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CHAPTER I . 

Introduction 

The f l o r a of Teesdale f i r s t became known to B r i t i s h 
botanists i n the f i r s t h a l f of the nineteenth century, although 
some of the f i r s t records were made as early as the end of the 
eighteenth century by John Binks, a miner l i v i n g i n the area, 
and were communicated by the Rev. Harriman, Even e a r l i e r than 
t h i s Ray (1689) knew of P o t e n t i l l a f r u t i c o s a from the Tees 
v a l l e y . There are a number of early accounts of the area of 
which probably the best known are those of the Backhouses 
published i n 1843 and 1844. Prom t h i s time the valley of the 
upper Tees from Middleton i n Teesdale to i t s source on Cross 
P e l l including the surrounding h i l l s has become famous as one 
of the richest botanical l o c a l i t i e s i n B r i t a i n , especially 
renowned f o r the abundance of montane, and rare plants, and 
perhaps only r i v a l l e d i n B r i t a i n by Ben Lawers and Glen Glova 
i n Scotland. 

By the end of the f i r s t h a l f of the nineteenth century 
the majority of the flowering plants of the area had been 
discovered, although t h i s process has continued u n t i l the 
present day, Alopecuinis alpinus only having been confirmed i n 
the area i n 1959 by R a t c l i f f e and Eddy. I n the second half 
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of the century i n t e r e s t was aroused i n the geographical 
d i s t r i b u t i o n of the B r i t i s h f l o r a and t h i s was greatly 
stimulated by the publication of Watson's Cybele Britannica 
(1847) and Topographical Botany (1873). Interest i n a r c t i c 
plants was also strong at -this time and the d i s t r i b u t i o n a l 
types and the species present were analysed i n d e t a i l by 
Hooker (1861). As a r e s u l t of these studies i t was realised 
that there were, i n Teesdale, representatives of a wide 
v a r i e t y of types of geographical d i s t r i b u t i o n s ranging from 
species with a southern and continental d i s t r i b u t i o n such as 
Helianthemum canum to arctic-alpine species such as Dryas 
octopetala. A detailed description of some of the d i s t r i b u ­
t i o n a l patterns exhibited by species i n Teesdale i s given 
here i n chapter I I . 

I t was also i n the middle of the l a s t century that 
theories were f i r s t formed as to the o r i g i n of the B r i t i s h 
f l o r a and here one of the best known pioneer studies was that 
by Forbes (1846), who put forward the idea that the B r i t i s h 
f l o r a was a r e s u l t of immigration since the Ice Age. The same 
idea was also developed by Darwin who expounded i t i n d e t a i l 
i n the 'Origin of Species' (1859). I t was gradually realised 
that the Teesdale f l o r a presented somewhat special problems 
i n r e l a t i o n to t h i s theory of migration since i n the area 
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were a large number of species with northern d i s t r i b u t i o n 
patterns, some of which were not found i n the Scottish 
mountains and a few nowhere else i n B r i t a i n , As a res u l t 
another theory was brought forward to explain t h i s and other 
l o c a l i t i e s r i c h i n such disjunct species. This i s the 
per g l a c i a l s u r v i v a l theory which seeks to explain such con­
centrations of these species as a re s u l t of t h e i r s u r v i v a l , 
through the time of g l a c i a t i o n , on unglaciated areas or 
nunataks i n s i t u . This i s to be contrasted with the other 
a l t e r n a t i v e , that the t o t a l B r i t i s h f l o r a i s a result of 
immigration a f t e r the Glacial Period. The arguments are well 
set out i n the discussion of the Royal Society i n 1935 on the 
o r i g i n and rel a t i o n s h i p of the B r i t i s h f l o r a . The views of 
the proponents of the perglacial survival theory are well 
summed up by Wilmott (1935) who writes " I t seems incredible 
that these species could have migrated over intervening areas 
from t h e i r nearest stations, have s e t t l e d on unglaciated 
Teesdale and have died out over the routes t r a v e l l e d . They 
are there because they survived g l a c i a t i o n there." The 
evidence on which a judgement may be made between these two 
a r r i v a l times i s mainly i n d i r e c t . I t has been shown by 
Ra i s t r i c k (1931) that i t i s probable that the summits of 
Cross P e l l and Mickle P e l l and some of the f e l l s at the head 
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of Weardale were unglaciated. I t i s conjectural whether 
plants could have survived on them through the g l a c i a l 
maximum. Such nunataks would probably consist of shoulders 
of bare rock which would be extremely exposed at a l l times. 
I t has been pointed out i n support of the per-glacial survival 
theory that nunataka i n Greenland at the present day sometimes 
bear quite a r i c h f l o r a . I t i s therefore of in t e r e s t to see 
how such nunataks compare with the above picture. BScher 
(1956) has separated four types of refugia i n East Greenland. 
These are (a) nunatak refugia, mountains projecting through 
the ice and surrounded by ice i n a l l directions; (b) semi-
nunatak refugia, mountains facing the sea on one side, but 
otherwise surrounded by i c e ; (c) cross-valley refugia, those 
containing cross valleys cut out during e a r l i e r glaciations, 
but l a t e r unglaciated due to l o c a l changes i n the drainage 
of the ice cap; (d) p a r a l l e l valley refugia, valleys with 
the same d i r e c t i o n as the main valleys (or f j o r d s ) and 
situated between two p a r a l l e l valleys which drain o f f the 
neighbouring ice cap and receive most of the l o c a l glaciers. 
Since i n Teesdale a l l the surrounding areas bear evidence of 
g l a c i a t i o n i t would seem that only the f i r s t type, the nunatak 
refugia, are v a l i d as a comparison. The f l o r a on these 
nunataks has been shown by Dahl (1946) to be very dependent 
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on the f i r n l i n e . I f t h i s i s below the foot of the nunatak, 
only areas where the snow i s blown clear w i l l be clear of ice 
and such areas bear a very poor f l o r a . Dahl has called these 
a n t a r c t i c nunataks. Manley (1959) has considered that i n the 
p;O3t-Aller0d recession i n the Lake D i s t r i c t , that with an 
annual r a i n f a l l of 70 - 80" the f i r n l i n e would be i n the 
region of 2300', and also that the annual p r e c i p i t a t i o n would 
be s i m i l a r to the present day. I t i s very d i f f i c u l t to 
vi s u a l i s e what conditions i n f u l l g l a c i a l times were l i k e , but 
i t seems possible that the f i r n l i n e would be as low or lower 
than t h i s . I f t h i s was so i t seems extremely u n l i k e l y that 
many of the northern species now found i n the dale could have 
survived such conditions. 

New impetus has been given to the study of these problems 
by the development of the techniques of pollen analysis and 
the t r a c i n g , through t h i s study, of the post-glacial vegeta-
t i o n a l development i n B r i t a i n . The spreading of the B r i t i s h 
f l o r a a f t e r the re t r e a t of the ice has been considered by 
Godwin (1949). He envisages an open 'Park-Tundra' a f t e r the 
r e t r e a t of the i c e , followed by the gradual a f f o r e s t a t i o n of 
the country and subsequently, due to a climatic deterioration, 
the invasion of much of the upland forest by Sphagnum bog. 
F i n a l l y the gradual deforestation and c u l t i v a t i o n of the 
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country can be traced, commencing with the a c t i v i t i e s of 
Ne o l i t h i c man. 

The studies of deposits from the l a t e - g l a c i a l and post­
g l a c i a l period when the 'Park-Tundra' type of vegetation was 
extant i n B r i t a i n have proved of special i n t e r e s t i n the 
understanding of these assemblages of disjunct species. This 
i s because remains of many of the now r e l i c t species have 
been found i n these deposits. Some of the discoveries 
(recorded i n Godwin 1956) may be mentioned here. Thalictrum 
alpinum has been found as f r u i t s at Hawka Tor, Cornwall, 
Nazeing, Essex and Barnwell, Cambridgeshire. Other species 
which have been found at Nazeing are P o t e n t i l l a fruticoaa 
(one unmiatakeable achene), Draba incana, Salix p h y l i c i f o l i a , 
and Dryas octopetala; the l a t t e r species i s also known from 
deposits i n the south of England at Barnwell, Cambridge and 
i n the Lea vall e y , Herts. These, and a large number of 
records both of these and other species show that many of the 
species now r e s t r i c t e d i n B r i t a i n to upland areas, were at 
one time widespread over much of England. After t h i s period, 
as the climate ameliorated, the open vegetation present was 
gradually suppressed by the invasion of closed woodland. This 
was f i r s t composed mainly of birch and pine, but as ameliora­
t i o n f u r t h e r proceeded a dense deciduous forest was produced. 
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This process had a marked• eff e c t on many of the species common 
i n the open communities of the early post-glacial period, with 
the r e s u l t that they became extin c t over most of England. 

I n Teesdale the main component of the woodland appears 
to have been Betula and t h i s was extensive during the boreal 
period (zones V and VI) up to an a l t i t u d e of approximately 
2350', macroscopic remains of Betula having been found up to 
t h i s l e v e l (M,E. Johnson pers. comm.). This means that i n a l l 
p r o b a b i l i t y the main areas where the disjunct species are 
found today, especially Cronkley P e l l and Widdybank P e l l , 
would have been covered by birch forest at t h i s period. 
Subsequently i n the Sub-atlantic period the climate became 
much wetter with the invasion of bog over the region so that 
the woodland disappeared and was replaced by blanket bog. 

Since many of the species that are now r e l i c t i n Teesdale 
were widespread during the early post-glacial period i t i s 
clear that i t i s unnecessary to postulate per-glacial survival 
i n Teesdale. This does not exclude the p o s s i b i l i t y of g l a c i a l 
s u r v i v a l , but makes i t i r r e l e v a n t as being the cause of the 
presence of refugia. Godwin (1956) has given most weight to 
three reasons f o r the post-glacial diminution of range of the 
species involved, a l l three are i n d i r e c t consequences of the 
cl i m a t i c changes. These are f i r s t the dense forest which 
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became established, secondly the development of bog i n upland 
areas, and t h i r d l y the pronounced podzolisation and leaching 
of the s o i l s due to the high r a i n f a l l . I t i s also possible 
that t h i s post-glacial diminution of range has been d i r e c t l y 
effected by the cl i m a t i c changes, since some boreal species may 
not be able to withstand high summer temperatures. This 
explanation has been favoured by Dahl (1951) as an explanation 
f o r d i s t r i b u t i o n patterns of a number of montane species i n 
Scandinavia. 

The f i r s t of these i n d i r e c t processes has probably been 
the most important i n the south of the country and the primary 
cause of the southern e x t i n c t i o n of these species. I n Teesdale 
and other upland refugia the other two processes w i l l also have 
been very s i g n i f i c a n t ; and i n such cases i t i s important to 
consider any d i s t i n c t i v e features which would allow such species 
to survive i n these l o c a l i t i e s . An attempt has been made to do 
t h i s by a consideration of t h e i r ecology, comparing the 
communities and s o i l s to which these species are confined i n 
t h e i r B r i t i s h l o c a l i t i e s . Comparisons have also been made, 
where possible, with the continental conditions under which 
these species e x i s t . 

Special mention must be made of the Burren area of Co. 
Glare, W. Ireland. This i s another centre f o r disjunct plants 
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including some of those found i n Teesdale, especially Gentiana 
verna, P o t e n t i l l a f r u t i c o s a and Dryas octopetala. Mixed with 
these are a number of species with a c h i e f l y Mediterranean 
d i s t r i b u t i o n e.g. Adiantum capillus-veneris and Neotinea 
i n t a c t a . The p o s s i b i l i t y of g l a c i a l survival of plants i n 
t h i s region has been discussed by Jessen (1949) who comes to 
the conclusion that there i s a d i s t i n c t p o s s i b i l i t y of survival 
i n refuges on land o f f the present west coast of Ireland, which 
i s thought not to have been covered by sea i n the g l a c i a l period 
due to the eustatic f a l l i n sea l e v e l at t h i s time. Further 
evidence has been gained f o r t h i s view by the discovery by 
Jessen, Andersen and Parrington (1959) at Gort, Co. Galway, 
a few miles to the North of the Burren area, of a pollen grain 
of Eriocaulon septangulare, i n an i n t e r g l a c i a l deposit, a record 
which they emphasize must be considered as absolutely r e l i a b l e . 
This i s a species which today i s not found on the Continent 
at a l l , but i s confined i n Europe to W. Ireland and some of the 
Hebridean islands. Since the I r i s h material of t h i s species 
has been shown to have 2n = 64 while American material has 
2n = 32 (A. & D. LSve 1958), there seems l i t t l e p o s s i b i l i t y of 
e x t i n c t i o n a f t e r the i n t e r g l a c i a l period and reimmigration i n 
the post-glacial period. I f survival has been the case here 
there seems no reason why other species should not also have 
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s u r v i v e d . This does not exclude, of course, the p o s s i b i l i t y 

of i m m igration of species i n t o the area a f t e r the f i n a l g l a c i a -

t i o n , so t h a t the present f l o r a may be a mixture of both 

g l a c i a l s u r v i v o r s and p o s t - g l a c i a l immigrants. The l a t t e r 

p o s s i b i l i t y c e r t a i n l y seems more l i k e l y f o r the Mediterranean 

species, which are known to be very f r o s t i n t o l e r a n t . 

I t i s c l e a r t h a t the occuijence of any p a r t i c u l a r species 

i n such a refugium as Teesdale i s p a r t l y a matter of chance 

and i t i s i n t e r e s t i n g to consider some of the species which 

might p o s s i b l y be expected to occur i n Teesdale but which are 

not present t h e r e . Perhaps one of the c h i e f of these i s 

Sax i f r a g a o p p o s i t i f o l i a , which at present grows f u r t h e r t o the 

south i n the Pennines on Ingleborough, to. the west i n Wales 

and the Lake D i s t r i c t and i s qu i t e a common montane species i n 

f l u s h e d areas on S c o t t i s h mountains. Since i n the Lake 

D i s t r i c t ( R a t c l i f f e 1960) S. o p p o s i t i f o l i a i s present i n wet 

basic f l u s h e s and earthy scree i t would appear t h a t s u i t a b l e 

h a b i t a t s occur i n Teesdale, so t h a t i t s absence may perhaps 

be due t o chance, e s p e c i a l l y since f o s s i l remains have been 

recovered from l a t e and p o s t - g l a c i a l deposits i n South England. 

The same remarks also apply to Silene a c a u l i s , which i n the 

Lake D i s t r i c t , according t o R a t c l i f f e , can grow on steep banks 

at the broken c l i f f f o o t , again a h a b i t a t which i s present i n 
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Teesdale e s p e c i a l l y on the sides of some of the f e l l s i n the 
west of the area. Another group which ds' a l t o g e t h e r absent 
i n Teesdale are the mountain w i l l o w s , which today are almost 
e n t i r e l y confined t o Scotland. A number of the species have 
been recorded i n l a t e and p o s t - g l a c i a l deposits i n England and 
S a l i x lapponum i n p a r t i c u l a r i s s t i l l extant on H e l v e l l y n i n 
the Lake D i s t r i c t , f i n a l l y R a t c l i f f e (I96O) mentions 
A l c h e m i l l a a l p i n a and Qxyria digyna as two common species i n 
the Lake D i s t r i c t which are remarkable i n being completely 
absent from the North Pennines, and f o r which Teesdale 
c e r t a i n l y seems to o f f e r s u i t a b l e h a b i t a t s . I t i s poss i b l e 
t h a t some of these montane species d i d grow i n Teesdale i n 
the p o s t - g l a c i a l p e r i o d and have since become e x t i n c t . Although 
t h i s process i s known to have taken place i n the l a s t century 
t h i s seems to have been more the r e s u l t of overzealous 
c o l l e c t i n g than of a n a t u r a l e x t i n c t i o n . As R a t c l i f f e p o i n t s 
out_, the e x p l a n a t i o n may l i e i n the f a c t t h a t the m i g r a t i n g 
f l o r a was heterogeneous i n composition i n N. England and some 
species d i d not reach the North Pennines when con d i t i o n s f o r 
t h e i r spread were s u i t a b l e . I t i s also possible t h a t the 
climate i n the North Pennines may, i n some way be unfavourable 
f o r these species, although species such as A l c h e m i l l a a l p i n a 
and Oxyria digyna are widely d i s t r i b u t e d i n Scotland w i t h a 
wide a l t i t u d i n a l amplitude, so t h a t i t seems u n l i k e l y t h a t 
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favourable c o n d i t i o n s should be e n t i r e l y l a c k i n g i n the 
North Pennines. 

I t has been wi d e l y assumed t h a t the r e l i c t species i n 

the w e l l known r e f u g i a have had a continuous h i s t o r y there 

from the e a r l y p o s t - g l a c i a l p e r i o d through the p e r i o d of the 

c l i m a t i c optimum (and the greatest r e s t r i c t i o n ) to the present 

day. Proof o f t h i s however i n such a refugium was only 

provided i n 1955 by Godwin's i n v e s t i g a t i o n s at Cwm Idwal, 

N. Wales. This i s a w e l l known refugium f o r a number of 

a r c t i c - a l p i n e species i n Wales i n c l u d i n g Dryas octopetala and 

Sa x i f r a g a o p p o s i t i f o l i a . Godwin has shown t h a t a number o f 

species t h a t are r e l i c t there today have a continuous record 

i n the bottom deposits of the c o r r i e lake from zones IV and V 

r i g h t through the post g l a c i a l p e r i o d . These species include 

Plantago maritima, Armeria maritima and both Empetrum nigrum 

and E.. hermaphroditicum, a l l o f which are found i n the area 

today. 

I t i s t h e r e f o r e reasonable to suppose t h a t the same 

s i t u a t i o n w i l l have h e l d i n other r e f u g i a and i n p a r t i c u l a r i n 

Teesdale. This being so, the Teesdale populations w i l l have 

been i s o l a t e d since woodland closed i n around them, exterminat­

i n g the lowland p o p u l a t i o n s . This time i s o f the order of 

e i g h t to ten thousand years according to p2?esent estimates. 

I t i s possible t h a t i n t h i s time d i f f e r e n t i a t i o n has taken 
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place between these small populations and between these and 

the species i n t h e i r main e x t r a - B r i t i s h areas, so t h a t i t i s 

of g r e a t i n t e r e s t t o study possible v a r i a t i o n i n and between 

them. Furthermore even though the explanation of the d i s ­

j u n c t i o n of these species has been shown to l i e i n the post­

g l a c i a l h i s t o r y of B r i t i s h v e g e t a t i o n , as pointed out e a r l i e r 

t h i s does not exclude per se the p o s s i b i l i t y of p e r g l a c i a l 

s u r v i v a l . I f i s o l a t i o n has taken place f o r t h i s l e n g t h of 

time however the d i f f e r e n c e s between the populations i n the 

va r i o u s extant l o c a l i t i e s might be l a r g e r than those produced 

by i s o l a t i o n from the immediate p o s t - g l a c i a l p e r i o d . Thus i t 

i s important i n a study o f t h i s type t h a t the size of any 

d i f f e r e n c e s found should be accurately measured. For t h i s 

reason b i o m e t r i c a l and s t a t i s t i c a l methods have used 

e x t e n s i v e l y i n the study o f f i e l d samples from the various 

p o p u l a t i o n s . The use of f i e l d saiiples has been necessary 

since specimens i n h e r b a r i a are not u s u a l l y c o l l e c t e d randomly 

and thus cannot be r e l i e d upon to give an estimate o f the 

f u l l range of v a r i a t i o n w i t h i n a p o p u l a t i o n . This study has 

been supplemented by the study of c u l t i v a t e d p l a n t s which 

have given i n f o r m a t i o n on whether the v a r i a t i o n observed i n 

the f i e l d samples i s environmental or genotypic. A study of 

the c y t o l o g y of some of the species has also been made t o 
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determine whether there i s any v a r i a t i o n i n chromosome number 
i n comparison w i t h m a t e r i a l of the species from elsewhere i n 
t h e i r range. 

D e t a i l e d i n v e s t i g a t i o n s of t h i s type have not been 

common. One of the most r e l e v e n t i s t h a t by Proctor (1957) 

who has shown t h a t Helianthemum canum i s represented i n 

Teesdale by a d i s t i n c t genotype w i t h very short glabrous or 

subglabrous leaves which he has named subsp. levigatum. I n 

Scandinavia Khaben (1959) has described a s i t u a t i o n i n the 

Radicatum group o f S c a p i f l o r a Pap avers, where e v o l u t i o n has 

proceeded i n a number of i s o l a t e d populations to produce 

s e v e r a l races which she considers to be d i s t i n c t at the 

species l e v e l . I n view o f t h i s known occu274nce of v a r i a t i o n 

and e v o l u t i o n i n i s o l a t i o n i t i s c l e a r l y of importance to 

g a i n more i n f o r m a t i o n on t h i s type of change, since i t can 

throw l i g h t on both h i s t o r i c a l and e v o l u t i o n a r y problems. 
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CHAPTER I I . 

Geographical D i s t r i b u t i o n 

The i n t e r e s t of the Teesdale f l o r a i s p r i m a r i l y connected 

w i t h the geographical d i s t r i b u t i o n s of the species t h a t grow 

there and n e a r l y a l l of the numerous accounts of the p l a n t s of 

the area have stressed t h i s f e a t u r e . W i t h i n the f l o r a of the 

area are p l a n t s showing a large number of d i f f e r e n t types of 

both B r i t i s h and w o r l d d i s t r i b u t i o n s . I t i s impossible to 

de a l , i n t h i s account, w i t h a l l the species i n v o l v e d since not 

only f l o w e r i n g p l a n t s , but f e r n s , mosses, l i v e r w o r t s and 

l i c h e n s a l l have species of phytogeographical i n t e r e s t i n the 

area. Even considering f l o w e r i n g p l a n t s alone, i n the s i x 

10 k i l o m e t r e squares which cover the upper part of the Tees 

v a l l e y there are, according to the B.S.B.I, maps scheme 

records, between 500 and 550 species. 

A number of systems have been devised f o r arranging the 

p l a n t s of North Europe i n t o phytogeographical groups and one 

of the most comprehensive of these i s t h a t of Hulten (1950), 

c o n s t r u c t e d f o r the vascular p l a n t s of N.W. Europe. I n t h i s 

he d i v i d e s the f l o r a i n t o 48 geographical groups. I n t a b l e 

I I . 1 these are enumerated w i t h the number of species of 

each group which are found i n the upper Tees v a l l e y . For t h i s 
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purpose the species recorded by the B.S.B.I. Maps Scheme 

i n the s i x ten k i l o m e t r e squares covering t h i s area have 

been used. This area also covers small parts of the Eden 

v a l l e y to the S.W. and Weardale to the N.E., but i s the most 

complete and up t o date general p l a n t l i s t a v a i l a b l e f o r the 

Upper Teesdale area. I t w i l l be seen t h a t i n t h i s way 

about 80 % o f the species found i n Teesdale can be placed 

i n t h i s system, showing t h a t i t i s q u i t e successful f o r 

t h i s purpose. There are, o f course, a number of species i n 

Teesdale which are not found i n the area t h a t H u l t ^ n deals 

w i t h e.g. Gentiana verna, Alopecurus a l p i n u s . The t a b l e 

emphasizes the very wide phytogeographical d i v e r s i t y of the 

Teesdale f l o r a ranging from a r c t i c - s u b a r c t i c species to 

b o r e a l and c o n t i n e n t a l ones. 

I t i s c l e a r l y impossible to deal here w i t h even one 

species from each of Hulten's 32 groups which are represented 

i n the Teesdale f l o r a . The species which have been selected 

a l l show la r g e d i s j u n c t i o n s i n t h e i r B r i t i s h and world 

d i s t r i b u t i o n s and have been chosen to show the main types 

t h a t are represented. They are also examples of some of 

the more i n t e r e s t i n g of the general phytogeographical groups 

d i s t i n g u i s h e d by Matthews (1955). 
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Group C h a r a c t e r i s t i c s Number of species 
m Teesdale 

1. A r c t i c circumpolar p l a n t s w i t h 
continuous d i s t r i b u t i o n . 

2. A r c t i c circumpolar p l a n t s w i t h 
a large gap i n S i b e r i a . 

3. A r c t i c seashore p l a n t s . 

4. European, Arctic-montane p l a n t s . 1 

5'. E u r a s i a t i c , Arctic-montane p l a n t s . 1 

6. Gircumpolar Arctic-montane p l a n t s 
l a c k i n g i n the mountains of C e n t r a l 
Europe, but w i t h continuous 
d i s t r i b u t i o n i n Northern S i b e r i a . 

7. Circumpolar, Arctic-montane p l a n t s 
l a c k i n g i n the mountains of Central 
Europe and w i t h large gaps i n 
S i b e r i a . 

8. Circumpolar, Arctic-montane p l a n t s 
occu^ing i n the mountains of Central 
Europe and w i t h continuous d i s t r i b u ­
t i o n i n n o r t h e r n S i b e r i a . 11 

9. Circumpolar, Arctic-montane p l a n t s 
present i n the mountains of Central 
Europe, but w i t h large gaps i n 
S i b e r i a . 5 

10. "Amphi-Atlantic", A r c t i c p l a n t s . 

11. "Amphi-Atlantic", Arctic-montane 
p l a n t s also present i n southern 
mountains. 11 

12. European, boreal-montane p l a n t s w i t h 
separated n o r t h e r n and southern areas. 3 

13. European, boreal-montane p l a n t s w i t h 
n o r t h e r n and southern areas not c l e a r l y 
separated. 2 
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Group C h a r a c t e r i s t i c s Number of species 
i n Teesdale 

14. North-European p l a n t s w i t h a 
boreal-montane tendency. I 3 

15 . E u r a s i a t i c , i n Europe b o r e a l -
montane p l a n t s connected w i t h 
Scandinavia through the B a l t i c 
c o u n t r i e s and F i n l a n d . 1 

16. Boreal-circumpolar p l a n t s t h a t 
are boreal-montane i n Europe w i t h 
continuous d i s t r i b u t i o n . 8 

17 . Boreal-circumpolar p l a n t s t h a t are 
boreal-montane i n Europe but w i t h 
gaps i n S i b e r i a . 1 

18. European seashore p l a n t s . 

19. European, A t l a n t i c p l a n t s . 21 

20 . S u b a t l a n t i c p l a n t s . 52 

2 1 . Gircumpolar seashore p l a n t s . 

22 . Gircumpolar, suboceanic p l a n t s . 2 

23 . N o r t h e r n - S u r a s i a t i c p l a n t s l a c k i n g 
i n Gentral Europe. -

24. Northern boreal-circumpolar p l a n t s 
l a c k i n g i n Gentral Europe. 

25. West-European - North-Siberian p l a n t s . 23 

26. West-European - Middle-Siberian p l a n t s . 88 

27. West-European - South-Siberian p l a n t s . 33 

28. E u r a s i a t i c p l a n t s connecting w i t h 
Scandinavia from both the east and 
the south. 14 

29 . Boreal-circumpolar p l a n t s l a c k i n g large 
gaps i n t h e i r area. 54 
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Group C h a r a c t e r i s t i c s Number of species i n Teesdale 

30. Incompletely boreal-circumpolar 
p l a n t s w i t h gaps i n Asia and i n the 
P a c i f i c . 5 

31. Incompletely boreal-circumpolar 
p l a n t s w i t h gaps i n East Asia and 
i n America, 12 

32 . Incompletely boreal-circumpolar 
p l a n t s w i t h a gap i n West America. 4 

33 . Incompletely boreal-circumpolar 
p l a n t s w i t h a gap i n East S i b e r i a . 2 

34* West-European c o n t i n e n t a l p l a n t s . 2 

35. East-European c o n t i n e n t a l p l a n t s 
connecting w i t h Scandinavia by way 
of the B a l t i c c o u n t r i e s . 

36. East-European c o n t i n e n t a l p l a n t s 
connecting w i t h Scandinavia by way 
of the B a l t i c c o u n t r i e s and Denmark. 

37. West-Siberian c o n t i n e n t a l p l a n t s 
connecting w i t h Scandinavia only by 
way of the B a l t i c c ountries and 
Fi n l a n d . 3 

38 . West-Siberian c o n t i n e n t a l p l a n t s 
connecting w i t h Scandinavia by both 
the B a l t i c c o u n t r i e s and Denmark. 2 

39 . C e n t r a l - A s i a t i c c o n t i n e n t a l p l a n t s . 

40 . Southeast-European - South-Siberian 
p l a n t s . -

4 1 . Plants w i t h two o r more widely 
separated areas, 9 
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,̂ , . ,. Number of species C h a r a c t e r i s t i c s i n Teesdale 

42. South- or Central-European p l a n t s 
not indigenous w i t h i n the area of 
the A t l a s , but not s t r o n g l y c u l t u r e -
spreading. 3 

43. Southwest A s i a t i c p l a n t s not 
indigenous w i t h i n the area of the 
A t l a s , but not s t r o n g l y c u l t u r e -
spreading. 1 

44. C e n t r a l - A s i a t i c p l a n t s not indigenous 
w i t h i n the area of the A t l a s , but 
not s t r o n g l y c u l t u r e - s p r e a d i n g . 

45. American p l a n t s . 1 

46. Plants very s t r o n g l y spread by 
c u l t u r e . 42 

47. Plants endemic w i t h i n the area of 
the A t l a s . 

48. Plants w i t h i n s u f f i c i e n t l y known t o t a l 
are as. 2 

T o t a l 432 EpeciLes. 

Table I I . 1. Geographical elements of the f l o r a 

of N.W. Europe d e l i m i t e d by H u l t ^ n 

(1950), w i t h the nujnber o f species 

of each group found i n Teesdale. 



21. 

Two of the species i n Teesdale which show a very great 

c o n t r a s t i n t h e i r w o r l d d i s t r i b u t i o n s are Helianthemum canum 

and Alopecurus a l p i n u s . Matthews (1955) has put Helianthemum 

canum i n t o h i s c o n t i n e n t a l southern element and diagram I I . 1 

shows i t s world d i s t r i b u t i o n , the Teesdale s i t e being one of 

the most n o r t h e r n w i t h the species extending south to the 

N. A f r i c a n A t l a s mountains and east across Turkey and the 

Caucasus. I n the High Alps i t i s replaced by H. alpe s t r e 

(Jacq.) Dunal. H u l t ^ n places H. canum i n group 12, a group 

of European, b o r e a l montane pl a n t s w i t h separated northern 

and southern areas. This d i s t r i b u t i o n i s i n complete contrast 

t o t h a t of Alopecurus a l p i n u s , shown i n diagram I I . 2, 

which Matthews places i n h i s a r c t i c - s u b a r c t i c element. Here 

the Teesdale l o c a l i t y i s one of the southernmost l i m i t s of 

the species the main d i s t r i b u t i o n area extending from Greenland 

across A r c t i c Canada and through the E u r a s i a t i c A r c t i c . Since 
ar£ 

there/a number o f r e l a t e d taxa to the south of t h i s area i n 

Asia and N. America i t i s possible t h a t the B r i t i s h m a t e r i a l 

also may belong t o a d i f f e r e n t biotype from the A r c t i c 

m a t e r i a l , but no i n f o r m a t i o n i s a v a i l a b l e on t h i s p o i n t . 

I t i s also of i n t e r e s t to examine the d e t a i l e d d i s t r i b u ­

t i o n s of some of the Teesdale species w i t h respect t o t h e i r 

d i s t r i b u t i o n s w i t h i n the dale and also w i t h i n t h e i r B r i t i s h 



Dli«rm I I . !• dl. trlbuUon of asliiaS^SS^-SSSa-
CHrtrmm f r o i !!.ua.l 1943). 

ALOPECURUS ALPINUS 

1>i.%enjii I I . 2. tor ld dlstrltiutloB of AlepMurm alplima a.a, 
(E.Hulten unpub.). 



Diagram I I . 3. World d i s t r i b u t i o n of M i n u a r t i a s t r i c t a . 

