der Bearbeitung des
Bandes 6. (im Druck) auftauchten. Hervorzuheben ist die neue Bewertung
der saisonpolymorphen Okotypen, ferner Besprechung gewisser Formenkreise
bzw. Agg. der Gattungen Jovibarba, Fraxinus, Leucanthemum, Scilla.

Pliyllitis Scolopendrium (L.) Newm. subsp. antri-jovis (Kimmerle Magy. Bot.
Lap. 19: 3, 192, 1922) So6 comb. n. (Biropteris a.—j. Kimmerle 1. c., Asplé-
nium Scolopendrium L. subsp. a.—j. Brownsey et Jermy Brit. Fern. Gaz.
10: 341—346, 1973).

Dryopteris austriaca (Jacq. 1764 sub Polypodio) Woynar, nach H. P. Fuchs
in Janchen Catal. FI. Austriae 897, 1960 und in Sod Syn. Fl. Veg. Hung.
1: 546, 1964, nach dem Original von Jacquin ist Pteridium aquilinum var.
lanuginosum, dagegen schreibt Jermy (Brit. Fern. Gaz. 10: 106, 1973), dal
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in Wien kein Original von Jacquiiv vorhanden ist, ein Exemplar in London
(»mont. Hungaricis«k) — von der Grosse abgesehen — der Beschreibung von
Jacquin entspricht fur Lectotypus annehmbar und D. dilatata ist. Seitdem
gebrauchen manche (wie Raitschert 1975) den Namen D. austriaca fir
D. dilatata. Meiner Meinung nach ist D. bzw. Polypodium austriacum nom.
dubium.

Larix decidua L. Bobrov Nov. syst, plant, vase. 9. (1972) will L. polonica
Racib. 1912 flr introgressive Hybridart von L. decidua und sibirica betrach-
ten, doch kommen der polnisch und ostkarpatisch »L.polonica« vollkommen
identischen Exemplare mit kleinen Zapfen und Ubergdnge auch in anderen
karpatischen und alpinen Populationen vor, wie ich darauf schon 1932 (Bull.
Soc. Bot. Fr. 79: 658—659) hingewiesen habe. Vgl. auch Soé Feddes Rep.
83: 176, 1972.

Asplénium cuneifolium Yiv. 1806 Die Unterarten sind: subsp. cuneifolium,
subsp. serpentini (Tausch 1839) Sod 1972 (subsp. Forsteri (Sadler 1820) Borb.
1887), subsp. dacicum (Borb. Term. tud. Kozi. Potf. 46: 71, 1898 p. sp.) Soo
comb. n. aus Siebenbilirgen. Nach beweisenden Argumenten ungarischer Botani-
ker (Borbas Vasmegye novényf. 1887: 540, ebenso 1. c¢. 1898, Kummerle
Schedae FIl. Hung. Exs. 4: 22—25, 1916, Javorka 1924, S00 1964, sind die
Pflanzen ltaliens (Genova, Orig, von Vivianil!) und Osterreichs (Burgenlandi!)
gar nicht identisch. Vgl. auch So0 Feddes Rep. 83: 141, 1972.

Ranunculus auricomus agg. Die aus Thiringen beschriebene, aber auch aus
Ungarn und Siebenbirgen mitgeteilte R. vertumnalis 0. Schwarz Mitt. Thir.
Bot. Ges. 1: 124—5, 1949 icon.! ist bestimmt R. binatus Kit.

Asarum europaeum L. subsp. caucasicum (Duchartre 1864) So6 1966 dazu
Syn.: var. Andreanszkyi Pénzes 1939, var. pseudocaucasicum Pawl. 1956, vgl.
die neuen Arbeiten von Steinhtub1(1971),Schonfelder(1973),Seybold (1974).

Platanus hispanica Muenchhausen 1770 (P. hybrida Brot. 1804, P. acerifolia
Ait. 1789. p. var.) Willd. 1805) Unsere Platan ist wohl mit der P. orientalis
verwandte uralte mediterrane Art, nicht hybridogen. Vgl. die Discussion in
Acta Agronom. Hung. 1976 tUber die Mitteilung von Radios.

Rubus rhombilolius Wh. et N. (argenteus auct.) subsp. consobrinus (Sudre Ruh.
Pyr. 46, 1899 p. sp.), subsp. cryptadenes (Sudre Obsr. Brit. Ruh. 31, 1904
p. sp.), subsp. eallimorphus (Sudre 1 c.) subsp. connatifolius et subsp. race-
mosus (Nyar. FI. RPR. 4: 909, 1956 sub R. argenteo) So6 comb. n.

R. stenopetaliis P. J. Muell. et Lej. 1859 (R. chloocladus W atson 1956) subsp.
aduncispinus (Sudre Rubi Eur. 86, 1910 p. subsp. R. pubescentis), subsp.
emollitus (Sudre Rub. Pyr. 56, 1900 p. sp.) Soé comb. n.
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R. candicans Wh. ex Rchb. 1832 subsp. tumidus (Gremli Beitr. z. Fl. Schw.
30, 1870 p. sp.) Sod subsp. aciodontus (P. J. Muell. et Lefévre Pollichia 16— 17:
83, 1859 p. sp.) So6 comb. n.

R. micans Gren. et Godr. 1849 subsp. albicomus (Gremli Beitr. z. FI. Schw.
30, 1870 p. sp.) Sodé comb. n.

R. Koehleri Wh. et N. 1825 subsp. pygniaeus (Wh. et N. ex Bluff et Fingerhut
Consp. FI. Germ. 1: 687, 1825 p. sp.) Soé comb. n.

R. tereticaulis P. J. Muell. 1856 subsp. miostylus (Boulay Ronces Vosg. 1868:
105, p. sp.), subsp. fragariiflorus (P. J. Muell. Flora 41: 173, 1858, p. sp.)
So6 comb. n.

R. morifolius P. J. Muell. ssp. condensatus (P.J. Muell. Flora 41: 167, p. sp. 1858)
So6 comb. n.

R. amoenus Koehler ex Wh. ssp. praedatus (Schmidely Bull. Herb. Boiss. 2:
79, 1903 p. sp.) So6 comb. n.

R. schleichen Wh. ex Tratt. 1823 subsp. coeruleicaulis (Sudre Bull. Soc. Sc.
Angers 35: 47, 1906 p. sp.) So6 comb. n.

R., rivularis Wirtgen et P. J. Muell. 1859 — subsp. angustisectus (Sudre Bull.
Acad. Géogr. Bot. 15: 231, 1905), subsp. parvulipetalus (Sudre Bull. Soc. Sei.
Angers 35: 39, 1906 p. sp.), subsp. lamprophyllus (Gremli Ost. Bot. Zschr.
21: 94, 1871 p. sp.), subsp. biserratus (P. J. Muell. ex Boulay Ronces Vosg.:
115, 1868 p. sp.), subsp. horridulus (P. J. Muell. ex Boulay 1. c. 112, 1868 p. sp.),
subsp. leptobalus (Sudre Bat. Eur. 31, 1904 p. sp.), subsp. durotrigum (R. P.
Murray Journ. Bot. 30: 15, 1892) Sod comb. n.

R. serpens Weihe ex Lej. et Court. 1831 subsp. longisepalus (P. J. Muell.
Bonplandia 9: 297, 1861 p. sp.), subsp. obrosus (P. J. Muell. Pollichia 16— 17:
234, 1859 p. sp.), subsp. analogus (P. J. Muell. Pollichia 1 c. 232), subsp.
humorosus (P. J. Muell. Vers. Mon. Rub. 1859: 156 p. sp.), So6 comb. n.

R. hirtus W. et K. 1805 subsp. Pierratii (Boulay Ronces Vosg. 1868: 108 p. sp.),
subsp. offensus (P. J. Muell. Bonplandia 9: 286, 1861 p. sp.), subsp. anoplo-
cladus (Sudre Bull. Soc. Bot. Fr. 52: 337, 1905 p. sp.), subsp. minutidentatus
(Sudre 1 c. 323, 1905 p. sp.), subsp. rubiginosus (P. J. Muell. Pollichia 16— 17:
207, 1859 p. sp.), subsp. interruptus (Sudre Bull. Ass. Fr. Bot. 2: 7, 1899 p. sp.),
subsp. trachyadenes (Sudre Compt. Rendus Congr. Soc. Sav. 1908: 233 p. sp.),
subsp. anisacanthoides (Sudre Bull. Soc. Bot. Fr. 52: 328, 1905 p. sp.), subsp.
declivis (Sudre Compt. Rendus 1. c. 1908: 233 p. sp.) Soé comb. n.

Potentilla impolita Wahlbg. 1814 em. So6 1963 (P. neglecta Bailing.), Manche
neueren Autoren bezweifeln die ldentitdat der beiden Taxa, aber unrecht.
Simonkai (Erdély fl. 1887, p. 219) schrieb »Baumgartenius nam non solum
citationem Pot. impolitae Wahlenbg., sed etiam diagnosim illae ad suam stirpem
descripsit«. P. neglecta ist also illegitime Neubenennung von P. impolita.
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P. argentea agg. Weitere Kleinarten (Agaraospecies): P. pseudocalabra (Th.
Wolf Mon. Pot. 208, 1908 p. var. P. argenteae) et P. tenerrima (Velen. Fl.
Bulg. Suppl. 1: 102, 1898 p. var. P. colliane) So6 comb. n. (Borhidi 1965 p.
subsp.).

P. inclinata Vili. 1788 em. Ball et Walters nar. adscendens (W. et K. ex Willd.
En. horti Berol. 1: 554, 1809 p. sp.), var. hungarica (Willd. Magaz. Natur.
Freunde Berlin 7: 289, 1813 p. sp., in Borb. Balaton 1900: 428 p. var. P. adscen-
dentis), var. fallax (Uechtr. Jb. Schles. Ges. Vaterl. Kultur 44: 81, 1863 p. var.
P. canescentis) — ind. P. Baumgarteniana Schur 1866, Simk. 1887 p. subsp.
P. canesc. —, var. leopoliensis (Blocki Ost. Bot. Zschr. 37: 334, 1887 p. sp.,
A. et G. Syn. VI. 2: 708, 1904 p. nar.) So6 comb. n

Alcheniilla montieola Opiz var. hungarica (So6 Acta Bot. Hung. 9: 424, 1963
p. sp.) So6 comb. n. (A. plicata auct. hung., sic Palitz Acta Geobot. Hung.
1: 112, 1936, So6 Feddes Bep. 40: 767).

Conibinationes novae Rosarum:

R. caesia Sm. ex 8ony. 1812 var. coriifolia (Fries Novit. Fl. Sueciae 33. 1814
p. sp.), f. oblonga (Christ Rosen Sclrw. 191, 1875 p. f. R. coriif.), var. trichostylis
(Borb. Mon. Ros. Hung. 1880: 438 p. f. R. coriif.), var. psammophila (Borb.
ex Hollés Kecskemét fl. 107, 1896 p. sp.), var. lucida (Braucker Deutschl.
Rosen 1882: 69 p. f. R. coriif.), var subbiserrata (Borb. 1. c. 439 p. f. R. coriif),
f. Eschfalleri (Wiesh. ex j. B. Keller OBZ. 33: 377) — I1. 242 unrichtig Eschfal-
leriana —, var. frutetorum (Bess. Catal. pl. Horti Crem. Suppl. Ill: 20, 1811
p. Sp.), ssp. subcollina (Christ 1873) Sodé 1971 var. incana (Kit. ex Schult.
Oest. FI. I1. 70, 1814 p. sp.), var.pusztaruni (Deg. ex Jav. 1 c. 580 p. f. R. coriif.,
1924).

R. livescens Bess. 1815 nar. Jundzilliana (Christ Flora 60: 405 p. f. R. trachy-
phyllae), f. tolnaensis (Borb. et Wiesb. in Borb. Mon. Ros. Hung. 384, 1880),
f. aseticlados (Borb. 1. c. 377 p. f. R. Jundzillii), var. nemorivaga (Dés. Billotia
1: 40, 1864 p. sp.), mar. alsatica (H. Br. Verb. ZBG. 35: 72 1885 p. var. R. trachy-
phyllac), ssp. trachyphylla (Rau En. Ros. Wirceb. 124, 1816 p. sp.), f. Schmidtii
(H. Br. L c 72 p. sp.), f. reticulata (Kern. OBZ 19: 332 1869 p. sp. — in II.
230 erroneo »Borb.«) var. leioclada (Borb. 1 c. 378, 1880 sub. R. Jundzillii),
var. Grundliana (Deg. ex Jav. Magy. Fl. 550, 1924 p. var. R. Jundzillii), var.
cremsensis (J. Kern, in Beck. FI. N. Ost. 805, 1892 p. var. R. trachyphyllae),
var. Trautmanni (Deg. ex Jav. 1 c. 1924), var. speciosa (Dés. Billotia 1: 39,
1864 p. sp.), var. heteracantha (Christ Rosen Schtv. 144, 1873 pro f. R. Jundzil-
lianae), var. minor (Borb. 1 c. 375, 1880 p. var. R. Jundzillii) ... Soé.

R. corymbifera Borkh. 1790 var. platyphylla (Rau En. Ros. Wirceb. 82, 1816
p. sp.), var. sphaerocarpa (Puget ex Dés. Soc. Bot. Belg. 15: 377, 1876 p. sp.),
var. platyphylloides (Chab. ex Dés. et Ripart Soc. Bot. Belg. 15: 376, 1876
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p. sp.), var. Reussii (H. Br. Yerh. ZBG. 35: 104, 1885 p. sp.), var. obscurci
(Puget ex Dés. 1 c. 374, 1876 p. sp.), var semiglabra (Ripart ex Dés. 1 c. 373,
1876 p. sp.) var. urbica (Leman Bull. Soc. Phil. 1818: 93 p. sp.), var. ramealis
(Puget ex Dés. 1 c. 372, 1876 p. sp.), var. globata (Dés. 1 c. 374, 1876 p. sp.),
var. peropaca (H. Br. Ber. Bot. Ver. Landsliut 1889: 107) var. hirta (H. Br.
ex Ohorny FI. Mahren 908, 1886), var. urbicoides (Crép. Soc. Bot. Belg. 8: 240,
1869 p. sp., nom. nud. ex H. Br. in Beck 1 c. 797), var. trichoneura (Ripart ex
Dés. 1 c. 375, 1876 p. sp.), var. submitis (Gren. ex Billot Schultz Arch. 1852:
332 p. sp.), var. leptotricha (Borb. 1. c. 430 p. var. R. dumetorum, 1880), var.
Brachtii (H. Br. OBZ 44: 20, 1894 p. sp.), var. Walziana (Borb. OBZ. 41: 423
p. sp.), var. incanescens (H. Br. ex Kern. Schedae FEAH. 5: 15, 1888 p. sp.),
var. cinerosa (Dés. 1 c. 380, 1876 p. sp.), var. Rocheliana (H. Br. ex Kern.
1 c. 1888 p. sp.), var. subglabra (Borb. 1 c. 426, 1880, Budapest fl. 1879: 161
]i. var. R. dumetorum), var. semiglauca (Borb. 1 c. 1880, et 1879 nom. scminu-
dum, p. var. R. dumetorum), var. juncta (Puget ex H. Br. ZBG. 38, 1887: 64
p. ssp. R. uncinellae), var. decalvata (Crép. ex H. Br. in Beck FI. NO. 800.
1892 p. var. R. dumetorum), var. Annoniana (Puget ex Fl. Br. Yerh. ZBG
35: 95, 1885 p. sp.), var. rivularis (H. Br. et Borb. in Kern. Schedae FEAH.
5: 110, 1645, 1888 p. sp.), var. eulanceolata (H. Br. ex Kern. 1 c. 1888 p. sp.),
var. heterotricha (Borb. Mon. Ros. Hung. 426, 1880 p. f. R. dumetorum), var.
ciliata (Borb. 1 c. 427 p. f. R. uncinellae), var. hemitricha (Ripart in Dés.
Soc. Bot. Belg. 15: 373, 1876 p. sp.), var. suboxyphylla (Borb. 1 c. 427 p. f.
R. dumetorum), var. subatrichostylis (Borb. 1 c. 427 p. f. R. dumetorum), var.
quadica (H. Br. Ber. Bot. Ver. Landshut 1889: 108 p. f. R. dumetorum), var.
amblyphylla (Ripart in Dés. 1 c. 380, 1876 p. sp.), var. Aemoniana (Puget ex
R. Keller in A. et G. Syn. VI. 1: 182, 1902 p. var. R. dumetorum) ... So0d
var. solstitialis (Bess. 1809) und var. uncinella (Bess. 1809) Chrsanovszki 1954
ssp. Deseglisei Bor. 1857 var. hispidula (Ripart ex Dés. 1 c. 386, 1876 p. sp.),
var. incerta (Dés. 1L c. 384, 1876 p. sp.), var. imitata (Dés. Mém. Soc. Acad.
Maine- et Loire 28: 120, 1872 p. sp.), var. trichoidea (Ripart in Dés. Soc.
Bot. Belg. 15: 386, 1876 p. sp.), var. denticulata (Borb. 1. c. 388 p. f. R. collinaé
1880)? — anne hybrida —, var. Gyorffyana (Deg. ex Jav. Magy. Fl. 565 p. var.
R. dumetorum 1924)

R. dumalis Bechst. 1810 var. Afzeliana (Fries Fl. Halland. 87, 1818 p. sp.)
var. falcata (Puget Mém. Soc. Acad. Maine- et Loire 28: 106, 1875 p. sp.),
var. Graveti (Crép. Bull. Soc. Bot. Belg. 30: 156, 1891 p. sp.), var. pilosula
(Christ Flora 58: 295, 1875 p. f. R. Reuteri), var. subcoerulescens (Borb. 1 c.
465 p. f. R. alpestris), var. Holubyana (Borb. 1 c. 465 p. f. R. alpestris), var.
acutifolia (Borb. 1 c. 445 p. f. R. glaucae), var. complicata (Gren. FIl. Jurass.
293, 1864 p. sp.), var. caballicensis (Puget ex Dés. Billotia 1: 35, 1864 p. sp.)
subsp. subcanina (Christ 1873) So6 1971 var. atroviridis (Borb. 1L c. 444 p. f.
R. glaucae), var. diodus (R. Kell. in A. et G. 1 c¢. 197 p. var. R. glaucae), var.
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subleiostylis (Borb. 1. c. 444 p. f. R. glaucae), var. brachypoda (R. Keller Synopsis
Rosarum ... 1931 p. var. R. glaucae)

Jovibarba hirta (Jusl.) Opiz typisch in Ungarn selten, subsp. borealis (Huber
in Hegi FI. Mitteleur. ed. 4. IV. 2: 197, 1963 sub Diopogone) So6 comb. n.
[J. sobolifera (Sims.) Opiz 1852] Uberginge der beiden frither als Arten aufge-
fassten Taxa: J. hirta subsp. glabrescens (Sabr.) Favarger et Zeisiger 1964.
Weitere Unterart: subsp. Preissiana (Domin Rozpr. Cesk. Akad. 42, no. 29:
19, 1932 als Sempervivum P.) incl. var. tatrensis (Domin) So6 1972. — Wenn
man J. sobolifera als eigene Art betrachtet, zieht man dazu die siebcnbirgi-
sche Rasse: subsp. hirtella (Schott) So6 1972 (Semperv. Simonkaianum Degen
1902, vgl. So6 Scripta Mus. Transs. 1: 45, 1942) resp. J. hirta subsp. hirtella
(Schott ex Fuss Yerh. Siebenb. Ver. 7: 171, 1857 sub Sempervivo) Soé comb. n.,
sie stellt einen Ubergang zwischen J. sobolifera u. J. arenaria (Koch) Opiz dar.

Chainaecytisus ratisbonensis (Schaeffer) Roth. var. microphyllus (W. et Gr. FI.
Siles. 1. 2: 250, 1829) So6 comb. n.

Lotus corniculatus agg. Zertovd (Rozpr. CS. Akad. Yed. Mat.—Prir. 82:
3, 1973) hat die Arbeiten von Borsos kaum bericksichtigt, var. ciliatus wird
Uberflissig auf var. Kochii umgetauft, ssp. major (Scop.) Gams var. colocensis
(Menyh. 1877) Borsos 1966 ist nach ihrer Meinung mit var. sativus Hyl. ex
Jalas 1950 identisch (??). Subsp. Preslii Ponert 1973 = subsp. procumbens
(Poir.) Brig. 1913.

Yieia Cracca L. Ubergang (transitus) zu V. tenuifolia ist die diploide (2n: 14)
V. Kitaibeliana, von Love flr eigene Art anerkannt. Besser subsp. Kitai-
beliana (Rchb. FI. Gern. exs. no. 768, 183, 1832 p. sp. em. A. et D. Ld&ve)
So6 comb. n. (V. C. var. linearis Peterm. 18387, var. transiens So6 1939!l)

Cornus sanguinea L. subsp. australis (C. A. Mey. Ann. Sc. Nat. 3. sér. 4: 69,
1865 p. sp.) So6 comb. n., Jav. 1924 comb. incerta.

Caucalis platycarpos L. subsp. Bischoffii (Kozo-Polj. Bull. Soc. Nat. Moscou
29: 153, 1916 p. sp.) S06 comb. n. (subsp. muricata) (Bischoff non Cr.!) Heywood
1962).

Siuni Sisarum L. ssp. sisaroideum (DG. Prodr. 4: 124 j> sp. 1830) So6 comb. n.

Heracleum Sphondylium L. subsp. carpaticum (Porcius Magy. NoOv. Lap.
2: 25, 1878 p. sp.) So6 comb. n.

Cruciata glabra (L.) Ehrend, subsp. balcanica (Ehrend. Bot. Linn. Soc. 66:
272, p. sp.) So6 comb. n.
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Galium album Mill. var. stenophylluin (Schur En. plant. Transs. 1866: 284,
p. var. G. lucidi), var. transsilvanicum (Schur 1 c. 283, 1866), var. petraeum
(Schur 1 c. 284, 1866) So6 comb. n. (Syn.: G. erectum var. Bielzii (Schur, Simk.
1887 hasion, illeg.) alle aus Siebenbirgen.

Valeriana officinalis agg. Dazu als Kleinarten 2n: 56; V. excelsa Poir. (V. sam-
bucifolia Mikan f.), V. repens Host (V. sambucif. subsp. procurrens So6 1965
resp. V. off. subsp. procurrens (Wallr. Linnaea 15: 540, 1840 p. sp.) So6 comb. n.
2: 14; V. officinalis L. s. str. mit subsp. Sarkanyii (So6 1958) A. et D. LG6ve
1961 (schmalblattrig); 2: 28; V. stolonifera Czerniajew 1845 em. So6 \V. off.
subsp. collina (Wallr. 1840) Nym. 1879] inch subsp. angustifolia (Tausch ex
Host 1827) So6 1972 mit subsp. intermedia (Peterm. 1838) Sod6 1972 (V. off.
subsp. interm. A. et D. L6ve 1961, breitblattrig), V. nitida Kreyer 1924 (V. off.
subsp. nitida So6 1958, inch V. off. subsp. pratensis (Dierbach 1827 p. var.
E. Walther 1949 p. sp. non Benth. ex Steud 1841) Soé 1958.

Scabiosa triandra L. 1753 (S.gramuntia L. 1762) subsp. agrestis (W. et K. Plant,
rar. Hung. 3: 226, 1805 p. sp.) So6 comb. n., var. tomentosa (Vitman Summa
plant. 1789: ? p. sp.), var mollis (Willd. Enum. Horti Berol. Suppl. 7, 1813
p. sp.) Soé comb. n.

S. Columbaria L. Richtige Autoren der Unterarten: subsp. pseudobanatica
(Schur) Jav. ex Jav. et Csapody 1933, subsp. banatica (W. et K.) Diklic 1973,
So6 1974. Die beiden sind nicht identisch, wie in der Fl. Eur. 4. 496 steht,
erstere im Ungar. Mittelgebirge und in Ostkarpaten, (Osterreich?), letztere
Sudrumadnien, Bulgarien, Jugoslawien.

Tilia tomentosa Moench 1785 (T. argentea) subsp. petiolaris (Petzold et Kirchner
Arb. Muse. 162, 1864 p. var.) So6 comb. n. bzw. petiolaris (DC. 1824 nom. dub.)
So06 in Rauh et Senghas »Schmeil-Fitschen« Flora ed. 81, 1968, nom. illeg.

