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A b s t r a c t : Substrate spec i f i c i ty of the pe r iphy t i c algae upon th ree aquatic f lower plants 
were examined i n Lake Hidegség! (Fer tő) . One hundred and five taxa were iden t i f i ed . I t 
has been found that the d i v e r s i t y of pe r iphy ton samples of Typha angustifol ia was g rea te r 
than the d i v e r s i t y of epiphytic algal assemblages of Schoenoplectus l i t o r a l i s and P h r a g m i ­
tes c o m m u n i s . The f l o r i s t i c a l differences among the per iphv ton of Schoenoplectus and 
Phragmi te s were shown w i t h the help of c l u s t e r ana lys i s . W i t h 1 table and 4 f igures . 

INTRODUCTION 

Though Lake Fe r to i s the second la rges t lake of Hungary i t s in tens ive a lgological r e s e a r c h 
began only i n recent y e a r s . Concern ing the algae l i v i n g on macrophyta , f l o r i s t i c a l data are r epor ted 
altogether only i n five publ ica t ions (LOVB 1955. H U S T E D T 1959a, 1959b, 1959c, PADISÁK 19821. 
However, s tudying the pe r iphy ton of Lake F e r t o would be p a r t i c u l a r l y i n t e r e s t i n g since the H u n g a r i ­
an pa r t of the lake i s covered by continuous reed up to 82% (BÁCSATYAI et at. 19831, thus i t i s the 
larges t undrained swamp of Hungary . A L L E N (19711 es t imated that m o r e than 20 percent of the 
total lake p roduc t ion could be a t t r ibu ted to attached algae so the quant i ty and qua l i ty of the p e r i ­
phyton i s not i n the least negl ig ib le for the water qua l i f i ca t ion of Lake F e r t S . 

Lake Hidegségi i s one of the severa l inner lakes to be found i n the r eed-be l t of Fer tő . The 
lake i s m a i n l y surrounded by Phragmi te s communis mixed w i t h ve ry few Typha angust i fo l ia .Schoe­ 
noplectus l i t o r a l i s fo rms separata is lands on the l a k e . The wate r of the inner lakes is t y p i c a l l y 
brown d i f f e r i n g f r o m the g rey c o l o u r of the open w a t e r . PADISÁK (1982) found that the di f ference 
between the per iphyton of the g rey and the brown water i s g rea te r than the per iphyton of d i f fe ren t 
substrate p lan t s , e . g . the di f ference of the pe r iphy ton of Phragmi te s l i v i n g i n g rey and brown w a t e r 
i s g rea te r than the difference between the pe r iphy ton of Phragmi te s and Typha in brown w a t e r . 
PADISÁK studied the pe r iphy ton o f only 1 substrate plant of Phragmi tes and Typha . Besides obta in ing 
additional f l o r i s t i c a l data, the purposes o f the present study are to examine the fo l lowing 

1 . the dominance p rope r t i e s of the pe r iohy ton 
2 . i f there i s a r e a l f l o r i s t i c a l difference between the per iphy ton of d i f ferent substrate p lants 

i . e . , whether the per iphytons of two Phragmi t e s are more s i m i l a r than that of a P h r a g m i ­ 
tes and a Typha 

3 . i f there i s any difference between the d i v e r s i t y of the pe r iphy tons . 

M A T E R I A L S AND METHODS 

Samples of pe r iphy ton were co l lec ted on 9 November , 1983 f r o m stands of three d i f ferent 
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f lower plants (Phragmites c o m m u n i s , Typha 
angust i fo l ia , Schoenoplectus l i t o r a l i s ) located 
in Lake Hidegségi ( F i g . 1 ) . F r o m each sub­
s t r a t e plant type 15 r e p e t i t i o n were col lec ted 
to obtain s t a t i s t i c a l l y r e l i a b l e r e s u l t s . In the 
case of Phragmi tes and Schoenoplectus the 
abovewater par ts were cut off, then a glass 
tube (13 mm d iamete r , 0 .2 in in length) was 
pu l l ed over the underwater stump and cut off 
at end the tube. The lower end of the tube 
was closed and the sec t ion of the s tem thus 
t r ansve red to a c o l l e c t i n g j a r . In th is way the 
samples contained the loosely attached layer 
too ( L A Z A R E K 1982). Sections of Typha an­ 
gus t i fo l i a were co l lec ted without the use of 
tube, because the d i ame te r of Typha is l a rge r 
then 13 m m . The per iphy ton was thoroughly 
SC raped off f rom the sect ions of s tem w i t h i n 
48 hours , and then the samples of per iphyton 
were f ixed in formaldehyde solut ion (2-4 % ) . 
The permanent d ia tom s l ides were prepared 
w i t h the H 2 0 2 method of HORVÁTH(1975).Four 
hundred indiv iduals were counted i n eacn 
sample to y ie ld a count ing accuracy of - 10 % 
( L U N D et a l . 1958). 