(Prom Raven and Walters 1956.) 
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areas. The most r e s t r i c t e d species present i n the dale 

i s M i n u a r t i a s t r i c t a , which i s found i n B r i t a i n only on 

Widdybank P e l l ; i t s world d i s t r i b u t i o n (diagram I I . 3) shows 

a r a t h e r unusual p a t t e r n i n t h a t i t has a wide circumpolar 

d i s t r i b u t i o n , being placed by' Hulten i n group 8, but i n 

C e n t r a l Europe i t i s confined to the Jura and Bavarian Alps, 

being absent from the true Alps. There are several other 

species which are confined to England i n t h e i r B r i t i s h 

d i s t r i b u t i o n s . One of these, Helianthemum canum, has already 

been mentioned. Another, V i o l a r u p e s t r i s , was u n t i l r e c e n t l y 

o n l y known from Teesdale i n B r i t a i n , but i s now known 

(Val e n t i n e and Harvey 1961) from two other l o c a l i t i e s i n 

N. England (diagram I I . 4 ) . I n i t s w o r l d d i s t r i b u t i o n , shown 

i n diagram I I . 5, i t i s seen to be a wide ranging e u r a s i a t i c 

species, but not found i n N. America. This d i s t r i b u t i o n i s 

s i m i l a r to t h a t e x h i b i t e d by Garex ericetorum, and both are 

placed by H u l t ^ n i n one of h i s W. S i b e r i a n c o n t i n e n t a l groups 

(no. 37). This species shows a d e f i n i t e c o n t i n e n t a l tendency 

i n Europe and t h i s i s r e f l e c t e d i n i t s B r i t i s h d i s t r i b u t i o n 

shown i n diagram I I . 6, where i t w i l l be seen t h a t i t has a 

d i s t i n c t eastern tendency extending from Teesdale ( i t s most 

n o r t h e r n l o c a l i t y i n B r i t a i n ) down through a number of 

l o c a l i t i e s on the Permian Magnesian limestone to the Breckland 
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of Suffolk and Norfolk and i n t o adjoining Cambridgeshire.- The 
continuous Eurasiatic d i s t r i b u t i o n i s c l e a r l y seen i n the map 
of i t s world d i s t r i b u t i o n (diagram I I . 7). 

Two of the most i n t e r e s t i n g species found i n Teesdale 
are confined i n B r i t a i n to l o c a l i t i e s i n England and W, Ireland. 
Gentiana verna i s a species which shows a f a i r l y wide d i s t r i b u ­
t i o n area i n Teesdale as shown i n diagram I I . 8, extending 
over a distance of approximately 12 miles, from a number of 
l o c a l i t i e s near head of the R. Tees i n Cumberland south east 
to l o c a l i t i e s i n Lunedale i n N. Yorks, a l l the outlying 
l o c a l i t i e s i n the area being on limestone grassland. The only 
other area i n B r i t a i n where G. verna i s known i s i n W, Ireland, 
as w i l l be seen from diagram I I . 10. Here i t s headquarters 
are the limestone areas of the Burren i n Co. Clare, although 
i t extends round the head of Galway Bay on to the limestone 
and calcareous d r i f t of Co. Galway. I n . i t s wider d i s t r i b u t i o n 
area Gentiana verna i s one of the few B r i t i s h species which 
i s present i n the Alps, but not i n the A r c t i c . As w i l l be 
seen from diagram I I . 11 the B r i t i s h l o c a l i t i e s are the most 
northern, the main area of the species extending from the 
Pyrenees and Sierra Nevada, across the Alps and Balkans to 
the Caucasus. Beyond t h i s i t extends across Asia to the A l t a i 
and Mongolia. A subspecies, ssp. Peneti;j^ i s also known from 



O U c n a I I . 8. OlatrlbaUoa I n tnmitlt of O a t l n ' 
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the High Atlas mountains i n Morocco. P o t e n t i l l a f r u t i c o s a i s 
also a species which i s found i n both Teesdale and W. Ireland, 
but i t also has l o c a l i t i e s i n the Lake D i s t r i c t as i s shown 
i n diagram I I . 12. I n Teesdale i t i s confined to the banks 
of the River Tees occ-arjing i n t e r m i t t e n t l y from the base of 
Cronkley P e l l down to j u s t below the town of Middleton i n 
Teesdale, i t s greatest abundance being from High Force to 
Wynch Bridge. I n the Lake D i s t r i c t the species i s known from 
Ennerdale and Wasdale and i t was formerly also found on 
Helvellyn, although i t has not been found i n t h i s l o c a l i t y 
f o r a number of years. I n the west of Ireland t h i s species i s 
also centred on the Burren area, c h a r a c t e r i s t i c a l l y forming a 
zone round the edges of the turloughs or temporary winter lakes 
of the area. I t also extends north to Lough Corrib and 
l o c a l i t i e s round the edge of the lake i n both Co. Galway and 
E. Mayo are known. This disjunct B r i t i s h d i s t r i b u t i o n i s 
r e f l e c t e d i n the European d i s t r i b u t i o n shown i n diagram I I . 13. 
One of the most s t r i k i n g features of t h i s i s that P. f r u t i c o s a 
i s not found i n the Alps. I t i s present i n the Pyrenees and 
Alpes Maritimes and according to Hegi (1931) a number of 
l o c a l i t i e s i n Germany. I t i s also present i n a number of 
l o c a l i t i e s around the B a l t i c , from Oland and Gotland to 
l o c a l i t i e s i n Estonia and Latvia; from here there i s a 
d i s j u n c t i o n to the Urals. The species i s , according to 
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Gorchakovsky (I96O), widely d i s t r i b u t e d i n Asia. As pointed 
out l a t e r (p. 45 ) the B r i t i s h and Oland material i s known to 
be t e t r a p l o i d . I n N. America, where P. f r u t i c o s a i s wide­
spread, i t appears to be uniformly d i p l o i d . The species i s 
placed by Hult^n i n group 16, a boreal circumpolar group, but 
because of the d i f f e r i n g chromosome numbers t h i s i s not a very 
good designation from a b i o l o g i c a l point of view. 

The majority of disjunct species found i n Teesdale are 
also present i n Scotland and there i s a wide range, from 
species which are r e s t r i c t e d to those which are widely 
d i s t r i b u t e d there. One of the most r e s t r i c t e d species i n 
t h i s sense i s Myosotis a l p e s t r i s . I n Teesdale t h i s shows a 
scattered d i s t r i b u t i o n on three of the high f e l l s i n the west 
of the area (diagram I I . 9 ) . I n Scotland the species i s 
confined, i n a natural state, to a small region of the Central 
Scottish mica schist b e l t i n Perthshire as w i l l be seen from 
diagram I I . 14. This species has also been collected i n 
Gaenlochan Glen, Angus, but according to Buchanan White 
( i n Raven and Walters 1956) t h i s i s an introduction. I n i t s 
world d i s t r i b u t i o n M. a l p e s t r i s i s an arctic-alpine species 
present i n the European mountains and i n both Asia and 
N. America. A species which shows a somewhat wider range i n 
B r i t a i n than t h i s i s Bartsia alpina. This i s also confined 
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to the mica schist b e l t , but extends from Glen Lyon i n central 
Perthshire to Argyllshire • i n the west as shown i n diagram 
I I . 15. The diagram also shows that t h i s species has a number 
of other l o c a l i t i e s i n the north of England, the most southern 
being at Malham i n the Graven d i s t r i c t of Yorkshire which i s 
another centre, although not so r i c h as Teesdale, f o r a number 
of species w i t h disjunct d i s t r i b u t i o n s including several of 
the species found i n Teesdale e.g. Carex p a p i l l a r i s and 
Dryas octopetala. Helianthemum canum has also been recorded 
i n the past at Malham Cove. I n i t s world d i s t r i b u t i o n 
(diagram I I . 16) B. aipina i s seen to be an arctic-alpine 
species, but not circumpolar, being placed by Hult^n i n 
group 11, an am phi-at1antic d i s t r i b u t i o n group. This d i s t r i b ­
u t i o n may be compared with that of Thalictrum alpinum 
(diagram I I . 17), a Teesdale species common i n Scottish 
mountains, which i n i t s world d i s t r i b u t i o n i s placed by 
Hult^n i n group 8 being completely circumpolar and also 
present i n the central European mountains. 

One of the very r e s t r i c t e d species i n Teesdale i s 
Dryas .octopetala which has, as shown i n diagram I I . 18, only 
one l o c a l i t y i n the dale and present here only i n a very 
r e s t r i c t e d area. I t i s i n B r i t a i n , however, quite a wide 
ranging species present i n Wales, several areas i n the north 
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of England, including two l o c a l i t i e s i n the Lake D i s t r i c t 
( R a t c l i f f e I96O) and i n Scotland. Here i t i s f a i r l y widely 
d i s t r i b u t e d i n Central and Northern Scotland where there are 
suitable basic rocks present, as w i l l be seen from diagram I I . 
19. This map also shows that D. octopetala i s abundant i n 
the Burren area of Co. Clare and also has a number o f ' l o c a l ­
i t i e s i n the west and north of Ireland. The species has an 
arc t i c - a l p i n e d i s t r i b u t i o n , but i t i s impossible to give an 
accurate map of i t s world d i s t r i b u t i o n because of the complex 
v a r i a t i o n shown by the genus which i s , as yet, not understood. 
This i s especially true of the material from Asia, Arctic 
America and Greenland. I t i s i n t e r e s t i n g that Carex c a p i l l a r i s 
has a very s i m i l a r B r i t i s h d i s t r i b u t i o n to that of Dryas 
octopetala, i n the pattern i n England and Scotland, but i s not 
found i n Ireland. 

I t i s impossible to analyse the distributiaas of the 
disj u n c t cryptogams found i n Teesdale, but some of the 
d i s t r i b u t i o n a l types are very s i m i l a r to those of the 
angiosperms described. Thus the B r i t i s h map of the moss 
Pseudoleskea catenulata given by Proctor (I96O) shows a d i s t r i b ^ 
u t i o n very s i m i l a r to that of Dryas octopetala with a number 
of l o c a l i t i e s i n the north of England (including Malham), and 
i n Scotland scattered across the Central Scottish mica schist 
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b e l t and with l o c a l i t i e s i n the extreme north of Scotland. 
Unlike D. octopetala, but l i k e Carex c a p i l l a r i s , i t i s not 
found i n Ireland. In i t s wider d i s t r i b u t i o n i t i s found north 
to Iceland and A r c t i c Norway and south to I t a l y and Spain, 
extending east through the Caucasus to China. I t i s also 
found i n N. America i n New York State and i n the Rocky 
Mountains. Pigott (1956) also quotes Catascopium nigritum 
and Meesia uliginosa as having s i m i l a r d i s t r i b u t i o n s i n 
B r i t a i n . Both these species have a wide d i s t r i b u t i o n area 
from the A r c t i c to Central Europe and east through Asia; they 
are also both present i n N. America. 

Information on lichens i s even more scanty than that 
f o r mosses, but Sv/inscow (1958) has recorded Hypogymnia 
a l p i c o l a (Th. Pr.) Wats, on L i t t l e Dun P e l l i n the west of 
"the Teesdale area. This species has previously been recorded 
i n B r i t a i n from the Granplan Mountains i n Scotland and there 
i s also one doubtful record from W. Mayo, Ireland. I n i t s 
wider d i s t r i b u t i o n H. a l p i c o l a i s known from mountain summits 
i n the Pyrenees, Alps, Central Europe, Scandinavia and 
N. America. 

The Teesdale f l o r a i s thus extremely diverse i n the 
geographical relationships shown by i t s members, with a high 
proportion of species showing large disjunctions i n t h e i r 
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areas. Of special i n t e r e s t i s the occun^nce i n Teesdale of 

species with a r c t i c and with temperate a f f i n i t i e s . Chief 
among these l a t t e r are Helianthemum canum. Carex ericetorum 
and Viola r u p e s t r i s . Helianthemum canum, i n p a r t i c u l a r , i s 
discussed by Proctor (1958) who gives a number of examples of 
continental communities i n which t h i s species grows and i n 
many cases these are open xeric grasslands on south facing 
slopes with chalk or limestone substrates. Another example 
of t h i s group i s Hippocrepis comosa, a species which i s known 
to'have occu^ed i n Teesdale i n the past, but which now appears 
to be e x t i n c t i n the area. 

These are to be contrasted with the large number of 
species which have a r c t i c and alpine a f f i n i t i e s , and whose 
d i s t r i b u t i o n a l types have been detailed i n the previous pages. 
The possible explanations f o r the presence of t h i s mixture 
of elements w i l l be discussed i n d e t a i l i n chapter V I . 
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CHAPTER I I I . 
CYTOLOGY. 

Introduction 

I n considering the r e l i c t species of the Teesdale f l o r a 
i t i s i n t e r e s t i n g to consider changes that may occur i n 
is o l a t e d populations. Some types of change w i l l be detectable 
by the study of chromosomes; thus l o c a l polyploid populations 
might arise, or populations i n which the chromosomes have 
undergone s t r u c t u r a l change (e.g. as found i n Californian 
populations of Clarkia by Lewis (1953)). Again, i f a particular 
species complex i s known to be cy t o l o g i c a l l y heterogeneous 
(e.g. Bartsia alpina) i t i s important to determine which 
p a r t i c u l a r cytotype i s represented i n Teesdale. 

The following account gives data f o r a number of species 
and l i s t s the counts made on them over the whole of t h e i r 
range. The detection of the nature of polyploidy and of 
s t r u c t u r a l chromosome change i s usually only possible by 
examining hybrids between plants from d i f f e r e n t populations, 
and though some hybrids have been made (e.g, between 2n and 
4n P o t e n t i l l a f r u t i c o s a ) results from the hybrids are not yet 
available. 
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Methods. 

Meiosis has been studied i n pollen mother-cells 
(P.M.C). Buds were f i x e d i n a mixture of 3 parts absolute 
alcohol : 1 part g l a c i a l acetic acid, and a few drops of f e r r i c 
acetate solution i n 45 % acetic acid added as a pre-mordant. 
Belling's modification of acetocarmine s t a i n (adding a few 
drops of f e r r i c acetate solution i n 45 % acetic acid) was 
used i n making squash preparations, so that no further 
addition of i r o n was needed. Slides were made permanent with 
Euparol. 

Mitosis was studied i n root t i p s and developing ovaries. 
Root t i p s were pretreated with .002 M 8-hydroxyquinoline f o r 
three hours at approximately 15°C. (temperature of running 
tap-water), and then f i x e d i n the same mixture as before. 
Staining and maceration were combined, using the method 
developed by Proctor (1955a) the roots being boiled i n f e r r i c 
acetocarmine f o r several minutes. The root t i p s were then 
tapped out and squashed on a slide i n a l i t t l e acetocarmine, 
(R.T.S.); slides were made permanent with Euparol. Mitosis 
was also examined i n divi d i n g ovary wa l l tissue (O.S.). Buds 
f i x e d f o r meiotic examination were used f o r t h i s when meiosis 
could not be found. The ent i r e ovary, i f small, or part of 
i t , was placed on a slide w i t h a drop of f e r r i c acetocarmine. 
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tapped out, warmed, and squashed. No maceration was found to 

be necessary. I n many instances c e l l s from the ovary w a l l 

were i n an a c t i v e s t a t e of m i t o t i c d i v i s i o n . 

R e s u l t s . 

The species are l i s t e d a l p h a b e t i c a l l y . Personal counts 

are given f i r s t and then compared w i t h those given by other 

workers. 

B a r t s i a a l p i n a L. (2n = 12, 24, 28, 36). 

Cetry Bank, Teesdale, Co. Durham n = 12 P.M.C. 

Great Close Mire, Malham, N. Yorks 2n = 24 O.S. 

Lanche du Pra, near Sallanches (a) 2n = 24 O.S. 
Haute Savoie, Prance (b) n = 12 P.M.C. 

Ghermignon, near Leukerbad 
V a l a i s , S w i t z e r l a n d . 2n = 24 O.S. 

Both the E n g l i s h and Alpine m a t e r i a l counted had 2n = 24; 

and r e g u l a r meiosis was observed i n p l a n t s from Cetry Bank 

and Lanche du Pra. A l l the p l a n t s s t u d i e d were o f s i m i l a r 

s t a t u r e except those from which count (b) (Lanche du Pra) was 

made. These were much smaller i n a l l p a r t s , but proved 

however also to have 2n = 24. S i m i l a r counts have also been 

made from other European m a t e r i a l . Thus Witsch (1932) from 

A u s t r i a , Pavarger (1953^ from Emasson, Switzerland, Skalinska, 
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Gzapik and P i o t r o w i c z (1959) from f o u r l o c a l i t i e s i n the 

Western and High T a t r a , Poland, and Sokolovakaya and Strelkova 

(1960) from K h i b i n i Mt., Kola, U.S.S.R. a l l record 2n = 24. 

A. & D. Love (1956) also record t h i s number from Ice l a n d . 

M a t t i c k ( i n T i a c h l e r 1950) however found 2n = 12 from A u s t r i a n 

m a t e r i a l and Doulat (1946) found 2n = 36 i n pl a n t s from the 

Col du L a u t e r e t , Prance. I t i s i n t e r e s t i n g t h a t BScher and 

Larsen (1950) have counted, i n p l a n t s from the Nugssuaq 

peninsula, W. Greenland, a number of 2n = 28, and they 

s p e c i f i c a l l y s t a t e t h a t the pl a t e s could not p o s s i b l y i n t e r ­

p r e t e d as having 2n = 24. I f , as they suggest, there i s an 

a r c t i c race w i t h a basic number of x = 7 and a European race 

w i t h X = 6, then B r i t i s h m a t e r i a l would belong to the l a t t e r . 

An attempt has been made to t r y and recognise p l a n t s 

of d i f f e r i n g chromosome numbers from herbarium specimens by 

measuring t h e i r p o l l e n diameters. The r e s u l t s are given 

i n t a b l e I I I . 1. 



34. 

L o c a l i t y 
No. Mean I f . Pollen 

of p l a n t s . l e n g t h diameter 

K o d n i t z t a l , Lienz prov,, 
S. A u s t r i a 3 

Near Murnau, Bavaria, 
Germany 6 

Louron V a l l e y , Haute 
Pyrenees, Prance 2 

G t l . L o j s t a Tamklint, 
Sweden 7 

Kongsvold, D o v r e f j e l l , 
Norway 5 

Mt. Areskutan, Jamtland, 
Swe den 2 

Hafnarf j ardhurbraun, 
I c e l a n d 1 

1.3 cm. 

1.3 

1.4 

1.3 

1.9 

2.3 

1.9 

32 A 

33 

32 

31 

33 

30 

32 

Table I I I . 1. Mean l e a f lengths and p o l l e n diameters 
of specimens of B a r t s i a a l p i n a from 
Cambridge U n i v e r s i t y herbarium. 

Leaf l e n g t h i s given as an i n d i c a t i o n of pl a n t size and 

the mean of twenty measurements of p o l a r views of p o l l e n 

g r a i n s has been g i v e n as t h e . p o l l e n diameter. There i s very 

l i t t l e d i f f e r e n c e between the mean p o l l e n diameters even w i t h 

a q u i t e a l a r g e v a r i a t i o n i n l e a f (and p l a n t ) s i z e . Thus i f 

the specimens contained m a t e r i a l of d i f f e r i n g chromosome 

number t h i s was not revealed by the p o l l e n diameter measure­

ments. 
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Carex c a p i l l a r i s L. (2n = 54). 

Creag an Lochan, Perth. 2n = c. 54 O.S. 

A lar g e number of p l a n t s has been counted by Love, LSve 

and Raymond (1957) from Sweden, Ice l a n d , Greenland, Canada 

and N. Russia and a l l these had 2n = 54, which i s the number 

also recorded by H e i l b o r n (1924) and Levan ( i n A, & D. Love 

1942) i n Swedish m a t e r i a l . Although an accurate count could 

not be obtained the number was c e r t a i n l y close to 2n = 54. 

Drab a incana L. (2n ,= 32). 

Great Dun P e l l , Westmorland, n = 16 P.M.C. 

This number i s the same as has been recorded i n the 

counts p r e v i o u s l y made. Thus i n Scandinavia Heilborn (1927) 

has recorded t h i s number i n p l a n t s from Jebrenjock, Lapland; 

T o f t e , Dovre, Norway; and Punasdalen, Sweden. Elsewhere i t 

has been recorded by Jorgensen, Sorensen & Westergaard (1958) 

from Denmark, by Bocher & Larsen (1950) from A r s u k f j o r d , 

S.W. Greenland, and by A. & D.Love (1956) from Icel a n d . 

Dryas o c t o p e t a l a L. (2n = 18, 36). 

Le L e u t e l l e t , near Megeve, 2n = 18 O.S. 
Haute Savoie, Prance 
Gemmi Pass, near Leukerbad, 2n = 18 O.S. 
V a l a i s , Switzerland. 
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I t has, u n f o r t u n a t e l y , not been possible to obt a i n 

counts from B r i t i s h m a t e r i a l o f t h i s species. The l o c a l i t i e s 

were v i s i t e d too l a t e i n the year to o b t a i n buds f o r meiosis 

s t u d i e s o:r f o r ovary squashes and the pla n t s i n c u l t i v a t i o n 

grow s l o w l y and v i g o r o u s l y growing r o o t s are d i f f i c u l t to 

f i n d . Bocher & Larsen (1955) have, however, made a count of 

Teesdale m a t e r i a l and t h i s has 2n = 18. The Alpine counts 

made agree w i t h t h i s and w i t h a l l other counts made i n the 

genus, except one. D. octopeta l a has been counted over a 

wide range; J0rgensen-, S0rensen & Westergaard (1958) have 

examined m a t e r i a l from Clavering I s . , N.E. Greenland and from 

E. Greenland, P l o v i k (1940) from Spitzbergen, A. & D. Love 

(1956) from I c e l a n d and also (1944b) from Laktatjakko, Sweden. 

I n C e n t r a l Europe counts have been made by Ma t t i c k ( i n Tisch-

l e r 1950) from A u s t r i a , by Skalinska, Gzapik & Pio t r o w i c z 

(1959) from s i x l o c a l i t i e s i n the W. Tatra, Poland and by 

Bocher & Larsen (1955) from various l o c a l i t i e s i n Europe 

i n c l u d i n g places i n the Paeroe I s l a n d s , Switzerland, Poland 

and Prance. Also i n t h i s paper they record plants w i t h 

2n = 36 from Col du P i l l o n , Switzerland. This i s the only 

instance of a chromosome number other than 2n = 18 being 

found, and Bbcher (1959) regards t h i s as an ac c i d e n t a l 
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t e t r a p l o i d s t r a i n , t o be regarded as an example of d i f f e r e n t ­
i a t i o n at the r a c i a l l e v e l only. Towards the East D.octopetala 
has been counted by Sokolovskaya & Strelkova (1941) from 
Kolguev I s . and by the same authors (1948b) from the 
E. Caucasus and (1960) from K h i b i n i Mt., Kola. Counts have 
also been made by Maude (1939) and Delay (1948) on m a t e r i a l 
of unstated o r i g i n and by Bocher (1938) from p l a n t s growing 
i n Copenhagen, i n which he notes t h a t meiosis i s r e g u l a r 
w i t h nine p a i r s of chromosomes being formed at f i r s t metaphase 
of meiosis. 

A number of other Dryas species have also been examined 

c y t o l o g i c a l l y . Sokolovskaya & Strelkova (1940) have recorded 

2n = 18 f o r D. caucasica Juz. from the main Caucasus range 

and i n a l a t e r paper (1948) the same number i s recorded f o r 

m a t e r i a l from the E. Caucasus. Sokolovskaya & Strelkova 

have also made counts of two other species; D. oxyodontha Juz. 

has 2n = 18 i n m a t e r i a l from the A l t a i range (1948a), and 

D. punctata Juz. from T i k s i , U.S.S.R. (1960) also has t h i s 

number. The only other species which has been counted i s 

D. i n t e g r i f o l i a Vahl i n which Bocher & Larsen (1950) also 

r e c o r d 2n = 18, the m a t e r i a l being from I v i g t u t , S.W. Green­

l a n d . 
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These r e s u l t s i n d i c a t e t h a t Dryas i s a homoploid genus 

i n which p o l y p l o i d y i s exceptional and r a r e . 

Gentiana verna L. (2n = 28). 

Widdybank P e l l , Teesdale, Co. Durham n = 14 P.M.C. 

Black Head, Co. Clare n = 14 P.M.G. 

Wormhole, Co. Galway n = 14 P.M.C. 

Gemmi Pass, near Leukerbad, 
V a l a i s , S w i t z e r l a n d 2n = 28 O.S. 

The B r i t i s h p l a n t s counted from the above l o c a l i t i e s 

a l l had r e g u l a r meiosis w i t h n = 14 and the Swiss m a t e r i a l 

agreed w i t h t h i s i n having 2n = 28. These agree w i t h a l l but 

one of the c o n t i n e n t a l counts. Thus Pavarger (1949) i n Swiss 

m a t e r i a l from Creux du Van and P r e i s s e t t e s sur P l e u r i e r , 

M a t t i c k ( i n T i s c h l e r 1950) i n A u s t r i a n m a t e r i a l , and Skalinska 

(1951) i n p l a n t s from the Tatra Mts., Poland have a l l recorded 

2n = 28. This i s also the number counted by Quezel (1957) i n 

m a t e r i a l of ssp. Peneti from Toubkal m'Goun i n the A t l a s Mts., 

N. A f r i c a . Skalinska (1950) however i n p l a n t s from f o u r 

l o c a l i t i e s i n the T a t r a Mts., Poland records 2n = 26; whether 

t h i s number i s c o r r e c t or not i s d o u b t f u l , e s p e c i a l l y as i n 

her paper published i n 1951 she records 2n = 28 'as d e f i n i t e l y 

e s t a b l i s h e d ' f o r p l a n t s from the same area. 
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Helianthemum canum (L.) Baumg. (2n = 22). 

M a t e r i a l of t h i s species from Teesdale has been counted 

by T u t i n (1953) as having 2n = 22 and t h i s has been confirmed 

by P r o c t o r (1955^. The l a t t e r author has also obtained the 

same number i n m a t e r i a l from Glamorgan and Caernairvon, Wales; 

Kendal, Westmorland; Co. Clare, W. I r e l a n d ; near Rouen, J'rance; 

Oland, Sweden and Saxony, Germany. 

Juncus alpinus V i l l . ( J . a l p i n o a r t i c u l a t u s Chaix.) (2n = 40). 

Widdybank Parm, Teesdale, Co. Durham n = 20 P.M.C. 

Ben Lawers, Perth n = 20 P.M.C. 

Braemar, Aberdeen 2n = 40 O.S. 

This species shows a large morphological v a r i a t i o n and 

there are a number of papers dealing w i t h t h i s . One of the 

most comprehensive treatments i s by Hylander (1953) who s p l i t s 

i t i n t o two subspecies ssp. a r t h r o p h y l l u s (Brenn.) H y l . w i t h 

the f r u i t s more or less on the same l e v e l , and ssp. nodulosus 

(Wg.) Lindm. w i t h some f r u i t s borne d i s t i n c t l y higher than 

the o t h e r s . Teesdale m a t e r i a l , according to Hylander (pers. 

comm.) belongs t o ssp. a r t h r o p h y l l u s . A number of other 

counts of J. a l p i n u s have been made and a l l show 2n = 40. 

Thus m a t e r i a l from S.W. Greenland has been examined by 

J0rgensen, S0rensen & Westergaard (1958), from Ic e l a n d by 

A. & D. Love (1956), by these authors (1944a) from Uppland, 
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also i n S. Sweden by Snogerup (1958) and from Bayern, Germany 

(a l s o by t h i s a u t h o r ) . Thes'e are thus i n agreement w i t h the 

B r i t i s h counts made. The c l o s e l y a l l i e d species, J. nodulosus 

Wahl,, d i f f e r s by having some of the flowers p e d i c e l l e d and 

the capsule e q u a l l i n g the p e r i a n t h i n l e n g t h , (whereas i n 

J. a l p i n u s a l l the f l o w e r s are subsessile w i t h the capsule 

s l i g h t l y exceeding the p e r i a n t h i n l e n g t h ) , and has 2n = 80. 

M i n u a r t i a s t r i c t a (Sw.) H i e r n (2n = 22, 26). 

B r i t i s h m a t e r i a l (which must be from Teesdale since i t 

i s the only l o c a l i t y ) of t h i s species has been counted by 

Blackburn & Morton (1957) who give 2n = 22. A. & D. Love 

(1956) have counted 2n = 26 however i n m a t e r i a l from Iceland 

and t h i s number has also been recorded by J0rgensen, S0rensen 

& Westergaard (1958) i n m a t e r i a l from Clavering I s . , N.E.Green­

l a n d . 

I n view of the small number of counts a v a i l a b l e and 

the possible taxonomic c o m p l e x i t i e s , comment on t h i s difference 

i n chromosome number must be reserved f o r the present. 

Myosotis a l p e s t r i s Schmidt (2n = 14, 24, 48). 

Great Dun P e l l , Westmorland 2n = 48 O.S. 

L i t t l e P e l l , Westmorland 2n = 48 O.S. 

3en Lawers, Perth 2n = 48 O.S. 
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Charbonniere, near Assy, 
Haute Savoie, Prance 2n = 48 O.S. alt.1600 m. 

Gemmi Pass, near Leukerbad, 
V a l a i s , Switzerland 2n = 48 O.S. alt.2300 m. 

Ghermignon, near Leukerbad, 
V a l a i s , Switzerland 2n = 48 O.S. alt.1940 m. 

Clavinenalp, near Leukerbad, 
V a l a i s , Switzerland 2n = 24 O.S. alt.1950 m. 

Tatra Mts., Poland 2n = 24 O.S. 
(grown from seed). 

When P.M.C. preparations of t h i s species were examined 

i t was found very d i f f i c u l t to determine accurate chromosome 

numbers because of the small size of both P.M.Cs and chromo­

somes; t h i s has also been commented on by G e i t l e r (1936). The 

ovary w a l l t i s s u e i n which mitoses were p l e n t i f u l was found 

to be much ea s i e r m a t e r i a l , and a l l counts have been made 

us i n g t h i s t i s s u e . 

The r e s u l t s show t h a t p l a n t s from both Teesdale and 

Scotland have 2n = 48. The same number has also been counted 

i n three Alpine p o p u l a t i o n s , one from Prance and two from 

S w i t z e r l a n d . The other Swiss count however i s 2n = 24, the 

l o c a l i t y , Chermignon, being at ne a r l y the same a l t i t u d e and 

5 km. d i s t a n t from Clavinenalp where 2n = 48 has been recorded. 

Plants grown from seed c o l l e c t e d i n the Tatra Mts., Poland 

have a l s o given a count of 2n = 24. This l a t t e r number has 

been recorded by G e i t l e r (1936) i n m a t e r i a l from Schneekar, 
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T i r o l , A u s t r i a and by Griesinger (1937) from three l o c a l i t i e s 

i n N. T i r o l , A u s t r i a . This number has also been reported by 

Sokolovskaya & S t r e l k o v a (1948) i n m a t e r i a l from the E.Caucasus 

range. The same authors (1941) give 2n = 14 however f o r plants 

from Kolguev I s . and t h i s number i s also given by M a t t i c k 

( i n T i s c h l e r 1950) f o r c e n t r a l European m a t e r i a l . Sokolovskaya 

& S t r e l k o v a (1960) however give another count o f M. a l p e s t r i s 

from Kolguev I s . and here they record t h a t 2n = 24. The only 

count o f 2n = 48 v/hich has been recorded i n the l i t e r a t u r e f o r 

M. a l p e s t r i s m a t e r i a l i s given by G e i t l e r (1936) f o r p l a n t s 

which were sent t o him under the name of M. l i t h o s p e r m i f o l i a 

from Munich Botanic Garden and which he .has c a l l e d M . a l p e s t r i s 

v a r . l i t h o s p e r m i f o l i a . He states t h a t the specimens correspondei 

t o the a l p e s t r i s type, but were very small and poorly developed 

so t h a t determination was u n c e r t a i n . 

I t appears t h e r e f o r e t h a t there are at l e a s t two 

chromosome numbers based on x = 12 present i n M. a l p e s t r i s . 

I t seems u n l i k e l y t h a t the p l a n t s w i t h 2n = 14 belong here, 

and they may belong to the M. s y l v a t i c a group ( i n which 

2n = 14, 18, 32 have been recorded). The B r i t i s h m a t e r i a l of 

M. a l p e s t r i s seems to a l l belong to the t e t r a p l o i d race. On 

the c o n t i n e n t , as p r e v i o u s l y pointed out, both t e t r a p l o i d and 

d i p l o i d races occur. A comparison of p l a n t height and l e a f 
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l e n g t h of d i p l o i d m a t e r i a l from Clavinenalp, Switzerland and 

t e t r a p l o i d m a t e r i a l from Charbonniere, Prance has been made 

and the r e s u l t s are given i n ta b l e I I I . 2. 

No. of p l a n t s Plant Ht. Leaf 1. 

