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QUANTITATIVE STUDIES OF HYBRIDIZATION IN 
WILD PLANT POPULATIONS 

by 

H a r o l d Trevor C l i f f o r d ' 

- 'being a t h e s i s p r e s e n t e d i n c a n d i d a t u r e f o r the 
Degree o f Doctor o f Philosophy i n the U n i v e r s i t y o f 
Durham, 1935, 



QUALITATIVE STUDIES OF HYERIBIZATIOS": I N WILD PLANT 
-r::- ;V • c> . "• . , -A , -

.POPULATIONS 

Ai i / s t r a c t of' t h e Ph 0 De t h e s i s p r e s e n t e d "by H. T,' C l i f f o r d , 
/ 1955.: 

The methods f o r s t u d y i n g p o p u l a t i o n s c o n t a i n i n g 

h y b r i d s have "been d i s c u s s e d and the a u a n t i t a t l y e methods 

f o r d e s c r i b i n g and a n a l y z i n g such .populations: have been 

explored,, These t e c h n i q u e s m o s t l y depend upon the 

p r o p e r t i e s o f normal u n i v a r i a t e o r m u l t i v a r i a t e 

d i s t r i " b u t i o n s ; I f t h e s i z e o f a . c h a r a c t e r i s n o r m a l l y A. 

d i s t r i b u t e d i n a p o p u l a t i o n f r e e o f h y b r i d s ? i t s d e v i a t i o n 

f r o m n o r m a l i t y i n o t h e r p o p u l a t i o n s may i n d i c a t e the 

presence o f h y b r i d s . . Most methods.of a n a l y s i s r e q u i r e 

t h a t t h e c h a r a c t e r s measured are u n i n f l u e n c e d by t h e 

• e n v i r o n m e n t a A method o f u s i n g p a i r s o f c o r r e l a t e d 

measurements when each i s i n f l u e n c e d by the environment 

has been proposed* 

The technic[uo3 d e s c r i b e d have been a p p l i e d t o the 

s t u d y o f i n t r o g r e s s i o n i n - t h e genera Juncus and Primula/. 

I n t h e genus Juncus some evidence was f o u n d f o r ' t h e 

i n t r o g r e s s i o n o f J» el'fusus (meadow; form) ..into J, i i - i f l e x u s 

t h e data f u r t h e r suggested t h a t , J . e f f u s u s c o n t a i n e d a t ' 

l e a s t two eco'types, a meadow" and a woodland f o r m . Because 



o f t h e s e , evidence o f i n t r o g r e s s i o h o f J. e f f u s u s by. 

J a i n f l e x u s was n o t sought,, 

i n t he genus P r i m u l a the d a t a suggested t h a t s l i g h t 

r e c i p r o c a l i n t r e g r e s s i o n o f P. v u l g a r i s and-P. v e r i s had 

o c c u r r e d . P l a n t s r e s e m b l i n g t h e a r t i f i c i a l P I h y b r i d -

"between these s p e c i e s were f o u n d i n most p l a c e s where the 

two grew i n t e r m i x e d - t h e i r numbers were always s m a l l . 

Very few p u t a t i v e b a ekcross h y b r i d s were observed. T h e i r 

s c a r c i t y may be r e a l or due t o many o f them, r e s e m b l i n g 

the &L h y b r i d or the r e c u r r e n t p a r e n t , as t h e y are known 

t o f r o m a r t i f i c i a l b a c k c r o s s f a m i l i e s . The absence o f 

h y b r i d s o t h e r t h a n t h e apparent F l i n - t h e f i e l d may be 

due t o t h e i r i n a b i l i t y t o compete w i t h t h e i r p a r e n t s . 

A r t i f i c i a l backeross f a m i l i e s ,are e a s i l y secured 'and t h e y 

are r e l a t i v e l y f e r t i l e , so i t would appear t h a t e x t e r n a l 

and n o t i n t e r n a l b a r r i e r s s e p a r a t e t h e s p e c i e s . 
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THE QUANTITATIVE STUDY OF NATURALLY OCCURRING • 
PLANT HYBRIDS. 

1. INTRODUCTION» 

I n r e c e n t years t h e r e has been a s t e a d i l y i n c r e a s i n g 
i n t e r e s t i n the study o f h y b r i d p l a n t s . There have been 
many reasons f o r t h i s i n c r e a s e d i n t e r e s t . To the s t u d e n t 
o f e v o l u t i o n h y b r i d s mean new combinations o f g e n e t i c 
m a t e r i a l ; t h e taxonomist i s c o n f r o n t e d w i t h t h e cause o f 
c o n f u s i o n i n many groups* the a g r i c u l t u r a l i s t must be 
c a r e f u l t h a t h i s crops do n o t s u f f e r f r o m b r e e d i n g w i t h 
u n c u l t i v a t e d p l a n t s and so become contaminated. 

These a r e but a few o f the reasons f o r s t u d y i n g 
h y b r i d i z a t i o n . Here some methods f o r s t u d y i n g w i l d 
p o p u l a t i o n s are co n s i d e r e d . Such i n v e s t i g a t i o n s should 
always be accompanied by br e e d i n g s t u d i e s f o r t he two 
are complementary. Sometimes i t i s fr o m f i e l d s t u d i e s 
t h a t we know i f h y b r i d i z a t i o n i s o c c u r r i n g between 
species because a t t e m p t s a t a r t i f i c i a l h y b r i d i z a t i o n may 
be u n s u c c e s s f u l . At o t h e r times h y b r i d s may e a s i l y be 
produced a r t i f i c i a l l y y e t under n a t u r a l c o n d i t i o n s they 
may n o t occur. 

I n h i s book ' I n t r o g r e s s i v e H y b r i d i z a t i o n ' Anderson 
(1949) summarizes the methods g e n e r a l l y employed i n t h e 
study o f h y b r i d p l a n t p o p u l a t i o n s . Most o f t h e methods 
proposed are v e r y u s e f u l b u t s u f f e r from b e i n g i n h e r e n t l y 
s u b j e c t i v e , though they may appear to be o b j e c t i v e . The 
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two p r i n c i p a l t e c h n i q u e s advocated are t h e use of i n d i c e s 
and o f s c a t t e r diagrams. 

q u a n t i t a t i v e l y 
I n d i c e s , though they may be t r e a t e d •^ae&Lh&Mim&k^, 

have the disadvantage t h a t they are formed by the simple 
a d d i t i o n o f t h e measurements of s e v e r a l c h a r a c t e r s . 
Such a r b i t r a r y a d d i t i o n o f c h a r a c t e r s i s u n s a t i s f a c t o r y 
i n t h a t i t does n o t a l l o w f o r c o r r e l a t i o n between 
c h a r a c t e r s ; f u r t h e r m o r e c h a r a c t e r s such as h a i r i n e s s 
a r e o f t e n measured i n a r b i t r a r y u n i t s . I t i s perhaps 
f o r these reasons t h a t these i n d i c e s or h y o r i d i n d i c e s 
have n o t o f t e n been employed by B r i t i s h workers. 

The method o f the s c a t t e r diagram which has been 
f r e q u e n t l y used by Anderson and o t h e r American b o t a n i s t s 
i s h i g h l y s u b j e c t i v e . I n t h e s c a t t e r diagram when 
complete, each p o i n t r e p r e s e n t s a condensed p i c t u r e o f 
a p a r t i c u l a r p l a n t . By a c a r e f u l e x a m i n a t i o n o f the 
s c a t t e r diagram i t i s • sometimes p o s s i b l e to p r e d i c t 
something o f the c h a r a c t e r s of the s p e c i e s which gave 
r i s e to the hybrid swarm under study. This i s done by 
considering the d i f f e r e n t c h a r a c t e r s and the degree o f 
c o r r e l a t i o n between them. Characters which are c l o s e l y 
c o r r e l a t e d are regarded as b eing d e r i v e d from a common 
species and so t h i s method of p r e d i c t i n g parentage has 
become K n o w n as the method of extrapolated c o r r e l a t e s . 

As d i s t i n c t f r o m these methods those which follow 
are somewhat more o b j e c t i v e and are c h i e f l y concerned 
w i t h q u a n t i t a t i v e c h a r a c t e r s . The a n a l y s i s of f i e l d 
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p o p u l a t i o n s w i l l now be c o n s i d e r e d under two headings. 

1. R e c o g n i t i o n of H y b r i d p l a n t s and H y b r i d swarms. 
2. R e c o g n i t i o n o f I n t r o g r e s s i v e H y b r i d i z a t i o n . 
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2 • 3EC0GNITI0H 0? HYBRID PIAMT8 A'?D HYBRID SWA3M8. 

H y b r i d p l a n t s a re g e n e r a l l y r e c o g n i z e e by be i n g 
intermediate i n appearance between t h e i r p a r e n t s . I f 
the ]?1 g e n e r a t i o n between a p a i r of species was q u i t e 
s t e r i l e , t h e c r i t e r i o n o f intermediate morphology might 
be usea t o r e c o g n i z e i t . Quite p r o b a b l y i t would be 
rec o g n i z e d as a t h i r d taxon and would even be g r a n t e d 
s p e c i f i c s t a t u s by taxonomists. W i t h i n t h e genus 
Nupbar t h e r e seems to be an example o f such a ' h y b r i d 
s p e c i e s ' i n N. i n t e r m e d i a which has become w e l l e s t a b l i s h e d 
by v e g e t a t i v e r e p r o d u c t i o n , and which i s very p r o b a b l y 
an F l h y b r i d between N» l u t e a and N. p u m i l a (Y. Heslop-
H a r r i s o n 1953). 

Many i n t e r s p e c i f i c hybrids are however p a r t i a l l y 
i f not h i g h l y f e r t i l e so t h a t they may produce an 72 
g e n e r a t i o n o r breed bacK to one o r both o f the p a r e n t s , 
i n t h i s way a very complex s e r i e s o f forms i s produced 
which may form a complete t r a n s i t i o n from one species 
t o the o t h e r . Such a m i x t u r e o f forms may be v e r y 
d i f i i c u l t t o i n t e r p r e t i f t h e two species have been 
i n t e r b r e e d i n g so e x t e n s i v e l y t h a t t h e f r e q u e n c i e s o f the 
pure species a re lorn. Stands o f t h i s t y pe may be 
c o n v e n i e n t l y d e s i g n a t e d as h y b r i d swarms. 

With a knowledge o f the d i s t r i b u t i o n o f s e v e r a l 
species o f a genus 'it i s sometimes p o s s i b l e to recognize 
the nature o f a h y b r i d swarm. E s p e c i a l l y i s t h i s so i f 
t h e h y b r i d swarms occur o n l y i n those r e g i o n s where t h e 
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ranges o f t h e p o s s i b l e p a r e n t a l species o v e r l a p , 
• f u r t h e r s u p p o r t f o r the n a t u r e o f a h y b r i d swarm 
between two such species may be d e r i v e d from a s t a t i s t i c a l 
i n v e s t i g a t i o n o f some c h a r a c t e r o f t h e p r o b a b l e p a r e n t a l 
species and t h e p u t a t i v e h y b r i d swarm. 

The a p p l i c a t i o n o f solne s t a t i s t i c a l methods to the 
study o f h y b r i d swarms w i l l now be di s c u s s e d under 
t h r e e headings. 

f a ) I n c r e a s e d v a r i a b i l i t y 
(b) D i s c o r d a n t v a r i a t i o n 
( c ) Progeny t e s t i n g . 

( a ) I n c r e a s e d v a r i a b i l i t y . 

I f t h e h y b r i d swarms arose from t he p a i r o f 
species t h a t had been p r e d i c t e d as p a r e n t s i t would be 
expected t h a t f o r most c h a r a c t e r s i t would be i n t e r ­
mediate between those s p e c i e s . Besides b e i n g i n t e r ­
m ediate, any c h a r a c t e r o f the p l a n t s i n the h y b r i d 
swarm i s l i v e l y to be more v a r i a b l e f r o m p l a n t t o p l a n t 
t h a n i n e i t h e r o f the assigned p a r e n t s . This p o i n t 
i s i l l u s t r a t e d by some f r u i t measurements i n the genus 
E u c a l y p t u s , Table 1 . Here the v a r i a n c e s o f averages 
o f 10 measurements on t h r e e c h a r a c t e r s from each o f 
50 t r e e s o f E. elaeophora, E. g o n i o c a l y x and a h y b r i d 
swarm are quoted. ( C l i f f o r d and B i n e t , 1954, see 
Appendix A.) 
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TABLE 1. 

Character E. elaeophora. H y b r i d swarm E S. g o n i o c a l y x 

F r u i t weight 
(mgai.) 

F r u i t l e n g t h 
(mm.) 

2091 2081 2097 

0.9 1.6 1.4 

Peduncle l e n g t h 
(mm) 

3.7 9.5 7.0 

TABLE 1: The v a r i a n c e s o f the means o f t h r e e f r u i t 
c h a r a c t e r s f o r a p a i r o f E u c a l y p t u s species 
and a presumed h y b r i d swarm between them. 

I t ought t o be noted t h a t the use o f the v a r i a b i l i t y 
o f a p o p u l a t i o n to c o n f i r m i t s parentage may not always 
appear to be r e l i a b l e . I n Table 1 i t was shown t h a t 
a l t h o u g h t h e f r u i t and peduncle l e n g t h s were more 
v a r i a b l e i n the presumed h y b r i d swarm tha n i n the 
p u t a t i v e p a r e n t a l s p e c i e s , the r e v e r s e h e l d f o r f r u i t 
w e i g h t . 

To understand why t h i s was so i t i s necessary t o 
c o n s i d e r the methods f o r measuring v a r i a b i l i t y ; t he 
v a r i a n c e was used i n Table 1 . Though t h e o r e t i c a l l y the 
v a r i a n c e i s perhaps the b e s t measure o f v a r i a b i l i t y i t 
s u f f e r s i n t h a t i t i s u s u a l l y dependent upon t h e mean, 
and i n g e n e r a l the l a r g e r the mean the g r e a t e r i t s 
v a r i a n c e . To e l i m i n a t e t h i s i n f l u e n c e o f t h e mean th e 



c o e f f i c i e n t o f v a r i a t i o n may be employed. This i s the. 
st a n d a r d d e v i a t i o n {the square r o o t o f the v a r i a n c e ) 
d i v i d e d by i t s mean. O c c a s i o n a l l y t h i s value i s 
expressed as a percentage. 

When t h e v a r i a b i l i t y o f f r u i t w e ight i s expressed 
as t h e c o e f f i c i e n t o f v a r i a t i o n t h e presumed h y b r i d 
swarm i s found t o be more v a r i a b l e than e i t h e r o f i t s 
assumed p a r e n t a l s p e c i e s , Table 2. This follows from 
the f a c t t h a t t h e average f r u i t w eight of the h y b r i d 
swarm i s l e s s than t h a t o f the p a r e n t a l s p e c i e s , the 
v a r i a n c e b e i n g s i m i l a r i n a l l t h r e e o f the groups. 

TABLE 2 

C h a r a c t e r 

F r u i t w e i g h t 
(mgm) 

F r u i t l e n g t h 
{mm) 

Peduncle l e n g t h 
(mm) 

E. elaeophora 

.246 

.113 

.191 

r b r i d swarm E. g o n i o c a l y x 

.286 .276 

,143 

,237 

.120 

.166 

TABLE 2; The c o e f f i c i e n t s o f v a r i a t i o n o f the mean o f 
t h r e e f r u i t c h a r a c t e r s f o r a p a i r o f Euc a l y p t u s 
species and a presumed h y b r i d swarm between 
them. 
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(b) D i s c o r d a n t v a r i a t i o n 

An a l t e r n a t i v e method o f c o n f i r m i n g p u t a t i v e 
parentage i n h y b r i d swarms i s to compare the p a t t e r n of 
v a r i a t i o n within them with t h a t within the presumed 
p a r e n t a l s p e c i e s . This method i s due t o Anderson (1951) 
who has p o i n t e d out t h a t within a species there i s 
always a d e f i n i t e a s s o c i a t i o n o f c h a r a c t e r s , and i f 
they vary they do so a c c o r d i n g t o a d e f i n i t e p a t t e r n . 
For example s e e d l i n g and a d u l t l e a v e s may d i f f e r i n 
shape b u t w i t h i n a g i v e n species the t r a n s i t i o n w i l l 
always f o l l o w the same course. Such p a t t e r n s o f 
development v a r y f r o m species t o species. 

These p a t t e r n s of v a r i a t i o n are d e s c r i b e d as 
concordant whereas those f o r t h e members o f a h y b r i d 
swarm may be d e s c r i b e d as d i s c o r d a n t . S e g r e g a t i o n and 
r e c o m b i n a t i o n o f the o r i g i n a l species p a t t e r n s i n the 
h y b r i d swarm tend to cause a d i s j o i n t e d p a t t e r n of 
v a r i a t i o n . The d i f f e r e n c e between these two k i n d s o f 
v a r i a t i o n i s shown i n Table 3, where s e v e r a l q u a l i t a t i v e 
c h a r a c t e r s are l i s t e d f o r two species o f I r i s and a 
h y b r i d swarm between them, { f r o m Anderson, 1949, p . 3 ) . 

With d i s c o r d a n t v a r i a t i o n the degree of a s s o c i a t i o n 
between c e r t a i n p a i r s of measurements i s u s u a l l y l e s s 
than the degree o f a s s o c i a t i o n o f s i m i l a r p a i r s of 
measurements showing concordant v a r i a t i o n . The 
measurement o f the degree of a s s o c i a t i o n i n terras o f 
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t h e product-moment c o r r e l a t i o n c o e f f i c i e n t ( r ) , i s 
c o n s i d e r e d l a t e r when d i s c u s s i n g i n t r o g r e s s i v e 
h y b r i d i z a t i o n . 

( c ) progeny t e s t i n g 

The s t a t u s o f a presumed h y b r i d p l a n t must 
always be c o n j e c t u r a l u n t i l i t has been reproduced by 
d e l i b e r a t e c r o s s - b r e e d i n g * With c e r t a i n groups b r e e d i n g 
may be d i f f i c u l t so a nother t e c h n i q u e must be developed. 
Perhaps the most s a t i s f a c t o r y t echnique a v a i l a b l e i s 
progeny t e s t i n g . 

Seed ta k e n from a s i n g l e p l a n t presumed to be an 
j?l h y b r i d must e i t h e r g i v e r i s e t o an ]?2 g e n e r a t i o n , a 
s e r i e s o f backcrosses t o the p a r e n t a l s p e c i e s , o r a 
m i x t u r e o f a l l t h r e e . With o t h e r h y b r i d s d i f f e r e n t 
combinations o f o f f s p r i n g would be d e r i v e d , and amongst 
them s e g r e g a t i o n would be expected. Some of the 
segregates might be expected to resemble o r to suggest 
the p a r e n t a l s p e c i e s . T h i s method o f c o n f i r m i n g o r 
p r e d i c t i n g ' parentage has o f t e n been used, e s p e c i a l l y 
s i n c e MacDougai {1^07} .demonstrated i t s v a l u e i n the 
study o f h y b r i d oaics. 

The method o f progeny t e s t i n g may b.e t r e a t e d 
q u a n t i t a t i v e l y as has been p r e v i o u s l y shown by t h e 
w r i t e r ( C l i f f o r d , 1954 .and Appendix B ) . B r i e f l y the 
method c o n s i s t s of growing t h e progeny f r o m s e v e r a l 
d i f f e r e n t p l a n t s o f the assumed h y b r i d s and p u t a t i v e 
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p e r e n t a l s p e c i e s . Some a t t r i b u t e i s measured on t h e 
members o f each f a m i l y and i t s ' mean and v a r i a n c e a r e 
c a l c u l a t e d . These two q u a n t i t i e s a r e p l o t t e d a g a i n s t 
each o t h e r t o o b t a i n a s c a t t e r diagram. I f t h i s can 
be enclosed w i t h i n a t r i a n g u l a r o u t l i n e w i t h t h e 
assumed p a r e n t a l species a t i t s b a s a l a n g l e s , t h e 
parentage o f the presumed h y b r i d swarm i s c o n f i r m e d . 
T h i s method i s i l l u s t r a t e d i n Pigu r e 1 where d a t a f r o m 
t h e germs E u c a l y p t u s are employed. 

The t r i a n g u l a r r e l a t i o n s h i p f o l l o w s i f t he c h a r a c t e r 
s t u d i e d i s i n h e r i t e d i n an i n t e r m e d i a t e manner ana i t s ' 
s i z e i s c o n t r o l l e d by s e v e r a l genes.. Under these 
circumstances the EL and 3?2 g e n e r a t i o n s have s i m i l a r 
means but d i f f e r e n t -variances and f a m i l i e s o f t h e 
p a r e n t a l species have d i f f e r e n t means and r e l a t i v e l y 
s m a l l v a r i a n c e s . ' T h i s i s i l l u s t r a t e d i n Table 4 by-
da t a f o r Maize (East VJ50). • 

1 A - D X J 3 4 

Parentage Mean Cob l e n g t h Variance 
o f Progeny {cms) o f mean 

P I x P I 6 . 6 0 . 6 6 

P2 x P2 16.8 3.49 
P I x P2 { P I ) 12.1 2.28 
F l x F l (12) 12.6 7.89 

TABLE 4 : The mean and v a r i a n c e f o r cob l e n g t h i n the 
p a r e n t a l and two h y b r i d g e n e r a t i o n s o f maize. 
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Eucalyptus and some putative hybrids between them. 

* E.elaeophora • E.goniocalyx -|- hybrids 



.Families made up o f d i f f e r e n t p r o p o r t i o n s o f the 
p a r e n t a l species and h y b r i d p l a n t s have means and 
v a r i a n c e s which f a l l w i t h i n the t r i a n g l e as d e f i n e d by 
th e means and v a r i a n c e s o f t h e p a r e n t a l species and 
the 3?2 g e n e r a t i o n . 

O f t e n i t i s found t h a t t h e v a r i a n c e i n c r e a s e s w i t h 
the mean and to e l i m i n a t e t h i s e f f e c t i t i s sometimes 
necessary t o compare the v a r i a b i l i t i e s o f d i f f e r e n t 
f a m i l i e s i n terms o f the c o e f f i c i e n t o f v a r i a t i o n . 
Normally t h i s does n o t m a t e r i a l l y a f f e c t the r e s u l t 
b u t such a -measure o f v a r i a b i l i t y i s t h e o r e t i c a l l y 
disadvantageous i n t h a t the t r i a n g l e i t produces has 
concave and n o t s t r a i g h t s i d e s . 

The t r i a n g l e t echnique f o r a n a l y z i n g the v a r i a b i l i t y 
o f a s e r i e s o f f a m i l i e s may sometimes be adopted f o r use 
i n t h e study o f d a t a from n a t u r a l p o p u l a t i o n s . 
Consider a s e r i e s o f samples from pure c o l o n i e s o f a 
p a i r o f species and from c o l o n i e s where i n t r o g r e s s i o n 
i s suspected. The mean s i z e o f some measured c h a r a c t e r 
o f a colony o f the pure species i s l i k e l y t o be l e s s 
v a r i a b l e than t he mean s i z e o f the c h a r a c t e r i n a h y b r i d 
o r i n t r o g r e s s e a colony. By p l o t t i n g the mean s i z e 
a g a i n s t i t s v a r i a n c e f o r each o f s e v e r a l c o l o n i e s t he 
s c a t t e r diagram o b t a i n e d may be found t o f a l l w i t h i n 
a t r i a n g u l a r o u t l i n e . T h i s i s w e l l i l l u s t r a t e d by t h e 
s i z e and v a r i a b i l i t y o f t a i l l e n g t h s w i t h i n d i f f e r e n t 



c o l o n i e s o f Red-Eyed Townees, b e l o n g i n g t o two species 
o f b i r d s which appear t o h y b r i d i z e i n Mexico ( S i b l e y 1954). 
These d a t a a r e shown i n F i g u r e 2 which has been prepared 
from t a b l e s quoted by Dr„ S i b l e y , 

I haue n o t been a b l e t o f i n d any p u b l i s h e d d a t a 
f o r w i l d p l a n t p o p u l a t i o n s which can be used to i l l u s t r a t e 
t h i s t e c h n i q u e . 



F i g u r e 2 

4 0 

30 

hi 

I 5 2 0 

10 

95 105 IOO 1 1 0 M M . 

M E A N T A I L - L E N G T H 

F i g u r e 2 % The r e l a t i o n s h i p between the mean and varian c e f o r 
the t a i l lengths o f the "birds i n some p o p u l a t i o n s of 
Red-Eyed Townees. 
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3 • RECOGNITION 0? INTR0GR3SSIVE HYBRIDIZATION. 

Wi t h i n t e r s p e c i f i c h y b r i d s t h a t a re f e r t i l e t h e r e i s 
always the p o s s i b i l i t y o f gene exchange o c c u r r i n g 
between t h e p a r e n t a l s p e c i e s . I n the absence o f 
'Hybrid Swarms' i n t r o g r e s s i o n may n o t be s p e c t a c u l a r , 
but may n e v e r t h e l e s s cause the species t o become 
m o d i f i e d i n the r e g i o n o f h y b r i d i z a t i o n . The study . 
o f species i n a r e g i o n where t h e i r ranges o r h a b i t a t s / 
o f t e n suggests t h a t i n t r o g r e s s i o n has o c c u r r e d . 

Where the p o s s i b l e h y b r i d i z i n g species are known 
s u i t a b l e c o n t r a s t i n g c h a r a c t e r s can be s e l e c t e d f o r 
stu d y . Should the species show s i g n s o f d i s c o r d a n t 
v a r i a t i o n i n those areas where they grow i n t e r m i x e d 
t h i s i s good evidence t h a t i n t r o g r e s s i o n i s t a k i n g 
p l a c e . 

"Where t h e species d i f f e r p r i n c i p a l l y w i t h r e s p e c t 
t o q u a n t i t a t i v e c h a r a c t e r s , r e s o r t t o b i o m e t r i c a l 
methods i s sometimes necessary i f i t i s d e s i r e d t o 
know whether o r n o t gene f l o w i s o c c u r r i n g between them. 

For such a study c h a r a c t e r s n o t markedly i n f l u e n c e d 
by the environment must be chosen, o r f a i l i n g t h i s 
t h e i n f l u e n c e o f the environment must be minim i z e d . 
Some tec h n i q u e s f o r d o i n g t h i s w i l l now be d i s c u s s e d . 

( a ) M i n i m i z i n g Environmental I n f l u e n c e s . 

R a t i o s r a t h e r than a b s o l u t e measurements a r e 
o f t e n employed i n an endeavour t o minimize the e f f e c t o f 
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t h e environment when comparing p l a n t p o p u l a t i o n s . 
Unless the behaviour o f the r a t i o i s known f o r the 
pure species grown i n s e v e r a l environments t h i s i s n o t 
a safe procedure. Furthermore, as has been s a i d by 
"Davey and Lang (1939, p. 61) " i t seems unsafe t o assume 
t h a t a r a t i o w i l l be u n a f f e c t e d by growth w i t h o u t some 
knowledge o f these i n t e r a c t i o n s . " - where by "these 
i n t e r a c t i o n s " 5 they mean growth e f f e c t s . 

