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A b s t r a c t : Seven quanti tat ive and four qua l i ta t ive charac te r s were examined du r ing three 
years in two native populations of Ophrys scolopax Cavan. ssp. cornuta (Steven) Camus 
in Hungary (Pécs and Kunpeszér). The total number of the examined ind iv idua l s was 212. 
The observat ions were made on l i v i n g plants in t h e i r o r ig ina l habi ta t . The l o c a l i t y - and 
generation-dependent differences were analyzed by un ivar ia te s t a t i s t i ca l tests (F, T and 
c h i 2 t e s t s ) . Significant differences between the two populations were found in some c h a r ­
ac te r s . The most consistent ones among them are the length of the horn and the co lour 
of the sepals and peta ls . F u r t h e r m o r e , a m u l t i v a r i a t e analysis of a l l the observed c h a r ­
acters was c a r r i e d out. A s i m i l a r i t y m a t r i x was ca lcula ted by G o w e r ' s formula (GOWER 
1971) and a dendrogram was const ructed on the basis of the Soka l ' s weighted p a i r method 
(PODANI 1980). The dendrogram shows wel l separated groups . 

INTRODUCTION 

Among the European representa t ives of the o rch id f a m i l y the genus Ophrys has undoubtedly 
the most compl ica ted taxonomy, and the most complex group w i t h i n this genus is the ser ies f u c i - 
f lorae Rchb. (REICHENBACH 1851). Members of th i s se r ies occur throughout most of the range 
of the genus, except for the nor th and northeast , and are the most var iable in the Medi te r ranean 
region (DANESCH & DANESCH 1969, 1972, SUNDERMANN 1964a, 1964b). W i t h i n this series is a 
group dis t inguished by i t s cons iderably convex labe l lum (O. scolopax Cav . , O . oes t r i f e ra M . B . . 
O. attica (Boiss . et Orph . ) Soó, O. schulzei B o r n m . et F l e i s c h m . e t c . ) ranged by SOÓ into the 
subseries oes t r i ferae (SOÓ 1970). 

Dur ing the last 150 years the taxonomical iden t i f i ca t ion of the Hungar ian populations of th is 
group has changed. Previous names were O. b icorn i s Sadl . (SADLER 1845, nom i l l e g i t . ) , O. c o r ­
nuta Stev. 1809, O. oes t r i f e ra M . B . ssp . cornuta (Stev.) SOÓ 1931, (BOROS 1936, HORVÁT 1941, 
1943, JÁVORKA 1930, K E L L E R SCHLECHTER & SOÓ 1930-1940) and the last va l id name is 0 . 
scolopax Cav. 1793 ssp. cornuta (Stev.) Camus 1908. The loca l i t i e s of occurrence of the native 
populations in Hungary are shown by the map ( F i g . 1 ) . Of these only the Pécs populat ion, located 
in the park Pintérkert and i n the fores t of Lapis (several dozen exemplars) and the Kunpeszér po­
pulat ion (several thousand ones) seem c u r r e n t l y to be in exis tence. 

A possible taxonomical dif ference between the Pécs and Kunpeszér populat ions has been sus­
pected on the basis of the i r cons iderably different ecological c i r c u m s t a n c e s . The Pécs populat ion 
is located in the Mecsek mountains i n the remains of a kars t ic oak forest 'Orno-Quercetum p u -
bescentis mecsekense) situated on a l aye r of shal low, r o c k y so i l over a bed of l imes tone . Recent 
pa rk development has destroyed th ree -qua r t e r s of the native popula t ion . The Kunpeszér populat ion, 
on the other hand, resides i n a s lowly desiccat ing marsh-meadow (Mol in i e tum coeruleae and other 
unidentif ied - mos t ly t r ans i t i ona l - grass land associat ions) that is g radua l ly becoming a steppe­



meadow; i t is si tuated in a 
l aye r of marsh-meadow so i l 
above a sublayer of holocene 
sandy sediment . 

*:existing populations 

o :old records 

The two populat ions 
were compared by means of 
a m o r p h o m e t r i c a l analysis 
based on examinat ion of 
some qua l i ta t ive and q u a n t i ­
ta t ive charac te rs on l i v i n g 
p lan t s . We followed the po­
pula t ion wi th observat ions 
over the course of severa l 
yea r s , because only a c e r ­
t a in p o r t i o n of the populat ion 
blooms i n a given year , and 
i t is uncer ta in whether the 
f l ower ing specimens of one 
year can provide a s a t i s ­
factory s ta t i s t i ca l r e p r e s e n ­
ta t ion of the en t i r e popula ­
t i o n . Unfortunately i t was 
imposs ib le to make c e r t a i n 

F i g . 1 . Map of the native populations of the Ophrys 
scolopax Cav, agg. in Hungary 

complementary studies ( e . g . de te rmina t ion of karyotype , compara t ive b iochemical analyses, o r r e ­
c iproca l t ransplanta t ions) , because the cu l t i va t i on of th is plant i s not yet ful ly solved and the c o l ­
lect ion of samples is prec luded, th is species being s t r i c t l y protected because of i t s endangered 
status in Hungary (NÉMETH 1985). 