2n Clavinenalp 10 4.3 - 0,41 1.5 - 0.02 

4n Charbonniere 9 12.4 - 0.84 2.7 ^ 0.02 

Table I I I . 2. Plant Height and Leaf l e n g t h means and 
standard e r r o r s of 2n and 4n Myosotis 
a l p e s t r i s p o p ulations. 

Although the d i p l o i d p l a n t i s much smaller than the t e t r a p l o i d , 

as w i l l be shown l a t e r (p. 96 ) ecotypic d i f f e r e n t i a t i o n of 

s i m i l a r magnitude i s found i n t e t r a p l o i d populations i n B r i t a i n 

so t h a t these c h a r c t e r s are of l i t t l e use i n d i s t i n g u i s h i n g 

d i p l o i d from t e t r a p l o i d m a t e r i a l . Samples of 25 p o l l e n g r a i n s 

from p l a n t s from f o u r d i f f e r e n t l o c a l i t i e s , three t e t r a p l o i d 

and one d i p l o i d show ( t a b l e I I I . 3) t h a t the d i p l o i d has p o l l e n 

s l i g h t l y smaller i n l e n g t h and breadth than the three t e t r a -

p l o i d s and both these d i f f e r e n c e s are s i g n i f i c a n t at the 0.1 % 

l e v e l . The t e t r a p l o i d s a l l have l a r g e r p o l l e n than the d i p l o i d , 

although they show a larg e v a r i a t i o n i n gross morphological 

f e a t u r e s ( f o r measurements o f the Mickle P e l l and Cam Creag 

pop u l a t i o n s see p. 97 ) . Thus t h i s character provides a means 

of d i s t i n g u i s h i n g m a t e r i a l of d i f f e r i n g p l o i d y . 



44. 

L o c a l i t y 
Cam Creag, 

Sco t l a n d 

Mickle P e l l , 
England 

Charbonniere, 
Prance 

C l a v i n e n a l p , 
S w i t z e r l a n d 

Table I I I . 3. 

P l o i d y 
4n 

4n 

4n 

2n 

Length ^readth 
6.5 - .064 u n i t s 3.9 - .033 units 

5.9 - .033 

6.0 i .029 

5.5 ~ .049 

3.8 i .051 

3.9 - .037 

3.1 - .044 

S c a l e : 1 u n i t = l,4yK.. 

P o l l e n measurements of t e t r a p l o i d and 
d i p l o i d Myosotis a l p e s t r i s . 

L i t t l e i s known of the d i s t r i b u t i o n s or h a b i t a t 

p r e f e r e n c e s of the two r a c e s . As already mentioned, i n the 

neighbourhood of Leukerbad i n the V a l a i s , S w i t z e r l a n d , both 

r a c e s occur near one another, at s i m i l a r a l t i t u d e s , and both 

i n limestone g r a s s l a n d . 
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P o t e n t i l l a f r u t i c o s a L. (2n = 14, 28). 

Cronkley P e l l , By R. Tees, Teesdale, 
N. Yorks n = 14 P.M.C. 

(p l a n t s grown from seed). 

Mullaghmore, Co. Clare n = 14 P.M.C. 
(p l a n t s grown from seed). 

The Teesdale count i s the same as t h a t already recorded 

by Bowden (1957) and by Parbrook (1957) f o r p l a n t s from the 

same area. Parbrook i n her work on t h i s species i n Teesdale 

made observations on both male and female p l a n t s and could 

f i n d no observable d i f f e r e n c e s i n the chromosome complements. 

She found, as I d i d , t h a t 14 b i v a l e n t s were r e g u l a r l y formed 

at f i r s t metaphase of meiosis. M a t e r i a l from Oland, Sweden, 

counted f i r s t by Turesson (1938) and confirmed by Bowden 

(1957) and Parbrook (1957), also has 2n = 28. Thus the 

W. I r i s h count i s the same as these, which are a l l the records 

of w i l d European m a t e r i a l which have been made. A number of 

c u l t i v a t e d v a r i e t i e s also have t h i s number. I n N. America 

however a lar g e number of coimts have been made by Bowden 

(1957) and these are a l l 2n = 14. These include p l a n t s from 

many l o c a l i t i e s , from Nova Scotia and Quebec i n the East t o 

B r i t i s h Columbia i n the West, and Alaska i n the North to 

Ontario, Ottawa and New York i n the South. 



46. 

I t seems l i k e l y t h e r e f o r e t h a t n o r t h e r n N. American 
m a t e r i a l at l e a s t i s u n i f o r m l y d i p l o i d , while the d i s j u n c t 
European m a t e r i a l i s t e t r a p l o i d . 

A number of crosses have been made between 2n and 4n 

re p r e s e n t a t i v e s o f the species w i t h the formation of w e l l 

f i l l e d seeds, and a small amount of germination has taken place 

from these. Prom the hybrids i t should be possible to gain 

i n f o r m a t i o n on the r e l a t i o n of the t e t r a p l o i d to the d i p l o i d , 

i . e . whether i t i s an a l i o - or a u t o - t e t r a p l o i d . The h y b r i d 

p l a n t s are, however, only at seedling stage so t h a t i t i s not 

poss i b l e to determine t h i s at the present time. 

Primula f a r i n o s a L. (2n = 18, 36). 

Cetry Bank, Teesdale, Co. Durham n = 9 P.M.C. 

This count i s the same as has been recorded f o r p l a n t s 

from Widdybank P e l l , Teesdale by Davies (1953) and f o r over 

100 c o l l e c t i o n s made i n the North of England by Dovaston 

(1955). Counts made on t h i s species from u n s p e c i f i e d l o c a l i t i e s j 

have been made by Marchal (1920), Hagerup (1941) and M a t t i c k 

( i n T i s c h l e r 1950) who have a l l recorded 2n = 18. Bi^iun (1932) 

a l s o records t h i s number i n m a t e r i a l from Vickelby, Dland, 

but Davies (1953) from the nearby i s l a n d of Gotland has 

recorded t e t r a p l o i d p l a n t s w i t h 2n = 36, i n a d d i t i o n to dip.loid| 
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p l a n t s . I t thus seems t h a t the Teesdale together w i t h a l l the 

B r i t i s h m a t e r i a l has the same chromosome number as the m a j o r i t y 

of c o n t i n e n t a l m a t e r i a l . 

S a x i f r a g a aizoides L. (2n = 26). 

Widdybank Parm, Teesdale, Co. Durham n = 13 P.M.C. 

Ben Lawers, P e r t h , a l t . 900' n = 13 P.M.G. • 

Ben Lawers, P e r t h , a l t . 2750' n = 13 P.M.C. 

Durness, Sutherland. n = 13 P.M.C, 

These B r i t i s h counts are uniform w i t h a l l previous ones 

which have been made. The m a t e r i a l examined had r e g u l a r 

meiosis w i t h 13 p a i r s at f i r s t metaphase. M a t e r i a l from 

c e n t r a l Europe has been counted from A u s t r i a by Mattick ( i n 

T i s c h l e r 1950) and by Hamel (1953) from the Pyrenees; the 

l a t t e r author has also given karyotype analyses f o r t h i s 

• m a t e r i a l . To the norlth Skovsted (1934) has counted p l a n t s 

from Norway and Bocher (1938) has also confirmed 2n = 26 i n 

p l a n t s from Pinse. Purther east Sokolovskaya (1958) has 

examined p l a n t s from K h i b i n i Mt., Kola, U.S.S.R. and 2n = 26 

i s also given f o r m a t e r i a l from t h i s area by Sokolovskaya and 

S t r e l k o v a (1960). Towards the A r c t i c A. 8c D. LSve (1951) give 

counts from I c e l a n d , and from Greenland Bb'cher (1941) gives 

2n = 26 from Glavering I s l a n d p l a n t s and j0rgensen, S0rensen 

& Westergaard (1958) confirm t h i s i n N.E. Greenland. 
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T h a l i c t r u m alpinum L. (2n. = 14). 

Ben L u i , P e r t h . 2n = 14 O.S. 

Inchnadamph, Sutherland. 2n = 14 R.T.S. 

Durness, Sutherland. 2n = 14 R.T.S. 

Bonne Bay, W. Newfoundland. 2n = 14 R.T.S. 

The B r i t i s h counts made are, as i n Saxifraga aizoides, 

the same as those from a l l other l o c a l i t i e s . I n Japan^material 

has been counted by Sakai (1935). I n the U.S.S.R. m a t e r i a l 

from T i k s i has been examined by Sokolovskaya (1958), from the 

A l t a i range by Sokolovskaya 8c Strelkova (1948a) and by the 

same authors (1960) from Kolguev I s l a n d . Further west 

A. & D. Love (1944b) have recorded 2n = 14 from N j u l l a i n 

Scandinavia; the same authors (1956) have also counted plants 

from I c e l a n d c o n f i r m i n g the counts made by Kuhn (1930) on 

m a t e r i a l from A k u r e y r i i n the. same country. I n Greenland 

BScher (1938) has counted the same number i n plants from Disko 

on the West coast while Jorgensen, S0ren3en & Westergaard 

(1958) have counted p l a n t s from N.W. Greenland. T. alpinum 

has also been counted by Langlet (1927) using p l a n t s from an 

uns t a t e d source. 

T h l a s p i a l p e s t r e L. (2n = 14). 
R i l e y (1956) has counted plants from seven populations 

i n Teesdale from Wynch Bridge, Co. Durham to Moorhouse, 
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Westmorland and these a l l have 2n = 14. This i s the same 

number as he has counted from populations elsewhere i n B r i t a i n , 

from Derbyshire, the Mendips and from Wales. Counts have also 

been made on Scandinavian m a t e r i a l by A. & D. Lb've (1944b) and 

the same authors (1956) have recorded 2n = 14 from I c e l a n d i c 

p l a n t s a l s o , Manton (1932) has also counted t h i s number i n 

p l a n t s grown from seed from Darmstadt Botanic Garden. 

T o f i e l d i a p u s i l l a (Michx.) Pers. (2n = 30). 

Cetry Bank, Teesdale, Co. Durham n = 15 P.M.C. 

Durness, Sutherland 2n = 30 R.T.S. 

Bonne Bay, W. Newfoundland. 2n = 30 R.T.S. 

The Teesdale m a t e r i a l shows a re g u l a r meiosis w i t h 15 

p a i r s at f i r s t metaphase. The number of 2n = 30 which has 

been recorded from B r i t i s h and Newfoundland m a t e r i a l i s the 

same as has been recorded p r e v i o u s l y . Counts have been made 

from K h i b i n i Mt., Kola, U.S.S.R. by Sokolovskaya & Strelkova 

(1960), from I c e l a n d by A. k D. LSve (1956) and from N.W.Green­

la n d by J0rgensen, S0rensen & Westergaard (1958). 2n = 30 has 

also been r e p o r t e d by M i l l e r (1930) f o r plants from an 

uns t a t e d source. 
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T r o l l i u s europaeus L. (2n = 16). 

Cronkley Farm, Teesdale, N. Yorks. n = 8 P.M.C. 

Caenlochan Glen, Angus. 2n = 16 R.T.S. 

Glen Lochay, Pe r t h . 2n = 16 R.T.S. 

Ben G h a i s t a l , A r g y l l . 2n = 16 R.T.S. 

Lac Ver t , near Assy, 
Haute Savoie, France. 

2n = 16 O.S. 

Clavinenalp, near Leukerbad, 2n = 16 O.S. 
V a l a i s , S w i t z e r l a n d . 

The p l a n t s from Teesdale show 8 p a i r s i n f i r s t metaphase 

of meiosis. A l l the counts I have made show 2n = 16 and t h i s 

i s the same as a l l counts which have been made on the species. 

I n Scotland Hedberg (1958) has examined m a t e r i a l from Ben L u i , 

P e r t h , while i n c e n t r a l Europe Polya (1949) has recorded t h i s 

number from Hungarian p l a n t s as has M a t t i c k ( i n T i s c h l e r 1950) 

f o r A u s t r i a n m a t e r i a l . Skalinska, Gzapik & Piotrowicz (1959) 

give 2n = 16 f o r P o l i s h p l a n t s of the t y p i c a l form from the 

Sudetic Mts. and also f o r ssp. t r a n s s i l v a n i c u s from the 

High T a t r a r e g i o n . I n the n o r t h T. europaeus has been counted 

from Scandinavia (Kopparasen) by A. & D. Lc5ve (1944b) and 

from I c e l a n d by the same authors (1956). Sokolovskaya 

& S t r e l k o v a (1941) i n the U.S.S.R. have examined m a t e r i a l 

from Kolguev I s l a n d and also (1960) from K h i b i n i Mt., Kola. 
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To the east Matsuura & Suto (1935) have counted Japanese 
p l a n t s . Counts o f 2n = 16 have also been made by Langlet 
(1927)*Lewitsky (1931) on pl a n t s from unstated sources. 

These counts of T. europaeus are the same as f o r a l l 

species of T r o l l i u s which have been counted, except f o r a 

count of T. americanus by Langlet (1932) who gives 2n = 32 f o r 

p l a n t s grown from seed sent from Berlin-Dahlem. 

V i o l a m p e s t r i s Schmidt. (2n = 20). 

The B r i t i s h populations of t h i s species (Widdybank P e l l , 

Teesdale, Co. Durham; Long P e l l , Westmorland; and Arnside, 

Westmorland) have been examined by Valentine and Harvey (1961) 

and chromosome counts show t h a t 2n = 20. This number has 

also been counted i n stocks from Czechoslovakia by the same 

authors (1960), from near Munich, Germany by Schofer (1954) 

and i n m a t e r i a l from Caucasia by Clausen (1929). Schmidt 

(1961) i n m a t e r i a l from S. T i r o l , A u s t r i a has recorded 2n = 20 

plus from f o u r to e i g h t B chromosomes. 

Discussion. 
No species have been found i n which Teesdale or other 

B r i t i s h m a t e r i a l has a d i f f e r e n t chromosome number from t h a t 

found i n c o n t i n e n t a l Europe, except i n the case of M i n u a r t i a 

s t r i c a where, f o r the reasons s t a t e d , no conclusions can be 
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drawn at the present time. I n the case of Myosotis a l p e s t r i s ^ 

although most of the previous counts have given 2n = 24, 

my own r e s u l t s show t h a t some Alpine p l a n t s at l e a s t have 

the same number, 2n = 48, as the B r i t i s h m a t e r i a l . 

Since there are no p o l y p l o i d s found which do not 

occur also i n Europe there i s no evidence f o r the idea t h a t 

Teesdale r e p r e s e n t a t i v e s might have, i n a long i s o l a t i o n 

p e r i o d , developed p o l y p l o i d races. 

Since there has been no chromosome change from the 

p o i n t of view o f number i n any B r i t i s h m a t e r i a l studied i t 

i s probable on t h i s evidence t h a t m i g r a t i o n would have taken 

place p o s t - g l a c i a l l y . 
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CHAPTER IV. 
STUDIES ON INDIVIDUAL SPECIES. 

I n t r o d u c t i o n 

Pour species have been selected f o r d e t a i l e d s t u d i e s . 

They are a l l w e l l known members o f the Teesdale f l o r a and, as 

described e a r l i e r , d i s p l a y d i f f e r e n t types o f d i s t r i b u t i o n both 

i n the dale, i n B r i t a i n and i n t h e i r w o r l d d i s t r i b u t i o n s . Thus 

Gentiana verna has. a wide d i s t r i b u t i o n i n the dale, i s 

r e s t r i c t e d to Teesdale and W. I r e l a n d i n B r i t a i n and i s an 

Alpine species i n i t s w o r l d d i s t r i b u t i o n . P o t e n t i l l a f r u t i c o s a 

i s r a t h e r l i m i t e d i n the dale and i s very d i s j u n c t both i n 

B r i t a i n and i n Europe. Myosotis a l p e s t r i s and Dryas octopetala 

are both very r e s t r i c t e d i n the dale and are wide ranging 

a r c t i c - a l p i n e species, but whereas D. octopeta l a has q u i t e a 

wide d i s t r i b u t i o n i n B r i t a i n , from Yorkshire t o Sutherland, 

and i s also found i n I r e l a n d , M. a l p e s t r i s i s r e s t r i c t e d i n 

Scotland to a few l o c a l i t i e s i n Perth and i s not present i n 

I r e l a n d . 

A d e s c r i p t i o n of each species i s given together w i t h some 

account of i t s general and breeding b i o l o g y . A study of the 

v a r i a t i o n i n B r i t a i n o f each species has also been made. For 

t h i s purpose f i e l d sanples have been c o l l e c t e d as the 

characters used are u s u a l l y not e a s i l y seen from herbarium 
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specimens. Samples were always, wherever possible of twenty 
f i v e specimens, c o l l e c t e d at random w i t h i n the p o p u l a t i o n . 
Support f o r the adequacy of t h i s sample size has been obtained 
from data on samples c o l l e c t e d i n successive years, from the 
same populations i n Gentiana verna and P o t e n t i l l a f r u t i c o s a . 
These data are contained i n t a b l e s IV« 12 (Gentiana verna) 
and t a b l e IV. 16 ( P o t e n t i l l a f r u t i c o s a ) . These show t h a t the 
v a r i a t i o n from year t o year i s always small and w i t h i n the 
l i m i t s of the r e g i o n a l groups d e l i m i t e d i n the species 
concerned. 

Gentiana verna L. 

Taxonomy. 

On the c l a s s i f i c a t i o n of Kusnezow ( i n Engler and P r a n t l 

(1891)) Gentiana verna L. belongs t o the s e c t i o n Cyclostigma 

Grisebach i n the subgenus Eugentiana Kusnezow. 

D e s c r i p t i o n . 
Small evergreen hemicryptophyte w i t h a f i b r o u s root 

system, 2.5 - 8.5 cms. h i g h i n f l o w e r . Plant w i t h a short 

stock and a v a r y i n g number of short underground stolons each 

ending i n a r o s e t t e of leaves. Rosette leaves e x s t i p u l a t e , 

s e s s i l e , decussate, ovate t o oblong, w i t h obtuse to acute 

apices;0.8 - 2.0 cms. lo n g ; cauline leaves on the f l o w e r i n g 



55. 

stem smaller, e l l i p t i c . Flowers t e r m i n a l , s o l i t a r y , p e d i c e l 

0 - 5 . 5 cms. long , e l o n g a t i n g to up to 15 cms. i n f r u i t . Calyx 

tube 1.0 - 2.2 cms. lo n g , c y l i n d r i c a l , p e r s i s t e n t , becoming 

s l i g h t l y i n f l a t e d i n f r u i t , f i v e angled and winged; calyx 

t e e t h 2 - 7 mm long, t r i a n g u l a r l a n c e o l a t e . C o r o l l a tube 

c y l i n d r i c a l c. 2 cms. long, pale; c o r o l l a 1.7 - 3.1 cms. i n 

diameter, deep blue, lobes spreading, ovate w i t h obtuse or 

sub-acute apices, 6 - 1 2 mm. long and 4 - 8 mm.wide, a l t e r n a t ­

i n g w i t h s m a l l , two po i n t e d appendages. Stamens f i v e , borne 

below the wh i t e , expanded, f i m b r i a t e , b i l o b e d stigma. Capsule 

oblong, g r a d u a l l y narrowing i n t o the s t y l e , dehiscing by two 

l o n g i t u d i n a l s p l i t s . Seeds many, c. 0.7 mm. long, e l l i p s o i d , 

dark brown, w i t h a r e t i c u l a t e p a t t e r n on the surface. 

R e l a t i o n s h i p s . 

I n B r i t a i n there are only two other species of the genus, 

G. n i v a l i s and G. pneumonanthe; G. verna i s d i s t i n c t from both 

o f these. No v a r i a t i o n has been recorded before i n t h i s 

species i n B r i t a i n . On the continent G. verna i s r a t h e r a 

v a r i a b l e species which, according to Hegi (1927) i s d i s t i n g u i ^ - | 

ed from neighbouring species by the winged calyx tube and the 

e l l i p t i c r o s e t t e leaves, widest i n the middle. I t i s o f t e n 

confused w i t h G. angulosa M. & B. which, as Soltokovic (1901) 

p o i n t e d out, i s a p l a n t of Central Asia to the Caucasus. She 
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also comes to the same conclusion as Kerner (1899), t h a t 

G. a e s t i v a , o f a number of authors, which has been separated 

as having narrower leaves and l a r g e r wings on the calyx, 

cannot be maintained as a separate species. 

General Biology. 

I n B r i t a i n the f l o w e r i n g season f o r the species i s 

g e n e r a l l y from the end o f A p r i l t o the end of May, but i n some 

seasons f l o w e r i n g may s t a r t considerably e a r l i e r than t h i s ; 

thus i n 1961 i t was seen i n f l o w e r i n Teesdale i n the middle 

of A p r i l , t h i s being i n response to very e a r l y warm weather. 

The f l o w e r s i n the f i e l d are mainly open i n sunny weather, 

ten d i n g to close when the weather i s cloudy. The flowers 

appear t o be mainly p o l l i n a t e d by bees, which c o l l e c t the 

n e c t a r which i s secreted at the base of the c o r o l l a tube. 

Frequently the n e c t a r i s obtained ' i l l e g i t i m a t e l y ' by the 

i n s e c t b i t i n g through the base of the calyx and c o r o l l a tubes, 

the holes made being evident i n q u i t e a high percentage of 

f l o w e r s . This may be because the bees are unable t o reach the 

n e c t a r w i t h t h e i r probosces. M u l l e r (1877), commenting on the 

p o l l i n a t i o n of G. verna and a number of a l l i e d Gentiana 

species i n the Alps, found t h a t no Alpine species o f bees 

which v i s i t e d the f l o w e r s , had long enough probosces t o reach 

the n e c t a r ; he concluded t h a t G. verna i s p o l l i n a t e d by 
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Lepidoptera t h e r e . He p o i n t s out however t h a t repeated 
attempts to reach nectar by bees may b r i n g about some cross-
p o l l i n a t i o n . 

Experiments i n an i n s e c t - p r o o f greenhouse have shown t h a t 

although G. verna i s s e l f compatible i t i s not spontaneously 

s e l f - p o l l i n a t e d , because the anthers are borne below the 

stigma. Ripe capsules w i t h good seed are c e r t a i n l y produced 

i n both West I r e l a n d and Teesdale, but very r a r e l y survive i n 

the l a t t e r area because o f the depredations o f the sheep, which 

are very severe. Seed production has been examined i n the 

p o p u l a t i o n a t Ballyvaghan, Co. Clare where a sample of 

25 capsules had a mean number of 379 - 20 seeds per capsule, 

and also at Cetry Bank, Co. Durham where 5 capsules had a mean 

number o f 113 - 20. Experimental s e l f i n g s have shown, however, 

t h a t p l a n t s from these populations produce approximately the 

same number of seeds i n the greenhouse. 

Germination has been t e s t e d e xperimentally. Seeds were 

sown i n John Innes seedling compost i n November, and kept i n a 

c o l d greenhouse, so t h a t they were subject to f r o s t i n g through­

out the w i n t e r . This was done since seed sown at a s i m i l a r 

time and kept i n a warm greenhouse gave no germination. I t 

thus appears t h a t f r o s t i n g i s necessary f o r germination. This 

was also found t o be the case by K i n z e l (1913). Thus i n one' 

experiment he found t h a t seed sown f o r 18 months without any 
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germination, gave 22 % germination a f t e r a week's spring 

f r o s t , when i t was i l l u m i n a t e d at the same time; K i n z e l found 

t h a t some i l l u m i n a t i o n was necessary as w e l l as f r o s t . This 

may be the reason f o r some of the poor germination t h a t I 

found, since the seeds were covered w i t h approximately 0.5 cms. 

of f i n e s o i l . 

A s t r i k i n g f e a t u r e of my experiments was t h a t germinat­

i o n took place over two years w i t h g e n e r a l l y b e t t e r germinat­

i o n the second s p r i n g . No germination was observed the t h i r d 

s p r i n g a f t e r sowing. 

The percentage germination f o r a number of samples from 

W. I r e l a n d and Rotenboden, near Zermatt, Switzerland are given 

i n t a b l e IV. 1. 

t e r m i n a t i o n Percentage 
Spring 1959 Spring 1960 Spring 1961 

Black Head, Co.Clare 
(sown Nov. 1958) 3 11 0 

1 14 0 
5 3 0 
1 13 0 
0 2 0 

Rotenboden, S w i t z e r l a n d 
(sown Nov. 1959) - 0 6 

- 0 1 
- 0 0 

Table IV. 1 Percentage germination i n samples of 
G. verna seed. 
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The r e s u l t s r e f l e c t those obtained from seed.sent from 

v a r i o u s Botanic Gardens, t h a t t o t a l germination i s i n a l l cases 

low, although i t may be c a r r i e d on f o r more than one year, 

K i n z e l (1913) records t h a t i n h i s experiments germination was 

c a r r i e d on f o r f o u r years, also t h a t seeds kept moist f o r two 

and a h a l f years needed, a f t e r t h e i r f r o s t . t r e a t m e n t , large 

amounts of l i g h t over several months to produce complete 

g e r m i n a t i o n . As p r e v i o u s l y s t a t e d , t h i s was probably the 

reason f o r my low g e m i n a t i o n percentages and also, probably, 

f o r the w e l l known d i f f i c u l t y i n germinating seeds of G. verna. 

Thus Favarger (1953b) also records a germination percentage of 

1 - 10 % only, a f t e r a p e r i o d of f r o s t i n g . 

The relevance of these experimental r e s u l t s t o the ecology 

of the species i n B r i t a i n i s c l e a r . Seed from Co. Clare kept 

i n a warm greenhouse d i d not germinate, and thus, presumably 

needs f r o s t i n g before germination can take place. Frosts on 

the Burren are r a r e , and t h i s may be an important f a c t o r i n the 

r e g e n e r a t i o n of G. verna from seed i n t h i s area. I n Teesdale 

there i s c e r t a i n l y enough f r o s t , but i t i s d o u b t f u l whether 

more than a small amount of seed ever matures, as the capsules 

are eaten by sheep as soon as the pedicels begin ; to elongate. 

I t seems l i k e l y t h a t i n Teesdale most of the colonies 

reproduce by v e g e t a t i v e means. This takes place by the short 
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underground s t o l o n s already mentioned, which develop l e a f 

r o s e t t e s at t h e i r apices. When the underground parts r o t away 

the r o s e t t e s are l e f t as new i n d i v i d u a l s . I n t h i s way q u i t e 

l a r g e c l o n a l colonies could b u i l d up over a larg e number of 

years; and i t i s q u i t e possible t h a t some of the populations i n 

Teesdale on i s o l a t e d exposures of limestone could have been 

produced from a s i n g l e seed i n t r o d u c t i o n f o l l o w e d by vegetative 

r e p r o d u c t i o n over a long p e r i o d . 

As point e d out e a r l i e r chromosome counts have been made 

on both I r i s h and Teesdale m a t e r i a l , and i n both cases 2n = 28. 

This i s the same as has been recorded on the co n t i n e n t . The 

v a r i a t i o n about t o be described i s thus not associated w i t h a 

d i f f e r e n c e i n p l o i d y . 

V a r i a t i o n . 

Since the only b i o m e t r i c a l work on Gentiana s e c t i o n 

Cyclostigma has been on the separation of G. verna and 

G. ^ e r g e s t i n a on l e a f length/breadth r a t i o s (Rogenhofer 1905) 

i t was not c l e a r at the s t a r t o f the study of possible v a r i a t i o n 

which characters might be s i g n i f i c a n t ; accordingly as many 

p a r t s of the p l a n t were preserved as possible so t h a t they 

would be a v a i l a b l e f o r measurement. 

C o r o l l a lobes and calyces were preserved by s t i c k i n g 

them on s e l l o t a p e , a method used by Heslop-Harrison (1949) f o r 



COROLLA 

AB Corolla lobe langth 

DE Corolla lobt breadth 

AC Corolla diameter 

CALYX 

AB Calyx tooth length 

AC Calyx length 

Diagram 

IV. 1. G. verna c o r o l l a and calyx characters. 



Sample L o c a l i t v Hate of Corresponding 
No. c o l l e c t i o n Quadrat No. 

1 Tinker's Sike, Widdybank F e l l , 
Co. Durham 7,5.59 6 

2 Cow Green, " " , 
Co. Durham 7.5.59 10 

3 Cetry Bank, n r . Widdybank Farm, 
Co. Durham 12.5.59 2 

4 Haugh H i l l , Co. Durham 20.5,59 5 
6 . Po u l s a l l a g h , Co. Clare 27,5,59 11 
7 Black Head, Co. Clare 28,5,59 12 
8 Near Mullaghmore, Co. Clare 30.5,59 13 
9 Gentian H i l l , Co. Galway 2,6,59 16 

10 Ballyvaghan, Co. Clare 3.6,59 18 
11 Haugh H i l l , Co. Durham 2,5,60 5 
12 Cetry Bank, n r . Widdybank Farm, 

Co, Durham - 2,5,60 2 
13 Cow Green, Widdybank F e l l , 

Co,Durham 10,5,60 10 
» 14 Tinker's Sike, " " 

Co, Durham 10.5,60 6 
15 High Hurth Edge, Co, Durham 12,5.60 7 
16 W, end of Mickle F e l l , 

Westmorland 16,5,60 1 
17 Grains o' t h ' Beck, N, Yorks 16,5,60 ' 8 
18 Bellbeaver Rigg, Cximberland 18,5,60 9 
19 Ayere du Mileau, n r , Sallanches, 

Haute Savoie, France 29,5,60 26 
20 Charbonniere, Roc du F i z , 

n r , Sallanches, Haute Savoie, 
France 30.5,60 25 

21 Le L e u t e l l e t , n r . Megeve, 
nr . Sallanches, Haute Savoie, 
France 31.5.60 27 

22 La F r i e , n r . Les Houches, 
Haute Savoie, France 1,6,60 28 

23 Lanche du Pra, n r . Sallanches, 
Haute Savoie, France 2,6,60 19 



Sample L o c a l i t v Corresponding 
No. c o l l e c t i o n Quadrat No. 

24 N. end Gemmi Pass, nr.Leukerbad, 
V a l a i s , S w i t z e r l a n d 4.6.60 22 

25 Glavinenalp, n r . Leukerbad, 
V a l a i s , S w i t z e r l a n d 5.6.60 20 

26 Chermignon, n r . Leukerbad, 
V a l a i s , Switzerland 6.6.60 21 

27 Brand, n r . Sass-Balen, 
V a l a i s , Switzerland 7.6.60 24 

28 Riederalp, n r . Morel, 
V a l a i s , S w i t z e r l a n d 8.6.60 23 

29 B e l l a L u i , n r . Grans, 
V a l a i s , S w i t z e r l a n d 9.6,60 

31 Tinker's Sike, Widdybank P e l l , 
Go. Durham 2.5.61 6 

32 Cow Green, " " , 
Co. Durham 2.5.61 10 

33 Cetry Bank, n r . Widdybank Farm, 
Co. Durham 2.5.61 2 

34 Haugh H i l l , Co. Durham 2.5.61 5 

Table IV. 2. L o c a l i t i e s and dates of c o l l e c t i o n 
of G. verna samples. 
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the study of D a c t y l o r c h i s and by Moore (1959) f o r V i o l a . The 
l e a f r o s e t t e s were pressed. A p r e l i m i n a r y examination showed 
t h a t v a r i a t i o n was present i n a number of characters and the 
f o l l o w i n g measurements were made:-

C o r o l l a ; c o r o l l a diameter, lobe l e n g t h , lobe breadth. 

Calyx; calyx l e n g t h , t o o t h l e n g t h . 

These characters are shown i n diagram IV. 1. 

Leaves; The two l a r g e s t leaves o f the r o s e t t e were chosen f o r 

measurement and t h e i r l e n g t h and breadth measured. Each p a i r 

of measurements from a p l a n t f o r both characters was then 

averaged and the averages were used i n c a l c u l a t i n g the mean 

and standard e r r o r f o r each sample. I n t h i s way the i n t r a -

p l a n t v a r i a t i o n was reduced while not a f f e c t i n g the i n t e r - p l a n t 

v a r i a t i o n w i t h i n the sample. 

Table IV. 2 . gives the l o c a l i t i e s f o r the sample 

numbers used. 

The characters measured w i l l be considered i n t u r n . 