Euphorbia villosa W. et K. ex Willd. 1800 subsp. carpatica (Wol. Spraw. Kom*
Fizyogr. 27: 153, 1892 p. sp.), subsp. valdevillosocarpa (Arv. et Nyar. Bul'
Grad. Bot. Cluj. 15: 190, 1935 p. sp.), subsp. austriaca (Kern. Ost. Bot. Zschr'
25: 397, 1875 p. sp.) So6 comb. n. Keine endemische Kleinart der NO-Alpen’
auch in den Nordkarpaten bis Ukraine.

E. dulcis L. subsp. incompta (Cesati 1838) Nym. 1878 (E. purpurata Tliuill.)
Aus Ungarn habe ich nur die Unterart gesehen.

E. virgata W. et K. 1803! non Desf. 1804 (E. Tommasiniana auct., E. Wald-
steinii Sojak 1972, Umtaufung uberflissig)

E. glareosa Pall, ex M. B. 1808 (E. pseudoglareosa Klokov 1955) ist die ost-
europdische, E. nicaeensis All. 1785 die W-SW -européische Art, unsere Pflanze
kénnen wie als E. glareosa subsp. pannonira (Host 1831) Kuzmanov 1961,
besser als Kleinart zu behandeln.
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Fraxinus angustifolia Valii 1804 subsp. pannonica So6 et Simon 1940 (F.
oxycarpa auct. Eur. mediae non Willd., F. angustif. subsp. danubialis Pou-
zar 1972, F. Ptacovskyi Domin 1937, F. Pojarkoviana Wassiljew 1952, F.
slavonika (Majerszky 1914 nom. nud.) Haracsy 1975 nom. illeg. incl. subsp.
illyrhungarica, pannonica und euhungarica nom. nuda) Die systematische
Stellung der pannonischen Esche haben folgende Autoren mehr oder min-
der richtig erkannt: So6 et Simon Acta Bot. Hung. 6. 1960, Fukarek Glasnik
na sumske pokuse 14. 1960, Wassiljew FIl. SSSR. 18. 1952, Visjulina
FI. URSR. 8. 1957, Karpati Feddes Rep. 81. 1970. Dagegen ist die Auffas-
sung von Franco et Rocha Alonso (Bot. Journ. Linn. Soc. 61. 1971 und
Flora Europaea 3: 54) ganz verfehlt, die von ihnen als identisch genannten
Arten F. angustifolia und F. oxycarpa gehdren sogar, wie ich schon 1960
geschrieben habe, zu verschiedenen Sektionen, erstere besitzt unverzweigten
Blitenstand Aehre (botrys), zweitere eine verzweigte Rispe (panicula), vgl.
Karpati L c. Der von Janchen benlitzte Name F.parvifolia Lam. 1786 (Encyl.
Bot. 2: 546) ist ganz unsicher. Haracsys Mitteilung (Erd6 1975) ist ganz
unwissenschaftlich, Verfasser kennt die Nomenklaturregel nicht.

Cuscuta scandens Brot, subsp. Cesatiana (Bert. Fl. Ital. 7: 623, 1847 p. sp.)
So6 comb. n.

Lappula marginata (M. B.) Gircke subsp. patula (Lehm. Asperif. 124, 1818
p. sp. suh Echinospertno) So6 comb. n.

Calamintha transsilvanica (Jav.) So6 comb. n. (Satureja Brauneana (Hoppe)
Jav. f. transs. Jav. Bot. Kozi. 20: 150, 1922) Microspecies agg. C. Nepeta, Gti
C. subisodonta Borb. 1892 = ? C. Einseleana F. Schultz 1850

Origanum vulgare L. var. hirtum (Schur En. pl. Transs. 524, 1866 p. var.
O. megastachyii) So6 comb. n. (ssp. barcense (Simk.) Jav. ex Borhidi 1968)

Thymus pannonicus All. em. Ronn. subsp. auctus (Lyka Bot. Kdézi. 20: 145,
1924 p. subsp. Th. Serpylli s. str. So6 Acta Bot. Hung. 12: 120 p. subsp.
Th. Marschalliani So6 em. (formaé omnes glabrescentes), né6mén validum. Der
alteste und gultige Unterartname fir »Th. Marschallianus auct. eur. mediae
non Willd.«, die Pflanze Willdenows stammt aus der Krim (Schmidt 1969),
die Auffassung von Machulte und anderer ist unrichtig. var. calvifrons (Borb.
et H. Br. Vas megye fl. 215—218, 1887 p. var. Th. Marsch.) So6 comb. n.
(Th. Marschallianus var. Marsch, auct.), dltester Varietdtsname.

Solanum Dulcamara L. subsp. pusztarum (So6 Acta Bot. Hung. 12: 356, 1966
p. var.) comb. n. Psammophiler Okotyp. Charakterpflanze der Sandsteppen
Mittelungarns (Festucion vaginatae, Junipero-Populetum).
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Pseudolysimachion spurium (L.) Opiz var. croaticum (Borb. Balaton fl. 378,
1900 p. sp. sub Veronica), var. australe (Schrad.) Comment. Verén. 24, 1803
p. sp. sub Veronica), var. brevifolium (W. et K. ex M. B. FIl. Taur.-Cauc.
1: 6, 1808 p. sp. sub Veronica), var. nitidum (Ehrh. ex Hoffm. Comment, soc.
Goetting. cl. math ... 15: 114, 1803 p. sp. sub Veronica) Soé comb. n. —
P. longifolium (L.) Opiz var. salicifoliuni (Wallr. Schedae crit. 1822, 8 sub
Ver.), var. geniculatum (Host FI. Austr. 1: 4, 1827 p. sp. sub Ver.), var. cordi-
folium (Wallr. 1 c. 1822), var. incisum (Peterm. Anal. Pfl. schl. FI. Leipzig
320, 1846 sub Ver.), var. glabrum (Ehrh. ex Schrad. Comment. Ver6n. 24.
1803, p. sp. sub Ver.), var. medium (Schrad. 1 c. 23, 1803 p. sp. sub Ver.),
var. puberulum (Benth. ex DC. Prodromus 10: 466, 1846 sub Ver.) So6 comb. n.
P. XMauksii (Huljak Magy. Bot. Lap. 28: 26, 1929 sub Veronica) So6 comb. n.
— P. Xdecipiens (Nyaraddy Kolozsv. fi. 479, 1943 sub Veronica) So6 comb. n.
Diagnosis latina (ap. Nyarady tantum hungarica): Laciniae corollae lanceo-
latae, partim apice revolutae. — P. X Sooianum (Borsos 1967 sub Ver.) H. W.
Schmidt 1976

Melampyrum, Rhinanthus, Odontites, Euphrasia Die Existenz und systema-
tische Bewertung der saisonpolymorphen Taxa wird auch in der neuesten Zeit
stark diskutiert. Schon viel friher wurde lhr Dasein bezweifelt oder verneint
(Heinricher, Beauverd), andere (kirzlich Jaras, Smitn) fanden die nordi-
schen Populationen des M. pratense nicht auf bestimmte Okotypen gut zer-
trennbar. Die Ausgabe 1976 der Flora von Rothmater blieb bei der Bewer-
tung subsp., Hartr (in Hegi 1972), Mayer, Nikiferd betrachten sie als
Varietdten, bei Euphrasia (Wo Yeo und Harcr viele frihere Arten vereinigt
haben) sogar nur als Formen. Die vererblichen Okotypen und die modifikativen
Okomorphosen sind oft kaum voneinander zu unterscheiden, die meisten
Taxa sind noch genetisch kaum untersucht und ihre Konstanz nicht bewiesen.
Nachdem die saisonpolymorphen Rassen als Okotypen von den wirklichen,
geographisch bedingten Unterarten mit eigenem Areal in der Tat sich unter-
scheiden und minderen systematischen Wertbesitzen, bezeichne ich sie kiinftig
als »proles«, eine fruher oft gebrauchte, heute nicht »offizielle« Rangstufe,
so kann man sie entweder fur subsp. oder fir var. halten, doch ist ihre syste-
matische Stellung ganz andere und hdéhere, als die der »lblichen« Varietdten,
deren Charakteristik ich schon 1926—27 (Melampyrum Monographie) pinkt-
lich beschrieb. Die Autorennamen kdnnen die der subsp. — bleiben.

M. bihariense Kern. prol. romanicum (Borza Bill. Grad. Bot. Cluj. 1: 19, 1921
pro subsp. M. nemorosi) So6 comb. n. (Aelterer Unterartname, als Rdémeri
(Ronn.) So6 1927)

M. pratense agg. ist am besten in Kleinarten mit geographischen Unterarten
und Okotypen zu teilen, kurz zusammengefasst: 1. M. pratense L. — dazu
subsp. commutatum (Tausch) Britton (vulgatum), angustifrons (Borb. 1888)

6 Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



384 S00, R.

So6 1927 —, von Frankreich Uber die Alpen bis Jugoslavien, fehlt in den
Karpaten, dagegen ist oligocladum (Beauv. 1916) nur proles — alpestre (Brig-
ger 1874) Ronn. 1910, tatrense So0, 1927 Engleri So6 1927, monticola (Beauv.
1916) So6 1939, paradoxum (Dahl ex Hay. 1905) Ronn. 1910 — 2. M. paludo-
sum (Gaud. 1829) Ronn. 1914 (So6é 1927 p. subsp.) — 3. M. congestum (Beauv.
1916) So6 1972 (subsp. 1927) — 4. M. purpureum (Hartm. 1820) Sodé 1972
(1927 p. subsp.), incl. prol. purpurescens (Asch. 1898) So6 1972 — 5. M. mon-
tanum Johnston 1829 (M. hians (Druce 1885) So6 1972) incl. prol. hians (Druce
Naturalist 10: 35, 1885 p. forma) So6 comb, n., subsp. scotianum (Beauv. Mon.
Melamp. 1916: 486 p. subvar.) So6 comb. n. (Britton 1943 p. subsp.) — 6. M.
chrysanthum (Beauv. 1911) Hess et Landolt FI. Schw. 3: 778, 1972.

Rhinanthus angustifolius C. C. Gmel. 1806 ist wohl der &alteste glitige Art-
name, wurde aber im Laufe der Zeit von vielen Autoren in ganz verschiede-
nem Sinne gebraucht, deshalb nom. confusum. Ich nehme die Beweise von
Rauschert UNd Gutermann (beide 1975) an, der glltige Name ist Rh. sero-
tinus (Schénheit) Oborny em. Hyl. Als agg. umfalt die Taxa subsp. serotinus,
die in Ungarn fehlt (dazu am néchsten steht proles. Lykae (Sod Feddes Rep.
26: 201, 1929 p. subsp. Rh. maj.), — subsp. grandiflorus (Wallr. 1822) Janchen
1960 mit prol. vernalis (Zinger) Hyl., aestivalis (Zinger) Dostal, polycladus
(Chabert) Dostal — subsp. bosniacus (Behrendsen Verh. Bot. Ver. Brandenbg.
45: 210, 1904 p. sp. sub Alectorol.) So6 comb. n. — subsp. apterus (Fries) Hyl.
— subsp. arenarius U. Schneider 1962 (vielleicht nur var. der subsp. sero-
tinus) — subsp. cretaceus (Vassilcz. FI. SSSR. 22: 666, 1955 p. sp.) So6 comb,
n. — Rh. paludosus Schwarz 1931 ist wohl nur eine Form der proles polycladus.
Rh. borbasii (D6rfl.) So6 ssp. songaricus (Sterneck) So6 prol. riparius (Vassiloz.
FI. SSSR. 22: 666 p. ssp. Rli. songarici) So6 comb. n.

Rh. Alectorolophus Poll. 1777 ist wohl auch am besten in 2 Unterarten zu
teilen, subsp. Alectorol. (médius) Rchb. (Sod) mit proles alect., arvensis (Semler)
Sch. et Th., modestus (Chabert) Sod, Semleri (Sterneck) Sod, patulus (Sterneck)
So06, Kerneri (Sterneck) Soé — und subsp. buccalis (Wallr.) Sch. et Th. (sub-
exalatus (Schultz) So06) proles buccalis, pseudomedius Sod, castriferrei So0.

Biscutella longifolia Vili. 1779 (diploide B. laevigata) subsp. budensis (So6 Acta
bot. Hung. 10: 373, 1964 p. var. B. laevigatae), subsp. hungarica (So6 1 c.
1964 p. subsp. B. laevigatae) So6 comb. n.

Rorippa X astylis Rchb. f. repens (Resmerita Rev. Roum. Biol. Bot. 17: 312,
1961 p. subsp. R. barbareoidis) Soé comb. n.

Thlaspi kovatsii Heuff. subsp. schudichii (So6 Bot. Kdzi. 37: 180, 1940 p. var.
Th. jankae) So6 comb. n. (Th. schudichii Soé et Karpati 1968 p. sp.)

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



SYSTEMATISCH-NOMENKLATORISCHE BEMERKUNGEN KRITISCHER TAXA 385

Draba lasiocarpa Rochel subsp. elongata (Host FI. Austr. 2: 237, 1831 p. sp.)
et subsp. compacta (Schott, Nym. et Ky. Analecta Bot. 50, 1854 p. sp.) Sod
comb. n.

Aster sedifolius L. var. subsquamosus (So6 Acta Bot. Hung. 12: 366, 1966,
sub A. punctate) Soé comb. n.

Anthemis tinctoria L. In Ungarn und den Nachbarldndern nur subsp. sub-
tinctoria (Dobroczaeva 1962) So6 1966, Smejkal 1970

Achillea ochroleuca var. parviflora So6 nom.nov. (4. Horanszkyi Ujhelyi Ann.
Hist.-Nat. Mus. Nat. Hung. 67: 41, 1975) diese kleinblitige Form mit fein
doppelt gezdhnten Blattern féllt vielleicht mit A. X Mihalikii Prodan var.
pectiniformis Karpati 1939 zusammen.

A. crithmifolia var. Tuzsonii (Ujhelyi 1 c. 43, 1975 p. sp.) So6 comb. n. Diese
robuste Form hat wohl auch nicht gréBeren systematischen Wert, wie andere
bekannte dieser Art, soweit nicht polyploid. 2n-Zahl nicht angegeben.

Matricaria Chamomilla L. 1755 non 1753 (M. inodora) mufl leider gultig
M. recutita L. 1753 (Chamom. r. Rauschert 1974) heiRen. M. maritima subsp.
inodora (C. Koch 1843) So6 1940, Dostar (M. perforata Mérat 1812 nach
Rauschert 1974) darf jedoch bleiben, die beiden Taxa gehdren wohl zur
derselben Art, weder morphologisch, noch zytotaxonomisch keine strenge
Unterschiede. M. inodora L. 1755 nom. illegit. als Artname. Als Tripleuro-
spermum: T. maritimum Koch subsp. inodorum Hyl. ex Yaarama 1950

Leucanthemum vulgare Lam. In den letzten Jahren haben zahlreiche Autoren
mit diesem schwierigen Aggregat sich befasst (S0 Baksay 1956—57, Bucher
et Larsen 1957, Favarger 1959, 1965, Favarger €tYittard 1966, Horvatic
(1953, 1963), Mirkovic 1966, Papes 1972, 1975, Poratschek 1966, Yitrtard
1968, W agenitz 1977, ich selbst auch, vgl. Syn. fl. veg. Hung. 5: 673—676,
1973, meist, auf zytotaxonomischer Grundlage. Die Nomenklatur ist noch z.
T. umstritten, einige Irrtimer von Baksay UNd Porlatschek Scheinen leider
unausrottbar sein, sie treten noch bei wagenitz auf. Gut sind die Bearbeitun-
gen aber in der Flora Europaea (Heywood, IV: 175 und in der Flora d. Schweiz
VON Hess, Landott UNd Hirzer 1973. Chrysanthemum Leucanthemum L. bzw.
L. vulgare Lam. wurden von verschiedenen Autoren fiir mehrere Kleinarten
gebraucht, eine beruhigende Typisierung ist kaum madglich, also nomen dubium
resp. confusum, nur als Aggregatsname zu gebrauchen. Kurze Ubersicht
unserer Taxa:

1. 2n: 18 L. praecox Horvatic (1935 p. subsp.) 1963 (L. vulgare auct. plur. sic
Favarger (ohm), Polatschek, So6 (olim), Gutermann, Wagenitz etc.) —
var. autumnale (St.-Amans 1821) Horvatic 1963
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L. Gaudinii D. T. et Sarnth. 1882 (L. vulgare subsp. alpicola (Gremli 1898 p. sp.)
L6éve 1961, Alpen, Pyreneen, die Identitdt mit der karpatischen Sippe L. sub-
alpinum (Schur 1859) Tzvelev 1961 ist noch unerklart.

2. 2n: 36 L. ircutianum DC. 1837 (L. vulgare auct. plur., sic So6 (recentius),
Vittard etc.Hue: var. sylvestre (Pers. 1807 Syn. 2: 460 p. var. Ch. L.) Soé
comb. n. (var. carpaticum Rochel ex Bess. 1822) — var. amplifolium (Fiori
et Paoletti FI. Anal. Ital. 240, 1903 p. var. Ch. L.) So6 comb. n. (L. vulg.
subsp. amplifolium Horvatié 1963, var. praestans Briq. et Cavill. 1916) — var.
laticeps (Brig. et Cavill. ex Burnat FI. Alp. Marit. 6: 88, 1916 p. var. Leuc.
vulg.) So6 comb. n.

L. leucolepis (Brig. et Cavill. 1916 p. var.) Horvatié 1963 2n: 18, 36, 54 anne
var.-es variae squamis pallidis specierum plurium?

3. 2n: 54 L. adustum (Koch 1837) Gremli 1898 (L. v. Ch. montanum auct., L.
maximum auct. nonnull.: Baksay,Polatschek, W agenitz Non (R&mond) DC.)
L. Margaritae (Gayer ex Jav. 1925) So6 1972 (L. adustum ssp. Marg. Holub
1974, L. v. Ch. maximum, lanceolatum auct. hung.: Baksayp.p., S06 non Pers.,
L. vulgare subsp. pannonicum Zeleny 1972.) Ad agg. L. atratum (Jacq.) DC.
pertinent: L. croaticum (Horvatié 1928 sub Ch.) Horvatié 1963 vei L. atratum
subsp. cr. Horvatié 1963 (syn.: subsp. platylepis (Borb. 1877 p. sp.) Heywood
1976, spaterer Unterartname), hue L. illyricum (Horvatié 1963 Acta Bot.
Croat. 22: 210 p. var. L. croatici) Papes 1975 —L. atratum subsp. illyricum
(Horvatié 1 c.) So6 comb. n. L. liburnicum Horvatié (1928 sub Ch.) 1963 p. sp.
ebenfalls eine subsp. von L. atratum, Horvatié 1935

4. 2n: 72 L. heterophyllum (Willd. 1800) DC. 1827 auch félschlich zu L. maxi-
mum gezogen (noch Enrend. Liste 1973), Validitdit des Namens bestritten.
(L. lanceolatum (Pers. 1807 sub Chr.)

5. 2n: 90 L. maximum (Ramond 1800) DC. 1837, alle Angaben aus Mittel-
und SO-Europa (noch in Ehrend. Liste 1973) falsch, die beziehen sich auf
L. adustum inch Margaritae und L. heterophyllum. Bei uns nur Gartenpflanze
(Ch. L. subsp. maximum-hortense Nyar. 1964)

Artemisia maritima auct. Eur. med. et orient.: A, Santonicum L. 1753 (vgl.
die schéne Monographie von Persson 1974), die in zwei Unterarten zu teilen
ist: subsp. Sant. (subsp. monogyna Leonova 1969, A. monogyna W. et K. 1801
s. str.!) 2n: 36, 54 und subsp. patens (Neilr. 1859) Persson 1974 (salina auct.
Eur. med. et hung.) 2n: 18. Die echte A. salina Willd. 1803 ist eben A. maritima
L. 1753 s. str., in West- und Nordeuropa.

Senecio nemorensis L. Die Enrenda. Liste nennt unseren Typus (d. h. subsp.
nemorensis) subsp. Jacquinianus (Rchb.) Celak. und héalt die Ubergangssippe
zu S. Fuchsii: var. subalpestris Br.-BIl. fir subsp. nemorensis. Die von mir
unter dem Namen subsp. intercedens (Beck 1892) So6 1967 zusammengefassten
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Transitus, wie graniticus (Beck 1892) Sch. et Thell. 1914, silvicolus (recte
silvicola) Br.-Bl. 1917, subalpestris Br.-BIl. 1917, lepusnicensis Nyar. 1934,
hirsutus (Nyar. 1950) So6 1967 sind verschiedene lokale Transitus mit eigenem
Areal oder aber Bastarde nemorensis X Fuchsii, wie decipiens Nyar. 1964
Jurinea mollis (Turner in L.) Rchb. 1831 Die mittelungarisch-slowakische
subsp. macrocalathia (C. Koch 1951) Sodé 1942 entspricht nach Hotub nicht
der banatischen Pflanze, darum nennt er unsere macrocalathoides Holub 1971;
nach Kozuharov (in Fl. Eur. 4. 220, 1976) gehdrt macrocalathia zur subsp.
glycacantha (Sibth. et Sm. 1813) Hay. 1931. Diese Auffassung muss nachge-
priuft werden.

Primula veris L. subsp. inflate (Lehm. 1817) Dom. 1951 (canescens auct.).
O. schwarz 1968 hdlt inflata flur eigene Art, aber P. veris subsp. canescens
und P. inflata gehen allmé&hlich ineinander Uber, was selbst Schwarz aner-
kennt. Typische canescens hat an der Blattunterseite einfache, inflata auch
verzweigte Haare. Richtig ist die Ubersicht der Taxa des Primula veris agg.
in der Enrendorfers Liste. Irrtimlich ist die Behauptung von Schwarz,
dass P. elatior var. villosula Pax 1897 und P. Benkoeiana Borb. 1888 Synonyme
von P. elatior subsp. rhodopea Schwarz 1968 sind; erstere stellt einen Transitus
zu P. leucophylla Pax, 1897 dar, letztere gehdrt zu P. intricata Gr. et Godr.

Quercus polycarpa Schur 1851 wiéchst in den Gebirgen von Odenburg und
Gins, auch in Burgenland (So06, Matyas), wohl auch weiter nach Westen,
das? in Enrend. Liste ist fur uns beleidigend.

Potamogeton pusillus L. in Ungarn wohl nur P. Berchtoldii Fieber 1833, echter
P. pusillus (sonst nach Rauschert nom. confusion): P. panormitanus Bivona
ist noch nachzuweisen.

Ornithogahim Cussonei auct. hung, non Ten.: 0. Kochii Pari. 1852 inch subsp.
tenuifolium (Guss. 1827) Zahariadi 1976 (Schwarz p. ssp. sub 0. Gussonei)
0. Kochii 2n: 14—18!, selten 36, 0. Gussonei 2n: 28, 36.

Allium montanum F. W. Schmidt subsp. leptophyllum (Schur En. plant.
Transs. 674 p. sp., 1866) So6 comb. n., Jav. 1925 comb, incerta, (f. longifolium
Zapal. 1906) mit sehr schmalen und langen Bl&ttern (0. 5— 1.5 mm), Ost- und
Sudkarpaten von der Karpato-Ukraine (Alpenvon Marmarosch) bis zur Donau,
fehlt in der FL RPR. 11.