The examined species is a tuberous perennia l w i t h an endotrophic m y c o r r h i z a . It f lowers only 
in c e r t a in years ; i n others i t shoots a s t e r i l e rose t t e . In the f i r s t year the observed ind iv idua l s 
were marked by a lumin ium pegs w i t h a chased code on t h e i r upper par t and s t icked in to the s o i l 
in a c e r t a i n pos i t ion to the p lan t . By th is we hoped to obtain some i n f o r m a t i o n about the f l ower ing 
dynamics of the populations and to ident i fy the weather-independent cha rac t e r s by observ ing the 
same p lan ts . Unfortunately the number of the r e -d i scove red markings was too sma l l for a p rec i se 
evaluat ion. At Kunpeszér, for instance most of the m a r k i n g s has been des t royed by an out of 
schedule mowing in autumn of 1983 (Table 1.) 

Colour sl ides were made about each examined f lower for documentat ion and subsequent 
checking, but t he i r value is r e s t r i c t e d because of the f luctuat ing qua l i ty of the f i l m (ORWO) and 
developing. Since this plant cannot yet be successful ly cu l t iva ted , we had to make our observat ions 
i n i t s natural habi ta t . The f l o w e r i n g of the Pécs populat ion culminates gene ra l ly i n the last week 
of May . In Kunpeszér th i s occurs in the second week of June. As the old h e r b a r i a l samples were 
qual i ta t ive ly and quant i ta t ive ly insuff ic ient for evaluat ion, we chose not to examine t h e m . 

.According to some data the number of ch romosomes even in the same population may v a r y : 
16, 18 and 19 were counted i n a populat ion of the Ophrys scolopax Cav. ssp. scolopax i n Southern 
France (SHIMOYA & F E R L A N 1952). We, however, made no chromosomal examinat ions, because 
the youngest of the buds were already past me ios i s at the t i m e of observat ion . F u r t h e r m o r e , the 
root t ip prepara t ions requ i red for mi to s i s examinat ion were unavailable to us because of the above-
mentioned conservat ion r e s t r i c t i o n s . Before c h r o m o s o m a l analysis of these subjects can be made, 
i t w i l l be necessary to produce t i ssue cu l tu res i n g rea te r quant i ty . The methodology of i t i s d e v e l ­
oped on the basis of other w o r k s (HARBECK 1963, LÜCKE 1971). S i m i l a r exper iments are a l ready 
i n progress i n Hungary (É. SZ<^KE p e r s . c o m r a . ) . Seeds f rom the Pécs and Kunpeszér populations 
have been piaced in to a s t e r i l e nu t r i en t med ium, but the cu l tures have developed ra ther s l o w l y . 

The choice of relevant cha rac te r s has been exceedingly d i f f i c u l t . Since previous studies have 
fai led to identify and descr ibe exact ly the d i s t ingu ish ing features of re la ted races and subspecies, 
we have considered as many cha rac t e r s as possible and have examined many of them, for the f i r s t 
t i m e , i n th is s tudy. We rece ived considerable and useful experience i n the choice and measurement 

METHODS 



F i g . 2 . Pa r t s of the Ophrys f lower 

of cha rac te r s as a resu l t of our p a r t i c i p a t i o n i n a p r ev ious s i m i l a r inves t iga t ion (SAPSÁL 1985), i n 
which a methodologica l d iscussion is i nco rpora t ed . A l l eleven charac te rs were reg is te red i n each 
plant in o rde r to use the data for a m u l t i v a r i a t e a n a l y s i s . F u r t h e r m o r e , the charac te rs were o b ­
served u n i f o r m l y on the uppermost open flower i n o r d e r to establish a basis for compara t ive judge ­
ment, because many of the features change dur ing b l o o m i n g . The quant i ta t ive charac ters are as 
fol lows: 

1 . Length of the plant, i . e . length of the f l o w e r i n g stem stretched out f rom so i l l eve l to i t s 
apex (to 1 m m prec i s ion ) . 

2 . Number of f lowers on the plant , inc luding both the opened and wi thered ones and buds. 
3. Length of the sepals along the chord between i t s base and top, measured on the l a t e r a l 

sepal to 0 .5 m m p r e c i s i o n . 
4 . Width of the sepals at i t s widest point, measured without r o l l i n g up i t s ro l l ed edge, to 

0 .5 m m p r e c i s i o n . 
5. Length of the petals between i t s base and top, measured to 0 .5 m m p rec i s i on . 
6. Length of the label ium f rom the upper edge of the zona basalis ( f rom the s t igma) to the 

end of the l a b e l i u m , excluding the appendix (to 0 .5 m m precis ion! . 
7. Length of the horn on i t s i n t e r n a l side, f r o m the juncture w i t h the middle lobe of the 

labe l ium to the t i p of the horn , measured to 0 .5 m m prec i s ion . 
The fo l lowing qua l i t a t ive charac te r s observed: 

1 . Colour of the sepals, wh ich is a p a r t i c u l a r l y va r iab le feature. It was c lass i f ied in to four 
ca tegor ies : wh i t e , pink, green, and greenish p ink . Ignorance of the whole scale of the poss ible 
co lours i n i t i a l l y rendered r e g i s t r a t i o n and therefore , c l a s s i f i ca t i on somewhat d i f f i c u l t . Th i s s i t u a ­
t ion , however , was eventually r e c t i f i e d by a carefu l s c r u t i n y of the c o l o u r s l i de s . 