C o r o l l a diameter. The mean c o r o l l a diameters are given i n 

t a b l e IV. 3. f o r samples from Teesdale, W. I r e l a n d and the Alps^ 

I n Teesdale f o u r l o c a l i t i e s have been sampled f o r three years 

i n succession and i t w i l l be seen t h a t i n the Cetry Bank 

p o p u l a t i o n the mean c o r o l l a diameter v a r i e d from 21.00 mm. i n 

1960 t o 26.36 mm. i n 1961. Since t h i s range, w i t h the 



L o c a l i t y 1959 1960 1961 

Tinker's Sike, Widdybank F e l l , Co. Durham 24.28 22.54 25.94 
Cow Green, Widdybank F e l l , Go. Durham 23.20 21.52 25.60 
Cetry Bank, nr.Widdybank Farm, Co. Durham 25.70 21.00 26.36 
Haugh H i l l , Co. Durham 24.00 22.44 23.54 
High Hurth Edge, Co. Durham - 21.82 — 

MiOkie F e l l , Westmorland — 24.20 
Grains o' t h ' Beck, N. Yorks - 22.94 — 

Bellbeaver Rigg, Cumberland - 21.76 -
P o u l s a l l a g h , Co.Clare 23.90 _ 

Black Head, Co. Clare 24.40 - -
Mullaghmore, Co. Clare 23.60 - — 

Gentian H i l l , Co. Galway 26.60 - -
Ballyvaghan, Co. Clare 24.50 - -
Ayere du Mileau, Haute Savoie, France 23.82 
Charbonniere, " " It - 24.54 -
Le L e u t e l l e t , " " It - 23.38 -
La F r i e , " " I I - 24.20 -
Lanche du Pra " " I I - 22.78 -
Gemmi Pass, V a l a i a , Switzerland - 24.22 -
Clavinenalp, " " - 24.50 -
Chermignon, " " - 25.64 -
Brand, " " - 23.46 -
Riederalp, " " 26.56 -
B e l l a L u i , " » — 27.22 -

Table IV. 3. Means of c o r o l l a diameters of G, verna samples. 
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exception of one I r i s h sample (Gentian H i l l , Galway) and two 
Alpine samples (numbers 28 and 29) includes the t o t a l v a r i a t i o n 
o f a l l s i t e s s t u d i e d i t i s c l e a r t h a t t h i s character i s of 
l i t t l e use i n studying the p o p u l a t i o n d i f f e r e n t i a t i o n . 

^ o r o l l a lobe l e n g t h . The r e s u l t s from the three regions are 

g i v e n as frequency histograms i n diagram IV. 2. There i s 

l i t t l e d i f f e r e n c e i n the mean c o r o l l a lobe l e n g t h , over 60 % 

of the measurements f a l l i n g i n t o 8 and 9 mm. size classes. I t 

i s i n t e r e s t i n g however t o note the frequency d i s t r i b u t i o n 

above and below these two classes i n the three groups; t h i s 

i s shown i n t a b l e IV. 4. 

I r e l a n d Teesdale Alps 

% frequency i n size classes 
5, 6 and 7 mm. 

% frequency i n size classes 
10, 11, 12 and 13 mm, 

22.4 

15.2 

8.2 

25.2 

6.2 

40.4 

Table IV. 4. Frequency d i s t r i b u t i o n of G. verna 
c o r o l l a segment l e n g t h i n size classes 
of r e g i o n a l groups. 

This shows a decreasing frequency of p l a n t s i n the smaller 

size classes from I r e l a n d through Teesdale to the Alps and 

hence an i n c r e a s i n g frequency i n the l a r g e r size classes. I t 

i s p o s s i b l e t h a t t h i s shows the beginning of a r e g i o n a l d i f f e r ­

e n t i a t i o n i n t h i s c haracter. 
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IV. 2. Frequency histograms of G. verna c o r o l l a 

segment lengths from Teesdale, I r e l a n d 
and the Alps. 



Sample No. Ratio mean 

Teesdale 1 1.50 
2 1.50 
3 1.44 
4 1.63 

15 1.55 
16 1.48 
17 1.57 
18 1.27 

I r e l a n d 6 1.59 
7 1.44 
8 1.50 
9 1.69 

10 1.43 

Alps 19 1.60 
20 1.65 
21 1.50 
22 1.65 
23 1.55 
24 1.45 
25 1.59 
26 1.50 
27 1.70 
28 1.52 
29 1.48 

Table IV. 5. Means of C o r o l l a lobe, l e n g t h / breadth r a t i o 
i n p o p u l a t i o n samples of Gentiana verna. 
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C o r o l l a lobe, length/breadth r a t i o . The means of the samples 

f o r t h i s character are given i n t a b l e IV. 5. There appears 

t o be a random v a r i a t i o n i n the means i n each region and no 

d i f f e r e n t i a t i o n between regions. 

Calyx characters. I t i s convenient to discuss calyx l e n g t h 

and c a l y x t o o t h l e n g t h together. The means of these characters 

t o g e t h e r w i t h t h e i r standard e r r o r s are given i n table IV. 6. 

I t became evident i n the i n v e s t i g a t i o n t h a t there i s a 

r e g i o n a l d i f f e r e n t i a t i o n i n these characters. However when 

the means of the samples are p l o t t e d i n a s c a t t e r diagram 

f o r the two characters as i n diagram IV. 3 j i t i s evident 

t h a t some of the means l i e close together. I t i s t h e r e f o r e 

necessary t o determine whether the r e g i o n a l groups show 

s i g n i f i c a n t d i f f e r e n c e s from one another. This has been done 

by c a r r y i n g out a r e g r e s s i o n a n a l y s i s . Since the number of 

samples i s r a t h e r l a r g e , i t would have been impossible i n 

the time a v a i l a b l e t o undertake a f u l l a n a lysis using each 

member of a l l the samples. For t h i s reason a modified 

a n a l y s i s as recommended by B a i l e y (1959) was c a r r i e d out, 

u s i n g the sample means as the o r i g i n a l data. The regression 

l i n e s w i t h 95 % confidence l i m i t s are shown i n diagram IV. 3. 

I t w i l l be seen t h a t the r e g i o n a l groups are s i g n i f i c a n t l y 

d i f f e r e n t from one another at the 5 % l e v e l . The question 
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Diagram 
IV. 3. Scatter diagram, w i t h group regression l i n e s 

and 95% confidence l i m i t s , o f calyx l e n g t h 
and c a l y x t o o t h l e n g t h of G. verna samples. 



I r e l a n d 

Teesdale 

Alps 

Calyx 
l e n g t h mean S.E. Calyx t o o t h 

l e n g t h mean S.S. 
6 14.86 mm i .285 4.64 mm ± .149 
7 15.98 .389 5.46 .189 
8 14.04 .377 4.40 .150 
9 14.60 .362 4.76 .185 

10 12.84 .288 3.96 .141 
1 14.60 .292 4.16 .155 
2 13.82 .281 3.80 .115 
3 14.50 .434 4.00 .054 
4 13.54 .497 3.58 .179 

11 14 .36 .361 3.94 .162 
12 14.02 .376 3.80 .168 
13 13.62 .395 3.50 .126 
14 13.26 .322 3 .52 .110 
15 13.66 .352 3.88 .120 
16 14.66 .278 3.76 .116 
17 13.50 .278 3.54 .135 
18 13.92 .279 3.90 .132 
31 15.60 .320 4.22 .156 
32 14.26 .306 3.82 .104 
33 15.60 .344 4.28 .136 
34 14.64 .429 4.28 .126 
19 16.02 .396 4.02 .114 
20 17.94 .653 4.76 .224 
21 16.10 .474 4.20 .155 
22 16.26 .448 4.00 .173 
23 15.90 .496 4.16 .146 
24 15.00 .450 3.38 .120 
25 16.48 .376 4.10 .144 
26 17.92 .397 4.16 .128 
27 16.36 .409 3.86 .128 
28 17.74 .360 4.04 .132 
29 15.16 .474 3.68 .132 

Table IV. 6. Means and standard e r r o r s of calyx l e n g t h and 
cal y x t o o t h l e n g t h i n G. verna samples. 
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a r i s e s as to how f a r the sampling procedure i s r e l i a b l e and 
also how f a r t h i s v a r i a t i o n i s genotypic i n o r i g i n . Two 
approaches have been made t o these problems; i n one samples 
have been taken from the same l o c a l i t y over a number of years 
and also i n one case at several d i f f e r e n t times i n the f l o w e r ­
i n g season, i n the other a small number of measurements have 
been made on calyces from mature capsules to see i f the 
r e l a t i v e dimensions change w i t h the s t a t e of m a t u r i t y . 

The r e s u l t s from samples taken at the same l o c a l i t i e s 

i n successive years are given i n t a b l e IV. 7. f o r calyx l e n g t h 

and t a b l e IV. 8. f o r calyx t o o t h l e n g t h . The sampling dates 

are i n c l u d e d i n t a b l e IV. 7. 
1 9 5-9 1 9 6 0 1 9 6 1 

Date Date Date 
L o c a l i t y of Mean & S.E. of Mean & S.E. of Mean &S.E. 

c o l l , c o l l . c o l l . 
Haugh H i l l , 2o/5 13.54^.497 2/5 14.36^.361 2 /5 14.64^.429 
Go.Durham 
Cetry Bank, 12/5 14.50^.434 2/5 14.02i.376 2/5 15.6oi.343 
Co.Durham 
Cow Green, 7/5 13.82i.281 lo/5 13.62i.395 2/5 14.26i.306 
Widdybank P e l l , 
Co.Durham -
Ti n k e r ' s Sike 7/5 14.6oi.292 lo/5 13.26i.322 2/5 15.6oi.320 
Widdybank F e l l , 
Co.Durham 

Table IV. 7. Mean measurements o f calyx l e n g t h i n 
samples o f G. verna taken i n successive 
years. 
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L o c a l i t y 1959 1960 1961 

Haugh H i l l , 3.58 i .179 3.94 ^ .162 4.28 i .126 
Co.Durham 
Cetry Bank, 4.00 i .054 3.80 i .168 4.28 i .136 
Co.Durham 
Cow Green, 3.80 i .115 3.50 i .126 3.82 i .104 
Widdybank P e l l , 
Co.Durham 
Ti n k e r ' s Sike 4.16 i .155 3.52 t .110 4.22 t .156> 
Widdybank P e l l , 
Co.Durham . 

Table IV. 8. Means and standard e r r o r s of c a l y x 
t o o t h l e n g t h . i n samples o f G. verna 
taken i n successive years. 

There i s a small amount of f l u c t u a t i o n i n the measurements 

f o r both characters, but i n a l l cases the group c h a r a c t e r i s t i c s 

are r e t a i n e d . I n 1961 there was an e x c e p t i o n a l l y e a r l y and 

warm s p r i n g , w i t h the r e s u l t t h a t i n Teesdale G. verna came 

i n t o f l o w e r i n the middle o f A p r i l , almost three weeks before 

the normal time, which might have caused environmental size 

m o d i f i c a t i o n . These measurements show t h a t (a) sampling i s 

probably r e l i a b l e , (b) t h a t there are no s i g n i f i c a n t d i f f e r e n c e s 

even though c l i m a t i c c o n d i t i o n s were d i f f e r e n t each year. Thus 

these characters seem to be reasonably sta b l e so t h a t any 

s i g n i f i c a n t d i f f e r e n c e s between these and other populations, 

such as have been found, probably i n d i c a t e t h a t the d i f f e r e n c e s 



66. 

are genotypic and not phenotypic. 

A l l the samples were taken approximately i n the middle 

of the f l o w e r i n g season and t h e r e f o r e a second p o i n t arises 

as to whether the characters or r a t i o s change as the season 

progresses. Two methods have been used to gain i n f o r m a t i o n 

on t h i s . I n one samples were taken several times during one 

f l o w e r i n g season from one p o p u l a t i o n , and i n the other a 

number of f r u i t i n g calyces have been measured. 

At Haugh H i l l three samples were taken i n 1961; the 

r e s u l t s are given i n t a b l e IV. 9. 

Date o f c o l l e c t i o n g ^ p l e ^^^^^ l e n g t h Calyx t o o t h 1. 

16. 4. 61. 20 15.20 i .390 4.30 i .122 
2. 5. 61 25 14.64 i .429 4.28 i .126 

19. 5. 61 10 15.35 i .435 4.65 i .198 

Table IV. 9. Means and standard e r r o r s of calyx 
l e n g t h and calyx t o o t h l e n g t h of 
samples from Haugh H i l l , Co. Durham 
at three times i n one year. 

Again there i s a f l u c t u a t i o n , v\ihich i n the case o f the l a s t 

sample does d i f f e r s l i g h t l y from the Teesdale group calyx 

l e n g t h / c alyx t o o t h l e n g t h r e l a t i o s h i p i n t h a t the calyx 

t o o t h l e n g t h i s abnormally h i g h ; i t w i l l be noted t h a t t h i s 
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sample was s m a l l . An example o f a character where size has 

a l a r g e phenotypic v a r i a t i o n has been given i n the c o r o l l a 

diameter, where two samples from the same l o c a l i t y i n successise 

years showed a v a r i a t i o n n e a r l y encompassing the t o t a l 

v a r i a t i o n recorded. 

As already mentioned a number o f calyces were removed 

from r i p e capsules which were the r e s u l t s of crosses made i n 

an i n s e c t proof greenhouse. Ten from Teesdale p l a n t s , three 

from I r i s h and f o u r from Alpine p l a n t s were a v a i l a b l e f o r 

measurement. The regre s s i o n l i n e s shown i n diagram IV. 4. 

have been constructed from measurements made on calyces from 

f l o w e r s . Thus i f there has been no change i n the size of 

these dimensions d u r i n g the ageing of the calyces the 

measurements should s t i l l f i t these l i n e s . The r e s u l t s , w i t h 

the r e g r e s s i o n l i n e s are given i n diagram IV. 4. Not enough 

r e s u l t s are a v a i l a b l e to come to any f i r m conclusions, but i t 

w i l l be seen t h a t the I r i s h calyces f a l l f a i r l y near the 

re g r e s s i o n l i n e c a l c u l a t e d f o r I r i s h m a t e r i a l and the calyces 

from Teesdale p l a n t s are d i s t r i b u t e d so t h a t the c a l c u l a t e d 

r e g r e s s i o n l i n e i s tr u e f o r them a l s o . The calyces from Alpine 

p l a n t s however also seem t o be d i s t r i b u t e d about the Teesdale 

l i n e r a t h e r than the Alpine l i n e . On the l i m i t e d data 

a v a i l a b l e i t i s impossible to decide whether t h i s i s a r e a l 

d i f f e r e n c e or n o t . Nevertheless, both from the f i e l d 



Diagram 

IV. 4. Scatter diagram of calyx l e n g t h and calyx t o o t h 
l e n g t h of mature calyces from c u l t i v a t e d plants 
of G. verna. 
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experiment and the i n f o r m a t i o n on the f r u i t i n g calyces, there 

i s no evidence of any very marked change i n proportions as 

the f l o w e r s mature; and as already p o i n t e d out, l a t e f l o w e r i n g 

or f r u i t i n g p l a n t s were not used i n o b t a i n i n g the data. 

D e f i n i t e proof t h a t these characters are genotypic can 

o n l y be gained by s t u d i e s of f a m i l i e s grown from seed. This 

has not been possible i n t h i s species mainly because of the 

low germination r a t e already discussed and the slow growth of 

any r e s u l t a n t seedlings, thus of 500 seeds sown i n November 

1958 three p l a n t s flowered f o r the f i r s t time i n 1961. 

Having shown t h a t the v a r i a t i o n i n c a l y x characters has 

probably a genotypic basis, and t h a t there i s a r e g i o n a l 

d i f f e r e n c e between I r i s h , Teesdale and Alpine m a t e r i a l the 

p o s s i b l e causes f o r t h i s must now be discussed. I t w i l l be 

seen t h a t the I r i s h group has diverged f u r t h e r from the Alpine 

group than has the Teesdale group; there are a number of 

p o s s i b l e explanations f o r t h i s s i t u a t i o n and f o r the f a c t of 

r e g i o n a l d i f f e r e n t i a t i o n . I t i s possible t h a t the r e g i o n a l 

types were already d i f f e r e n t i a t e d on a r r i v a l i n the two areas. 

This would seem to be most l i k e l y i f immigration took place i n 

d i f f e i r e n t d i r e c t i o n s to the two areas; thus the I r i s h G.verna 

might have migrated along the same path as members of the 
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aojcalled. L u s i t a n i a n element of the f l o r a from Spain and 
W. Prance, w h i l e the Teesdale G. verna may have migrated 
d i r e c t l y from the C e n t r a l Alps across E. Prance. I f t h i s took 
place, i t i s p o s s i b l e also t h a t m i g r a t i o n took place at 
d i f f e r e n t times; thus G. verna i n I r e l a n d may have migrated 
there before the l a s t g l a c i a l p e r i o d . I n t h i s connection i t 
seems to have been shown t h a t members of the. L u s i t a n i a n 
element have s u r v i v e d at l e a s t the l a s t g l a c i a l p e r i o d from 
the precei^ding i n t e r g l a c i a l p e r i o d since f o s s i l m a t e r i a l of 
Daboecia c a n t a b r i c a and Eriocaulon c f . septangulare have been 
discovered i n an i n t e r - g l a c i a l deposit near Gort, Co. Galway 
(about 14 miles from the middle of the Burren area) by Jessen, 
Andersen and P a r r i n g t o n (1959). As Jessen (1949) has pointed 
out s u r v i v a l i n g l a c i a l refuges o f f the West coast of I r e l a n d 
cannot be excluded as a p o s s i b i l i t y and these f i n d s can be 
taken as supporting evidence f o r t h i s theory. 

I f t h i s i s so there seems no reason why G. verna could 

not a l s o have s u r v i v e d . I n t h i s case, even i f the o r i g i n a l 

stocks were m o r p h o l o g i c a l l y i d e n t i c a l , then the I r i s h m a t e r i a l 

would have been i s o l a t e d f o r a longer p e r i o d from the p a r e n t a l 

p o p u l a t i o n s and might t h e r e f o r e , even assuming equal r a t e s of 

e v o l u t i o n f o r t h i s and the Teesdale groups, give a l a r g e r 

d i f f e r e n t i a t i o n from the Alpine parent stocks. There i s no 

evidence as to r a t e s of e v o l u t i o n , but i t i s possible t h a t 
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e v o l u t i o n might occur more r a p i d l y i n a more equable climate 

such as t h a t of W. I r e l a n d , since r a t e s of growth, f l o w e r i n g 

and f r u i t i n g might be higher over a long p e r i o d than i n the 

g e n e r a l l y l e s s clement climate of the N. Pennines, although 

G. verna i s an Alpine p l a n t and i t i s not known what conditions 

might be the most favourable. 

Another e x p l a n a t i o n which can be advanced to e x p l a i n 

t h i s apparently non-adaptive v a r i a t i o n i s t h a t o f random 

ge n e t i c d r i f t , or the oper a t i o n of the Sewall Wright e f f e c t . 

This can produce q u i t e l a r g e changes, due to chance f l u c t u a t ­

i o n s i n gene frequency, i n a r e l a t i v e l y short time, provided 

t h a t the populations are s m a l l . Wright (1948), commenting on 

changes observed by Fisher and Ford i n a population of the 

moth Panaxia dominula, p o i n t s out t h a t i f the e f f e c t i v e number 

of parents i n one p a r t i c u l a r year was very small (some 100 

or l e s s ) i t i s possible to account f o r a l l f l u c t u a t i o n s as 

those o f small p o p u l a t i o n s , even though the e f f e c t i v e number 

over a p e r i o d of years may be as much as 1000. I t i s very 

d i f f i c u l t t o estimate the size of the breeding populations 

i n G. verna i n B r i t a i n , e s p e c i a l l y as some of the populations 

may have been deri v e d from a s i n g l e seed i n t r o d u c t i o n f o l l o w 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 over a long p e r i o d . Such a 

p o p u l a t i o n would then act as one e f f e c t i v e parent .since a l l 

i n d i v i d u a l s would have the same genotype. I f t h i s process 
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has been extensive then the number of e f f e c t i v e parents may­
be small enough f o r genetic d r i f t to take place. Even i f t h i s 
i s not so at the present day, i t may have been the case when 
G» verna, i n Teesdale at le a s t , was probably confined to small 
clearings i n the general forest cover. 

Leaf Characters. The characters which have been used are 
le a f length and length/ breadth r a t i o , and these are considered 
together. The means and standard errors of the samples 
collected are given i n table IV. 10. and means are plo t t e d i n 
diagram IV. 5. I t w i l l be obvious that d i f f e r e n t i a t i o n has 
taken place i n the characters considered. I n B r i t a i n , Teesdale 
plants have, i n general, shorter wider leaves than I r i s h plants. 
I n the Alps v a r i a t i o n bears a r e l a t i o n to the a l t i t u d e of the 
sample as w i l l be seen from diagram IV. 6, Prom diagram IV. 5. 
the Alpine samples are seen to f a l l i n t o two d i s t i n c t groups, 
one of which has long narrow leaves and i s found at low 
a l t i t u d e s , while the other i s s i m i l a r to a number of Teesdale 
and I r i s h samples i n having shorter wider leaves; t h i s i s 
t y p i c a l l y found at higher a l t i t u d e s . The differences and 
s i m i l a r i t i e s between these groups are brought out by the 
group means given i n table IV. 11. 
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IV. 5. Scatter diagram of means of leaf length and 
length/ breadth r a t i o i n samples of G. verna, 



Sample length mean S.E. length/breadth ^ r a t i o mean 
Teesdale 

Ir e l a n d 

11 1.13 - .048 2.02 i .050 
12 1.15 .040 2.14 .059 
13 1.02 .026 2.23 .055 
14 1.05 .025 2.01 .049 
15 1.09 .030 2.17 .075 
16 1.19 .051 2.44 .067 
17 .92 .021 2.14 .042 
18 1.11 .031 2.28 .048 
31 1.15 .036 1.97 .063 
32 1.12 .030 1.95 .059 
33 1.13 .035 1.90 .148 
34 1.18 .048 1.99 .052 

6 1.12 .061 2.41 .083 
7 1.25 .072 2.41 .080 
8 1.37 .066 2.67 .067 
9 1.33 .048 2.43 .065 

10 .94 .039 2.36 .O5O 

Table IV. 10. 



length length/breadth 
Sample mean S.E. r a t i o mean S.E. A l t i t u d e 

^High' Alps 

'Low' Alp-s 

24 1.07 --.058 2.31 i.098 2230 m. 
25 1.28 .056 2.64 .087 1960 
26 1.28 .051 2.51 .090 1940 
27 1.34 .057 2.62 .085 2020 
29 1.16 .066 2.51 .149 2360 

19 1.53 .065 3.28 .117 1540 m. 
20 1.72 .074 3.42 .118 1600 
21 1.54 .058 3.06 .106 1700 
22 1.36 .079 3.22 .123 1380 
23 1.46 .054 3.16 .101 1560 
28 1.72 .073 3.02 .098 1960 

IV. 10. Means and standard errors of leaf length 
and length/breadth r a t i o i n samples of 
G. verna. 
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Diagram 
IV. 6. Scatter diagram of means and standard errors of 

lea f length/ breadth r a t i o of Alpine samples 
p l o t t e d against a l t i t u d e of l o c a l i t y . 
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Area Mean leaf length Mean length/breadth 
r a t i o 

Teesdale 1.10 2.10 

Irela n d 1.21 2.47 
High Alps 1.22 2.51 
Low Alps 1.56 3.19 

Table IV. 11. Regional leaf length and length/ breadth 
means i n G. verna. 

To gain information on whether these differences i n leaf 
size and shape are genotypic or not, a number of plants have 
been grown together at Durham. They have a l l been potted i n 
John Innes po t t i n g compost and grown i n a cold frame to give 
protection from dampness i n the winter. Only a small amount 
of information i s available, as G. verna i s rather a rare 
plant and hence only a small number of plants were collected; 
i n addition quite substantial losses have occu^d over the 
time that the plants have been i n c u l t i v a t i o n . 

Results f o r Teesdale and I r i s h plants are presented i n 
diagram IV. 7. Here two population samples are plot t e d , one 
from Teesdale (number 14 from Widdybank P e l l collected i n 
1960), and one from Ireland (number 9 from Gentian H i l l , 
Galway collected i n 1959); measurements of pot plants have 
been added to these, f i v e from Widdybank P e l l , Teesdale 
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IV. 7. Scatter diagram of leaf length and length/ 

breadth r a t i o measurements from two samples 
of G. verna, together with measurements of 
c u l t i v a t e d plants from the same areas. 
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collected i n 1958, and four from Wormhole, Co. Galway, another 
population i n the same area as Gentian H i l l , collected in.1959, 
A l l the pots were sampled i n August 1961. The values used 
have been compiled from measurements on two leaves from each 
of two rosettes on a plant; these have been averaged. I t w i l l 
be seen that the Teesdale and I r i s h plants r e t a i n the d i f f ­
erence i n length/breadth r a t i o . Plants brought back from the 
Alps had a low s u r v i v a l rate so that not enough material i s 
available f o r measurements to be presented. One plant from a 
low Alpine s i t e , Gharbonniere, Haute Savoie, Prance (from 
which sample 20 was collected) i s however shown i n plate A, 
together with one each from Teesdale and Ireland. The d i f f ­
erences, c e r t a i n l y i n Teesdale and I r i s h plants, probably 
i n Alpine plants, are thus retained over a number of years 
when plants are c u l t i v a t e d under s i m i l a r conditions, so that 
i t i s probable that these are genotypic. This i s supported 
by measurements on samples from the same Teesdale l o c a l i t i e s 
made i n successive years. 
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C V 

C E T R Y B A N K 

T E E S D A L E 

V O 

C H A S B O N N I E R 

H A U T E S A V O I E 

F R A N C E 

C V D l 

P O U L S A L L A C H 

^ • ^ C L A R E c m s 

Plate A. G. verna plants from Getry Bank, Teesdale; 
Poulsallagh, Co. Clare; and Charbonniere, 
Haute Savoie, France, showing differences 
i n l e a f size and shape. 

Measurements from four Teesdale l o c a l i t i e s made i n 1960 and 
1961 are given i n table IV. 12, together with the dates of 
c o l l e c t i o n . 
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There i s a small amount of v a r i a t i o n from year to year, but 
t h i s i s small compared with the v a r i a t i o n between regional 
groups. The measurements show that (a) sampling i s probably 
r e l i a b l e , (b) that there are no s i g n i f i c a n t differences even 
though, as mentioned i n connection with the corolla and calyx 
measurements, cl i m a t i c conditions were d i f f e r e n t each year. 
Thus the leaf characters also seem to be reasonably stable, 
so that the differences found indicate that these are probably 
genotypic. 

I t i s also of i n t e r e s t to see whether the leaf shape 
and size change during the flowering season. Three samples 
were collected at Haugh H i l l i n the I96I season to gain 
information on t h i s and the results are given i n table IV. I 3 . 

Date of No. i n T ^ „ 4 ^ T 4.I_ T ^ I /-U a . -
c o l l e c t i o n sample ^^^^ ^^^^^ ^"^^ 
16. 4. 61 20 1.23 i .061 2.05 - .069 
2. 5. 61 25 1.18 i .048 1.99 i .052 

19. 5. 61 7 1.09 i .056 2.07 i .085 

Table IV. 13. Means and standard errors of leaf length 
and length/ breadth r a t i o of samples from 
Haugh H i l l , Co. Durham at three times i n 
one year. 

There i s a small amount of v a r i a t i o n , but again t h i s i s 
small compared w i t h the v a r i a t i o n between groups. Thus there 
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i s no i n d i c a t i o n that the l e a f size and proportions change 
during the flowering season. 

Again i t may be mentioned that seedling populations are 
needed to s e t t l e t h i s point conclusively; the poor germination 
and slow growth of seedlings have not made t h i s possible. 

As i n the case of the calyx characters the d i f f e r e n t i a t i o n 
must be discussed. I t i s to be noted that d i f f e r e n t i a t i o n has 
here reached a d i f f e r e n t end point, as i t i s the I r i s h and not 
the Teesdale group that i s most s i m i l a r to the Alpine samples; 
there i s also the added complication that the Alpine samples 
are themselves d i f f e r e n t i a t e d i n a manner that bears a r e l a t i o n 
to a l t i t u d i n a l and presumably the associated climatic conditiona 
I t seems most probable that the short wide leaves of the high 
Alpine type are an adaptation to the harsher climatic condit­
ions, since these tend to give a t i g h t compressed rosette and 
a morphologically more dwarf plant than the longer leaved form 
from lower a l t i t u d e s . This would tend to explain why sample 28,| 
morphologically a low alpine population (and treated as such 
here) i s from as h i g h ) ^ an a l t i t u d e as some of the High Alps 
samples, because i t was collected from a hay meadow where the 
vegetation was much higher and more closed than i n natural 
grassland at t h i s a l t i t u d e . I t was thus i n a less exposed and 
presumably more favorable microclimate than the other samples 
from natural communities at s i m i l a r a l t i t u d e s . I f t h i s theory 
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i s r i g h t then the difference between the Teesdale and I r i s h 
e 

groups may be a r e f e c t i o n of the d i f f e r i n g climatic regimes, 
i n that the Teesdale group being i n a harsher climate had 
smaller leaves than the I r i s h one from a more equable climate. 

F i n a l l y , the four groups which have been distinguished 
may be completely separated from one another by considering 
combinations of characters. I n diagram IV. 8. a scatter 
diagram has been constructed of leaf length/ breadth r a t i o 
against calyx length/ calyx tooth length r a t i o . I t w i l l be 
seen that complete separation i s given between the four 
groups previously distinguished. I t w i l l be noted that the 
two Alpine groups are as w e l l separated as any other pair of 
groups. Whether t h i s i s a true estimate of the s i t u a t i o n , 
that there are i n f a c t two climatic ecotypea, or whether 
there i s a c l i n a l v a r i a t i o n between the two extremes i s 
impossible to say on the number of samples collected. More 
c o l l e c t i n g at selected a l t i t u d e s i s necessary f o r a decision 
on t h i s point. 

P o t e n t i l l a f r u t i c o s a L. 

Taxonomy. 

The name P o t e n t i l l a f r u t i c o s a was published by Linnaeus 
(1753) and has remained without change to the present day, 
apart from a number of suggestions that t h i s species, together 
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w i t h the other shrubby P o t e n t i l l a species, should be placed i n 
a separate genus. Thus Rydberg (1898) and Juzepczuk (1941) ' 
have removed them to a new genus Dasiphora. while LSve A. (1954) 
has argued that the generic name should be Pentaphylloides, 
f i r s t published v a l i d l y by Duhamel (1755), Prom an experimental 
taxonomic viewpoint there i s l i t t l e to recommend t h i s change 
i n view of the wide c r o s s a b i l i t y of P. f r u t i c o s a . I n p a r t i c u l a r 
the crosses with Pragaria made by E l l i s (1958) may be c i t e d . 

Description. 
Deciduous, branched, shrub, the branches white, 

pubescent i n t h e i r f i r s t year, becoming brown and glabrous i n 
t h e i r second, w i t h the bark beginning to flake o f f i n the 
second and t h i r d years. Both erect and prostrate branches are 
present i n the mature plant; the l a t t e r are able to root 
adventitiously and thus increase the diameter of the plant up 
to 5 - 6 m. or even more. Average height of bushes about 0.5 m,, 
but plants i n exposed and grazed l o c a l i t i e s down to 10 cms,, 
and i n sheltered l o c a l i t i e s up to 2 m. Leaves numerous, with 
(3-) 5-7 (-9) l e a f l e t s ; l e a f l e t s oblong lanceolate to e l l i p t i c , 
acute, w i t h revolute margins, dark green on the upper surface 
w i t h impressed veins, paler on the lower surface, more or less 
pubescent with long white hairs on both surfaces, l e a f l e t 
length .(0.5-) 1 - 3 cms., petioles-0.2 - 1.2 cms.; stipules 
scarious, sheathing, e n t i r e , p ersisting u n t i l the second or 
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t h i r d year. Flowers terminal, occasionally s o l i t a r y , usually 
i n many flowered cymes (up to 35). Flowers 5- merous; sepals 
t r i a n g u l a r ovate, epicalyx segments oblanceolate,linear, whole 
calyx pubescent, persistent i n f n i i t and surrounding the 
achenes. Petals yellow, orbicular ovate, 0.6 - 1.6 cms. long 
and 0.6. - 1.7 cms. wide. B r i t i s h material, i n common with 
that from Oland, Sweden, i s dioecious. I n the male flowers 
the numerous stamens are w e l l developed and the receptacle 
bears a bunch of h a i r s . I n the female flower the receptacle 
bears numerous one seeded carpels, while the stamens, although 
often as large as i n the male, produce no good pollen. Achenes 
c. 1 mm. long, dark brown at maturity, surrounded with a r i n g 
of hairs produced from the base of the achene. 