Scilla bifolia L. Der Linzer F. Speta hat in den letzten Jahren (1971—1976)
aufgrund zytotaxonomischer und arealgeographischer Untersuchungen eine
Reihe der Kleinarten des Agg. Scilla bifolia unterschieden, die z. T. auch im
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Gebiete des heutigen Ungarn Vorkommen und von mir eher als Unterarten
bewertet werden. Diese sind die folgenden: 1. S. bifolia s. str. (ssp. bifolia)
kommt nach speta in Ungarn (und Siebenbirgen) nicht vor. 2n: 18.—2.subsp.
subtriphylla (Schur 1866 p. sp.) Domin 1936, So6 et Jav. 1951 p. var. (S. Kladnii
Schur 1851 sec. Speta) Ungarn: Alfold, Bereg-Szatmar, Békés: Doboz, wohl
weiter verbreitet. Karpato-Ukraine, Siebenbirgen, bzw. Rumédnien. 2n: 18—
3. subsp. vindobonensis Speta 1974 (1976 p. sp.) Ungarn: Kleine Schiuttinsel:
Szigetkdz, Szentendre, Erd, Pest (Ujpesti-sziget), Csepelinsel, Kéthely, Nyir-
ség: Debrecen, Nyiregyhaza, Batorliget, Hajdibdszérmény, Kiszombor bei
Makd? sonst Niederdsterreich, Burgenland, Mahren, Slowakei (an der Donau)
2n: 18. — 4. subsp. drunensis Speta 1974 (1976 p. sp.) Osterreich, Ungarn:
so Transdanubien: um Simontornya, Alféld: Ujszentmargita, Korosszakai;
Siebenbirgen, Jugoslawien, im sidlichen Tiefland. Vielleicht gehdren andere
Vorkommen von Scilla bifolia in Transdanubien (von Sopron bis Tolna) und
im Mittelgebirge hierzu. speta hat den Text von So6—iJavorka 1951: 856

miBverstanden, eben in Matra und Vértes fehlt S. b. 2n: 36. — 5. subsp. laxa
(Schur En. pl. Transs. 669, 1866 p. sp.) So6 comb. n. Nur Sidsiebenbiirgen,
um Talmesch (Talméacs), 2n: 54. Ob eine Lokalrasse? — 6. subsp. buekkensis

(Speta Naturk. Jahrb. Linz 1976:42 p. sp.) So6 comb. n. Ungarn, Ndrdliches
Mittelgebirge: Cserhat (Nagyoroszi), Karancs, Bikk: Lelsétarkany, Tarké,
Répashuta, Satorgebirge: Haromhuta, Mogyoréska-Boldogk6varalja. Slowakei.
2n: 54. — Die morphologischen Unterschiede sind ziemlich gering, kleinblitig
sind z. B. danubialis, vindobonensis, grofblitig drunensis, buekkensis, ebenso
&ndert sich die Larbe der Bliten, Kapseln, Samen. Sonst verweise ich auf die
Originalbeschreibungen von Speta.

Juncus geniculatus Schrank 1789 (J. alpinus Vili. nom. illeg.) subsp. arthro-
phylla (Brenner, p. subsp. J. fuscoatri Bot. Centralbl. 40: 375, 1889) Sod6
comb. n. (Hyl. 1953 p. subsp. J. alpini, J. fuscoater Schreb.)

Dactylorhiza nmculata (L.) So6 subsp. transsilvanica (Schur) So6 2n: 80 Freh-
ner 20g Sie zur D. Fuchsii, die deutsche Pflanze aus dem Erzgebirge entspricht
etwa unserer var. hunyadensis Borsos et So6 1960, wenn sie aber zytotaxono-
misch zur D. Fuchsii (2n: 80) gehdrt, dann gebihrt ihr neuer Name. Auch die
hunyadensis ist zytologisch unbekannt, vielleicht sind doch die beiden identisch.

Bolboschoenus maritinnis (L.) Palla, unsere halophile Rasse ist nach tschechi-
schen Autoren die subsp. compactus (Hoffm. 1804) Hejny ex Dostal 1950
(Scirpus digynus (Godr.) Simk.), die andere Fruchtform als subsp. maritimus,
und 2 Griffel besitzt.

Holoschoenus romanus (L.) Fritsch subsp. Floloschoenus Greuter 1967: Scir-
poides H. Sojak 1973, dazu subsp. australis (Murr, in L. 1774) Benkert 1976.
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Der Name Holoschoenus meiner Meinung nach soll ein nomen conservandum
sein.

Carex cuprina (Sandor ex Heuff. 1862) Nendtv. ex Kern. 1863 — Sandor
gab lateinische Diagnosis, Orig, die Meinung von Kerner und anderen ist
ganz irrevelant. (C. vulpina var. tenuior, C. nemorosa, C. Otrubae, auct. hung,
et aliorum)

Festuca pallens Host hat 3 Cytotypen: 141, 28!, 42! (F.glauca auct.), F. glauca
Lain. 1788 non Vili. 1787 = F. arvernensis Markgr.-Dannenbg. 1977 nur in
Frankreich, F. cinerea Vili. 1786 nur in SW-Frankreich und NW -Italien.

F. vaginata W. et K. subsp. mucronata (Hack.) Schwarzova 1968 = F. vaginata
subsp. Dominii (Krajina) So6 1951 in So6—JAv. 921 (Acta Biol. Hung. 3: 244),
1954 (Acta Bot. Hung. 2, 190 mit Basionym) = var. amethystina (Koch 1837)
S06 1968 inch subvar. mucronata (Hack.) So6 1965, in denselben Populationen,
gemischt mit var. vaginata.

F. rupicola Heuff. ssp. colorata (Schur En. pl. Transs. 1866: 788 p. sp.) So00
comb. n. (F. valesiaca ssp. colorata Simk. 1887, F. rupicola ssp. saxatilis
Kauschert 1961) — F. »colorata« ist &lterer Unterartname, als »saxatilis«

Poa subcoerulea auct. hung, et cechoslov.: P. athroostachya Oettingen 1925,
die echte P. subc. ist eine halophile Seestrandpflanze, vgl. Kothm. Flora 1976.
Hiezu var. anceps (Gaud. FI. Helv. 1: 260, 1828 p. var. P. pratensis) So6 comb,
n., Heget, et Heer 1840 p. sp., P. Furcotae Degen 1915).

Agropyrum intermedium P.B. = A.truncatum (Wallr. 1840 sub Tritico) Fuss
(Elymus t. Melderis), subsp. trichophorum (Link. Linnaea 17: 325, 1843 sub
Tritico p. sp.) So6 comb. n. (Elymus trichoph. A. et D. L6ve 1975), subsp.
banaticum (Heuff. Verh. Zool. Bot. Ges. 8: 233, 1858 p. var. Trit. rigidi) Sod
comb. n.

Phragmites communis Trin. Ich habe bisher ganz bewusst diesen altbe-
kannten Namen gebraucht und die neuere nomenklaturische Literatur un-
berlcksichtigt (Greuter 1967, Crayton 1968 usw.), da ich die Hoffnung
hatte, dass die zwei Taxa: Ph. communis und Ph. australis doch in Artstufe
unterscheidbar werden. Es ist aber heute schon zweifellos, dass das kosmopoli-
tische Schilfrohr eine sp. coli, ist, so missen wir diese als Phragmites australis
(Cavan. 1799 sub Arundine) Trin. et Steud. 1821. em. benennen. Dazu gehdren
var. salsa (Podp. Acta Soc. Sc. Nat. Morav. Il: 10/1925) Sodé comb. n. (Phr.
comm. ssp. salsa Vicherek 1973), f. stolonifera (G. F. W. Meyer) Beldie 1972,
f. subuniflora (DC.) Beldie 1972, var.flavescens (Custer Beldie 1972 — subsp.
humilis De Not. 1840 bzw. subsp. maritima (Mabille Kech. pl. Cors. 2: 42,
1869 p. sp.) So6 comb. n. (Richter 1890 p. subsp. Ph. comm.) — subsp. altissima
(Benth 1826) Clayton 1968 (Ph. comm. subsp. pseudodonax (Rabenh. 1846)

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



390 SO0, R.

Rothm. 1963 comb. inval. 2n: 72 — subsp. maxima (Forsk&l Fl. Aegypt.-
Arab. 24 sub Arundine 1775) So6 comb. n. (Ph. maxima Chiovenda) 2n: 90

Trisetum carpaticum auct. non (Host) R. et Sch.: T. fuscum (Kit. 1814 sub
Avena non Ard. 1789) R. et Sch. 1814 oder T. ciliare (Kit. 1814 sub Avena)
Dom. 1935

Helictotrichon (incl. Avenochloa) in Zerteilung auf zwei Gattungen ist der
&ltere Gattungsname fir Avenochloa Avenula Dum. A. pratensis Dum, wéchst
im Rurgenland, wohl auch im ungarischen Noricum, var. megastachya und
subdecurrens gehdren zu A. adsurgens. A. alpina auct.: A. praeusta (Rchb.
1833 sub Avena) Holub 1976, bei uns die subsp. adsurgens (Schur 1866 nom.
inval., Prod. FI. Rom. 1: 88, 1923 sub Avenastro) So6 comb. n. (A. adsurgens
Holub 1976), Helictotr. microstachyum (Rorb.) So6 p. var. et subsp., H. conjun-
gens (Gayer 1932 sub Avenastrum) Widder 1939 usw.

Koeleria eristata (L.) Pers. nom. confusum, hdchtens als Aggr.-name anzu-
nehmen. K. macrantha (Ledeb. 1812 sub Aira) Spreng. 1824 gleich K. eristata
subsp. mongolica (Dom. 1904 p. sp.) Tzvelev 1971 ist eine asiatische Pflanze,
so ist der gultige Name fur die mitteleuropdische »K . eristata«x noch immer
unsicher. Mehrere Taxa wurden in den neueren Florenwerken zu verschiedenen
Arten sogar Gruppen gezogen. Die von Ujneryi kiirzlich (seit 1961) beschrie-
benen zahlreichen »Arten« wurden bisher kaum akzeptiert (vgl. Enhrend.
Liste, FI. Eur. Y. ined.) Eine kritische Revision der ganzen Gattung ist ndotig.
Die ungarischen Taxa sind (kurz zusammengefasst) die folgenden: (vgl. So6
Syn. FI. Veg. Hung. 5: 388 ff.)

1. K. glauca (Schkuhr) DC. mit subsp. Rochelii (Schur) Nym.

2. K. pyramidata (Lam. 1791) P. R. 1912 Artgruppe bzw. Agg. Kleinarten:
K. mollis Mann ex Opiz 1884 (z. R. Rakonyalja) 2n: 42; K. grandis Ress, ex
Gorski 1849 (K. Besseri Ujhelyi 1973) so Ratorliget (K. polonica Dom. 1904
Polen, Sowjetunion).

3. K. eristata (L.) Pers. agg. em. Rorb. et Domin, auch Rothmater, S00,
Tzvetev (K.gracilis Pers. nom. illegit.,, K. macrantha auct. vix (Ledeb.) Spr.
S. oben, SO Janchen, Lébve, Ehrendorfer, Humphries Fl. Eur. v. ined.)
Kleinarten: K. majoriflora (Rorb.) ex Domin 2n:28 ? K. pseudocristata Domin
1903.

K. Javorkae Ujhelyi 1961 2n: 28 [dazu subsp. Jankae (Dom. 1904 p. var.)
S06 1971 und Nyarady, Ujhetyi 1970, kritische Sippen aus Siebenbiirgen]
(K. transsilvanica Schur 1857 et subsp. tenuipes (Schur 1857) Sodé 1971,
(Ujneryi 1965 p. sp.) Ostkarpaten)

(K. pseudoglauca Schur 1857 — syn: K. rigidula Simk. 1887 p. p., K. Simonkaii
Adam. 1904 p. p. — et subsp. Fenzliana (Schur 1859) Sod 1971 et subsp. Csatoi
(Ujhelyi 1965) So6 1971 — rigidula Simk. p. p. — Ostkarpaten]
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Alle diese Taxa wurden in der Fl. Eur. zur >K macrantha«, wie auch K. Kerneri
und K. Lamarckii Ujhelyi 1970 zu K. pyramidata eingezogen.

Agrostis vinealis Salisb. 1771 (A . canina subsp. montana Hartmann, A. coarctata
Ehrli. ex Hoffm. 1800, stricto J. F. Gmel. 1791, pusilla Dum. 1823, etc.)
In 0- und SO-Europa, wohl auch in Osterreich und der ISSR nur die subsp.
Syreitschikowii (Smirnov Bull. Soc. Nat. Moscou 47: 248, 1939 p. sp.) Soo
comb. n.

A. stolonifera L. subsp. stolonizans (Bess, ex R. et Sch. Mant. 1822: 577 p. sp.)
So6 comb. n. (A. alba subsp. stolonizans Lavrenko 1935, A. stolonif. subsp.
prorepens (Koch) Rothm. 1963 nom. inval.)

Alopecurus pratensis L. var. obscurus Griseb, ex Ledeb. 1853 = subsp. hybridus
(Wichura 1846 non Horn. 1813) Nym. 1889: pseudonigricans O. Schwarz 1949.

Nachtrag:

Weitere Neukombinationen: Thelypteris thelypteroides (Michx.) Holub subsp.
squamigera (Schlechtend. Adumbr. 23, t. 11, 1825 pro var. Asplenii thelyp-
teridis) So6 comb. n.

Prunus Armeniaea L. convar. Budaé (Pénzes Kert. Tanint. Kdzi. 5: 16—22,
1939 p. sp.) So6 comb. n.

Erodium Hoefftianum C. A. May. subsp. Neilreichii (Janka Ost. Bot. Zschr.
17: 101 p. sp.) So6 comb. n.

Campanula patula L. subsp. Peterfii So6 (ex. Jav. Magy. Fléra 1926: 1080 comb.
incerta, Bot. Kdzi. 23: 153 p. var.) comb. n.

Achillea distans W. et K. subsp. alpina (Rochel Banatus 1828: 23 p. var.
A. magnae) So6 comb. n. (1940 p. subsp. A. tanacetif., A. tanacetifolia auct.
carpat.)

Carduus collinus W. et K. subsp. lobulatus (Borb. Magy. Bot. Lap. 1: 318,
1902 p. sp.) So6 comb. n. Microspecies localis, origine hybridogena?: acantho-
ides X glaucinus (Javorka,Hotub) (C.spinulosus Bert, subsp. lob. So6 1974
séd C. spinulosus ex FI. Eur. 4: 466 est C. Personata X C. Argemone)

Centaurea pinnatifida Schur subsp. Sooiana (Borhidi Ann. Hist.-Nat. Mus.
Hung. 8: 219 1957 p. subsp. C. Achtarovii Urum.) So6 comb. n.

Hieracium insuetuni Jord. ex Bor. subsp. Castriferrei (Borb. Vasm. floraja
1887: 201 p. sp.) So6 comb. n.

H. floribundum W. et Gr. grex coclileatuin (N. et P. Hier. Mitteleur. 1: 700
1885 p. subsp., Zahn p. sp.) So6 comb. n.

Dianthus Carthusianorum L. subsp. capillifrons (Borb. Vasm. fléraja 1887: 259
p. var.) So6 comb. n., Jav. 1925 comb. incerta, Neumayer p. sp.
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The architectural variation of three species of Gentiana has been studied, follow-
ing .1l Szujké-Lacza and Z. Sz6cs (1975). Lateral branches have been noted for the first
time in G. cruciata and G. pneumonanthe. Both species bear lateral branches at late
flowering stage, more frequently the former and occasionally the latter. Further, while
the internode length in G. cruciata and G. asclepiadea is rather normal in distribution,
that of G. pneumonanthe shows an intermittent pattern of changes.

In all three species, the number of nodes per plant is found to be significantly
and positively correlated with plant height. The frequency of intermittent changes in
internode of G. pneumonanthe shows a significant positive correlation with plant height.
In G. cruciata, significant correlation has been found between the log values of the
mean length of the main shoots and that of the lateral branches. Further, the correla-
tion between the mean length of the leaf sheath and the rank of the node (rank correla-
tion) is highly significant.

The distribution of lateral branches with respect to the number of nodes shows
a high diversity and low equitability values. The frequency of distribution of plant
height in different height groups exhibits the highest diversity in G. asclepiadea and the
lowest in G. cruciata. The highest diversity and equitability values for the frequency of
flower-bearing nodes have been found in G. pneumonanthe.

Introduction

The term architecture was defined as “formation or construction whether
as the result of conscious act or growth or of random disposition of parts”
(Webster’s New International Dictionary cf. Hickey 1973). Hickey (1 C.)
elaborated this term and defined architecture as “an aspect of morphology
which applies to the spatial configuration and coordination of those elements
making up part of a plant without regard to histology, function, origin or
homology”. Devades and Beck used this term in this sense (1971) and did
not subscribe to the view of Dormer (1945) to include in its review the func-
tional significance of the architectural elements. Later, on the basis of their
studies on Pimpinella anisum,J. Szujkeé-Lacza Z. Szécs (l.c.) reinterpreted
architecture as “peoportionate spatial arrangement and coordination of organs
as architectural elements, modified for special functions and thereby reflect-
ing in their proportions also environmental conditions”. In the present study,
we have used this term as defined by J. Szujksé-Lacza Z. Szécs (L c.). The

* Department of Botany, Serampore College, Hooghly, West Bengal, India.

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



394 SZUJKO-LACZA,J. SEN,S.

architecture of the plant, particularly as described by J. Szujké-Lacza—Z.
Szé6cs (L c.), has not been studied properly. Griesebach (1843) measured the
length of different plant parts (particularly the internodes) during the growth
period and at mature stage to use the data in interpreting the intercalary
growth of Astrantia major. Measurement of internode length was also used to
describe the morphology of some species by Trorr (1937), and of Lithosper-
mumpurpureo-coeruleum by K ovats (1973). W essety (1960), Barath —Mathsé
jr.— Matne (1973) made use of architecture to solve the taxonomic problems
in Solanum species. Recently, J. Szujicé-Lacza and Z. Sz6cs (L c.) made
an intense study of the architecture of Pimpinella anisum in all perspectives
and stressed its significance in the characterization of species.

The architecture of the three Hungarian Gentiana species (excluding
G. ciliata-Gentianella) studied here consists of the following elements: rhizome
with adventitous roots, main axis of limited growth and divided into inter-
nodes of various lengths leaves of different surface areas, prominent leaf
sheaths and hypogynous flowers arranged in terminal and axillary cymes.

We were tempted to carry out the present work during our field study
of the three species in October 1976, when we noticed certain interesting
features in them. First, we observed lateral branches, regularly in G. cruciata
and occasionally in G. pneumonanthe, at a late flowering stage. This feature
has not been mentioned either by any previous worker ofby us during our study
(J. Szujke-Lacza—S. Sen 1976). Secondly, the internode length was found
to show a wide range of variation in three species. In G. pneumonanthe, the
length of the internodes changes many times irregularly and intermittently.
Another interesting feature is the presence of a well marked leaf sheath in
G. cruciata.

The study of plant architecture is interesting as it helps to understand
the mutual coordination and correlation of the different architectural elements.
Diversity of different morphological characters, viz. distribution of internode
length in different height groups, number of node per plant, number of flower-
bearing nodes per specimen, lateral branches in G. cruciata, have been studied
with a view to find out the probability of the frequency of appearance of
these characters.

Material and methods

The present study is based on both fresh and dried materials. The dried specimens are
preserved in the herbarium of the Natural History Museum, Budapest (H. B.). We collected
fresh materials of G. pneumonanthe and G. asclepiadea in the village Szakonyfalu (county Vas)
during October, 1976, G. cruciata was received by the courtesy of Mr. K ovats who collected
it in the Bukk Mountains (county Borsod). All materials were collected at the late flower-
ing stage.

In the case of G. cruciata, the main shoot often bears opposite lateral branches, while
in the other two species the lateral branches are generally absent rarely present in G. pneumo-
nanthe. The architecture of lateral branches in G. cruciata has been studied. The length of

Acta Botanica Academiae Scientiarum Hungaricae 23, 1977



ARCHITECTURAL ORGANIZATION OF THE HUNGARIAN GENTIANA 395

each internode of the lateral shoot of both the sides and the sum of the length of the internodes
of each branch have been presented in Table 4. The presence of well marked leaf sheaths is
another noteworthy feature of G. cruciata. The mean length of each sheats from base to apex
has been computed on the basis of fifteen observations each.

For the study of architectural variation, the main shoot has been divided into three
zones. The upper zone consists of the three uppermost internodes and the lower of the four
lowermost internodes, while the middle zone comprises two internodes selected from the
others, grown in the middle of shoot, by the analysis of variance. The length of each selected
internode has been measured and the mean value determined. The pattern of distribution of
the mean internode length in relation to the number of internodes of G. cruciata and G. ascle-
piadea has been illustrated. These two species have been divided into two categories each,
depending on the node of development of the internode length. The distribution curve of
internode length has not been drawn in the case of G. pneumonanthe, because the frequency
of change in internode length is quite variable like as a sinus curve.

The variance of the following characters have been analysed and the results tabulated
in Table 5—13 following Svab (1966):

a) Total number of nodes per plant in three species.

b) Length of internodes bearing lateral branches in G. cruciata.

c) Total length of lateral branch(es) originating from one node in G. cruciata.

In the case of G. pneumonanthe, we have calculated the frequency of change in internode
length at different probability levels (Table 16).

The coefficient of correlation has been determined for the following pairs of characters,
following Svab (1966). (The results are presented in Table 5.)

1) Total number of nodes per plant and number of nodes directly bearing flowers

in each species.

In G. cruciata:

2) Total number of nodes per plant and number of nodes bearing flowers on lateral
branches.

3) Total number of nodes bearing flowers on lateral branches and the total number of
nodes bearing inflorescences flowers on the main axis.

4) Total number of inflorescence flower bearing nodes of the main axis and lateral
branches, and total number of nodes without lateral shoots and inflorescence
flowers.

5) Mean log values of the length of internodes bearing a lateral branch and mean
log values of the length of lateral branch(es) originating from one node.

6) Mean length of the leaf sheats and the rank of their nodes (rank correlation).

In G. pneumonanthe:

7) Total length of the plant and the frequency of the intermittent changes in internode
lengths (linear as well as log values).

Table 6. presents the results of the study of the diversity, equitability and relative equi-

tability of the following characters:

1) Frequency of distribution of plant height in different height groups.

2) Number of nodes per plant in each species.

3) Number of flower-bearing nodes.

4) Frequency of distribution of lateral branches in G. cruciata. For the computation of
diversity, we have adopted the Shannon—W ienner’s Model (1963), for the equita-
bility (E) we followed Lloyd and Ghelardi (1964). The relative equitability

(E'= ———-1 1 has been determined following J. Szujk6-Lacza—Sen (1977).
Vv log max, C J

Results and discussion

In the following 16 tables we demonstrate the basic details and the
analysis of those data, by different methods.

According to Mitscherlich, the mean internode length in plants of limited
growth follows an S-shaped distribution (cf. Went 1957). The three Gentiana
species studied here are plants of limited growth, but their internode length
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Serial No. of internode

Specimen No.

1
2
3
4
5
6
7
8
9
10
u
12
13

Serial No. of intemodes

Specimen No. 1
2a
2

o N o9 b~ w

10
11a

lib

13
14
15
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39
42
32
30
26
32
35
15
21
35
21
26
32

16
18

16

10

12
13

14

18

15
30
23
25

25
14
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46
40
45
32
64
60
40*
21
53
55
30
50
45

15
10

30
17
35
28
51
10

ok ESS

23
10
13

54
38*
40
44
75
62*
50*
22
54
56
38
42
46

18

25
28

37
30
30

28
18
10
13

19

19

46*
38*
41
52
53
30*
43*
57*
57
35
50
43
40

Table 1

Length of internodes of main

5

52%
35%
35%
53*
50
25%
54%
64*
45%
33
45
35
38*

6

48
28*
45*
56%
53
20*
61*
5%
44%
25%
44
35
36%

7

42
19
51*
55*
43
30
53
54*
36*
23*
35
28*
30*

Table 2

Length of internodes of main shoots

NNRER @

S"EERRRRK& S 3N

W e
= 3

6

27
26
29
28
27
35
25
%0
n
23
15
9
12
13
16
21
42

7

17
24
31
30
28
38
24
*45
13
28
16
12
13
21
20
23
52

8

18
21
27
31
26
30
19
*65
14
31
17
13
15
16
2
*18
54

9

16
23
23
32
63
33
2
8ol
14
30
25
15
13
15
18
*13
62

*

10

23
12
24
35
62
38
2
*66n
18
25
30
16
n
13
28

66
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shoots in
8 9
37 28
14 12
46> 35*
46> 41
45* 54*
30 25
30 18
38 21
35* 26
21* 18
40* 34*
27* 26>
28* 26*

* = Presence

in G. pneumonanthe

n 12 13
26 28 43
18 16 15
23 20 18
30 28 27
68 *72d  *55D
42 55 50
25 *30D *38°
*57d  *30 *18
22 36 35
*22 *21 *18
35 44 *52°
22 28 39
11 12 18
*11
50 35 53
72 *74 *52
o =
a

G. cruciata (in mm)

10

25
21
56*
18

16
24
17
30*
26*
20*

22
15
55
12

15
15
24*
25*
14

49

31*
24
11

13

16

20
20

of lateral branch(es) at particular nodes.

(in mm)
14 15
55 45
14 19
17 18
30 28
*38° *32°
41 38
*370 *32
39 *50°
*69° *30
*16 *14
19 17
60 65
*40 *31

Flower(s)-bearing node.
Presence of lateral branch.
and b indicating 1st and 2nd main shoots of the same rhizome.