The Shannon d i v e r s i t y index were c a l c u ­
lated for each sample (SHANNON 1948). F l o ­
r i s t i c a l data were analyzed using c lu s t e r a-
na lys i s based on J a c c a r d ' s measure (JACC ARD 
1908), and WPGMA fusion a lgo r i t hy (SNEATH 
& S O K A L 1973). F o r the ca lcu la t ions the BP 
p r o g r a m m e package was used (RAJCZY & 
HAJDU 1981). 

RESULTS 

F i g . Locat ion of sampl ing pos i t ion 

One hundred and f i v e taxa were i d e n t i ­
fied d u r i n g the study (Cyanophyta 3, C h r y s o -
phy ta -Bac i l l a r iophyceae 98, Chlorophyta 4 ) . 
These are l i s ted in Table T. The high percent­
age of d ia toms i s r e m a r k a b l e because of the 
t o t a l number of ind iv idua l s (92.5 % ) . Dia toms 
are p r a c t i c a l l y fu l ly dominant on Phragmi tes 

and Schoenoplectus (99.7 % and 99.9 % respec t ive ly ) , whi le on Typha the r e l a t i v e frequency of i n ­
d iv idua ls of b lue-green and green algae is 13 % ( F i g . 2 ) . The most preva len t d ia tom throughout 
the study was Achnanthes m i n u t i s s i m a o c c u r r i n g on eve ry macrophyte stem sect ion s tud ied . On 
Schoenoplectus and Phragmi tes i t gave 70 % of the to ta l number of ind iv idua l s on the average, whi le 
48 % of the algae l i v i n g on Typha belonged to this algae of minute s i z e . In addi t ion, the fo l lowing 
taxa of considerable quanti ty were found (averages): Dia toma elongatum 14 %, O s c i l l a t o r i a sp. 4.6 °k 
Cocconeis pediculus 2 .4 %, B a c i l l a r i a paradoxa 2 .1 %, Synedra acus 1.6 %, Gomphonema sp . 1.2% 
Rhoicosphenia cu rva ta 1.1 %. These taxa were found on a l l the three kinds of subs t ra te . The 
number of taxa found only on one subst ra te is the fo l lowing : on Phragmi tes 1 1 , on Schoenoplectus  
17, on Typha 24 . I found a total of 54 taxa on Ph ragmi t e s . 57 taxa on Schoenoplectus and 74 taxa 
on Typha. 

Clus ter dendrogram of samples based on J a c c a r d ' s measure is shown i n F i g . 3. Two la rge 
groups are separated. One contains samples ma in ly f r o m Schoenoplectus and Typha, and the other 
contains a l l the samples f rom P h r a g m i t e s , three samples f rom Schoenoplectus and two samples 
f r o m Typha . The two samples j o i n i n g supp lementa r i ly are f r o m Typha and Schoenoplectus, respec-



t i v e l y . Hence the pe r iphy ton of Phragmi te s 
and Schoenoplectus are w e l l separated, wh i l e 
the per iphyton of Typha is mixed w i t h them, 

F i g . 4 shows the d i v e r s i t y of the 3 x 
15 samples in i n c r e a s i n g o r d e r . Looking 
at the d i v e r s i t y values between 2 and 3 we 
can notice that the re are 10 samples i n 
th i s i n t e rva l f rom Typha, whi le f rom 
Phragmi tes and Schoenoplectus only 3 and 1, 
r e spec t ive ly . That i s to say, the d i v e r s i t y 
of the samples f r o m Typha is g rea te r than 
that of the other s a m p l e s . 