An a l t e r n a t i v e means o f m i n i m i z i n g e n v i r o n m e n t a l 
i n f l u e n c e s has been proposed by the w r i t e r ( C l i f f o r d 1955) 
f o r use w i t h p a i r s o f c o r r e l a t e d measurements. When t h e 
measurements f o r a p a i r o f species are r e l a t e d as i n 
F i g u r e 3, e f f e c t i v e e l i m i n a t i o n o f the i n f l u e n c e o f 
a b s o l u t e s i z e may be achieved. B r i e f l y a new s e t o f 
axes i s drawn such t h a t one o f them i s p a r a l l e l t o t h e 
l o n g axes o f the s c a t t e r diagrams. 'fhe o t h e r i s drawn 
a t r i g h t angles t o t h i s ana i s c a l i b r a t e d i n an a r b i t r a r y 
s c a l e . Whereas n e i t h e r measurement alone w i l l d i s c r i m i n a t e 
e n t i r e l y between the two p o p u l a t i o n s , they are c o m p l e t e l y 
separated i f d e s c r i b e d i n terms o f the new s c a l e . 

The i n d e x values o b t a i n e d i n t h i s way might be 
c o n v e n i e n t l y d e s c r i b e d as ' c o r r e l a t i o n i n d i c e s ' f o r 
t h e i r v a r i a b i l i t y depends upon t h e degree o f c o r r e l a t i o n 
between the o r i g i n a l measurements. With h i g h l y 
c o r r e l a t e d measurements the v a r i a b i l i t y o f t h e 
c o r r e l a t i o n i n d i c e s w i l l be l e s s than i f the measurements 
.were n o t h i g h l y c o r r e l a t e d . 
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F i g u r e "5 ?. The r e l a t i o n s h i p "between the c o r r e l a t i o n l i n e s , 
( l i n e s o f " best f i t " ) and the index s c a l e w i t h 
ref e r e n c e to the s c a t t e r diagrams of two v a r i e t i e s 
of Gamelina, a f t e r C l i f f o r d ( 1 9 5 5 ) . 



The r e l a t i v e degree o f s e p a r a t i o n , f o r a p a i r o f 
p o p u l a t i o n s , l i k e l y t o be achieved by the use o f 
c o r r e l a t i o n i n d i c e s and r a t i o s can be i l l u s t r a t e d w i t h 
r e f e r e n c e t o some data f o r t he genus E u c a l y p t u s , A 
comparison ox f r u i t weights and l e n g t h s f o r E, elaeophora 
and S, g o n i o c a l y x i n d i c a t e s t h a t a l t h o u g h t h e species 
d i f f e r c o n s i d e r a b l y w i t h r e s p e c t t o these c h a r a c t e r s 
n e i t h e r i s i n i t s e l f s a t i s f a c t o r y f o r d i s t i n g u i s h i n g 
between the s p e c i e s , "Figures 4a and 4b. For many 
specimens n e i t h e r the weight n or l e n g t h o f t h e f r u i t 
would i n d i c a t e t o which species i t belonged. 

The combining o f the two measurements i n t o a r a t i o 
v e ry much improves t he s e p a r a t i o n o f the s p e c i e s , P i g . 4c, 
but t h e r e i s s t i l l a wid« range o f values f o r which t h e 
r a t i o would be o f no use f o r i d e n t i f y i n g a f u r t h e r 
specimen* T h i s range o f o v e r l a p may be f u r t h e r reduced 
by d e s c r i b i n g t he species i n terms 'of t h e i r c o r r e l a t i o n 
i n d i c e s , F i g . 4d. 

For t h i s as w e l l as o t h e r d a t a i t has been found 
t h a t t h e c o r r e l a t i o n i n d i c e s are o f t e n a b e t t e r means 
o f d i s c r i m i n a t i n g between p o p u l a t i o n s than a r e r a t i o s . 

Where the s i z e o f the c h a r a c t e r chosen f o r study 
i s l i t t l e i n f l u e n c e d by the environment t h e r e a r e s e v e r a l 
methods a v a i l a b l e f o r comparing c l o s e l y r e l a t e d 
p o p u l a t i o n s . 

These methods w i l l now be di s c u s s e d under t h r e e 
headings a c c o r d i n g t o t h e number o f measurements i n v o l v e d . 



2 5 

20 
> O 
Z 15 
Ld 
D <3 
Id 

5 

10 

30 

25 

20 
/-O 
Z |5 
td 
D 

F i g u r e 4 

\ 
7 5 175 2.75 M G . 

CLASS CENTRE 
a-S S-S !0v5 12-5 MM. 

CLASS CENTRE 

C 

\ / 
7-5 13-5 19-5 ZS-5 3 1 - 5 2 - 5 4 - « 6 -5 8 5 UNITS 

CLASS CENTRE CLASS CENTRE 

f i g u r e 4 ; A comparison of the e f f e c t i v e n e s s of f r u i t weight 
and le n g t h , t h e i r r a t i o and the c o r r e l a t i o n index 
derived from them , f o r d i s t i n g u i s h i n g between 
Eucalyptus elaeophora and E.gonlocalyx. 

A . F r u i t weight B. F r u i t length 
C . R a t i o F.W./F.L. C. C o r r e l a t i o n Index 

E.elaeophora E.gonlocalyx 



( b ) S i n g l e measurements 
( c ) P a i r s o f measurements 
(d) S e v e r a l measurements 

( k ) §iSSi.e measurements. 
Wit h s i n g l e measurements i t i s o f t e n u s e f u l t o 

compare p o p u l a t i o n s w i t h r e s p e c t t o t . . e i r means, 
v a r i a n c e s and 'skewness.' For v a r i o u s reasons t o be 
g i v e n l a t e r J. i n f l e x u s appears to s u f f e r s l i g h t 
i n t r o g r e s s i o n from j . _ e f f u s u s i n those areas where the 
two species grow i n mixed stands. The l e n g t h o f the 
l o n g e s t p e r i a n t h segment i n J. i n f l e x u s does n o t seem 
to be much i n f l u e n c e d by the environment and so may be 
used to d i s c u s s t h e a p p l i c a t i o n o f t h e s t a t i s t i c s 
mentioned above. 

I n c o l o n i e s o f J. i n f l e x u s which are growing a p a r t 
f r o m J . e f f u s u s , the p e r i a n t h l e n g t h o f the p l a n t s i s 
almost n o r m a l l y d i s t r i b u t e d , F i g u r e 5, and i s n o t 
p a r t i c u l a r l y v a r i a b l e . - Where J . i n f l e x u s i s growing 
i n t e r m i x e d w i t h J. e i i u s u s the p e r i a n t h l e n g t h s are 
more v a r i a b l e , t h e i r average s i z e i s s m a l l e r , and t h e r e 
i s a s l i g h t n e g a t i v e skewness t o the d i s t r i b u t i o n . 

These r e s u l t s might have been a n t i c i p a t e d f r o m a 
xviio»lec.{-,e o f p e r i a n t h l e n g t h s i n pure stands o f 
J. i n f L e x u s ana J. e f f u s u s . I n t r o g r e s s i o n o f J. i n f l e x u s 
by J . e i x u s u s ought t o l e a d t o an i n c r e a s e d v a r i a b i l i t y 
o f J . j n f j p x u s because t h e two species ha\e d i f f e r e n t 
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F i g u r e 5 ' Frequency polygons f o r the p e r i a n t h lengths of 
J . i n f i e x u s growing together with and apart from 
J . e f f u s u s ( meadow form ) . £ach sample contained 
360 specimens , The s c a l e i s such t h a t 25 u n i t s 
equal 1 mm. 

— — J . i n f l e x u s growing apart from J . e f f u s u s 

0 o J . i n f l e x u s growing together with J . e f f u s u s 

Normal d i s t r i b u t i o n curve f i t t e d to the data f o r 
J . i n f l e x u s growing apart from J . e f f u s u s 
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p e r i a n t h l e n g t h s and these appear t o be i n h e r i t e d 
m u l t i f a c t o r i a l ^ . I n these circumstances the i n t r o g r e s s e d 
p l a n t s o f J, i n f l e x u s might be expected to be s e g r e g a t i n g 
f o r f a c t o r s a f f e c t i n g p e r i a n t h l e n g t h ; thus v a r i a b i l i t y 
Blight be produced which was too s l i g h t t o d e t e c t except 
b i o m e t r i c a l l y . As J. e f f u s u s has a s m a l l e r p e r i a n t h 
t h a n J", i n f l e x u s i n t r o g r e s s e d c o l o n i e s o f t h e l a t t e r 
would be expecteu t o possess on the average s h o r t e r 
p e r i a n t h s than those f o r the pure s p e c i e s . 

f i n a l l y i f t h e i n t r o g r e s s i o n was o n l y s l i g h t , 
skewness i n t h e d i r e c t i o n o f t h e i n t r o g r e s s i n g species 
might be a n t i c i p a t e d . Since the p e r i a n t h o f J . e f f u s u s 
i s s h o r t e r t h a n t h a t o f J. i n f l e x u s a n e g a t i v e skewness 
would be expected; t h i s has o c c u r r e d . 

As each s t a t i s t i c has behaved as p r e d i c t e d these 
t e s t s r e i n f o r c e each o t h e r . U n f o r t u n a t e l y t h e i r use i s 
s e v e r e l y r e s t r i c t e d by the c o n d i t i o n t h a t the c h a r a c t e r 
under study must n o t be markedly a f f e c t e d by the 
environment. 

( c ) P a i r s o f measurements. 

More e x a c t i n g t e s t s f o r i n t r o g r e s s i o n can be 
d e v i s e d u s i n g two measurements f o r each p l a n t . These 
r e s o l v e themselves i n t o a study o f the c o v a r i a n c e s as-
w e l l as the v a r i a n c e s o f the measurements. The two 
g e n e r a l t e c h n i q u e s are 

( i } L i n e s o f b e s t f i t t h r o u g h the d a t a . 
( i i ) The product-moment c o r r e l a t i o n c o e f f i c i e n t . 
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( i ) L i n e s o f best f i t t h r o u g h t he d a t a . 

T h i s technique may be i l l u s t r a t e d by the 
dat a o f R u s s e l l (1954) f o r l e a f measurement's made upon 
a p o p u l a t i o n o f w h i t e v i o l e t s . A mass c o l l e c t i o n o f 
these was made i n the f i e l d and brought back to the 
l a b o r a t o r y f o r study. Here the c o l l e c t i o n was separated 
i n t o t h r e e c a t e g o r i e s , V i o l a l a n c e o l a t a , V, p a l l e n s 
and an assumed h y b r i d group. The l e n g t h and b r e a d t h 
o f the l e a f laminas o f these groups was measured and 
the d a ta are pr e s e n t e d as s c a t t e r diagrams i n F i g u r e 6, 

From the f i g u r e i t i s e v i d e n t . t h a t the d i r e c t i o n o f 
the l i n e o f best f i t t h r o u g h each o f these s u b - p o p u l a t i o n s 
i s d i f f e r e n t . Furthermore f o r the presumed h y b r i d group 
the slope o f the l i n e i s i n t e r m e d i a t e between the slopes 
f o r t h e p u t a t i v e p a r e n t s . 

Such i n t e r m e d i a c y o f slope f o r a h y b r i d p o p u l a t i o n 
would be expected i f the p a i r o f c h a r a c t e r s making up 
the s c a t t e r diagram were m u l t i f a c t o r i a l l y i n h e r i t e d . 
Where t h e amount o f gene f l o w between the species i s 
o n l y s l i g h t , t h e s c a t t e r diagram f o r an i n t r o g r e s s e d 
p o p u l a t i o n w i l l d i f f e r o n l y s l i g h t l y f rom t h a t f o r the 
pure species; i t s displacement w i l l be i n the d i r e c t i o n 
o f t h e i n t r o g r e s s i n g s p e c i e s . 

To determine a c c u r a t e l y t he d i r e c t i o n o f the 
l i n e o f best f i t , t he slope must be c a l c u l a t e d . The 
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F i g u r e 6 : S c a t t e r diagrams of the lamina length and breadth 
fo r two s p e c i e s of V i o l a and a puta t i v e hybrid 
population between them , ( from R u s s e l l 1954 5 • 
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necessary formulae are 

Cf ~ y) = ( X - x) tan QC 

2 

where t a n 2 = . — ~J^~~™~7— 

(fi - i l -
and x and y are t h e p a i r o f c o r r e l a t e d c h a r a c t e r s . 

T h i s l i n e i s one such that the sura o f t h e squares 
o f t h e p e r p e n d i c u l a r d i s t a n c e s o f the sample co-ordinates 
f r o m the l i n e i s a minimum and i t thus d i f f e r s 
c o n s i d e r a b l y f r o m a normal r e g r e s s i o n l i n e . 

U n f o r t u n a t e l y I have been unable t o f i n d s u i t a b l e 
d a t a t o t e s t t he m e r i t o f t h i s method f o r d e t e c t i n g o r 
c o n f i r m i n g i n t r o g r e s s i o n . The d a t a quoted f o r V i o l a 
are not r e a l l y s u i t a b l e i n t h a t the mass c o l l e c t i o n was 
s u b j e c t i v e l y d i v i d e d i n t o t h r e e groups, had i t been 
p o s s i b l e to do t h i s o b j e c t i v e l y t h e method would have 
been a p p l i c a b l e . 

{ i i ) The Product-moment C o r r e l a t i o n C o e f f i c i e n t . 

The use o f t h i s , the commonest means o f 
measuring c o r r e l a t i o n as an i n d i c a t o r o f i n t r o g r e s s i o n , 
may a l s o be i l l u s t r a t e d by r e f e r e n c e to F i g u r e 6, I f 
i t i s assumed t h a t i n a colony o f V i o l a p a l l e n s t h e r e 
are a few p l a n t s t h a t have s u f f e r e d s l i g h t i n t r o g r e s s i o n 

<7. xy 

n 
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frora y. l a n c e o l a t a i t i s improbable t h a t they would be 
conspicuous. 

N e v e r t h e l e s s a b i o m e t r i c a l study o f the colony 
c o n t a i n i n g such i n t r o g r e s s e d p l a n t s would when p l o t t e d 
as a s c a t t e r diagram r e v e a l the e x i s t e n c e o f a few 
i n d i v i d u a l s s i t u a t e d between y. p a l l e n s and the h y b r i d 
p l a n t s i n Pig. 6. The e x t e n s i o n of the s c a t t e r diagram 
i n t h i s d i r e c t i o n would i n d i c a t e a r e d u c t i o n i n t h e 
degree o f c o r r e l a t i o n between lamina l e n g t h and b r e a d t h 
i n the i n t r o g r e s s e d p o p u l a t i o n . 

The a p p l i c a t i o n of t h i s method may be conveniently 
' i l l u s t r a t e d w i t h r e f e r e n c e to d a t a c o l l e c t e d f o r the 
genus P r i m u l a . I f i t i s assumed t h a t c o l o n i e s o f Cowslip 
and Primroses growing i n t e r m i x e d r e p r e s e n t i n t r o g r e s s e d 
c o l o n i e s and t h a t the same pair* o f speeies when growing 
a p a r t r e p r e s e n t pure c o l o n i e s , the d a t a of Table 5 w e l l 
i l l u s t r a t e t he decrease o f c o r r e l a t i o n between s u i t a b l e 
p a i r s of measurements i n i n t r o g r e s s e c t c o l o n i e s . 

l o n y Type n Primrose n Oo./sli-j 

t e m i x e d 1 2 . 3 2 7 9 . 

o a r a t e 12 . 3 3 & 8 . 1x1 ur 

C c [ > - • - . r t i - r r ?>flrice Of C 

1 . ' i J CM IM<- ' o ' . ^ i i t ' / l C '.oe 



When growing i n mixea communities b o t h Cowslip and 
Brimrose show a decrease i n the degree of c o r r e l a t i o n 

;vv. 

between t he l e n g t h o f the c a l y x t e e t h and the ci r c u m f e r e n c e 
o f t h e c a l y x , though more samples would be neeaea to 
determine i f the d i f f e r e n c e were s t a t i s t i c a l l y 
s i g n i f i c a n t . I n t h e Primrose t he c a l y x has l o n g t e e t h 
and a narrow d i a m e t e r whereas i n the Cowslip the t e e t h 
are s h o r t and the c a l y x i s broau. 

I t i s uniortunate t h a t the use o f the c o r r e l a t i o n 
c o e f f i c i e n t must be r e s t r i c t e d t o such p a i r s o f 
c o n t r a s t i n g measurements. Furthermore i t must be usee, 
c a u t i o u s l y f o r sometimes t h e degree of c o r r e l a t i o n 
between q u a n t i t a t i v e c h a r a c t e r s may be g r e a t e r i n the 
n y b r i d c o l o n i e s t h a n i n the pure c o l o n i e s o f the p a r e n t a l 
s p e c i e s . T h i s was found to be so i n t h e study of a 
h y b r i d swam i n the genus E u c a l y p t u s ( C l i f f o r d and B i n e t I . e . 
Here i t was discovered t h a t b o t h f r u i t weight and 
peduncle length and f r u i t w eight and f r u i t l e n g t h were 
more s t r o n g l y c o r r e l a t e d i n the h y b r i d stiarm than i n 
the p a r e n t a l s p e c i e s . These d a t a are shown i n Table 6. 

TABLE 6 

P o p u l a t i o n F r u i t weight F r u i t weight 
peduncle l e n g t h F r u i t l e n g t h 

E. elaeophora .739 .237 
H y b r i d Swarm .797 .494 
E. goniocalyx .684 .427 
TABLE 6; The degree o f c o r r e l a t i o n between t w o ' p a i r s o f 

c h a r a c t e r s f o r a h y b r i d swarm and two p a r e n t a l 
s p e c i e s , i n the genus E u c a l y p t u s . 
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Th e reason f o r the i n c r e a s e i n magnitude o f the 
c o r r e l a t i o n c o e f f i c i e n t i n the hybrid swarm i s p u z z l i n g 
but may be r e l a t e d t o i t s . p e c u l i a r o r i g i n . I t i s thought 
to be growing i n a s i t u a t i o n where s e l e c t i o n i s f a v o u r i n g 
the F l - l i k e h y b r i d s a t t h e expense of the o t h e r 
segregates and even the p a r e n t a l s p e c i e s . 

(d) S e v e r a l measurements. 

To demonstrate small d ifferences between 
populations i t i s o f t e n necessary to.employ s e v e r a l 
measurements. She combining o f these i n t o a s i n g l e 
v a l u e r a i s e s s e v e r a l d i f f i c u l t problems. As groups o f 
measurements made upon most b i o l o g i c a l m a t e r i a l a r e 
c o r r e l a t e d allowances must be made f o r t h e c o r r e l a t i o n . 
I t i s often found t h a t an organ l a r g e with r e s p e c t .to 
one measurement i s al s o l a r g e w i t h r e s p e c t t o a second. 
Because of t h i s t h e a r b i t r a r y a d d i t i o n o r . s u b t r a c t i o n 
o f measurements may be regarded as o f l i t t l e v a l u e . 

Perhaps the most s a t i s f a c t o r y way of combining 
several.measurements i s to .employ t h e methods o f m u l t i ­
v a r i a t e a n a l y s i s j and i n p a r t i c u l a r d i s c r i m i n a n t a n a l y s i s 
Though t h i s t e c h n i q u e was d e v i s e d e s p e c i a l l y f o r d e a l i n g 
w i t h taxonomic problems (:?isher 1936} and was f i r s t 
i l l u s t r a t e d w i t h data f o r the genus I r i s i t does not 
appear t o have found f a v o u r w i t h b o t a n i s t s u n t i l 
r e c e n t l y . L a t e r , when d i s c u s s i n g t h e genus Juncus 
a d i s c r i m i n a n t a n a l y s i s i s undertaken and i n Appendix A 
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t h e method has been employed i n the study o f a h y b r i d 
swarm i n the genus E u c a l y p t u s . 

I n a r e c e n t paper i n t e n d e d t o demonstrate t h e 
advantages o f d i s c r i m i n a n t a n a l y s i s Whitehead (1954) 
i l l u s t r a t e d t h e method w i t h r e f e r e n c e to the genus 
Cerastium. A: more d e t a i l e d account o f t h e methods o f 
m u l t i v a r i a t e a n a l y s i s i s g i v e n by Rao (1 9 5 2 ) . 

An i n g e n i o u s method o f combining any number of 
measurements was proposed by Anderson and Whitaker (1934) 
when s t u d y i n g t h e genus U v u l a r i a . The method has been 
d i s c u s s e d more r e c e n t l y by M e l v i l l e (1951) who suggested 
t h a t t h e value i t y i e l d e d might be c a l l e d a 'Pythagorean 
Index.' 

As t he name suggests the method i s based upon t h e 
p r o p e r t i e s o f a r i g h t a ngled t r i a n g l e . ' l o r a p a i r o f 
measurements t he i n d e x i s d e r i v e d by r e g a r d i n g them as 
the s i d e s o f a t r i a n g l e e n c l o s i n g t h e r i g h t angle and 
a c c e p t i n g the Pythagorean Index as the hypotenuse o f 
the t r i a n g l e . The method as a p p l i e d to s e v e r a l 
measurements i s f u r t h e r i l l u s t r a t e d by "Figure 7 which 
comes from M e l v i l l e ' s paper. 

Though t h e Pythagorean Index i s f u l l y o b j e c t i v e i t 
i s o f l i t t l e p r a c t i c a l use. No e f f o r t i s made i n the 
method t o a l l o w f o r c o r r e l a t i o n s between t h e measurements, 
and f u r t h e r m o r e i n combining a s e r i e s o f them i n t h i s 
way d i f f e r e n c e s between groups are sometimes d i s g u i s e d • 
r a t h e r t h a n a c c e n t u a t e d . 
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F igure 7 

B 1 C 

F i g u r e 7 : The method f o r c o n s t r u c t i n g the Pythagorean Index. 
The s u c c e s i v e i n d i c e s combine p+q , p+q+r and 
p+q+r+s i n t o a s i n g l e f i g u r e equivalent to the square 
root of the sum of t h e i r squares . 



T h i s may be c o n v e n i e n t l y shown by d a t a due t o 
Tedin (1925) f o r t he genus Camelina. I n Table 7 the 
mean measurement o f t h r e e capsule c h a r a c t e r s a r e quoted 
and a l s o t he Pythagorean Index d e r i v e d from them. The 
Index i s l i t t l e b e t t e r than the s i n g l e measurements as 
a means o f d i s c r i m i n a t i n g between the two v a r i e t i e s . 

TABLE 7 

Character Var. CI Tar 02 

Capsule l e n g t h 9.7 mm. 8.6 mm. 
Capsule w i d t h 5.7 mm. 6.6 mm. 
Capsule b r e a d t h 3.7 mm. 5.4 mm. 
Pythagorean Index 11.8 12.0 

TABLE 7; A comparison of two v a r i e t i e s o f Camelina 
microcarpa ( I ) Crantz, i n terms o f t h r e e 
capsule measurements ana the Pythagorean 
Index derived from them. 
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4. DISCUSSION. 

The p r i n c i p a l b i o m e t r i c a l t e c h n i q u e s a v a i l a b l e 
f o r comparing p o p u l a t i o n s have been d i s c u s s e d and 
s e v e r a l o f them w i l l be employed below f o r t he study 
o f i n t r o g r e s s i o n i n the genera P r i m u l a and Juncus. 

Before l e a v i n g t h i s s u b j e c t i t i s necessary t o 
d i s c u s s some o f the l i m i t a t i o n s t o the s t a t i s t i c a l 
a n a l y s i s o f f i e l d d a t a . The c h i e f o f these i s t h a t 
p l a n t s a re u s u a l l y h i g h l y p l a s t i c and may be c o n s i d e r a b l y 
m o d i f i e d by the environment. I n a b i o m e t r i c sense 
any species may be regarded as a s e r i e s o f p o p u l a t i o n s 
each c o r r e s p o n d i n g with a d i f f e r e n t m i c r o - h a b i t a t . 
Sampling o f o n l y c e r t a i n o f these h a b i t a t s may g i v e 
a b i a s e d p i c t u r e o f the s p e c i e s . I f the h a b i t a t s are 
no t themselves n o r m a l l y d i s t r i b u t e d i n the mathematical 
sense, a random sample o f them w i l l n o t be normal, 
p l a n t s c o l l e c t e d from such a group o f h a b i t a t s may 
show an a p p a r e n t l y non-normal d i s t r i b u t i o n f o r any 
measured c h a r a c t e r t h a t i s influenced by t h e environment. 

I n any study every attempt must be made t o e l i m i n a t e 
the i n f l u e n c e o f the environment on the p l a n t . Unless 
t h i s i s p o s s i b l e , and the data are a v a i l a b l e i n g r e a t 
q u a n t i t y g r e a t care must be e x e r c i s e d i n t h e a n a l y s i s 
and i n t e r p r e t a t i o n o f measurements taken from f i e l d 
samples 
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p i n a l l y i t would seem appropriate to comment upon 
t h e s t a t i s t i c a l s i g n i f i c a n c e o f any d i f f e r e n c e s observed 
between p o p u l a t i o n s . For most of the techniques described 
i t i s p o s s i b l e to t e s t the s i g n i f i c a n c e o f the d i f f e r e n c e s 
observed and the methods f o r doing so are described 
i n most s t a n d a r d t e x t s and i n p a r t i c u l a r that- o f Rao ( I . e . ) 
I t i s f r e q u e n t l y found t h a t the d i f f e r e n c e observed i s 
not s i g n i f i c a n t a t the p r o b a b i l i t y l e v e l d e s i r e d . When 
t h i s i s so i n c r e a s e of the sample s i z e may r a i s e the 
d i f f e r e n c e to t h e l e v e l o f s i g n i f i c a n c e . Where the 
l a b o u r to do t h i s may be p r o h i b i t i v e i t may sometimes 
be more con v e n i e n t t o compare the p o p u l a t i o n s by s e v e r a l 
of the methods d e s c r i b e d . I f f o r most comparisons 
th e d i f f e r e n c e s between the p o p u l a t i o n s are i n the 
senses p r e d i c t e d t h i s s t r o n g l y suggests t h e i r r e a l i t y , 
though no s i n g l e d i f f e r e n c e may appear to be s i g n i f i c a n t . 
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AN INVESTIGATION OF POSSIBLE INTROGRESSION 
BSTW^JK JUNCUS JCTSUS L. AND JUNCUS IN?IEXUS L. 

1. In t r o d u c t i o n 

2. Taxonomy (a) Ecotypes of J . efxusus. 
(b) The r e l a t i o n s h i p s of J . d i f f u s u s 

3. f i e l d Studies (a) Evidence f o r h y b r i d i z a t i o n 
(b) Evidence f o r i n t r o g r e s s i o n 

4. A n a l y s i s of r e s u l t s 

5. D i s c u s s i o n . 
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1. INTRODUCTION. 

I n the v i c i n i t y o f Durham t h e r e are s e v e r a l l a r g e 
swamps and areas o f moorland where members o f the genus 
Juncus grow i n abundance. R a r e l y do they grow i n 
separate stands, more o f t e n than n o t s e v e r a l species 
grow i n t e r m i x e d . These mixed p o p u l a t i o n s seemed 
p a r t i c u l a r l y s u i t a b l e f o r the study o f i n t r o g r e s s i o n , 
e s p e c i a l l y as h y b r i d s between c e r t a i n o f the species 
had been rec o r d e d . .Furthermore m a t e r i a l c o u l d be 
c o l l e c t e d i n the ?9'inter as the f r u i t s and i n f l o r e s c e n c e s 
of the p l a n t s remained undamaged u n t i l as l a t e as 
January, a c o n s i d e r a t i o n o f importance t o a v i s i t i n g 
b o t a n i s t a r r i v i n g i n e a r l y October. 

A t t e n t i o n was focussed on the Genuini s e c t i o n o f 
the genus and i n p a r t i c u l a r upon J . i n f l e x u s and 
J. e f f u s u s , f o r t he h y b r i d between these has been s t a t e d 
t o be r e l a t i v e l y common (Salmon, 1331). The o n l y o t h e r 
member o f t h i s s e c t i o n o f the genus encountered was 
J . conglomeratus. The p r i n c i p a l d i f f e r e n c e s between 
the species are l i s t e d i n Table 8. 