16

*40°
20
16
30

*30D
32

*40a

21

*72

17 18
*350° *410
13 11
15 14
32 *36D
*65 *50
*26 *23

*QQD
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19

14
16
*23d

*10D

*21
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14 Group No.
|
|
|
2
1
2
1
1
2
2
10 1
17 2
2
20 21 2 23
*190
16 17 *18° *14°
*14° *13D
*18°
*17

1977
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Table 3

Length of internodes of mains shoots

Serial No. of internodes | 2 3 4 5 6 7 8 9 10
Specimen No. la 1n 14 18 40 55 50 42 40 42 41
Ib 13 30 50 63 48 43 44 40 36 34
2a 6 22 50 68 62 52 50 44 35* 25*
2b 14 22 75 62 50 40 32 7 6
2c 9 95 96 62 47 35 30* 25* 20 14
2d 35 80 87 60 55 38 32 28* 27* 24*
3a 11 12 25 36 38 46 45 43 38 35
3b 8 14 26 32 40 45 44 38 35 28
3c 11 13 21 28 35 38 42 48 41 38
4a 12 38 75 66 57 42 34 22 20* 14
4b 10 18 22 45 48 44 45 44 43 41
5a 18 46 66 67 58 48 39 41 40 39
5b 17 52 71 73 66 61 57 52 41 40
6 10 22 31 35 36 34 36 33 30 28
7 13 35 44 45 38 36 34 32 26 24
12 18 60 68 64 56 52 42 35 42
9a 21 60 90 68 56 42 30 20 18 8*
9b 8 12 22 84 69 38 21 18
10 12 37 35 36 50 45 44 45 42 40
1 8 30 50 54 46 45 40 38 30 31
12 12 22 38 42 40 38 39 38 32 33
13 8 14 49 45 40 39 38* 35* 30* 28*
14 10 30 38 37 35 35 30 28 27 25*
15 7 22 52 50 45 44 38 37 28 30

does not appear to be distributed in an S-shaped pattern. Of the three species,
we have studied the distribution of mean length of the internodes in relation
to internode number only in G. cruciata and G. asclepiadea, because in G. pneu-
monanthe the length of the internodes changes many times irregularly and
intermittently. Both G. cruciata and G. asclepiadea were divided into two
categories according to pattern of change in internode length. In the first
group, the internodes show a gradual increase in length from base up to middle
and then a gradual decrease from middle to apex. The internodes of the other
group abruptly increase from base up to middle and then decrease towards
apex. The plants of the first group appear to follow a more or less normal
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in G. asclepiadea (in mm)

1

30
25
21*

15
28
21
36

38
35
38
30*
22
40

45
28
34*
25*
22*
27

* =
a, b

12

25
22*
16*

21
20
28

37
30
35
18*
21
34*

39
27
28*
22*
20*
25*

13

20
16
8 *

18
18
19

31

25*
30*
25*
10*
25*

40

25*
24*
18*
17*
24*

14

18*
13*

14
15
12

28

18*
28*
16*
19*
24*

42*
24*
22*

g*
13*
22*

15

16*

12

12

27*

23*

14*

22*

34*
18*
18*

11*
20*

Flower(s)-bearing node.
and c indicating 1st, 2nd and 3rd main shoots of the same rhizome.

16

12*

22*

21*

32*
17*
14*

18*

17

19*

14*

30*
12*
11*

17*

18

15*

29*
11*

14*

19

14

27*
8 *

20

7*

21*
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Group No.

N P PR R R RN R R P R R RPN R R RPN NDNDDN

distribution in both G. cruciata (Fig. 1) and G. asclepiadea, with a slight inclina-
tion towards the right (Fig. 3). The second group also appears to follow a
normal distribution except that in G. cruciata the curves show a slight incli-
nation towards the left and a long tail towards the right (Fig. 2) and in the
case of G. asclepiadea a sudden elongation up to the middle and then a slight
inclination towards the right (Fig. 4). Thus the mean internode length does
not appear to follow an S-shaped distribution in G. cruciata and G. asclepiadea,
but rather a more or less normal distribution. A noteworthy feature of G. cru-
ciata is the presence of leaf sheaths at each node. The length of the leaf sheaths
gradually decrease from base to apex (Fig. 5).
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The results of the variance analysis of the number of nodes per plant
are presented in Tables 5 13. Though the mean number of nodes per plant
is quite different in the three species, its variance does not show significant
differences between the species. The number of nodes per plant can not,
therefore, be a useful distinguishing character for the three Gentiana species.

The most interesting feature of G. cruciata is the development of lateral
branches at a late flowering stage. This character has not been reported by
any of the monographers of Gentiana (Froech 1796, Grisebach 1839 and
Kusnezow 1896—1906). The lateral branches are only rarely noticed in dried
herbarium specimens, probably because most of the specimens were collected

0 1 2 3 456 7 80 10
number of node

Fig. 1. No 1. Gentiana cruciata. Distribution of mean internode length in relation to the number
of nodes (N = 7)

number of node

Fig. 2. No 2. Gentiana cruciata. Distribution of mean internode length in relation to the number
of nodes (N = 6)
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at early or full blooming phenophases. The lateral branches are usually opposite
or alternate and develop in the acropetal succession. The lower branches are
bigger, generally divided into 2—3 internodes and bear flowers, while the
upper ones are shorter and occasionally bear flowers (Figs 6 and 7). The result
of the variance analysis of the length of the lateral branch(es) has been found
to be insignificant (Tables 5 13).

We have also made an attempt to find out the correlation coefficient of
different character pairs in the three species (Table 14, 15a, b). The height
of the plant and the number of the nodes show a positive correlation in all
species, significant at 5% level in G. pneumonanthe, at 2% in G. cruciata, and at
0.1% in G. asclepiadea.

Fig. 3. No 3. Gentiana asclepiadea. Distribution of mean internode length relation to the
number of nodes (N = 16)

number of node

Fig. 4. No 4. Gentiana asclepiadea. Distribution of mean internode length in relation to the
number of nodes (N = 8)

7* Acta Botanica Academiae Scientiarum Hungaricae 23, 1977
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Fig. 5. No 5. Gentiana cruciata. Relationship between the mean length of the leaf sheath and
the rank of their nodes (N = 19)

In the case of G. cruciata, a significant positive correlation (at 0.1%) was
found between the log values of the mean length of the internode and the log
values of the mean length of the branches originating from one node. The
correlation between the mean length of the sheat and the rank of the node
(Rank correlation) is highly significant at 0.1% level which indicates that the
length of the sheats is not independent of their position.

The log values of the mean height exhibits a positive correlation (signi-
ficant at 5% level) with the frequency ofintermittent changes in the internode
length in G. pneumonanthe. The intermittent changes (orthosthichous) in the
internode length of G. pneumonanthe appears to be a characteristic feature
and their frequency directly related to the plant height.

The distribution of lateral branches in relation to nodes in G. cruciata
shows a high diversity value and low equitability (Table 16). It may, therefore,
he concluded that the origin of the lateral branches is irregular.

The frequency of distribution of plant height in different height groups
shows maximum diversity in G. pneumonanthe. The relative equitability for
the same character is found to be highest in G. asclepiadea and lowest in
G. cruciata. The diversity and the relative equitability values may be related
to the number of shoots originating from the rhizome. In G. asclepiadea, 2 3
shoots arise from the rhizome while is G. cruciata the rhizome gives rise to
numerous shoots. However, it is difficult to comment upon the values of
G. pneumonanthe as the species is affected by frequent grazing and so the
values might not be giving the true picture.

The diversity, equitability and relative equitability of the flower-bearing
nodes are highest in G. pneumonanthe. However, the values of the other two
species are also not far from those of G. pneumonanthe.
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Length of the lateral branches in G. cruciata

Ist internode

First

2nd

3rd

Table 4

Lateral branches

Total length (in mm)

r

Istinternode

57
42
38
31
20

2nd

Second

3rd

r

403

Flower
bearing node
from "base

4th
5th
3rd
4th
5th
6th
5th
6th
7tli
8th
9th
5th
6th
7th
8th
8th
9th
10th
3rd
4th
5th
6th
2nd
3rd
4th
5th
6th
4th
5th
6th
7th
5th
6th
7th
8th
6th
7th
8th
8th
9th
10th
11th
12th
7th
8th
9th
10th
11th
5th
6th
7th
8th
9th
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Fig. 6. Gentiana cruciata with lateral branches (collected in October, 1976) (Bunke Zs.)
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F

Table 5

405

g. 7. Leaf sheath of Gentiana cruciata a, basal; b, apex

Number of node/species

Specimen No. 1 2 3 4 5 6 7

Name of the species
G. cruciata

G. pneumonanthe

G. asclepiadea

9 9
16 14
20 23

11 n 13
13 9 10
21 16 19

10 9
11 19
15 13

s 9 10 1 12 13 14 15  Average
10 12 11 11 14 14 12 13 11.26
15 16 11 21 14 17 14 15 15.33
13 15 20 11 17 14 9 15 17.06

Table 6
Analysis of variance in the number

Source of variability SQ
Treatment 177.25
Residual 407.20
Total 584.45

Table 7

of nodes in three species

FG MQ
44

2 88.62
42 9.69

Average (in the diagonal), their differences (in the right upper half

of the matrix)

Species 1

G. cruciata 11.26
G. pneumonanthe

G. asclepiadea

Acta Botanica

indicate no sgnificance

2 3
4.07 5.80
15.33 1.73
17.06

Academiae Scientiarum Hungaricae 23, 1977
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Length of internodes bearing lateral branch(es) in G. cruciata

Serial
number No. 1
of specimen
| 38
2 35
3 53
4 62
5 40
6 57
7 45
8 40
9 28
10 38

Source of variability

Treatment
Residual
Total

32
45
56
30
50
64
44
34
27
36

K

3945.22
1827.75
5772.97

Table 8

35
51
55
25
43
65
36
30
26
30

Table 9

Table 10

SZUJKO-LACZA,J.-SEN, S.

FG

39
9
30

28
46
46
20
54
54
35
24
26
28

Average

33.25
44.25
52.50
34.25
47.25
60.00
40.00
32.00
26.75
33.00

MQ

438.35
60.92

Analysis of variance in the length of internodes bearing lateral branch(es)

Average (in the diagonal), their difference (in the right upper half of the matrix)

Specimens

© o ~N O o A~ W N -

=
o

1 2 3
33.25 11.00 19.25
44.25 8.25
52.50

4

1.00
10.00
18.25
34.25

5

14.00
3.00
5.25

13.00

47.25
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indicate no significance

6

26.75
15.75

7.50
25.75
12.75
60.00

6.75
4.25
12.50
5.75
7.25
20.00
40.00

1.25
12.25
20.50

2.25
15.25
28.00

8.00
32.00

7.25
18.25
26.50

8.25
21.25
34.00
14.00

6.00
26.00

10

0.25
11.25
19.50

1.25
14.25
29.00

9.00

100

7.00
33.00



ARCHITECTURAL ORGANIZATION OF THE HUNGARIAN GENTIANA

Table 11

Total length of lateral branch(es) originating from one node

7 lateral 1 2 3 4 Average

branches
No. of

specimen

1 110 72 93 42 79.25

2 142 101 68 137 112.00

3 300 238 102 29 167.25

4 155 92 28 20 73.75

5 194 202 133 95 156.00

6 176 255 108 32 150.75

7 30 28 48 28 40.50

8 117 88 77 44 92.50

9 40 66 57 52 66.75

10 86 86 62 57 87.00

Table 12

407

Variance analysis of total length of lateral branch(es) originating from one node

Source of variability | SQ FG MQ

Treatment 73,281.00 39

Residual 102,299.50 9 8142.33

Total 175,580.50 30 3409.98
Table 13

Average (in the diagonal), their differences (in the right upper half of the matrix)

indicate no significance

Specimen 1 2 3 4 5 6 7 8

© 00 N OO O B~ W N =

[y
o

79.25 3275  88.00 5.50 76.75 70.75  38.75 13.23
112.00 55.25 38.25  44.00 38.00 71.50 19.50

167.25  93.50 11.25 17.25 126.25 74.75

73.75 82.25 76.25  33.25 18.75

156.00 6.00 11560 63.50

150.00 109.50 57.50

40.50 52.00

92.50

Acta Botanica Academiae Scientiarum Hungaricae 23,

12.50
45.25
100.50
7.00
89.25
83.25
26.25
25.75
66.75

10

7.25
25.00
80.25
13.25
69.00
63.00
46.50

5.50
20.25
87.00

1977
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Table 14

Frequency of the intermittent changes in the length of internodes of G. pneumonanthe

No. of changes 1 2 3 4 5 6 7 8 9

No. of specimens 0 2 3 4 4 0 3 0 1

Probability

values 0 0.1176 0.1764 0.2352 0.2352 0 0.1764 0 0.0588
Table 15

A) The r values between the total number of nodes
and height of the plant in three Gentiana species

G. cruciata G. pneumonanthe G. asclepiadea

0.5961** 0.4568* 0.7037****

Sign.: P > 5% = * P > 2% = ** P > 1% = *** P > (0.1% = ***x

1 f

B) The r values between the character pairs in G. cruciata

1. Total number of nodes. 2. Total number of nodes directly bearing inflorescences.
3. Total number of nodes bearing inflorescences on lateral branches. 4. Height of plant.
5. Total number of nodes bearing inflorescences on the lateral branches and total number
of nodes bearing inflorescences on the main shoot. 6. Total number of nodes without lateral
shoots and inflorescences. 7. Log values of the mean length of internodes bearing lateral
branches. 8. Log values of the mean length of lateral branch(es) originating from one node.
9. Mean length of the leaf sheaths. 10. Rank of the nodes (from base to apex)

Character number G. cruciata
1 and 2 0.1010
1 and 3 0.3447
5 and 4 0.2283
5 and 6 0.1163
7 and 8 0.9876****
9 and 10 -0.9461****

C) The r values between the total length
of the plant and total number of changes
in internode length in G. pneumonanthe

Normal values Log values

0.2703 0.4157*
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Table 16

1. A) Diversity values of the height of the plant,
equitability and relative equitability

Name of the species H’ E E’
G. cruciata 1.6118 0.8283 0.3597
G. pneumonanthe 2.1500 0.9785 0.4249
G. asclepiadea 1.8050 0.7839 0.7839
B) Diversity values of the number of nodes/plant,
equitability and relative equitability
Name of the species H’ E E’
G. cruciata 1.7488 0.9760 0.7289
G. pneumonanthe 2.1220 0.9216 0.9216
G. asclepiadea 2.2101 0.9599 0.9217
C) Diversity values of nodes-bearing flowers,
equitability and relative equitability
Name of the species H” E E’
G. cruciata 1.3229 0.3495 0.3635
G. pneumonanthe 1.4614 0.6213 0.7027
G. asclepiadea 0.8965 0.4311 0.4311

2. Diversity of distribution of lateral branches
in G. cruciata and equitability

H* E

1.4111 0.5884

Conclusion

We have made a comparative study of the three species at different
stages of their growth, because some ofthe characters appear at different deve-
lopmental stadia and phenophases (J. Szujkoé-Lacza—G. Fekete 1973),
e.g. lateral branches in G. cruciata. In this species, flowering starts in July
and continues to the end of October (J. Szujko-Lacza S.Sen 1977).So at the
end of the flowering season it produces lateral branches to enhance its flow-
ering. A comparison of the curves for the mean internode length in G. cru-
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data and G. asdepiadea and the mean length of leaf sheaths in G. crudata
indicates that the two organs do not show similar patterns of change from
hase to apex.

In the case of G. pneumonanthe, lateral shoots are occasionally found.
Its apparent reason may be the longer flowering time. But an other possibility
may, however, be that the plant grows in disturbed areas and is thus liable to
frequent grasing and injury by human agencies. So it is forced to bear lateral
shoots in order to continue its flowering for a longer time.

The architectural analysis has been found to be helpful to know the
relationship between the architectural elements of the three species. Significant
correlation values between the elements may provide a new scope for critical
morphological and taxonomic studies.

In the case of diversity, we tried to find out the probability of the fre-
guency of the appearance of the investigated characters. High diversity indi-
cates low probability values (e.g. the distribution of lateral branches in relation
to nodes is G. crudata).
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The vertical distribution of chlorophylls and carotenoids within plant communi
ties was studied by means of pigment examinations carried out in the three main
producing strata of the turkey-oak model area of the “Sikfékat Project”.** In the
community, a well-expressed vertical pigment distribution was found. It is character-
istic of the vertical pigment structure of the forest community that in the lower strata
of the coenosis, in connexion with the downward vertical decrease of the light quantity,
there occur definitely higher values of chlorophyll and carotenoid concentrations. The
decrease in the chlorophyll a/b ratio of the shrub and the herb layers compared with
the layer of the upper canopy may be connected with the spectral change following
when light filters through a higher layer. Among the main producing strata, it is the
upper canopy where most of the pigment is localized (expressed in kg/leaf area), while
among the two lower layers it is the shrub layer where in summer, and the herb layer
where in autumn the highest total pigment values are to be found.

Introduction

Our study comprises the photosynthetical pigment examination results
obtained in the 1976 cultivation of the period summer, and autumn aspects,
from the three main producing layers which structurally form the forest
association in the representative research model area (Sikfékut Project) of
the Hungarian turkey-oak ecosystem. Our examinations are highly justified
by the fact that in the transformation of radiation energy into potential
chemical energy, on account of their role are essentially the points of departure
in the energy flow of ecosystems. Therefore, in the complex ecosystem re-
searches detailed qualitative and quantitative photosynthetical pigment inves-
tigations covering the whole plant stand of the ecosystem are indispensible.

The pigment examinations of natural plant communities mainly involve
chlorophyll, and in most cases, their aim is to express the productivity rate
of the community by means of the chlorophyll content (for example, H. T.
Odum—McConnel —Abbott 1958, Bray 1960, Newboultd 1967, Kvet
Ondok—Necas—Jarvis 1971). Moreover, the chlorophyll examinations of

*“Sikfékut Project”, No. 34.
** North Hungarian Middle Range, at the southern foot of the Bikk Mountain.
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terrestrial plant communities mostly refer to the uni-layered herb or crop
stands (for example, Brougham 1958,1960, Medina and Lieth 1964, Okubo
Kawanabe- Hoshino 1971; in Hungary, for example, Orban 1972).

Complex photosynthetic pigment investigations should extend, to beside
chlorophylls — pigments considered the most important —, to carotenoids
as well. The importance of carotenoids is indicated by the fact that no mutant
is knowm from which all the carotenoids would be missing and which at the
same time would be able to carry out photosynthesis. Carotenoids, whose role
in photosynthesis has not nearly been clarified, are absorbed to a rather
significant extent by the ITV, green and blue parts of the spectrum (Rabino-
witch and Govindjee 1969). Their absorbed energy are delivered either
through the chlorophyll-b to the effective chlorophyll-a forms (Franczko-
wiak—Salamon 1970), or the energy can even directly reach the chlorophyll-a
(Goedheer 1969), although what has been said above has as yet been proved
only in the algae.

In higher order plants it is rather their part played as preventive pigments
which can be stressed in that by absorbing the harmful light of shorter wave
lengths, they protect, the photosynthetic apparatus from the photodestructive
effect of intensive light (Anderson 1958 and Anderson —Robertson 1961).
According to Donohue (1967) and Sapozhnikov (1969), xanthophylls play
a significant part in the development of the photosynthetic 0.,.

The synchronous examination of carotenoids, constituting an organic
part of the photosynthetic pigment system, with the chlorophylls may provide
such information as is not yet known, but will be of importance for a light-
ecologically-centered approach to community photosynthesis.

The aim of the examinations so far was to get information on the quanti-
tative and qualitative conditions of chlorophylls and carotenoids in the domi-
nant species of the various layers in the forest. In addition, we concerned
ourselves with the changes in the vertical pigment distribution, that is vertical
pigment structure, in relation to the vertically changing light conditions in
the multi-layered community.

The results of the homogeneity examinations of the homeostasis on
a supraindividual level of the photosynthetic pigments of the forest commu-
nity are published in another study (Fekete —Tuba 1977).

Material and methods

The “Sikfokut Project” model area is an about 70-year-old, homogeneous Quercetum
petraeae-cerris community of sprout origin. The upper canopy consists of Quercus petraeae (84%))
and Quercus cerris (16%). The shrub layer separates into an above-1 m upper shrub layer
(Acer campestre, Acer tataricum, Cornus mas, etc.), and an under-1 m lower shrub layer
(Ligustrum vulgare, Euonymus verrucosus, etc.). The dominant species of the herb layer are:
Poa nemoralis, Melica uniflora, Carex montana, Carex Michelii, Festuca heterophylla, Dactylis
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polygama, etc. The detailed characterization of the model area, and other important data are
contained in Jakucs’s paper (1973).

Both species were examined in the upper canopy. The dominant shrub species studied
in the summer period were: Acer campestre, Acer tataricum, Cornus mas, Cornus sanguinea,
Euonymus verrucosus, Ligustrum vulgare, and the investigation covered the leaf area of all
the individuals, i.e. 94% of the leaf area of the total shrub. This coverage dropped to 90% in
the autumn, because the examinations in that period were extended only to Acer campestre
and Cornus mas, which have higher coverage values among the two Acer and two Cornus
species. The leaf area values of the three dominant herbs examined — Carex montana, Melica
uniflora, Poa nemoralis — amount to about 80% of the total leaf area of the herb layer. In the
autumn, samples were taken only from two dominant herbs, since by that time the Poa
nemoralis was no longer suitable for pigment examinations.

The method and frequency of sampling was planned in such a way that the results
shoud represent with the greatest possible occuracy the species examined, and, through the
species forming the layers, the given levels. In the summer, two specimens of all the layer-
forming dominant species examined and again three in the autumn, were chosen. Sample
were taken from the upper, middle and lower parts of all the sample individuals, thus the
various layers were represented by their entire height in the specimens. A further variation
in sampling was made possible by taking samples from within the vertical small layers (for
example, the middle canopy layer), at parts which are more exposed to light, or are more
shaded from light. In the case of the herbaceous layers, the upper, middle and lower vertical
micro levels represent those parts of the plant itself. On the basis of the viewpoints mentioned
above, we gathered 60 leaves per species in the summer, and 80 in the autumn, in the morning
hours, and the leaves were immediately processed. For the pigment examinations, one disc
per leaf was taken with a cork screw' of 0.9 cm diameter; the pigment examinations took place
with 3 repetitions in summer, and again with 4 repetitions in autumn, per species, from 20
disc per repetition. The disc was taken on the basis of the leaf-half method (MarOti-Szajke
1972), and for that matter from the middle part of the leaf-half, since the distribution of the
pigments changes in the direction from the leaf base towards the peak. The leaf ribs do not
contain pigments, therefore we worked mainly with symmetrical leaves so that an identical
quantity of leaf rib could get into the individual samples. From the non-discable herbaceous
plants 1 —1.5 cm leaf pieces, of an area about identical with that of the cork screw, were taken.

The fresh and dry weight of the discs and of the herbaceous leaf-pieces was measured.
The surface of the herbaceous leaf pieces was determined by means of electronic light planim-
eter (Czettar—Papp, B. 1975). The extraction of pigments, and the separation of the
various pigments by means of thin-layer chromatography, were carried out with the method
described by Marsti and Gabnai (1971). The pigment quantities related to the mg/g dry
weight were calculated from the extinctions measured, on the basis of the equation described
by Hager—Meyer—Bertenrath (1966). Further calculations were made from the quantities
of the individual pigment components related to 1 g dry weight.

From the interpretation of the light conditions and the pigments as complementary
units (Fekete 1972) it follows that the quantitative and qualitative conditions of the photo-
synthetic pigments are in close connexion with the light ecological conditions. At present
we have only radiation examination results at our disposal from the model area. However,
they are essentially analogous with the vertical distribution of light within the forest community.
On the basis of the radiation examinations (Nagy 1976), it can be stated that during the main
vegetation period, from the complete development of the foliage to its autumn disintegration,
there exists a well-expressed radiation structure which can be considered as permanent.
Accordingly, radiation in this period is vertically distributed in such away that the greatest
quantity is received by the canopy layer, while the shrub and the herb layers have considerable
quantities of energy (Fig. 1). Indeed, identical radiation conditions are characteristic of the
shrub and the herb layers, since in the forest the herb layer is rich only where no shrub layer,
or hardly any of can be found; and if there exists a shrub layer, only a poor herb layer grows
under that. Thus, the radiation values measured at a height of 2 m, that is in the shrub layer,
can be extrapolated to the herb layer also. The examinations, both in summer and autumn,
took place under the radiation conditions of the forest which had developed foliage.
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Fig. 1. Monthly values of the above-forest global radiation and of the transfused radiation
measured at a height of 2 m in the forest

Results and discussion

Vertical chlorophyll distribution in the forest

The chlorophyll concentration values related to the dry weight per 1 g
(Table 1), and the chlorophyll content values calculated for 1 dm2 area show
vertical distributions which are essentially different in nature.