The only shrubby P o t e n t i l l a species found i n Europe. 

General Biology. 
I n Teesdale P. f r u t i c o s a has two main periods of flower­

ing, one i n June and the other i n August with occasional 
flowers \ i n t i l September. In Ireland the f i r s t maximum period 
seems to be somewhat e a r l i e r , towards the end of May. This i s 
a much longer flowering period than given i n most f l o r a s ; thus 
both Smith (1824) and Clapham, Tutin and Warburg (1952) give 
the flowering season as June and July, whereas the maximum 
flowering time i s August. 
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As already stated the species i s , i n B r i t a i n , dioecious 
30 that cross p o l l i n a t i o n i s obligatory. I n Teesdale p o l l i n ­
a t i o n seems to be carried out mainly by various Diptera. Knuth 
(1908) records a large number of Dipteran species, also 
Coleoptera and Hymenoptera. I n B r i t a i n cross-pollination i s 
quite successful, plenty of good seed being produced on the 
female bushes. Seed counts of 13 flower heads from Lake 
D i s t r i c t plants gave an average of 50 seeds per flower while 
a mean fig u r e of 70 i 4 seeds per flower was obtained from 
25 flower heads collected from High Force, Teesdale. The 
reason f o r t h i s difference i n seed number i s not known; i t may 
be a r e s u l t of the more severe climatic conditions i n the Lake 
D i s t r i c t , especially of higher r a i n f a l l and'lower summer 
temperatures than i n the bottom of the Tees valley. 

Germination experiments have been carried out on Teesdale 
material collected from the bottom of Cronkley P e l l , N. Yorks. 
Seed was sown i n John Innes seed compost i n November and kept 
i n a cold greenhouse so that f r o s t i n g took place throughout 
the winter. Germination took place i n the spring, with an 
average germination percentage of 22%. Although germination 
also took place i n a warm greenhouse, i t did not take place 
u n t i l the same time as the seed i n the cold greenhouse and 
germination was lower (average 6 % ) , Small amounts of 
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germination also took place from seed sown i n March, the seeds 
germinating i n the late spring. A few seeds were germinated i n 
the second spring a f t e r sowing, from seed sown both i n autumn 
and spring. 

The seedlings are quick growing under garden conditions 
and when planted out i n a bed a few became mature enough to 
flower at the end of t h e i r f i r s t season. Flowers are usually 
f r e e l y produced the second season when the plants are 40-50 cmsc 
i n height. A number of populations were grown, each from seed 
col l e c t e d from one w i l d plant. These were sampled f o r leaves 
and petals and also scored f o r sex, as described i n the section 
on v a r i a t i o n . 

As seed i s f r e e l y produced i n Teesdale and i t has a 
reasonable germination with quick growing seedlings, i n the 
garden at least, i t i s i n t e r e s t i n g that P. f r u t i c o s a should be 
so r e s t r i c t e d i n the dale, especially as i t grows t y p i c a l l y 
along the r i v e r bank where there i s always open ground available 
f o r colonisation. Plants have been recorded as f a r down as 
Greta Bridge and Egglestone Abbey, both below Barnard Castle, 
by Ray (1689). They do not seem to have been seen at these 
places however f o r many years, and the lowest point now seems 
to be j u s t below Middleton, 13 miles up the r i v e r from Greta 
Bridge. I t i s d i f f i c u l t to account f o r t h i s r e s t r i c t i o n i n 
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range i n view of the facts of the reproductive capacity. 

As wel l as sexual reproduction there i s also a form of 
vegetative reproduction. This i s by the rooting of prostrate 
branches, as already mentioned i n the description. The 
branches quickly become covered by shingle brought down by the 
r i v e r when i n f l o o d , and when the old branch decays a new 
plant i s formed. This appears to be an ef f e c t i v e method of 
increasing the, size of the population i n some of the Teesdale 
s i t e s . 

V a r i a t i o n . 
The main part of the study of v a r i a t i o n i n t h i s species 

has been carried out on lea f characters, since i t was observed 
that there were marked differences between Teesdale and I r i s h 
m a t e r i a l . Samples consisted of twenty f i v e mature shoots 
(those w i t h mature wood only were collected as young branches 
sometimes bear very large abnormal leaves) collected at random 
from d i f f e r e n t bushes i n the population. From these shoots 
the largest l e a f was chosen f o r measurement, and the apical 
l e a f l e t measured since t h i s was easily recognizable. The 
or i g i n s of a l l samples used i n the study are given i n table IV. 
14. The length and breadth of each apical l e a f l e t was measured 
and the means and standard errors calculated f o r length and 
length/ breadth r a t i o . 



Code of c o I f l J t i o n ^ovnlatlon 

A 
B 
C 
D 
E 
F 
G 
H 
[ 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
T 

High Force, Co. Durham 
Lowcroft Pool, N. Yorks 
Wynch Bridge, Teesdale 
Bottom of Cronkley Fell,N.Yorks 
Ex bottom 

I t I I 

M 

I I 

11 

M 

11 

I t 

I I 

I I 

I I 

M 

I I 

I I 

I t 

I I 

I t 

I t 

(same population as H) 
Ballyvaghan,Go. Glare 
Castle Lough, Co. Clare 
Ballynatty, E. Mayo 
Ex Mullaghmore, Co. Clare 
(same population as M) 
Wastwater Screes, Cumberland 
P i l l a r Mt., Ennerdale, Cumberland 
Ex P i l l a r Mt., Cumberland 
Coal Brook, W. Newfoundland 
Table Mt., W. Newfoundland 
Val d'Eyne, Pyrenees Orientales, 

Prance 
U Oland, Sweden 

1959 Field 
1961 Fiel d 
1961 Fiel d 
1961 Field 
1960 Seed 
1960 Seed 
1960 Seed 
1960 Seed 
1961 Seed 
1959 Fi e l d 
1959 Field 
1959 Field 
1960 Seed 
1961 Seed 
1959 Fi e l d 
1959 Field 
1961 Seed 
1958 Field 
1960 Seed 
- Herbarium 

Herbarium 

Table IV. 14. Origins of P. fr u t i c o s a samples. 
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The means and standard errors f o r the samples of w i l d 
material are given i n table IV. 15. and p l o t t e d on a scatter 
diagram i n diagram IV. 9. 

I t w i l l be seen that the Lake D i s t r i c t and Teesdale 
populations are not s i g n i f i c a n t l y d i f f e r e n t from one another, 
so that English material i s s t a t i s t i c a l l y homogeneous i n t h i s 
respect. There i s , however, a regional d i f f e r e n t i a t i o n between 
the English and I r i s h material, the I r i s h samples having 
consistently smaller apical l e a f l e t s than the English ones; 
t h i s i s also true f o r the other l e a f l e t s of the leaves. 

Sample R i s a f i e l d sample from W. Newfoundland, from a 
marsh community developed on shale. As pointed out above, 
Bowden (1957) found no obvious differences between the t y p i c a l 
North American d i p l o i d plant and the t e t r a p l o i d European one, 
and my data are not i n disagreement with t h i s . I t may be pointec 
out here that LSve (1954) does not hold t h i s view; he reports, 
'for example that leaves of American plants are subglabrous to 
s i l k y while European material i s soft hairy; but t h i s difference 
cannot be v a l i d , as a s i m i l a r difference i n hairiness has been 
observed between I r i s h and Teesdale plants which are both 
t e t r a p l o i d . He has also reported that l e a f l e t s of European 
material are f l a t , while American material i s revolute; again 
t h i s i s not v a l i d as Teesdale material at least i s revolute. 
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Sample length mean S.E. length/breadth r a t i o mean ' 
Teesdale (wild) 

A 1.51 cm i .073 3.83 - .134 
B 1.42 .040 3.01 .092 
C 1.43 .047 3.07 .101 
D 1.52 .043 3.66 .104 

Lake D i s t r i c t (wild) 
0 1.37 .047 3.26 .079 
P 1.51 .047 3.55 .137 

Ire l a n d (wild) 
J 1.24 .044 3.27 .084 
K .91 .043 2.95 .084 
L 1.23 .047 3.14 .078 

Newfoundland (wild) 
R 1.50 .093 3.25 .094 

Pyrenees, France (herbarium) 
T 1.12 .080 3.25 .122 

Dland, Sweden (herbarium) 
U 1.22 .044 4.06 .118 

Table IV. 15. Mean and standard errors of P. fr u t i c o s a 
samples of w i l d o r i g i n . 
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I t may w e l l be that i n the material he looked at these 
differences may have existed, but i t was evidently insufficient, 
However much these two groups may deserve specific rank, the 
morphological c r i t e r i a given by LSve would be no use i n 
determining herbarium material. 

Also included i n table IV.15 and diagram IV.9 are two 
samples measured from herbarium material (the largest leaf 
was measured on not less than f i f t e e n specimens). These are 
from two of the best known continental l o c a l i t i e s , Oland i n 
the B a l t i c (sample U) and the Val d'Eyne i n the Pyrenees 
Orientales (sample T). Diagram IV.9 shows that T i s similar 
to the I r i s h samples whereas U i s somewhat intermediate 
although i n a rather i s o l a t e d position and s i g n i f i c a n t l y 
d i f f e r e n t from a l l the other population samples. 

As well as samples from w i l d populations, samples were 
also taken from the populations grown from seed and planted 
i n beds at Durham as already described. Those o r i g i n a t i n g 
from Ennerdale, Cumberland and the Burren, Co. Clare are 
however, from seed o r i g i n a t i n g from a number of plants. From 
these, information was gained as to the nature of the 
v a r i a t i o n found i n the w i l d populations. Sanpies consisted 
of the largest leaf from a shoot mature enough to bear 
flowers, on each bush. Two of the populations have been 
sampled i n successive years. The results f o r these 
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measurements are given i n table IV.16. 

I t w i l l be seen that the l e a f l e t length of the I r i s h 
sample remains s i g n i f i c a n t l y smaller than those of the English 
samples, and although both the I r i s h and Teesdale samples have 
la r g e r leaves i n 1961 than 1960 the size difference i s maintain­
ed. The sample o r i g i n a t i n g from the Lake D i s t r i c t , collected 
i n 1961 i s r e a l l y comparable with the other measurements taken 
i n 1960 since the plants are a year younger than those from 
Teesdale and Ireland. I f the comparison i s made i n t h i s way 
they f a l l w i t h i n the Teesdale group, as did the samples from 
w i l d plants. Although no d e f i n i t e differences are apparent i n 
the length/ breadth means of w i l d samples, i n the samples 
grown from seed, the English ones have longer, narrower l e a f ­
l e t s than have the I r i s h samples as indicated by the higher 
r a t i o s . This difference i s also maintained over two years. 
These measurements on populations grown from seed indicate that 
the differences recognised i n the w i l d state are genotypic. 

Plants collected from Ireland and Teesdale are shown i n 
plate B. Together with these i s shown a plant collected from 
a serpentine area i n W. Newfoundland (described by Fernald 
1933). A sample collected from plants grown from seed 
o r i g i n a t i n g from the area i s also included i n table IV.16. 
(sample S). I t i s very d i s t i n c t i n i t s very narrow leaves and 
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leaves from plants collected w i l d are also much smaller 
altogether. 

Plate B. P. f r u t i c o s a plants from High Force, Teesdale; 
Table Mt., W. Newfoundland; and the Burren, 
Co. Clare. 

As w e l l as the leaves the whole plant i s smaller and slower 
growing ( i t should be pointed out that t h i s as a l l N. American 
material which has been counted i s d i p l o i d ) and i t i s probably 
an edaphic serpenticolous ecotype. This type of ecotype i s 
now w e l l known, having been recognised i n a number of species, 
e.g. Streptanthus glandulosus, G i l i a capitata, and Achillea 
borealia described by Kruckeberg (1951). I t may be contrasted 
w i t h sample R, also from W. Newfoundland, which has already 
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been commented on. 

I n considering the regional d i f f e r e n t i a t i o n between 
English and I r i s h material i t must be remembered that the 
European continental d i s t r i b u t i o n i s very disjunct, thus making 
the directions of migration almost impossible to trace. As i n 
the d i f f e r e n t i a t i o n of calyx characters i n Gentiana verna a 
number of explanations are possible. I t seems u n l i k e l y that 
the d i f f e r e n t i a t i o n i s due to a Sewall Wright e f f e c t since 
i f there were genetic d r i f t i t might be expected that the 
Teesdale and Lake D i s t r i c t populations would be d i f f e r e n t . I t 
i s more possible that e i t h e r the migrating populations were 
d i f f e r e n t i a t e d on a r r i v a l (presuming that migration took place 
i n two d i f f e r e n t d i r e c t i o n s ) , or that d i f f e r e n t i a t i o n took 
place a f t e r i s o l a t i o n . This l a t t e r explanation would account 
f o r the Teesdale and Lake D i s t r i c t populations being si m i l a r 
to one another since they would presumably have been isolated 
from one another at a l a t e r date than the I r i s h from the 
English populations. 

An i n t e r e s t i n g feature of the species which seems to be 
r e s t r i c t e d to the t e t r a p l o i d i s the presence of dioecism. This 
occurs i n a l l the B r i t i s h populations and i s also recorded for 
Oland by Tornblom (1911). On examination of 5,110 bushes he 
found that 63 % were female and 37 % male. I n Teesdale 
Parbrook (1957) counting 314 bushes between High Force and 



89. 

Wynch Bridge found that 202 (64 %) were female and 112 (36 %). 
were male, a remarkably good agreement. The Lake D i s t r i c t and 
West Ireland populations are also dioecious, but no counts have 
been carried out. 

To investigate t h i s difference i n proportion, a number of 
populations, each o r i g i n a t i n g from seed from one parent plant, 
c u l t i v a t e d as already described, were scored f o r sex. The 
re s u l t s are given i n table IV. 17. 

Pop.No. Lo c a l i t y No. plants % Female % Male 

PFrS 1 Bottom Cronkley F e l l , 18 55.5 44 .5 
Teesdale. 

PFrS 3 " 15 60 40 
PFrS 4 " 36 50 50 
PFrS 15 , Mullaghmore, Co.Clare. I 7 47 53 

16 (mixed heads). 

Table IV. 17. Sex r a t i o s of P. finiticosa populations 
grown from seed. 

A chi square test using Brandt and Snedecor's formula 
shows that these r e s u l t s are not s i g n i f i c a n t l y d i f f e r e n t from 
a 1:1 r a t i o . The differences i n the f i e l d populations may 
possibly be due to a difference i n vigour between plants of the 
two sexes, although none has been observed i n the plants grown 
from seed. A l t e r n a t i v e l y there may be a difference i n the 
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length of l i f e of the two sexes. No information i s available 
on t h i s point. 

An attempt has been made to see i f there i s any 
morphological d i f f e r e n t i a t i o n i n petal size and shape. For 
t h i s purpose, the young plants l i s t e d i n table IV. 17. were 
used. One petal was removed from each of twenty flowers on 
a plant and stuck onto sellotape and the length and breadth 
measured; length and length/ breadth r a t i o means were calculat­
ed. The group means f o r Teesdale and I r i s h material are 
given i n table IV. 18. 

length length/ breadth r a t i o 

Ireland male 0.93 0.95 
Ireland female 0.97 1.03 
Teesdale female 1.07 1.05 
Teesdale male 1.13 1.10 

Table IV. 18. Length and length/ breadth r a t i o group 
means f o r P. f r u t i c o s a petals. 

I t w i l l be seen that the groups form a series from the 
petals of I r i s h males, which are shortest and r e l a t i v e l y 
widest, to the petals from Teesdale males which are the 
longest and narrowest. When the groups are considered i n 
pairs the I r i s h and Teesdale females are not s i g n i f i c a n t l y 
d i f f e r e n t from one another, nor are the I r i s h males and females! 



t 

3 

o • 

< • 

Diagram 

IV. 10. Scatter diagram of means and standard errors of 
petals from c u l t i v a t e d plants of P. f r u t i c o s a . 
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or the Teesdale. males and females. There i s however a 
s i g n i f i c a n t difference when the I r i s h and Teesdale males are 
compared together. A scatter diagram of petal length against 
length/ breadth r a t i o w i t h the means and standard errors 
p l o t t e d f o r petals of these groups of plants i s given i n 
diagram IV. 10. Even the nearest means (M 2 and L 13) are 
s i g n i f i c a n t l y d i f f e r e n t at the 5 % l e v e l with respect to 
length. Thus there i s a d i f f e r e n t i a t i o n between English and 
I r i s h material and also a sexlinked difference between males 
and females, although t h i s appears to have taken place i n 
d i f f e r e n t directions i n each area. The amounts of each type 
of d i f f e r e n t i a t i o n are small so that s t a t i s t i c a l separation 
i s only observed between the two extreme groups, the Teesdale 
and I r i s h males. 

Myosotis a l p e s t r i s Schmidt, 

Description. 

Small, perennial hemicryptophyte with a shallow fibrous 
rooting system, from 2 - 2 3 cms, high i n flower. Plant with 
a short root-stock bearing oblong lanceolate to spathulate, 
subacute leaves which are long p e t i d e d , Cauline leaves 
smaller becoming sessile, a l l hairy. Flowers borne i n rather 
short, dense, gbracteate cymes. Pedicels short, ascending, 
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as long as the calyx or s l i g h t l y shorter when f r u i t i n g . Calyx 
tube campanulate, s i l v e r y with more or less spreading hairs 
and w i t h a few short s t i f f hooked ones on the tube, teeth 
narrow, lanceolate, h a l f to three quarters the length of the 
tube, erect or rather spreading i n f r u i t . Corolla tube short, 
white, c o r o l l a lobes spreading, bright blue, more or less 
rounded; tube p a r t i a l l y closed by f i v e short notched scales, 
yellow i n recently opened flowers, fading to white. Stamens 
f i v e , enclosed i n the c o r o l l a tube and borne above the 
capitate stigma. Style short, longer than the calyx tube. 
Nutlets roundish ovoid, keeled on one surface, black and 
shiny. 

Relationships. 
M. a l p e s t r i s i s closely a l l i e d to M. sylvatica Hoffm. 

and i s included i n t h i s as a subspecies by Hegi (1927) . I t 
has f r u i t i n g pedicels as long as the calyx and black n u t l e t s , 
while M. sylv a t i c a has f r u i t i n g pedicels 1V2 - 2 times the 
length of the calyx and brown n u t l e t s . M. a l p e s t r i s i s also 
usually smaller vdth denser infloresences. I n B r i t a i n , the 
species are also separated a l t i t u d i n a l l y . The highest records 
found by Wilson (1949) f o r M. sylvatica are from Baker (1906) 

who gives 1050' at Stonesdale Moor i n Swaledale, N. Yorks, 
and from Lees (1888) who records i t up to 1250' i n the Craven 
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d i s t r i c t of N.W. Yorks. These are much lower than the lowest 
record of M. a l p e s t r i s , which i s at 2350' i n Teesdale. 

While these characters serve to separate the two species 
i n B r i t a i n , on the continent the s i t u a t i o n i s much more complex 
w i t h intermediates occuring between the two, and with a number 
of other forms d i f f e r i n g i n characters such as leaf shape, 
length of c o r o l l a tube and hairiness; intermediates also 
appear to be common between these forms. 

General Biology. 
M. a l p e s t r i s , i n B r i t a i n , has i t s main flowering season 

i n July and August, Insects have not been seen v i s i t i n g 
plants i n Teesdale or Scotland although Muller (1881) and 
Knuth (1909) record a large number of Lepidopteran, Hymenop-
teran and Dipteran v i s i t o r s i n the Alps. I n B r i t a i n i t seems 
much more l i k e l y that the flowers are mainly self f e r t i l i s e d 
since the flowers are spontaneously s e l f p o l l i n a t e d and t h i s 
r e s u l t s , under greenhouse conditions at least, i n the 
production of good seed. 

Germination has been tested experimentally. Seed was 
sown i n John Innes seed compost. The species i s d i s t i n c t 
amongst those tested i n not needing a f r o s t i n g period; seed 
sown both i n the autumn and spring germinates about three 
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weeks a f t e r sowing with up to 50 % germination. The main 
germination experiments however, were carried out using seed 
collected from spontaneous selfings and these were sown i n 
November and kept i n a cold greenhouse, when germination took 
place the following spring. The results are given i n table IV. 
19. 

Parent Plant Origin Seeds sown Seeds germ. Germ, % 

Al Great Dun P e l l , 
Westmorland. 35 32 91 

B2 L i t t l e P e l l , 
Westmorland. 45 40 89 

CI Mickle P e l l , 
N. Yorks. 28 19 68 

Dl Ben Lawers, 
Perth. 9 4 44 

D5 Cam Creag, 
Perth, 48 12 25 

Gl Tatra Mountains, 
Poland 100 54 54 

Table IV. 19. Germination of M. a l p e s t r i s seed. 

The results show that compared with the other species 
tested M. a l p e s t r i s has a good percentage germination. No 
germination has been observed i n the second spring a f t e r 
sowing. Seed production and germination under natural 
conditions are very d i f f i c u l t to determine, especially as 
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the main l o c a l i t i e s are d i f f i c u l t to v i s i t . No f r u i t i n g 
stems have been observed i n the w i l d , but i t i s not known 
whether t h i s i s due to the depredations of the sheep or to 
v i s i t i n g too late i n the summer. Likewise no seedlings have 
been observed. There appears to be no method of vegetative 
reproduction. 

When grown at Durham the plants show a tendency f o r the 
centre of the overwintering leaf rosettes to r o t o f f i n the 
la t e autumn and i t i s necessary to keep the plants under a cold 
frame during the winter f o r adequate s u r v i v a l . That t h i s 
does not happen under natural conditions may be due to the 
fa c t that the ground i s largely frozen and often covered with 
snow f o r the major part of the winter. I t may be noted i n 
t h i s connection that the lowest Teesdale l o c a l i t y i s at 2350' 
and the Scottish ones are at over 3000'. Manley (1942) 
commenting on the observations he made on Dun F e l l (where 
there i s a colony of M. a l p e s t r i s ) points out that i n winter 
the temperature remains p e r s i s t e n t l y below freezing point with 
a very small range. 

V a r i a t i o n . 
Biometrical studies i n t h i s species have been r e s t r i c t e d 

to a comparison of the English (Teesdale) material and 
Scottish material. No attempt has been made to compare 
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IV. 11. Corolla, calyx and leaf characters measured 

i n Myosotis a l p e s t r i s samples» 



96. 

B r i t i s h and continental material because of the complicated 
s i t u a t i o n mentioned e a r l i e r . As described i n an e a r l i e r 
chapter M. a l p e s t r i s i s confined to three l o c a l i t i e s i n 
Teesdale and a number of l o c a l i t i e s i n Perth. Prom these, 
two populations i n Teesdale have been sampled and two i n 
Scotland. There appears to be l i t t l e v a r i a t i o n between 
populations i n each area and there i s no doubt that the 
conclusions drawn from these samples are applicable to the 
species as a whole i n B r i t a i n . As w e l l as f i e l d samples, 
fa m i l i e s have been grown from seed produced from spontaneous 
s e l f - p o l l i n a t i o n of plants from each area. These w i l l be 
considered separately. 

Pield samples consisted of twenty f i v e plants; the 
largest flower was picked and the c o r o l l a and calyx stuck on 
aellotape and the largest rosette l e a f picked and pressed f o r 
measurement. The height of the plant was also measured. 
Corolla and calyx characters were measured using a microscope 
w i t h low power objective and eyepiece and with a micrometer 
scale. Parts measured are as i n diagram IV. 11, This also 
indicates the leaf characters measured. 

Diagram IV, 12. shows a scatter diagram f o r corolla lobe 
length and c o r o l l a diameter. The Teesdale samples are 
s i g n i f i c a n t l y smaller i n both characters. The results f o r 
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calyx lobe length and calyx lobe length/ breadth r a t i o are 
shown i n diagram IV. 13, again the Teesdale samples are much 
smaller i n both characters. 

Leaf length and length/ breadth r a t i o means and standard 
errors are shown i n diagram IV. I4. The Teesdale samples are 
composed of plants with smaller leaves than the plants i n the 
Scottish samples. Means of the heights of the flowering 
plants have been added to diagram IV. 14; thus the L i t t l e F e l l 
plants are much shorter than the Scottish plants. 

Similar l e a f measurements f o r the families grown from 
seed are shown i n diagram IV. 15. I t w i l l be seen that the 
samples of Teesdale o r i g i n have smaller r e l a t i v e l y wider 
leaves than the Scottish samples. The means of heights of the 
non-flowering plants show that the Teesdale ones are much 
shorter. Plate C shows two of the Teesdale families and the 
Scottish family, the Teesdale plants are r e l a t i v e l y prostrate 
while the leaves of the Scottish plants are upright. 
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Plate C. Families of M. a l p e s t r i s plants grown from seed 
from L i t t l e F e l l and Great Dun F e l l , Westmorland, 
and Ben Lawers, Perth. 

Thus the Teesdale plants are short, prostrate leaved 
plants smaller i n a l l parts than the Scottish ones which are 
l a r g e r , t a l l e r and more upright leaved. 

As pointed out on p«40 chromosome counts have been 
ca r r i e d out on plants from both areas and i n both cases the 
number i s 2n = 48. Thus these differences are not due to a 
difference i n ploidy. 

The explanation f o r these genetically controlled size 
differences seems to l i e i n the ecology of the two races, 
described i n d e t a i l on p. 140. The Teesdale populations grow 
i n short, very heavily sheep grazed limestone grassland, while 
the Scottish plants are confined to mica schist rock ledges 
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inaccessible, or nearly so, to sheep. Hence i n Teesdale small 
short prostrate leaved plants may be at a selective advantage, 
as both leaves and infloresences w i l l be less l i a b l e to 
damage. Since damage w i l l be concentrated i n the upper parts 
i , e , the infloresences, i t might be expected that selection 
pressure on these parts would be high. I n Scotland however 
selecti o n may tend to work i n the opposite way, as i n the 
r i c h imgrazed herb vegetation of the c l i f f ledges, small 
prostrate plants w i l l tend to be shaded out. The Teesdale 
plant can thus be regarded as a b i o t i c ecotype, which has 
developed i n response to heavy.sheep grazing. 

Some work on ecotypic v a r i a t i o n i n M. sylvatica sensu 
l a t o has been carried out by Turesson (1925). He states that 
the mountain type i n Scandinavia ( i n which the plants have an 
average height of 26 cms.) i s si m i l a r , although not i d e n t i c a l , 
to M. a l p e s t r i s as found i n the Alps. He concludes that the 
differences between the montane and the lowland types, which 
are mainly size differences, are genetically controlled, but 
does not come to a decision as to whether they are due to 
d i f f e r e n t directions of selection pressures w i t h i n the 
populations, due to cl i m a t i c differences, or to chance 
i s o l a t i o n s . 
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I t i s clear that the B r i t i s h populations of M. a l p e s t r i s 
are again d i s t i n c t from these forms. Thus, fo r example, the 
maximum height recorded i n the Scottish plants i s 23 cms. and 
the means of the two populations sampled were 16.1 and 9.0 cms, 

I t i s u n l i k e l y that the differences i n B r i t a i n are due 
to chance i s o l a t i o n s and the explanation put foiward, of 
d i f f e r i n g selection pressures, seems much more probable. 

Dryas octopetala L. 

Description. 

A much branched espalier- or under-shrub with stems 
generally up to 0.5 m. long, which are strongly dorsiventral 
and bear adventitious roots. Stems creeping with more or 
less two l i n e s of leaves, except at the apices which are 
orthotropic and bear leaves a l l round. Stems green i n t h e i r 
f i r s t year, developing reddish brown to blackish bark i n the 
second year; with the leaf bases persistent. Leaves niimerous 
w i t h the petioles about as long as the blades. Blades oblong 
to oblong-ovate, cordate or truncate at base, widest i n the 
middle, 1.5 to 2.5 times as long as broad, crenate dentate, 
sometimes revolute at the edges especially i n plants from 
exposed s i t u a t i o n s . Leaves leathery, evergreen, dark green 
on the upper side, somewhat rugose with impressed veins, 
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u sually glabrous but sometimes covered with white simple 
hairs ( f . argentea ( B l y t t ) Hult^n). Undersides of leaves 
densely white tomentose with simple white hairs, sometimes 
w i t h much larger yellow to brown m u l t i c e l l u l a r hairs with 
white branches ( i n the following account known as branched 
h a i r s ) , and short golden stalked capitate glands, which may 
be borne both on the side veins and the main vein and petiole 
or may be confined to the main vein and petiole only. ' Stipules 
l i n e a r lanceolate, p a r t i a l l y fused with the p e t i o l e , green 
at f i r s t , becoming brown and scarious, covered with white 
simple h a i r s . Pedicels s o l i t a r y , 2 - 8 cms. long, erect, 
white tomentose hairy w i t h also blackish glandular hairs 
above. Flowers usually 8 merous, but often 7 - 1 0 merous, 
or even more. Sepals oblong 4 - 8 mm. long acute to obtuse, 
tomentose, w i t h blackish glandular hairs and the margins 
c i l i a t e h a i r y . Hypanthium covered w i t h purplish to black 
capitate glands. Petals oblong, white, 0.7 - 1.7 cms. long. 
Flowers t y p i c a l l y hermaphrodite, but sometimes male staminate 
only w i t h hairs on the receptacle. Stamens numerous. Carpels 
numerous, each with one ovule, styles terminal, increasing 
to 2 - 3 cms. at maturity, covered with white hairs and 
acting as a parachute f o r the achenes which are formed. 
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Taxonomy and Relationships. 
Since the v a r i a t i o n which has been studied bears on the 

c l a s s i f i c a t i o n and taxonomy of the goaus a rather detailed 
account w i l l be given. 

The f u l l e s t c l a s s i f i c a t o r y system f o r the genus has been 
given by Juzepczuk (1929). I n t h i s paper the genus i s divided 
i n t o two sections, Nothodryas and Eudryas. The section 
Nothodryas i s characterised as follows; leaves acute at the 
base, petals and sepals erect - spreading or quite erect, 
receptacle f l a t t e n e d . There are three species included here, 
D. Drummondii, D. tomentosa (usually reduced to a var i e t y of 
the l a s t now), and D. grandis. The f i r s t two are N. American 
and the t h i r d Siberian. D. Drummondii (including D. tomentosa) 
i s a w e l l defined species with yellow flowers, while D. grandis 
i s thought by Hult^n (1959) to be a very doubtful species, but 
very l i t t l e material i s available f o r study. None of the 
members of t h i s group i s relevant to the present study and 
w i l l not be considered f u r t h e r . 

The section Eudryas i s characterised as follows:-
leaves mostly rounded, truncate or subcordate at the base, 
petals and sepals spreading, receptacle convex. Juzepczuk has 
divided t h i s section i n t o three subsections. One of these, 
subsection Punctatae, i s c h i e f l y distinguished by the leaves 



l o 3 . 

being punctate-glandular. Hulten (1959) has pointed out 
however that t h i s i s a variable character and i n his opinion 
of l i t t l e taxonomic value. The other two subsections are 
the Ghamaedrifoliae, with the leaves crenate or dentate along 
t h e i r whole length and the l a t e r a l veins more or less deeply 
impressed, and the Tenellae with the leaves e n t i r e , dentate 
along the basal part only, or minutely crenulate along t h e i r 
whole length, the l a t e r a l veins not or l i t t l e impressed. The 
main species included i n the subsection Ghamaedrifoliae i s 
D. octopetala; toge.ther with a number of Russian and Asiatic 
taxa. The subsection Tenellae includes three species, 
according to Juzepczuk, D. i n t e g r i f o l i a , D. chamissonis and 
D. crenulata. P o r s i l d (1947) added another character to those 
used by Juzepczuk, i . e . the occu^bnce of branched hairs both 
on the main vein on the underside of the le a f , and also 
sometimes on the l a t e r a l veins. Such hairs are present i n the 
Ghamaedrifoliae, and absent i n the Tenellae. 