DISCUSSION 

Consider ing the abundance of the taxa 
m y resu l t s are w e l l i n coincidence w i t h the 
data of previous pe r iphy ton analyses made 
on Lake Fertő. PADISÁK (19821 found 68 
taxa on Phragmites and 76 on Typha i n 
Lake Her l akn i th is i s another s m a l l b r o w n -
wa te r inner lake of the F e r t o . The d i s s i m i ­
l a r i t y in the d i s t r i b u t i o n according to phyla 
is r e m a r k a b l e . She found 34 diatoms on 
Phragmi te s an 29 on Typha . P resumably 
the reason for the cons iderable difference 
is seasonal success ion . Padisák elaborated 
samples f rom Ju ly , w h i l e the present s a m ­
p l i n g was in November . The t empera tu re 
op t imum of d ia toms is cons iderably l o w e r 
than that of algae of other phyla (PADISÁK 
19851, sp this can be the reason for the 
s t rong diatom dominance i n late autumn. 
There are very few studies on seasonal 
changes of per iphyton communi t i e s on n a t ­
u r a l substrates, m a i n l y due to a l a rge 
number of methodological d i f f i c u l t i e s . The 
r e s u l t s of co lon iza t ion studies on a r t i f i c i a l 
substra te jus t because of hos t - spec i f i c i ty 
cannot be appl ied. A fu r the r p rob l em is 
that i n many studies only the seasonal 
changes of d ia toms are analyzed ( e . g . 

B L I N N et al 1980, M I L L I E et al 1983). Since we only planned such studied on Fertő, we are m a i n ­
ly reduced to con jec tu res . 

The r e su l t of c lus t e r analysis shows that Phragmi te s and Schoenoplectus are w e l l separated 
f r o m each other so there is a cons iderable difference between t h e m . The pe r iphy ton of Typha is 
mixed wi th both of t h e m . The two supp lemen ta r i ly j o i n i n g samples contain v e r y few taxa ( the i r d i ­
v e r s i t y i s less than 1), one contains 10, the other 4 taxa o n l y . However, these taxa are common 
so these are not separated f r o m the other samples . Cons ide r ing d i v e r s i t i e s , the per iphyton of 
Phragmi tes and Schoenoplectus seems to be s i m i l a r whi le the d i v e r s i t y of algae l i v i n g on Typha i s 
g rea t e r . C o m p a r i n g the l i s t s o i taxa i t i s c l e a r that Achnanthes m i n u t i s s i m a can be found on Typha 
i n cons iderably s m a l l e r number than on the two other subs t ra tes . Thus most prevalent taxa i s r e ­
sponsible for the d i s s i m i l a r i t y of d i v e r s i t i e s . 

We can state that the per iphytons of a l l the three substra tes are d i f f e r e n t . The per iphytonn 
of Phragmi tes and Schoenoplectus are d i f ferent f l o r i s t i c a l l y , whi le the pe r iphy ton of Typha d i f fe r s 
f rom the other two i n i t s d i v e r s i t y . The purpose of fu r the r studies is to c a l r i f y d i s t r i b u t i o n and 
co lon iza t ion pa t te rns of pe r iphy t ic algae on these three macrophyte hosts af ter wh ich the d i s s i m i ­
l a r i t i e s found i n th i s study can p robab ly be expla ined . 

F i g . 2. Percentage con t r ibu t ion o f pe r iphy t i c d ia toms 
and other algae r e l a t ive to to ta l number of 
i nd iv idua l s , upon three aquatic f lower plants 
in Lake Hidegségi. (1 = Phragmi te s c o m m u ­
nis , 2 = Schoenoplectus l i t o r a l i s , 3 = Typha 
angust i fol ia) 
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F i g . 4 . Dendrogram of the pe r iphy t i c samples f r o m Phragmi te s c o m m u n i s (P) Schoenoplectus l i t o r a l i s (S) and Typha angust i fol ia (T) s t em 
sections us ing J a c c a r d ' s s i m i l a r i t y index 
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Table 1 . L i s t of pe r iphy t ic algae found on the three studied substrate species i n the Lake Hidegségi 
of the Lake Fer tő . ( I . Phragmi thes communi s , I I . Schoenoplectus l i t o r a l i s , I I I . Typha 
angustipholia, a. number of ind iv idua l m i n : l , max: 6000, b . number of occurrences m i n : l , 
max:15) 

I . I I . I I I . 
a. b . a. h . a. b . 