Table 1

Chlorophyll concentration in the dominant species of the various strata of forest

Chlorophyli-a, Chlorophyll-b, Chlorophyll a -j- b,
Species ragig ragig ragig
Summer Autumn Summer Autumn Summer Autumn
Canopy layer:
Quercus cerris 1.753 0.979 0.466 0.297 2.119 1.276
Quercus petraea 1.287 1.214 0.490 0.591 1.778 1.806
Shrub layer:
Acer campestre 2.479 — 0.945 — 3.424 —
Acer tataricum 3.355 0.621 1.038 0.624 4.393 1.245
Cornus mas 3.855 0.344 0.522 0.688 4.377 1.032
Cornus sanguinea 3.101 — 1.680 — 4.781 —
Euonymus verrucosus 3.219 1.185 1.589 1.669 4.808 2.827
Ligustrum vulgare 1.887 3.171 1.085 4.313 2.979 7.484
Herb layer:
Carex montana 1.993 3.687 0.818 2.336 2.811 6.023
Melica uniflora 3.137 5.693 1.624 3.431 4.761 9.124
Poa nemoralis 2.312 — 1.082 — 3.394 —
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In summer, the following vertical distribution of the

417

chlorophyll-a,

chlorophyll-h and total chlorophyll concentrations of the various dominant
species which form the layer can be stated: the lowest concentrations are to
found in the canopy layer, having the greatest quantity of light, while in the
shrub and herb layers, which receive only about one tenth of the light quantity
falling to the canopy layer, the concentrations are essentially higher (Figs
2 and 3). The autumn results also give a distribution corresponding to that
of the summer period (Figs 2 and 3). It is only the chlorophyll-a and total
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Fig. 3. Values of total chlorophyll concentration in the various strata of the Sikfékut forest
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chlorophyll contents of Acer tataricum and Cornus mas that show differences;
their values are lower than those measured in the canopy of the two tree species.

The chlorophyll concentration values of Quercus cerris and petraea move
within a very narrow range. In the shrub layer, more extreme values also
occur, which can primarily he explained by the more extreme light conditions
of this layer. Thus, in Acer tataricum and Cornus mas, the autumn chlorophyll-a
and the total chlorophyll concentration is very low. The autumn chlorophyll-b
and total chlorophyll concentration, which is very salient, in Ligustrum, is
probably a manifestation of pigment reaction based on species characteristics.
The rather wide interval of the absolute values of the chlorophyll concentra-
tion of the species in the herb layer is explainable by the different seasonal
rhythm of these herbs.

There are very few authors who have reported a well-expressed vertical
chlorophyll distribution in terrestrial communities. Accordingto H. T. 0dum —
McConnel and Abbott (1958), it is not possible to speak of a vertical chloro-
phyll structure considered in general. Their examinations, however, took place
mainly in water ecosystems. In a Rizophora community, the quantity of chloro-
phyll, expressed in g/m2 was the highest in the middle layer. ichimura (1956)
found uppermost in a well-layered plankton community such a layer that
adapted itself to a high light intensity and had only a small quantity of chloro-
phyll; below that, such phytoplankton layers followed which contained increas-

Table 2

Chlorophyll content values in various forest strata

Chlorophyll a, Chlorophyll b, Chlorophyll a «- b,
Species mg/dm2 mg/dm2 mg/dm2
Summer Autumn Summer Autumn Summer Autumn
Canopy layer:
Quercus cerris 0.913 0.518 0.242 0.157 1.155 0.675
Quercus petraea 0.723 0.718 0.280 0.353 1.003 1.071
Shrub layer:
Acer campestre 0.801 — 0.304 — 1.105 —
Acer tataricum 0.931 0.216 0.288 0.209 1.220 0.425
Cornus mas 0.886 0.104 0.120 0.160 1.006 0.204
Cornus sanguinea 0.896 — 0.487 — 1.383 —
Euonymus verrucosus 0.756 0.252 0.374 0.367 1.130 0.619
Ligustrum vulgare 0.650 1.006 0.373 1.375 1.023 2.381
Herb layer:
CareX montana 0.510 0.819 0.209 0.535 0.719 1.353
Melica uniflora 0.772 0.653 0.407 0.382 1.179 1.035
Poa nemoralis 0.669 0.314 — 0.983 —
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ingly more chlorophyll. Tucker and Garratt (1976) measured the highest
chlorophyll concentration - remarkably different from those of the lower and
upper layers — in the middle, 12.5—25 cm layer of a blue grama canopy of
50 cm height. According to Kusnirenko (1958) the chlorophyll content is
higher even in the lower layers of the canopy of trees.

The experimental results testify that there exists in multi-layered forest
communities, a well-expressed chlorophyll distribution of definite tendency.
However, we are able to point out the concentration increase (vertically down-
wards) only in relation to weights; it does not appear in relation to leaf area,
since the effect of the exponentially thinning light which is anatomical in
nature — on the growing of thin shade leaves — is stronger than that on the
amplification of pigment concentration, which is a kind of biochemical effect.
The investigations prove the same in relation to the carotenoids, too.

The chlorophyll a/b ratio, both in summer and autumn, is the highest
in the canopy layer, in the two oak species; in the shrub and the herb layers

with the exception of Cornus mas — it is smaller than that throughout
(Table 3). The changes in the a/b ratio are by all probability related to the
spectral changes in light, besides the decrease in light intensity. For in a multi-
layered community, the light passing the upper layers becomes filtered and
undergoes spectral changes. The decrease in chlorophyll a/b ratio in the shrub
and herb layers may be in connexion with such spectral changes in light,
taking place during its infiltration through the canopy layer, which shirt the

Table 3
Pigment ratios in the vertical strata offorest

Chlorophyll/carotenoid

Chlorophyll a/b ratio ratio
Species
Summer Autumn Summer Autumn
Canopy layer:
Quercus cerris 3.763 3.297 2.022 2.140
Quercus petraea 2.625 2.054 1.311 2.144
Shrub layer:
Acer campestre 2.623 — 1.318 —
Acer tataricum 3.233 0.996 1.643 0.874
Cornus mas 7.836 0.500 1.263 0.820
Cornus sanguinea 1.847 — 1.654 -
Euonymus verrucosus 2.026 0.694 1.708 1.182
Ligustrum vulgare 1.740 0.735 1.460 4.657
Herb layer:
Carex montana 2.437 1.579 1.327 1.672
Melica uniflora 1.932 1.660 2.430 1.644
Poa nemoralis 2.137 — 2.426 —
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spectral composition of the infiltrating light rather towards the absorption
maximum of chlorophyll-b. This supposition seems to he supported by the
changes identical in nature which take place in the a/b ratios of shrub and herb
species existing under identical light conditions.

A remarkable difference occurs, however, also among the chlorophyll a/b
ratios of the various seasons (Table 3) in a way that the autumn ratios are
smaller in all the layers. Probably, in these ratio changes, the regular spectral
changes of light radiation are expressed. This supposition is based also on the
smaller values of autumn a/b ratios, in comparison with the summer values
in Quercus cerris and petraea. In the stronger decrease in the autumn a/b ratio
experienced also in the present investigations, besides the autumn light intensity
again the difference between the autumn and summer spectral lights, decrease
may play a part.

The vertical and seasonal distribution conditions of carotenoids

By the examinations carried out so far we wished assess the quantitative
and qualitative distribution within a forest community of the carotenoids.

In the course of running a set of samples through thin-layer chromatog-
raphy, the following carotenoids became separated: carotene (a and & carotene
together), lutein and antheraxanthin together, violaxanthin. neoxanthin.

Table 4

Carotenoid concentration in the dominant species of various forest strata

Carotene, Lutein + Violaxanthin, Neoxanthin,
. malg Antheraxanthin, mglg mglg
Species mglg

Summer  Autumn  Summer Autumn Summer Autumn Summer Autumn

Canopy layer:

Quercus cerris 0.252 0.210 0.212 0.274 0.490 0.049 0.143 0.063
Quercus petraea 0.257 0.241 0.196 0.319 0.639 0.161 0.160 0.121
Shrub layer:
Acer campestre 1.225 — 0.361 — 0.822 — 0.189 -
Acer tataricum 1.280 0.468 0.563 0.479 0.662 0.234  0.118 0.243
Cornus mas 1335 0325 0576 0.560 0.990 0.228 0.564 0.145
Cornus sanguinea 0.462 — 0.738 — 1411 — 0.279 —
Euonymus verrucosus 0.625 0.684 0.937 0.887 0.933 0.396 0.319 0.424
Ligustrum vulgare 0.416  0.224 0.500 0.563 0.879 0.550 0.240 0.270
Herb layer:
Carex montana 1.003 0.964 0.419 1.245 0.486 0.834  0.200 0.558
Melica uniflora 1.257 1545  0.162 2.176  0.229 0.852 0.311 0.975
Poa nemoralis 0.441 — 0.002 0.732 — 0.224 —
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The vertical distribution of the various components (Table 4) is such
that the concentration values of all the examined species in the shrub and the
herb layers — with the exception of the autumn carotene of Ligustrum vulgare
and the summer lutein and violaxanthion of Melica uniflora — are higher
than those in tree species with foliage. The total carotene concentration shows
such a definite, vertical carotenoid distribution (Fig. 4), both in summer and
autumn, in which the Quercus cerris and petraea values are essentially lower

1 Quercus cerris
Quercus petraea

Acer campestre

Acer tataricum

Cornus mas

Cornus sanguinea
Euonymus verrucosus

Ligustrum vulgare

© ® N o C oW

Carex montana

=
e

Melica uniflora

-
=

. Poa nemoralis

Fig. 4. Values of total carotenoid concentration

than those in all the shrub and the herb layers examined. In the carotenoid
quantities calculated for dm2 areas, the characteristic, vertical distribution,
occuring in the concentrations, cannot be found, not even in tendency, which
is due to the causes described in the section on chlorophylls.

The chlorophyll/carotenoid ratio occuring in communities is considered
by E. P. Odum (1959, 1971) as a useful index of fluctuation, taking place in
the life energy of the primary trophical layer. For example, in algal cultures,
the ratio which is about 3 drops to 1 by aging. In natural communities, the
expression of respiration losses by carotenoids is possible.

The chlorophyll/carotenoid ratios (Table 3) in summer move between
1.3 and 2.4 as regards all the three layers. In autumn, it is the highest in the
canopy layers: 2.140 and 2.144. In the shrub and the herb layer smaller values
than these are to be found throughout (between 0.8 and 1.7), with the excep-
tion of Ligustrum, where the autumn total chlorophyll, which is very high,
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Table 5

Carotenoid values in the various strata offorest

Carotene, Lutein + Violaxanthin, Neoxanthin,
. mg/dm2 Antheraxanthin, mg/dm2 mg/dm2
Species mg/dm2

Summer Autumn Summer Autumn  Summer Autumn Summer Autumn

Canopy layer:

Quercus cerris 0.131 0111 o0.112 0.144 0262 0.026 0.075 0.033
Quercus petraea 0.145 0.143 0.168 0.189 0.345 0.094 0.090 0.072
Shrub layer:
Acer campestre 0.394 — 0.118 — 0.266 — 0.061 —
Acer tataricum 0.357  0.156 0.156  0.156 0.185  0.078  0.047  0.022
Cornus mas 0.309 0.076 0.133 0131 0.229 0.054 0.132 0.035
Cornus sanguinea 0.132 — 0.215 — 0.432 — 0.081 —
Euonymus verrucosus 0.150 0.150 0.222 0.196  0.211 0.087 0.075 0.094
Ligustrum vulgare 0.143  0.071 0.172 0.175 0.315 0.176  0.083  0.084
Herb layer:
Carex montana 0.257 0.230 0.109 0.297 0.127 0.203 0.051 0.136
Melica uniflora 0.314 0.172 0.037 0.244 0.066 0.096 0.077  0.109
Poa nemoralis 0.131 — 0.001 — 0.215 — 0.065 —

causes the ratio which is above 4. On the basis of all these, it seems that the
decrease in the chlorophyll/carotenoid ratio indicates not only the aging of
the communities but also that it decreases even within the vegetation period

towards the end of that — and also during the autumn physiological
degradation, which in the case of forest associations — begins its course
first in the lower layers.

The total pigment contents of the main
producing layers of the forest association

The total pigment contents of the main producing layers were calculated
from the basic data. The values expressed in kg/leaf area represent the total
pigment quantity contained by the total leaf area. Their calculation took
place in the following way: the leaf area of the species examined is given
(Jakucs —Horvath —K arasz 1975). The total leaf area in a given layer
is known by means of the species constituting the layer. In the individual
species, the pigment quantity to be found in the total leaf area falling to
1 ha stand area was calculated, and given in kg, from the mg/dm2 pigment
values, by multiplying the leaf area values falling to 1 ha by the leaf area
values of the species. The value thus obtained represents pigment kg/leaf area.
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In the shrub and the herb layer, where only the dominant species were
examined, the pigment contents of the “remainder” leaf area, after the reduc-
tion of total leaf area of the species examined by the total leaf area of the
given layer, were calculated from the pigment values related to a unit of area,
expressed in dm2 (Fekete—Tuba 1977). In the shrub layer, the “remainder”

A

7-
6-
5- canopy layer
4- shrub layer
3 herb layer
2 -

summer autumn

Fig. 5. Total chlorophyll content (A), total carotenoid content (B), and total pigment content
(C) of the various strata of the forest of Sikfékut

leaf area amounted to altogether 6% in summer, and 10% in autumn, of
the total shrub-layer-leaf-area, and again in the herb layer to about 20%.
In the canopy layer, both of the tree species were examined.

From a graphical comparison between the summer and autumn total
quantities of total pigment, chlorophyll and carotenoid in the individual
layers (Fig. 5), it is clear that the canopy layer has much greater quantities
of pigment than the other two layers. It is only in the case of carotenoids
that the difference in the quantity is smaller in this respect (Fig. 5, B). The
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higher total pigment values of the shruh layer in summer drop below those
of the herb layer in autumn. According to Singh and Billore (1975), the
pigment content of plant stands is directly proportional to the energy contents.
It seems that, in the multi-layered community, the pigment contents of the
various layers may also have a proportional relation with their energy contents.

Summary

On the basis of the results obtained from the pigment examinations into
the Quercetum petraeae-cerris forest of Sikfékat, a vertical chlorophyll and
carotenoid concentration distribution with definite tendency can be stated,
both in summer and autumn. It is characteristic of this, that in the canopy
layer, which has the greatest quantity of light, the pigment concentration
values are low, while in the shrub and herb layers, which exist in essentially
weaker light conditions, definitely higher pigment concentration values can
be measured in all the cases. No essential concentration differences occur
between the shrub layer and the herb layer, which can be explained first of
all by the nearly identical light conditions in these layers. This pigment
distribution is in a close correlation with the vertical light distribution of the
coenoses,which, on the other hand, dependsonthe number oflayers in the cenosis.

Thus, it is characteristic of the vertical pigment structure of the forest
association that in the lower layers of the coenosis, in connection with the
downward vertical decrease in the light quantity, definitely higher chlorophyll
and carotenoid concentration values occur. Owing to the strong effect on
the shaded leaf production ofthe downward decreasing light, the above vertical
pigment distribution do not appear in relation to leaf area.

The decrease in the chlorophyll a/b ratio in the shrub layer and the herb
layer, in comparison with the canopy layer, may be in connected with the
spectral changes which take place while the light infiltrates through the
upper layer.

Considering the total pigment contents of the main producing layers,
expressed in kg/leaf area, there is almost one order greater quantity of pigment
localized in the canopy layer than is in the two lower layers. In summer, the
values of the shrub layer are higher, in autumn those of the herb layer, in
a way that in autumn the value of the shrub layer decreases below that of
the autumn herb layer which is about identical at the time with the sum-
mer value.
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ON THE WOOD ANATOMY OF BOMBACOPSIS

CUBENSIS A. ROBYNS (BOMBACACEAE) AND

MAGNOLIA CUBENSIS URB. SSP. CUBENSIS
(MAGNOLIACEAE)
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Anatomical features of the secondary xylem of these two endemic Cuban trees
are described. Some morphological and ecological data are also given.

Material and Methods

Wood samples of mature trunks of both species were collected. The trunk of Magnolia
cubensis Urb. ssp. cubensis was collected in the range of the Peak Marti in the Sierra Maestra,
province Oriente, while the trunk of Bombacopsis cubensis was obtained on the road to Roncali’s
pharos, on the Péninsule of Guanahacabibes, province Pinar del Rio (Table 1).

Blocks of wood were aspirated under vacuum at room temperature till saturation,
and softened in a J Brinzer autoclave in a solution of 50% glycerine in water.

Table 1

Wood collections and herbarium vouchers

Diameter of

. . . Location of
Species and Authority Collectors and date the wood Place of collection herbarium vouchers

sample

Bombacopsis cuben- M. Yatres and A. 10.0 cm Péninsule of Gua- Herbarium of the
sis A. Robyns Borhidi, Dec. 9, nahacabibes Pro- Academy of

1974 vince Pinar del Sciences, Cuba

Rio

Magnolia cubensis M. Vates and A. 8.5 cm Sierra Maestra Herbarium of the
Urb. ssp. cubensis Bobhidi. Jan. Province Oriente Academy of

10, 1976 Sciences, Cuba
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For the anatomical research, sections were obtained to a thickness of 12— 15 u, differen-
tiated in 50% alcohol, stained in 3% Toluidin Blue, dehydrated, cleared and mounted in Canada
Balsam.

Small pieces of these woods were macerated by Franklin’s Method (1945) in order
to realize cellular studies, as for example the length of the fibers and vessel elements. One
hundred measurements were made for the fibers length, while for the other features only
fifty were taken.

General description
Bombacopsis cubensis A. Robyns

Little to high trees up to 25 30 m in height, with thick, generally-shaped
trunks (Fig. 1). Cortex green and smooth, leaves palmate, leaflets 5—9,
petiolulate, 4—8 cm long, obovate-oblong, emarginate, cuneate at base.
Flowers rose or pale purple, calyx coriaceous, 3-lobed, tomentose exteriorly
(Fig. 2). Stamens shorter than corolla of 5 petals; filaments purple. Capsule
ovate, 5 6 cm long, brownish-yellow; seeds 6 -7 mm long.

The species is endemic to West-Cuba and very common on the perpendic-
ular slopes of the *“haystack-mountains” (“mogotes”), where it is forming
very interesting rocky woodlands, associated with endemic palms, e.g. Gaussia
princeps and Thrinax morrisii, and with many other endemic species. These
associations were studied by A. Borhidi, who designated them as Bomba-
copsi-Gaussietum and Bombacopsi-Thrinacetum morrisii. A number of
examples of this species can be found also on the coastal limestone dogtooth-
areas of the Guanahacabibes-Peninsule, as giant emergent trees of the semi-
deciduous Bombacopsis-Catalpa-Diospyrus forests.

Magnolia cubensis Urb. ssp. cubensis

Large trees up to 25 m in height; they are important elements of the
upper canopy in the montane rain forests of the Sierra Maestra-Range, form-
ing a Magnolia-Laplacea-Myrsine zone between 800 and 1700 m a. s. 1 The
species is endemic to Cuba and divides into 2 vicariant subspecies: ssp. cubensis
is endemic to the Sierra Maestra-Range (Province Oriente), while ssp. acunae
Imch. is endemic to the Escambray Mountains (Province Las Villas). Ssp.
cubensis has a gray and smooth cortex, leaves elliptic, 6—9 cm long and
2.5—4 cm wide, base obtuse, apex shortly acuminate and obtuse, petiole
1—2 cm long. Peduncle thin, 1—2 c¢m long and 1 1.5 mm thick; bracts to
2 cm long. Sepals 1.3—1.6 cm, petals 1—1.3 cm long. Stamens linear, anthers
3 mm long, with a capillar appendix up to 3 mm length. Gynoeceum glabrous,
consisting of 8 carpels, styles erect, or shortly recurved, 1 2 mm long.
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Fig. 1. Photo of Bombacopsis cubensis A. Robyns. Cuba: Gua-
nahacabibes Péninsule. (Photo A. BoRHIDI)

Fig. 2. Photo of the flower of Bombacopsis cubensis A. Robyns
Cuba: Guanahacabi&es Péninsule. (Photo A. Borhidi)
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Wood anatomy

Bombacopsis cubensis A. Robyns

Growth-rings absent, wood diffuse porous. Pores oval, scarce, about
3 per sq. mm, predominantly solitary, rarely in groups of 2 or 3 (Fig. 3).

Length of vessel members 218.0 421.0 598.0 p. M.F.R. 280 -519 »p.
Small to moderately small in size. Tangential diameter 74—116—162 fi, radial
diameter 102.3 149.0 190.6 p. Cell wall 1.8 2.7 p thick. Intervascular
pitting bordered with alternate to opposite distribution and polygonal in form.
Transversal and longitudinal diameters of the borders 7.2—10.8 p and 5.4 9.0
p, respectively. Pit aperture smooth with a transversal diameter of 7.4-9 »
and a longitudinal diameter of 1.4—2.0 p. Simple perforation plate (Figs 4, 7, 8).

Medullary rays. - Fleterogeneous, moderately fine to medium size of
1 5 cells mostly 1 3, to 23.2 55.2- 102.3 p in width. Height, expressed
in number of cells, 1—60 to 213—3550 in microns. Upright cells at the margin
of medullary rays, radial size 42.6 60.7—78.1 p, their height 50.8 —74.9 —
110.0 p. Procumbent cells 10.8 26.1 41.4 p in height,9 26.1 45.0 p in
tangential diameter, and 53.2—110.4—152.6 p in radial size. Pitting with
vessel members half bordered, of the same size (Figs 5, 6),

Fibers. — Polygonal in shape, distribution tangential, lines of 1 -3 cells,
or irregular. Length of the lihriform fibers 1281 —1866.6 —2623 p, M.F.R.
1576- 2325 p. Mean diameter 10.8 26.2 41.4 p. Thickness of cell wall 4.5
8.1 p. Simple pits with slit-like aperture.

Wood parenchyma. — Two different types of cells form this tissue:
aring of flattened cells around the vessels (referred by other authors as contact
cells), and an apotracheal parenchyma which constitutes the ground mass
of the wood, formed by roundish to irregular cells. Distributed in hands or
lines of 1 2 cells between the fibers. Mean diameter 16.2—55.9 —131.4 .
Strands of 2—8 cells, height of strand parenchyma cells 88.7- 128.7 159.9 p.
Cell wall 0.8 2.0 p thick.

Magnolia cubensis Urb. ssp. cubensis

Wood diffuse porous, growth rings present, formed by a line of terminal
parenchyma. Pores moderately numerous, roundish to oval; solitary and in
short radial multiples (Fig. 9).

Vessel members very small to small, tangential diameter 35,5—74.9
99.4 p, radial diameter 49.7—93.3—124.2 p. Lengths of vessel members
494 5—839.5- 1587 p. M.F.R. 632.5-1081.0 p. Cell wall 1.8 3.6 p thick.
Intervascular pitting scalariform, transversal and longitudinal diameters of
borders 6.9 —69 p and 4.6 —6.9 p, respectively; transversal and longitudinal
diameter of pit aperture 4.6 —64.4 p and 1.15—2.3 p, respectively. Scalariform
perforation plate with 4—15 bars (Figs 10, 13).
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Fig. 3. Bombacopsis cubensis A. Robyns. Cross section 120 X.
Vessel within. Fungi, wood parenchyma, medullary rays and fibers

Fig. 4. Bombacopsis cubensis A. Robyns. Tangential section 120 X.
Vessel elements, medullary rays, fibers and strands of parenchyma
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Fig. 5. Bombacopsis cubensis A. Robyns. Radial section 120 X. Procumbent cells of the medul-
lary rays

Fig. 6. Bombacopsis cubensis A. Robyns. Radial section 120 X. Square and upright cells of
the medullary rays
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Fig. 7. Bombacopsis cubensis A. Robyns. Tangential section
300 X. Intervascular pitting. Vessel elements with fungi. (Mark:-»-)

Fig. 8. Bombacopsis cubensis A. Robyns. Tangential section 600 X.
Polygonal intervascular pitting with alternate arrangement
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Fig. 9. Magnolia cubensis Urb. ssp. cubensis. Cross section 120 X.
Pores oval, medullary rays, fibers with wide lumen and terminal
wood parenchyma

Fig. 10. Magnolia cubensis Urb. ssp. cubensis. Tangential section
120x. Vessel elements, strands of parenchyma and medullary rays
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Fig. 11. Magnolia cubensis Urb. ssp. cubensis. Radial section 120X.
Medullary rays formed of procumbent and upright cells

Fig. 12. Magnolia cubensis Urb. ssp. cubensis. Radial section 300 X.
Medullary ray with oil cells
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Fig. 13. Magnolia cubensis TJrb. ssp. cubensis. 600 X. Scalariform intervascular pitting to
opposite

Medullary rays. — Heterogeneous, moderately fine to medium size. Uni
to triseriate, 31.9- 60.3 /t in width. Height by 2—24 cells, or 140.8 - 374.8
721.6 )i Procumbent cells 21.3- 34.7- 49.7 /i in height, tangential diameter
10.6 19.8 28.4 /n,radial size 49.7 108.9 -191.7 fx. Upright cells 53.2 89.8
142.0 fi in height, radial size 28.4- 46.8 81.6 //. Thickness of cell wall 1.8
3.6 p. Oil cells very distinct in tangential and radial sections (Figs 11, 12).