These hairs have also been described as 'minute, l i n e a r , 
p e l l u c i d , fringed scales' by Babington (1842, 1862) and as 
'octopetala scales' by Hult^n (1959). In t h i s account they 
w i l l be called branched hairs following Juzepczuk (1929, 1941) 
and P o r s i l d (1947, 1958). I t may be pointed out that although! 
Juzepczuk was aware of the presence of branched hairs and 
used them i n his species diagnoses, i t was Porsild who made 
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them a subsectional character. I t follows that a specimen 
without branched hairs should be placed, according to Porsild, 
i n the subsection Tenellae. Moreover t h i s treatment has been 
given to specimens which are crenate along the whole length 
of the leaves, since Juzepczuk, although using the degree of 
crenation as an important character i n the d i f f e r e n t i a t i o n 
of these two subsections, has placed one species, D. Chamissonis, 
i n the Tenellae, although according to him i t may sometimes 
have completely crenated leaves. Pollowing t h i s lead Porsild 
(1958) has described a new Dryas species, D. Babingtoniana 
which i s based on B r i t i s h material; t h i s i s e n t i r e l y crenately 
leaved as i s a l l B r i t i s h Dryas material and d i f f e r s only i n 
not bearing branched h a i r s . I t should thus, according to 
P o r s i l d , not only be placed i n another species from D.octopetala, 
but should be placed i n the subsection Tenellae and not i n the 
Ghamaedrifoliae. The wisdom of these decisions w i l l be 
questioned i n l a t e r discussion. 

General Biology. 
I n Teesdale D. octopetala flowers very i r r e g u l a r l y , 

some years apparently producing no flowers at a l l , whereas i n 
others abundant flowering i s said to take place. I n the l a s t 
three years (1959-1961) very few flowers have been observed. 
I n these three years no seed has been seen at a l l and t h i s i s 
undoubtedly due to sheep grazing, the mat of D. octopetala 
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being very closely grazed so that anything projecting above 
the surface has a very small chance of s u r v i v a l . Because of 
t h i s , there i s l i t t l e chance that D. octopetala i n Teesdale 
can extend i t s range; and i t appears at present to be 
completely stationary i n the area where i t was f i r s t recorded 
at the end of the eighteenth century. I n t h i s connection, 
Kihlman (1890) records f i n d i n g a plant over 108 years old i n 
Lapland and Schroeter (1904)» one of over 50 years old i n the 
Alps. 

I n Scotland and Ireland good flowering and seed product­
i o n takes place i n at least some l o c a l i t i e s ; the main flowering 
season i n Scotland i s i n June, with some flowers i n May and 
July. I n Ireland the maximum i s somewhat e a r l i e r , i n the 
l a t t e r part of May. 

The flowers appear to be more or less homogamous i n 
B r i t a i n ; they are v i s i t e d by insects f o r the nectar which i s 
secreted by a r i n g inside the stamens, and thus may be 
cross-pollinated. S e l f - p o l l i n a t i o n can easily take place, 
however, since anthers and styles are close together and at 
the same l e v e l . Experiments i n an insect-proof greenhouse 
have shown that w e l l - f i l l e d seeds are produced by s e l f - p o l l i n a t ­
i o n and these are capable of germinating, so that the species 
i s s e l f compatible. 
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Seed production has been counted i n flowers from a number 
of l o c a l i t i e s , and the results are given i n table IV. 20. 

Lo c a l i t y Uo. flowers Mean Seed No. 
Tungaa R., Iceland 5 58 
Gemmi Pass, Valais, Switzerland 2 52 
Ben L u i , Perth, Scotland 3 62 
Knockan, Sutherland, Scotland 3 64 
Rannagh, Co. Clare, Ireland 3 66 

Table IV. 20. Mean seed numbers i n D. octopetala. 

These counts seem to be representative of the general 

s i t u a t i o n , and show l i t t l e v a r i a t i o n i n the seed production 

per flower. 

termination has been studied under greenhouse conditions. 
Seed was sown i n November i n John Innes seedling compost and 
kept dn a cold greenhouse f o r the winter so that f r o s t i n g 
took place. This appears to be necessary since no seed was 
found to germinate when kept i n a warm greenhouse. Germination 
took place mainly i n A p r i l and May. Typical results f o r seed 
collected i n the w i l d are shown i n table IV. 21. 
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L o c a l i t y No. of seeds % germination 
Sown germinated 

Black Head, Co. Clare 100 30 30 
100 22 22 
100 35 35 
100 29 29 

Inchnadamph,Sutherland 46 3 7 
59 38 64 

Durness, Sutherland 26 4 15 
B e t t y h i l l , Sutherland 118 60 51 

49 10 20 
38 23 61 
50 28 56 

Table IV. 21. Germination rates of D. octopetala seed. 

The r e s u l t s show a substantial but rather variable germination 
r a t e . Some of the lower germination rates may be due to the 
seed not being completely mature when collected. 

The seedlings are slow growing, they reach a maximum of 
c. 6 cms. i n diameter at the end of t h e i r f i r s t year and are 
frequently much smaller. Flowering does not seem to take 
place u n t i l at least the t h i r d year. This has meant that the 
study of v a r i a t i o n has had to be made largely on f i e l d 
m a t e r i a l . 
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As Jessen (1921) points out there i s l i t t l e vegetative 
reproduction, although i t may occasionally take place through 
decay of o l d stems, the younger parts having rooted 
adventitiously. 

V a r i a t i o n . 

I n t r o d u c t i o n . 
Most of the results on v a r i a t i o n i n vegetative characters 

have been obtained from f i e l d samples. Each sample has 
consisted, wherever possible, of 25 branches collected at 
random i n a population, at a s u f f i c i e n t distance apart to 
minimize the r i s k of c o l l e c t i n g two pieces from the same 
pla n t . Some samples which have been sent to me have consisted 
of rather less than 25 pieces. 

The main characters which have been investigated, are 
a l l l e a f characters. Leaf length and breadth have been 
measured and means and standard errors calculated; a measure 
of the amount of crenation has also been made. The branched 
h a i r and gland characters have been scored i n t o classes of 
presence since some populations are polymorphic i n these 
respects. 

I t has not been possible to carry out any detailed work 
on f l o r a l characters because many of the populations were not 
i n flower when they were v i s i t e d , and flowering i n cu l t i v a t e d 
plants was poor. 



L o c a l i t y Sample 
No. 

Quadrat 
No. 

Gronkley P e l l , N. Yorks 1 
Glyder Pawr, Caernarvon 2 
Cowside Beck, A r n c l i f f e , N. Yorks 3 
Yew Cogar Scar, A r n c l i f f e , N. Yorks 3a 
Caenlochan Glen, Angus 4 
Creag an Lochan, Perth 5 
Ben L u i , Perth 6 
Knockan, Sutherland 7 
Loch Mhaoloch-coire, Inchnadamph, Sutherland 8 
R. T r a l a g i l l , " " 9 
Durness, Sutherland 10 
B e t t y h i l l (dune), Sutherland 11 
B e t t y h i l l (grassland), Sutherland 12 
Creag na Bruaich, Raasay 13 
S. Screapadal, Raasay 14 
Druim an Aonaich, Raasay 15 
Rubha na Leac, Raasay 16 
Black Head, Co. Clare 17 
Croagh, Co. Glare 18 
Rannagh, Co. Clare 19 

France 
Ayere des Perrieres,nr.Sallanches,Haute Savoie 20 
Le L e u t e l l e t nr. Megeve, Haute Savoie 21 
Lanche dur Pra, nr. Sallanches, Haute Savoie 22 
Col du Lauteret, Hautes Alpes 23 
Tinee Valley, nr. Nice, Alpes Maritimes 24 
Austria 
Radstadter Tavern Pass, Salzburg 25 

48 
83 
82 
81 
54 
53 
51 

65 
67 
66 
79 
75 
71 
72 
73 
74 
78 
77 
76 

86. 
88 

I t a l y 
Sassolunga, Val Gardena, Dolomites 34 



L o c a l i t y Sample 
No. 

Quadrat 
No. 

Switzerland 
Gemmi Pass, nr. Leukerbad, Valais 
Clavinenalp, " " " 
Chermignon, " " " 
Bella L u i , nr. Grans, Valais 
Bourg St, Pierre, Valais 
Combe de l a , E. Aspect, Valais 
Combe de l a , Valais 
Zermatt, Valais 
Norway 
Tana Head, Pinnmark 
Varanger Peninsula, Pinnmark 
Kistrand Head, Pinnmark 
S0rdal, Troms, Pinnmark 
Kongsvoll, D o v r e f j e l l , Sor-Trondelag 
Memurelo 
A l t a 
Sweden 
Abisko, railway bank. 
Foot of N j u l j a , nr. Abisko 
N. side " " " 
Vassijaure, nr. Abisko 
Laktatjakko, " " 
Pinland 
Kiutakongas, Kuusamo prov. 
Iceland 
H v e r a v e l l i r 
Tungaa River 
Spitzbergen 
King's Bay 

26 
27 
28 
29 
30 
31 
32 
33 

35 
36 
37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

47 

48 
49 

50 

84 
89 
85 

Table IV. 22. L o c a l i t i e s and numbers of D.octopetala samples, 
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L o c a l i t i e s of the samples which have been used are given 
r 

i n ;tiable IV. 22. 

Leaf size and shape. Por the measurements of the length and 
length/ breadth r a t i o of the leaves the two largest leaves 
from each branch have been measured; these have then been 
averaged and the resultant figures used to calculate the 

T 

means and standard er r o r s . These are given i n /table IV. 23, 
which has been s p l i t i n t o the three parts comprising the 
r e s u l t s from B r i t a i n , Scandinavia and the Alps respectively. 
An examination of the le a f measurements shows that there i s a 
great deal of v a r i a b i l i t y . The Cronkley P e l l , Teesdale 
population has the smallest leaves of any sample measured and 
i t i s nearest i n ^ shape and length to the.samples from 
Kistrand Head, A r c t i c Norway and from Spitzbergen and thus 
closely resembles these a r c t i c types, as was pointed out by 
Pi g o t t (1956). The l o c a l i t y on Cronkley P e l l i s a small 
plateau of metamorphosed (sugar) limestone which i s l i k e l y to 
be very exposed i n the winter, since the ground drops away 
towards the West, and the plateau w i l l probably tend to be 
blown clear of snow. I t i s i n t e r e s t i n g to note that the only 
other place i n B r i t a i n where leaves approaching the same size 
have been found i s on the Cairnwell, Perth, where the species 
grows on a windswept saddle, also on metamorphosed limestone. 



Sample 
No. Length mean S.E. Length/breadth 

mean S.E, Crenat 
per c 

B r i t i s h I s l e s . 
1 0.86 i .028 2.02 - .047 7.5 
2 1.25 .041 1.63 .024 5.0 
3 1.47 .056; 2.14 .043 5.2 
4 1.67 .057 1.98 .041 4.3 
5 1.38 .047 1.62 .027 4.6 
6 1.41 .054 1.58 .037 4.5 
7 1.14 .033 1.87 .047 5.8 
8 1.29 .033 1.76 .025 5.1 
9 1.33 .044 1.87 .031 5.4 

10 1.12 .034 1.76 .033 6.2 
11 1.21 .033 1.81 .035 6.1 
12 1.02 .030 1.94 .044 6.8 
13 1.68 .057 1.82 .035 4.2 
14 1.20 .045 1.68 .040 5.2 
15 1.56 .045 1.86 .039 4.6 
16 1.43 .055 1.91 .053 5.0 
17 1.52 .038 1.88 .038 4.9 
18 1.39 .044 2.10 .053 5.5 
19 1.49 .047 1.86 .032 5.0 

Table IV. 23. 



Sample 
No. Length mean S.E. Length/breadth 

mean S.E. Crenations 
per cm. 

Alps. 

France. 
20 1.75 i .049 1.96 i .040 4.9 
21 1.55 .059 1.88 .046 5.1 
22 1.78 .065 1.98 .054 4.6 
23 1.86 .054 1.93 .040 4.2 
24 1.52 .061 2.05 .056 5.6 

Austr i a . 

25' 1.17 .055 1.80 .035 . 5.2 

Switzerland. 
26 1.25 .027 1.93 .033 5.6 
27 1.74 .047 1.91 .029 4.4 
28 1.60 .044 2.06 .032 4.9 
29 1.40 .024 1.98 .026 •5.3 
30 1.90 .087 1.98 .031 4.1 
31 1.70 .059 1.88 .036 4.6 
32 1.95 .059 1.97 .034 4.3 
33 2.68 .088 2.01 .046 3.3 

I t a l y . 

34 1.47 .053 2.27 .047 5.0 

Table IV. 23. 



Sample 
No. Length mean „ „ l-ength/breadth „ ̂  

- mean 
Crenations 
per cm. 

N. Europe, 

Norway, 

35 1.24 i .045 2.23 - .046 6.3 
36 1.32 .039 2.19 .025 5.8 
37 0.92 .030 2.04 .043 7.1 

. 38 1.52 .057 1.86 .045 4.7 
39 1.53 .050 2.40 .104 5.1 
40 1.39 .039 1.99 .051 5.6 
41 2.02 .047 2.44 .048 4.4 

Sweden. 
42 1.15 .040 2.07 .059 6.5 
43 1.50 .044 2.15 .053 5.5 
44 1.38 .047 2.06 .048 5.7 
45 1.26 .047 1.87 .047 5.7 
46 0.88 .029 1.79 .041 7.1 

Pinland. 
47 1.83 .125 2.65 .053 5.5 

Iceland. 
48 1.27 .035 2.00 .032 5.7 
49 1.44 .053 1.88 .041 5.0 

Spitzbergen. 
50 1.00 .030 2.05 .051 6.7 

Table IV. 23. Means and standard errors of leaf 
length and length/breadth r a t i o and mean 
number of crenations per cm, i n samples 
of D. octopetala. 
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These dwarfed plants, i n which the leaves are also very 
revolute, have been known and named f o r a considerable time. 
Thus Hooker (1824) examining material from Spitzbergen 
described i t as var. minor with leaves 'parvis angustis 
profunde crenatis'. N0to (1902) has also recognised small 
dwarfed plants from N. Norway and has separated them as var. 
minima, with leaves c. 5 mm. long. 

I n B r i t a i n the most si m i l a r populations to the Teesdale 
one, i n respect of l e a f size, which have been sampled, are 
from Sutherland, at B e t t y h i l l , Knockan and Durness. The large 
leaved populations i n Scotland are mainly found along the 
c e n t r a l Scottish mica schist belt from Glen Clova, Angus i n 
the East to near Ballachulish, A r g y l l i n the West. The samples 
from Caenlochan Cien, Angus; Creag an Lochan, Perth; and 
•Ben L u i , Perth are c h a r a c t e r i s t i c of these. Large leaved 
populations are also found i n the Hebrides as some of the 
samples from Raasay show. The samples from W. Ireland are 
also f a i r l y large leaved^as i s the sample from Cowside Beck, 
A r n c l i f f e , N. Yorks, which, i s from a grassland community also 
on Carboniferous limestone^ and which shows a 50 % f l o r i s t i c 
s i m i l a r i t y w i t h one of the W. I r i s h s i tes (no. 76, Rannagh, 
Co. Clare.). 
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I t i s impossible to comment i n d e t a i l on most of the 
continental s i t e s since I have not seen them personally. Of 
those v i s i t e d the smallest leaved populations, from the 
Gemmi Pass and Bella Lui, both i n the Valais, Switzerland 
were from the highest a l t i t u d e s and the most severe climatic 
conditions. At the other extreme i s the population from near 
Zermatt, Valais, Switzerland from a sheltered clearing i n 
coniferous f o r e s t , where the leaves are more than three times 
as long as those from Teesdale plants. 

I t seems probable th a t , i n general, leaf size i s 
correlated w i t h c l i m a t i c and exposure factors, but the 
microclimate i s g.Pp^^sj^'tly often as important as the macro-
climate i n t h i s respect, and careful meterological and micro­
c l i m a t i c data would be necessary to establish a true 
c o r r e l a t i o n . There i s also the p o s s i b i l i t y that edaphic 
facto r s may have an influence on leaf size. 

Apart from these detailed correlations there also 
appears to.be a more general regional d i f f e r e n t i a t i o n , i n 
both length and length/ breadth r a t i o , between B r i t i s h , 
Central European and North European samples. This i s shown 
by the group means given i n table IV. 24, 
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Length Length/ Breadth r a t i o 
B r i t a i n 1.34 1.85 
Central Europe 1.69 1.97 
North Europe 1,35 2.10 

Table IV, 24. Regional group means f o r leaf length 
and length/ breadth r a t i o i n Dryas 
octopetala. 

The combination of these characters c l e a r l y separates 
these three groups. 

Plants which have been brought back from a number of 
the populations have been grown i n pots at Durham i n John 
Innes compost to gain information on whether the size d i f f e r ­
ences are genetic i n o r i g i n or not. Samples, consisting of 
the two largest leaves, have been removed once a year and 
three years records are available f o r most of the plants. 

The re s u l t s f o r le a f length are given i n table IV, 25, 
together with the means and standard errors f o r the samples 
collected from the same populations as the plants grown at 
Durham, 

I n most cases le a f length has increased over the three 
years, A number of plants however have shown a decrease i n 
l e a f length or have not changed. 

The plants from Cronkley F e l l , Teesdale have a l l 
increased i n leaf length except one which was collected i n 



Sample 
No. Loca l i t y 

Pield population 
sample 

mean & S,E. 
Plant 
Oode 
No. 1959 1960 1961 

1 Cronkley P e l l , 
N, Yorks 0.86-.028 El 0.70 0.75 0.95 

E2 0.80 0.80 1.02 
E3 0.60 1.10 1.10 
E4 - 0.90 1.27 
E5 - 0.87 1.15 
E6 - 1.12 1,10 

6 Ben Lui, Perth 1.41-.054 H2 1.17 1.02 1.65 
H3 1.52 1.40 1.65 

7 Knockan, 
Sutherland 1.14-.033 11 1.05 1.05 1.40 

12 0.90 0.92 1.20 
13 0.75 0.75 0.75 

8 Loch Mhaolach-
coire, 
Inchnadamph 1.29^.033 Kl 

K2 
0.77 
0.85 

0.67 0.90 
0.77 

9 R, T r a l a g i l l , 
Inchnadamph 1.33^.044 J l 1.32 1.07 1.65 

J3 1.00 1.15 1.75 
J4 0.70 0.90 1.45 

10 Durness, 
Sutherland 1.12^.034 L I 0.77 0.65 1.45 

L2 0.87 - 0.92 
L3 0.85 1,05 1.30 
L4 1,02 1.27 1.42 

Table IV, 25. 



F i e l d population Plant 
Sample 
No, Local i t y sample 

mean & S.E, 
Code 
No, 1959 1960 1961 

11 B e t t y h i l l (dune), 
Sutherland l,2li';033 Ml 1,25 1,17 1.25 

M2 0.95 1,05 1,25 
M3 1,17 1,07 1,30 

12 B e t t y h i l l 
(grassland), 
Sutherland 1.02^.030 Nl 1.32 1,40 

N2 0,95 0,95 1,42 
N3 0.87 0.90 1.55 
N4 0,85 1.10 1,30 

17 Black'Head, 
^0. Clare 1,52^.038 Cl 1,45 1.75 1,90 

C2 1,42 1.62 2.45 
C3 1,87 1.45 1.55 

19 Rannagh, 
Co. Clare 1.49^.047 Dl 0.92 1.05 1,70 

D2 1.02 1.30 1.32 

Table IV. 25. Leaf length measurements i n cu l t i v a t e d 
plants of D. octopetala. 
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1960 and shows a 2 % decrease from then to 1961. The increases 
are rather variable, the f i n a l figures being from 27 to 83 % 
larger than the o r i g i n a l s . They have, however, never increased 
to a size comparable with the plants collected from Ben Lui, 
Perth (H2 and H3). These, although becoming smaller i n 1960 
became larger leaved again i n 1961 so that i n H2 there was an 
o v e r a l l length increase of 41 % and i n H3 one of 9 %» I n both 
cases the lengths i n 1961 are larger than the population 
sample mean. 

The sample mean of the Knockan, Sutherland population 
indicates an intermediate leaf size to these two populations. 
Two of the plants were intermediate i n 1959 and although they 
have both increased i n leaf length over the three years i n 
c u l t i v a t i o n the recorded measurements i n 1961 are s t i l l 
intermediate to those from Cronkley P e l l and Ben Lui plants 
made i n the same year. One plant (13) has remained i d e n t i c a l 
i n l e a f length throughout the three years. 

Although the sample mean from the population at Loch 
Mhaolach-coire, Inchnadamph,Sutherland i s somewhat larger 
than that from Knockan, the two plants collected were much 
shorter leaved i n the year of t h e i r c o l l e c t i o n (1959) and 
they have remained so throughout the next two years, one plant 
having shown a length increase of 17 % and the other a further 
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decrease of 9 %. The population from R. T r a l a g i l l , Inchnadanph 
although having a s i m i l a r sample mean includes plants showing 
a rather d i f f e r e n t behaviour; of the three grown one had a 
s i m i l a r leaf length i n 1959 while the other two were smaller 
and J4 i n f a c t had as small a leaf length as some of the 
Teesdale plants. They have a l l increased to approximately 
the same size i n 1961 however, so that J l shows an average 
increase of 25 % while J4 shows one of 107 %. Dwarfing here 
i s obviously a phenotypic e f f e c t . 

The figures f o r plants from Durness and B e t t y h i l l (dune 
community), Sutherland, show that increase i n length i s 
somewhat i r r e g u l a r ; i n the plants from B e t t y h i l l t h i s has 
meant that the f i n a l lengths are very close to one another; 
the differences recorded i n 1959 f o r the plants from Durness 
have however, been accentuated i n the three years of c u l t i v a t ­
i o n . As i n the plants from the dune community at B e t t y h i l l , 
those from the grassland community have increased i n leaf 
size i m t i l they are a l l f a i r l y close to one another and here, 
while the values recorded i n 1959 are lower than the m I d 
sample means, the increase i n length has resulted i n leaves 
considerably larger than these. 

The re s u l t s from Black Head, Co. Clare show that the 
plants were large leaved when collected as was the natural 
population and t h i s feature has been maintained i n successive 
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years. The plants collected from Rannagh, Co. Clare were 
rather small leaved i n 1959, compared with the sample mean, 
but have increased i n le a f length so that the leaf size i n 
1961 i s comparable with t h i s . 

These re s u l t s are rather variable,.but show that i n some 
populations at least size differences i n the leaves are 
maintained although the absolute size may increase. This i s 
p a r t i c u l a r l y true of plants from Cronkley F e l l , Teesdale; 
Ben Lu i , Perth; Knockan, Sutherland and Black Head and 
Rannagh, Co. Clare. The other plants from Sutherland are more 
variable i n t h e i r behaviour and small leaf size i n some of 
these seems to be a phenotypic e f f e c t . In the above mentioned 
l o c a l i t i e s at least though, leaf size v a r i a t i o n appears to 
have a genotypic o r i g i n . Plate D shows plants from a number 
of areas, which have been grown at Durham, and which have 
retained differences i n leaf size. 
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Plate D. D. octopetala plants from Black Head, Co. Clare; 
Durness, Sutherland; Gaenlochan Glen, Angus; Ben Lui, 
Perthshire; and Cronkley P e l l , Teesdale, a f t e r 
c u l t i v a t i o n at Durham f o r two years, showing 
differences i n leaf size. 

Conclusive proof as to whether the leaf v a r i a t i o n i n 
D. octopetala i s genotypic or not can only be gained from 
plants grown from seed. This has not been possible due to the 
slow growth of the seedlings. 

The c u l t i v a t i o n experiments give evidence however that 
at least some of the size v a r i a t i o n described i s ecotypic and 
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t h i s i s especially so of the Teesdale population. Here a 
small leaved type seems to have been selected out i n response 
to the exposed conditions. A si m i l a r response has taken 
place on the Gairnwell, Perth, although i t i s not known i f 
small size here i s genotypic. 

Similar measurements have been made f o r leaf length/ 
breadth r a t i o , but no conclusive results have been obtained. 
This i s probably due to the much smaller v a r i a b i l i t y i n the 
B r i t i s h populations i n t h i s respect and also the fac t that the 
samples from the plants were, of necessity, rather small. 

The amount of crenation has been studied i n a l l the 
population samples and the mean number of crenations per cm. 
i s given i n table IV. 23. The samples have also been p l o t t e d 
on a scatter diagram of mean number of crenations per cm. 
against mean leaf length; t h i s i s given i n diagram IV. 16. 
I t w i l l be seen that there i s a r e l a t i o n between the two and 
that the smaller leaves have more crenations per cm. than the 
larg e r ones. The e f f e c t i s that the smaller leaves appear to 
have many small crenations whereas the larger ones have fewer 
much larger crenations. The number of crenations per half leaf 
i s p l o t t e d against leaf length i n diagram IV. 17. There i s 
general c o r r e l a t i o n f o r most samples between leaf length and 
number of crenations, but two sanples i n p a r t i c u l a r diverge 
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very considerably from t h i s . These are the samples from 
Ik' 

Radstadter Ta>^ern Pass, Austria (no. 25) with a mean of 6,1 
crenations per h a l f l e a f and from Kiutakongas, Finland 
(no. 47) with a mean of 10,1. Both samples have a very similar 
l e a f length. However a l l the other Central and North European 
samples seem to follow the general c o r r e l a t i o n of number of 
crenations to leaf length so that there are no simple 
geographical correlations. I t can be noted however that the 
sample means of crenations per cm. from Kistrand Head, Norway 
(no. 37) and Spitzbergen (no. 50) are close to the Teesdale 
(no. 1) value, and the figures f o r absolute numbers of 
crenations are also very s i m i l a r . 
Leaf h a i r and gland characters. Since the presence or 
absence of branched hairs has been used as an important 
diagnostic character a l l the samples have been scored f o r 
these. At the same time they have been scored f o r the 
presence of small capitate glands which also occur on the 
main and l a t e r a l veins on the lindersides of the leaves. I t 
should be noted that these are smaller than those used by 
Hult^n (1959) i n h i s species diagnoses and are not thought by 
him to be s i m i l a r (pers, comm.). Each character has been 
scored i n t o four classes of presence; since both of them are 
somewhat variable i n t h e i r d i s t r i b u t i o n from leaf to leaf the 
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classes have had to be defined i n rather general terms. 

Classes f o r branched h a i r s , 
1. Branched hairs present on a l l leaves, some leaves 

at least w i t h branched hairs on the l a t e r a l veins also. 

2. Branched hairs present on a l l leaves, but confined 
to the main veins. 

3. Branched hairs present on some leaves, but not on a l l . 

4. No leaves with branched hairs. 

Classes f o r capitate glands. 
1. Glands present on a l l leaves and numerous on at least 

some leaves. 

2. Glands present on a l l leaves, but never numerous. 

3. Glands present on some leaves, but not on a l l . 

4. No leaves w i t h capitate glands. 

Before the resul t s are described and discussed the evidence 
f o r believing that the presence or absence of branched hairs 
and capitate glands i s genetically controlled w i l l be discussed.| 
Two sets of data are available; those collected from plants i n 
c u l t i v a t i o n , and those from two samples from one population i n 
Scotland collected i n d i f f e r e n t years. Records have been 
kept of 38 plants collected from 14 l o c a l i t i e s (12 B r i t i s h 
and 2 Norwegian) and grown i n the garden at Durham from 1959, 
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when they were collected, to I 9 6 I . I n t h i s time no plants 
have l o s t t h e i r branched hairs, i f they had them i n the w i l d 
condition, or grown them i f they lacked them when collected. 
Also a l l plants with branched hairs had capitate glands when 
f i r s t examined i n 1959, and a l l those with branched hairs i n 
1961 also had capitate glands. No plants without branched 
hairs had developed capitate glands. These data indicate that 
presence and absence of these characters remains stable over 
several years, so that t h e i r expression i s probably genetically 
c o n t r o l l e d . 

I n the other approach data have been collected from the 
population at Creag an Lochan, Perth i n 1959 and 1961; the 
res u l t s are compared i n table IV. 26, 

Branched hair Capitate gland 
classes. classes. 

1959 17 60 23 - - - 70 30 
1961 92 8 - - - 16 84 -

Table IV. 26, Percentage composition of D. octopetala 
population from Creag an Lochan, Perth 
with respect to branched hairs and 
capitate gland. 
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The detailed d i s t r i b u t i o n has changed, but the general 
s i t u a t i o n i s s i m i l a r . Many, more of the plants i n 1961 have 
branched hairs on the l a t e r a l veins, but there are s t i l l no 
plants without branched ha i r s ; the major proportion s t i l l have 
glands on some leaves, but none were found to be completely 
lacking glands i n 1961 and some specimens appeared to bear 
them on a l l leaves. Thus so f a r as the presence of branched 
hairs i s concerned the two samples give very s i m i l a r r e s u l t s , 
also i n d i c a t i n g a stable s i t u a t i o n which i s probably due to 
genetic control of the character. Much more v a r i a t i o n i s 
shown i n the presence of capitate glands. The reasons f o r t h i s 
are not clear. The c u l t i v a t i o n experiments indicate that t h e i r 
presence i s gen e t i c a l l y controlled, but i t i s possible that 
t h e i r expression may be modified by other factors. When w i l d 
plants are examined the numbers of capitate glands often 
varies greatly from leaf to leaf possibly i n d i c a t i n g that the 
time of year that the leaves are produced has an influence on 
the number of glands produced; the state of maturity of the 
le a f may also be important i n t h i s respect. Their production 
i s , however, li n k e d to that of the branched hairs; plants 
which are without branched hairs never bear capitate glands. 

Attempts have been made to gain information on the 
genetic control of these characters by studying f a m i l i e s , each 
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of which has been grown from seed from one flower head. 
However i t has not been possible yet to do t h i s as i t appears 
t h a t , due to the slow growth of the seedlings, they only 
become mature enough f o r r e l i a b l e scoring when they are 
several years o l d . Thus a family of 51 seedlings (seed from 
B e t t y h i l l , Sutherland) scored on 23. 11. 60 had three plants 
(6 %) with branched h a i r s , none of which had capitate glands. 
When scored again on 15, 8. 61, of the 41 surviving plants, 
23 (55 %) now had branched hairs, although there were s t i l l 
none w i t h capitate glands, • 

The r e s u l t s which have been gained from the f i e l d 
samples are presented i n table IV, 27, This has been divided 
i n t o three parts comprising the B r i t i s h , Central European 
(Alpine), and North European samples respectively. The number 
of specimens i n the samples i s variable, as mentioned before, 
so that the class representations are also presented as 
percentages f o r comparative purposes. A map giving the 
positions and compositions of the populations with respect to 
presence and absence of branched hairs i s given i n diagram IV, 
18. From the table and map i t w i l l be clear that by f a r the 
greatest v a r i a t i o n recorded i s i n B r i t a i n . 

The general pattern of v a r i a t i o n i n B r i t a i n i s complicat­
ed. I n Wales, where one of the only two known populations 
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No. 
Sample of 

Branched hairs 
Numbers Percentages 

pLanfcs 1 2 3 4 1 _2 3 4 

Capitate Glands 
Numbers Percentages 

B r i t i s h I s l e s . 

1 25 12 8 — 5 48 32 - 20 - 8 11 6 - 32 44 24 
2 25 25 - — - 100 - - - 20 5 - - 80 20 - -
3 25 24 1 - - 96 4 - - 7 7 10 1 28 28 40 4 
3a 6 6 - - - 100 - - - - 2 2 2 - 33 33 33 
.•4 27 21 4 2 - 78 15 7 - 2 14 10 1 7 52 37 4 
5 30 5 18 7 - 17 60 23 - - - 21 9 - - 70 30 
6i 27 .2 4 2 19 7 15 7 71 - 2 6 19 - 8 22 70 
7 26 - - 1 25 - - 4 96 - - 1 25 - - 4 96 
8 29 11 2 2 14 38 7 7 48 1 1 9 18 3 3 31 63 
9 26 24 1 1 92 4 - 4 3 5 17 1 12 19 65 4 

10 30 19 11 - - 63 37 - - 3 8 19 - 10 27 63 -
11 27 16 10 1 - 59 37 4 — 9 7 11 - 33 26 41 -
12 25 9 10 5 1 36 40 20 4 3 3 18 1 12 12 72 4 
13 25 3 - - 22 12 - - 88 - 2 1 22 - 8 4 88 
14 25 4 - 2 19 16 - 8 76 - 3 3 19 - 12 12 76 

15 25 2 - - 23 8 - - 92 - 1 1 23 - 4 4 92 
16 23 18 2 2 1 78 9 9 4 3 12 7 1 13 52 30 5 
Ir e l a n d , 
17 24 1 - 1 22 4 - 4 92 - 1 1 22 - 4 4 92 
18 27 — - I 26 - - 4 96 - - 1 26, - - 4 96 
19 25 2 — — 23 8 — 92 — 1 1 23 — 4 4 92 

1 2 3 1 2 

Table IV. 27. 