2 . Colour of the petals was de te rmined s i m i l a r l y . 
3. Colour of the appendix v a r i e s f rom ye l low t o d a r k b rown. A thorough inspect ion of the 

s l ides indicated three ca tegor ies : ye l low, brown and i n t e rmed ia t e . 
4 . Shape of the appendix can range f rom the cu t f o r m to the t r iden ta te ( F i g . 3) in to three 

c lasses . 

F o r the iden t i f i ca t ion of the cha rac te r s see F i g . 2 . 
The number of bloomed f lowers on the plant was a separately observed charac ter which i n -



dicates the r e l a t ive phenophase of the 
p lant at the t ime of observa t ion . T h i s can 
be used subsequently to c o r r e c t the other 
(especial ly quant i ta t ive! data. The present 
analys is , however, does not i nco rpora t e 
t h i s c o r r e c t i o n fea ture . 

The randomized sampl ing has been 
a general p rob l em of th is subject . In the 
sma l l population at Pécs we have observed 
a l l the measurable specimens but these 
sampl ings are c e r t a i n l y dis turbed by genet­
ic d r i f t . At Kunpeszér, on the c o n t r a r y , 
the ra ther large populat ion and area 

caused some p rob l ems , as we did not want randomize in the whole area in o rde r to find the m a r k ­
ings more e a s i l y . S tar t ing f r o m a randomly chosen plant , we observed the 30-50 nearest neighbour 
around i t . Unfor tunate ly the spat ia l d i s t r i b u t i o n of the d i f fe ren t morphologica l types seems to be 
contagious, i . e . i t is uncer ta in whether the sampl ing method is c o r r e c t . An examinat ion of the 
spatial d i s t r i b u t i o n of the Ophrys- types i s in the process (LOCSMANDI & BORI p e r s . c o m m . ) . 

Transitional 

F i g . 3. Shape var ian ts of the appendix 

ANALYSIS 

The observed plant ind iv idua l s belong to two subsamples on the basis of t h e i r loca l i ty (Pécs 
and Kunpeszér) and to three ones based on t h e i r t i m e of observat ion (1983, 1984, 1985). The re i s 
no over lap between the f i r s t two groups . We d id not cons ider the occurrence of the same plants in 
the consequent years to be a d is turbant factor , because they contr ibute to the reproduct ion of the 
population to two three t imes grea te r extent than the other specimens, f l o w e r i n g only one t i m e i n 
the three y e a r s ; i t was considered to be a kind of s e l f - w e i g h t i n g . F u r t h e r m o r e , the number of the 
consequently f l o w e r i n g plants was r e l a t i v e l y sma l l (Table 1 ) . The un ivar ia te analyses were c a r r i e d 
out on a COMMODORE 64 personal computer by a c o m m e r c i a l s ta t i s t i ca l p r o g r a m m e packaged SES 
1, 2, 3) . The m u l t i v a r i a t e analyses ran on a Hungar ian TP A computer and the p rog ramme for i t 
was w r i t t e n by KOVÁCS L . and KOVÁCS G. Both of the p rog rammes requ i red a ce r t a in t r a n s f o r ­
mation of the qual i ta t ive data, i . e . they have been t r a n s f o r m e d onto a b inary nominal scale, as 
fol lows: 
- co lour of the sepals and petals was considered as a combina t ion of presence and absence of two 
colour fac to r s , that of the green and p ink ones. The poss ible code numbers of the co lours are 1,0 
(green), 0 , 1 (pink) , 1,1 (greenish pink) and 0,0 (whi te ) . 
- co lour of the appendix was definied s i m i l a r l y : 1,0 (ye l low) , 0 ,1 (brown), 1,1 ( b r o w n i s h - y e l l o w ) . 
The code 0 , 0 was not i n t e r p r e t e d . 
- shape of the appendix was definied as the combina t ions of two shape-factors , i . e . t r iden ta te and 
cu t . The codes were 1,0 ( t r identa te) , 0 ,1 (cut) and 1,1 ( t r ans i t iona l ) , see F i g . 3. The code 0 ,0 
was not i n t e r p r e t e d . 

Such coding may not be fu l ly c o r r e c t for the two last cha rac te r s , but we could not find any 
other method to t r ans fo rm them f rom an ord ina l to a nomina l scale . F i r s t we determined the d i s ­
t r i bu t i on of the var iables in the subsamples and then i n the total sample . An example of the d i s ­
t r i b u t i o n of the length of the horn is shown in h i s tog rams ( F i g . 4) . The frequency data of the qua­
l i t a t ive c h a r a c t e r s are given i n Table 2 . N o r m a l i t y of the d i s t r i b u t i o n of the quanti tat ive cha rac t e r s 
was tested by c h i ^ test and most of the tests were negat ive . We calcula ted the means and s tandard 
deviations of the charac te rs (Table 3) . Pa i r ed s ignif icance tests were made for each charac te r be­
tween the f o l l o w i n g subsamples: Pécs-Kunpeszér ( l o c a l i t y ) , 1983-1984, 1983-1985, 1984-1985 (ge­
nerat ion) , Pécs 1983-1984, Pécs 1983-1985, Pécs 1984-1985, Kunpeszér 1983-1984, Kunpeszér 
1983-1985, Kunpeszér 1984-1985 (generations at the same place) , i . e . F and T tests for the qua­
l i t a t ive c h a r a c t e r s and c h i ^ test for the qua l i t a t ive ones (Tables 4 . and 5) . 