Fibers. - Radial distribution irregular in form. Fiber-tracheids 976
1610.4—2196 jj. in length, M.F.R. 1220—1891 u. Mean diameter 14.4- 20.7 -
32.4 fi. Thickness of wall 3.6—6.8—8.1/u. Rordered pits with slit-like aperture.

Wood parenchyma. — Typically terminal, formed by a line of 2 8
rows of cells. Strand parenchyma 2—8 cells. Middle diameter 10.8 19.2 —
34.2 fx. Height of cello 67.4 143.4 -287.5 p. Cell wall 1.4—3.5 p thick.
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Main features of the two

Table 2

437

species. (Values expressed in microns)

Wood element Automatical features Bomb:cﬂlge%i);ﬁsbens's Magnl;'s';_ itizg:: Urb.
Arrangement Diffuse Diffuse
Vessel Tangential diameter 74.0—162.0 p 35.5—99.4 p
element Radial diameter 102.3—190.6 p 49.7— 1242
Total length 218.0—598.0 p 494.5—1578 p
Thickness of the wall 1.8—2.7 p 1.8—3.6p
Type of intervascular
pitting bordered, polygonal, scalariform bordered
alternate
Perforation plate simple scalariform
Classification Heterogeneous Heterogeneous
Medullary Width in number of
Rays cells 1—5 cells 1—3 cells
Height 213.0—3350.0 p 140.8—721.6 p
W idth 23.2—102.3 31.9—60.3 p
Other — Oil cells
Arrangement Tangential or irregular Radial
Fibers Diameter 10.8—41.4 14.4—32.4
Total length 1281.0—2623.0 p 976.0—2196.0 p
Thickness of the wall 45—8.1p 3.6—8.1 p
Type of pits simple bordered
Arrangement Apotracheal and contact Terminal
parenchyma cells
Wood Diameter 16.2—131.4 p 10.8—34.2 p
Parenchyma Strands formed by: 2—8 cells 2—8 cells
Height of cells 88.7— 159.7 p 67.4—287.5 p
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A.Lé6ve and D. Love: Cytotaxonomical Atlas of the Arctic Flora. Vaduz, Cramer 1975, 598 pp.
A. Lé6ve, D. Lsve and R. E. G. Pichi Sermo11i: Cytotaxonomical Atlas of the Pteridophyta.
Vaduz, Cramer 1977, pp. 398.

The second and the third volumes of the cytotaxonomical Atlases, launched by the Loves,
have also been published, and even in a more satisfactory layout than was the case with
the first volume. (Cf. my review in Acta Bot. Acad. Sei. Hung. 21: 452, 1975; there was given
a wrong number there, it should be 1241 pp.) One of the two new volumes discusses a round
1900 taxa of the Arctic Flora, by giving their distribution, the chromosome numbers which are
certain, and also the complete bibliography referring to them, and not only in respect to the
specimens of Arctic origins. It is the very fact that the Loves know the literature perfectly
well that makes their books to be of very great value, although they omit also here the numbers
which do not fit into the picture created by them; on the other hand, the division of the genera
and species is sometimes exaggerated. | should not be able to evaluate the different cytotypes
within one agg. always as separate species. The nomenclature is absolutely up-to-date, the name
Pseudorchis, which has been renewed by the Loves, is not correct, Leucorchis will have to stay.
The reproduction of the works is much more successful and comprehensible than that in the
first volume; the clumsy code numbers have been left out.

For us Hungarians, the cytotaxonomical survey of Pteridophyta is especially significant.
Pichi Sermott1i, who is renowned in this topic, was his collaborator in compiling the survey.
The separation of Ceterach (and other genera), and the treatment of the cytotaxonomically
different, although morphologically hardly separating microspecies as species, revives the
Ceterach javorkaeanum. It is unfortunate that, in spite of the opinion of the Hungarian authors,
Asplenum serpentini is not differentiated from A. cuneifolum (as a subspecies, at least); in
my opinion, the name Dryopteris austriaca continues to be doubtful (cf. Sod, Acta Bot. 23: 376).

This work is especially indispensable with all the European systematists and flora
researchers.

R. So6

Tauxen, R. et collab., Bibliographia Phyto-Sociologica. Lief. 19 -30. Cramer, Lehre resp.
Vaduz, 1974—1976.

| have already reviewed in the columns of the Acta Bot. Acad. Sc. Hung. — 17: 464
and 20: 207—211 — the new great western enterprise, the phytocenological bibliography
of TUXEN, its form, aims, value and its (unfortunately, rather serious) professional short-
comings. (Especially in the case of the classes which are related to Hungary more closely,
like for example Potamogetonetea, Thero-Salicornietea, Asteretea, Bidentetea, etc.) In the intro-
duction of one of the recent issues, Tuxen answers the various critics, but he continues to
follow the way of compiling used so far, and emphasizes that the scientific assessment will be
the task of another series. (This is the Prodromus of the European plant associations, of
which as far as | know there has been published only one volume as yet, in 1973.) The systemati-
zation of the association groups (alliance, Verband) and of the associations mostly corresponds
to that of the used by the Hungarian authors (cf. Sod, Acta Bot. Acad. Sei. Hung. 17: 27—171,
So6 Synopsis syst.-geobot. Florae Veget. Hungéridé 3. 1968 and 5. 1973), while there are
cases when it differs from that and also from reality. In opposition to the conception of Jakucs
and of the references, Tuxen and his collaborators continue to use the artificial Trifolio-
Geranietea class (Lief. 24) of the forest margins, and even they enumerate the karstic shrub
forests (Orno-Cotinetalia), and the series of Quercetea pubescenti-petraeae within the Rhamno-
Prunetea, but they do not enumerate the associations of the latter among them. A similar
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nonsense is the systematization of salt grass (Juncion gerardii, Beckmannion eruciformis, etc.)
among the ruderal, nitrophil Plantaginetea. This is an old conception of Taxen and he is not
inclined to change it, in spite of all counterarguments. It was in vain that his attention was
called upon such word-monsters as sepii, dumetori (by taking the plural genitive case — sepium,
dumetorum — as subjective case and conjugating it further on), it did not work, despite the
fact that Rauschert’s excellent article (published in the very periodical of Tuxen: Mitt,
flor.-soziol. Arbeitsgem. 10: 232—249, 1963) could have taught the correct expression to the
sociologists whose knowledge of the classical languages is rather poor and who nevertheless
create new names.

The contents of the new instalments:

19. Isoeto-Nanojuncetea

20. Nardo-Callunetea

21. Artemisietea vulgaris

22. Onopordetea acanthii

23. Rhamno-Prunetea

24. Trifolio-Geranietea

25. Salicetea purpureae

26. Alnetea glutinosae

27. Polygono-Poetea annuae

28. Plantaginetea maioris, Agropyretea

29. Asplenieta rupestria, Parietarietea muralis

30. Quercetea robori-petraeae
R. So¢6

Geobotany. Edited by R. C. Romans. Plenum Press, New York and London, 1976, 308 pp.

This book is the proceedings of the Geobotany Conference held at Bowling Green State
University (Ohio), on February 21, 1976. It contains 16 papers of different, mainly paleo-
botanical, paleoecological topics. According to the intention of the editor and the purpose
of the series of these conferences, all papers which are included in this volume utilized the
concept of geobotany as a unifying theme. The investigators working in different fields need
interactions for interpreting the problems of geology, paleoecology, paleobotany, palynology,
paleoclimatology, and archeology. The value of this volume is that the diverse papers give an
interdisciplinarian approach to the individual problems.

R. O. Kapp: Late Pleistocene and Postglacial plant communities of Great Lakes
region.

A five-stage cycle of glacial and interglacial vegetation phases is postulated for Pleistocene
and applied to data from the southern Great Lakes region. The author gives a more detailed
review of the vegetation of the last half of the Pleistocene on the basis of palynological and
related evidences of Late Pleistocene and Postglacial times from this region. His paleoecological
suggestion is that plant communities of the Great Lakes region have had continuity throughout
the late Pleistocene. There is no consistent evidence of tundra vegetation during the Late
Glacial; instead, “open forests” may have existed in ice-margin areas. In possession of less
evidences he also gives a sketchy but (very) remarkable reconstruction of the vegetation of
Yarmouthian (Holsteinian, Mindel-Riss) and Sangamonian (Eemian, Riss-Wirm) interglacial
stages.

J. G. Ogden, Ill.: Limiting factors in paleoenvironmental reconstruction.

Difficulties and suggestions concerning the reliable paleoenvironmental reconstruction
are given in this paper.

Dealing with the validity of paleoecologic inferences the author advises the paleoecolo-
gists on the quantitative approaches to environmental reconstruction. According to his right
judgement, besides the data set consisting principally of pollen, spores, diatoms or other
microfossils and the enclosing sediment, the availability of large computers, capable of manip-
ulating massive data sets, together with sophisticated statistical and library programs, pro-
vide a good opportunity for far greater detail in the reliable reconstruction of paleoenviron-
inents.

C. W. Good: Taxonomic and stratigraphic significance of the dispersed spore genus
Calamospora

According to the results of the present investigation a wide range of variation in spore
morphology was found in the different specimens of the same cone species. The author suggests
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that a clearcut division of species within the dispersed spore genus Calamospora is not possible.
It is a great pity that this important work is not illustrated by both transmission and scanning
electronmicrographs as stronger evidence.

F. W. Potter, Jr.: Depositional and floristic interpretations of a pollen diagram from
Middle Eocene, clayborne formation, Upper Mississippi embayment

Two depositional systems were operant during the examined Middle Eocene deposition,
an open system (clay zone) and a closed system (lignite zone). Using the change in the deposi-
tional system, three pollen source areas, local, background, and regional, were established.
Pollen present in the lignite zone generally originated from the local vegetation source areas
and indicate a successional stage of the lowland vegetation surrounding the basin. Regionally
derived pollen grains are very rare in the lignite but generally are represented in the clay zone.

The results show care must be taken in stratigraphic correlation and in floristic inter-
pretation of past plant community structures and paleoclimates.

To interpret depositional environments and pollen source areas, recent pollen deposition-
al information on small basins was used.

T. N. Taytor: Toward an understanding of the reproductive biology of fossil plants.

The present paper demonstrates several examples of different methods for investigating
the reproductive parameters of fossil plants. The analysis of fossil plant reproductive systems
provides very important information for a natural system of classification. Examined examples
originated from the Pennsylvanian age and are preserved in calcium carbonate petrifactions
known as coal balls. The photos, as well as the transmission and scanning electronmicrographs
are very substantial proof.

H. A. Miller: Geobotanical overview of the Bryophyta

This paper is a good summarizing work of the evolutionary development and geobotani-
cal importance of the Bryophyta on the basis of the fossil records.

Present day distributions and the systematic isolation of many bryophyte groups
correlate well with the history of continental land mosses and their climates.

J. L. Harr, F. T. C. Ting: Modern and Paleocenc Metasequoias: a comparison of
foliage morphology

It is a good, well illustrated comparative examination of fossil Metasequoia sp. with
the recent Metasequoia glyptostroboides Hu and Chang. The fossil Metasequoia sp. was well-
preserved in silicified peat during the course of the Paleocene age in North Dakota.

R. A. Gastaldo: A middle Pennsylvanian nodule flora from Carterville, Illinois

A rich enumeration of 24 fossil genera and 52 species of the Herrin Coal at Carterville.
Illinois, is presented. The fossil plants were found in nodules of pyritiferous clay from the
middle Pennsylvanian age. The flora is dominated by the Pecopteris and Neuropteris genera.
The paper is completed with very fine original photos of macrofossils.

R.L.Leary:Paleobotanical and geological interpretations of paleoenvironments of the
Eastern Interior Basin

A good paleoecological work is published here, in which the paleoenvironments determin-
ed on paleobotanical grounds are correlated with those based upon geological considerations.
This includes data on the sediments enclosing the fossils, the sedimentary structures and
paleotopography.

B. Cornet: Preliminary investigation of two Late Triassic Conifers from York County,
Pennsylvania

This paper contains the description, comparative characterization and illustration of
two fossil conifers. They originate from a rich plant-bearing layer of Late Carnian age, from
the middle New Oxford Formation, in Gettysburg Basin, Pennsylvania.

J. E. Conkin, B. M. Conkin: North American primitive Paleozoic charophytes and des-
cendents. This paper is a successful attempt to summarize North American primitive Paleozoic
charophytes from phylogenetical, taxonomical and ecological points of view. The model and
the illustrations of the evolutionary derivation of modern kinds of charophytes from the
primitive forms, from the lower Devonian to the recent, are very remarkable.
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D. R. Koébluk: Calcification of filaments of boring and cavity-dwelling algae and the
construction of micrite envelopes

From the paper we learn the result of a very interesting experiment. Iceland spar
crystal was monitored over a period of 257 days in the shallow marine environments at Dis-
covery Bay, Jamaica. The activities of endolithic algae were observed because they are very
important bioerosive and diagenetic agents in marine carbonate environments by boring
actively into carbonate substrates. These activities affect particle angularity and size, sedi-
ment porosity and permeability, particle micritization, micrite envelope formation and other
aspects of carbonate erosion and diagenesis.

D. M. Stothers, R. A. Yarnet1: An agricultural revolution in the lower Great Lakes

Present study traces the history of the maize (Zea mays) agriculture from the earliest
evidences of prehistoric agriculture until the recent times in the Great Lakes region. It has
several radiocarbon dates.

J. F. Metress: The place of the Amerindian in the origin of the southern Appalachian
grass balds

This paper is a summarizing work concerning the origin of the grass bald areas of the
southern Appalachian summit. Taking into consideration the ecological and historical expla-
nation of other scientists in the past, this issue represents a reorganization and synthesis of
past and present ideas on the subject. It is supposed that the activity of Amerindians could
have led to the formation of the balds as a human disclimax.

C. E. Herdendorf, D. E. Rathke, D. D. Larson, L. A. Fay: Suspended sediment
and plankton relationships in Maumee river and Maumee bay of Lake Erie

This study presents the results of a complete survey to determine the quality of water
issuing from the river, particularly suspended sediment, and the plankton population in the
receiving body of water. The results concerning to the density of the phyto- and zooplankton
populations depending on the water pollution are confirmed by a great number of diverse
examinations.

S. J. Vesper, R. L. Stuckey: The return of aquatic vascular plants into the Great
Lakes region after Late-Wisconsin Glaciation

By the help of radiocarbon dated records this paper traces the recolonization by aquatic
vascular plants into the Great Lakes region after Late-Wisconsin glaciation. 5 genera (Myrio-
phyllum, Nymphaea, Potamogeton, Sagittaria, Typha) were chosen because they are currently
common and widespread in North America and most frequently recorded in pollen diagrams.

M. JARAI-KOMLODI

Brenan, J. P. M.—Ross, R.—Wi.ittiams, J. T. (1975) Computers in botanical collections.
Plenum Press, London, pp. 216.

The book is a collection of 20 papers (a few of these only abstracts) written by different
authors, on using the electronic data processing (E.D.P.) methods in taxonomic plant collec-
tions in Europe and other countries.

Originally the contributors introduced this subject at a conference in the Royal Botanic
Gardens Kew, from 3rd to 6th October, 1973. Almost 90 delegates, observers and speakers
participated. “The purpose of this meeting is to explore areas where Electronic Data Processing
can be help in the storage and retrieval of information concerned with herbarium and other
preserved material” (Hawkes).

“1 hope that the results will lead to an agreement on descriptors and a basic structure
suitable for E.D.P. system which may be adopted by all major European botanical institution”
(Rannestand).Brenan,besideshaving doubts with regard to E.D.P., in any major herbariums,
made some suggestions for priorities based on needs at Kew. The most important and general
from these are the following: the conservation of genetic resources; the label data in the herba-
rium are a rich source of references to economic uses of plants; to collect the vernacular names
of species in different countries; the voucher specimens for non-taxonomic research, areas
of special research interest; geographical survey of genera and species; to standardised family
and generic catalogue etc. Brenan also established: “1 must emphasize that an E.D.P.
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system in the herbarium can serve a useful domestic purpose, but its usefulness is enormously
increased if it becomes part of an automated inter-institutional, international information
system.”

The main problem as is known to all botanists, is that the type specimens, which are
the “vital documents for current research” “are scattered throughout the herbaria of the
world, but no central register of types or their location exists”.

Further on the authors presented different methods and programmes for E.D.P. of
herbarium specimen data for example for the flora of Veracruz (Gomez— P ompa et al.). Several
papers deal with the herbarium specimen label information, the forms and contents of records.
The more interesting examples were given by Greenes and co-workers, because they used
E.D.P. for the herbarium containing specimens from the Antarctic. This herbarium differs
from the other one, because of having a high percentage of unidentified material. Their data
bank contain the file of identified and unidentified material for taxonomic and phytogeographic-
al work.

The more prominent system for the taxonomist was designed by Rogers; the TAXIR
(Taxonomic Information Retrieval) and by Mello, the SELGAM system.

Soper has elaborated the application of electronic data processing to the mapping of
plant distribution in a book. In this volume the planning of investigation and E.D.P. are
very precise and useful, unfortunately there are no interpretations of the results. A description
and usefulness of the living plant record system in Botanical Gardens was discussed by Cutten.

This conference and the papers which are collected in this volume, focus attention
to the needs of a data bank for the type specimens, and the possible application of different
systems and the computer programmes in botanical collections.

J. Szujké-Lacza

R. W. F. Hardy and Warren S. Sitver (eds.): A treatise on dinitrogen fixation. Section III:
Biology. John Witey and Sons, New York—London—Sydney—Toronto, 1977. pp. 673.

After the publication of selected works presented at the IBP Meetings of Wageningen
and Edinburgh 1970, 1974 (Biological Nitrogen Fixation in Natural and Agricultural Habitats
- T. A Lie and E. G. Mulder eds., Plant and Soil Special Volume, Martinus Nijhoff, The
Hague 1971, Nitrogen fixation by free-living microorganism, Ed. by W. D. P. Stewart,
IBP No. 6, University Press, Cambridge, 1975. Symbiotic Nitrogen Fixation in Plants ed. by
P. S. Nutman, IBP No. 7, University Press, Cambridge, 1976) and the very good summariza-
tion of the above problem sphere: Biology of nitrogen fixation ed. by A. Quispel, North-
Holland Publishing Co., Amsterdam, 1974. Nowadays a new series is under publication by

A. Wiltey — Interscience Publication (gen. ed. R. W. F. Hardy): Section I. Inorganic and
Physical Chemistry (ed. by F. Bottomley) Section Il. = Biochemistry (ed. by R. C. Burns)
Section Il1l. = Biology (ed. by W. S. Sitver) Section IV. = Agronomy and Ecology (ed. by

A. H. Gibson).

As regards the great importance of research on N2-fixation we quote here a good descrip-
tion of the book flap on “Biology”:

“There are three major reasons for intensifying the study of dinitrogen fixation: the
need to increase dinitrogen fixation to facilitate the increase in crop production that will
enable less developed countries to provide adequate food for their people: The increasing
need to understand the earth’s biological environment (the inputs and outputs from all habi-
tats): and the need to know how perturbation of any element of existing ecosystems will
influence the behavior of all component parts.” Section I11. “Biology” is written by 15 authors
(among them American, Canadian, Indian and Scottish), also the excellent representatives
of rhizobiological research in Australia F. j. Bergersen,J. S. Pate, C. A. Parker,J. M. Vin-
cent (and E. A. Schwinghammer who works there) can be found here. In the 13 chapters
the systematical list of bacteria, blue-green algae, lower plant associations (associations with
fungi and green plants, lichens, Nostoc and a phycomycete etc.) having N2 fixing capacity,
as well as their physiology — of course with special respect to the N 2fixation (e.g. growth
requirements etc.) are elaborated.

In a very interesting chapter the foliar associations in higher plants is discussed (the
leaf as a microenvironment, N2fixation in the phyllosphere, systematics and geographical
distribution of leaf nodule plants and bacteria the potential symbionts of plants).

The latest results on N2-fixing associations in higher plants other than legumes as well
as the legume-rhizobia symbiosis are summarized too.
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As regards the leguminous symbiosis it is discussed from genetical points of view (both
macro- and microsymbionts and Klebsiella) rhizobiological aspects (Rhizobium: general micro-
biology) and a good survey is given on the infection and development of leguminous nodules,
functional biology and physiological chemistry of N2-fixation by legumes etc.

Finally a short but useful outline is presented on the “Perspectives in biological dinitro-
gen fixation” too. More than 2500 publications are cited in the book and though N2fixation
as regards its biology has already been published in many thousand papers and books in the
last 9 decades, but the citations of this book represent well the latest literature originating
from not only a few selected journals and containing results obtained in different parts of the
world. A few papers from Hungarian authors can be found too (e.g. Balassa R., Barabas
S., Eérdogh, F., Gabor, M., Gyorffy B., Kecskés, M., Kondorosi, A.,, Orosz, L., Sik. T.,
Svab, S., Szende, K.).

The book is very useful for research workers, lecturers, students of any field of biology
(mainly of course: microbiologists, botanists those working in genetics, agronomists, forestry
engineers, ecologists etc.). It contains much new information for the botanists e.g. giving many
good examples for the macrosymbiont-microsymbiont, microsymbiont-microsymbiont associ-
ations which are suitable for reviewing earlier points of view.

The book (and the series too) serves the better understanding of the biological basis
of N2fixation and in this way is an important step towards solving one of the most urgent
problems of our age: to produce more food and to save the traditional energy sources used
in human society.

M. Kecskés

K inzet, H.: Grundlagen der Stoffwechselphysiologie: Eine Einfihrung in die Energetik und
Kinetik der Lebensvorgdnge. Eugen Uimer GmbH Co; Stuttgart, 1977. 276 p., DM 22.80

The functional trends of biology, and the new results of research can only be comprehend-
ed if we have adequate fundamental knowledge of physics and physico-chemistry. Professor
Dr. Helmut K inze, professor at the plant physiological department of the University of Vienna,
wishes to provide us assistance in this. As is indicated also by the subtitle, he puts emphasis
primarily on the questions of energetics and kinetics. The book consists of 15 chapters. Such
questions are interdisciplinarily discussed in the various chapters that are otherwise separately
dealt with in handbooks and textbooks of physics, physico-chemistry, biochemistry and physiol-
ogy. Their joint discussion highly promotes a better understanding of the various biological
processes.

Parallel with throwing light on the basic physical, physico-chemical notions and regulari-
ties, the book discusses the energy production of living beings, respiration and fermentation,
as well as the origin of heat produced by the organism. The role of adenozintriphosphate in the
energetics of organisms, as well as the utilization of ATP in carrying out work, in transport
processes, and in various biosynthetical processes, are emphasized.

In the field of reaction kinetics, attention is primarily paid to catalyses and to enzymes
carrying out the catalyses in the living organisms. After expounding the various notions related
to this field (for example, activation energy), the author presents a comprehensive picture of
the role enzymes play in metabolism, of the relationship between enzymes and substrates,
of the effect of substrate-concentrations. He explains in detail the theory of Michaetis-
Menten well known from enzymology, provides its mathematical analysis and Lineweaver-
BuRK-type graphical illustrations. He also interprets the physical content of Michaetis’s
constant.