Whether h y b r i d i z a t i o n between J . effusus and 
J . i n f l e x u s was l e a d i n g t o i n t r o g r e s s i o n c o u l d be 
determined o n l y by a s e r i e s o f f i e l d s t u d i e s and so 
f i e l d p o p u l a t i o n s were sampled ana brought i n t o t h e 
l a b o r a t o r y f o r a n a l y s i s . 
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The f i r s t step o f the a n a l y s i s was t o measure, f o r each 
specimen, the l e n g t h o f t h e l o n g e s t p e r i a n t h segment, 
the spathe and the i n f l o r e s c e n c e . A survey o f the f i e l d 
and herbarium specimens showed t h a t the two s p e c i e s 
d i f f e r e d q u a n t i t a t i v e l y i n these c h a r a c t e r s . The lengths, 
o f t he stem and o f the l o n g e s t s h e a t h i n g l e a f were 
a l s o observed to d i f f e r but these c h a r a c t e r s 'were 
n e g l e c t e d , p a r t l y because thay were n o t always a v a i l a b l e 
f o r the h e r b a r i u m specimens, and p a r t l y because s u i t a b l e 
m a t e r i a l was d i f f i c u l t t o c o l l e c t d u r i n g the w i n t e r . 
The number of r i b s on the stem, a l t h o u g h a r e c o g n i z e d 
c r i t e r i o n f o r s e p a r a t i n g J._ effusus from J. i n f l e x u s , 
was not recorded. I t was regardeu as u n s a t i s f a c t o r y 
f o r t h i s study because t h e number o f r i b s i s p r o p o r t i o n a l 
to t h e d i a m e t e r of the stern and so decreases a l o n g i t s 
l e n g t h . Furthermore i t i s a d i s c o n t i n u o u s v a r i a b l e 
which would n o t be w e l l s u i t e d to the d i s c r i m i n a n t 
a n a l y s i s that was envisaged t o be u l t i m a t e l y necessary. 

E a r l y i n t h e i n v e s t i g a t i o n i t became•evident t h a t 
a l t h o u g h J. ^ i n f l e x u s was a p p a r e n t l y a simple species i n 
the area s t u d i e d J . e f f u s u s appeared to i n c l u d e two 
forms t h a t were a p p a r e n t l y ecotypes. A c c o r d i n g l y , a 
s h o r t account o f t h e taxonomy o f J. e f f u s u s w i l l be 
g i v e n n e x t , i n order to c l e a r the way f o r a d i s c u s s i o n 
of h y b r i d i z a t i o n . 



2. TAXONOMY. 
(a)., Eeotypes of J . e f f u s u s . 

As has been s t a t e d , the r e c o g n i t i o n and 
d e s c r i p t i o n o f J . i n f l e x u s was q u i t e s t r a i g h t f o r w a r d , 
b u t the same c o u l d n o t be s a i d f o r J . effusus. As 
suggested by Richards and Clapham (1941) t h i s species 
appears t o posses s e v e r a l v a r i e t i e s o r ecotypes, though 
these do n o t appear t o be adequately d e s c r i b e d i n any 
o f the f l o r a s c o n s u l t e d . 

• From' f i e l d s t u d i e s m o s t l y conducted i n the n o r t h 
o f England i t has become e v i d e n t t h a t i n t h e areas 
i n v e s t i g a t e d J . effusus c o n s i s t s o f a t l e a s t two t a x a . 
They occupy d i f f e r e n t h a b i t a t s , appear to flower a t 
d i f f e r e n t times and d i f f e r i n r e s p e c t t o s e v e r a l 
q u a n t i t a t i v e c h a r a c t e r s . 

One o f them occurs p r i n c i p a l l y i n woods o r r e c e n t l y 
c l e a r e d 'woodlands and the o t h e r u s u a l l y occurs on the 
edges o f stamps o r on meadows, moorlands and o t h e r non-
shaded h a b i t a t s . T h e i r p r i n c i p a l morphological d i f f e r e n c e s 
are shown i n F i g . 8; i t can be seen that the woodland 
f r o m has a l a x e r i n f l o r e s c e n c e and s m a l l e r f l o w e r s than 
what might c o n v e n i e n t l y be c a l l e d the 'meadow' form. 
The e x t r a l a x n e s s o f the i n f l o r e s c e n c e o f the woodland 
f o r m i s due to the p e d i c e l s o f the u l t i m a t e f l o w e r s of 
the i n f l o r e s c e n c e being l o n g e r than those o f the meadow 
form ("Pig. 3 ) . 



Figure 8 

A1 A2 B2 Bl 

F i g u r e 8 : A comparison of the i n f l o r e s c e n c e s of the meadow 
and. woodland forms of J . e f f u s u s growing near Durham, 

*n a t u r a l s i z e . 

At and A2 Woodland form 

Bl and B2 Meadow form 
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From t h e i r v e r y b r i e f d e s c r i p t i o n i t would seem 
t h a t the woodland form i s what Richards and Clapham 
( I . e . ) d e s c r i b e as an e f f u s e f o r m growing i n the woods, 
f e n s and swamps o f southern England; they a p p a r e n t l y 
r e g a r d the meadow form as t y p i c a l o f the s p e c i e s . 
They d e s c r i b e a t h i r d taxon within J . e f f u s u s , the 
Tar.' conges tug Le«j. et Court, but t h i s has n o t been 
encountered i n the p r e s e n t study. 

The absence o f d e f i n i t e q u a l i t a t i v e d i f f e r e n c e s 
between t h e meadow and woodland forms o f J . e f f u s u s 
makes i t d i f f i c u l t to d e s c r i b e them o b j e c t i v e l y f o r 
t h e r e i s a c o n s t a n t danger o f choosing o n l y those p l a n t s 
which s t r e s s t h e i r d i f f e r e n c e s . Furthermore the two 
forms i n t e r g r a d e i n some l o c a l i t i e s , so t h a t some p l a n t s 
cannot be p l a c e d i n e i t h e r form w i t h c e r t a i n t y . 
N e v e r t h e l e s s an a t t e m p t has been made to d e s c r i b e them 
q u a n t i t a t i v e l y by comparing some woodland.populations 
near Durham w i t h s e v e r a l meadow p o p u l a t i o n s . 

The r e s u l t s are shown i n Table 9, from which i t 
can be seen t h a t t h e two forms d i f f e r c o n s i d e r a b l y 
f o r the c h a r a c t e r s measured, and e s p e c i a l l y i n the 
l e n g t h o f the l o n g e s t p e r i a n t h segment. 

The woodland populations sampled were chosen 
because they appeared t o c o n t a i n no p l a n t s o f the meadow 
form. With the meadow p o p u l a t i o n s no e f f o r t was maae 
to s e l e c t o n l y the meadow form and a few woodland forms 
may have been i n c l u d e d i n t h e samples. The absolute 



. . i n ­

d i f f e r e n c e between t he two forms i s t h e r e f o r e g r e a t e r 
than t h a t shown i n Table 9, which may be taken to 
i n d i c a t e the way i n which t h e forms d i f f e r , r a t h e r 
than the magnitude o f t h e i r d i f f e r e n c e . 

TABLE 9 

li tx- ID x t £t "t* $ 

Meadow 
Woodland 

n 

360 
40 

p e r i a n t h 

73 u n i t s 
62 u n i t s 

I n f l o r e s c e n c e 

18 aims. 
30 rams. 

Spathe 

18 cms. 
13 eras. 

Table 9: The mean i n f l o r e s c e n c e , p e r i a n t h and spathe 
l e n g t h s f o r J . effusus c o l l e c t e d f r o m two 
d i f f e r e n t h a b i t a t s . f 2 5 u n i t s = 1 mm.) 

( b ) . The r e l a t i o n s h i p s o f J . d i f f u s u s Hoppe 

The p u t a t i v e h y b r i d between J. e f f u s u s and 
and J . i n f l e x u s i s o f t e n regarded as an e q u i v a l e n t t o 
the p l a n t which Hoppe (1819) described a s J. d i f f u s u s . . 
T h i s p l a n t came from a meadow where i t was growing 
i n t e r m i x e d w i t h b o t h J , effusus ana i n f l e x u s . I t 
was d e s c r i b e d as a, very b e a u t i f u l p l a n t ana worthy o f 
the e p i t h e t f l o r i b u n a u s , and i t s name was s e l e c t e d to 
i n d i c a t e i t s a f i i n i t i e s with J . .effusus with which i t 
agreed i n poss e s s i n g a continuous p i t h . This i s a point 
o f considerable i n t e r e s t as w i l l be seen when considering 
t h i s c h a r a c t e r a s represented on specimens l a b e l l e d 
J . d i f f u s u s i n two o f the h e r b a r i a studied. 



The p l a n t g e n e r a l l y recognizea as J . a i f l u s u s 
i s d e s c r i b e d i n the l a t e s t B r i t i s h F l o r a (Clapham, T u t i n 
ana Warburg, 1952) as i n t e r m e d i a t e between J. i n i l e x u s 
and J . e f f u s a s . As two forms 0 1 J . effusus appear t o 
e x i s t i t i s c l e a r l y necessary i n such a d e s c r i p t i o n t o 
d e f i n e which form o f J . effusus i s meant, and t h i s has 
a p p a r e n t l y n o t been done. W i t h a view to i n v e s t i g a t i n g 
t h i s problem a comparison of the herbarium m a t e r i a l 
o f J. i n f l e x u s , J . difi'usus and J. e f i u s u s was under-taKen 

Specimens f r o m the h e r b a r i a o f the U n i v e r s i t i e s 
of.Cambridge and Oxford, the B r i t i s h Museum and 
Edinburgh have been -examined, where p o s s i b l e the l e n g t h 
o f t h e l o n g e s t p e r i a n t h segment, spathe and i n f l o r e s c e n c e 
were measured. No at t e m p t was made to. i d e n t i f y o r 
c o r r e c t any d e t e r m i n a t i o n , every specimen b e i n g accepted 
as i t was named on the sheet. These r e s u l t s are shown 
i n Table 10, and the poole d d a t a are p r e s e n t e d graph­
i c a l l y i n P i g s 9, 10, and 11. 

S e v e r a l o f the r e s u l t s c a l l f o r f u r t h e r comment, 
p a r t i c u l a r l y those f o r J. e f i u s u s and J . d i f f u s u s . The 
herba r i u m c o l l e c t o r s have n o t d i s t i n g u i s h e d t h e two 
forms o f J. e f f u s u s . Indeed the c o l l e c t i o n s show l i t u l e 
evidence f o r t he e x i s t e n c e o f two forms. Except f o r 
th e Edinburgh c o l l e c t i o n , which c o n t a i n e d a f a i r 
p r o p o r t i o n o f b o t h forms, the herbarium m a t e r i a l 
c o n s i s t e d m a i n l y o f the wood ana form. 
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Figure- 9 
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Figure 9 i Frequency polygons f o r the p e r i a n t h lengths of 
J.effusue , J . l n f l e x u s and J . d l f f u s u a ( or J . e f f u s u a x 
J . l n f l e x u s ) as measured upon herbarium materialV* " 
The s c a l e u n i t s are such that 2 5 equal 1 mm. 

n — - n J . l n f l e x u s 

-t 1- J . d l f fusus or J . e f fusua x J T l n f l e x u s 



F i g u r e 10 
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10 j Frequency polygons f o r the i n f l o r e s c e n c e lengths 
of J . e f f u s u s , J . l n f l e x u s and ^ . d i f f u s u s ( or 
J . e f f u s u s x J ,_inflexus ~J~"as measured upon herbarium 

• J . l n f l e x u s 

+ J . d i f f u s u s or J . e f f u s u s x J . l n f l e x u s 

• J . e f f u s u s 
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Figure 11 ; Frequency polygons f o r the spathe lengths of 
J»effusus , J ^ i n f l e x u f i and J i t d i f f u s u g ( or J , e f f u s u s 
x «T« i n f l e x u a ) as measured upon herbarium m a t e r i a l , 

• y J . I n f l e x u a 

+ ~ - -f J . d i f f u s u s or J.effuaua x J . i n f lexus 

• • J.effueue 
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Why the t h r e e southern h e r b a r i a possess m o s t l y 
the woodland f o r m i s d i f f i c u l t t o d e c i d e . That t he 
meadow form i s f a i r l y common i n the south of Englana 
i s q u i t e d e f i n i t e . A comparison o f J . e f f u s a s f r o m a 
meadow h a b i t a t i n Surrey w i t h t h a t from s i m i l a r h a b i t a t s 
i n Durham and Northumberland shows t h a t there i s l i t t l e 
d i f f e r e n c e between t he p l a n t s c o l l e c t e d i n the two areas, 
Table 11. 

TABLE 11. 

Counties n P e r i a n t h I n f l o r e s c e n c e Spathe 
n o r t h e r n 300 72 u n i t s 17 rams. 18 cms. 
Southern 30 69 » . 15 » 15 » 

Table 11; A comparison o f the meadow form o f J , e f f u s u s 
•from two n o r t h e r n c o u n t i e s and a sout h e r n 
county of England. 

Whatever the reason t h e r e i s l i t t l e doubt t h a t t h e 
herbarium m a t e r i a l o f J . e f f u s u s c o n s i s t s m a i n l y o f the 
woodland forms. C o n s i d e r i n g Table 10 a g a i n , i t can be 
seen t h a t J ^ j i i f fusus i s indeed i n t e r m e d i a t e between 
J . m _ i n f l e x u s and J. e f f u s u s , which i n the herb a r i u m 
sense means the woodland form o f J , effusus. The 
s t r i k i n g s i m i l a r i t y of much of the m a t e r i a l l a b e l l e d 
J . d i f f u s u s ana the meadow form o f J. e f f u s u s i s e v i d e n t 
from Tables 3 ;,nu 10. 
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I t i s d o u b t f u l whether the m a t e r i a l l a b e l l e d 
• I . d i f f u s u s r e p r e s e n t s a simple F l h y b r i d ; indeed i t 
i s d i f f i c u l t sometimes to decide what i t represents. 
Many o f the specimens appear to be a b e r r a n t forms o f 
e i t h e r J. e f i u s u s (meadow form) o r i n f l e x u s . Several 
o f them seem t o be what might be expected o f backcross 
h y b r i d s t o these species. As p r e v i o u s l y mentioned t he 
ty p e p l a n t o f J . | d i f f u s u s i s d e s c r i b e d as h a v i n g a 
con t i n u o u s p i t h . An examination o f the herbarium 
m a t e r i a l shows t h a t c o n t i n u i t y o f p i t h i s n o t a 
c h a r a c t e r i s t i c o f a l l t h e m a t e r i a l l a b e l l e d J . d i f f u s u s . 
Thus the specimens from Oxford and Cambridge may be 
d i v i d e d i n t o two groups, a c c o r d i n g to whether the p i t h 
i s chambered o r c o n t i n u o u s . 

A comparison o f these two groups suggests t h a t the 
p l a n t s i d e n t i f i e d as J. a i i f u s u s have not been drawn 
from a homogeneous p o p u l a t i o n , (Table 1 2 ) . The two 
groups d i f f e r e s p e c i a l l y w i t h r e s p e c t t o spathe and 

TABLE; 12 

P i t h P e r i a n t h I n f l o r e s c e n c e Spathe 
17 cms cont i n u o u s 

Chambered 81 
71 u n i t s 

?» 

42 ffinis. 
43 11 

Table 12; A comparison o f p l a n t s l a b e l l e d J._ d i f f u s u s 
but which possess e i t h e r a continuous o r 
chambered p i t h . 
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p e r i a n t h l e n g t h s , though none o f the d i f f e r e n c e s are 
s i g n i f i c a n t a t t h e 5f l e v e l . Those p l a n t s possessing 
a c o n t i n u o u s p i t h c l o s e l y resemble t h e meadow form o f 
J . ^ e f f u s u s except f o r possessing l o n g e r i n f l o r e s c e n c e s , 
{ c f . Table 9 ) . The p l a n t s w i t h a chambered p i t h , a 
c h a r a c t e r t y p i c a l o f J . i n f l e x u s , very much resemble 
t h a t s p e c i e s except f o r p o s s e s s i n g spathes and p e r i a n t h s 
s l i g h t l y s m a l l e r t h a n usual ( c . f . Table 1 0 ) . 

I t would seem t h a t though J. d i f f u s u s i s ' d e f i n e d as 
i n t e r m e d i a t e between J . i n f l e x u s and J . effusus i t i s 
p r o b a b l y a m i x t u r e o f p l a n t s w i t h d i f f e r e n t h i s t o r i e s . 
P o s s i b l y s e v e r a l of the p l a n t s l a b e l l e d J . d i f f u s u s are 
i n t r o g r e s s e d forms o f J . effusus. o r J . i n f l e x u s . 
Something l i k e t h i s may have been what J.H. L i t t l e had i n 
mind when' he wrote i n a l e t t e r , preserved a t the B r i t i s h 
Museum, t h a t he had some p l a n t s which tended towards 
J . e f f u s u s b u t which were n o t that s p e c i e s . He had, i t 
seems, begun a paper on t h i s s u b j e c t but then f e l l i l l 
and i t was a p p a r e n t l y never f i n i s h e d . 

Whatever the n a t u r e o f the p l a n t s l a b e l l e d J. d i f f u s u s 
i t i s e v i d e n t that they i n c l u d e some p l a n t s i n t e r m e d i a t e 
between J . i n f l e x u s and J . e f f u s u s , even when b o t h forms 
o f J. efx'usus are re c o g n i z e d . However, many o f these 

f 

intermediatesjbetween J . i n f l e x u s and the woodland f o r m 
of J . e f f u s u s are only d i s t i n g u i s h a b l e w i t h d i f f i c u l t y 
i f a t a l l from t he meadow form o f J . e f f u s u s . 



Such a s e r i e s of intermediate.forms .suggests 
t h a t some h y b r i d i z a t i o n may be o c c u r r i n g between the 
spe c i e s and f i e l d evidence can be u t i l i s e d t o t e s t t h i s 
view. 
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.3, PI BID STUDIES. 

(a) Evidence f o r H y b r i d i z a t i o n . 

The examination o f many stands o f the meadow 
f o r m o f J . e f f u s u s and ,J. i n f l e x u s g r owing b o t h 
s e p a r a t e l y and i n t e r m i x e d f a i l e d t o r e v e a l any p l a n t s 
which appeared to be a p p r o x i m a t e l y intermediate between 
them. N e v e r t h e l e s s t h e r e were s i g n s t h a t h y b r i d i z a t i o n 
between them might be o c c u r r i n g . 

S e v e r a l p l a n t s s t r o n g l y r e s e m b l i n g t he meadow form 
of J. e f f u s u s b u t possessing i n f l o r e s c e n c e s l o n g e r than 
u s u a l f o r t h a t species were observed t o be p a r t i a l l y 
s t e r i l e . They f a i l e d t o s e t seed and had a n t h e r s 
which were d i s t o r t e d and c o n t a i n e d o n l y s m a l l amounts o f 
v i a b l e p o l l e n , as determined by s t a i n i n g i n acetocarmine. 
The f a i l u r e o f p l a n t s r e s e m b l i n g the meadow form o f 
J_. e f f u s u s t o produce capsules was p a r t i c u l a r l y s t r i k i n g 
as the meadow fo r m commonly produced abundant f r u i t s . 
Such i n f e r t i l e p l a n t s were r a r e b u t a few have been 
c o l l e c t e d f r o m B u t t e r b y Marsh near Durham and were 
observed i n c u l t i v a t i o n f o r two seasons. T h e i r 
b e h a v i o u r was s i m i l a r i n bo t h seasons though o t h e r 
p l a n t s of the meadow form o f J . e f f u s u s growing w i t h 
them s e t abundant capsules. 

At Waldridge .Fell near C h e s t e r - l e - S t r e e t some 
s t e r i l e p l a n t s r e s e m b l i n g J. i n f l e x u s were observed. 
They s e t no capsules ana produced o n l y s m a l l amounts o f 
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apparently v i a b l e p o l l e n . I n t h i s i n s t a n c e f a i l u r e t o 
se t capsules was n o t remarkable as J . i n f l e x u s does so 
only r a r e l y i n tne open i n Durham County, though i t does 
so r e a d i l y i f gro.wn i n a greenhouse. The occurrence o f 
d i s t o r t e d a n t h e r s and an almost c o n t i n u o u s p i t h ("Pig. 12) 
i n a species n o r m a l l y p ossessing chambered p i t h suggested 
a h y b r i d o r i g i n f o r these p l a n t s , and the presence o f 
the meadow fo r m o f JV effusus i n the same swamp l e d to 
i t s b e i n g suspected o f being r e s p o n s i b l e f o r the 
h y b r i d i z a t i o n , e s p e c i a l l y as t h i s species has a continuo u s 
p i t h . P l a n t s f r o m the presumed h y b r i d were then compared 
w i t h p l a n t s f r o m colonies of the meadow form o f 
J. e f f u s u s and J. i n f l e x u s growing s e p a r a t e l y . These 
f u r t h e r c o n f i r m e d the ' b e l i e f t h a t t h e s t e r i l e p l a n t s 
r e s e m b l i n g J. i n f l e x u s nao. oeen a e r i v e d from h y b r i d i z a t i o n 
x'roiii these too s p e c i e s . Not o n l y a i d the presumed 
h y b r i d s l o o n i n t e r m e d i a t e i n g e n e r a l stem morphology, 
( F i g . 12) but they 'were a l s o somewhat i n t e r m e d i a t e w i t h 

TABLE 13 

Species n 
J. i n f l e x u s 36o 

Presumed 
h y b r i d 30 

J. e f f u s u s 360 

P e r i a n t h 
35 u n i t s 

78 u n i t s 
73 u n i t s 

I n f l o r e s c e n c e 
50 rams. 

39 rams. 
18 mrus. 

Spathe 
17 cms. 

25 cms. 
13 cms. 

Table 13: A comparison o f a presumed h y b r i d p o p u l a t i o n 
of J . i n f l e x u s with c o l o n i e s o f fft i n f l e x u s 
and J. e f f u s u s growing s e p a r a t e l y . 



F i g u r e 1 2 

at* i 

A B G 
Sure 12 i A comparison o f t h e p i t h i n 3 specimens of Juncus; 

m a g n i f i c a t i o n about 20 d i a m e t e r s . 

A J . i n f l e x u g 

B P u t a t i v e h y b r i d between J^J-nflexus and J.effusus 

C J , e f f u s u s 
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r e s p e c t t o p e r i a n t h and i n f l o r e s c e n c e measurements, 
though n o t w i t h r e s p e c t to spathe l e n g t h , Table 13. 

These were the o n l y apparent h y b r i d s observed. 
Though they were seed s t e r i l e , they d i d produce v a r y i n g 
amounts o f apparently v i a b l e p o l l e n so i n t r o g r e s s i o n 
between the meadow form o f J. e f f u s u s and J . i n f l e x u s 
seemed p o s s i b l e . 

(b) Evidence f o r i n t r o g r e s s i o n . 

H y b r i d s o f any kind were r a r e and d i f f i c u l t 
t o r e c o g n i z e so i t was found i m p o s s i b l e t o compare 
d i r e c t l y h y b r i d swarms o r c o l o n i e s c o n t a i n i n g h y b r i d s , 
w i t h pure c o l o n i e s o f e i t h e r s p e c i e s . I t has been 
assumed that hybrids or backcrosses are more l i k e l y to 
occur i n stands c o n t a i n i n g b o t h J . i n f l e x u s and J . effusus 
(meadow f o r m ) , than i n stands o f e i t h e r species growing 
a l o n e . Though i n d i v i d u a l i n t r o g r e s s e d p l a n t s may be 
o v e r l o o k e d t h r o u g h r e s e m b l i n g t h e r e c u r r e n t p a r e n t , i n 
population s t u d i e s t h e i r presence might be expected t o 
be r e f l e c t e d i n the s t a t i s t i c s measured. 

To i n v e s t i g a t e t h i s problem a s i n g l e stem f r o m each 
of 30 p l a n t s was c o l l e c t e d from each of 12 colonies o f 
J . i n f l e x u s growing i n l o c a l i t i e s f rom which J. e f f u s u s 
was absent. A s i m i l a r number o f stems was c o l l e c t e d 
f r o m c o l o n i e s i n which J. i n f l e x u s and J effusus grew 
i n t e r m i x e d . As b e f o r e f o r each stem, t h e spathe, 
i n f l o r e s c e n c e and p e r i a n t h l e n g t h was measured, and f o r 
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each colony t he mean and variance f o r each of these 
measurements was c a l c u l a t e d . The r e s u l t s are p r e s e n t e d 
i n Tables 14 and 15, and the p o o l e d d a t a axe shown i n 
F i g u r e s 13, 14, and 15. 

S i m i l a r d a t a have been gathered f o r meadow p o p u l a t i o n s 
of J y < effusus g r o w i n g i n t e r m i x e d w i t h or a p a r t from 
J . i n f l e x u s . The r e s u l t s , which w i l l be r e f e r r e d to 
below, are p r e s e n t e d i n Tables 16 and 17 and the poole d 
d a t a are p r e s e n t e d t o g e t h e r w i t h those f o r J . i n f l e x u s 
i n f i g u r e s 13, 14, and 15. 
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Figure 13 ;'Frequency polygons f o r the pe r i a n t h lengths of 
J . e f f u s u s ( meadow form } and J . I n f l e x u s as measured 
on p l a n t s growing together or s e p a r a t e l y . Each sample 
contained 360 specimens. 

The s c a l e i s such that 25 u n i t s equal 1 mm, 

• • J.inflexufl, growing apart from J . e f f u s u s 

• --- • J . i n f l e x u s growing together w i t h J . e f f u s u s 

• — o J . e f f u s u s growing apart from J«inflexus 

* " & J«ef fusus growing together v/ith J . i n f lexus 



Figure 14 

I20 

100 

80 
i 

UJ 60 

bJ 
I 40 

/ \ 
V 20 

13 2 3 3 3 4 3 ,53 63 73 83 MM 
CLASS CENTRE 

Figure 14 ; Frequency polygons f o r the i n f l o r e s c e n c e lengths 
of J . e f f u s u s ( meadow form ) and J . i n f l e x u s as 
measured on p l a n t s growing together or s e p a r a t e l y . 
Each sample contained 360 specimens. 

Q — - 0 J . i n f l e x u s growing apart from J . e f f u s u s 

• - • J.inf1exus growing together with J . e f f u s u s 

• « J . e f f u s u s growing apart from J . I n f l e x u s 

»___[__£ J . ef fusus growing together with J . I n f lexus 
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Figure 15 : Frequency polygons f o r the apaths lengths of 
J . s f f u s u s ( meadow form ) and J , i n f l e x u s as -
measured on p l a n t s growing together or separately. 
Each sample contained 360 specimens. 

£ 3 — • J . I n f lexus growing apart from J . e f f u s u s 

O - • J . i n f l e x u s growing together with J . e f f u s u s 

' J . e f f u s u s growing apart from J . i n f l e x u s 

& J . e f f u s u s growing together with J . i n f l e x u s 
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4« ANALYSIS OF. RESULTS. 

Prom the Tables and F i g u r e s p r e s e n t e d i t i s e v i d e n t 
t h a t n e i t h e r the meadow form o f J. e f f u s u s nor 
J, i n f l e x u s d i f f e r markedly when c o l l e c t e d from c o l o n i e s 
i n which they b o t h occur o r fr o m c o l o n i e s i n which o n l y 
one o f them o c c u r s . There are d i f f e r e n c e s w i t h i n e i t h e r 
s pecies dependent on whether i t i s c o l l e c t e d from 
unmixed o r mixed stands o f the species but these d i f f e r e n c e s 
though s m a l l , appear to be r e a l , and f u r t h e r a n a l y s i s 
i s p o s s i b l e . 