The m u l t i v a r i a t e analysis was made i n two s teps . F i r s t a s i m i l a r i t y m a t r i x was composed 
including both the qual i ta t ive and quanti tat ive cha rac te r s (GOWER 1971). The ca lcu la t ion is as 
fol lows: 

V V 
S..= w s / IT w. 

íj H i l k l j k / l - l l j k , 
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F i g . 4 . D i s t r i b u t i o n of the length of horn i n the to ta l sample and subsamples 



S = the coeff ic ient of s i m i l a r i t y between the j and k i n d i v i d u a l s ; i t ranges f rom 0 (maximal 
difference i n a l l charac te r s ) to 1 (no difference i n any charac te r ) 

V = number of the examined character 's 
w , and s , = p a r t i a l coeff ic ients of s i m i l a r i t y for the i - t h single c h a r a c t e r . Thev are ca lcula ted 

i ] k l j k 
as f o l l o w s : 

for b ina ry nominal cha rac t e r s : 

w . . , = 1 and s.., = 0 
l j k i j k 

w , = 1 and s , = 1 
i j k i j k 

w . . . = 0 and s , = 0 
i j k i j k 

i n case of difference; 

i n case of common presence of the 
cha rac t e r 
i n case of common absence of the 
cha r ac t e r 

for quant i ta t ive cha rac t e r s : 

w . . , = 1 and 
l j k 

s... = 1 - U . . - X I / , 
i l k 1 l i i k ' t R. 

where 

i k 

value of the i - t h charac te r of the 1 - th indiv idual 

value of the _i_-th charac te r of the _k^-th individual 

range of the i - t h charac te r in the whole sample 

The m a t r i x obtained by th is way was analyzed by the weighted p a i r group method (PODAN1 
1980). The s i m i l a r i t y between the h, i and j c lu s t e r s i s g iven by the fo rmula 

S, . 4 S 
h3 H 

h i , j 2 

where s ma rk ings are s i m i l a r i t y values specified by t h e i r i nd i ces . 

For a m o r e convenient evaluat ion we made some s i m p l i f i c a t i o n s in the dendrogram ( F i g . 5), 
i . e . the groups of the same loca l i t i e s have been merged i n t o one un i t . The value of l inkage of 
these united groups i s the lowest value of the o r ig ina l c l u s t e r . 

RESULTS 

Accord ing to the publ icat ions c i t e d i n the i n t r o d u c t i o n , the d i f fe ren t ia l m a r k s of the species 
and subspecies of the subseries Oes t r i f e rae (SOO 1970), i . e . length and wid th of the l abe l ium, 
length of the horn , wid th of the ha i r l e s s edge of the l a b e l i u m are defined w i t h an unsat isfactory 
accuracy: the measu r ing points on the l abe l ium or the i n t e r v a l s of the horn length are not d e t e r ­
mined , e tc . Some single specimens of a l l the four subspecies of the group were found, e . g . s sp . 
oes t r i fe ra (wider than long l abe l ium) , ssp . he ld re i ch i i ( longer th»n 13 m m labe l ium) , ssp. s co lo ­ 
pax (short and obtuse horn) , ssp. cornuta (long and acute h o r n ) . It is c l e a r that the d i f fe ren t i a l 
charac te r s can be explained only by a s t a t i s t i ca l approach, and they can be used in this sense for 
taxonomical c l a s s i f i c a t i o n . F o r these reasons we decl ined to give a taxonomical r ev i s ion , although 
i t i s v i s ib le that the Pécs population i s m o r e c lose ly r e l a t ed to the ssp. cornuta than the Kunpe­
szér one which cor responds to the ssp. scolopax or r a t h e r to the t r a n s , balcanica ( sco lopax-cornu- 
ta , SOÓ 1936). 

On the basis of the un iva r ia te analyses, r emarkab le differences were found between the two 
populations (tables 4 and 5), namely at 0.1 % signif icance level i n the fo l lowing charac te r s : number 
of f lowers , length of the horn , the co lour factors of sepals and petals and length and wid th of the 
sepals . F r o m these the number of f l ower s , the length of h o r n and the co lou r factors of the sepals 



F i g . 5. Dendrogram of s i m i l a r i t y of the exempl ; 

0.7 

Similar i ty 



and petals show the same t rend in differences in each tivimlnitl \ v . i r . I'he number i if flowers is 
consequently higher In the Kunpeszér population thun In Pécs. I ine t is an inverse' t rend In the 
length of the h o r n . At Kunpeszér the dominat ing colour factor is i»ink. white is i v r \ r a r e , ami 
green or greenish pink never occur , in contrast wi th ihe Pécs pt^xii.-rtion ,\iu're al l kinds of col­
our are present in a remarkab le p r o p o r t i o n . These tJJjcrepuncics • m ! » • ^plained bv gcnct ical d i f ­
ferences between the two popula t ions . The reason for the significant d i l t i . n c i s in the s ize of the 
sepals is not so c lea r , because there are also r emarkab le ditferenei*s la-lvvfcn the subsamples . 
Weather-dependence of the length of plant is not s u r p r i s i n g but this feature is unexpected at the 
length of l a b e l i u m . 