W hen presenting the kinetical order of reactions, the author analyses the reactions of
the first order. He also touches upon the reactions of the higher order. In connexion with
biocatalysis, he also dwells on the kinetical conditions of reactions catalysed by enzymes.

In connexion with the various life phenomena, the book refers to the basic questions
of bioregulation several times.

The author has undertaken a difficult task of elaborating the material through a modern
approach, and he has succeeded in doing that, although the editing is not always consistent.

The understanding of the material of the comprehensive book is enhanced with 65
figures and 14 tables, which are partly original, while part of them are taken over from the most
known text-books and handbooks. This book, which is published in the “Uni-Taschenbiicher”
series, will be of great value for university student who wish to absorb biology, and for young
researchers and professional teachers of biology, as well as for all readers interested in biology.

Mrs. B. Szajani
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Wood, R. D. (1975): Hydrobotanical methods. University Park Press, Baltimore—London—
Tokyo, 173 pp.

This book was written as an university manual for that reason 4 ... to assist the profes-
sor in a traditional department in preparing students ...” and 4... to provide a series of
field and laboratory projects for training university students in aquatic ecology, with emphasis
on the autophyte, and to offer detailed instructions for a set of methods useful in aquatic
investigation”. It could be useful as a starting book for the education, and for anybody, who
is interested in this topic. This book consists of 12 projects. Every project is an actual task
to be solved and prepared respectively. Each project is divided into five parts as follows:

“objective” — it contains the task, what to do; “method” — it gives special and exact
descriptions to carry out the investigations; “data” — it informs you on what data can be
obtained after finishing the investigations; “reference” — the special literature on the subject
is introduced here; “notes” — this is a substantial part of every project, procedures, devices,

ideas required for the accomplishment of investigations are detailed.

The first project is about the knowledge of the examined area. This area has to be chosen
with special regard to aquatic habitats. Reports can be made on the topographic features,
water drainage patterns, human activity — its effect on aquatic life.

In the second project the preparation of a floristic list in the examined area is present-
ed. This list will be a qualitative report of that area. The appropriate collection of differ-
ent plant species living in water, labeling, the different ways of drying of plants, the possibi-
lities of identifying and pressing are indicated.

The next three projects (3, 4, 5) give some information about the proper sampling
methods, which are also applied in other fields. We can obtain a quantitative report of vege-
tation in an area. The position of each plant can be fixed along a line by using the line-transect
method. The profile diagram (bisect) of a littoral vegetation in a pond, the life form association
diagram, the depth-species gradient table can be prepared from the field data. By means of
the quadrat method other features also can be examined, e.g. biomass, density (number of
shoots per m2), diversity (only number of species per m2), productivity. The quadrats used
generally are 1 m2 but their sizes depend on the type and density of vegetation. Except for
the former mentioned characteristics, velocity, water depth, discharge, and sediment analysis
also can be made. The investigation of vegetation in deep water is carried out by indirect sam-
pling methods. Two of them are demonstrated. One of them is the boat team transect method
and the other is SCUBA team transect. The latter claims several divers with W-Z diver’s
sampler. It called attention to the fact that not only the benthic vegetation (fauna, too) and
phytoplankton need to be studied, but their surroundings, too.

In the project 5a the author writes how a complex hydrobotanical investigation of a
basin has to be carried out. The investigation needs a well equipped and well organized team.
The applied procedures are discussed in alphabetic order, such as physical-chemical analysis
of different elements and compounds (alkalinity, pH, nitrates, dissolved 02 and C02 etc.),
the descriptions of sampling instruments (Eckman dredge, Kemmerer water sampler) and the
description of biological features (phytoplankton analysis, periphyton analysis, etc.).

In the project 6 we find out how a hydrographic chart of a basin has to be prepared.
It is necessary for the knowledge of surface outline and depth contours. A surface outline
can be drawn using any maps (topographic map, aerial photograph) or without map using
plane table alidade. The recording fathometer is used to prepare depth contours, so the par-
ameters of a lake (mean breath, mean depth, mean slope, etc.) can be calculated.

Project 7 deals with current problems, vegetation of polluted waters. The vegetation
of a pollution zone is characterized by the species living there. The species are used as pollution
indicators. The pollution of petrochemicals, heavy metals, BOD (biochemical oxigén demand),
coliform count also have to be measured.

In project 8 some phytosociological methods are outlined, such as determination of
minimum satisfactory quadrat size for study of an association; preparing an association table
on the basis of abundance, constancy, cover; setting up a life form diagram. For further analysis
these can be connected with measures of several environmental factors (soil, sediment, water
analysis).

Project 9is concerned with vegetation of the intertidal zone. At the study on the horizont-
ally oriented life zones the most important moment is to establish the accurate altitude of
zones investigated. To obtain the poper time of study it is necessary to know the formation
of the tidal curve (it is representation of water level changes in function of time).

Project 10 outlines briefly the method of sampling used in oceanographic hydrobotany.

Project 11 deals with the diel (24-hr) changes in environmental factors of a given aquatic
habitat. It concerns measures of physical-chemical factors. Schedule for sampling (that is
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how many samples must be taken during 24 hours) is to be established. The more frequent the
sampling the more accurate the changes of factors can be followed. The author does not
deal with the diel rhythm of organisms, but it is also very important.

Project 12 acquaints us with the role of algal cultures in ecological investigations.
iVlgal cultures can be used for testing toxicants, or for evaluating the eutrophic potential
of water. The latter is based on the difference in growth of a test alga in a standard medium
and in the water to be examined. The most essential techniques are also reviewed for culturing.
Some recipes of media for algal culture are described.

The projects 13, 14 and 15 are about measures of primary productivity based on light
and dark bottle, pigment analysis and 14C uptake respectively. The methods are appropriate
both for phytoplankton and for macrophytes.

The last project (16) concerns the cycling of two elements (32P and 65Zn) based on
measuring rates of uptake of these radioisotopes. The change of 32P (in water, sediment,
plankton, sidewall algae, mud algae) is illustrated by an experiment carried out in an aquarium.

At the end of the book we can find a list of abbreviations commonly used in hydrobotan-
ical literatare, as well as a glossary containing constants, terms and units. The book is com-
plemented by author and subject indexes. The references given in the separate projects are
rich enough, though they contain chiefly American references. The projects are well illustrated
with figures, graphs and tables.

E. Molnar

R. G. Wiegert: Ecological Energetics. Benchmark Papers in Ecology/4. Dowden, Hutchin-
son, Ross, Inc., Stroudsburg, Pennsylvania, 1976, 457 pp.

This fourth volume of the book series entitled “Benchmark Papers in Ecology”, edited
by F. B. Golley, discusses a very important and exciting field of ecology, namely, ecological
energetics. In an excellent compilation by Richard G. Wiegert, Professor at the University
of Georgia, an internationally acknowledged expert on the topic, numerous valuable scientific
publications are dealt with. Ecological energetics comprises studies on the transfer and con-
version of energy, or materials containing energy, from one organ, population and ecosystem
to another, and within these. In the past twenty years, this field of ecology has acquired a
central position in intensive research. The examination of the flow of energy and of the use
of energy is of fundamental importance in the research on the function of ecosystems.

R. G. Wiegert has selected 38 such articles for his book, the authors of which are also
well known in the literature. W ith these articles, the editor presents the theoretical questions
of ecological energetics, its methods of investigation and also its results in practice. Wiegert
remarks that he endeavoured to choose the most important articles published in the literature,
but, owing to lack of space, many of the important ones had to be left out of the compilation.
It was rather the shorter, newer and more comprehensive studies that were considered in the
selection. In addition to the 38 studies, 10 editor’s comments provide a summary of articles
on identical topics together with short supplements using other literature data not occuring
in the book itself.

The book is divided into five parts. Part One: History and theory. Five articles deal
mainly with the theoretical questions of ecological energetics, that is, among others, with the
following topics: basic notions of production biology (A. Macfadyen), thermodynamical
considerations in nutrition (R. G. Wiegert); determination of thermodynamical data and
their use in ecology (D. Scott), etc. In the introductory editorial remark, the historical develop-
ment of this branch of science is described.

Part Two: Energy: Levels of storage and efficiences of transfer. Eight articles deal with
the determination of the caloric values of biological materials, with the caloric values of plants
and animals, and with ecological efficiency. The editor placed the fundamental article published
by Lindeman in 1942 in this Part.

Part Three: Energy: Rates of transfer. This Part contains sixteen articles written on topics
like the primary production of communities and ecosystems; photosynthesis and respiration;
secondary production; the metabolism and respiration of various animals. Several of the articles
describe the methods of measuring the data obtainable with respect to the above processes.
Mention is made also of the primary production of waters.

Part Four: Energetics of ecosystems. Articles on the questions of energy flow in various
animal populations and communities, and of community energetics, as well as community
metabolism are contained in this Part. Several of the articles are by E. H. Battiley on enthalpy
and free energy transformation taking place during the growth process of Saccharomyces
cerevisiae.
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Part Five: Future directions. In this short Part the editor treats the question of modelling
the flow of energy, which at the same time constitutes his present topic of research. For example,
the describes in short the minimum quantity of information necessary for the construction of
a real non-linear discontinuous model.

| think this volume, which contains many fundamental and often not easily available
articles, will be of great use and will provide great assistance to those working in the field
of ecological energetics, to the university students and junior researchers who are becoming
familiar with the topic, as well as to teachers. Considering its important articles the book by
all means, is recommended to ecologists of soil and water as well.

B. Papp

Mathematical Analysis of Decision Problems in Ecology. Lecture notes in Biomathematics.
Yol. 5. Edited by A. Charmes and W. R. Lynn.—Springer, 1975.

The volume contains the selected lectures delivered at the Conference held in Istambul,
1973. The aim of the Conference was to arrange for a meeting between the leading researchers
who deal with important ecological problems in various fields of science and to present the
advance of mathematical researches which may help in decision-making with regard to ecologi-
cal problems.

For convenience, the book is divided into four parts: (A) Problems of Land Use Manage-
ment, (B) Air, Noise and W ater Pollution Control, (C) Control of Infections Disease, and (D)
Social and Behavioral Analysis.

The lectures of interest for plant ecologists are to he found mainly in the part entitled
Land Use Management. The paper by Bormann, IL, An Ecosystem Approach to Problem
Solving, summarizes the study results gained in Hubbard Brook Experimental Forest. The
forest exerts a fundamental influence upon the chemical, hydrological and meteorological con-
ditions of the area. In order to have a quantitative assessment of human influence on the region,
the chemical, and hydrological cycles as well as the biological changes in the natural and the
treated forests were investigated. By the effect of clear felling, the chemical and hydrological
cycles became altered and considerable biological changes have taken place. The narrow-
minded inappropriate interferences of agriculture, forestry and country planning, incognizant
of the essential interconnections, lead to unforeseen and undesirable results. If the treatment
methods in the area are based on a better understanding of the working of the ecosystem,
the results can be controlled and the detrimental ones prevented.

The next lecture, entitled “A Grazing Lands Simulation Model”, was delivered by
W ielgolaski. The model was developed so that on the basis of the results the effects of graz-
ing on the various types of vegetation could be compared with one another, and a more exact
knowledge of the turnover in carbon and nutrient supply of the system became available.
Assimilation, translocation, decayed plant parts, and decomposition were examined in the
model as a function of environmental factors. Since one of the requirements of the model
was that it should be available for use in a large field, its scale of resolution is relatively low,
there are numerous simplifications in it. The interactions were considered linear, no consider-
ation was given to competition between plants, to preferences of the grazing animals to certain
plant species and to regeneration after grazing, etc. It seems, however, that on the basis of the
model prediction is still possible with regard to the optimum size of the animal population
which is still maintainable by the vegetation without a risk of damage in the cases of various
environmental conditions. A further refinement of the model is possible, necessary and
realizable.

The third lecture in this part (An Hierarchical Goal Programming Approach to Environ-
mental — Land Use Management by Charmes, A., Haynes, K. E.. Hazelton,J. and Ryan,
M. J.) is useful for those working in environment protection (water protection).

Among the subsequent lectures there are some very interesting ones which apply the
game theory to the solution of various problems. For example, Heaney, J. and Sheikh, H.,
“Game Theoretic Approach to Equitable Regional Environmental Quality Management”,
and the lecture by Bayart, D., Collomb, Il., and Ponssard, J.-P., entitled “A ‘Pollution’
Game: A Theoretical and Experimental Study”. These addresses are considered important
because game theory has only to a very slight extent been applied in ecology and ecosystem
researches, and so its seems an unexploited possibility.

There are among the lectures on environmental protection also some which require
further research. For example, that of Loucks, D. entitled “Environmental Noise Manage-
ment” and of Gotaas, H. and Galileéer, W., “Biological Filter Design Optimization”.

The studies by Fietz, K. “Simulation Models for Genetic Control Alternatives”, and
Oostello, W. and Taylor, H. “Mathematical Models of the Sterile Male Technique of Insect
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Control” examine the genetical and plant protection problems involving the application of
sterile males.

The review of the volume discloses that ecology is interpreted by the organizers on a
very wide scale and that the ecological approach is useful in many fields, and further that
the researchers apply a highly divers mathematical apparatus for analysing decision problems
(integro-differential equation systems, multi-level programming, stochastic processes, game
theory, etc.).

No subject and author index is available in the volume which makes its use difficult.
This shortcoming can be explained by the quick publication. The layout is very fine, the text

is well readable, the quality of the figures is excellent.
|. Précsényi

Likens, G. E.—Borman, F. H.—Pierce, R. S.—Eaton, J. S.—Johnson, N. M.. 1977:
Biogeochemistry of a Forested Ecosystem. Springer, New York, Heidelberg—Berlin.
148 pp., 6 photographs, 22 tables, 31 figures

This book presents a detailed analysis of the biogeochemistry of an undisturbed northern
hardwood forest ecosystem as the well-known “Hubbard Brood” ecosystem.

Approximately 50 senior scientists and a lot of graduate students have studied the
Hubbard Brook ecosystem for 15 years to understand the energy and biogeochemical relation-
ships of the forest ecosystem as completely as possible in order to propose sound land manage-
ment procedures. During that time over 200 publications have come about and 2 books have
appeared so far to summarize the studies at Hubbard Brook, and the third volume from this
work is planned for the future.

This book is the first volume of this series. It synthesizes not only the results obtained
in studying the biogeochemical flux and internal cycling of nutrients in the ecosystem, but also
calls attention to the different methods applied and methodical problems, as well as emphasiz-
ing the usefulness of the “small watershed technique”, which allowed measurement of input
and output of chemicals and the construction of ecosystem nutrient budgets.

The ecosystem studied is a watershed or drainage area, within it there are 6 adjacent,
small watersheds with similar vegetation and geology and the same climate. These sample
areas provided a possibility for replication as all vegetation on 2 watersheds of the eco-
system were cut and experimentally manipulated in the late 1960-s. So a comparative
study of undisturbed and perturbed ecosystems as well, could be done. The investiga-
tions began in 1963, and since then many thousands of data have been collected, which
showed seasonal and year to year variations in biogeochemical flux of water and nutrients.
So reliable generalizations, predictions could be made from the long-term analysis a3 well as
from the ecosystem model.

This book consists of 8 chapters. The first one deals with the Hubbard Brook ecosystem
analysis with the development of an ecosystem model. This model was applied to describe
the input and output of flux and cycling of water and nutrients across the ecosystem’s bound-
aries and within the ecosystem. It was assumed, that inputs and outputs are moved by météoro-
logie, geologic and biologic vectors, and the nutrients occur in 4 basic compartments, which
are the following: 1. atmosphere, 2. living and dead organic matter, 3. available nutrients and
4. primary and secondary minerals. In the end the organic, available nutrient and soil and
rock mineral compartments through rate processes including decomposition of organic matter,
leaching and exudate from the biota, nutrient uptake by the biota, weathering of primary
minerals, and formation of new secondary minerals were linked as the intrasystem cycle of
the terrestrial ecosystem.

Because the ecosystem studied comprises watersheds, the second and the third chapters
provide detailed information on the hydrology and the precipitation and stream water chemistry.
Precipitation, streamflow, evaporation and transpiration were measured continuously and
weekly samples of precipitation and stream water were collected and chemically analysed
for all the ions. It is emphasized, that the météorologie input was strongly influenced by
human manipulations. It is illustrated chiefly by measuring acidity of precipitation. It was
established, that Spollution and nitrate concentration have increased in the rain and snow within
the last 10 years caused by industrial works and internal combustion engines. To describe
changes in stream water chemistry a model has been developed, which could predict quite
precisely chemical changes in the stream water and the relationships of mass nutrient output
to annual streamflow within the undisturbed watershed ecosystem. But when the watershed
was deforested, the model was also completely wrong. Among others this also indicates, that
the regulating effects, the chemical control of ecosystems are very important.
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Nutrient budgets for dissolved ions for the Hubbard Brook watersheds are elaborated
in chapter four. It was determined from the difference between chemical input per hectare
and geologic output (output in stream water) per hectare. Input was calculated from the
product of the ionic concentration (mg/l) and the volume (liters) of water as precipitation.
Output was calculated as the product of the volume (liters) of water draining from the water-
ecosystem and its ionic concentration (mg/l). Budget for all of the ions and substances were
measured, and annual input — output budgets, seasonal and monthly variations of it were
also given.

The following chapter deals with the problems of weathering, and the total geochemical
cycle of some elements are illustrated in the 6th chapter. Especially the latter shows the inter-
action of the hydrologic-nutrient cycle and the forest ecosystem, and strongly points at the
role of controlling the ecosystem. Nutrient budget of aboveground and belowground living
biomass, forest floor (litter, soil), mineral soil and rock and element fluxes in bulk precipita-
tion, net gaseous uptake and impact of aerosols, litterfall, translocation, throughfall and
stemflow, root exudation, root litter, net mineralization, uptake, hydrologic export, weather-
ing were investigated in detail.

Finally, the original data from the Northern Hardwood Ecosystem at Hubbard Brook
were compared with data from other forested ecosystems in the world and the most important
results and the general conclusions were summarized.

This book is important theoretically and also from a practical point of view. It is very
useful both to the scientists concerned with the theory of biogeochemical cycles and the struc-
ture and function of forested ecosystem, and to the land-use specialists, too.

The layout of this book is exemplary and the illustrations in it are excellent. All of the
tables and the figures are very demonstrative.

Finally, a very valuable list of references including mainly the studies on the Hubbard
Brook ecosystem can be found.

K. VIRAGH

Patten, B. C. (ed.) (1971, 1972): Systems analysis and simulation in ecology Vol. I.—II.
Academic Press, New York 607 pp, 595 pp

Modeling, simulation and system analysis have gained more and more importance in
ecology lately. They originate from physical and engineering sciences and seems to be a useful
tool for solving some problems in ecology. A wide spectrum of these problems and approaches
to solve them can be found in the four volumes (Yol. Ill. and 1Y. will be reviewed in the next
issue).

) Each volume contains a list of the contributors (with their addresses), a general index
and the contents of the preceding volumes. The separate volumes are built up of a few parts,
each containing several chapters and a short summary of them. Each chapter is an original
work written by several authors and has its own reference list. The works are of different
size and well-illustrated by tables, graphs, maps, computer program details, etc. The topics
of the separate chapters vary in wide range from introduction to modeling to applications and
prospects, and/or new theories. The models described are at different stages of development,
both in theory and in operations. That is easy to understand, as the approaches to develop
a model, the aims of a model, the degree of abstraction, the field-work, etc., depend on the
nature of the starting problem, so solution ranges over a large scale. Therefore a uniform treat-
ment of the subject “ecosystem modeling” is impossibile and meaningless. In the four volumes
we can find numerous ways of abstraction, model building, etc. As the volumes are not compre-
hensive wholes, the chapters are separate works having parts in common chiefly in their
introductions and theoretical fundamentals. So reviewing would entail repetition and over-
lapping, and would require a lot of space. Therefore the reviews of the separate chapters
vary in size and detail.

Volume 1.

It consists of three parts.
Part 1.

This section gives a short introduction to modeling in two chapters.

The first chapter gives a brief and elementary interpretation of a system, the state of
a system, and some types of population and ecosystem models (e.g. population competition.
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feedback, block diagram, compartment models, etc.). It also treats the elements of analog
and digital computation, and comparison of them. This is connected with an introduction to
the program languages Fortran IV and s/360 CSMP. The text is well illustrated with examples.

Chapter 2 presents a rationale for ecological model-building used as an example a pine-
moore food web. We can know the steps of model building discussed in detail, the difference
between non-dynamic and dynamic state variables, the main outlines of linear and non-linear
system analysis.

Part II.

It treats one-species models in three chapters.

Chapter 3 deals with the mathematical analysis of a microbial population, both in
continuous and batch cultures.

Chapter 4 presents the study of the bioenergetics of Armadillidium, a terrestrial isopod.
It applies concepts from control theory, and the transfer function technique of classical
dynamic analysis.

Chapter 5 is about a study on the energetics of the fish Micropterus salmoides based
on laboratory experiments. A computer model of various ways by which the predator dissi-
pates energy was developed. The idea of analysing the filmed feeding sessions is very interest-
ing. This is a new possibility, which can be used to connect ethological studies with compu-
ter analysis.

Part Il1.

This section contains five chapters. They show various aspects and philosophies of
simulation of different ecosystems.

Chapter 6 gives a general population model at single-species level. According to the
author’s opinion, the behavior of a big system can be mimicked by combining detailed sub-
models. These concepts are discussed in the paper.

Chapter 7 presents a number of problems in ecosystem simulation, e.g. simulating
temporal fluctuations, quantifying energy and material flows, compromising mathematical
perfection to data imperfections, etc., based on the study of a cryptozoan community of
the forest floor.

In Chapter 8 the authors treat the question, whether the newer methods of system
ecology can be used in connectionwith the older data and observations of traditional synecology.

In the last two chapters (9 and 10) we can see the process of model building and develop-
ing from the simplest one to the most proper one, following the steps outlined in Chapter 1.
The final model constructed by the author (in Chapter 10) has more of a pedagogical value,
than an analytical one, presenting the successive levels of model building in details and well
discussed. The work is based on the classical works of Lindeman.

Volume II.
The second volume contains 12 chapters grouped in four parts.

Part 1.

The single chapter in Part I. is an introduction to system science, but is not identical
with Part I. in Vol. I., having new questions, such as the role of the observer, characterization
of objects, etc. Of course, there is some overlapping, too.

Part II.

Two chapters are included in it. They treat two kinds of analysis, the sensitivity anal-
ysis and the frequency one, Chapter 2 and 3, respectively. The former is outlined briefly, the
latter is outlined in a more detailed form.

Part 111.

The five chapters presented in this part represent consistent and basic sets of formal
characterizations of some main themes in system ecology. They are “’theoretical” and so would
seem to be prosaic and abstract, and in some cases difficult to read. But, they are essential
for understanding the problems and for building useful models.

In Chapter 4 the symbolic language used for describing energy systems is presented.
This language combines energy laws, principles of kinetics, some philosophical tenets of elec-
trical systems.

Chapter 5 deals with the feasibility of several nonlinear formulations in compartment
modeling of ecosystems. It investigates whether a mathematically and ecologically satisfactory
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steady state does exist having all compartments and flows real, positive and final values.
Not all nonlinear systems can serve as a model for natural systems as it is indicated here.

Chapter 6 concerns the connectivity in systems. In an ecological context it means the
problem of food webs. The theory of mathematical graphs is used to investigate the charac-
teristics of food webs (the maximum number of links in a web, the maximum length of a chain,
the trophic partition, subwebs, etc.).

Chapter 7 takes up the important topic of ecological niche, one of the most elusive
concepts in ecology. The study approaches the problem of ecological niche from the point of
bird habitat selection. The goal was to develop and utilize a quantifiable geometric niche model
of species. Three niche measures were used, the measure of realized niche, and two measures
of fundamental niche, that is the niche width and the niche overlap. These measures were
used to construct niche patterns. The ability of the niche pattern concept to characterize the
niche structure suggests a wider application. Hypothetical niche patterns were constructed
to compare several communities.

Part IV.

Five chapters are included in this section. They present some possibility of system
ecology applications.

Chapter 8 deals with the problem of fisheries. The material of this chapter suggests
that the methods of system analysis are potentially valuable for a better understanding and
solution of the problems of fishery.

In Chapter 9 the author gives a review of the current status of computer simulation
modeling in applied ecology. There area lot of examples with biological or with bioeconomical
goals, chiefly from the topic of fishery.