As J . e i i ' u s u s possesses a t l e a s t two i n t e r g r a d i n g 
f orms, and the r e l a t i o n s h i p o f these to each o t h e r has 
n o t been f u l l y i n v e s t i g a t e d , t h e data f o r t h i s species 
w i l l n o t be f u r t h e r analyzed. On the o t h e r hand 
J . i n f l e x u s i s a v e r y u n i f o r m species and some evidence 
has been p r e s e n t e d t o suggest t h a t i t may o c c a s i o n a l l y 
h y b r i d i z e w i t h J, e f f u s u s . I t seemed w o r t h w h i l e i n 
consequence t o analyze more c a r e f u l l y t h e d i f f e r e n c e s 
observed when J. i n f l e x u s was c o l l e c t e d f r o m c o l o n i e s 
i n which J. e f f u s u s was e i t h e r p r e s e n t o r absent. 
The p o o l e d d a t a f o r J. i n f l e x u s from these two types 
o f colony are pr e s e n t e d i n Table 18. 

The d i f f e r e n c e s i n t h i s Table are such as to be 
com p a t i b l e w i t h t h e su g g e s t i o n o f J . i n f l e x u s mixed 
w i t h J . effusus (meadow form) may have contained some 
p l a n t s t h a t had undergone h y b r i d i z a t i o n w i t h t h e meadow 



TABL1_18 

J . e f f u s u s n p e r i a n t h I n f l o r e s c e n c e Spathe 
Absent 360 95 u n i t s 50 rams. • 17 cms. 

Present 36{j 93 " 49 " 19 « 

Table 18; A comparison o f J. i n f l e x u s from c o l o n i e s i n 
which J. e f f u s u s was e i t h e r p r e s e n t o r absent. 
None o f t h e ~ d i f f e r e n c e s i n the Table are 
s i g n i f i c a n t a t the % l e v e l . 

f o r m o f J . ef f u s u s . I f i t i s assumed t h a t t he c h a r a c t e r s 
measured are i n h e r i t e d m u l t i f a c t o r i a l ^ , . h y b r i d s would 
be expected t o be i n t e r m e d i a t e and backcrosses t o be 
i n t e r m e d i a t e between these and the r e c u r r e n t p a r e n t . 
I n t h i s way a p l a n t o f J . i n f l e x u s t h a t c o n t a i n e d some 
genes o f J._ e f f u s u s YIOUIQ be expected t o possess s l i g h t l y 
s h o r t e r p e r i a n t h s and i n f l o r e s c e n c e s ana s l i g h t l y l o n g e r 
spathes than a pure p l a n t o f J . i n f l e x u s . T h i s would 
be expected because i t i s i n these ways t h a t the meadow 
form o f J . effusus d i f f e r s f r o m J. i n f l e x u s . 

None o f the d i f f e r e n c e s observed between J . i n f l e x u s 
f r o m the two types o f colony s t u d i e d was s i g n i f i c a n t 
s t a t i s t i c a l l y , b u t as the d i f f e r e n c e s were c o n s i s t e n t l y 
i n the d i r e c t i o n o f J . e f f u s u s i t was thought t h a t a 
di s c r i m i n a n t a n a l y s i s of the data might improve the 
s i g n i f i c a n c e o f t h e d i f f e r e n c e between t h e c o l o n i e s . 
T h i s was undertaken and y i e l d e d a d i s c r i m i n a n t f u n c t i o n 
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o f t he form; 

Y .044x „0O68y 
Where x spathe l e n g t h i n cms. 

I n f l o r e s c e n c e l e n g t h i n tarns. 
P e r i a n t h l e n g t h i n a r b i t r a r y u n i t s 
{25 u n i t s = 1 mm.) 

y 

On t e s t i n g t h e s i g n i f i c a n c e o f t h i s f u n c t i o n i t was 
fo u n d t o be h i g h l y s i g n i f i c a n t w i t h a p r o b a b i l i t y o f 
a r i s i n g by chance l e s s than once i n a thousand t i m e s . 
The values o f Y f o r J . i n f l e x u s f r o m each o f the two 
types o f colony i n which i t was c o l l e c t e d are summarized 
as fr e q u e n c y polygons i n ."Figure 16. 

From t h i s P i g u r e i t i s e v i d e n t t h a t a l t h o u g h the 
d i s c r i m i n a n t f u n c t i o n may achieve s i g n i f i c a n t d i s c r i m i n ­
a t i o n , t h e o v e r l a p between the two types o f colony i s 
too, g r e a t f o r the f u n c t i o n to be o f any r e a l use as a 
means o f d e c i d i n g f r o m which colony type a g i v e n p l a n t 
has come. 

The s m a l l d i f f e r e n c e s shown to e x i s t between 
J. i n f l e x u s g r owing i n pure c o l o n i e s and the same species 
growing i n t e r m i x e d with J. e f f u s u s suggests t h a t 
i n t r o g r e s s i o n o f J. inflexu.s by J . effusus may be 
o c c u r r i n g . P u r t h e r support f o r t h i s view i s o b t a i n e d 
f r o m a comparison o f intercolony v a r i a t i o n o f J. i n f l e x u s 
i n pure stands and i n t e r m i x e d w i t h J. e f f u s u s . I n the 
l a t t e r s i t u a t i o n s the J . i n f l e x u s tends t o be more 
v a r i a b l e i n t e r se than' when growing a p a r t f r o m J. e f f u s u s . 
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Figure 16 : Frequency polygons f o r the d i s c r i m i n a t o r derived 
from c e r t a i n measurements of Juncus i n f l e x u a 
growing together with or apart from J . e f f u s u s 
.( meadow form ) . 

— — J . i n f l e x u s growing apart from J . e f f u s u s 

J . l n f l e x u s growing together with J . e f f u s u s 



T h i s i s shown i n Table 19 where the p o o l e d d a t a from t h e 
two types of colony are compared. 

TABLE 19 

J> g.^^-.sus n p e r i a n t h I n f l o r e s c e n c e Spathe 
Absent 360 63.7 245.7 mms. 38.4 
Present 360 99.0 « 193.0 , 44,6 * 

Table 19; A comparison of the v a r i a n c e s o f the mean 
values o f t h r e e c h a r a c t e r s o f J . i n f l e x u s 
c o l l e c t e d from c o l o n i e s i n which J . e f f u s u s 
was e i t h e r p r e s e n t o r absent. Only the 
d i f f e r e n c e between the v a r i a b i l i t i e s f o r 
mean p e r i a n t h l e n g t h i s s i g n i f i c a n t a t the 
% l e v e l . 

The v a r i a n c e r a t i o f o r the p e r i a n t h l e n g t h i s the 
o n l y one to a t t a i n s t a t i s t i c a l s i g n i f i c a n c e ; o f the o t h e r 
two c h a r a c t e r s the spathe l e n g t h i s more v a r i a b l e f o r 
«T. i n f l e x u s growing t o g e t h e r w i t h J. e f f u s u s than when 
growing a p a r t f r o m t h a t s p e c i e s , but the r e v e r s e appears 
t o be so f o r the v a r i a b i l i t y o f the i n f l o r e s c e n c e l e n g t h . 
That two o f t h e t h r e e c h a r a c t e r s i n v e s t i g a t e d should be 
more v a r i a b l e i n c o l o n i e s o f J . i n f l e x u s i n t e r m i x e d w i t h 
J . effusus than i n c o l o n i e s g r o w i n ^ i p a r t from t h a t 
species suggests t h a t some gene f l o w may be o c c u r r i n g 
between them. 

When the c o r r e l a t i o n c o e f f i c i e n t s between the 
c h a r a c t e r s were c o n s i d e r e d they were found to be s i m i l a r 
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i n each o f the two colony types f o r J._ i n f l e x u s . 
L i k e w i s e the slopes o f the l i n e s o f best f i t t h r o u g h 
the d a t a when p l o t t e d t o g e t h e r i n p a i r s were a l s o s i m i l a r 
• f o r J» i n f l e x u s growing t o g e t h e r w i t h o r a p a r t from 
J . exfusus. So these two t e s t s do n o t suggest any 
d i f f e r e n c e between the J . i n f l e x u s c o l l e c t e d from stands 
i n which J. e f f u s u s was e i t h e r p r e s e n t o r absent. 
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5. DISCUSSION. 

Before d i s c u s s i n g the data j u s t p r e s e n t e d i t i s 
perhaps d e s i r a b l e - to mention t h a t a h y b r i d between 
£r„i"£^2i£ and J. conglomeratus has a l s o been r e p o r t e d 
(Clapham, T u t i n and Warburg, I . e . ) . Whether i n t r o g r e s s i o n 
between these species has o c c u r r e d o r i s p o s s i b l e has 
no t been i n v e s t i g a t e d . I f i n t r o g r e s s i o n has taken p l a c e 
i t i s u n l i k e l y to have d i s g u i s e d the e f f e c t s o f gene 
flow from J . effusus into J . i n f l e x u s , because f o r the 
c h a r a c t e r s studied J . conglomeratus d i f f e r s from the 
l a t t e r s p e c i e s i n much the same way.as-does J . e f f u s u s . 

I t i s e v i d e n t that though some evidence f o r the 
i n t r o g r e s s i o n o f J . i n f l e x u s by J. effusus has been 
presented, the amount of gene flow between these species 
i s v e r y s l i g h t . 

I t would appear t h a t t h e i s o l a t i n g f a c t o r s are p r o b a b l y 
i n t e r n a l ; f o r over much o f t h e i r ranges the species o f t e n 
grow intermixed and t h e i r f l o w e r i n g times overlap 
considerably. Both spe c i e s are s e l f compatible and may 
be l a r g e l y s e l f f e r t i l i z e d . P l a n t s of each sp e c i e s 
i s o l a t e d i n separate greenhouses and n o t a r t i f i c i a l l y 
p o l l i n a t e d s e t good capsules which c o n t a i n e d seed t h a t 
has subsequently germinated. The e x t e n t o f i n b r e e d i n g 
i n n a t u r a l p o p u l a t i o n s as compared w i t h outbreeding 
could not be a s c e r t a i n e d ; but i f inbreeding i s frequent, 
the .chances of i n t e r s p e c i f i c p o l l i n a t i o n would be 
d i m i n i s h e d . 



A f u r t h e r r e s t r i c t i o n upon gene f l o w i n t o i n f l e x u s 
i s t h e f r e q u e n t f a i l u r e o f that s p e c i e s to s e t capsules. 
T h i s was observed p a r t i c u l a r l y i n the n o r t h o f England 
where i t was sometimes i m p o s s i b l e to f i n d a mature 
capsule on a s i n g l e p l a n t , though i t possessed a f u l l y 
developed i n f l o r e s c e n c e . The observed s t e r i l i t y o f 
J. i n f l e x u s i n t h e f i e l d i s n o t n e c e s s a r i l y g e n o t y p i c . 
A p l a n t t r a n s p l a n t e d i n t o the e x p e r i m e n t a l garden as a 
c l o n a l s e r i e s f a i l e d to s e t capsules except f o r one o f 
the c l o n a l p l a n t s which had been covered w i t h a g l a s s 
dome. I t would seem t h e r e f o r e t h a t i t may be an 
e n v i r o n m e n t a l i n f l u e n c e which p r e v e n t s seed s e t . 

Two flowers o f J, i n f l e x u s were hand p o l l i n a t e d 
w i t h p o l l e n o f J", e f f u s u s . These f l o w e r s developed r i p e 
f r u i t s but a l l t h e seedlings obtained from these 
resembled j r . i n f l e x u s , the female p a r e n t . T h i s 
suggests that g e n e t i c i n c o m p a t i b i l i t y e i t h e r a t the 
p o l l i n a t i o n o r p o s t - f e r t i l i z a t i o n stage may be l a r g e l y 
r e s p o n s i b l e f o r f a i l u r e t o h y b r i d i z e . 

F i n a l l y the f a c t t h a t the p u t a t i v e h y b r i d s observed 
are h i g h l y i n f e r t i l e i n d i c a t e s t h a t t h i s too p r o v i d e s 
another b a r r i e r t o gene f l o w . I t may be noted t h a t 
the two species have 2n = 40 (Confirmed f o r B r i t i s h 
m a t e r i a l ) . 

We may summarize the p o s i t i o n as f o l l o w s ; -
W i t h i n effusus t h e r e appear to be a t l e a s t 
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two ecotypes whose s t a t u s and ecology are i n need o f 
f u r t h e r s t u d y . 

There i s some evidence t o suggest t h a t h y b r i d s may 
o c c a s i o n a l l y be produced between J . i n f l e x u s and 
J . e f f u s u s , tottto i t would appear t h a t i n t r o g r e s s i o n 
between these species has o c c u r r e d i n the areas studied. 



M INVESTIGATION OP POSSIBLE ISTROGRESLION BJT.^aN 
PRllvULA VULGARIS t Huas. AND PRI L'TJLA VESIS_ L_._ 

1. I n t r o d u c t i o n 
2. A r t i f i c i a l h y b r i d s 

,(a) F l o r a l dimensions 
(b) Peduncle 
( c ) D i s c u s s i o n o f a r t i f i c i a l h y b r i d s 

3. P i e l d Methods. 
4. A n a l y s i s o f F i e l d Data. 

(a) Comparison o f Means 
( i ) P l a s t i c i t y o f c h a r a c t e r s 
( i i ) Primrose 
( i i i ) Cowslip 

(b) C o r r e l a t i o n i n d e x A n a l y s i s . 
( c ) C o r r e l a t i o n C o e f f i c i e n t A n a l y s i s 
(d) A n a l y s i s , o f Apparent p i H y b r i d s 

5. D i s c u s s i o n 
6. Summary. 



The p r i m r o s e (p. v u l g a r i s Huds.) and the c o w s l i p 
(P.__yeris I..) have o v e r l a p p i n g g e o g r a p h i c a l d i s t r i b u t i o n s . 
T h e i r h a b i t a t p r e f e r e n c e s are d i f f e r e n t but not s u f f ­
i c i e n t l y so t o p r e v e n t them f r e q u e n t l y growing together., 
e s p e c i a l l y i n d i s t u r b e d l o c a l i t i e s . Furthermore t h e i r 
f l o w e r i n g p e r i o d s o v e r l a p . Thus e c o l o g i c a l and 
g e o g r a p h i c a l i s o l a t i o n between them i s n o t complete. 

E x p e r i m e n t a l i n v e s t i g a t i o n s have shown that t h e r e 
are i n t e r n a l i s o l a t i n g b a r r i e r s between the species 
( V a l e n t i n o 1955). R e c i p r o c a l c r o s s i n g experiments have 
i n d i c a t e d t h a t a f i r s t g e n e r a t i o n h y b r i d i s a p p a r e n t l y 
o n l y p o s s i b l e 'when the c o w s l i p i s t h e seed p a r e n t . Even 
then the seed, produced i s v a r i a b l y i n q u a l i t y and only 
about a t h i r d o f i t a t most may be expected to ge r m i n a t e . 
Nevertheless-, apparent F l hybrids are found i n the f i e l d . 

C o n t r o l l e d experiments have i n d i c a t e d t h a t an P2 
g e n e r a t i o n can be r a i s e d from the J l hybrids and t h a t 
these a l s o backcross s u c c e s s f u l l y t o both the parent 
s p e c i e s . Hence, i t would seem q u i t e l i k e l y t h a t some 
i n t r o g r e s s i o n between the primrose and the cowslip might 
occur. P i e l a evidence has been sought t o t e s t t h i s 
view. 



2. 4 R T I ? I G 1 A L H Y B R I D S 

I t has been p o s s i b l e t o examine f a m i l i e s o f p r i m r o s e , 
c o w s l i p , the ?1 h y b r i d g e n e r a t i o n and. b o t h the backeross 
g e n e r a t i o n s as these had. been r a i s e d f o r seed c o m p a t i b i l i t y 
s t u d i e s which have a l r e a d y been r e p o r t e d upon ( V a l e n t i n e 
I . e . ) With the e x c e p t i o n o f t h e f l h y b r i d s , the f a m i l i e s 
were grown i n e s s e n t i a l l y the same environment, and so 
p r o v i d e d e x c e l l e n t m a t e r i a l f o r s t u d y i n g t h e i n h e r i t a n c e 
o f c e r t a i n q u a n t i t a t i v e c h a r a c t e r s . The F l g e n e r a t i o n 
was grown i n t h e e x p e r i m e n t a l garden and the o t h e r 
f a m i l i e s were g r o w i n boxes p l a c e d i n c o o l frames. 
These were c l o s e d d u r i n g p e r i o d s o f snow and a t n i g h t 
i n f r o s t y weather so the p l a n t s i n them were grown i n a 
m i l d e r environment than those i n the e x p e r i m e n t a l garden. 

The c h a r a c t e r s chosen f o r s p e c i a l stua,y were those 
t h a t were expected to oe u s e f u l f o r s t u d y i n g i n t r o g r e s s i o n 
i n f i e l d populations. The s p e c i e s d i f f e r markedly i n 
s e v e r a l r e s p e c t s but o n l y a few c o u l d be r e a d i l y measured. 
These were the dimensions o f f l o r a l s t r u c t u r e s t h a t had 
a l s o been found u s e f u l by Pey (1929) when s t u d y i n g the 
;?1 and F2 g e n e r a t i o n s d e r i v e d from p r i m r o s e and c o w s l i p . 
The form o f the i n f l o r e s c e n c e , pedunculate o r o t h e r w i s e , 
was a l s o noted as every p l a n t could be d e c i s i v e l y scored 
f o r t h i s c h a r a c t e r . The l e a v e s , though d i f f e r i n g i n 
shape i n t h e two s p e c i e s , were n o t regarded as s u i t a b l e 
f o r s t u d y i n g i n t r o g r e s s i o n as they are somewhat v a r i a b l e 



w i t h i n the s p e c i e s and because they do not as a r u l e 
a t t a i n t h e i r maximum s i z e u n t i l a f t e r f l o w e r i n g . 

The f l o r a l dimensions chose f o r measurement were so 
s e l e c t e d as to i n c l u d e two p a i r s o f c o n t r a s t i n g 
c h a r a c t e r s {p. 2.9 ) I t was a n t i c i p a t e d t h a t a c o r r e l a t ­
i o n i n d e x a n a l y s i s o f the k i n d a l r e a d y discussed would be 
necessary. I n most respects primrose flowers are l a r g e r 
than those o f c o w s l i p , but the c i r c u m f e r e n c e o f the c a l y x 
i s an e x c e p t i o n . The c a l y c e s o f primrose f l o w e r s u s u a l l y 
have a s m a l l diameter than those o f c o w s l i p s . T h i s 
dimension i s more c o n v e n i e n t l y expressed i n terms o f the 
c i r c u m f e r e n c e ox the c a l y x a t the base o f the c a l y x 
t e e t h . 

The d a t a obtained from the a r t i f i c i a l h y b r i d s w i l l 
be c o n s i d e r e d below. 

(a ) F l o r a l dimensions. 
From each p l a n t a f u l l y expanded f l o w e r was 

taken ana p r e s e r v e d i n 70% a l c o h o l . T h i s meant that the 
f l o w e r s c o u l d be measured a t any convenient time and a l s o 
that d a t a from them would comparable with those f r o m the 
f i e l d c o l l e c t i o n s which had also been preserved i n 70£ 
a l c o h o l . For each flower the diameter of the c o r o l l a , 
th e l e n g t h of a c a l y x t o o t h , and the c i r c u m f e r e n c e o f 
the c a l y x a t the base o f the t e e t h was measured. To 
determine the c a l y x c i r c u m f e r e n c e the c a l y x tube was 
s p l i t down one s i d e and the upper portion cut o f f j u s t 
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Diameter of C o r o l l a 

Calyx 
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F i g u r e 17 s Scheme o f F l o r a l d imensions. 
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below the base o f the teeth; t h i s was then f l a t t e n e d 
between a p a i r o f s l i d e s and i t s length measured a t t h e 
base o f the t e e t h . At the same/tooth length was a l s o 
measured, " ^ . ( 7 . 

These measurements are summarized'in Tables 20 and 
21. Data f r o m b o t h f i e l d and c u l t i v a t e d p l a n t s i n d i c a t e 
t h a t p i n and thrum flowers have- s l i g h t l y d i f f e r e n t 
dimensions and so throughout the r e s u l t s f o r each flower 
type are p r e s e n t e d s e p a r a t e l y . 

(b) Peduncle. 
The c o w s l i p i n f l o r e s c e n c e i s always pedunculate 

whereas that o f the p r i m r o s e i s u s u a l l y b a s a l ; t h a t i s 
i n p r i m r o s e t h e f l o w e r s are borne s i n g l y and s p r i n g 
d i r e c t l y f rom the r o s e t t e . The r e s u l t s p r e s e n t e d below 
r e f e r to a s e r i e s o f h y b r i d g e n e r a t i o n s d e r i v e d f r o m a 
t y p i c a l p r i m r o s e with such a b a s a l i n f l o r e s c e n c e . The 
f r e q u e n c i e s w i t h which p l a n t s b e a r i n g basal f l o w e r s 
o c c u r r e d undur the c o n d i t i o n s o f the experiments are 
g i v e n i n Table 22. 

The frequencies w i t h which p l a n t s bearing at l e a s t 
a s i n g l e pedunculate i n f l o r e s c e n c e o c c u r r e d under the 
the conditions o f the experiments are g i v e n i n Table 23. 

To o b t a i n t h e f r e q u e n c i e s with which p l a n t s . b e a r i n g 
b o t h p e d u n c u l a t e and b a s a l f l o w e r s o c c u r r e d i t i s 
necessary t o c o n s i d e r j o i n t l y Tables 22 and 23. 
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TABLE 22 

.Family Percentage o f p l a n t s w i t h b a s a l 
f l o w e r s . 

Primrose 100 
Backeross p r i m r o s e -100 
~F1 61 
Backcross•Cowslip 12 
Cowslip 0 

Table 22; The f r e q u e n c i e s w i t h which b a s a l f l o w e r s 
o c c u r r e d i n s e v e r a l f a m i l i e s o f p r i m r o s e , 
c o w s l i p and c e r t a i n h y b r i d s between them. 

TABLE 23 

Family Percentage o f p l a n t s w i t h pedunculate 
i n f l o r e s c e n c e s . 

Primrose 0 
Backcross Primrose 10 
"Fl 100 
Backcross Cowslips 100 
Cowslip 100 

Table 23: The f r e q u e n c i e s with which pedunculate 
i n f l o r e s c e n c e s o c c u r r e d i n s e v e r a l . f a m i l i e s 
o f p r i m r o s e , c o w s l i p and c e r t a i n h y b r i d s 
between them. 
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( c ) D i s c u s s i o n Of I r t i f i c i a l Hybrids. 

The d a t a r e p r e s e n t e d i n Tables 20 and 21 
r e f l e c t the s e g r e g a t i o n f o r f l o w e r s i z e which o c c u r r e d 
i n the backcross g e n e r a t i o n s . T h i s might have been 
a n t i c i p a t e d f r o m the intermediacy o f the l?l g e n e r a t i o n . 
The a v e r s e d i a m e t e r o f t h e f l o w e r s o f the backcross 
f a m i l i e s was a p p r o x i m a t e l y midway between t h a t o f the 
F l g e n e r a t i o n and the r e c u r r e n t s p e c i e s , s u g g e s t i n g t h a t 
t h i s c h a r a c t e r i s c o n t r o l l e d by s e v e r a l genes. The 
segregation f o r s i z e i s expressed by the much g r e a t e r 
v a r i a b i l i t y o f f l o w e r s i z e i n t h e baekcross f a m i l i e s 
t han w i t h i n e i t h e r the F l f a m i l i e s ' o r those o f the 
c o w s l i p s and primroses. 

The r e s u l t s f o r the c a l y x measurements a l s o suggest 
t h a t t h i s c h a r a c t e r i s c o n t r o l l e d by s e v e r a l genes which 
segregated i n the backcross f a m i l i e s . 

That some s e g r e g a t i o n f o r the presence o f a 
peduncle o r s o l i t a r y f l o w e r s o c c u r r e d i s shown i n 
Tables 22 and 23 but t h i s c h a r a c t e r was o f l i t t l e use 
f o r f i e l d s t u d i e s . I t would have been v e r y u s e f u l o f o r 
d e t e c t i n g backcross p r i m r o s e s b u t no p l a n t s which c o u l d 
be d e f i n i t e l y c l a s s i f i e d as such were observed. 

Segregation of flower colour occurred i n both 
backcross g e n e r a t i o n s but no e f f o r t was made to score 
t h i s as no s u i t a b l e s c a l e was d e v i s e d . Furthermore, t he 
colour v a r i e d with the age o f the flower and so was of 
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l i t t l e use f o r f i e l d studies,, S l i d e s showing the 
s e g r e g a t i o n f o r c o l o u r are pr e s e r v e d i n the Botany 
Department o f the Durham C o l l e g e s . 

As s e g r e g a t i o n i n the backcross f a m i l i e s l e d to the 
p r o d u c t i o n o f a complete s e r i e s o f forms i n t e r m e d i a t e 
between t he p i g e n e r a t i o n and the r e c u r r e n t p a r e n t s , i t 
would have been i m p o s s i b l e t o re c o g n i z e the s t a t u s o f 
some i n d i v i d u a l s j w i t h o u t a p r i o r knowledge o f t h e i r 
a n c e s t r y . T h i s , coupled w i t h a c e r t a i n amount o f 
apparently inherent v a r i a b i l i t y i n the cowslip and 
p r i m r o s e made i t i m p o s s i b l e t o recog n i z e w i t h c e r t a i n t y 
backer©sses i n the f i e l d . With very few e x c e p t i o n s a l l 
the p l a n t s c o l l e c t e d i n the f i e l d resembled P i h y b r i d s , 
c o w s l i p s o r p r i m r o s e s . 

Evidence f o r p o s s i b l e i n t r o g r e s s i o n between c o w s l i p 
and p r i m r o s e had t o be sought i n p o p u l a t i o n s t u d i e s . 
Because the m e t r i c a l c h a r a c t e r s s t u d i e d were apparently 
m u l t i f a c t o r i a l l y i n h e r i t e d i t was expected t h a t the 
presence o f backcross or i n t r o g r e s s e d i n d i v i d u a l s i n a 
colony might be d e t e c t e d by s u i t a b l e s t a t i s t i c a l 
techniques. For example, the mean s i z e and v a r i a b i l i t y 
o f a s u i t a b l e c h a r a c t e r i s l i k e l y t o be d i f f e r e n t i n 
i n t r o g r e s s e a and non-introgressed c o l o n i e s . 
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3» ? I j L D METHODS. 

C o l l e c t i o n s were made o f apparent c o w s l i p s and 
pr i m r o s e s b o t h where they were growing t o g e t h e r ana 
where they were growing a p a r t . The q u a l i f y i n g term 
'apparent* has been used, (and i s t h e r e f o r e t o be 
i n f e r r e d where a p p r o p r i a t e ) , because i t i s known f o r 
a r t i f i c i a l h y b r i d s t h a t some bacKcross i n d i v i d u a l s may 
c l o s e l y resemble, and so be confused with t h e i r r e c u r r e n t 
p a r e n t . When sampling p o p u l a t i o n s that contained 
apparent F l h y b r i d s these f l o w e r s were k e p t s e p a r a t e ; 
a n y ( p u t a t i v e h y b r i d i n d i v i d u a l s c o l l e c t e d were grouped 
with one or other pro b a d e parent. This method of samplin 
p o p u l a t i o n s i s s i m i l a r t o t h a t used i n the stuay o f 
Juncus ( p . Si ) . Here as i n t h a t stuay i t was assumed 
t h a t backcross h y b r i d s would be more l i v e l y t o occur 
i n c o l o n i e s where the species grew i n t e r m i x e d than i n 
c o l o n i e s where they were separa t e . 