A considerable part of the charac te r s (size of the petals, co lou r and shape of the appendix! 
follows a much more ambivalent t r end , I . e . thev show high s ignif icant differences between ce r t a in 
subsamples, but seem to be homogeous in others of the same range . Th i s can be p a r t l y explained 
bv the d i f f i cu l t i e s of sca l ing . The ranging of some r e a l l y continuous charac te r s into 2-3 classes 
was not always unambiguous and reproducable . F u r t h e r m o r e , the sampl ing e r r o r mentioned above 
can be a re levant explanation too . The m u l t i v a r i a t e analysis also v e r i f i e d the existence of w e l l -
separated groups of homogeneous loca l i t i e s ( F i g . 1) . Two isolated groups of the Pécs populat ion 
can be observed wi th cons iderably low values of l inkage with the o t h e r s . These groups are ra ther 
heterogeneous in themselves too . The d i s t r i b u t i o n of the in te rmedia te forms is also o rdered into 
more or less homogeneous groups on the basis of t h e i r l o c a l i t y . 

CONC LPS IONS 

The taxonomical inves t iga t ion of the genus Ophrys is be set by some special d i f f i c u l t i e s : 

- many populations are genet ica l ly heterogeneous 
- the o r i g i n a l descr ip t ions are insuff icient 
- the garden cu l tu re is unsolved 
- the cha rac t e r s can be we l l observed only on l i v i n g plants 
- some charac te r s change du r ing f lower ing 
- the scal ing of some qua l i t a t ive charac ters is problemat ic 
- the f lower ing specimens of one year do not represent the whole population. 

Some of these p rob lems have remained unsolved in our inves t iga t ion , e . g . the nomencla tura l 
ident i f ica t ion , the scal ing of some qual i ta t ive cha rac te r s or the c o r r e c t method of s a m p l i n g . C e r t a i n 
examined charac te r s have proved to be of diagnostic value (length of the horn , co lour o f the sepals 
and petals , i n cont ras t w i th some others) sizes of the f lower pa r t s , co lou r and shape of the appen­
d i x . These l a t t e r cha rac te r s are unsuitable for fur ther analysis , but we can propose some new 
ones for examina t ion . The densi ty of the inf lorescence can be composed f rom the length of i n ­
florescence and the number of f lowers ; this l a t t e r one is i t s e l f a d i s t ingu ish ing c h a r a c t e r . Another 
possible charac te r i s the pa t t e rn on the l abe l ium, but to scale i t seems to be ex t r eme ly d i f f i c u l t . 
A s i m i l a r examinat ion was made on Ophrys sphegodes (SAPSAL 1985) without convincing resu l t s ; i t 
was caused probably by the sca l ing p r o b l e m s . 

Accord ing to the desc r ip t ions , the ha i r l ess edge of the l abe l ium is considered to be an i m ­
portant d i s t inguish ing cha rac te r , but we could not de termine i t unambiguously, because i t has a 
continuous t r a n s i t i o n into the papi 11 ou S par t of the l a b e l i u m . Some other charac te r s e . g . the length 
of the bractea and the pos i t ion of the medial sepal may be d i f fe ren t ia l in ce r t a in Medi ter ranean 
races (DANESCH, SPNDERMANN) , but not in the Hungarian ones. Thev were observed in the f i r s t 
year and we have found them s t rongly dependent on the phenuphase. 

A c k n o w l e d g e m e n t : In the; f i r s t place we would l ike to express our thanks to L . KOVACS who 
wrote the computer p r o g r a m m e of the m u l t i v a r i a t e analysis and helped us to run i t . and J .SAPSAL, 
who gave a s i m i l a r l y valuable assistance in the f ie ld observat ions . F u r t h e r assistence was also 
kindly given by B . LIPP A K T . ' /s . V A l . A S K K , O. BORSOS, Gy. MA KAR A, Ê. SZŐKE, G . KOVÁCS, 
P . Z A M B E L L Y , B . KE VE Y, J . BÍ 'Kl, G. RESZLER, A . D E M E T E R and Cs . MOSKÁT to whom 
we are indebted. 
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Table 1. Number of the ident i f ied and marked specimens 