No, Branched hairs 
Numbers 

Capitate Glands 
Numbers Perceni 

plant s 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Alps. 

France. 
20 25 25 - — - 100 - - - 18 7 - - 72 28 - -
21 25 25 - - - 100 - - - 12 13 - - 48 52 - -
22 24 24 - - — 100 .- - - 12 12 - - 50 50 - -
23 27 25 2 - - 93 7 - - 1 11 14 1 4 40 52 4 

24 18 17 1 - - 94 '6 - - 3 12 3 - 17 66 17 -

A u s t r i a . 

25 18 8 10 - - 44 56 - - - 4 8 6 - 22 44 34 

Switzerland. 

26 24 23 1 - - 96 4 - - 10 12 2 - 42 50 8 -
27 23 23 - - - 100 — - - 16 7 - - 70 30 -
28 25 25 - - — 100 - - - 11 14 - - 44 56 - -
29 25 25 - - - 100 - - - 13 12 - - 52 48 - -
30 25 24 1 - - 96 4 - - - 13 12 - 52 48 -
31 25 23 - - 2 92 - 8 11 8 2 2 44 32 8 8 

32 25 25 - - 100 - - - 13 "11 1 - 52 44 4 -
33 25 

J 
25 - — - 100 - - - 1 15 9 - 4 60 36 -

I t a 

25 
J 

34 34 25 - - - 100 - - - - 18 7 - - 72 28 -
Table IV. 27, 



No. 
Sami3e of 

plants 
Branched hairs Capitate Glands 

Numbers Percentages Numbers Percentages 
2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

N. Europe. 

Norway. 

35 25 18 7 - - 72 28 - - - - 8 17 - - 32 68 
36 24 16 7 1 • - 61 29 4 - - 1 7 16 - 4 29 67 
37 25 8 i5 2 - 32 60 8 - - - 3 22 - - 12 88 
38 20 18 2 90 10 - - - 9 9 2 - 45 45 10 
39 10 4 6 - - 40 60 - - - 2 6 2 - 20 60 20 
40 25 13 7 2 3 52 28 8 12 - 5 13 7 - 20 52 28 
41 25 25 - - - 100 - - - - 6 13 6 - 24 52 24 
Sweden. 
42 23 15 7 1 - 65 30 5 - - 5 13 5 - 22 56 22 
43 25 25 - - - 100 - - - 2 15 8 - 8 60 32 -
44 25 22 3 - - 88 12 - - 3 12 9 1 12 48 36 4 
45 24 24 - - - 100 - -- - 11 12 1 - 46 50 4 -
46 29 26 2 1 - 90 7 3 - - 9 17 3 - 31 59 10 
Finland. 
47 19 18 1 - - 95 5 - - 4 8 7 - 21 42 37 -
Iceland. 
48 25 24 1 - - 96 4 - - 9 11 5 MM 36 44 20 -
49 19 19 - - - 100 - - . - - 15 4 - - 79 21 -
Spitzbergen. 

50 19 19 - - - 100 - - - - 15 4 - - 79 21 -
Table IV. 27. Class representation of branched hair and 

capitate gland characters i n D. octopetala 
samples, i n terms of numbers of plants and 
percentage composition. 
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was sampled, a l l the plants had branched hairs and glands, 
and appeared s i m i l a r i n t h i s respect to the majority of the 
continental populations. I n England three populations from two 
l o c a l i t i e s were scored. Those i n Littondale, near A r n c l i f f e , 
N. Yorks a l l have branched hairs although some specimens 
without glands were recorded. I n Teesdale the only population, 
on Cronkley P e l l , i s mixed with respect to both branched hairs 
and glands. I n Scotland there i s a large amount of v a r i a t i o n 
as w i l l be seen from table IV. 26. Thus the populations at 
Knockan, and by the R, T r a l a g i l l , Inchnadamph both i n 
Sutherland, are at approximately the same a l t i t u d e , both on 
Durness limestone, are seven miles apart, and have e n t i r e l y 
opposite proportions of plants without and with branched hairs 
and glands; the population at Inchnadamph has 96 % plants with 
branched hairs and glands while that at Knockan has 96 % plants 
without e i t h e r . This type of s i t u a t i o n i s repeated both i n the 
ce n t r a l Scottish l o c a l i t i e s on mica schist and on the Hebrides, 
as evidenced by the samples from Raasay, The samples from the 
Burren, Co. Clare do however show continuity with one another, 
nearly a l l the plants i n each sample having neither branched 
hairs nor glands. I t i s important to note however that i n 
each of the samples there i s at least one plant with branched 
hairs and glands, i , e , the populations are not homogeneous i n 
these characters. 
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The, samples from the Alps are homogeneous i n a l l having 
branched ha i r s , except f o r two plants i n a sample from the 
Combe de l a , Valais, Switzerland. This appears to be the f i r s t 
record of such plants from the -Alps. The same two plants are 
also lacking glands, as are plants from two other samples, one 
from France and the other from Austria. I n general however 
the Alpine plants show l i t t l e v a r i a t i o n i n these characters, 
the t y p i c a l plant having branched hairs on a l l leaves with 
some leaves bearing them on l a t e r a l veins as w e l l , and capitate 
glands on a l l leaves. 

The t y p i c a l Scandinavian plant has a simil a r d i s t r i b u t i o n 
of branched h a i r s . One sample, from Memurelo, Opland, Norway 
contains three specimens without branched hairs and a few other 
specimens from Norway examined by Porsild (1958) also lacked 
them. The leaves have i n general, i n Scandinavia, fewer glands 
most of the plants do bear them, but they are seldom numerous. 

The reasons f o r the d i s t r i b u t i o n of branched hairs i n the 
populations must now be discussed. I t i s possible that i n the 
Alps the presence of a small number of plants without branched 
hairs can be explained by mutation from the normal condition. 
L i t t l e information i s available on the occu:^nce and frequency 
of gene mutation i n n a t u r a l populations of plants, but 
mutations, i d e n t i c a l to those produced under laboratory 
conditions, are w e l l known i n w i l d populations of Drosophila 
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species (see Dobzhansky 1951), although they are infrequent 
due to selection against them i n many Cases. 

The s i t u a t i o n i n B r i t a i n however d i f f e r s greatly from 
t h i s , since nearly a l l populations are heterogeneous f o r t h i s 
character. This s i t u a t i o n can possibly be regarded as an 
example of stable polymorphism. However i t i s not possible 
to see how each population structure i s kept i n balance by 
sele c t i o n . For example, on Raasay i n the Inner Hebrides, 
populations are present which are completely d i f f e r e n t i n 
composition w i t h respect to branched hairs, but which grow i n 
the same type of community on c l i f f s facing the sea, about 
four miles apart. I t i s d i f f i c u l t to visualise d i f f e r i n g 
selective pressures which w i l l maintain a d i f f e r e n t balance 
of polymorphism i n each population. Indeed there appear to be 
no correlations between population composition and geographical, 
h a b i t a t , or cli m a t i c f a c t o r s , as f a r as can be seen. Although 
i t i s possible that the W. Ireland population composition i s 
correlated with the extreme oceanic climate t h i s does not seem 
very l i k e l y as some populations on the N.W. coast of Scotland, 
also i n very oceanic conditions, are known to have a very 
d i f f e r e n t composition. I t i s perhaps conceivable that the 
v a r i a t i o n i n B r i t a i n i s due to past hybridisation with a 
species without branched ha i r s , so that the B r i t i s h populations 
would then be regarded as a series of more or less s t a b i l i s e d 
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hybrid swarms. The most widespread species without branched 
hairs i s D. i n t e g r i f o l i a , a species of N. America and Greenland 
i n which the leaves are e n t i r e , or toothed at the base only. 
D. i n t e g r i f o l i a i s not present i n Europe at the present day and 
l i t t l e evidence i s available to show i f i t was i n the past. 
One quaternary record has been made of t h i s species by 
Kulczynski (1932) at Przemysl i n Poland. The material was a 
single entire l e a f 2.5 mm. long. Although simil a r leaves to 
that described and figured can be found i n D. i n t e g r i f o l i a 
plants, i n view of the paucity of the material i t i s very 
desirable that confirmatory records should be made elsewhere, 
Hulten (1959) has i d e n t i f i e d specimens from Alaska and Green­
land which have leaves crenulated to the t i p s and which lack 
branched hairs as D. octopetala x D. i n t e g r i f o l i a . Whether 
t h i s i s a r e l i a b l e diagnosis i s quite uncertain. I f i t were, 
then i t might be morphologically possible to in t e r p r e t the 
B r i t i s h plants as of hybrid o r i g i n . What i s clear i s that 
Dryas octopetala i n B r i t a i n i s composed of d i f f e r e n t biotypes 
if^ those found on the Continent. 

The population i n Teesdale i s of special i n t e r e s t . As 
pointed out e a r l i e r i t i s heterogeneous with respect to 
branched hairs. Thus the Teesdale population must be regarded 
as a true population and not as a clone derived from a single 
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seed i n t r o d u c t i o n . Since no seed i s now produced, due to 
sheep grazing, evolution has now presumably stopped so that 
the population can be regarded as the surviving remnant of a 
normal breeding population. The small leaved ecotype now 
present must have evolved before breeding was stopped. There 
i s evidence that grazing took place i n the upper dale i n the 
17th century (see p. 190 ), but no other information i s 
available. I t seems most l i k e l y that the small leaf size i s a 
response to the severe exposure of the s i t e . At the time when 
the surroundings were wooded the microclimate would probably 
have been much less severe due to the sheltering e f f e c t of the 
trees, so that possibly at t h i s time a population with larger 
leaves existed and the ecotype now present has been evolved 
since the woodland disappeared. I.E. Johnson (pers. comm.) 
has shown that at Moorhouse blanket bog rapidly extended i n 
the A t l a n t i c period (zone V I I a) so that nearly a l l the forest 
was invaded and covered by bog at t h i s time. This change must 
have given large a l t e r a t i o n s i n the microclimate on Cronkley 
P e l l . However T.W. BScher (pers. comm.) has pointed out that 
i n the Paeroe Islands D. octopetala, growing under conditions 
of extreme exposure, i s present i n a large leaved form. Thus 
i t i s possible that the 3̂  af size i n the Teesdale population 
i s not a r e s u l t of cl i m a t i c influence, but the r e s u l t of the 
s u r v i v a l unchanged of the o r i g i n a l form which f i r s t migrated 
there. 
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The heterogeneity of the B r i t i s h populations i s also 
important i n discussing the taxonomic status of the fonns. 
Plants without branched hairs were f i r s t separated from the 
species by Babington (1842) who designated them as var. pilosa. 
The plants he used were c u l t i v a t e d ones from Co. Clare, 
P o r s i l d (1958) i n a r e v i s i o n of B r i t i s h material has considered 
t h i s v a r i e t y to be d i s t i n c t from D. octopetala and has removed 
i t to a new species, D. Babingtoniana, the type material being 
from Co. Clare. P o r s i l d has also placed specimens from 
Scotland, including ones from Inchnadamph and B e t t y h i l l , 
Sutherland; Ben Lui, Perth; Knockan, W. Ross; and Caenlochan 
Glen, Angus i n t o t h i s new species. Both the I r i s h and these 
Scottish populations have been shown to be heterogeneous, 
incl u d i n g both plants possessing and lacking branched h a i r s . 
I t would therefore seem u n j u s t i f i a b l e to separate one part of 
such a population, as a d i f f e r e n t species. 

While examining material i n the B r i t i s h Museum i t has 
been noticed that plants from Teesdale without branched hairs 
closely resemble specimens from Alaska and the Aleutians 
i d e n t i f i e d by P o r s i l d as D. Chamissonis. Thus the means of 
l e a f length and length/ breadth r a t i o of the Teesdale 
population are 0.86 and 2.02 while those of D. Chamissonis 
specimens measured was 0.87 and 1.90 (mean of 19 specimens 
from Alaska). According to Po r s i l d (1958) t h i s taxon i s 
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endemic to the Bering Sea region and N. P a c i f i c coast of 
Alaska. B3cher, Holmen and Jakobsen (1957) state that i t 
also occurs i n the east of Greenland, Hult^n (1959) comes 
to the conclusion that i n Alaska, at least, t h i s morphological 
type i s a s t a b i l i s e d hybrid between D. octopetala and 
D, i n t e g r i f o l i a . 
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CHAPTER V, 

ECOLOGY. 

Introduction. 

I t has been pointed out that the d i s t r i b u t i o n s of the 
species considered are di s j u n c t . The question arises as to 
whether these disjunct l o c a l i t i e s bear any s i m i l a r i t y to one 
another i n t h e i r f l o r i s t i c composition, t h e i r s o i l s and t h e i r 
climate. I t i s also necessary to determine whether the 
v a r i a t i o n already described f o r some of the species i s linked 
to t h e i r ecology. The f l o r i s t i c l i s t s and s o i l analyses which 
are detailed i n the following chapter have been collected for 
these purposes. They also have a bearing on' the question of 
whether species are more r e s t r i c t e d ecologically towards the 
edge of. t h e i r geographical and climatic range. 

The general method, which has been used f o r each species, 
i s to arrange the f l o r i s t i c l i s t s i n groups of f l o r i s t i c 
s i m i l a r i t y and to compare these groups, picking out the 
correlations with the species' d i s t r i b u t i o n and v a r i a t i o n . 
The s o i l analyses have been arranged i n the same order as the 
f l o r i s t i c l i s t s so that any differences i n s o i l s between the 
f l o r i s t i c groups are brought out. 

L i t t l e c l i m a t i c information i s available f o r some of the 
areas concerned and a more general account has been presented. 
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.Vegetation and F l o r i s t i c s . 

C o l l e c t i o n of data. 
The methods used f o r vegetational description are based 

on those of Poors (1955a); the detailed procedure i s as 
fol l o w s . The basic quadrat area f o r description usually chosen 
was 1 sq.m. Sometimes i n communities which occupied smaller 
areas i n extent a smaller basic area had to be chosen, and i n 
some cases e.g. the Bartsia alpina hummock samples and a 
number of c l i f f ledge samples the whole sample was described. 
I n each case a f l o r i s t i c l i s t was made scoring cover-abundance 
on the Domin scale. 

Cover about 100 % 10 
Cover greater than 75 % 9 
Cover 50-75 % 8 
Cover 33-50 % 7 
Cover 25-33 % 6 
Abundant, cover about 20 % 5 
Abundant, cover about 5 % 4 
Scattered, cover small 3 
Very scattered, cover small 2 
Scarce, cover small 1 

The basic quadrat areas were normally doubled twice and 
addi t i o n a l species added to the l i s t . Notes of the aspect, 
slope and a l t i t u d e were made, and the s o i l p r o f i l e described 
as f a r as possible; s o i l samples were also taken f o r analysis, 
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Analysis of data. 
The data have been analysed s t a t i s t i c a l l y using the 

method developed by Kulczynski (1928); t h i s method has also 
been discussed and compared with other s i m i l a r methods by 
Sorensen (1948). Indices of s i m i l a r i t y (V) are calculated 
f o r each pair of samples. 

where V = (| -ir ̂ ) x 100 

and where a = number of species i n sample A, b = number of 
species i n sample B, and c = number of species common to both. 
The resul t s are transferred to a tr i a n g u l a r diagram using the 
fo l l o w i n g code system f o r 10 % levels of s i m i l a r i t y . 

90 - 100» 

80 - 89;̂  
70 - 13% 

60 - 69)1 

50 - 5955 

UO - h3% 
30 - 39,3 
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No s i m i l a r i t i e s of less than 30 % are included i n the diagram. 
The samples are then rearranged u n t i l the groups of high 
s i m i l a r i t y are brought together; the results of t h i s procedure 
are best appreciated by examination of the following examples. 
I n these the o r i g i n a l sample l i s t s have been rearranged 
according to t h i s order, and species of presence class V, also 
known as constant species (those with over 80 % presence) 
underlined. Tables comparing the groups delimited, with 
respect to species of presence classes V and IV (species with 
60-80 % presence) are also given. 

Gentiana verna. 

A f u l l range of s i t e s i n Teesdale and a number i n West 
Irela n d have been described and used i n a Kulczynski analysis, 
F l o r i s t i c l i s t s have also been made f o r the sites sampled i n 
the Alps and these res u l t s have been given separately i n 
table V. 4. 

Reference to diagram V. 1. shows that two main blocks 
of s i m i l a r i t y are present i n the B r i t i s h quadrat samples and 
these f i t the two main types of habitat, flushes and limestone 
grassland. The f l o r i s t i c l i s t s arranged as i n the diagram are 
given i n table V. 1. The community developed i n flushes i s 
represented by samples 2, 3, 4, 5 and 6. Of these a l l , except 
sample 6, are characterised by being developed on calcareous 



CriilNTlANA VERI'IA 
•1 2 3 U 5 6 7 9 10 11 12 13 11+ 15 16 17 18 

m m 

ijfej,v." 
LVi.V 

Diagram 
Y. 1. Kulczynski diagram of quadrat samples from 

B r i t i s h s i t e s of Gentiana verna. 
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. P. Jenlptrlmia 
PawaoaelarspodloD ponia 
HbKOBltrt ta emtKmt 

Itlptea ann.r 
a. 
« h j t i a [ , f l , i [ 
TM141«a la tar iacl i ] 
Tor t a l l* tar too aa 

.ToruOa i w l i r o r m l a 
ChlloaeTplra. p.l laae 
? rn l l i a l a t . a i r l a c l 
Lopbawlti blilMit.t. 
•e ip tBU lapf r* 
T r l t o n r l i /jalr^i^i-U 

Xatpart* a n l t a l i 
C. I f l a l i d l c i 
ClidoaU rn rca i i 

i 1 i 

1 - 1 
1 3 -

!! JO j7 ?! 

Table V, 1, F l o r i s t i c l i s t s from B r i t i s h sites of G, verna. 
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g l a c i a l d r i f t , the vegetation being kept wet and flushed by 
springs and seepages. Sample 6 i s i n t e r e s t i n g as being a s i t e 
on sugar limestone, physiognomically more a l l i e d to the 
limestone grassland group, but f l o r i s t i c a l l y showing much 
greater a f f i n i t i e s w i t h the f l u s h group. Overall constants 
f o r a l l the l i s t s are Festuca ovina, Euphrasia o f f i c i n a l i s agg, 
and Gentiana verna. The flushes are rather varied f l o r i s t i c -
a l l y and there are only three constant species, these being 
Molinia c&erulea. Primula farinosa and Ctenidium molluscum. 
Of these the f i r s t two are confined, i n the Gentiana verna 
s i t e s examined, to the f l u s h community. 

A l l the other s i t e s examined except 1 f a l l i n t o the 
limestone grassland set. This i s characterised by the follow­
ing constant species; Garex caryophyllea, B e l l i s perennis, 
Hieracium p i l o s e l l a , Lotus, corniculatus, Plantago lanceolata 
and Thymus drucei. The f i r s t of these species i s not found i n 
any of the f l u s h s i t e s . I t i s i n t e r e s t i n g to note the very 
close f l o r i s t i c r e l a t i o n s h i p between the Teesdale and I r i s h 
grassland s i t e s , which do not show any i n d i c a t i o n of separating 
i n t o two groups i n the Kulczynski analysis. This i s borne out 
by examination of the f l o r i s t i c makeup. Thus although some 
species are commoner i n one of the areas e.g. Achillea 
m i l l e f o l i u m , T r i f o l i u m repens and Viola r i v i n i a n a are commoner 
i n Teesdale while Sesleria caerulea, Garex panicea. 



Flushes Grasslands 
Selaginella selaginoides 
Briza media 
Festuca ovina 
Molinia caerulea 
Sesleria caerulea 
Sieglingia decumbens 

IV 
V 
V 
V 

IV 
IV 

Kobresia simpiciuscula IV 

V 
V 

Briza media V 
Festuca ovina V 

Sesleria caerulea IV 

Carex caryophyllea V 
Carex panicea IV 
Carex p u l i c a r i s IV 

B e l l i s perennis V 
Campanula r o t u n d i f o l i a IV 
Cirsium arvense IV 
Euphrasia o f f i c i n a l i s IV 
^entlana verna V 
Hieracium p i l o s e l l a V 
Linum catharticum V 
Lotus corniculatus V 

Plantago lanceolata V 
Plantago maritima IV 
P o t e n t i l l a erecta IV 

Prunella vulgaris IV 
Thymus drucei V 
Tr i f o l i u m repens IV 
Viola r i v i n i a n a IV 
Gtenidium molluscum IV 
Dicranum scoparium IV 
Hypnum cupressiforme IV 

Table V. 2, Comparison of flushes and grasslands containkcg 
Gentiana verna, with respect to species i n 
presence classes IV and V. 

Euphrasia o f f i c i n a l i s 
Gentiana verna 

Linumncatharticum 
. 7..> 
Pinguicula vulgaris 

Plantago maritima 
P o t e n t i l l a erecta 
Primula farinosa 
Prunella vulgaris 

IV 

IV 
IV 
V 

IV 

Gtenidiura molluscum V 
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Ssnplt Bo. 1 2 3 5 6 7 e 5 

LocnlUr Blckle F e l l , 
laatoorland. 

Cetpy Banlt, 
Teeadtlc, 

Co. Onrhoa. 

Mliiayl)tnJ: 7ara 
Teeadale. 

Co, Durhio. 

BlFkdalr. Haugh H i l l 
Teeadale^ Teeadale, 

Icataorland.Co. Durhos. 

QlddTliuilc ?el l 
Teeadalc, 

Co. Lurbsa. 

High Eurth Edge, Oralna o* tb* Beck. 
Teeadalt, lonedtlo, 

Co. Dcrhj=. H. Torka. 

Bcllbaaver K l g S . 
u a r O a r r l s l l l , 
CoSbcrlaad. 

OMd, Rof. 35/937299 3^510253 3i/fi60296 3^623286 3VMii313 3^8562011 3 y 7 5 B 3 5 3 
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A«pcct 3 
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Slopa ' 20° 
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CoTcr (S) eo 80 ICO 100 se­ ICO 100 ICO 100 
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f JErr iAIIA VEKIA 

Sample No. 10 11 12 13 lli • 15 16 17 IS 

Local i ty •.71di7l|ink ? i ! l l , Poularll 
Tecidclc, Ca. Cla 

Co. Durhas. 

g^., Black Hei 
e. .Jt:>. Cl-rc 

1, Kcrp Uulloqh-cre, 
Ca. C lrrc . 

BTlliii^crPf.3, 
Co. T-lary. 

- j r ^ . o l c , 
Co. l liray. 

Otti t l-n H i l l , 
near T-.lwy, 
CC. O-'lffBJ. 

Itnlough, 
Co. 3 i l m y 

Ballyraglun, 
Co. Clare. 

OpliS Ref. jVclSiWi K17/15 H51/96 u;9/iti 1123/39 K2V23 I2V10 

Alt i tude 1650* ICO' 5 0 ' 15C' 5 0 ' 50 ' 5C' " 150 ' 2 5 ' 

/•pect • 7/ Em; l.l.Tt 3 3 K3I in n 

Slope 5° 10° lo ' ' 2 ° ?° . a** 6= 2" 

Cover (3t) 100 100 lo'o 100 l-JC 100 100 100 100 

Saaplc Araa 
{ • I * a.) 

1 u 1> Ii - ii h b b 

Table V. 3. L o c a l i t i e s and habitat details 
of B r i t i s h G. verna s i t e s . 



135. 

Campanula r o t u n d i f o l i a , Plantago maritima-and P o t e n t i l l a 
erecta are commoner i n Ireland, the only species showing a 
clear separation i s Antennaria dioica, which i s present i n 
the I r i s h and absent i n the Teesdale l i s t s . Thus there i s 
no clear ecological separation corresponding to the 
morphological d i f f e r e n t i a t i o n i n the species as already 
described. One of the I r i s h samples, number 18, from 
Ballyvaghan i s from a s t a b i l i s e d sand dune community on top 
of calcareous d r i f t and from the diagram i t i s seen that 
t h i s groups i t s e l f w i t h the rest of the grassland samples. 
The only sample which does not group with either of the two 
blocks i s number 1 from Mickle F e l l , Westmorland. This i s 
from a steep limestone slope and appears to be a pioneer 
stage of the grassland community, but with a r i c h moss f l o r a 
at t h i s stage. This would explain why of the two f l o r i s t i c 
c orrelations shown with other samples, one i s with a sample 
of the f l u s h community and the other with one of the 
grassland samples. The f l u s h and grassland groupings are 
compared with respect to species of presence classes IV and V 
i n table V. 2. 

Habitat d e t a i l s f o r these s i t e s are given i n table V.3. 

The s o i l s data w i l l be considered i n a separate section. 

, F l o r i s t i c l i s t s from the alpine sites sampled are given 

i n table V. 4. and the habitat details i n table V. 5. Sirce 



OENTIANA VEHJtA (ALPS). 

Calluna v u l g a r i s 
Dryaa octopetala 
Plcea ablea (oeedllnga) 
S a l l x ap. 
Vacclnlun o y p t l l l u B 

"Botrychlum l u n a r i a 
S e l a g l n e l l a aelaglnoldea 

"Anthoxanthum odoratum 
Briza media 
Deechampala caeapltosa 
Peatuca ovlna agg. 
Koe l e r l a g r a c i l l a 
Nardua a t r l c t a 
Poa a l p l n a 
S e a l e r l a caerulea 
**Carcx capyophyllea 
C. f l a c c a 
C. opnithopoda 
C. pupestrla 
C. BcmpervlpenB 
Coelogloesum v l p l d c 
H a t c r a ovata 
Luzula canpestris 
Orchla f u c h s l l 
Opchla l a t l f o l l a 

' A c h i l l e a m i l l e f o l i u m 
Ajuga reptana. 
A l c h e m l l l a a l p l n a 
A. colopata 
A. montlcola 
A n t h y l l l a v u l n e r a r l a 
AotragaluB glycyphyllue 
B e l l l a perennlB 
C h e r l e r l a aedoldea 
Chryaanthemum leucanthemum 
Clralum ap. 
Coryd a l l s so l l d a 
Crocua a l b l f l o r u B 
Euphorbia cyparlsalaB 
Qalium pumllum 
Oenilana Kochlana 
Oj , i s m . 
Oeranlum sylvatlcum 
Ocum r l v a l e 
O l o b u l a r l a c o r d l f o l i a 
Hellanthemum alpeatre 
Hleraclum p l l o a e l l a 
Hutchlnala a l p l n a 
HypochaerlB ra d l c a t a 
Leontodon hiapldua 
Llnum cathartlcum 
Lotua c o m l c u l a t u a 
Balanthemum b l f o l l u m 
UyoBOtla a l p e s t r l B 
P e d l c u l a r l B ap. 
Petaaltea ap. 
Plahtago lanceolata 
P. marltlma 
P. media 
Polygala a l p l n a 
P. chamaebuxus 

, Polygonum vivlparum 
F o L e n t l l l a aurea 
P. rupeatpla 
P. tabemaemontanl 
Primula farlnoaa 
P r u n e l l a v u l g a r i a 
P u l s a t i l l a a l p l n a aap. aulphurea 
Ranunculus a c r l s 
R. bulboaus 
R, montanus 
Rhlnajithus minor 
S i e v e r s l a montana 
Soldanella alplna 
Taraxacum o f f i c i n a l e agg. 
Thl a s p l a l p e s t r e 
Thymus dpucel 
T. aerpyllum 
T r l f o l i u m pretense 
T. repens 
T r o l l i u s europaeua 
TuBSllago f a r f a r a 
V a leriana sp. 
Veronica chamaedrys 
V i o l a b l f l o r a 

"Brachytheclum glareoaum 
Bryum ep, 
Campyllum chrysophyllum 
C l r r l p h y l l u m p l l l f e r u m 
Hylocomlum c f . pyrenalcum 
llnlum paeudopunctatum 
Polytrlchum Junlperinum 
Rhytldladelphus squarroaua 
R. t r i q u e t r u s 
Thuldlum c f . abietlnum 
T. p h l l b e r t l 
T o r t e l l a tortuoea 

^ l a g l o c b l l a asplenloldes 
* A l e c t o r l a ocbroleuca 
C e t r a r l a l a l a n d l c a 
G. n l v a l l B 
Cladonla c f . c e r v l c o m l s 

19 21 23 2U 
1 

1 
3 

6 

5 

5 

3 

25 26 

1 
27 28 

Table V. 4. P l o r i s t i c l i s t s from Alpine s i t e s of G. verna. 



. QHrriAHA ViRi.'A (ALPS). 

A t p e c t S l o p e C o T c r {%) 
S i m p l e r - r«» 

( • 1 . • • ) 

19 Lonchc du P r « , n c t r S r l l a n c h c E , L l n c < t o n c • 1560ni. NE 2 2 ° IOC. b 
19 

H i u t c EiDTole , P r i n c e . 
ICO I I 

20 C l i Y l n e n i l p , n e n r L c u l t e r b i i d , L i ' n e B t o n c i g u o c . SSW 3 0 ° ICO I I 
20 

V » l a i « , S w l t c e r l a n d . 
2 6 ° 100 It 

2 1 C h c r i i l g n o n , neop L e u k r r b a d , L l a e a t o n c 19U0a. •?RW 2 6 ° 100 It 

V s l a l a , S w i t z e r l a n d . 
100 

2 2 - Oeraml PasB, n e a r L c u l c e r b a d , LITIC J t one 2 2 3 0 n . 3E 19 100 tt 2 2 -
V s l o l a , S w i t E c r l n n d . 

100 u 
25 R i c d c p s l p , n c - i r l l B r c l , V n l a i a , S c h l a t 198001. SE 5 100 u 
25 

S w U z c p l a n d . 
100 

2U ' B r a n d , n e r r S a a a - B a l c n , V i l a i i , 
S » l t 2 e p l s n d . 

3 c h l « t 2020a . STT l l 2 100 u 

25 C h a r b o n n l c r e , n e ^ r A a n y , L l 3 e 5 t o n c l 6 0 0 n . S 3 6 ° 100 1* 
25 

H » u t e S ^ v c l ^ , ? r o n c e . 
lOO 2 

26 AlEPiv: du a i l e 5 U . n r n r A s a y , L l O f aLone" 1520:=. SE 15 lOO 2 
26 

Haute 3 e T o i e , Pponcc . 
100 u 

27 Le L - u t e l l e t , n t t r Ucgfre, S c h l a t 1700n . I.'E 25 100 u 
27 

H n u i c f j a v o l e , ? r p n c e . 

28 Lo ? r l c , n e a r I-e« H o u c h c a , S h a l e 1360m. 11 2 1 ° lOO u 
28 

H a u t t S s v o l e , P r a n c e . 

Table V. 5. L o c a l i t i e s and h a b i t a t d e t a i l s 
of Alpine G. verna s i t e s . 
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the s i t e s were chosen to give as wide a v a r i a t i o n as p o s s i b l e 

i n the areas v i s i t e d (amply confirmed by the s o i l a n a l y s e s ) 

i t i s not s u r p r i s i n g t hat the samples given do not show a 

g r e a t d e a l of homogeneity. However r e f e r e n c e to Braun-Blanquet 

and Jenny (1926) shows that Gentiana verna i n the C e n t r a l Alps 

i s a c h a r a c t e r i s t i c s p e c i e s of the a l l i a n c e S e s l e r i o n caeruleae 

i n the order S e s l e r i e t a l i a c a e ruleae; t h i s a l s o seems to be 

t r u e f o r the French Alps (Braun-Blanquet 1954). The same 

c o n c l u s i o n has been reached by Ludi (1948) working on the 

S c h i n i g e p l a t t e near I n t e r l a k e n i n S w i t z e r l a n d . On examination 

of some of my l i s t s i t seems probable that at l e a s t some of 

them can be put i n t o t h i s a l l i a n c e and w i t h i n t h i s i n t o the 

a s s o c i a t i o n Seslerieto-Semperviretum w i t h Carex sempervirens 

as one of i t s most c h a r a c t e r i s t i c s p e c i e s . 