Evidence f o r i n t r o g r e s s i o n was sought by examining 
numerous c o l o n i e s o f c o w s l i p and p r i m r o s e i n the n o r t h 
o f England and i n I r e l a n d . The areas i n v e s t i g a t e d i n 
England were i n c l u d e d within the rectangle whose corners 
are Scarborough, Grange-over-Sands, Newcastle-upon-Tyne 
and C a r l i s l e . I n I r e l a n d a narrow zone from D u b l i n t o 
L i m e r i c k was e x p l o r e d . I f p o s s i b l e , a t each l o c a l i t y 
v i s i t e d about 100 f u l l y expanded f l o w e r s o f c o w s l i p , 
p r i m r o s e o r bo t h were c o l l e c t e d . Ho conscious s e l e c t i o n 
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o i the p l a n t s was e x e r c i s e d except to a v o i d those tha 
may have been olooo-ffi r e l a t e d . 

Of the samples c o l l e c t e d 41 have been s t u d i e d i n 
d e t a i l . T h i s i n v o l v e d t he measurement o f the c o r o l l a 
d i a m e t e r , c a l y x t o o t h l e n g t n and c a l y x c i r c u m f e r e n c e 
f o r each of 25 p i n and thrum f l o w e r s f o r most c o l o n i c 
For a few c o l o n i e s t h e r e were n o t 25 o f each flower 
t y p e a v a i l a b l e , ana t h i s has been i n d i c a t e d i n the 
appropriate p l a c e s i n the t a b l e s . 

The r e s u l t s o f these measurements are p r e s e n t e d 
i n the forms o f Tables 24, 25, 26, 27, 28, 29, 30, 
and 31. 
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The f i e l d d a t a have been analyzed by s e v e r a l methods 
each of* which w i l l be c o n s i d e r e d s e p a r a t e l y below. The 
methods employed were as f o l l o w s : 

( a ) Comparison o f means 
( i ) Control Experiments 
( i i ) Primrose 
( i i i ) Cowslip 

(b) C o r r e l a t i o n Index A n a l y s i s 
( c ) C o r r e l a t i o n C o e f f i c i e n t A n a l y s i s 
( d ) A n a l y s i s o f .Apparent EL H y b r i d s , 

(a) Comparison o f Means. 
^ ..Control Experiments 

The dimensions of c h a r a c t e r s n o t markedly i n f l u e n c e d 
by the environment are u s e f u l f o r comparing groups 
r e c o g n i z e d by c r i t e r i a o t h e r than those dimensions. 
Cowslips and primroses are r e a d i l y i d e n t i f i e d by q u a l i t i e s 
o t h e r than the s i z e s o f the f l o r a l s t r u c t u r e s measured. 
Though i t has n o t been p o s s i b l e to study the p l a s t i c i t y 
o f the s t r u c t u r e s i n d e t a i l some r e s u l t s are a v a i l a b l e 
that a l l o w comparisons of s m a l l samples o f backcross 
c o w s l i p s and o f p r i m r o s e s grown i n separate environments. 

I n t he summer o f 1954 two samples o f s i b l i n g back-
cross c o w s l i p s were grown, one i n an e x p e r i m e n t a l p l o t 



ana the o t h e r i n boxes sheltered, i n c o o l frames 
a g a i n s t a n o r t h f a c i n g w a l l . The r e s u l t s f o r the t h r e e 
f l o r a l dimensions measured, are summarised i n Tables 32 
and 33. l?rorn t h e t a b l e s i t can be seen t h a t from the 
s m a l l samples a v a i l a b l e t h e environment does n o t appear 
t o a f f e c t m a t e r i a l l y f l o w e r s i z e , w i t h the e x c e p t i o n 
o f t h a t f o r c a l y x c i r c u m f e r e n c e o f p i n f l o w e r s none o f 
th e d i f f e r e n c e s observed are s i g n i f i c a n t a t the yf. l e v e l . 
P i n f l o w e r s f r o m the e x p e r i m e n t a l p l o t haa more inflated, 
c a l y c e s than those grown i n the c o o l frames. 

Two. experiments have provided data on the p l a s t i c i t y 
o f p r i m r o s e s . From some s i b l i n g p r i m r o s e p l a n t s whose 
f l o w e r s were measured i n the e a r l y s p r i n g o f 1^54 some 
flowers were tauten ana measured i n the spring of 195?. 
These r e s u l t s are summarized i n Tables 34 ana i 5 . None 
o i the d i f f e r e n c e s i n s i z e ooserved between the f l o r a l 
c h a r a c t e r s as measured i n s u c c e s s i v e years was s i g n i f i c a n t 
a t t h e 5% l e v e l . 

The f l o w e r s xrom two samples o f s i b l i n g p r i m r o s e s 
flowering f o r the f i r s t time i n the spring o f 1955 have 
be on compared and the r e s u l t s o.re sum varized i n Tables 
36 ana 37. One sample was grown i n c o o l frames a g a i n s t 
a n o r t h f a c i n g w a l l and the o t n e r was grown nearoy i n a 
l e s s s h e l t e r e d p o s i t i o n . Except -tor tne c a l y x circumference 
oi* tne pin flowers none oi the d i f f e r e n c e s between the 
mean v i l u e s o i comparable f l o r a l dimensions were s i g n i f ­
i c a n t a t tne b% l e v e l . The ca l y c e s o i f l o w e r s f r o m 
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I ABLE 32 

H a b i t a t n D 4of C. L.of 0.1. C.of 
(KUIIS) (remis) (mms) 

m Y rn v m v 

Cool 
3'rames 15 19.0 10.29 • 4.3 .55 15.1 4.83 

Garden 12 20.9 9.72 3.7 .89 17.3 3.52 

Table 32; The means and v a r i a n c e s f o r c e r t a i n dimensions 
o f the f l o w e r s o f s i b l i n g p i n cowslip back-
crosses samples o f which were grown i n two 
separate environments. The o n l y d i f f e r e n c e 
to be s i g n i f i c a n t a t the %• l e v e l was t h a t 
f o r t h e c a l y x c i r c u m f e r e n c e . 

H a b i t a t n 

Cool 
Frames 

Garden 

Table 33': 

D.of C, 
{nuns) 

m v 

7 19.7 
7.20 

11.82 

ij^ o i G e ̂  
{rams) 

m v 

-2»3 
3.7 

.78 

0 1 

{rums) 
in 

15.1 
6.71 
3.69 

The means and variances f o r c e r t a i n dimensions 
o f the flowers o f s i b l i n g thrum c o w s l i p back-
crosses samples o f which were grown i n two 
separate environments. None o f the 
d i f f e r e n c e s was s i g n i f i c a n t at the 5% l e v e l . 
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TABLS 34 

Season n 

m 

D o f ( 
(mi os' 

L o f G.T, 
{aims) 

m V 

: o f c 
( i i i i T i S ) 

1954 

1955 

Table 34 

10 28.2 

5 27.8 

8.28 6.4 

1.97 6.0 

.73 14.2 2.57 

The means and v a r i a n c e s f o r c e r t a i n dimensions 
o f t h e f l o w e r s o f s i b l i n g p i n p r i m r o s e s , samples 
o f which were c o l l e c t e d i n successive y e a r s . 
None o f the d i f f e r e n c e s was s i g n i f i c a n t a t 
the % l e v e l . 

TABLE 35 

Season n D o f 0 
{mras) 

L of 
(mms 

G.T. 
) 

C o f 
{rams 

0 
) 

m V ra V ra V 

1954 13 27.7 4.85 6.4 .57 14.8 1.68 

1955 12 27.5 3.93 6.1 .72 14.9 .75 

Table 35: The means and v a r i a n c e s f o r c e r t a i n dimensions 
o f the f l o w e r s o f s i b l i n g thrum p r i m r o s e s , 
samples o f which were c o l l e c t e d i n successive 
y e a r s . None o f the d i f f e r e n c e s was 

s i g n i f i c a n t a t the 5% l e v e l . 
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TABLE 36 

Habi t a t n 

Cool 
'Frames 

Garcien 

Table 36; 

7 

9 

D o f C 
{mms) 

m 

28„y 

28.4 

2.77 

4.59 

L of C.T, 
( STliIlS ) 

m 

6.0 

6.4 

1.81 

.72 

! o f C 
(mms) 

m 

1 1 , 6 

.42 

.65 

The means and v a r i a n c e s f o r c e r t a i n dimensions 
o f t he f l o w e r s o f s i b l i n g pin p r i m r o s e s 
samples o f which were grown i n two separate 
environments. The o n l y d i f f e r e n c e s i g n i f i c a n t 
a t t h e % l e v e l was t h a t f o r t he c a l y x 
c i r c u m f e r e n c e s . 

TABLE 37 

H a b i t a t 

Cool 
Frames 

Garden 

Table 37; 

n D o f C 
{rams) 

m v 

26.8 

27.9 

19.4 

2. 64 

l i o f o0 H# 

(rams) 

ra 

5.7 

6.4 

.16 

.75 

C of C 
{mms) 

m 

12.8 1.08 

12.6 .30 

The means and v a r i a n c e s f o r c e r t a i n dimensions 
o f t he f l o w e r s o f s i b l i n g p r i m r o s e s samples 
o f which were grown i n two separate e n v i r o n ­
ments. None o f the d i f f e r e n c e s was 
s i g n i f i c a n t a t the 5f l e v e l . 
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p l a n t s ro;»n m tno l e s s sheltered, environment had 
g r e a t e r cireumf 0 1ences than those of the p l a n t s grown 
i n trie c o o l frames. 

Though the samples were s m a l l i t would seem t h a t 
of tne i l o r a i dimensions measured c o r o l l a d i ameter i s 
the l e a s t i n f l u e n c e d by the environment. For none o f 
the comparisons maue was the d i i f e r e n c e between mean 
c o r o l l a a i a a e t e r s s i g n i f i c a n t even a t the l o C l e v e l . 
On t h e otrier nana two o f the d i f f e r e n c e s between mean 
c a l y x c i i cumfe} ences wore s i g n i f i c a n t a t trie 5{ l e v e l 
ana one o f U u d i f f e r e n c e s f o r mean c a l y x t o o t h l e n g t h 
almost a t t a i n e d s i g n i f i c a n c e ,vi en n p r o b a b i l i t y 5 - l O f 
on i . i - j n u l l hypophosis ( t . t e s t ) . 

Oi t i i w dimensions measured diameter o f c o r o l l a 
fto^le tuoreiore appear to be t h e best s i n g l e c r i t e r i o n 
i o r comparing c o l o n i e s . The d a t a from the v a r i o u s 
c o l o n i e s coula be pooled as t h i s dimension i s r e l a t i v e l y 
f r e e o f environments! i n f l u e n c e . The r e s u l t s o b t a i n e d 
f o r f i e l d samples of cowslip and primrose when the data 
are p o o l e d w i l l be considered below. 

Some of the s i z e d i f f e r e n c e s Deserved between the 
I r i s h and the E n g l i s h samples were ftighly s i g n i f i c a n t 
s t a t i s t i c a l l y , so the d a t a f o r the two countries has 
been k e p t s e p a r a t e . 
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( i i ) Primrose 

The r e s u l t s f o r p o o l i n g a l l the comparable 
d a t a f o r the E n g l i s h samples are pr e s e n t e d i n Tables 38 
ana 39. From t h e Tables i t can be seen t h a t p r i m r o s e s 
growing t o g e t h e r w i t h c o w s l i p s have s m a l l e r c o r o l l a 
d i a m e t e r s than those growing a p a r t from them. The 
d i f f e r e n c e s are h i g h l y s i g n i f i c a n t s t a t i s t i c a l l y b e i n g 
many times l a r g e r than t h e i r standard, e r r o r s . Such a 
r e d u c t i o n i n mean s i z e o f c o r o l l a ' d i a m e t e r would be 
expected i f p r i m r o s e were i n t r o g r e s s e d by c o w s l i p . 

I n t r o g r e s s i o n by c o w s l i p might a l s o be expected 
to i n c r e a s e t he v a r i a b i l i t y o f the c o r o l l a diameter 
o f t h e i n t r o g r e s s e d p r i m r o s e s , but the evidence f o r 
t h i s o c c u r r i n g i s not c o n c l u s i v e . The p i n f l o w e r e d 
primroses growing a p a r t from cowslip are l e s s v a r i a b l e 
than those growing intermixed with cowslip, but the 
thrum f l o w e r e d p r i m r o s e s are about e q u a l l y v a r i a b l e i n 
the two types o f colony. 

I n I r e l a n d t h e primroses growing t o g e t h e r w i t h 
c o w s l i p appear to have l a r g e r f l o w e r s than those growing 
a p a r t form them. To c o n f i r m t h i s o b s e r v a t i o n more da t a 
are r e q u i r e d f o r o n l y 200 I r i s h f l o w e r s were measured 
compared w i t h 1000 from England. 

'INI 
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IABLE 38 

Colony Type n 

Cowslips absent 250 

Cowslips p r e s e n t 250 

D i l i 

Mean 
(mm s} 

28.81 

27.41 
: 1.40 

Diameter o f C o r o l l a 
Variance Coeff. o f Var. 

11.73 .118 

14.79 .140 

Table 38; A comparison o f the means and v a r i a b i l i t i e s 
o f t h e c o r o l l a diameters o f the f l o w e r s o f 
p i n p r i m r o s e p l a n t s growing w i t h o r a p a r t 
from c o w s l i p s . 

Colony Type 

Cowslips absent 

Cowslips p r e s e n t 

n 
Mean 
{mms) 

250 

250 

D i f f . 

28.16 

27.18 

= .98 

Diameter o f C o r o l l a 
Variance Coefi'. o f Yar*. 

13.04 .128 

11.04 .122 

S. I . o f D i f f . = .22 

Table 39; A comparison o f the means and v a r i a b i l i t i e s 
o f t h e c o r o l l a d i ameters o f t h e f l o w e r s 
f r o m thrum p r i m r o s e p l a n t s growing w i t h 
o r a p a r t from c o w s l i p s . 



( i x i ) C owslip, 

The r e s u l t s of p o o l i n g a l l the comparable 
d a t a f o r the E n g l i s h samples of c o w s l i p are p r e s e n t e d 
i n Tables 40 and 4-1. Prom the Tables i t can be seen 
that c o w s l i p s growing t o g e t h e r with p r i m r o s e s are 
l a r g e r than those growing a p a r t from them.. The i n c r e a s e 
i n s i z e i s s t a t i s t i c a l l y s i g n i f i c a n t f o r f l o w e r s o f 
b o t h p i n and thrum p l a n t s . Such an i n c r e a s e i n s i z e 
o f t h e c o w s l i p s growing t o g e t h e r w i t h p r i m r o s e s c o u l d 
r e s u l t f rom i n t r o g r e s s i o n of c o w s l i p by p r i m r o s e . That 
t h i s may be the c o r r e c t e x p l a n a t i o n i s suggested by the 
g r e a t e r v a r i a b i l i t y o f c o r o l l a s i z e f o r c o w s l i p s growing 
t o g e t h e r w i t h p r i m r o s e s compared w i t h the v a r i a b i l i t y 
o f those growing a p a r t f r o m p r i m r o s e s . 

I n I r e l a n d the cowslips growing a p a r t from 
p r i m r o s e s appear t o have l a r g e r c o r o l l a d i ameters than 
those growing t o g e t h e r w i t h them. T h i s i s the o p p o s i t e 
r e l a t i o n s h i p to t h a t observed w i t h the E n g l i s h c o w s l i p s , 
but t he r e s u l t must be regarded as t e n t a t i v e u n t i l more 
I r i s h data are a v a i l a b l e . 
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TABLE 40 

Jolony Type n Diameter o f C o r o l l a 

Primrose absent 150 

Primrose p r e s e n t 150 

D i f f . 

Mean 
(aims) 

12.34 

12. 60 

.26 

Variance 

3.23 

2.51 

Coef x . o f var. 

.128 

.143 

S.E. o f D i f f , - .19 

Table 40: A comparison o f the means and v a r i a b i l i t i e s 
o f t h e c o r o l l a diameters o f t h e f l o w e r s from 
p i n c o w s l i p p l a n t s growing w i t h o r a p a r t 
from p r i m r o s e s . 

TABLE 41 

Colony Type n 

Primrose absent 150 

p r i m r o s e p r e s e n t 167 

D i f f 

Mean 
(cams} 

11.82 

12.33 

= . 51 

Diameter o f C o r o l l a 

Variance Coef u, o f Afar. 

2 % 3<̂- & 123 

3.11 .143 

S.E. o f D i f f . = .13 

Table 41: A comparison o f the means and v a r i a b i l i t i e s 
o f the c o r o l l a diameters o f the flowers from 
thrum cowslip p l a n t s growing with and a p a r t 
from p r i m r o s e s . 
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(b) C o r r e l a t i o n Index A n a l y s i s . 

Evidence has a l r e a d y been p r e s e n t e d which suggests 
t h a t the c a l y x dimensions o f p r i m r o s e s and backeross 
c o w s l i p s are dependent upon the environment. The f i e l d 
data i n d i c a t e that the c a l y x dimensions o f cowslips are 
a l s o i n f l u e n c e d by the environment. Because o f t h i s i t 
i s imp o s s i b l e t o p o o l the data f o r e i t h e r c a l y x t o o t h 
l e n g t h o r c i r c u m f e r e n c e t o maite comparisons as was done 
w i t h the d a t a f o r c o r o l l a d i a m e t e r . N e v e r t h e l e s s , i t i s 
p o s s i b l e to combine the c a l y x measurements i n t o a simple 
index i n such a way t n a t the i n f l u e n c e of the environment 
i s m i n i m i z e d . 

The c a l y x dimensions i n p r i m r o s e and cowslip form a 
p a i r o f c o n t r a s t i n g c h a r a c t e r s and so may be combined 
into a c o r r e l a t i o n index ( p . 27 ) . Primrose c a l y c e s 
have l o n g t e e t h and a r e l a t i v e l y s m a l l c i r c u m f e r e n c e , 
whereas c o w s l i p s have c a l y c e s w i t h r e l a t i v e l y s h o r t t e e t h 
and r e l a t i v e l y l a r g e c i r c u m f e r e n c e s . The average slopes 
o f t h e l i n e s o f b e s t f i t t h r o u g h the s c a t t e r diagram 
r e s u l t i n g f r o m p l o t t i n g t he c a l y x t o o t h l e n g t h a g a i n s t 
the c a l y x c i r c u m f e r e n c e has been c a l c u l a t e d from the 
formula p r e v i o u s l y quoted ( p . Z'f ) ; The r e s u l t s are 
p r e s e n t e d i n Table 42. 

Prom the Table i t can be seen t h a t i t i s p o s s i b l e 
t o compare the c a l y c e s o f p r i m r o s e s growing t o g e t h e r w i t h 
and a p a r t f r o m c o w s l i p s as the average slopes o f the 
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l i n e s of best f i t t h r o u g h the s c a t t e r diagrams f o r the 
p r i m r o s e s f o r the two types o f community are s i m i l a r . 
L i k e w i s e the c a l y c e s o f c o w s l i p s growing togetner with 
and a p a r t from p r i m r o s e s are comparable, i t i s 
impossible though to compare the c a l y c e s o f cowslips and 
p r i m r o s e s d i r e c t l y as the l i n e s o f best f i t t h r o u g h t h e i r 
s c a t t e r diagrams are not even a p p r o x i m a t e l y p a r a l l e l . 

TABLE 42. 

Colony Average slope o f the l i n e o f best f i t 
(Tan I , } 

Primrose alone .2560 

Primrose - c o w s l i p s 
o r 71 h y b r i d s .2627 
Cowslips - p r i m r o s e s 
o r 'Fl h y b r i d s . 1 2 0 6 

Cowslips alone .0959 

Table 42; The average slopes o f the l i n e s o f best f i t 
t h r o u g h the s c a t t e r diagrams f o r t o o t h l e n g t h 
and c a l y x c i r c u m f e r e n c e f o r each o f the 
E n g l i s h c o l o n i e s measured. 
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Honever, t h i s i s n o t a s e r i o u s d i f f i c u l t y as i t i s 
by comparing c o w s l i p s growing t o g e t h e r w i t h ana a p a r t 
from p r i m r o s e s and v i c e v e r s a that evidence o f i n t r o -
g r e s s i o n between t he species w i l l be detected. The 
a p p r o p r i a t e comparisons were made by o b t a i n i n g the index 
values f o r t h e c a l y c e s of a l l the E n g l i s h p i n flowers 
that had been measured. The i n d e x values were determined 
from a diagram s i m i l a r ' to i'igure 18 i n which t he 
d i r e c t i o n s and s c a l e s of the inaex axes are shown 
r e l a t i v e t o the mean slopes o f the l i n e s o f best f i t 
t h r o u g h t he s c a t t e r diagrams. Mot a l l tne p o i n t s o f the 
s c a t t e r diagrams could have been shown because tney were 
too numerous; i n s t e a d the mean values have been p l o t t e d 
o f t h e c a l y x measurements f o r the c o l o n i e s whose in a e x 
values were determined. "For comparison t he r e s u l t s f o r 
the I r i s h p o p u l a t i o n s have been addea to the F i g u r e , 

The i n d e x values which were a e r i v e d are summarised 
i n F i g u r e s 19 and 20. 

From F i g . 19 i t can be seen that t h e r e xs l i t t l e 
d i f f e r e n c e between the c a l y c e s of primroses t h a t were 
c o l l e c t e d from colonies growing together with or apart 
from cowslips. T h i s a n a l y s i s therefore provides l i t t l e 
evidence f o r the i n t r o g r e s s i o n o f primrose by c o w s l i p . 
Had i n t r d g r e s s i o n o c c u r r e d i t might have been expected 
that p r i m r o s e s growing amongst c o w s l i p s would have had 
an average index value g r e a t e r than those growing a p a r t 
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Figure 16 s The mean calyx circumference and calyx tooth 
length f o r the p i n flowers of the v a r i o u s c o l o n i e s 
of primrose and cowslip measured. 

I H o l l o w squares represent c o l o n i e s of cowslips 
or primroses each growing to the e x c l u s i o n of 
the other. 

S o l i d squares represent c o l o n i e s which 
contained both cowslips and primroses or e i t h e r 
s p e c i e s plus apparent F1 hybrids, 

j i . Squares with r a d i a t e arms attached represent 
™"Lr I r i s h c o l o n i e s . 
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Figure 19 t Frequency polygons f o r the c o r r e l a t i o n i n d i c e s 
of primroses growing together with or apart from 
cowslips or apparent F1 h y b r i d s . 

• - — — * Primroses growing apart from cowslips or apparent 
Ft hybrids. 

„ & Primroses growing together with cowslips or 
apparent F1 hybrids. 
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Figure 20 : Frequency polygons f o r the c o r r e l a t i o n i n d i e e a 
of cowslips growing together with or apart from 
primroses or apparent F1 hyb r i d s . 

«. — • Cowslips growing apart from primroses or apparent 
Ft hybrids. 

# — -• « Cowslips growing together w i t h primroses or 
apparent F1 h y b r i d s . 
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f r o m them, as can be seen from F i g u r e 18. 
f r o m F i g u r e 20 i t can be seen t h a t c o w s l i p s from 

c o l o n i e s growing i n t e r m i x e d w i t h p r i m r o s e s hare an 
average i n d e x value which i s l e s s than t h a t f o r c o w s l i p s 
g r o w i n g a p a r t . T h i s would f o l l o w i f i n t r o g r e s s i o n o f 
c o w s l i p by p r i m r o s e had o c c u r r e d , as can be seen from 
F i g u r e IS„ 

The measurements f o r the E n g l i s h thrum f l o w e r s 
have n o t been analyzed by t h e c o r r e l a t i o n i n d e x method 
because a survey o f the data r e v e a l e d that, the r e s u l t s 
would p r o b a b l y be s i m i l a r to those o b t a i n e d f o r the p i n 
f l o w e r 

The measurements f o r the c a l y c e s o f the I r i s h p i n 
H o n o r s wore n o t i n d u c e d i n the a n a l y s i s a l o n g w i t h 
the i i n g l x s h p i a n o s . For s i m i l a r c a l y x circumferences 
the I r i s n flovkars ;,p >oar to possess l o n g e r c a l y x t e e t h 
fciiau tne S n g l i s n flowers, Figure 18. More d a t a a r e 
iii i v t ou tc c o n f i r m l i . i c o o s e r v a t i o n . 
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( c ) C o r r e l a t i o n C o e f f i c i e n t A n a l y s i s . 

The c a l y x dimensions ox primroses ana cowslips 
g r o w i n g s e p a r a t e l y are p o s i t i v e l y c o r r e l a t e d and i n 
g e n e r a l an i n c r e a s e i n c a l y x tootn length i s accompanied 
by a p r o p o r t i o n a l i n c r e a s e i n c a l y x circumference. 
Since the c a l y x dimensions of the species are d i f f e r e n t , 
i n t r o g r e s s e d i n d i v i d u a l s of e i t h e r are l i k e l y to d i f f e r 
from average i n such a way as to be somewhat i n t e r m e d i a t e 
between t h e i n t r o g r e s s e d and the i n t r o g r e s s i n g s p e c i e s , 

v f i t h p a i r s of c o n t r a s t i n g c n a r a c t e r s (p. a«| ) such 
as those of c a l y x tooth lengxh ana c i r c u m f e r e n c e of c a l y x 
t h e presence o f i n t r a g r e s s e a i n d i v i d u a l s i n a colony w i l l 
r e s u l t , i f p l o t t e d , i n a s c a t t e r diagram which extends 
more towards the i n t r o g r e s s i n g species than u s u a l , 
Figure 18, The degree o f c o r r e l a t i o n between c h a r a c t e r s 
i n such a diagram w i l l be l e s s than usual:. 

The r e s u l t s o f c a l c u l a t i n g the c o r r e l a t i o n c o e f f ­
i c i e n t between the c a l y x dimensions f o r a l l the c o l o n i e s 
measured are p r e s e n t e d i n Tables 43, 44, 45, 46, 47, 43, 
49 and 50. The-, c o r r e l a t i o n c o e f f i c i e n t between the 
diameter of the c o r o l l a and the circumference of t h e 
c a l y x has a l s o been c a l c u l a t e d as these form another p a i r 
of c o n t r a s t i n g c h a r a c t e r s . ' Both s e t s of d a t a are summ­
a r i z e d i n Tables 51 and 52, These Tables include the 
r e s u l t s from b o t h the E n g l i s h and I r i s h samples as they 
appear to d i f f e r l i t t l e i n t h i s r e spect. 
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L c c a l i t y 

Parndale 

Stanhope 

Nr. s t o k e s l e y 

tifn&X 6 

Melmerby 

t i l l s water 

Ravenbeck 

S h i n c l i f l e 

Gassop 

Brancepeth 

T.ABI3 43 

C o r r e l a t i o n C o e f f i c i e n t 
D, of 

C. o f C. 

.3238 

.5546 

.614 6 

.5349 

.3645 

.7500 

. 5662 

.2305 

L.of 0.T, 

•C.6f. C. 