Number of the 
new m a r k i n g s 

Number of the ident i f ied 
f lower ing exempla r s 

Number o f the ident if ied 
budding exempla r s 

Number of the ident if ied 
s t e r i l e exempla r s 

Number of the ident i f ied 
ext inct exempla r s 

Total number of the 
identified markings 

Total number of the 
lost m a r k i n g s 

P é c s 

1983 1984 1985 

28 0 0 

5 0 

0 0 

9 3 

3 3 

17 6 

11 22 

K u n p e s z é r 

1983 1984 1985 

51 0 50 

0 0 

1 0 

0 0 

0 0 

1 0 

50 51 

1l>« 



Table 2 . D i s t r i bu t ions of the qua l i ta t ive cha rac t e r s 

Pécs Kunp. To ta l Pécs Kunp. To ta l 

1983 absence 22 51 73 
1983 absence 9 1 10 

presence 6 0 6 
1983 

presence 19 50 69 

1984 absence 1 B 30 48 
1984 

absence 8 
13 

1 9 
presence 3 0 3 

1984 
presence 

8 
13 29 42 

1985 absence 22 51 73 
1985 absence 10 I 11 

presence 9 0 9 presence 21 50 71 

To ta l absence 62 1 32 194 
To ta l absence 2 7 3 30 

presence 18 0 18 
To ta l 

presence 53 129 182 

a, . / green factor of sepala b . / p ink factor of sepala 

Pécs Kunp. To ta l Pécs Ku np. T o t a l 

1983 absence 21 51 72 
1983 

absence 9 0 9 
presence 7 0 7 presence 19 51 70 

1984 absence 20 30 50 
1984 absence 6 1 7 

presence 1 0 1 presence 15 29 11 

1985 absence 22 51 73 
1985 absence 8 0 8 

presence 9 0 9 
1985 

presence 23 51 74 

To ta l absence 63 1 32 195 
To ta l absence 23 1 24 

presence 17 0 17 presence 57 131 188 

c . / green factor of petal a d . / p ink factor of petal a 

Pécs Kunp. To ta l Pécs Kunp. To ta l 

1983 absence 1 6 10 
1983 

absence 18 32 50 
presence 24 45 69 

1983 
presence 10 19 2Í) 

1984 
absence 4 5 9 

1983 
absence 15 21 36 

presence 1 7 25 42 
1983 

presence 6 9 1 5 

1985 
absence 5 2 7 

1985 
absence i a 49 67 

presence 26 49 75 
1985 

presence 13 2 15 

To ta l absence 13 13 26 
Tota l 

absence 51 102 153 
presence 67 11!) 1 86 

Tota l 
presence 29 30 59 

e. / y e l l o w factor of appendix f . / brown factor of appendix 

Pécs Kunp. To ta l Pécs Kunp. To ta l 

1983 absence 12 6 18 
1983 

absence 7 15 22 
presence 16 45 (il 

1983 
presence 21 36 57 

1984 absence 0 2 2 
1984 

absence 15 11 26 
presence 21 28 49 

1984 
presence 6 19 25 

1985 
absence 21 21 42 

1985 
absence 4 11 15 

presence 10 30 40 
1985 

presence 27 40 67 

To ta l absence 33 29 62 
To ta l absence 26 37 63 

presence 47 103 1 50 
To ta l 

presence 54 95 149 

g . / t r iden ta t e factor of appendix h . / cut factor of appendix 



Table 3, Mean ( x ), standard devia t ion ( s ) and sample si/.e (n ) of the quant i ta t ive cha rac te r s 

Fée H Kunp. Total Pees Kunp. Total 

1983 
2 1 . 17 

5. 54 
28 

2 5. 43 
5.21 

51 

24,23 
5, 72 

79 
1983 

3 . 3i ; 

1. 0 9 

5. l f i 
2, 19 

51 

4. 52 
2. 06 

79 

1984 
23,63 

5. IS 
21 

26, 66 
4. 66 

30 

2 5, 57 
5, 10 

51 
1 9 8 i 

4, 33 
1, H 

21 

6. 20 
1. 19 

30 

5. 13 
1 .63 

1985 
33,68 

5,91 
31 

23, 51 
4, 73 

51 

27, 79 
7, 17 

82 

3, s4 
0. 93 

31 

5.2 4 
1, 52 

51 

4. 71 
1. 49 

82 

Total s 
26.93 

8.02 
SO 

2 5, 32 
5. 04 

132 

2 5, 93 
6. 36 

212 
To ta l s 

3, 80 
1, 10 

80 
1. 84 

132 

4. 81 
1. 78 

212 

a . / length of plant (cm) b . / number of f lowers 

Pécs Kunp. Tota l Pécs Kunp. Total 

19S3 
0. 86 
0.10 

28 

1,02 
0. 14 

51 

0. 97 
0, 15 

79 
1983 

0,41 
0.07 

28 

0. 47 
0. 06 

51 

0 .45 
0. 07 

79 

1984 
1. 05 
0. 12 

21 

1.21 
0, 12 

30 

1,14 
0, 14 

51 
L984 

0. 47 
0.07 

21 

0. 56 
0. 06 

30 

0. 52 
0, 08 

51 

1985 
0. 99 
0. 12 

31 

1. 12 
0.13 

51 

1.07 
0. 14 

82 
1985 

0. 50 
0. 06 

31 

0. 49 
0 ,07 

51 

0. 50 
0. 07 

82 

Tota l 
0, 96 
0. 14 

80 

1. 10 
0 ,15 

132 

1, 05 
0,16 

212 
To ta l 

0, 46 
0, 07 

80 

0. 50 
0 .07 

132 

0. 48 
0.08 

212 

c . / length of sepala (cm) d . / width of sepala (cm) 



Ku up. Tota l K u n p . T o t a l 

1983 
0. 37 
0, 06 

28 

0. 40 
0. 08 

51 

o. 39 
o. 08 

79 

1.11 
O. 09 

28 

1.16 
0. I l i 

51 

1.15 
0. 12 

79 

1984 
0. 45 
0. 07 

21 

0. 45 
0.07 

30 

0. 45 
0, 06 

51 
I 9 s I 

1 . 30 
0.05 

21 

1.40 
0, 08 

30 

1. 36 
0. 08 

51 

1985 s 
0. 41 
0. 07 

31 

0. 46 
0. 11 

51 

0. 44 
0. 10 

82 
1985 

1.01 
0. 09 

31 

1 . 08 
0. 08 

51 
0, 09 

82 

' T o t a l s 

0. 41 
I I , 07 

80 

0. 44 
0, 10 

] 32 

0. 43 
0. 09 

212 
'Total s 

n 

1 . 1 5 

0, 13 
80 

1,18 
o. i<; 