Cyanophyta 

1 . M i c r o c y s t i s sp. 8 3 - - 2 2 

2 . O s c i l l a t o r i a amphibia A g h . 1 1 - - 12 2 
3. O s c i l l a t o r i a sp. 8 3 6 4 « 1 1 B 

Xanthophyta- Bac i l l a r iophyceae 

4. Achnanthes l i nea r i s W . Smith - - - 1 1 
5. A . m i n u t i s s i m a K i i t z . 4253 1 5 4222 15 2912 ! 5 
6. A m p h i p r o r a alata K i i t z . - - - - 3 3 
7. A . costata Hus t . 2 1 - - - -
8. A . paludosa W. Smi th - - 1 1 - -
9. Amphora commuta ta Grun . - - 3 3 4 2 

10. A . ovális v a r . pediculus K i i t z . 6 5 5 4 7 3 
1 1 . A . veneta ( K i i t z . ) - - - - 1 72 11 
12. Anomoeonis sphaerophora ( K i i t z . ) P f i t zne r - - 3 3 - -13. A.sphaerophora v a r . po lyg ramma ( E h r . ) O.Müll - - 3 1 - -
14. A.sphaerophora v a r . sculpta ( E h r . ) O.Müll . - - 4 2 - -
15. B a c i l l a r i a paradoxa Gmel in 76 1 1 in 12 14 
16. Campylodiscus clypeus E h r . 2 2 4 3 5 5 
17. Cocconeis pediculus E h r . 90 13 96 13 2 16 1 5 
18. C . placentula E h r . 1 1 22 7 8 5 
19. C . placentula v a r . euglypta ( E h r . ) Cleve 2 1 - - 1 1 
20 . C . thumensis A . Mayer 1 1 - - - -
2 1 . Cyc lo te l l a catenata B r u n . - - 1 1 1 
22 . C . meneghiniana Kütz. 1 1 2 2 1 1 
23. Cymbel la affinis Kütz. 8 4 24 10 25 9 
24. C. aspera ( E h r . ) Cleve - - - - 2 1 
25 . C . b r e h m i i Hust . - - - - 16 7 
2 6 . C . c i s tu la (Hempr ich) G r u n . 1 1 6 4 5 2 
27. C . c i s tu l a v a r . maculata (Kütz.) v . Heurck - - 1 1 5 2 
28. C. l acus t r i s (Agardh) Cleve 13 4 31 6 ? 2 
2 9 . C . microcephala G r u n . 9 4 5 3 6 4 
30. C . p ros t r a t a (Berkeley) Cleve 5 3 1 1 - -
3 1 . C . pus i l l a G r u n . 13 10 7 7 3 3 
32. C . tumidu la G r u n . 1 1 - - - -
33. C. ventr icosa Kütz. 39 13 10 1 1 57 12 
34. Cymbel la sp. 64 13 - - 96 12 
35. Dia toma elongatum Agardh 900 1 5 1 5 819 1 S 
36. D . elongatum v a r . m i n o r Grunow - - 30 8 54 
37. D . vulgare Bora - - - - 4 t 
38. D . vulgare v a r . ovális (F r i cke ) Hustedt - - - - 7 3 
39. Epi themia sorex Kütz. - - 1 1 - -
40. E . zebra ( E h r . ) Kütz. - - - - 1 1 
4 1 . E . zebra v a r . saxonica (Kütz.) G r u n . - - - _ 1 i 
4 2 . ; Eunotia g r a c i l i s ( E h r . ) Rabenhorst - - - - 1 1 