«3 !?0 2 

,4 547 

.3978 

.1669 

.3914 

.5111 

0 <wu. l 

.1552 

.2381 

B r x t t a s I 

Gorrofin I 

5867 

3825 

.2083 

.4467 

Table 43: The c o r r e l a t i o n c o e f f i c i e n t s f o r two p a i r s 
o f dimensions measured upon the f l o w e r s o f 
p i n p r i m r o s e s f r o m c o l o n i e s which i n c l u d e d 
n e i t h e r c o w s l i p s nor apparent F l hyorids. 
I i n d i c a t e s an I r i s h l o c a l i t y . 
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TABLE 44 

L o c a l i t y C o r r e l a t i o n C o e f f i c i e n t 

B l a c k h a l l i 

B l a c K h a l l 2 

R i e v a u l x 

Grange-over Sands 

K e t t l e w e l l 

P e n r i t h 

B u r n s a i l 

Wolsingham 

Rookdale 

Nr. -Hawnbey 

3. of C. 

G. of C. 

.6509 

.4565 

.5088 

.4 585 

.4818 

.3654 

.4112 

.3250 

.5218 

.6443 

L.of 0,T. 

f n f H 

.4423 

. 0822 

.3468 

.0109 

.5615 

.2689 

.2989 

.2801 

.4975 

.384 6 

Dalgany I 

O o r r o f i n I 

Table 44: 

.0843 .6086 

.5898 

The c o r r e l a t i o n c o e f f i c i e n t s f o r two p a i r s 
o f dimensions measured upon the f l o w e r s o f 
p i n p r i m r o s e s from c o l o n i e s which c o n t a i n e d 
e i t h e r c o w s l i p s o r apparent ?1 h y b r i d s . 
I i n d i c a t e s an I r i s h l o c a l i t y . 
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TABLE 45 

L o c a l i t y 

]?arndale 

Stanhope 

Nr. S t o k e s l e y 

l h a l e 

Melmerby • 

TJliswater 

Ravenbeck 

S h i n c l i f f e 

Oassop 

Brancepeth 

C o r r e l a t i o n C o e f f i c i e n t 
XJ O I 0 # T 4 

0 o f C 

D of C 

C of 0 

.6796 

.2973 

„ 6491 

.6305 

.4694 

. 5519 

.4665 

.4495 

.404 7 

ft 5 7 3 ̂— 

.5158 

.0170 

.5779 

.5061 

,1671 

.6358 

.1616 

.4972 

.4645 

.3845 

B r i t t a s 1 

^ o r r o i ' i n I 

Table 45* 

, 3825 

,1468 

. 4467 

.4176 

The c o r r e l a t i o n c o e f f i c i e n t s f o r two p a i r s 
o f dimensions measured upon the f l o w e r s o f 
thrum p r i m r o s e s from c o l o n i e s which i n c l u d e d 
n e i t h e r c o w s l i p s nor apparent p i h y b r i d s . 
1 i n d i c a t e s a n d l r i s h l o c a l i t y . 
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TA3LE 46 

L o c a l i t y C o r r e l a t i o n C o e f f i c i e n t 
D o f C I ox C, T• 

C o f C C of C 

B l a c k b a l l i .0697 .8172 

B l a c k b a l l 2 .3857 .0939 

R i e r a u l x .1189 .0761 

Grange-over-Sands ,0323 .4776 

K e t t l e w e l l .1757 . 504 3 

P e n r i t h ,4928 .4257 

B u r n s a i l .2315 , 5631 

Wolsingham .0191 .3414 

Rooicdale ,3659 .3011 
Nr. Hawnbey .3424 .0441 

Dalgany I .5044 .1282 

C o r r o f i n I .5927 .1190 

Table 46; The c o r r e l a t i o n c o e f f i c i e n t s f o r two p a i r s 
o f dimensions measured upon the f l o w e r s o f 
thrum p r i m r o s e s f r o m c o l o n i e s which container 
e i t h e r c o w s l i p s or apparent p i h y b r i d s . 
I i n d i c a t e s an I r i s h l o c a l i t y . 
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TABLE 47 

L o c a l i t y 

Gassop 

Q u a r r i n g t o n 

El©more 

Witton -

Cayton Bay 

B l a c k b a l l 

C o r r e l a t i o n C o e f f i c i e n t 

D o f 0 L of C.T. 

C o f C C o f C 

.8733 

.7965 

.5410 

.3353 

.4690 

.5249 

. 4 753 

.3670 

.3268 

. 2067 

.3041 

.4736 

B r i t t a s I 

Tullamore I 

.4185 

.5527 

.6840 

.3754 

Table 47: The c o r r e l a t i o n c o e f f i c i e n t s between the 
dimensions o f two p a i r s o f c h a r a c t e r s 
measured upon the f l o w e r s o f p i n c o w s l i p s 
c o l l e c t e d from c o l o n i e s t h a t c o n t a i n e d 
n e i t h e r p r i m r o s e s nor apparent P i H y b r i d s . 
I i n d i c a t e s an I r i s h l o c a l i t y . 
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TA3LE 48 

L o c a l i t y 

Nr. Hawksley 

Nr. Helmsley 

R i e v a u l x Abbey 

Nr. R i e v a u l x i 

Nr. R i e v a u l x 2 

Nr. P e n r i t h 

Nr. Cowsley 

C o r r e l a t i o n C o e f f i c i e n t 

D o f C L o f C.T, 

C o f C 

,4718 

,3569 

,6410 

5431 

,4393 

4724 

C o f C 

.2390 

.3418 

.4811 

.4894 

.4113 

.3963 

.6445 

B r i t t a s I 

Dalgany I 

,4504 

,7266 

.0959 

.2390 

Table 48: The c o r r e l a t i o n c o e f f i c i e n t s between the 
dimensions o f two p a i r s o f c h a r a c t e r s 
measured upon the f l o w e r s o f p i n c o w s l i p s 
c o l l e c t e d from c o l o n i e s t h a t i n c l u d e d 
e i t h e r p r i m r o s e s or! apparent J 1! h y b r i d s . 
I i n d i c a t e s an I r i s h l o c a l i t y . 



TABLE 49 

L o c a l i t y - C o r r e l a t i o n C o e f f i c i e n t 

1) o f C ' L o f 0.1, 

C o f C 0 o f C 

Cassop 

Quarrington 

Elemore 

• l i t ton 

Cayton Bay 

B l a c k b a l l 

o 211 

.3231 

.4746 

.7169 

.8256 

.6246 

.5082 

.216.9 

.6859 

.3294 

.3801 

.4626 

B r i t t a s 1 

Dalgany 1 

,2442 

509 7 

.0728 

.3065 

Table 49: The c o r r e l a t i o n c o e f f i c i e n t s between the 
dimensions o f two p a i r s o f c h a r a c t e r s 
measured upon the f l o w e r s o f thrum c o w s l i p s 
c o l l e c t e d from c o l o n i e s that c o n t a i n e d 
n e i t h e r p rimroses nor apparent Jl'hybrids. 
I i n d i c a t e s an I r i s h l o c a l i t y . 
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TABLE 50 

L o c a l i t y 

Nr. Hawksiey 

Nr. Helmsley 

R i e v a u l x Abbey 

Mr. Rievaulx i 

Nr. Rievaulx 2 

Nr. P e n r i t h 

Sr. Cowsley 

C o r r e l a t i o n C o e f f i c i e n t 

D of C L o f C.T, 

: o f c 

.6076 

.7395 

. 6909 

.6238 

.4069 

.5580 

.5139 

C o f 

.2675 

.5017 

.4237 

.2564 

.5572 

.4367 

B r i t t a s I 

Dalgany I 

Table .50: 

5668 

4056 

.2764 

.6841 

The c o r r e l a t i o n c o e f f i c i e n t s between the 
dimensions o f two p a i r s o f c h a r a c t e r s 
measured upon the f l o w e r s o f thrum c o w s l i p s 
f r o m c o l o n i e s that c o n t a i n e d e i t h e r 
p r i m r o s e s o r apparent F l h y b r i d s . 
I i n d i c a t e s an I r i s h l o c a l i t y . 



Colony No. o f C o l o n i e s Weighted Average C o r r e l a t i o n 
C o e f f i c i e n t 

D. o f 0.' ii» o f 0 . T» 

C. o f 0. C. o f c. 

ixe< rirapose 
1 2 
n: 

»537 
. 50& 

. v 6 

. 3? 7 
ace Cowslip 
i v c t C o n s l i p 1 

.598 

. 523 
.1.1 ii 
. -V50 

t\ nip S ' I s Cue 1 e i g h t o rvoyage c o r r e l a t i o n c o e f f i c i e n t • ^ u r 
t>"u ' - j ~ v o f ci 1 ue " r i i o i i i - o f t he ^ i 1 ] I t ^ n T o o f o r j a-
r c s " --n'-1 c o ^ s l i n f > O i i i t ^ o tyo r a< o? c o l - n . Pine 
COJOI :P=; r'"1^ tnn^c where eac s e c i e s T e w t o the 
p ^ c T i i s i o n o f tjtf j ot] e r ; i n r i x e d c o l o n i c f l ip j o c c i e s 
"•"•ew i , i t e , \ " | i"vftd o f t o ^ e t h 1 i t v ' B r e n t ''V h: l c i ^ o . 

5? 

0,\LC i >/ o l O n l o j i i e b e i g h f p J - v e ^ g e ' o ^ r e l o t i o n 
C o e f f i c i e n t 

Dm Of C • i-i. o f 0. i. • 

OJ C. 0, 

r-'p P-ihi -use 
"Of e 

.1)70 

"cr'P. Oovrclip 
i r r . Cowrill , 

5 . ^"'0 
.591 

. 36d 
J 5n 

'-'jhi? ^2° r . ' ] i p r-ei"Jitr- <. voyage e o r r t i o + i o n c o e f f i c i e n t . - "or 
two i v i ' - r O'' f 1 i ' a a i s i o i s cT' the tii<<an £ l o v n r s o f 
prifflrooe f-nd c o w s l i n f r ' u t ^ o tyoe< o f colC'V. rv.ra 
ooLowi „ r-f tnOHP where each - s e c i e s v w t c +he 
i i 1 ' ' 1 L i n o-' 1 he ofchc-%- i n M I 'j e o l o n i o - t h e c ecie, 
L-r^w i . i t p f i i ; er or t o ,P fcuer v i t n a n s ^ i t Pi h i ' v i r i s . 



I t can 'be seen from TSCO'JC >] tL> I
 r h^v >x. 'jo«p' r 

of "both cowslip and primrose, < •? < ••<•, t'C << •, o n ->i -
t i o n c o e f f i c i e n t between c a l ; % J <»<.» c**o -» j uc f x t.L- • e l , , - * 
t o o t h length, or c o r o l l a oiane < ̂  , w lt_ i - - o"« a of i r e 

species growing i n t e r m i x e d t i t ui '1 * a ~>r . i.cn "~"ovin, 
separately. 

The. r e s u l t s are however not so e. s let'- t ~ t «" the -V ",' 

from thrum f l o w e r s , Table 52. >l ' . t i c . , \ , i e : _ r o i / j . L 

i n t e m i x e d w i t h cowslips had l o a&er r c i ; Moo j / e c o « cor re l o ­
t i o n c o e f f i c i e n t s than those > x a r n o«- •>«'.•'in < >' Da ! i.t 1„. 
The r e s u l t s •"CP cowslips behf > «-> xn f^e ••eve-'- i v • y ,. i !. ^ <i e 
growing together w i t h primroceu. n *e ^ e L ^ - i t - v n - J ( p JCO t 1 -
t i o n c o e f f i c i e n t s greater t i r m + tiw c-e 'o- o o r v j i p b j r o w i n ^ , 
separately. 

The c o r r e l o t i o n coeff i c 3 - iir~. i u v c /SH.I _vero c f t e i 1 

'transforming t o z and weight . L i _ o a j c ^ C P << "g . 'uc _ v; l o o t 
hove "been reconverted t o r fo>- )^.o? i t u t i e r . i v l J''- 1° - ')i - r 
52, None of the d i f f e r e n c e s i - v a et^eon i,ho v ^ i hied 

average c o r r e l a t i o n coeff i c i o tin ro» *ne >n.»c wic > J ,f»d 
colonies are s i g n i f i c a n t at 1 t f f» V v 1 o o v vr i, i o 'o ? 
di f f e r e n c e i n c o r r e l a t i o n betoecr < x, uc tep o c c o ^ o l j OJ 
circumference of calyx f o r t l r r i i - i r ^ o - o f l o e 

Considering "both pin an< 'm- n !" o\ < 'ho ,o 1* t i i v 
c o e f f i c i e n t a n a l y s i s suggest.' i, t I >r 1 >o se i r hex.o i n t r o -
grosser? 'by c o w s l i p where t h e j ""o- i r j > e r . loxtrogrob,. ion 

o" cov ig;° i O'j . i o o j oi'ooc ' p t y t h e _ t "J 5 I nac ov' 
" n i ' t . ?t g L'jo e " - i f i LO.rnn im.-ixv. 
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( d ) A n a l y s i s o f apparent p i h y b r i d s . 

The v a r i a b i l i t y o f the c o r o l l a diameter of 
p l a n t s c o l l e c t e d as apparent P I h y b r i d s tends to be 
g r e a t e r than would have been expected from a knowledge 
of the v a r i a b i l i t y of the known p i hybrids grown i n the 
e x p e r i m e n t a l garden, Table 53 

TABLE 55 

H a b i t a t C o e f f i c i e n t of V a r i a t i o n 
p r i m r o s e Cowslip 

P i n Thrum P i n Thrum p i n Thrum 
yield .12 .13 .15 .13 .13 .13 

Garden .10 .08 .07 .08 

'able 55; The v a r i a b i l i t y of the c o r o l l a d iameter o f 
flowers c o l l e c t ed i n the f i e l d and grown 
i n the e xperimenta ,1 j;.a I d .en. 

The cowslips, primroses ana F l hybrids from the 
e x p e r i m e n t a l garden each belonged to one or two f a m i l i e s 
so i t would be expected t h a t the c o r o l l a d i a m e t e r s o f 
these would be l e s s v a r i a b l e than those o f f i e l d 
p opulations.. The d i f f e r e n c e s however between the 
v a r i a b i l i t i e s o f the c o r o l l a diameters o f the flowers 
o f cowslip and primrose f r o m t h e f i e l d and garden are 
r e l a t i v e l y s l i g h t . On the other hand the apparent F l 
h y b r i d s f r o m the f i e l d are t w i c e as v a r i a b l e as t h e i r 
garden c o u n t e r p a r t s . 



This e x t r a v a r i a b i l i t y of tne apparent ifl hybrid 
sugp;ests that they may have mcluaea some bacKcross 
i n d i v i d u a l s . Such an i n t e r p r e t a t i o n must be t r e a t e d 
c a u t i o u s l y f o r nothing i s Known o f the r e l a t i v e 
p l a s t i c i t y o f the hybrid compnib,-, w i t h i t s parents. 



5. DISCUSSION-

(a) R e s u l t s 

The various analyses of the da t a i n d i c a t e that 
some r e c i p r o c a l though s l i g h t • i n t r o g r e s s i o n o f cowslip 
and p r i m r o s e has o c c u r r e d . The i n t r o g r e s s i o n has been 
s l i g h t a t l e a s t i n terms o f the c h a r a c t e r s s t u d i e d b u t 
a p r i o r i these appear to be s a t i s f a c t o r y . I t would have 
been s u r p r i s i n g had no i n t r o g r e s s i o n been detected 
because the f i e l d evidence f o r the occurrence o f h y b r i d s 
other than the F l appears to be quite d e f i n i t e . 

When d i s c u s s i n g t he c o w s l i p s ana pr i m r o s e s o f 
Northumberland and Durham H a r r i s o n (1931) s t a t e d t h a t 
he had o c c a s i o n a l l y seen h y b r i d s o t h e r than t he ;?1 b u t 
went on to say " i t must be confessed that ninety per cent 
o f the hybrid p l a n t s observed r e s u l t from f i r s t c r o s s e s . * 
Near Lake Como i n I t a l y , the apparent p i hybrid i s r e p o r t e d 
to be very cowmon and i n some p l a c e s may be as abundant 
as i t s p a r e n t s { p u g s l e y 1927). There the h y b r i d s are very 
v a r i a b l e s u g g e s t i n g that some backcrossing may have 
o c c u r r e d , but i t aoes n o t appear to have been f r e q u e n t 
enough to i n f l u e n c e the appearance o f the a d j a c e n t 
cowslips ana p r i m r o s e s . 

Fiona I r e l a n d Webb {I'-Jbl) reporteu the e x i s t e n c e of 
apparent backcrosses ana stat e d that the cowslip was more 
frequently the recurrent parent, f h e w r i t e r has v i s i l e u 
t h e areas s t u d i e d by Weob ana here too the commonest 



h y b r i d s a p p a r e n t l y belonged t o the p i g e n e r a t i o n . 
Thesfc; accounts suggest t h a t though the baekcross 

hybrids are i n f r e q u e n t they do occur i n some l o c a l i t i e s . 
The only undoubted baoccross seen by the w r i t e r i n t h i s 
p r e s e n t study was a backcross c o w s l i p growing near Rush 
about 12 m i l e s n o r t h o f D u b l i n . As some backeross 
hybrius c l o s e l y resemble t h e i r r e current p a r e n t they may 
be more common than has been suspected. N e v e r t h e l e s s , 
they cannot be abundant because i n those areas where 
both species and the apparent P i hybrids are growing, 
backcross i n d i v i d u a l s are seldom r e c o g n i z a b l e . 

The f a i l u r e o f the species t o i n t r o g r e s s e x t e n s i v e l y 
does n o t appear t o be determined by t h e i r e c o l o g i c a l 
r e q u i r e m e n t s f o r they o f t e n grow i n t e r m i x e d and have 
o v e r l a p p i n g f l o w e r i n g p e r i o d s . I t i s p o s s i b l e t h a t 
backcross and o t h e r hybrids are unable t o compete 
s u c c e s s f u l l y w i t h t h e i r p a r e n t s , but t h e r e i s l i t t l e 
evidence o f t h i s i n t h e i r behaviour under c u l t i v a t i o n . 

I t i s p o s s i b l e t h a t i n t r o g r e s s i o n has been 
r e l a t i v e l y l i m i t e d because o f the infrequeney ana 
i n f e r t i l i t y o f the hybrids. Tnough the apoarent p i 
hybrids are w e l l known i n nature they are seldom abundant 
i n any l o c a l i t y , e s p e c i a l l y i n the soutn o f England 
( C h r i s t y 1923). At most, a few o n l y are founu i n the 
company o f a l a r g e number o f the p a r e n t a l s p e c i e s . The 
apparent p i hyorids are u s u a l l y found where b o t n t he 
c o w s l i p and p r i m r o s e are growing intermixed or aujucent, 



but i n s e v e r a l l o c a l i t i e s they have been found growing 
amongst c o w s l i p s o n l y . I n some o f these p l a c e s i t has 
not always been p o s s i b l e t o f i n d p r i m r o s e s growing 
anywhere i n the v i c i n i t y . 

The a r t i f i c i a l F l hybrids are r e l a t i v e l y i n f e r t i l e 
even when grown under e x p e r i i a e n t a l c o n d i t i o n s . Nothing 
i s y e t known o f the seed f e r t i l i t y o f the apparent F l 
hybrids observed i n the f i e l a , but i t has oeen determined 
that t h e i r p o l l e n v i a b i l i t y i s s i m i l a r t o t h a t o f the 
a r t i f i c i a l 2?1 h y b r i d s . The percentage o f v i a b l e p o l l e n 
( t e s t e d by s t a i n i n g i n acetocarmine), produced by apparent 
p i h y b r i d s i n the f i e l d i s about a t n i r a t h a t o f the 
cowslip and tne primrose. Whether t n i s h y b r i d p o l l e n 
can compete s u c c e s s f u l l y with that o f the p a r e n t species 
i s not known, but by v i r t u e o f i t s l e s s e r v i a b i l i t y i t 
may be l e s s e f f e c t i v e . 

From the analyses i t would appear t h a t i n t r o -
g r e s s i o n has been r e c i p r o c a l . The r e s u l t s of the 
analyses are summarized i n Table 54- from wnich i t can 
be seen t h a t although not a l l tne analyses y i e l d e d 
evidence o f i n t r o g r e s s i o n most d i a . tfebb ( I . e . ) nas 
suggested t h a t i n I r e l a n d the i n t r o g r e s s i o n occurs i n 
one d i r e c t i o n only, from p r i m r o s e i n t o c o w s l i p . T n i s 
may be so, b u t from a s t u d y o f s e v e r a l I r i s h p o p u l a t i o n s 
the w r i t e r i s o f t h e o p i n i o n t h a t the s i t u a t i o n t h e r e 
i s s i m i l a r t o t h a t i n England. However, more q u a n t i t a t i v e 
d a t a are r e q u i r e d to t e s t t n i s view. 



TABLE 54-

A n a l y s i s 

Comparison o'f 
Means 

Evidence o f I n t r o g r e s s i o n 
Primrose i n t o Cowslip i n t o 

Cowslip 
P i n Thrum 

- + 

Primrose 
P i n Thrum 

4-
C o r r e l a t i o n 

I n d e x 

C o r r e l a t i o n 
C o e f f i c i e n t 

Table 5 5 : 

D.__of_g 
C a O f • Q* 
L. o f 
u» U i 

+ 
-| r 

A summary o f the r e s u l t s o f the v a r i o u s 
analyses t o t e s t f o r the occurrence o f 
i n t r o g r e s s i o n . Test p o s i t i v e = " f - ; t e s t 
n e g a t i v e = — ; t e s t n o t undertaken = X*. 

F i n a l l y i t must be s a i d t h a t i n t r o g r e s s i o n may have 
been g r e a t e r than t h a t observed. A colony o f e i t h e r specie 
was judged t o be n o n - i n t r o g r e s s e d i f t h e o t h e r species o r 
the apparent P i h y b r i d was absent. Whether t h i s i s t r u e 
i t i s • i m p o s s i b l e t o know, j u s t as i t cannot be s a i d t h a t 
mixed stanas o f t h e species were n e c e s s a r i l y i n t r o g r e s s e d . 
I t i s p o s s i b l e t h a t the method employed o f sampling the 
species was u n s a t i s f a c t o r y , but t h e r e appeared t o be no 
a l t e r n a t i v e . 



I t may be noted that the p r i m r o s e and c o w s l i p 
from I r e l a n d possess f l o w e r s whose dimensions appea 
to be d i f f e r e n t f rom those growing i n the n o r t h o f 
England. 



(b) Comparison w i t h p r i m r o s e - o x l i p h y b r i d s . 
I t i s i n t e r e s t i n g t o compare the r e s u l t s 

quoted here f o r p r i m r o s e - c o w s l i p h y b r i d s with those 
p r e s e n t e d by Valentine. (1948) when d i s c u s s i n g h y b r i d i z ­
a t i o n between the o x l i p and the p r i m r o s e . These two 
species h y b r i d i z e more r e a d i l y i n c o n t r o l l e d experiments 
t h a n do the p r i m r o s e and c o w s l i p and the T?l hybrid 
produced i s almost as f e r t i l e as the p a r e n t s p e c i e s . 
Under these circumstances i t might be expected t h a t 
h y b r i d i z a t i o n between the o x l i p and p r i m r o s e would be 
e x t e n s i v e where t h e i r h a b i t a t s c o i n c i d e d . Yet t h i s was 
not so, f o r i n such areas t h e apparent F l hybrids were 
frequently common and p l a n t s resembling backcross and 
other h y b r i d s were o n l y o c c a s i o n a l l y found. Although a 
bi o m e t r i c a l study o f the _populations was n o t made, i t 
d i d n o t appear that i n t r o g r e s s i o n was e x t e n s i v e . 

I n those areas where hybrids between the o x l i p and 
p r i m r o s e were found i t i s s u r p r i z i n g t h a t h y b r i d i z a t i o n 
between them has n o t proceedea f a r t h e r . The i n t e r n a l 
b a r r i e r s separating the spec i e s are apparently overcome 
w i t h the p r o d u c t i o n o f the F l h y b r i d . The seeds that 
g i v e r i s e t o the F l p l a n t s are s m a l l e r than those o f the 
o x l i p o r p r i m r o s e b u t the F l p l a n t s show a marked degree 
o f h y b r i d v i g o u r , and fr o m the number o f apparent F l 
hybrids found i n the f i e l d i t would appear that t h i s 
hybrid vigour may be responsible f o r t h e i r success. A 
f u r t h e r f a c t o r c o n t r i b u t i n g t o t h e i r frequency may be 
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t h e i r r e l a t i v e l o n g e v i t y f o r under garden c o n d i t i o n s 
the F i h y b r i d s l i v e l o n g e r than e i t h e r t h e p r i m r o s e o r 
the o x l i p . 

The f a i l u r e o f the F l hybrid t o g i v e r i s e t o 
e x t e n s i v e h y b r i d swarms i n the f i e l a siay be due t o the 
l o s s of h y b r i d vigour i n the baciccross and ? 2 generations. 
Experiments to t e s t t h i s view are p r o c e e d i n g but few d a t a 
are y e t a v a i l a b l e . S t i l l i t i s a l r e a d y e v i d e n t t h a t t h e 
F2 g e n e r a t i o n i s much l e s s v i g o r o u s than e i t h e r o f the 
p a r e n t species or the 'Fl generation. T n i s may be 
c o n v e n i e n t l y expressed i n terms o f t h e percentage o f 
p l a n t s which flowered i n t h e i r f i r s t season, Table 55-

TABLE_55 

Family percentage o f p l a n t s f l o w e r i n g 
S e r i e s A S e r i e s B 

Primrose 100 86 
BacKcross Primrose 94 89 
F l 92 100 
Backcross O x l i p 100 - 83 
O x l i p 100 83 
F2 72 56 

Table 55: The percentage o f p l a n t s flowering i n t h e i r 
f i r s t season f o r p r i m r o s e , o x l i p and a s e r i e s 
o f h y b r i d s between them. S e r i e s & was grown 
i n c o o l frames, S e r i e s B was grown i n the open. 



I t may be t e n t a t i v e l y suggested t h a t t h e f a i l u r e 
o f t h e o x l i p ana p r i m r o s e t o h y o r i d i z e e x t e n s i v e l y may 
be due to the d i f f e r e n c e s i n t h e i r e c o l o g i c a l requirement 
and t he i n a b i l i t y o f the backcross and P2 h y b r i d s to 
compete s u c c e s s f u l l y with t h e i r parents. The apparent 
T?l h y b r i d s may be reasonably abundant because they are 
more v i g o r o u s and l o n g e r l i v e d than the o x l i p and 
p r i m r o s e . 

I t i s p o s s i b l e t h a t a s i m i l a r s i t u a t i o n o b t a i n s 
w i t h t h e p r i m r o s e - c o w s l i p h y b r i d s . The a r t i f i c i a l P i 
h y b r i d between them appears t o possess some h y b r i d v i g o u r 
and f i e l d evidence suggests t h a t the apparent Pi hybrids 
may be l o n g - l i v e d . C l u s t e r s o f apparent•pi h y b r i d s are 
n o t i n f r e q u e n t l y f o u n d , t he members of'Which are a l l p i n 
o r thrum p l a n t s . Though they are q u i t e separate i t i s 
u s u a l l y e v i d e n t t h a t they have a r i s e n by cloning. 

Thus P I h y b r i d s though o n l y r a r e l y formed because 
o f low seed c o m p a t i b i l i t y may s l c w l y accumulate i n 
c e r t a i n p o p u l a t i o n s , though never r e a c h i n g a very g r e a t 
abundance, AS a l r e a d y suggested the low d e n s i t y o f the 
apparent P i hybrids and t h e i r r e l a t i v e i n f e r t i l i t y w i l l 
v e r y much l e s s e n t h e chances o f i n t r o g r e s s i o n . 
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6. SUMMARY. 