Chapter 10 is devoted to uses of system concepts and methods in courtroom environ-
mental defences. The different ways that system studies can be used in court action are
brought out.

Chapter 11 treats system ecology and the future of human society. Man is tied to
a global ecosystem and planning for survival means finding ways to handle the complexity.
Much of the chapter is devoted to the CALSIM (California Simulation) project, a team study
to explore the feasibility of developing a model of social economic and écologie aspects of the
state of California.

In Chapter 12 the brief history and current status of ecological modeling are reviewed
and the growth of interest and activity are stated and documented. The trend from indivi-
dual efforts to interdisciplinary teams is indicated. Moreover a few “next generation” eco-
inodels are outlined, as well. Of particular interest is the extension of ecology to the spheres
of human personality and interactions. The author regards ecology as a valid perspective on
all large man-nature systems.

J. N. Né&sek
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ACTA BOTANICA
TOM23. BblIr. 3-4

Pestome

BAMEYAHNE O KYBUMHCKWMX ACANTHACEAE |I. OPLONIA N ELYTRARIA
A BOPX/AM, O. MIOHL,

B HacToslle/i paboTe OBGCYXAAtOTCA HEKOTOPble TaKCOHOMWYECKME NpobieMbl poja
Oplonia Raf, faeTca HOBbIN KN4 K onpeaeneHnto paCTEHI/IVI 3TOro poja, a TakxXe OnncbiBaeTCA
4 HOBbIX BuAa v 1 noaBug (0. moana sp. n., O. cubensis sp. n., O. multigemma sp n., O. Acunae
sp. n., 0.spinosa ssp. insularis ssp. n.) U AaETCﬂ ,u,ononHMTeanoe onncaHue HeKOTOprX BNAO0B
O. nannophylla (Urb.) Steam ., O. tetrasticha (Wr. ex Griseb.) Stearn., O.polyece (Stearn) Borhidi.
Bo BTOpOI1 YacTW CTaTbM HaXOAWUTCA KU K ONpeAeneHnto Ky6uHCKoro poga Elytraria Michx.,
a TakXKe onucaHue AByX HOBbIX BUAOB M O4HOrO HOBOro noasuga (E. spathulifolia, sp. n., E.
filicaulis sp. n., E. planifolia ssp. Acunae ssp. n.) u B KOHLE OMUCbIBAETCA BMA Stenandrium (S.
heterotrichum sp. n.)

CYNPANHAMBNAY AIBHAA TOMOIMEHHOCTb ®OTOCUHTETUYECKUX
MArMEHTOB. YYEHWE O CTPYKTYPE COOEBLECTBA

I POK3ITS, 3. TYBA

ABTOpbI MCC/IEA0BA/IM COAEPKAHME (POTOCUHTETUHECKUX MUTMEHTOB (X0PO(UAIA 1 Kapo-
TMHOW/JA) Ha TPeX YPOBHAX B_NeCy Quercetum petraeae-cerris. Pa3feneHne MUIMeHTOB Npous-
BOAM/IOCh METOZOM TOHKOC/OWHOW Xpomatorpaguu. BmecTe ¢ BUAOBbIMU-WHAMBUAYALHBIMM
06pasliamMy aBTOpbl aHaM3MPOBaNM W CynpauHAvBMAyaibHble 00paslbl BWAOB, COCTaBs-
IOLLMX YPOBHU. Llenb: MOXHO N CUMTAThCS C perynsumeid, AeiicTytolleil Ha cyrnpavHAMBU-
[yaNnbHOM YPOBHe, KOTOpas BAIMSIET KaK rOMOreHM3aTop Ha GUOXUMUYECKYHO CTPYKTYpY. BasTre
00pasLioB MPOMCXOAW/IO B YETbIPEX MOBTOPHOCTSX, Kak M3 BUAOB, TaK U W3 CMELLIaHHbIX 06pas-
L10B. OLEHKa No/TyYeHHbIX AaHHbIX OCHOBBIBA/IACh HA OTK/IOHEHUW AaHHbIX, BEpHEe Ha CXOACTBe
MOBTOPHOCTEN M Ha Pa3HOO6PasvM MUFMEHTOB.

Ha ocHoBe OTKIOHEHUs O6LUEe COfepXKaHre X0poduia B KyCTapHUKOBOM W TPaBsIHU-
CTOM YpOBHe 60siee FOMOTEHHOE, YeM Y UX KOMMOHEHTOB (BWJOB), a /SIMCTBEHHas KpOHa fe-
PEBLEB 3aHMMAET MPOMEXYTOUHOE MECTO MEXAY [BYMs Bufamu ay6a. Ha OCHOBe pensiTUBHOM
(PPEKBEHLMM LLIECTV MUTMEHTOB (XI0POGUAN &, XNOPOpUAN 6, KAPOTUH, NyTEMH U aHTepakcaH-
TWH BMECTe, BUOMTAKCAHTWUH, HEOKCAHTUH) MO/TYYeHHbIE 3BKIUAHbIE PACCTOSAHUS MOKA3bIBAKOT, UTO
KpOHa NINCTbEB U TPaBSIHOW YPOBEHb, KaK CynpauHAMBUAYaNbHas eAuHMLA Gonee rOMOreHHas),
YEM OT/iE/bHbIE KOMIIOHEHTBI. EC/I MPUMEM BO BHUMAHWE, BbIDBKEHHOE HOPMYON Shannon
pas3HooGpa3ue MUrMeHTa, TOrJa BCE TPW YPOBHS 60Mee roMOreHHbI, YeM OTAebHbIe BuAbl. Bepx-
HWJ M HUKHWA YpOBEHb fleca, a B OCOGEHHOCTM (DUKCMPOBAHHAS MUMEHTHAs CTPYKTypa
TPaBSIHOFO YPOBHS FTOBOPUT O FOMeOCTa3e, KOTOpbIiA CynpavHAUBULYa/bHO PerympyeTcs.

BV/IOBOE PA3SHOOBPA3ME BOJOPOC/EN B IBYX PbIBHbIX O3EPAX
Il. YACTb. HE BUOOBON YPOBEHb

N. XAALY

Mporpamma pa3Hoo6pasns, NpoBefeHHad TUMNOTETUYECKMM HAbOPOM AaHHbLIX MOATBEp-
Avna, 4yTo 60/1bLIASA YaCTb MHAEKCOB OYeHb YYBCTBUTE/NbHA K BeMUYMHE 06pasLa, v 3TO 3HauuT,
YTO A7 /IFO/IOT MM HE NOAX0AUT. B fanbHeiilieM aBTop MCMofib3oBal ToMbko H', J, S. B cTaTbe
faeTcs 06beMHas 6momacca BWAOB Bogopocneii. PasHoo6pasve, BbIMMCAEHHOE W3 JaHHbIX WHAW-



BUAYA/IbHbIX U 0GbEMHBIX KOPPeNupyeT B Heyfo6peHHOM 03epe, a B YA0GPEHHOM o3epe HeT
Koppenaummn. 3TOT nocnefHuidi hakT — 6onee HU3Kas PaBHOMEPHOCTb — MPOM30LUEN B NeEPBYHO
oyepefib M3-3a JaHHbIX abCOMIOTHO AOMWHAHTHOrO BUAa. PasHoobpasme, BblYec/ieHHOe 13 06beM-
HbIX AaHHbIX eLle 6osee 0TCTan0 OT BO3MOXKHOCTW MakCMMyMa, UYTO 6bIi0 3aMEeYeHO Y WHAMBU-
[yanbHbIX AaHHbIX, 1 3Ta TeHAeHUMA 6onee BblpaXkeHa B y[06peHHOM 03epe. O3epa 6oraTbl 3TUM
pogom (Ha oauH pog npuxoauTes 2,3 WHHPapOAOBbLIX TAKCOHOB), M NOITOMY pa3HOObpasue CTe-
MeHW pofa B OCHOBHOM He OT/IMYaNOoCh OT BMAOBOW. OfHAKO, Ha YPOBHE AMBM3UK Oblna OTMeYeHa
3HaumMTeNbHaa noTeps MHopmauun. BmecTe ¢ pasHOobpasveM Bcex BOAOPOC/EN eAMHCTBEHHO
TOMbKO [OMWHUPYHOLLEe KBaHTATWBHO pasHoobpasve AMBM3MKM Chlorophyta KOpPpPenvupoBao
CUTHU(UNKAHTHO.

TEPATOJ/IOMTMYECKNIA AMNMAPAT FOMbAXW B KNETKAX ME3Q®WUNA NINCTA
SINAPIS ALBA

V. XOPBAT, M BOJIOLKA

ABTOpbI U3yYaNy 3NEKTPOHHOMUKPOCKOMMNYECKYHD CTPYKTYpY Cpe3a Me3oduina fnucTa
Gesoii ropumLbl, KOTOpPas OT/IMYAETCS OT U3BECTHOW CTPYKTYPbI KNETOUHBIX OpraHe/l. PacTeHus
Obln B BO3pacTe 5 Hefesb, Npenapart Gbi1 U3roTOBMEH U3 6 NINCTbeB. dUKcaLMs MpoM3BOAMIACH
B OBO/rnoTapanbgernge. CTPYKTYpy MOXHO GblI0 XOPOLIO OMPeAennTb, OHa COCTosNa W3
TyBYNycOB U BE3UKYNYMOB U WCKOYana apTadakTbl. [0 CTPyKType, pasmepy M u3-3a OTCYT-
CTBUS PUGOCOM MOXHO MPEANONOXNUTb, YTO CTPYKTYpa annapata I 0/bKU UMEET AehopMupo-
BaHHYIO U TepaToornyeckyto (opmy.

OPFAHU3ALNA CTPYKTYPbl N CBA3b MEXAY HEKOTOPbIMW OPIrAHAMW Y
BEHITEPCKNX BWUAOB GENTIANA

KO CYMKO-JIALIA, CYBU/P CEH

B npegpigywmx ctatbAx asTopbl (Cyiiko-flaua, CeH 1976) BbiACHWAW, 4YTO B BeHrpum
npouspactaeT TpW Buga Gentiana (G. asclepiadea, G. cruciala, G. pneumonanthe). B faHHOI
cTaTbe aBTOPbl M3y4yaaM KOMMO3ULMIO 3TUX Tpex BUAOB, a TakKe O0ObeMHOe OTHOLUEHWe
1 pacnpefeneHne oThenbHbIX OpraHoB. TaKCOHOMMUYECKME ONUCaHUA OTHOCATCA K LIBETYLLWM,
HO He COBCeM pasBuUTbIM 3k3emnasapam (Pponux 1786, Mpusebax 1839, 1843, KysHeuos 1896)
TakK, KaK B cnyyae BuoB G. cruciata U G.pneumonanthe TOXE OTCYTCTBYET OMNMcaHue 60KOBbIX
noberos. ¥ G. cruciata Ha raBHbIX MNoberax B akpomneTasbHOM MOPALKE pa3BUBatOTCA U
60KoBble Mobern, cunTas ¢ NOJIOBUHBI BPeMsA LBeTeHMa (OKONMO Tpex MecsueB, pacTeHue C
MHOXXeCTBOM Mo6eros). B cnyuyae G. pneumonanthe MOSB/EHNE BOKOBbLIX MOOErOB BO3MOXHO.
[nuHa Mexgoys3nuii NokasblBaeT HOpMaibHOe pacrnpegeneHune y G. cruciata My G asclepiadea
y G. pneumonanthe MEX0Y3/Us PacTyLLye-yMeHbLLIAIOLLMECS, MOTOM CHOBA PAaCTyLUME-yMeHb-
waroumecs. Mexay 4ucioM y3n10B U A/IMHONM noberoB y G. ascleepiadea U G. cruciata ay G.
pneumonanthe MeXAy W3MEHEHVWEM 4WCna AAVHbI MEXAOY3NWA W AANHOW MOo6GeroB umeeTcs
NO3UTWUBHasA CUrHUUKaHTHasA Koppenauus. Mogo6bHbIM NO3UTUBHO KOPPenupyeT Apyr C ApYrom
norapum AavHbl rnaBHoro nob6era u 6okosoro nobera y G. cruciata. B Koppenauuv Apyr c
[pYrom HaxogaTcazHauyeHve A/IMHbI Baranviya mcTa v nopsaKoBbliA HoMep Y310B Y G. cruciata.
MosiBneHve 60koBbIX MO6eros G. cruciata MOKasblBaeT 00/MbLIOE pPasHOO6Gpase W HU3KYHO
3KBUTAOWILHOCTbL MO MOPSAAKOBOMY HOMepy y3na. 3HayeHue (PpekBeHLMW ANHbI nobera noka-
3bIBaeT 60/1ee BbICOKYO CTerneHb pasHoobpasns Y G. asclepiadea, YeM y G. cruciata. G. pneumo-
nanthe BblENAETCA BbICOKUMMU OLEHKaMMN pa3Ho06pasvs v 3KBUTaOWIbHOCTWM 4ucnia Y3N0B, He-
CYLLUUX LBETHI.

WCCNEAOBAHUE BEPTUKANIbHOM CTPYKTYPbl MUIMEHTA B NECY W3
BYPI'YHACKOIo AYbBA (QUERCETUM PETRAEAE-CERRIS)

3. TYBA
ABTOp WCCNefoBasl BepTUKa/bHOe pasfdeneHue (*)OTOCI/IHTETI/I‘-IECKVIX MATMEHTOB XN10PO0-

hunna u KapoTMHoMZa BHYTPW LieHO3a Ha Tepputopuu cTaumoHapa «Sikfékat Project» Ha
YPOBHE TpeX rNaBHbIX MPOAYLEHTOB. B COO6LLECTBE HALLIM XOPOLUO BbIPaXXEHHOE BEPTUKab-



HOe pasfeneHvie NUTMeHTa. [ BepTUKaNbHON MUIMEHTHOW CTPYKTYpPbl JIECHOrO COOGLLECTBa
XapaKTepHO, YTO Ha CaMOM HW3KOM YPOBHE LIEHO3a, B CBSI3W C MOHWKEHWEM KO/IMYECTBA CBETA,
NPOHMKAIOLLET0 BEPTUKAIbHO BHU3, UMEIOTCS BbICOKWE BE/IMUMHBI KOHLIEHTPaL UM X10potuina u
KapoTWHOMAOB. MOHMXKEHME OTHOLIEHUS X/0POGUINA a N 6 Ha KYCTapHUKOBOM YPOBHE W Ha
TPaBSHACTOM YPOBHE MO OTHOLLEHWID K /IMCTBEHHOI KPOHE BO3MOXHO HaxOAWUTCs B CBS3W CO
CMEKTPa/IbHbIM U3MEHEHWUEM CBETA MPY MPOHUKHOBEHUM €r0 C BbICLIEr0 YPOBHS. Cpeau rnaBHbIX
YPOBHeli NMpoAyLieHTOB caMoe GOMbLUIOE KOMMYECTBO MUIMEHTa (BblpaKeHHOro B Kr) LAl noka-
NIN3UpPYeTCs B KDOHE IUCTLEB, B TO BPEMS KaK B KyCTapHWKOBOM YPOBHE /IETOM, a B TPaBsHOM
YPOBHE —OCEHBI0 HAXOAMTCS GOMbLUIOE KOMIMYECTBO MUrMEHTA.

AHATOMWA APEBECVHbI BOMBACOPSIS CUBENSIS A. ROBYNS
(BOMBACACEAE) 1 MAGNOLIA CUBENSIS URB. SSP. CUBENSIS (MAGNOITACEAE)

M A BAJIELL, K. BABOLL, A BOPXAON

B cTatbe galoTcA fJaHHble MO aHATOMUM BTOPUYHBLIX KCUMIEM ABYX Ky6I/IHCKVIX IHAEMN-
YecKMX Mopoj ApeBecuHbl. ABTOPbI AalOT HEKOTOpPbIe MOp(*)O/'IOFVI'—IeCKVIE N 3KONOrn4vyeckmne faH-
Hbl€ 3TNX BWNAOB.

B/MAHWNE KCEHOBMOTUUYECKOMN MHTEPAKLMW HA KCEHOBMOTWKN
M MOYBEHHYIO MUMKPOBNOTY VI
CMBMO3 PU3OBNYMA U NTIOMNMHA N KOMBUHALIMA TEPBNLINAOB

M KEUYKELL, ®. BOPBEW, L BOPBEN

ABTOpbI UcCnefoBany BavsHUe 108 repGuULMAOB UX KOMBMHALMIA Ha 06pa3oBaHMe KOpHe-
BbIX KNy6beKoBY Lupinus albus B GOraTbiX pu3oGUeM Ky/bTypHbIX 3KocucTeMax. OBbIKHOBEHHO
MaKpOCUMGUOHT Gblil Gofiee UyBCTBUTENEH K repbuumaaM, YeM MUKPOCUMOMOHT. [loaaBneHue
cuM6MOo3a Lupinus albus— Rhizobium lupini Hayancs B rNaBHbIX KOPHSAX W MPOSBUICA B
YMEHbLUEHUM KOPHEBbLIX K/yBEHbKOB, B MX pasMepax M KojuyecTBe. KombuHauun u3
Karmex—Afalon-Sadecid NpUBEIM K XOPOLIMM pe3ynbTaTaM C TOUKM 3PEHUs XUMUYECKOTO
YHUUTOXEHUSI COPHSIKOB B Ky/nbTypax Lupinus albus.

CBA3b MEXAY XAPAKTEPUCTUKAMU AHANIMBA POCTA Y TWBPNAOB
KYKYPY3bl N COPTAMW CAXAPHOW CBEKI/IbI

. MPEYEHBN

ABTOp nposen  «principal component» aHanu3 Mexgy XapakTepucTukamu aHanusa
pocta (RGR, NAR, LAR, RLGR, LAIl, CGR ¥ a(hhumeHLMM), HA OCHOBE KOPPENSLMOHHOIO
MaTpuKca C ABYMSI FEHETUUECKM PA3INYHBIMUA TM6pUaamMu KYKypy3bl (DKXL-342 1 OSSK-218)
(Beta poly M/102 1 KauseTono) MU AByMS COpPTaMW CaxapHOW CBeK/bl. Llenb aTux mccnefosa-
HIIA: BOMOXHO /I BbIBUTH TaKOiA (PAKTOP, Ha KOTOPbIA OMHAKOBO PEarnmpytoT XapakTepucTukm
aHanu3a pocTa fABYX Ky/bTWBMPOBAHHbLIX PACTEHWIA, MPOM3PACTAIOLMX B Pa3/IMUHbLIX YCIO0BUAX.
BepHee BO3MOXHO /1M1 HalTW Takoi (PakTop, KOTOPbI/ XapakTepeH TOMbKO AN OTAeNbHbIX
BIAO0B. [MepBblii KOMMOHEHT MMOPUAOB KYKYPY3bl COAEPXUT Takoi (hakTop, KOTOPbIA OAMHAKOB
L4185 HWX. 3TO MOXHO CuuTaTb 06WMM hakTopom. BTOpOi KOMMOHEHT pasgensieT rubpuabl, ato
reHeTnueckunin haktop. Tak Kak hakTop, HaxoAdALMiACA B NepBOM KOMMOHEHTE He pasfenser
reHeTUYECKN pasnnyHble rMopuUabl 1 OTIMYAETCH OT OOHapPY>EHHOro O CKX MOp y CaxapHoin
CBEKJIbl (DAKTOPA, MOXHO CUMTaTb, YTO OH XapaKTepeH AN KyKypysbl. TOUHO Takxe Y BUAO0B
CaxapHOW CBeK/bl NePBblii KOMMOHEHT MOXET COAepXaTb (PaKTop, XapakTepHbIi AN caxapHon
CBEK/Ibl. Y COPTOB CaxapHOWi CBEK/bI HET pasfenstoLlero haktopa. 3Haku BeC RGR, RLGR, RGR,
NAR MapuLMEHLMN OANHAKOBbI 411 HEKOTOPbLIX KOMMOHEHTOB Y 060MX pacTeHwid (MCKoYas
OAVH Clyyaii ¢ rnbpugamm Kykypysbl). @akTop BAMAKOLWMIA HARGR, 04NHAKOBO BAMSET HA RLGR
1 HashhuLmeHUMIO, (DAKTOP, BAUAIOWMIA Ha N AH TaKXe BAMAET Ha3(hPULUMEHLHIO. LAR M LA Ly
pacTeHuin MPOTUBOMONOXHO BAMSAET Ha BCE PAKTOPbl, X HUKOrAA HEBO3MOXHO HaiiTV Ha 0AvHa-



i»

KOBbIX MecTax ocu. Bbliwwe yl'lOMﬂHyTbIVI (*)aKT FOBOPUT O CXOACTBE MEXAY pPasNYHbIMK pacTe-
HuaMK. KaxkeTcsa, 4To HECMOTPS Ha TO, YTO aBTop pa60Tan C paCcTeHUAMN, npounspacTarowinMmm B
Pa3INYHbIX YCNoBUAX, UMEKTCA TakKue (*)aKTOpr Ha KOTOpPblE€ OAMHAKOBO pearnpyroT Xapakrte-
PUCTUKN aHann3a pocTa. Ona oueHkn pes NbTaTOB Hafl0 MPUHUMATb BO BHUMaHWE TO, YTO 3TN
pe3ynbTathbl ,IJ.GI/ICTBVITe}'IbHO TONbKO B Bbl paHHOI/I CuUcTeme.

MPUMEHEHWE AHANN3A NICHE [O/11 HEKOTOPbIX BWAOB
MECYAHHOCTEMHbLIX ACCOUMALNA I
M3YYEHWME NICHE OVERLAP C NMOMOLWbIO AHAJIM3A CLUSTER

W MPEYEHDBW, . ®EKETE, 3. MEJIKO, 2 MOJIbHAP

ABTOpbI M3y4ani NETOM U OCEHbIO niche-overlap Y AEBATU TPABAHNCTbIX BAJOB MECHaHHO-
CTEMHbIX accoumaumii B ABYX M3MepeHusix niche (BNI@XHOCTb MOYBLI, Fly6MHA KOpHEN, BepHee
KOMOMHAaLMIO 3TUX M3MepeHMWin). STa cTaTbs npeanaraeT faibHelillee aHaM3npoBaHue overlap
C BBefeHWeM aHanmsa cluster [n15 OLeHKM overlap aBTOPbl UCMO/b3YIOT 3BKINAHOE PacCTosHUE
MeXnay Buaamu, (chord distance, d), BepHee hopmyny (2-d-) (Opnoun;1967). AHanms cluster
MPOBOAW/ICA Ha OCHOBaHWM average linkage clustering. JIeTHWe W OCeHHWe [eHAPOrpamMMbl
MOXHO COMOCTaBUTb APYr C APYroM: MeXAy HUMM CXOACTBO 6O/iblue MO CE30HaNbHOCTU K
BMI@XKHOCTU NOYBbI, & MO rNy6UHE KOpHen CXOACTBO MeHblle, KOMOWMHMpOBaHVe (haKTopoB
3aHMMaeT MPOMEXYTOYHOe MeCTo. [leHAporpammbl TakXe CBUAETENbCTBYIOT O 6Gonee paHHEM
ONpe/ieNieHn aBTOPOB, YTO KapTWHA overlap MPW KOMOGMHMPOBAaHWUM (AKTOPOB CTOMT 6/MXKe
K KapTuHe overlap FNyOUHbI KOPHEN.

CUCTEMATUYECKME-HOMEHK/IATYPHBIE TIPUMEYAHNA K KPUTUYECKNM
TAKCOHAM CPEAHEEBPOMENCKOW ®J1OPbI

P. woo

ABTOp, NPOLO/IKas CBOM paHHWe uccnefoBaHusa (Acta Bot. Hung. 1963—1971, Annal.
Univ. Budapest Sect. Biol. 1964—1972 ¢ cOTpyAHMKaMn U Feddes Repetorium 1972, 1974)
COOﬁUJ.aeT HOBblE CUCTEMATUYECKME-HOMEHKATYPHbIE AaHHbIE, MOJTyYEHHbLIE MPU COCTaB/IEHUN
6 TOMa, Synopsis... Florae Vegetationisque Hungariaé. MOXHO OTMETUTbL: HOBYKO CUCTEMATU-
YeCKyH OLIEHKY 3KOTUMOB, 0630p HEKOTOPbIX KPUTUYECKUX (HOPM UM arperaTos, B 0CO6EHHOCTM
ﬂpVIHI/IMaFI BO BHMMaHWe rpynnsl Jovibarba hirta, Fraxinus angustifolia, Leucanthemum vulgare,
Scilla bifolia U T. 4.
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