132 

1.17 
0 . 1 5 

212 

e . / length of petala f . / length of labe I lu m 

Pécs K u n p . 'Total 

1983 
0. 58 
0 ,08 

28 

0.44 
0.14 

51 

0, 19 
0, 1 I 

79 

0. 69 
0. 11 

21 

0. 52 
0. I 5 

30 

0. 60 
0, 16 

51 

0. 7 1 
0 .09 

31 

0. 45 
0,15 

51 

0. 56 
0. 19 

« 2 

Total 
0. 67 
0, 11 

80 

0. 46 
0, 15 

132 

0. 54 
o. 1 7 

212 

g . / l e n g t h o f h o r n 

1 I I 



Table 4 . Homogeneity tests ( F - and t -va lues i of the quant i ta t ive cha rac t e r s 

P é c s -
Kunpeszér 

1983-1984 1983-1985 1984-1985 
Pécs 1983-
Kunp.1983 

Pécs 1984 
Kunp.1984 

Length of 
the plant 

F 
t 

2 . 5 2 9 X X X  

1. 797 X 

1. 260 
1. 356 

1. 572 X 

3 . 4 6 6 X X X 

1 . 9 7 9 X X 

1.924 X 

1.131 
3. 3 9 9 X X 

1. 236 
2 . 1 8 3 X 

Number of 
f lowers 

F 
t 

2 . 8 2 6 X X X 

7 . 1 5 5 X X X 

1.605 X 

2 . 6 6 7 X X 

1 . 9 2 5 X X  

0.667 
1.199 
2 . 6 3 3 X X 

4 . 0 3 7 X X X  

4 . 8 7 3 X X X 

1. 802 X  

4 . 8 7 6 X X X 

Length of 
sepala 

F 
t 

1.166 
6 . 6 9 0 X X X 

1,127 
6 . 7 0 7 X X X 

1. 228 
4 . 6 2 9 X X X 

1.089 
2 . 9 5 4 X X 

1.960 X  

_ „„„xxx 
5. 339 

1.000 
. „ „ „ x x x 
4. 776 

Width of 
sepala 

F 
t 

1.020 
3 . 4 1 4 X X X 

1. 283 
„ „ „ x x x 5. 833 

1.066 
4 . 8 2 6 X X X 

1. 368 
1.928 X 

1. 361 
4 . 0 0 5 X X X 

1. 361 
4 . 9 1 8 X X X 

Length of F 1. 7 0 2 X X 1.570 X 

5 . 0 4 3 X X X 

1 . 8 2 0 X X 2 . 8 5 7 X X X 1.903 X 1.000 
petal a t 2 . 0 5 0 X 

1.570 X 

5 . 0 4 3 X X X 3 . 6 9 4 X X X 0. 699 1 .746 X 0.000 

Length of F 1 .460 X 1 . 9 0 9 X X 

1 0 . 9 1 5 X X X 

1 . 8 2 6 X X 

5 . 0 9 0 X X X 

1.045 
XXX 

18. 896 
2 . 0 8 6 X 2 . 5 6 0 X  

3 . 5 4 8 X X X l abe l ium t 1. 904 X 

1 . 9 0 9 X X 

1 0 . 9 1 5 X X X 

1 . 8 2 6 X X 

5 . 0 9 0 X X X 

1.045 
XXX 

18. 896 0. 723 
2 . 5 6 0 X  

3 . 5 4 8 X X X 

Length of 
the horn 

F 
t 

1 , 7 5 2 X X 

10. 7 5 4 X X X 

1.224 
3 . 8 7 3 X X X 

1 . 7 4 0 X X 

2 , 6 0 4 X X 

1.422 X  

1.101 
3 . 0 6 3 X X X 

5 . 6 4 5 X X X 

1.860 X  

4 . 4 2 7 X X X 

Number of 
" l 

80 79 79 51 28 21 
exemplars 

n 2 132 51 82 82 51 30 

Significance l eve l s : (P=5%) 

XX (P=l%) 

Table 5. Homogeneity tests (Chi -values) of the qua l i t a t ive charac te r s 

P é c s -
Kunpeszér 1983-1984 1983-1985 1984-1985 

Pécs 1983-
Kunp.1983 

Pécs 1984 
Kunp.1984 

Sepala green 32. 4 0 0 X X X 0. 141 0. 544 0.998 8 . 9 7 1 X X 2. 339 

Sepala pink 40. 6 0 0 X X X 0 618 0. 020 0.440 1 2 . 2 8 9 X X X 8 . 0 1 9 X X 

Petala green 30. 4 0 0 X X X 2. 550 0. 201 3. 670 1 1 . 0 6 5 X X X 0.033 

Petala p ink 38 8 0 0 X X X 0 156 0.114 , 0.495 1 5. 4 5 3 X X X 4 , 6 8 4 X 

Appendix ye l low 1 890 0 618 0. 723 2.460 0 .001 0.024 

Appendix brown 4. 530 X 0 737 6 . 8 7 0 X X 2.220 0.012 0. 041 

Appendix 
t r identa te 9 4 0 X X B 4 7 0 X X 1 3 . 9 0 0 X X X 3 1 , 7 0 0 X X X 8 . 2 4 4 X X 0.224 