Evidence f o r the occurrence o f i n t r o g r e s s i o n between 
p r i m r o s e ana c o w s l i p has been sought by the b i o r n e t r i c a l 
study o f the species c o l l e c t e d from many l o c a l i t i e s i n 
th e n o r t h o f England and i n I r e l a n d , 

The dimensions o f c e r t a i n f l o r a l c h a r a c t e r s o f the 
species growing s e p a r a t e l y and t o g e t h e r were measured. 
These were then subjected t o various analyses to 
determine wnether they p r o v i d e d evidence o f i n t r o g r e s s i o n . 
The i n h e r i t a n c e of these dimensions had been p r e v i o u s l y 
i n v e s t i g a t e d by s t u d y i n g f a m i l i e s o f p r i m r o s e , cowslip 
and c e r t a i n a r t i f i c i a l h y o r i d s between them. 

The analyses of the data i n d i c a t e d t h a t t h e r e was 
a p p a r e n t l y a s l i g h t amount o f r e c i p r o c a l i n t r o g r e s s i o n 
between tne species but not enough to a l t e r a p p r e c i a b l y 
th e f l o r a l morphology o f e i t h e r . 

I t U.F been su gested that the f a i l u r e o f the species 
t o i n t r o j r e : s B p ^ r e e i H o l _ p r o b a b l y r e s u l t s both from the 
r e l a t i v e r a r i t y and i n f e r t i l i t y o f the f i r s t generation 
h y b r i d , and^froin the ^ a b i l i t y o f h y b r i d s o t h e r than the 
f i r s t generation t o compete s u c c e s s f u l l y w i t h t h e p r i m r o s e 
and c o w s l i p . 

There was some i n d i c a t i o n t h a t the c o w s l i p s and 
primroses-in I r e l a n d have somewhat d i f f e r e n t f l o r a l 
dimensions from those i n the n o r t h o f England. 
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3TJM->ARY ABU CONCLUSION. 

I n t h i s t h e s i s the w r i t e r ' s primary i n t e r e s t has 
been i n the study o f h y b r i d p o p u l a t i o n s and. i n t r o g r e s s i o n . 
The main d i f f i c u l t y i n such problems i s t h a t o f d e v i s i n g 
s u i t a b l e methods f o r d e a l i n g o b j e c t i v e l y w i t h t h e data 
from, f i e l d p o p u l a t i o n s . Hence much time was devoted t o 
the e x p l o r a t i o n o f e x i s t i n g methods and to a t t e m p t s t o 
de v i s e new ones. I t was found t h a t new methods are i n 
f a c t needed where the h y b r i d s are n o t very conspicuous 
o r e x t e n s i v e . 

These methods have been d e s c r i b e d i n t h e f i r s t p a r t 
of the t h e s i s : They can be b r i e f l y summarized as 
10 Hows. 

When the f l o r a i s w e l l known and the species have 
been d e f i n e d and t h e i r ranges d e l i m i t e d h y b r i d p l a n t s 
may o f t e n be r e c o g n i z e d from t h e i r morphology. With 
such p l a n t s f u r t h e r support f o r t h e i r hybrid o r i g i n 
may be o b t a i n e d from a comparison o f t h e i r ranges and 
h a b i t a t s with those of the named parent s p e c i e s . Hybrid 
swarms i n such circumstances may be f u r t h e r analyzed by 
comparing t h e v a r i a b i l i t i e s o f t h e species where they 
are b e l i e v e d to be h y b r i d i z i n g w i t h the same species i n 
areas where they grow s e p a r a t e l y . Whether t h e v a r i a t i o n 
between p l a n t s i n a p u t a t i v e h y b r i d swarm i s concordant 
o r d i s c o r d a n t nay a l s o provide c o r r o b o r a t i v e evidence of 
i t s p a rentage. Another i n d i c a t i o n o f the h y b r i d s t a t u s 



o f a p l a n t i s t o study the v a r i a b i l i t y o f i t s o f f s p r i n g . 
T h is may be p a r t i c u l a r l y u s e f u l i f the v a r i a b i l i t i e s of 
the progeny o f some members o f t h p u t a t i v e p a r e n t species 
are a l s o a v a i l a b l e f o r comparison. 

When the h y b r i d s are r a r e or inconspicuous r e s o r t 
must be had t o o t h e r methods. These are somewhat 
r e f i n e d t e c h n i q u e s based i n g e n e r a l upon the assumption 
t h a t t he dimensions o f the p r o p e r t i e s i n v e s t i g a t e d are 
n o r m a l l y d i s t r i b u t e d o r t h a t n o r m a l i t y can be achieved 
by a s u i t a b l e t r a n s f o r m a t i o n . U n f o r t u n a t e l y such 
t e c h n i q u e s may o n l y be a p p l i e d s a t i s f a c t o r i l y t o 
c h a r a c t e r s whose dimensions are not markedly i n f l u e n c e d 
by the environment. Unless care i s ta^en to e s t a b l i s h 
t h i s , d i f f e r e n c e s observed between p o p u l a t i o n s may merely 
r e f l e c t the i n f l u e n c e o f the d i f f e r e n c e s between the 
environments f r o m 'which the p o p u l a t i o n s 'were t a k e n , 

A method o f m i n i m i z i n g the i n f l u e n c e o f the e n v i r ­
onment when d e a l i n g with p a i r s o f c o r r e l a t e d c h a r a c t e r s 
has been proposed. 

P o p u l a t i o n s regarded as introgre.ssed may be compared 
w i t h those which are taken as non-introgressed. i n terms 
of t h e d i f f e r e n c e s between-the means, v a r i a n c e s and 
degrees of skewness f o r p a r t i c u l a r c h a r a c t e r s . With 
p a i r s o f c h a r a c t e r s the slopes o f the l i n e s o f 'best f i t * 
t h r o u g h t h e i r s c a t t e r diagrams may be compared. The 
s t r e n g t h o f c o r r e l a t i o n between p a i r s o f c o n t r a s t i n g 
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charaeters may a l s o be compared. Where s e v e r a l c h a r a c t e r s 
have been measured a p p a r e n t l y i n t r o g r e s s e d and non-
i n t r o g r e s s e d p o p u l a t i o n s may be compared i n terms o f a 
d i s c r i m i n a t o r , which combines the measurements i n a 
l i n e a r f u n c t i o n i n such a way as to reduce t h e d i f f e r e n c e s 
w i t h i n populations t o a minimum compared w i t h t h a t within 
populations. 

The remainder o f the t h e s i s i s concerned w i t h the 
i n v e s t i g a t i o n of two s i t u a t i o n s i n which the above 
methods were employed. Not a l l the techni q u e s were 
s u i t a b l e t o each problem, but a l l have been i l l u s t r a t e d 
i n one o r o t h e r s i t u a t i o n except t h a t o f comparing 
p o p u l a t i o n s i n terms o f t h e i r skewness. 

For Juncus the f o l l o w i n g t echniques were employed; 
(a) Comparison o f means. 
(b) Comparison of v a r i a n c e s . 
( c ) Comparison o f the slopes o f the l i n e s o f 'best f i t ' 
( d ) Comparison o f C o r r e l a t i o n c o e f f i c i e n t s . 
(e) D i s c r i m i n a n t a n a l y s i s 

For p r i m u l a the f o l l o w i n g techniques were employed. 
(a) Comparison o f means. 
(b) Comparison o f v a r i a b i l i t i e s ( C o e f f i c i e n t o f V a r i a t i o n ) 
( c ) Comparison o f the slopes o f the l i n e s of 'best f i t ' 
(d) C o r r e l a t i o n i n d e x a n a l y s i s . 
(e) C o r r e l a t i o n c o e f f i c i e n t a n a l y s i s . 
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l i t h i n each o f these genera i t appeared t h a t , 
a l t h o u g h s l i g h t i n t r o g r e s s i o n hau occurred, between the 
species i n v e s t i g a t e d the e f f e c t s were very s u b t l e . Not 
a l l the analyses y i e l d e d r e s u l t s that were s t a t i s t i c a l l y 
s i g n i f i c a n t , though most o f them gave answers t h a t were 
c o n s i s t e n t w i t h t h e view t h a t i n t r o g r e s s i o n had o c c u r r e d . 
These answers might have been r a i s e d t o the l e v e l o f 
s i g n i f i c a n c e with l a r g e r samples but i t was not p o s s i b l e 
i n the time a v a i l a b l e to t e s t t h i s view. L a r g e r samples 
would a l s o a s s i s t i n e v a l u a t i n g the importance o f tne 
r e s u l t s f r o m the analyses which a i d n o t y i e l d evidence o f 
i n t r o g r e s s i o n . 

The s i t u a t i o n i n Juncus was c o m p l i c a t e d by the 
d i s c o v e r y o f two p o s s i b l y ecotypes, a meadow and a 
woouiand f o r m , within J . efi'usus. Evidence f o r the 
i n t r o g r e s s i o n o f the woodland form o f J . e f f u s u s i n t o 
J. i n f l e x u s was sought by comparing; the dimensions o f 
c e r t a i n i n f l o r e s c e n c e and f l o r a l dimensions f o r 
J . inflexus- growing t o g e t h e r w i t h ana a p a r t from 
J. e f f u s u s . Though i t was found t h a t the average 
dimensions o f J . i n f l e x u s d i f f e r e d somewhat i n the two 
t y p e s o f colony s t u d i e d , the d i f f e r e n c e s were v e r y s l i g h t 
and were o n l y s a t i s f a c t o r i l y demonstrated by a d i s c r i m ­
i n a n t a n a l y s i s o f the d a t a . Very few p u t a t i v e h y b r i d s 
were found and the i n t r o g r e s s i o n of J , i n f l e x u s by t h e 
meadow form o f J. e f f u s u s d i d n o t appear to have 
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proceeded v e r y f a r . T h i s i s p r o b a b l y due t o the s t e r i l i t y 
o f t h e h y b r i d s and the d i f f i c u l t y o f making the i n t e r ­
s p e c i f i c c r o s s . 

.Further 'work on t h i s p a i r of species might be 
p r o f i t a b l y d i r e c t e d towards a more d e t a i l e d study of the 
p o s s i b l e ecotypes w i t h i n J. e f f u s u s and f u r t h e r a t t e m p t s 
should be made t o a r t i f i c i a l l y cross these s p e c i e s . 

The s i t u a t i o n i n p r i m u l a was much c l e a r e r than t h a t 
i n J uncus because apparent F l h y b r i d s w.ere found i n many 
l o c a l i t i e s . The g r e a t s c a r c i t y of p u t a t i v e backcross 
p l a n t s made i t necessary t o compare p o p u l a t i o n s f o r 
evidence o f i n t r o g r e s s i o n . Comparisons were made o f the 
f l o r a l dimensions o f bo t h c o w s l i p s and pr i m r o s e s growing 
t o g e t h e r and i n separate c o l o n i e s . The evidence f o r 
r e c i p r o c a l i n t r o g r e s s i o n was f a i r l y d e f i n i t e but as w i t h 
Juncus t h e amount was s l i g h t . The reasons here seemed 
to be connected a g a i n w i t h t h e d i f f i c u l t y of making, the 
i n t e r s p e c i f i c c r o s s and a l s o I t s i n f e r t i l i t y . I n a d d i t i o n , 
i t was suspected t h a t h y b r i d s o t h e r than t h e F l are 
unable t o compete s u c c e s s f u l l y w i t h t h e i r p a r e n t s and 
t h a t t h i s accounted f o r t h e absence i n the f i e l d o f 
h y b r i d s o t h e r than the apparent F l g e n e r a t i o n . 

I t would be i n t e r e s t i n g t o t e s t t h i s view experiment­
a l l y . T h i s might be done by experiments s i m i l a r t o those 
a l r e a d y r e f e r r e d t o , i n which the r e l a t i v e v i g o u r o f the 
p r i m r o s e , o x l i p and c e r t a i n h y b r i d s between them i s 
b e i n g s t u d i e d . 
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:pew s t u d i e s have been based on species whose b r e e d i n g 
behaviour and a r t i f i c i a l h y b r i d s are as w e l l known as 
those o f P r i m u l a v u l g a r i s ana p. v e r i s . Much, e s p e c i a l l y 
o f t he American l i t e r a t u r e on i n t r o g r e s s i o n r e f e r s t o 
examples i n which the i n t r o g r e s s i o n has been i n f e r r e d , 
and u s u a l l y t h e r e has been no a t t e m p t t o c o n f i r m t h e 
h y b r i d o r i g i n o f the p u t a t i v e h y b r i d s . There are 
e x c e p t i o n s however, two o f which w i l l be c o n s i d e r e d . 

Heiser (1951) r e p o r t e d i n t r o g r e s s i o n between two 
species o f H e l i a n t h u s whose p i h y b r i d was h i g h l y s t e r i l e 
p r o d u c i n g o n l y s m a l l amounts o f v i a b l e p o l l e n and a few 
seeds when backcrossed t o one of the p a r e n t s p e c i e s . 
Prom b r e e d i n g s t u d i e s i n the genus A s t e r Avers (1953) 
knew t h a t s e v e r a l species were capable o f h y b r i d i z i n g 
and b a c k c r o s s i n g t o produce f e r t i l e o f f s p r i n g , y e t she 
found o n l y o c c a s i o n a l h y b r i d s i n the w i l d . She f u r t h e r ­
more observed t h a t even where the species ranges ove r l a p p e d 
"No extreme m o d i f i c a t i o n o f the species p a t t e r n as a 
r e s u l t o f h y b r i d i z a t i o n was e v i d e n t . " 

From these two examples and the P r i m u l a study 
r e p o r t e d above i t i s e v i d e n t t h a t even though the 
a r t i f i c i a l ?1 h y b r i d between species may be p a r t i a l l y o f 
f u l l y f e r t i l e t h i s i s n o t s u f f i c i e n t d a ta f r o m which t o 
p r e d i c t whether i n t r o g r e s s i o n between them w i l l have 
o c c u r r e d . This may be determined o n l y from f i e l d s t u d i e s 
of t he s p e c i e s . 
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Summary 
From measurements of f r u i t lengths, f r u i t weights, and lengths of f r u i t i n g 

umbels of trees f r o m the species Eucalyptus elaeophora and E. goniocalyx and 
their presumed hybrid swarm, a formula is calculated f o r taxonomic classifica­
t ion using statistical discriminant theory. The rates of misclassification 
expected wi th the use of this formula are estimated. A simple geometrical 
model of the relationship of the species and the hybrid is investigated. 

I . I N T R O D U C T I O N 

(a) Preliminary Remarks 

I n many localities i n south-central V ic to r i a there are stands of trees 
whose taxonomic posit ion appears intermediate between Eucalyptus 
elaeophora F . Muel l . and E. goniocalyx F . Muel l . One of the authors 
( C l i f f o r d 1953, 1954) suggested previously tha t these intermediate trees 
are hybr ids between E. elaeophora and E. goniocalyx. A l though not yet 
confirmed by experiment, this relationship is assumed hereaf ter to save 
q u a l i f y i n g the terms " h y b r i d " and "parent" each t ime they occur. 

The usual taxonomic classification of trees involves an unavoidable 
subjective element ; al though experience reduces the errors committed in 
this procedure, there is no easy method of assessing the extent of erroneous 
classification. 

(b) On Discriminant Functions 
I n the statist ical technique of d iscr iminant analysis (Fisher 1936) 

we f i n d a taxonomic tool almost ent irely f ree f r o m subjective impressions. 
By the use of the d iscr iminant f unc t i on , a tree is assignable to one of the 
two species or the swarm under consideration on the basis of numerical 
measurements alone. There is no doubt tha t misclassifications may occur 
i n this process, but reliable estimates of the expected percentage rates of 
misclassification are easy to calculate. 

Fur thermore , a generalization of d iscr iminant analysis (Fisher 1938) 
yields a geometrical picture of the interrelat ions of the species studied. 
A genetic model to account f o r these interrelat ions is under consideration. 

Disc r iminan t funct ions are l inear combinations ( that is, weighted 
sums and/or differences) of the numerical values of the measurements. 
I n some cases, i t m i g h t be convenient to use f o r these funct ions a scale 

* Botany Department, Universi ty of Melbourne; present address: Botany Depart­
ment, Universi ty of Durham. 

f Department of Statistics, University of Melbourne. 
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di f fe ren t f r o m the one i n which the a> I tu t T i ^ f i n > I i t u6 nc i a. u o out 
(cf . Mathei 1938) ; 11ns- % l u ^ r t i bv t K u - ° • v u ; i a . n I u v t i u i f (e . j i . 
logari thms) of the measunanems, ra thei thsu of the measurements them­
selves. 

The coefficients m the linear combinations are chosen BO as to maximize 
the ra t io of tin- variance between the *nennh o'" samples f r o m di f ferent 
species tc the variance vu thh 1 tne ><atnp!e& In other wot OF trie woi^Ws 
(wh ich may be posit h o or negative) are adjusted so that interspecies 
differences are emphaa/ed ,*u the expuise oJ intraspeeie?, individual 
differences. 

This paper describes suci> an analysis u> O N . ma.biireme ito of 
properties made upon simoies f i o m each of 50 frees f r o m a h y b i i d swarm 
and the same number of each -f cbe p i r e n t d -peeW 

i Colli cfiot, of Mf f<-nut 

The parental suedes v,^re sampled only in localities? where hiter-
breeding w i t h the other parent or w i t h a h v b r i d swarm con id be rep.sor-ablv 

TO, 

, \ - / V'vA 

"l f p \ «- / ' A >- \ 
' ' \ . •! / \ \ \ 

T O T O S? VS W "s-o's-o TPo i4-o m-o zT.os4r0 
c " I , J& Z, JPo *J<, I P T r T<- H T O T i l r o 
i>. 1&G ZQ9 ^ 2 8 9 7 . S ;o-9 1 3 - S .Xi 'QaS-S 2 7 - 9 

FRUIT W £ f G H r ( H G I PEOUNCLt U H C T B (MM) 

FRUIT . L E N G T H l M S I ! 

* £ . GONlOCAc. 1, H 

- I I E E L A t O p l i O R A 

r HYBRID SWARDS' 

Fig . 1.—Fivqntuey polygon? for f r u i t leng-t1!, f - u i i v lip-ht, and peduncle iwigth 
m the three sansples, 

excluded; in areas v , i th a low r a in f a l l gradient no collections were made 
unless the nearest h y b r i d or second parent was several miles away; i n 
areas w i t h steep r a i n f a l l gradient this m i n imum distance was reduced to 
2 miles. These localities spread f r o m the Southern Flinders Range, the 
Mount L o f t y Range, and the Grampians Range th rough the Eastern 
Highlands as f a r nor th as Canberra f o r E. Haeopho/a; and f r o m the 
Grampians Range along the Eastern Highlands to M t . Wilson (JN.S.W.) 
f o r E. gonioealyx. 

The h y b r i d swarm sampled was in a forest on a hillside between 
Upper Ferntree Gul ly and Tremont ( t w o townships i n the Dandenong 
Range about 20 miles east of Melbourne) . I n this forest samples were 
collected f r o m the first f>u ;« ccssible trees apparently belonging- lo the fn onp 
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E. elaeophora-E. goniocalyx. No di f f icu l ty was encountered in deciding 
whether a tree belonged to th is group or not, because a l l the other 
Eucalyptus species present were very d i f fe ren t f r o m those being studied. 
(They were E. radiata, E. obliqua, E. viminalis, and E. macrorrhyncha.) 

T A B L E 1 

S A M P L E M E A N S AND VARIANCES 

E. elaeophora Hybr id Swarm E. goniocalyx 

F r u i t weight ( Mean 186.02 159.78 166.20 
(mg) | Variance 2090.9 2080.91 2097.31 
F r u i t length ( Mean 8.226 8.928 9.920 
(mm) | Variance 0.8665 1.616 1.413 
Peduncle length ( Mean 10.058 13.012 15.864 
(mm) | Variance 3.685 9.529 6.963 

F r o m each of the 150 trees sampled, 10 f r u i t s were taken at random 
and the i r weights and lengths measured. A s imi lar procedure was adopted 
f o r peduncle lengths of f r u i t i n g umbels. These organs were chosen because 
they were mature and g r o w t h i n them had ceased. The weigh t of each 
f r u i t as wel l as i ts length was measured because, f o r a given length, weight 
was very dependent on shape, and this had been shown to be character­
is t ical ly d i f fe ren t i n the t w o species. 

I I . S T A T I S T I C A L A N A L Y S I S 

(a) Processing the Measurements 

The measurements are presented as frequency polygons i n F igure 1, 
f r o m which i t can be seen tha t f o r each set of measurements the values 

\ 3 20 

X 15 

\ TO \ 

70 120 170 220 270 320 70 120 170 220 270 ..320 0 5 10 15 20 25 
FRUIT WEIGHT (MG) FRUIT WEIGHT (MG) . PEDUNCLE LENGTH (MM) 

• E. GONIOCALYX 
° E. ELAEOPHORA 

Fig. 2.—Scatter diagrams fo r the three pairs formed f r o m three measurements in the 
parental samples. 

f o r the parents and the hybrids overlap considerably. I f , however, the 
characters are considered i n pairs and their measurements plotted i n 
two-dimensional scatter diagrams, i t can be seen f r o m Figure 2 tha t any 
of the three pairs divides the parents reasonably sharply. The hybrids 
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were omit ted here as they would have obscured the d iv id ing l ine between 
the pa ienta l Fpedes The straight lmes w -*-p <\i awn by ^YC and t'epresen', 
crude approximations TO standard linear d iscr iminant funct ions . 

•. T A B L E . 2 , . 
XKANSFOKMKP BAMPLB M E A N S 

E. elac op li <'>•>•<( 
Hybrid swarm 
E, gontocalyx 

rr L r 
122.10 ' 99.7!s" 
115.74 W,J;-J 1J 3.34 
t J 7.42 '!9.:V. 126.50 

The f i r s t step towards statistical analysis ^ras the computation r*f the 
sample means and variances of the or ig ina l measurements. These are 
shown i n Table 1. 

The measurements v n e tranM'omieu so its to t>atistY approximated 
an assumption under ly ing the standard technique of d iscr iminant analysis, 
namely equality of population variances. The t ransformat ions fol low * 

W - 10 >' ( f r u i t weight in m g ) ' 
L - 100 ' ' l o g I ( ( f r u i t length m m m ) 
P - !() V (peduncle length in m m ) -. 

Tests on the t ransformed measurements showed no evidence of non-
normal i ty . 

• T A B L E - . • 'v.-

T R A K S V O E M E i f S l H t t l V YSLA NCSi* . i N P { OVAM 

f i r 
£7. rhieophora •< L 

|P 
I Tf 

Hybr id swann -> L 

W, 
E, (/onioculy* \ L 

w L P 
lOS.fiR' .:7.45 27.90 
?tAr- 24.7,', 25,47 
27.90 25.47 91.27 

188.1J f>7.18 75. J1 
57.1 S .•<7.26 49.60 
75.13 49.0(5 167.49 
117.72 :<7.78 4!l.2f. 
37.78 25.95 2-9.04 
49.2.1 29.04 a 2.9t 

Tables 2 and 3 summarize tiie mean*, variances, and co-variances of 
the t rans formed measurements. These tables contain al l the in fo rma t ion 
needed f o r discr iminant analysis. 

(b) Com pay irno-n of die ['oxidations 

( i ) Comparison of Variances—The corresponding sample variances 
f o r the parental species and the hybr id swarm were compared by means 
of the F-test. The differences between the parental species were not 
s ignif icant at the upper 21 per cent, point (corresponding to a 5 per cent, 
two-tai led level) , thus indicat ing that the t ransformat ions set out i n the 
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section above were successful. The appropriate parental sample variances 
were pooled and compared w i t h the corresponding sample variances i n 
the h y b r i d swarm (see Table 4 ) . A l l the characters appear more variable 
i n the hybr ids than i n the samples f r o m the parental species, but only f o r 
P is this difference significant. 

T A B L E 4 
COMPARISON OF S A M P L E VARIANCES 

W L P 

Parents pooled 110.70 25\34 102.09 
Hybr id swarm 138.11 37.26 167.49 
Ratio H.S./P.P. 1.248 1.470 1.641* 

* Significant at the 5 per cent, level. 

( i i ) Comparison of Correlations.—Using Fisher's method (see e.g. 
Snedecor 1946, p. 151) the corresponding correlat ion coefficients i n the 
samples f r o m the parental species and i n the sample f r o m the hyb r id 
swarm were compared. A l l three correlat ion coefficients i n the h y b r i d 
sample were larger than the corresponding parental ones, but none 
s ignif icant ly (Table 5 ) . 

T A B L E 5 
S A M P L E CORRELATIONS 

W and P L and P 

E. elaeophora 0.739 0.287 0.536 
Hybr id swarm 0.797 0.494 0.629 
E. goniocalyx 0.684 0.427 0.537 
Pooled, wi th in parent species 0.710 0.363 0.536 
Pooled, wi th in al l three groups 0.745 0.417 0.576 

( i i i ) Comparison of Dispersions.—The tests described i n the above 
two sections do not supply evidence f o r discrepancy between the correlation 
structures of the three populations. N evertheless a t rend seems to appear 
po in t ing towards larger variances and covariances in the h y b r i d swarm 
than i n the parental species. As the tests indica t ing this t rend are not 
independent, the i r results cannot be pooled. However, a blanket-test exists 
to reveal overall differences between correlation structures; this test 
consists of the comparisons of the determinants of the dispersion matrices 
(Box 1949). This test appears par t icu la r ly appropriate to our data as a l l 
the apparent discrepancies are of a comparable order and i n the same 
direct ion. 

Two tests were carr ied ou t : (1) comparison of the three determin­
ants; (2) comparison of the determinant of the pooled parental sample 
dispersion m a t r i x w i t h tha t of the sample f r o m the hybr id swarm. Neither 
test turned out to be significant . 
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( i v ) Companion >j — \ otud. ot the variances coni_«^uotu-, 
and dispersions w i t h i n the three samples revealed no evidence in favour 
of any discrepancy between the populations, h may be, however, tha t 
there are differences between the mean veetois r*i t h i three popula t ions / 
To investigate this we now postulate tha t the three dispersion matrices 
are identical i n the populations and then -proceed to apply the lest devised 
by W i l k s (1932). 

The statistic serving as appropriate c r i te r ion is 

| W ! 
1 " ; ~ r T T f ' < i } 

where W is the pooled m a t r i x oi sums ol square^ atid prod-Jits w j r h i n al l 
the samples, around the individual sample eeniroids, and D it, the m a t r i x 
of sums of squares and products between (he samples. « r o a n d the ,-entroid 
of all observations. 

For the present d&ia v - 0.3-156 The s t j j n i f i a n c e of tM>s vahie is 
tested by r e f e r r i n g 

to the F tables w i t h 6 and 292 degrees of f reedom < Rao 1952, pp, 2(50, <>45) 
This tu rns out to be significant at the 0.J per cent, l eve l We conclude 
tha t the mean vecfois of t h ^ populations ar^ fundamental ly different;, 

;«-•} Internal Analysis 
. Assuming t r i v a r j a t e normal d i s t r ibu i ion of W. L, and P, a common 

dispersion m a t r i x , and di f ferent mean vectors m the three populations, we 
can visualize a three-dimensional space, w i t h three probabi l i ty masses 
representing the three populations ( two parental species and one h y b r i d ) . 
W i t h i n each of these masses the surfaces o+" equal probabi l i ty are eon-
centric, s imilar , and similar ly situated elbpsokls; the eentroids of the 
three masses are different . The three systems of concentric ellipsoids are 
s imilar and s imi la r ly situated, and the dimensions of the corresponding 
ellipsoids of the three systems are the same. 

The parameters sp* c i l y i n g this system die reliably estimated by On* 
appropriate statistic? calculated f r o m samples of 50 individuals each. 
The arrangement of rhc eentroids w i l l be considered in the next section. 