43. E . l una r i s ( E h r . ) Grunow 
4 4 . F r a g i l a r i a construens ( E h r . ) Grunow 
4 5 . F . construens v a r . binodis ( E h r . ) Grunow 
46 . F . i n t e rmed ia Grunow 
47 . Gomphonema acuminatum v a r . b r eb i s son i i (Kütz.) Cleve 
48 . G . g r a c i l e E h r . 
49 . G . longiceps v a r . montana f . suecica G r u n . 
50. G. longiceps v a r . subclavata Grun . 
5 1 . G. longiceps v a r . subclavata f. g r a c i l i s Hus t . 
52. G. o l ivaceum (Lyngbye) Kütz. 
53. G . o l ivaceum v a r . ca lca rea Cleve 
54. Gomphonema sp . 
55. Gyros igma sp. 
56. Mastogl ia s m i t h i i v a r . amphicephala G r u n . 
57. M . s m i t h i i v a r . I acus t r i s Grun . 
58. M e l o s i r a granulata? ( E h r . ) Ralfs 
59. M . variáns C A . A g . 
60 . Navicula cryptocephala Kütz. 
6 1 . N . cryptocephala v a r . i n t e r m e d i a G r u n . 
6 2 . N . cryptocephala v a r . veneta (Kütz.) G r u n . 
63 . N . cuspidata Kütz. 
64 . N . cuspidata v a r . ambiqua ( E h r . ) Cleve 
65 . N . dicephala ( E h r . ) W . Smi th 
66 . N . g r e g a r i a Donkin 
6 7 . N . halophi la (Grun . ) Cleve 
6 8 . N . oblonga Kütz. 
69 . N . p u s i l l a W . Smi th 
70. N , radiosa Kütz. 
7 1 . Navicula sp. 
72. Ni tzsch ia admissa Hus t . 
73. N . amphibia G r u n . 
74. N . amphibia f. r o s t r a t a Hus t . 
75 . N . angustata W . Smi th 
76. N . font icola G r u n . 
77. N . f rus tu lum Kütz. 
78. N . hungarica Grun . 
79. N . obtusa W . Smi th 
80. N . palea (Kütz.) W . Smi th 
8 1 . N . paleacea G r u n . 
82 . N . romat ia G r u n . 
83. N . s igma (Kütz). W . Smi th 
84. N . s igmoidea ( E h r . ) W . Smi th 
85 . N . t r y b i i o i i e l l a Hantzsch 
86. N i t z sch ia sp . 
87 . Rhoicosphenia curva ta (Kütz.) G r u n . 
88 . Rhopalodia gibba ( E h r . ) O. Müll. 
89 . R . gibba v a r . ven t r icosa ( E h r . ) G r u n . 
90 . Stephanodiscus sp. 
9 1 . Synedra act ias t roides L e m m e r m a n n 
92. S. acus Kütz. 
93 . S. a f l in i s Kütz. 
94 . S. amphicephala Kütz. 
95 . S. capitata E h r . 
96 . S. pu lche l la Kütz. 

I . I I . I I I . 
a. b . a. b . a . b . 

1 i _ _ _ _ 

- -
1 1 

- -
1 l - 1 1 

-
- - 22 1 

1 1 1 1 1 1 
- - - - 1 1 
- - - - ' 2 1 
2 1 - -

2 1 
4 3 - - - -
- - 1 1 7 4 
1 1 34 1 1 15 8 

103 13 37 8 70 1 1 
1 1 -

-
- -

- - - -
1 1 

- - 6 1 1 1 

- - -
-

2 1 

- - - - 1 1 
3 2 - -

8 

- -
1 1 

- -
68 13 15 8 38 13 

1 1 2 2 
- -

1 1 -
-

- -
- - 1 1 - -
1 1 -

-
- -

- - 4 4 11 5 
2 2 12 6 6 5 

- - - - 1 1 
10 6 13 10 15 7 

1 1 
- - - -

1 1 - -
- -

17 8 16 6 7 5 

- - 1 1 - -
2 1 

- -
-

-- - 2 1 

- - - -
3 1 

- - 3 2 1 1 
1 1 1 1 - -I 1 - - 6 1 

- - -
- 3 2 

- -
2 1 - -

- -
3 2 - -

- - - - 4 4 

-
1 1 - -7 4 
- - 1 1 

118 13 22 12 65 13 

- - 1 1 
-

-
- -

-
1 1 

-
- 1 1 - -1 1 - -60 12 208 i ; 17 9 

12 7 39 10 38 10 
2 1 - - 1 1 

- -
7 4 5 3 

- - - - 2 1 

09 



I . I I . I I I . 
a. b . a, b . a. b . 

97 . S. u lna (Nitzsch) E h r . 41 13 94 15 38 12 
98 . S. u lna v a r . amphirhynchus ( E h r . ) G r u n . 1 1 - - 1 1 
99. S. vaucheriae K i i t z . 2 1 5 4 1 1 

100. Pennales sp . - - 5 4 - -
101 . Bac i l la r iophyceae sp . - - 8 7 25 6 

Chlorophyta 

102. C o s m a r i u m sp . - - 1 1 - -
103. Scenedesmus quadricauda ( T u r p . ) Bréb. - - - - 1 1 
104. Scenedesmus sp. 1 1 1 1 1 1 
105. Sp i rogyra sp. 1 1 - - 6 3 
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