Appendix cut 0. 476 7. 1 2 0 X X 2.070 15. 7 0 0 X X X 0,024 4. 663 X 

Degree of f reedom: 1 
x ~ 

Significance l eve l s : fP=5%) 
X X ÍP=1%( 

XXX (P=0.1%) 
2 

- : Chi i s uncountable because of d i v i s i o n by zero 



Pécs 1985-
Kunp.1985 

Pécs 1983-
Pécs 1984 

Pécs 1983-
Pécs 1985 

Pécs 1984-
Pécs 1985 

Kunp.1983-
Kunp.1984 

Kunp.1983-
Kunp.1985 

Kunp.1984-
Kunp.1985 . 

1. 577 X 

8. 5 P 1 X X X 

1. 
1. 

144 
581 

1 . 150 
8 . 3 4 0 X X X 

1. 
0. 

315 
XXX 

297 
1.250 
0. 780 

1.213 
1 .949 X 

1.030 
2 . 9 1 1 X X 

2 . 6 7 1 X X 

4 . 6 2 2 X X X 

1. 037 1. 374 1. 42 5 
724 X 

2. 160 X 

2. 303 X 

2. 076 X 1.041 2 . 6 7 1 X X 

4 . 6 2 2 X X X 0. 063 1 . 8 2 4 X 1. 
42 5 
724 X 

2. 160 X 

2. 303 X 0.214 2 . 7 6 5 X X 

1. 174 
4 . 5 1 9 X X X 

1. 
6. 

440 
041 

1. 440 
4 . 4 9 4 X X X 

1. 
1. 

000 
768 X 

1.361 
6 . 1 9 3 X X X 

1. 156 
3 . 7 3 8 X X X 

1.174 
3 . 0 9 4 X X 

1. 361 
0. 402 

1. 
2. 

000 
9 6 9 X X 

1. 361 
5 . 3 1 9 X X X 

1. 
1. 

361 
6 54 

1.000 
6 . 5 1 7 X X X 

1. 361 
1 . 549 

1.361 
4. 5 7 5 X X X 

2 . 4 7 0 X X 

2 . 2 6 5 X 

1 . 

4. 
457 
3 0 1 X X X 

1 . 457 
2 . 3 4 3 X 

1. 000 
2 . 0 2 2 X 

1. 306 
2 . 8 4 1 X X 

1 . 8 9 1 X 

3 . 1 5 0 X X 

2 . 4 7 0 X X 

0.447 

1. 266 
2 . 0 9 3 X 

3. 
7. 

2 4 0 X X 

9 1 6 X X X 

1.000 
„ „xxx 

4. 263 
3 . 2 4 0 X X 

1 3 . 3 3 3 X X X 

XX 
2.641 
„ . „ „ X X X 
9.132 

2 . 6 4 1 X X X 

3 . 7 4 4 X X X 

1.000 
1 7 . 3 8 2 X X X 

XX 

2. 778 
9 . 7 3 8 X X X 

1. 
1. 

8 9 1 X 

0 5 6 X X X 

1. 266 
7 . 1 8 5 X X X 

1. 
1. 

494 
796 X 

1. 148 
2 . 4 1 8 X 

1.148 
0. 348 

1.000 
2 . 0 2 8 X 

31 2s 28 21 51 51 30 
51 21 31 31 30 51 51 

Significance leve ls : 

Table 5 cont inu ing 

Pécs 1985-
Kunp.1985 

1 3 . 7 9 3 X X X  

1 2 . 7 4 0 X X X  

13. 7 9 3 X X X 

1 1 . 8 0 0 X X X 

2.283 

1 6 . 1 8 4 X X X 

4. 435 X  

0.476 

Pécs 1983-
Pécs 1984 

1.024 

0.014 

2,221 

0. 353 

0. 002 

0.043 

1 3 . 1 9 5 X X X  

8. 5 9 4 X X 

=5%) 

-\%) 

=0. 1%) 

Pécs 1983- Pécs 1984-
Pécs 1985 Pécs 1985 

0. 137 

0. 083 

0.003 

0.062 

0.028 

4. 928 ? 

2. 756 

0. 734 

0. 815 

0.019 

3.314* 

0.010 

0.418 

0. 474 

2 1 . 1325 1 

16.055 

Kunp.1983- Kunp.1983-
Kunp.1984 Kunp.1985 

0.127 

0. 073 

0.082 

0. 177 

0.128 

0.184 

0. 510 

1.221 

15. 351* 

9. 873 X 

0.465 

Kunp.1984-
Kunp.1985 

0 .127 

0.073 

2. 440 

8. 837 ? 

9. 432 ? 

1.480 

Degree of freedom: 1 

Significance leve ls : X (P=5%) 
X X (P=l%) 

X X X (P=0.1%) 
2 

- : Chi is uncountable because of d i v i s i o n by zero 