The in terna l s tructure of the masses ia described by tne lengths and 
directions of the pr incipal axes of the ellipsoids. These were estimated 

* We represent the situation by a three-dimensional space in which the eentroids 
of the samples are points* having a? i"oordindt<<s; the sail pip means of W, L, and IJ. The 
assumption underlying the test < mploycd is that all displace meats between these three 
points are due lo chance alert"?, i.e. that the three samples are random samples f r o m 
the same multivariate population. The test, wheti yielding a significantly small eritic&l 
value, refutes this assuinjitioii. 
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( f o l l o w i n g Pearson 1901) by calculating the latent roots and latent vectors 
of the pooled correlat ion m a t r i x , i.e. of the m a t r i x fo rmed by the last 
r o w of Table 5, w i t h units i n the diagonal. The latent roots and latent 
vectors of th is m a t r i x are given i n Table 6. 

The la tent vectors represent the directions of the pr inc ipa l axes i n 
the w, I, p coordinate system, obtained on d iv id ing the or ig ina l variates 
W, L, P by the i r estimated standard deviations. The elements of these 
vectors are the cosines of the angles between the pr inc ipa l axis and the 
appropriate coordinate axis. The square roots of the latent roots estimate 
the half-lengths of the pr inc ipa l axes of the iso-probabili ty surface whose 
distance f r o m the centroid is u n i t y when measured along any of the three 
o r ig ina l axes. 

Tests of significance devised by Bar t le t t (1950, 1951) showed tha t 
the above values of the latent roots can be accepted as evidence that i n the 
populat ion (1) the ellipsoids are eccentric, i.e. they are not spheres; and 
(2) the length of the second largest p r inc ipa l axis is not zero, i.e. the 
ellipsoids do not degenerate into lines. 

T A B L E 6 

L A T E N T ROOTS AND VECTORS OP T H E S A M P L E DISPERSION 
MATRIX 

Koots w I V 
2.169 0.583 0.627 0.5] 
0.604 —0.545 —0.170 0.85 
0.227 0.602 —0.761 0.2^ 

No significance tests exist to show tha t the length of the t h i r d pr inc ipa l 
axis is not zero, i.e. tha t the ellipsoids do not i n f ac t degenerate into 
ellipses. We accept the non-zero estimate merely to render the visual 
image more suggestive. 

(d) Arrangement of Population Centroids 
( i ) Collinearity.—The sample centroids were found to be non-

collinear. I f the population centroids are co.linear, then the population 
value of the second latent root of the m a t r i x W lB is zero (Fisher 1938). 
I f the sample value of the f i r s t latent root of this m a t r i x is h igh ly 
s ignif icant ly large and the population value of the second root is zero, then 
the quant i ty 

w l o g e ( l + a), 

(where n is one less than the total number of individuals and a is the 
sample value of the second latent root) is d is t r ibuted approximately as 
X2 w i t h three degrees of freedom ( M a r r i o t t 1952). 
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We obtain the fol lowing ' three- roots, 1.145. 0.024, 0.000, the f i r s t of 
which is h ighly significant ly large. Hence to test whether the noii-
collmeari ty of the sample centroids is compatible wi th an a ^ m n p t k m of 
collinear population centroids we calculate 

i49 Sog (1 i 0.024! • 'i 55, 

which is not significant, so that the assumption of coi l ineari ty is just i f ied, 
( i i ) Symmetry —The sample centmid of the hybr id swarm was 

s l ight ly nearei to f l ic centroid of E. goniocalyr than to tha t of E. 
elaeophora. To test f o i symmetry of fh« population centroids, a simple 
generalization of W^lks's Lest (see Rao 1952, \ \ 270} is appmd. 

The statistic used as (triteHon is 

- > 7 , - -
where B' is the m a t r i x oi the sums of squares and prooucts due io 
asymmetry between the sample centroids. The significance of A ' is tested 
by r e f e r r i n g 

„ I - A ' 147 
t - . - r y 

to the F tables w i t h 3 and 147 degrees of freedom 
Here A' - 0.955, 7 2.33, which is not significant. Hence we find 

no evidence tha t the arrangement of th< population eu i tnndp is other 
than symmetrical . 

(e) Taxonomy 

The appropriate tents of significance kh 'HVi-d that omission , i f any 
one of the three variates decreases signif icantly the separation o f the 
sample centroids (Rao 1952, p. 252) . Hence classification should be based 
on al l the three variates. 

As the population cent'-oids are assumed collinear, a single dis­
cr iminant func t ion is all that is required. This f u n c t i o n is a linear com­
binat ion of W, L. and P, w i t h coefficients proport ional to the elements 
of the latent column vector % hich belongs to the largest latent root of the 
m a t r i x I F 3 B. The func t ion obtained f r o m the present data is 

•- 0.97028'' -t- 0.16117L - r 0.05775P. (3 ) 

The coefficients of this func t ion are adjusted so tha t its estimated variance 
is uni ty . On i evv r i tmg in terms of the or ig ina l measurements It becomes 

- 0.9702 :< ( f r u i t weight m nig)3> 
-r 18,117 X log,, ( f r u i t .length in m m ) 

I 0.5775 A (peduncle length i n m m ) \ . , . . . . . (4) 

The mean values of this discr iminant f u n d ion in the three samples are 
shown in Table 7. 
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When apply ing the d iscr iminant f u n c t i o n to classify an indiv idual 
tree, tha t tree is assigned to the population whose mean is nearest to the 
value calculated by subst i tu t ing into the d iscr iminant f u n c t i o n (4 ) the 

T A B L E 7 

M E A N S OF DISCRIMINANT F U N C T I O N 

Population Sample Mean of Discriminant Function 

E. elaeophora 8.616 
Hybr id swarm 10.567 
E. goniocalyx 11.870 

average of the measurements taken on that tree. Accepting the sample 
means as the best estimates of the population means, a rule of classification 
is obtained. This rule is shown i n Table 8. 

T A B L E 8 

CLASSIFICATION R U L E BASED ON S A M P L E M E A N S O N L Y 

Observed Value of „. .,. ,. „ T . , , T- . . . . , „ ,. Classification of Individual Discriminant Function 

< 9.591 E. elaeophora 
9.592 —11.217 Hybr id 

> 11.218 E. goniocalyx 

I f we assume, on genetical grounds, that the centroid of the hyb r id 
populat ion is midway between the centroids of the parental populations, 
then we get an al ternative rule of classification (Table 9 ) . The two rules 
lead to d i f fe ren t decisions only over t w o short in tervals ; i n both intervals 
the classification is ra ther unreliable. 

T A B L E 9 
C L A S S I F I C A T I O N R U L E BASED ON S A M P L E M E A N S UNDER ASSUMPTION OF 

S Y M M E T R Y 

Observed Value of ± . • P . . • . . -c ,. Classification of Individual Discriminant Function 

< 9.428 E. elaeophora 
9.429 —11.056 Hybr id 

> 11.057 , E. goniocalyx 

Whichever of these two rules is used, misclassifications w i l l almost 
always occur because the populations overlap. The expected percentage 
rate of misclassification is a measure of the re l i ab i l i ty of the method. This 
rate is estimated by a method due to W i l k s (1943, p. 144). These estimates 
are given i n Table 10. 

I t can be seen tha t even when a combination of three measurements 
is used, the hybr ids overlap considerably w i t h the parents, especially 
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w i t h E. goniocaiyx. The -wo p&iental six-tie?, ht-ve\ei, separate well. 
This is shown i n Figu1 • J\ which may be torn oared vutfi F.jnu-t 1 

I n considering the overlap of the hybr id and paiHital populations it 
should be remembered <h;A tin sample p r ^ n v V t- ominp, t»om 'be 

T A B L E i f 

E S T I M A T E D EXPECTED PEi tCENTAOB KATKeJ ()P MTSCLARSIFUIATION 

Tree Species Tree Misclassifk'd 
Hat*1, when Using Ruie in 

as Table i> 

E. (jiinio calyx Hyfcuid J') s 21.2 
E. ijimiucuhjv E. "lat'itpiwra 1,2 

Hybr id E. elaeopliorn Iflil . 21.2 
Hybr id E. ficit'ocalyx Mf..R 2J.2 

E, elaeophura Hybr id I ,!> 21.2 • 
E. elaeopltora E. fio-ttioealijx 0.5 0.8 

h y b r i d s w a i m included ah accessible trees m the stand studied, and so 
would have included trees f r o m the parental species had these boon present. 
Al though no such indh idua l s were observed, i f they nevertheless o m i r i e d 

« 15 7-35 . 6 '55 9-75 10-95 12-15 13-35 
TO ro TO TO rc TO TO 

7-34 6-54 9-74 10-94 1 2 - M 13-34 14-S4 
VALUES OF DISCRIMINATOR 

F i c -Fi'eqti' Wf polygon tM ibo tiu*:ihmnai<>r 
iu the thioe samples. Fe^eini as in Figure i . 

i n the sample, then the estimated expected percent age lates <>f misclassifica-
t i o n would understate the taxonomic value of the lineai d iscr iminant 
func t ion . 

I C . C O N C L U S I O N 

I t has been dc monsu ated that the data -ir<- <-o isistcnt w i t h the 
hypothesis that the tre< population? are >'acb t i i v a r i a f e normal w i t h 
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identical dispersion matrices, and w i t h colli near and equally spaced 
centroids. Each centroid is the centre of a probabi l i ty mass and the loci 
of equal probabil i t ies are s imi lar and s imi la r ly situated ellipsoids. 

O B L I Q U E P A R A L L E L P R O J E C T I O N 

E L L I P S O I D S 

II 
I 

1 

0 - 9 4 IN. 

f I 
v . 

of u»>L- T 1 
I ' I 

I i I 

D I S T A N C E S B E T W E E N C E N T R E S 1-63 IN, 

fw 
f 

© IN 

P I I N . ® 

® P R I N C I P A L A X E S R A D I I V E C T O R S 1 ' 9 8 IN . 

Pig. 4.—Isoprobability surfaces. 

To obtain a simple i l lus t ra t ion of the geometrical relationship between 
the three populations, the estimated dimensions of these ellipsoids f o r one 
selected probabi l i ty , namely 1.992 X 10"', were calculated. A d iagram of 
these ellipsoids is shown i n F igure 4*. The axial lengths are 95 per cent, 
(two-sided) tolerance l imi t s . Each ellipsoid contains 72 per cent, of the 
to ta l probabi l i ty mass i n each instance. 

The angles between the three pr inc ipa l axes and the line connecting 
the centres are 81° , 51° , and 139°. The direction of th is line corresponds 
to the vector on which the taxonomic discr iminant f u n c t i o n is based. 

F igure 4 does not add any th ing to the statistical analysis, al l the 
relevant i n f o r m a t i o n being contained in Tables 2-10. The diagram is merely 

* The symbols, fw, fl, and pi denote the variates w, I, and p, as defined in the text. 
One in., according to the scale adopted, represents one unit of a yariate. 
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intended as a p ic tor ia l representation of the overlap of the three popula­
tions and of the orientat ion of axes determining the mte'-nai s t ruc t iue of 
the three probabi l i ty musses- in r< Jalion to the arrsngtrnoaf of T ; H ; rentroids 
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ANALYSIS OF SUSPECTED HYBRID SWARMS 
IN THE GENUS EUCALYPTUS 

H . T . C L I F F O R D 

Botany School, University of Melbourne 
Rece ived 4.V1.53 

I. I N T R O D U C T I O N 

F O R arborescent species w i t h long periods between successive genera­
tions and flowers borne on slender branches at great height, i t is 
desirable to develop indirect methods for the study of cross breeding. 
Such a problem arises frequently i n the Australian genus Eucalyptus, 
for which hybr id swarms have often been reported (Brett, 1938 ; 
Pryor, 1 9 5 0 ) . The fol lowing method of analysing such swarms differs 
f r o m most of those previously described (Anderson, 1949) i n that i t 
requires a knowledge of the variabi l i ty of the progeny of individual 
members of the hybr id swarm rather than a knowledge of the var i ­
abil i ty of the swarm itself. 

2. E X P E R I M E N T A L M A T E R I A L 

The two tree species, E. elaeophora F . M u c l l . and E. goniocalyx 
F . M u e l l . have been regarded as closely related by some (Bentham, 
1866) and by others as belonging to different sections of the genus 
(Baker and Smith, 1920 ; Blakeley, 1 9 3 4 ) . They are not di f f icul t 
to distinguish, but at several localities i n Victor ia they are linked 
by a series of intermediate forms. The relationship between the 
two species has been investigated by raising seedlings f r o m selected 
parent trees and measuring their juvenile characteristics, also by 
study of the field distribution of the species and their suspected 
hybrids. 

The species names are here accepted and used i n the sense i n 
which they are defined i n the Flora of Victoria (Ewart, 1930 ) , although 
a study of the type material of each would suggest that the name 
E. elaeophora should be suppressed i n favour of E. goniocalyx and that 
the plant generally known as E. goniocalyx ought to be redescribed 
under another name. However, i n Australia there exists no confusion 
as to which species is meant when the current names are used and 
the author (like Maiden, 1914) does not propose that they should be 
changed. 

(a) Description of species 

Eucalyptus goniocalyx is a large tree which may attain a height of 
up to 2 0 0 feet w i t h a diameter of 6-8 feet at breast height. The bark 
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is sniocO', »'y*c|'t at WP bo?e «~>l tne tno ik wbeic i t <r>Jv he r iugh 
and flak)' lor several feet. Al though usually grey It is soipetimes 
strongly r u o t . M >/,itii \el!uw. i t 5 n p j ; J ! habitat is a well-audited 
soil, usually on Irlfsides i n aicas receiving Jit auouai rainfal l of 
40-50 incheti, Such conditions are common ot> th<- seaward slopes 
of the Eastern Highlands and here E. floniocalyv is oden a cOMfominant 
of the forest. 

Eucalyptus tlaeopkvro, on the other hand, is a SPI??I tree seldom 
growing so more than no fccT. wJch a diameter o f -iixret 2 fcef I t 
has a lough flaky hart on ai l but the sir alien bran* hes. The usual 
habitat K on well-drained hillsides in places receiving an annual 
rainfall o f a bo at i r - ^ o inches, \lx< er t fo<- a f cw be?iiues i n South 

-T 

I 
41 

r 
SOUTH E RN K 3 .utiiiiwweesiecMYTi 

O C f A Ni 

F I G . T.—The d i s t r i b u t i o n «f F.ucdypna rlaeoj-twra and Eucchptus uomx'dy^. fDaia In part 
from Carter. 1945.) 

Australia and Southern Vic tor ia , the species is confined to the inland 
slopes o f the Eastern Highlands, fig, 1. 

The species differ i n several other respects, the most important 
of which are illustrated i n f ig , a. 

(b) Field studies 

I n the course o f mapping the distribution o f the Eucalyptus species 
in the region of the Dandenong Range, Vic tor ia , i t was observed that 
E, elacophoni and E. goniocalyx graded into each other. So complete 
was this gradation that i t «^as impossible to define accurately the 
boundary between the species (Cl i f fo rd , 1953). Investigation o f 
other areas showed that such intergrading was common where the 
habitats of the two species adjoined (fig, 3). Intermediate trees 
have been observed on the Dandenong Range, i n several places on 
the hills about the Kingla'ke Plateau, and farther east on the Cathedral 
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Range. They are also reported to occur i n the Grampian Ranges 
( L . D . Pryor i n l i t t . ) . 

I n zones of intergradation the intermediate trees were variable 

\ 

1 

5 c m s . 

0 0 a 
B 

B 

c m . 1 

Eucalyptus Goniocalyx Eucalyptus Elaeophora 

F I G . 2.—Some characteristic features of Eucalyptus elaeophora and Eucalyptus goniocalyx. 
S. seedling ; B. bud ; F . fruit. 

inter se, some had a habit and bark suggesting an aff ini ty w i t h E. 
elaeophora, others had an appearance suggesting relationship w i t h 
E. goniocalyx. The leaves on seedlings and on coppice shoots arising 
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f r o m the stools of felled trees i n these zones VVP-C also very variable 
i n shapf, ii< .stands of etthci f . ."lae^thira or F. gor'ocoiyx i h c c was 
li t t le variabil i ty of the coppice Foliage between different trees, or 
i n the shape of the seedling leaves. , • ' : • : 

No transplant <-\pcn m r n t u ba\ e S c*i attempted, bit* o c h bppti'S 

Reedy Ck. 

I 
* 

Woodend v - * CJonbmane* | 
12V • Silver Ck. 

• • K i n g l a k e 

Hume Vale 

s 
H e l b o u r n * » I Suburbs 

* v • • • K i l l i s w 

4 . ^ 

5 

Port P h i l l i p 

; B a y 

N 35' 

• E u c a l y p t u s E l a e e p h o r a 

Eucalyptus iGoniocafyx t 
" • P r e s u m e d H / > r « j 1 0 

"Ml 
F I G . 3.—The distribution, of Eucalyptus damphwa. Eucalyptus goniomfyx and forms later-

mediate between them, in some localities near Melbourne, 

has been observed growing i n a variety c f habitats. I n each instance 
the species has retained its identity, even when grown i n the habitat 
of the other, which confirms ihur ihey are. noi merely cr iviroi jny. i i la l 
forms of the one genotype. 
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(c) Progeny studies 

The seedling leaves of E. elaeophora and E. goniocalyx are very 
different i n shape, and a comparison of these and the seedling leaves 
of the " intermediate " trees was undertaken. Seeds were collected 
f r o m several trees typical of either one or the other species and also 
f r o m trees that were intermediate between them. The seeds were 
sown i n 8 i n . pots f i l led w i t h a friable red-loam and placed i n a heated 
glasshouse. Approximately 3 0 seeds were sown i n each pot and w i t h i n 
a fortnight most of these had germinated. When the seedlings had 
grown about 2 pairs of leaves the number of plants per pot was reduced 
to twelve. The thinning was designed to leave these twelve plants 

SEED TREE 

E. ELAEOPHORA 

PRESUMED HYBRID 

Hecdy Cneek 

PRESUMED HYMIO 

Hume Vale 

(. CONiOCALYX 
( t y r i c . l ) 

S i l v e r C r e e k 

* le Seed tr t m u m v a r i o progeny wee s i n g 
of S..J T n o d e as illustrated b v the leaf t t» 

0 ©<D (J) 

(D (D (I) 

(D 

(D 
F I G . 4.—The variability between seedlings from the same parent, as illustrated by the 

leaf shape at the sixth node. 

evenly spaced. No other conscious selection was practised except to 
remove any very stunted or diseased plants. The seedlings were 
f inal ly harvested when they showed 6-8 pairs of fu l ly expanded leaves. 
Altogether the progeny o f fourteen trees were raised. 

A n examination of the seedlings grown indicated that there was 
less variabi l i ty between those raised f r o m parents typical of either 
E. elaeophora or E. goniocalyx, than between those f r o m parents w i th 
an appearance intermediate between those species. This is illustrated 
i n f ig . 4, where leaves f r o m the 6th node o f four different seedlings 
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f r o m each of several parents, have been drawn. The leaves were 
chosen 10 show the maximum variability between the progeny r;ur,ea 
f r o m each parent. 

I f the sced'mgs from parenss typical o f each of die three groups 
studied were pooled and the variance of the length-breadth, ratio o f 
the leaves calculated, it was jjre-iter for the piogeuv of" ' inierwediaie 4 > 

trees than for those from eidier J. elaeotohora or E. ganioiolyx at 5 r f 
the 6 nodes measured. This 13 shown i n table 1, f r o m wluYh i t is 
evident thai 31 i he later nodes the variability of the progeny of the 
intermediate trees is maintained whereas the progeny o f each o f 
E. elatojjhom and E. goniocalyx tend 10 become more uniform. 

TABLE i 
The relative vanobililv of the length-btsaath 11J10 of setdlwg leaves of ptogeny jrom trees 

typical of E. eiacophora, E. g<miocaiy» end frees intmmediate beiwen them 

Parent 

Weighted mean variance of the length-breadth 
ratio of leaves at successive nodes above 
fhe cotyledons 

1 2 ?, 4 5 6 

E, slaeopkoia 
1. Yan Yean , . . . "J 
a, Clonbinaue . . . f 
3. Brisbane R«fe. . ;:, . £ 
4. Wattle Gleu . . . j 

o-8i 0-29 0-ig o-ai 0-! 4 0*14 

Intermediate trees 
1. Reedy Creek . , . \ 
2. Hume Vale , . . !• 
3. Lysterfiekl Hills i . 2, 3, 4 , j 

o-95 0-31 0-46 •••<.>;• 0-49 

E. goniocalyx 
1. Silver Creek i . - 1 
2. King lake . . . . \ 
•j. Kaliisla . . . . | 
4. Mt. Wilson, N.S.W. . . j 

0-83 0-44 0-27 0*31 0-:H o»a6 

The analysis of the variabil i ty in a population containing species 
and presumed hybrids may be carried iur tker :)s follows Considw 
the inheritance i n pure lines and hybrids, of a character controlled 
by 4 genes. Assume that the parents (P x and P.,) are each homozygous 
for rii.'lerent alleles ; that <hc viability- and .'lumber of gametes 
produced by each is similar ; that the F T hybr id between them is 
fu l ly ferule ; that the influence o f the environment is negligible and 
that the overall mode of action of the genes is additive on a suitable 
scale. The mean measurements and their variances for the .character 
in the parents and hybr id derivatives are shown i n table 2, 

When plotted graphically these values outline a triangle ( f ig . 5) , 
where dimensions w i l l depend upon the character measured. l i n k a g e 
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T A B L E 2 

The mean measurement and its variance of a character controlled by 
four genes whose effects are additive 

265 

Parents Number of 
genotypes 

Mean 
numerical 
value of 

character 

Variance 
of mean 

PiXPx 1 X 0 
1 y 0 

P i X P 2 (Fi) • '.' 1 x+y 
2 

0 

F i X F x (F 2) 81 x+y V (F 2) 
2 

F , x P t 16 ibx+y) V 

2 

F i X P , 16 l(3y+x) 
V 

2 

does not alter the triangular shape nor do other parental combinations 
such as an F x crossed w i t h an F 2 segregate, or an Fj, 9 0 per cent, 
selfed and 10 per cent, outbred, all have mean-values and variances 
which fa l l w i t h i n the triangle. Such a situation might arise in a 
population undergoing active introgression. 

10 • 

"5 

( P , x P . ) 
P , x P , P , x . P . 

F I G . 

M e a n M e a s u r e m e n t o f C h a r a c t e r i n P r o g e n y 

-The theoretical distribution of the means and variances for a character measured 
on the families whose parents are given. 
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Ti i i r t l t o i c t i c a i hypothecs > J I ; ue tested wi th the. p> ogen/ of 
sellings and hybrids of species, varieties and so on, i f they yield fertile 
hybrids, fo< H cars be assumed most of these that they uif te i 
principally i n possessing different allelic genes, Suitable data is 
provided' bv East (1950) ibr cub length ii< maize. Uis numerical 
values pre r.hown m table 3 and aiv, ej^phed i n fig. 6, f r o m which it 
is seen, that for the progeny vvhos<- pai -nts are aidkatf d i n the (able, 
the mean and its variance for ccb length mark out a inaugtiuu area, 

I 
15 

< P , x P.) 

1 1 
20 IS 10 iislfl^f';:' 

Mean C o b L e n g t h o f P r o g e n y 

F I G . 6.--The distribution of the means and variances for cob length in maize measured 
on the families whose parents are given. 

The application of this method o f presenting data may be illustrated 
wi th the results for E. elaeophora and E. goniocalyx, When the mean 

TABLE 3 

The mean and ih vurvmrc, % cob length in the Barents 
and two hybtid geneuiliom of maize 

Parents • •• Mean cob length of \ ar-ancc ot Parents • •• 
progeny in cms. mean 

P .xP , . . ' . 6-6 0-68 
P a x Pa 3-49 
J?iXP t (F t ) . ia-i 9-28 
F, Fj (F,' I2'6 7*89 

length-breadth ratios ' - f the leaves f rom seedlings raised €rom each 
tree studied are plotted against their variances, the co-ordinates were 
included w i f h i n a triangle. Tins is shown i n fig. 7 which is based 
upon the data of table 4. 
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The co-ordinates wi th in thk triangle are distributed i n su<-h a 
way that the progeny of trees acceptable as E. elaeophora or E. goniocalyx 
tend to oc c u i at the basal on gits and those f rom the " intermediate 
trees tend No ocrupy ihe cer.crc a r d apex o f the triangle. Such a 
distribution of means and variances would be expected i f the " inter­
mediate " trees were hybr id derivatives o f E. eiaeophora and E. goniocalyx. 

When the mean-variance diagrams are compared at successive 
nodes it if observed that the purer t a1 * re« are not r imtlarfy deposed 
i n each , but an analysis of the causes of this variabil i ty would be 

Hem 1/8 Unto of M 
I ; ; 5 f 

Hum Lit ( U t i o e f U e f 

Bucalypius ilaeophora 
1. Yaii Yean 
2, Clonbiaane 
3 Br.sbans Range 
4 . Wattle Glen 

Eucalyptus goniocaly v 
V Silver Greek 
6. Kinglake 

Mean t/8 Ratio of Leaf M»a« ! /B Ratio oi I est 

+ 8. Mf Wilson, N'.S.W. 
Presumed Hy hi M 

9. Reedy Creek 
ro. Hume Vate 

!.Lv?(efi!-!d Hil l* 
13, 
J 4 . J 

F I G . 7.-—The distribution of the means and variances for the length-breadih ratios of 
seedling leaves in families from several Eucalyptus trees whose taxonomy is indicated. 
The data lor the first node above the cotyledons are omitted as they do not conform 
to the general pattern, 

diff icul t , ami is better postponed v.nii'i I T < O P * dfeta are available. at»d 
direct proof obtained that hybridisation is occurring in accordance 
wi th the premises underlying the theory. 

3. DISCUSSION 

Both the general appearance of the " intermediate " trees and 
their occurrence, along the boundary where* the habitats of K. eiaeophora 

and E. goniocalyx meet, suggest that they might be hybr id derivatives 
of those species. The flowering seasons of the two species are con­
current f r o m about February to Jane, so opportunity for hybridisation 
would exist. Furthermore, the progeny o f the trees intermediate 



H Y B R I D S W A R M S I N EUCALYPTUS 269 

between E. elaeophora and E. goniocalyx show segregation of characters 
towards these species, i f leaf shape is considered (fig. 4) . From the 
variety of leaf shapes obtained at comparable nodes of seedlings f r o m 
each " in te rmedia te" parent, i t would appear that many genes 
control this character. 

Tha t the two species concerned can interbreed has been established 
w i t h reasonable certainty f r o m the progeny studies. No simple ratios 
for different leaf shape have been obtained and nothing is known 
concerning the extent of inbreeding under natural conditions. I t 
is suggested, however, that the application of the " triangle " method 
illustrated above supplies confirmation for the hybr id origin of the 
" intermediate " trees and might be used to analyse other hybr id 
populations. 

4. SUMMARY 

1. Several stands of trees w i t h characters intermediate between 
E. elaeophora and E. goniocalyx have been studied. 

2. Segregation of characters amongst the seedlings f rom individual 
" intermediate " trees suggested that they were of hybr id origin. 

3. Further support for this interpretation was afforded by field 
studies, which showed that " intermediate " trees occurred only i n 
localities where E. elaeophora and E. goniocalyx grew nearby. 

4. The means and variances of the length-breadth ratios of the 
seedling leaves for the progeny of selected trees have been used to 
illustrate a possible method of determining the parentage of hybr id 
swarms. 
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