I t i s d i f f i c u l t to f i t the B r i t i s h samples i n t o the 

Braun-Blanquet scheme of c l a s s i f i c a t i o n ; from an examination 

of the data as they stand i t would appear that many of the 

g r a s s l a n d samples would be placed i n the a l l i a n c e S e s l e r i o n 

c a e r u l e a e . However Braun-Blanquet and- Tuxen (1952), i n t h e i r 

survey of I r i s h v e g e t a t i o n , c e r t a i n l y put sample 18 and probably 

many of the c a l c a r e o u s g r a s s l a n d samples i n t o the a l l i a n c e 

Mesobromion e r e c t i , although i t may be mentioned that the 

s p e c i e s Bromus e r e c t u s appears nowhere i n t h e i r l i s t s . T h e i r 



137. 

reasons f o r doing t h i s are that there are a large number of 
c h a r a c t e r i s t i c s p e c i e s of t h i s a l l i a n c e present i n the area. 
I t i s i n t e r e s t i n g t h a t i n Teesdale G. verna i s present i n two 
d i s t i n c t types of h a b i t a t . I n I r e l a n d however i t i s r e s t r i c t e d 
to the limestone g r a s s l a n d community, never occuring i n f l u s h 
communities. I n the Alps i t i s a l s o most c h a r a c t e r i s t i c of 
g r a s s l a n d communities, although i t i s p o s s i b l e that i t may be 
present i n some f l u s h communities. 

P o t e n l t i l l a f r u t i c o s a . 

The samples i n t a b l e V. 6 include l i s t s from a l l the 

B r i t i s h areas known. The s p e c i e s has been able to s u r v i v e i n 

a number of d i f f e r e n t types of h a b i t a t and s i n c e the number 

of examples of each i s . s o l i m i t e d i t has been d i f f i c u l t to 

arrange the samples i n groups. Reference to diagram V. 2. 

however shows that the main r e l a t i o n s h i p s have been brought 

out. T h i s v a r i a t i o n i s f u r t h e r shown by the f a c t that there 

are only two s p e c i e s common throughout the samples, these 

being F e s t u c a ovina and Thymus d r u c e i . 

The most e c o l o g i c a l l y d i s t i n c t community i s found i n the 

two Lake D i s t r i c t l o c a l i t i e s (samples 29 and 30) where the 

s p e c i e s grows on rock ledges and i n c r e v i c e s . The sp e c i e s 

common to both l o c a l i t i e s are C a l l u n a v u l g a r i s , Lycopodium 

selago*, F e s t u c a v i v i p a r a * , Carex p u l i c a r i s , Achemilla a l p i n a * . 



POTl'.ITTILM PRUTIC03A 
29^ 30 31 52 53 3k 35 36 37 38 

Diagram 

V. 2. Kulczynski diagram of quadrat samples 
from B r i t i s h s i t e s of P o t e n t i l l a f i n i t i c o s a . 
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Sedum r o s e a , S u c c i s a p r a t e n s i s , T h a l i c t r u m minus"^. B r e u t e l i a 
chr.ysocoma^ and Rhacomitrium lanuginosum, of which, the s p e c i e s 
s t a r r e d are not found i n a s s o c i a t i o n with P o t e n t i l l a f r u t i c o s a 
elsewhere i n B r i t a i n , The most s i m i l a r h a b i t a t f o r P . f r u t i c o s a 
i n Teesdale i s at Wynch Bridge (sample 31), where i t grows i n 
c r e v i c e s of the d o l e r i t e rock, P l o r i s t i c a l l y however i t i s 
not a l l i e d , only f o u r of the above mentioned s p e c i e s of the 
Lakeland l o c a l i t i e s being present, those above which are not 
s t a r r e d . 

The, next and l a r g e s t group i s composed of samples from 

both Teesdale and I r e l a n d and i s physiognomically r a t h e r 

v a r i e d . Samples 32 and 33 are from pioneer communities on 

r e c e n t sandy a l l u v i a l d e p o s i t s by the R i v e r Tees with the 

p l a n t s of P, f r u t i c o s a being s c a t t e r e d , while 36 i s from a 

dense patch developed h i g h e r up the bank from 33 on a maturer 

s o i l . Although t h i s sample obviously belongs to t h i s group on 

i t s t o t a l f l o r i s t i c composition i t has not any of the constant 

s p e c i e s of the group. Samples 34 and 35 are from I r e l a n d , 

34 from B a l l y n a t t y where the l o c a l i t y i s a sm a l l promontory, 

probably of c a l c a r e o u s d r i f t , p r o j e c t i n g i n t o Lough C o r r i b , 

and 35 from the c h a r a c t e r i s t i c P o t e n t i l l a f r u t i c o s a zone 

round one of the turloughs or temporary l a k e s developed on 

Carboniferous limestone i n Go.Clare. T h i s group of l o c a l i t i e s 
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P. tarouaa 
r. cr latataa 
Hj locoal ta rplrosam 
Ttjvata n m u i r a n a 
t r U r l i • I p l e o l i n r . r i m * 

lackar* m q l i a a t a 
I . trirst 
PUlcaot lB fottiana 
P l a m i l a achnbarl 

.Po&Ua iltlOBBa 
PaaaOeicIcnpodm p a r a 

ntaldlBD l a l U f t a l n 
T. t ua r l ac ln sa 
T a m i l . io«w)B» 

•Wploshyllca i l b l au t a 
r n l l t o l i t i a a r l a e l 
• • t i f i r l * r n n i t i 
r i i f l c c b l l a • • p l n l e l d a a 
r. apltnlea* 

_Bte» l . F u p l t n a u 
t l a d o n l . r o K i U 
C. r tngi rora la 

3 = ± -

Table V. 6. F l o r i s t i c l i s t s from P. f r u t i c o s a s i t e s , 



50 31 ' 32 33 35 36 37 30 

' L o c t l I t 7 l a a t a i t a r 8cr« 
CuBlxrl iod. 

a, F l l l i r , Xniterdile Wrnch BrtdB* 
T « i i d a l « , 

Co. Ocrtiaa. 
Dent Bank, Hlgb Tore; 

TM«dt l a , Tea^dale, 
Co. DnrbiB.Co. Durban. 

Bal l rnat tT. 
L. Corrib, 
E. »tr>-

C a i t l * Len^b, 
Co. Clara. 

B l i t i Pore* 
TMadala, 

Co. Dorl tu 
TMlf t a lo , 

Co. DnrbM. 
Co. O l M . 

am B*f. 3y9oweo 3^933261 3v:e75sfli • wao/ii 

A l t l t a d a U50* 1000' 900* 600' 1100' 50' 50' uoo* 1300' JO* 

I I nr « n s« BSf - m SSI m -

- aiop« 50" 65° 2-3" 1-3° - 5° i-a" 15° -

COT«f ( « 100 K 60 00 00 100 00 100 100 100 

1 2 it k It b b k k 

Table V. 7. L o c a l i t i e s and h a b i t a t d e t a i l s 
of P. f r u t t c o s a s i t e s . 
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has f o u r s p e c i e s as con s t a n t s , these being B r i z a media, 

S e s l e r i a c a e r u l e a . Campanula r o t u n d i f o l i a and Leontodon 

h i s p i d u s . Other common s p e c i e s i n t h i s group are K o e l e r i a 

g r a c i l i s , B e l l i s p e r e n n i s , Cerastium vulgatum, Eu p h r a s i a 

o f f i c i n a l i s agg., Lotus c o r n i c u l a t u s , Plantago. l a n c e o l a t a , 

P I ant ago maritima, Pol.ygala v u l g a r i s , S u c c i s a p r a t e n s i s . and 

Ctenidium molluscum. Sample 37 i s from a mature patch of the 

shrub by the R i v e r Tees by Cronkley P e l l and i s f l o r i s t i c a l l y 

d i s t i n c t , showing only low s i m i l a r i t i e s to a number of 

d i f f e r e n t types of community. The l a s t sample, from the 

community at Ballyvaghan, Co. C l a r e (sample 38), i s from a 

ve r y t a l l shrub l a y e r of P o t e n t i l l a f r u t i c o s a (upto n e a r l y 

2 m, high) and shows no s i m i l a r i t y above 20 % with any other 

sample. 

H a b i t a t d e t a i l s of the samples are given i n table V,7. 

S c a t t e r e d i n f o r m a t i o n only i s a v a i l a b l e to compare 

these h a b i t a t s w i t h other European s i t e s , Tornblom (1911) 

r e p o r t s that at Oland i n the B a l t i c the s p e c i e s grows i n 

c r e v i c e s i n limestone pavement and a l s o i n hollows with a 

deeper s o i l which are damp. The s p e c i e s seems to favour the 

same c o n d i t i o n s i n L a t v i a ( V i l b a s t e 1953). T h i s type of 

h a b i t a t appears toi bear some resemblence to the turlough zones 

i n I r e l a n d . I n the Pyrenees Despaty and C o n i l l (1920) report 



140. 

i t i n the Eyne v a l l e y growing i n damp ground by the r i v e r , 
a s i t u a t i o n which would appear to be s i m i l a r to that by the 
Tees.. (Jorchakovaky (1960) i n h i s world wide survey of the 
h a b i t a t c o n d i t i o n s of the s p e c i e s s t a t e s t h a t i n the U r a l s i t 
appears mainly i n the scrub covered g r a v e l on r i v e r beds, 
again a s i t u a t i o n s i m i l a r to the Tees-side occurences. I n 
g e n e r a l from h i s account i t seems that P. f r u t i c o s a i s a 
c o l o n i s t s p e c i e s r e q u i r i n g open nonshaded conditions f o r i t s 
growth and the B r i t i s h data do, on the whole, f i t i n with t h i s 
h y p o t h e s i s . 

I t i s i n t e r e s t i n g to note that i n B r i t a i n P. f r u t i c o s a 

d i s p l a y s a, wide e c o l o g i c a l t o l e r a n c e i n t h a t i t i s present i n 

a range of h a b i t a t s , from pioneer rock ledge to cl o s e d shrub 

communities. I t can thus, apparently, s u r v i v e through a 

number of s e r a i s t a g e s , being l i m i t e d i n the sere by not 

being able to with s t a n d shaded c o n d i t i o n s . As pointed out 

again l a t e r i t i s s u r p r i s i n g i n view of t h i s t o l e r a n c e and 

the s p e c i e s ' performance i n Teesdale t h a t i t i s not more 

widespread. 

Myosotis a l p e s t r i s . 

T h i s s p e c i e s i s , i n B r i t a i n , confined to two areas, 

T e e s d a l e , and the Breadalbanes i n Scotlan d . I n each area i t 

occupies one type of h a b i t a t and the samples i n ta b l e V, 8. 



UYOSOTIS ALPESTRI3 

Attplenlum v l r l d e 
Boirychlum l u n a r i a 
Polystichura l o n c h i t i B 
S e l o g l n c l l a oelBglnoldcB 

"Peatuca ovlna 
P. rubra 
Li v^vip&T^ 
H c l l c t o t r l c h o n prntense 
Koelerla g r a c i l i s 
Poa alplna 

^Sealerla caerulea 
"Carcjc caryophyllea 
Luzula cnTneBtPla 
L. plloaa 
A c h n i r , ! m i l l e f o l i u m 
Adoxa moBchatelllna 
Alchemllla acutidens 
AJ "APlnP 
A. glabra 
A. v c B t i t a 
Conpanula r o t u n d l f o l l a 
Ceraetlum alpinum 

, YulgatuiTi 
Cherlerla. sedoldea 
Cochlerla alplna 
Dr«ba incana 
Euphrasia o f f i c i n a l e agg, 
q a l l u a DUgllum 
Ocntlana vema 
Geum r l v a l e 
Hleracium sp. 
y i n u a r t l a v e m a 
MvoBotlB n l D C B t r l a 
Oxyrla dlgyna 
Folygonum vlvlpsruip 
P o t e n t l l l a . c r a n t z l l 
P. erecta 
Saxifraga aizoldes 
3. hypnoldes 
3. n i v a l i s 
^ o p n o a l t t f o l l a 
Seduiii rosea 
311ene acaulis 
Taraxacum o f f i c i n a l e agg. 
Thalictrum alpinum 
Thymus drucei T r i f o l l u m repens 

• V i o l a l u t e s 
V. r^Y;^pl,^Hif • 
Acrocladluin cuspldatun 
Barl>ula c y l l n d r i c a 
B a r t r a n l a I t h y p h y l l a 
Ctenidiuo molluBcum 
Dlc r a n e l l a heteromalla 
D, Tarla 
Drepanocladua uncinatus 
Encalypta streptocarpa 
Entodon orthocarpuB 
PlBsldens c r l a t a t u B 
Hylocomlum splendens 
Hypnuro cupreaBiformg 
Uniun punctatua 
U. undulatuD 
Plagiotheclun denticulatum 
Pleuroziun schreberl 
Polytrlchum alpinum 
P. Juniperlnum 
P. urnlgcrum 
Pseudoleskea catenulata 
PseudoBcleropodlun purum 
Rhacomitriun aciculare 
R. cancBcens 
R. hcteroBtlchun 
2^ Innuglnnnyn 
Rhodobryun roscun 
Rhytldiadelphua loreus 
R. aquarrosus 
R. t r i q u e t r u B 
Thuldtmn InBinrlBclnmn 
Barbllophorla barbata 
B. hatch e r l 
B. lycopodicides 
Cephalcziello ap. 
P n i l l a n l a tflraarlacl 
Lophozia ventrlcosa 
U y l i a anoaala 
P l a g l o c h l l a asplenioldea 
3capanla curta-

•Cetrarln aculenta 
Si^ lalnndlcD 
Cladonle c e r v l c o r n i s 
C. crl s p a t a 
C, fu r c a t o 
C, g r a c l l l o 
C. poclllum 
C. c f . pyxldata 
C. r a n g l f o r o l a 
P c l t l d c a aphthooa 
P e l t l g e r a canlna 
P. polydQCtyla 

39 Ul 1*2 it3 1*5 U6 

_ _ _ 1 

- - '- _ 1 ~ 
1 

7 7 
2 
I) fl : ; 

-
2 

•i 
b 

1 1 - 3 
1 

- 1 -
2 _ - -1 1 _ _ 

? _ 2 1 : _ 

1 2 

• i — ^ 

Table V. 8. P l o r i s t i c l i s t s from M. a l p e s t r i s s i t e s , 
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show a simple f l o r i s t i c d i v i s i o n i n t o these two. I n Teesdale 

the s p e c i e s grows i n short grazed limestone g r a s s l a n d and here 

the constant s p e c i e s are F e s t u c a ovina, Carex caryophyllea, 

L u z u l a campestris, A c h i l l e a m i l l e f o l i u m . Gerastium vulgatum, 

Galium pumilum, M i n u a r t i a verna, V i o l a r i v i n i a n a , Hypnum 

cupressiforme, Thuidium tamariscinum, G e t r a r i a a c u l e a t a and 

C e t r a r i a i s l a n d i c a . I n a d d i t i o n there are a number of o v e r a l l 

c o n s t a n t s to both Teesdale and the Breadalbanes, these being 

Thymus d r u c e i , Mcranum scoparium, Rhacomitrium lanuginosum 

and T o r t e l l a t o r t u o s a . 

I n the Breadalbanes the s p e c i e s i s confined to mica 

s c h i s t rock ledges which are l a r g e l y i n a c c e s s i b l e to sheep. 

The constants here are F e s t u c a v i v i p a r a , A l c h e m i l l a a l p i n a . 

Polygonum viviparum and S a x i f r a g a o p p o s i t i f o l i a . Comparative 

l i s t s of s p e c i e s of presence c l a s s e s IV and V i n the two 

communities are given i n t a b l e V. 9. 

I t i s i n t e r e s t i n g to note that i n Teesdale the s p e c i e s 

i s confined to steep slopes with a s o u t h e r l y aspect, (see 

t a b l e V. 1 0 ) . I t i s impossible to determine whether the 

aspect i s s i g n i f i c a n t or not at the p r e s e n t . I n t h i s p o s i t i o n 

the whole community i s s u b j e c t to very heavy sheep grazing 

s i n c e the patches of g r a s s l a n d developed on the s u c c e s s i v e 

a l t i t u d i n a l bands of the Yoredale limestones of the d i s t r i c t 

are p r e f e r e n t i a l l y grazed i n comparison with surrounding 



T e e s d a l e Limestone 
g r a s s l a n d s 

F e s t u c a ovina V 

S e s l e r i a c a e r u l e a IV 
Carex c a r y o p h y l l e a V 
L u z u l a campestris V 
A c h i l l e a m i l l e f o l i u m V 

Gerastium vulgatum V 

Draba i n c a n a IV 
Galium pumilum V 
M i n u a r t i a verna V 
Myosotis a l p e s t r i s V 

S a x i f r a g a hypnoides IV-

S c o t t i s h mica s c h i s t 
rock ledges 

F e s t u c a v i v i p a r a 

A l c h e m i l l a a l p i n a 
A l c h e m i l l a g l a b r a 

G o c h l e r i a a l p i n a 

Thjnnus d r u c e i V 
V i o l a r i v i n i a n a V 
Ctenidium molluscum IV 
Dicranum scoparium V 
P i s s i d e n s c r i s t a t u s IV 
Hylocomium splendens IV 
Hypnum cupressiforme V 
Rhacomitrium lanuginosum V 

Thuidium tamariscinum V 
T o r t e l l a t o r t u o s a V 
G e t r a r i a a c u l e a t a V 
C e t r a r i a i s l a n d i c a V 
P e l t i g e r a p o l y d a c t y l a IV 

Table V. 9. Comparison 
c o n t a i n i n g 
s p e c i e s i n 

Myosotis a l p e s t r i s 
Polygonum viviparum 
S a x i f r a g a hypnoides 
S a x i f r a g a o p p o s i t i f o l i a 
Sedum ros e a 
Thalictinim alpinum 
Thymus drucei 

Ctenidium molluscum 
Dicranum scoparium 

Hylocomium splendens 

T o r t e l l a t o r t u o s a 

V 
IV 

IV 

V 
V 

IV 
V 

IV 
IV 
IV 

IV 
V 

IV 

Rhacomitriiim lanuginosum V 
Rhytidiadelphus t r i q u e t r u s IV 

V 

of Teesdale and S c o t t i s h communities 
Myosotis a l p e s t r i s , with r e s p e c t to 
presence c l a s s e s IV and V. 



1IY030TI3 AUTiSTHIS 

. Sample H o . 39 uo 1*3 Uk - 1*5 h6 

L o c a l i t y O r e a t Dun P e l l , 
W e a t m o r l a n d . 

Q r e a t IXin P e l l , 
' A e a t D o r l a n d . 

Orc»t Dun P e l l 
l e a t m o r l a n d . 

L i t t l e P e l l , 
TTest c o r l a n d . 

U l c k l e P « l l , 
H . Y o r k a . 

Ben L a v e r a 
P e r t h . 

Ben L a w c r a , 
P « p t h . 

Caa C r a a g , 
P a r U i . 

O r l d R e f . 3^713312 . 35/713312 3V713312 3^7862111 3yai62ue 2 7 / 6 3 6 ' i l l 27/580JSb 

A l t i t u d e 2U00 ' 2i400' 2U00' 2 3 5 0 ' 21J00' 3250* 3200* 3250' 

A s p v o t S I 3E SB TOW S SW sa SI 

S l o p e 25" 25° 2 5 ° 2 0 ° 2 8 ° L e d g * Ladga L c d g a 

C o v e r ( j i ) 60 90 50 100 100 100 100 100 

S a a p l e A r e a 
(>q. 

1 .1 1 1 • 1 - - 2 

Table V. 10. L o c a l i t i e s and h a b i t a t d e t a i l s 
of M. a l p e s t r i s s i t e s . 
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m i n e r a l poor communities. As has alre a d y been pointed out 

(p. 98 ) t h i s b i o t i c i n f l u e n c e has probably l e d to the 

development of a d i s t i n c t i v e ecotype. I n the Breadalbanes 

however the s p e c i e s seems to be r e s t r i c t e d to the rock ledges 

which the sheep f i n d impossible or c e r t a i n l y very d i f f i c u l t 

to r e a c h . I t i s s t r i k i n g that the s p e c i e s i s almost e n t i r e l y 

absent from the steep g r a s s l a n d below the c l i f f s . 

A f e a t u r e which i s common to both h a b i t a t s i s that they 

are both kept somewhat open and the ve g e t a t i o n never becomes 

completely s t a b i l i s e d . I n TeeBdale t h i s i s due to the 

phenomenon of s o i l creep. T h i s i s most marked on Dun P e l l , 

but i s a l s o present i n the other s i t e s ; i t i s c o r r e l a t e d with 

the steep slopes a l r e a d y mentioned. I t seems l i k e l y that t h i s 

s i t u a t i o n has been maintained f o r a considerable part at l e a s t 

of the post g l a c i a l period, s i n c e i t i s p o s t u l a t e d (M.E.Johnson 

p e r s . comm.) th a t the maximum t r e e l i n e i n the area was at 

approximately 2350'. I n the Breadalbanes the rock ledges 

imdergo a c y c l i c a l development, a r i c h herb community b u i l d i n g 

up u n t i l the whole system becomes unstable and drops away, so 

t h a t a s e r i e s of open h a b i t a t s at the r i g h t stage i s always 

maintained. 

Thus Myosotis a l p e s t r i s i s more e c o l o g i c a l l y r e s t r i c t e d 

than Gentiana verna i n Teesdale s i n c e t h i s can maintain i t s e l f 

i n s t a b i l i s e d and c l o s e d g r a s s l a n d . 



OtTAfl OCTOPETAU 
60 «1 82 83 

75 n 

Diagram 
V. 3. Kulczynski diagram of quadrat samples from 

B r i t i s h s i t e s of Dryas oct o p e t a l a . 



DHT/.3 OCTOPETALA 

BuiiH Ho. hi U6 
• a 
U9 50 51 52 53 5b 

L o c i l l t y B o r p i l l e , CronJtley P e l l , 
5utherl«nd. * K, Yopks. O i l ! Cnoc, Olaa Cnoc, Ben L u l , 

Kl«horn, Kl«hora, Perth. 
RoBB. Rota. 

C o n l v a l , Creas an Lochvn, 
Ben Hore Aasynt, Perth. 
Butherlvnd. 

Caenlocban Olsn, 
Ansna. 

O r l d . a»f. 29 /3M652 3V81i0283 ivaesiisi ivees'tsi 27/270272 2y303191 27/590I1II 37/l757fib 

A l t i t u d e 200* 1750' 1050* 1050" 1750* 1700 ' 2100' 2750' 

Aapect SB - mr Hw ire 31 HI SB 

Slop* 5 ° 5 0 ° 50° 6 5 ° 2 5 ' 80° 30° 

CoTor (%) 100 90 75 75 100 95 100 100 

S a c ^ l e A n t 
{.r,. a.) b I b 1 b 

DByAS OCTOPITAUl 

Baople Ho. 55 56 . 57 56 59 .60 61 

L o c i l l t y C r e r s Kior 
Loch Lyon, 
- For t h . 

C«enlochsn Qlcn, Olon D o l l , 3cnn« 3brilflh, 
Angui. C l o v i , RoBi. 

Angus. 
Olen D o l l , 
ClOTI, 
AnguB. 

Olcn D o l l , 
ClOTB. 
Angoa, 

Colr« n» C o l c M l l a , 
ArdTorlkle, 
Invemeaa. 

The Cr.lm»cll, 
Perth. 

.QrJd a«f. 27/369357 37/185772 37/21*0767 2V3a5S67 37/2U0767 37/2U2763 27/W37Ub 37/1267f2 

A l t n o d t 30OO' 2300' 2550 ' 210O* 2250' 5000' 2750' 

Aapact B 3 Ht ETt HE H H -
Slope 5 0 ° ito° 1 5 ° 55° 5 0 ° b5° -
COTor (it) 90 100 60 100 6 5 . 100 100" 100 

S i D p l a Ar«a 
(.q. m.) 2 h h h U 1; • ii b 

Table V . - l l . L o c a l i t i e s and h a b i t a t d e t a i l s 
of B r i t i s h D. octo p e t a l a s i t e s . 



EBTAS OCTOFItAU' 

. H f t l l i a , Saoo C a n , Loeb Uiaoloch-colre, DarneM, P. T P B I B H I H , "e»ll HOP, UonoSb DuWi, Uoandh DdWi, Cmt iw Bnmlch, l e a r 8. S c n a p a d a l , 
SotbarlBod. Dttreeaa, InchnBdaapta, Satbarlond. Inchnadsiph, Olencoe, Shun. mam. Baaaay. Bamaar, 

Suthorland. Strthai-land. 3uthepland. A I - E J U -

2Vti5360(( 29/U2nt7 29/278193 28/599676 29/263215 27/108567 1V350027 lV55002fl 1V5«>1»37 

A l t i t Q d S 150' 100 900* 200' liJO* 1500 200 150* 790* 500' . 

Aapaot sw w Rf ees R S Bnc I 

S lope 30° 20" 20° 9° 39° 50° 

C o w (Jt) 90 ao 70 100 100 100 99 100 100 100 

»» k It 1 It u U ll b ll 

ERTAS OCTZTTTAUi 

3«jpl« Vo. 73 1U 75 76 77 7fl 79 so 81 ej 

i M a l l t j 
S a a s i j . 

3ubha na L c a c 
Baaaay,} 

B«tt7hlllf aajinagb, 
S a t b e r l a n i Co.Clare 

CroBffh, 
Co.CIsre. 

Bleck Read, 
Co. C l a r a . 

B a t t y h l U , B«ttyhlll, TB« C o n r Scar, 
Sulborland S n t h e r l a n ^ A n t c l l f f t , 

I . T o r t a . 

Coaaldfl Beck, UyD I d n l . 
A r o c l l f f o , O l f d c r Favr, 
1. Torka. Caenurrcm. 

3 r l d a e r . iai'59e379 29/703605 y27/6i 1119/07 M1V12 2V706605 25/706605 3V9a3908 5V9ie706 

A l t i t u d e 65C* 250* 30' uoo' fioo' ICO' 15* 15* 1200' 900' 

Aspect mi KS m 3K inr?r - I f l Bonr 331 - SSI 

S l o p * «° 65" 13° r f 7° 17° - 32° 71.° hO° 75° 

C o w i f ) 100 100 100 100 100 ICO 100 100 50 100 U) 

S t a p l e Area 
(•q. • . ) k k 1 h 1| h 1 1 1 b ll 

Table V. 11. Cont. 
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Dryas o c t o p e t a l a . 

The communities w i t h i n which Dryas oc t o p e t a l a grows 

have been the most complex t o deal w i t h of the species 

considered. This i s p a r t l y because of the range of l o c a l i t i e s 

s t u d i e d (from Caernavonshire to N. Sutherland), and p a r t l y 

because of the fragmentary nature of some of the communities, 

e s p e c i a l l y i n c e n t r a l Scotland. However, using Kulczynski's 

technique, i t has been possible t o recognise f o u r main groups 

and to show the r e l a t i o n s h i p s o f the remaining samples t o 

these groups. The degree t o which these groups are d i s t i n g ­

u ished from one another w i l l be seen by reference to diagram V, 

3. I n c o n s t r u c t i n g t h i s diagram, as w e l l as using my own 

r e s u l t s I have also used a number of l i s t s made by 

Dr. D. A. R a t c l i f f e ; these are numbers 47, 49, 50, 52, 55, 

56, 57, 58, 59, 60, 61, 62, 63, 64, 68, 69, and 70. This 

has been done so t h a t the r e s u l t s should have as wide a 

v a l i d i t y as p o s s i b l e . The f u l l f l o r i s t i c l i s t s f o r the B r i t i s h 

s i t e s are given i n t a b l e V. 12, 

I t i s d i f f i c u l t t o define the d i f f e r e n c e s between the 

f i r s t and second groups o f samples although from diagram V, 3. 

i t i s c l e a r t h a t when compared on t o t a l species content they 

do form two d i s t i n c t u n i t s . Both are mainly based on l i s t s 

from c e n t r a l Scotland although each includes one sample from 



DRYA3 OCTOPETALA 

1*7 1:S !*9 50 51 52 55 5h 55 56 57 58 59 60 6 l 62" * 65 ^ 65 66 67 68 69 70 71 72 73 71* 75 76 77 78 79 80 81 82 83 

A r c t o a t i p h y l o i u x a - u r a l 3 - - - - - -
Be t u l a pubaacena - - _ _ _ _ _ _ _ _ - _ . - _ i _ _ _ 2 - - 2 - _ - - -
C a l l w i a v u l g i r l . - - - . 2 - - ^ - - - l - - l - 2 - £ i 5 5 .1 2 7 l l 2 2 - - " 
CorylUB » ¥ e n B n B _ _ - _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 _ - - -

t I M i l l : ; M n 1 n : i '. 11:1111 m :: ̂  n 
E r i c a c l n e r e a 
J u n l p e n i a conBunla - _ _ - - - _ _ _ _ - - - - - _ - _ _ _ _ - -
HubuB B B X f l t l l l a - - - - - - - - _ _ - - • - - - _ _ _ _ - * . -
Z*lix M r l l a - - - - - - - - - - - - - - - - - . - - _ + - -
5. herbBCea - - - - « - - - " " " " - _ - _ _ _ - -
S. n y r a l n i i e a - - - - - - - - _ - 2 - - - - - - + 
3. repena 1 - - - - - - _ } • ' ' ' ' : ' ' - - - 3 - - - -
3. r e t i c u l a t a - - - - - - - - b 5 3 3 - 8 - - - - h _ _ - - -
.Sorbua a u c u p a r l * - - 1 - 1 - - - _ _ _ _ - - - - - _ - _ _ _ _ -
V a c c l n l u o o y r t i l l u a - - _ _ 1 - - - _ - 2 1 3 - - - - - - _ _ _ - -

•V. uiiBinoBUB ^ - - - - - - - i - ^ r : : - J - - - - - - - -
V. »lila-ldBBB - - - - - - - - - 3 2 2 3 1 - . 1 - - - - - - - -

'Aaplenluo BdlBntum-nl£nin - - - - - - - - - _ . _ - - - - _ - - - . - - _ 
A. o a r i m i a - - - - - - - - - - - - - - - - - _ - _ - - - - -
A. v i r l d a - - . - 2 - 2 
Botrychluo l u n a r l a - - - - - - - - - i - - - - - -
E l u i a s t U B TarlagatUffl - - - - - - - - - _ ! . - _ - - - - - - - - - - -
Lycopodlua aelago - - - - - I - - - - - - _ - - . - - - -
P o l y a l i c b u a - l o n c h i t l a - - - + - - - - - - - - - - - - - - - -

AgrOBt a c ^ ^ n a ^ _ _ 2 - 2 - - - - l * 2 + - 3 ' - 3 
AolhojanUiua odormton - - - - U - - - - - - 3 2 - - - - - - U - J i J 
BrluB niedla - - - - - - - - - - - - - - - - _ . _ - - - - -
Cynoaunia c r l a t a t u a - - - - - - _ - - - - - - - - - - - - - - - - -
DBBchanipalB C*aapltOBB - - - - - - - + 2 2 - b 5 Z l - - - - - - 1 -

flexuoaa 
g t l W T f 9^iqfl AM. i S ^ ^ ^ •) t 2 ^ ^ k fj ^ ^ 5 S ^ li 7 S ^ b 1 ^ 1 n B U g 7 
V. rubra - - - - - - - *• - - - ^ 2 3 - 3 - 2 - - - - - U - - - - - - - -r H e l i c t o t r l c h o n pratenao 
Holcua lanatua - - - - - - - - - - - - - - - - - - - - - _ _ 2 - - - - - - - _ _ 
K o e l e r l a g p a o l l l a 1 - - - - - - - - - - - - - - - 3 2 - - . - - - - - - - - - - - 2 U 
Itardua a t p l o t a - - - - - - - - - - - - - - - - - _ - _ 
PoB glauca - - - - - - - - - - - - - - - - - - 6 - - - - - - - - - - _ _ -

r . ^ r i l , . - k - - 2 - 3 - - * - fl a - i -
S i e g l l n g l B dtcunbena - - - - - - - - - - - - - - - - 2 b - 5 3 1 - 3 - l l - l - - -

•Capex •tPBta - - - - - - - - + - - 2 - - 1 - - - - - - - - - - - - - - - - -
C . b l g e l o w l l - - - - - - - - 3 - - 2 - - - - - - - - - _ _ _ _ _ _ . . _ _ _ 
C. b l n e r v l a - - - - - - - - - - - 2 - - - - - - - - - - - - - - - - - _ _ _ 
C. c a p l l l a p U - - - - 2 It 3 

ca r y o p h y l l c B - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3 
dBDiaaa - - - - - 1 - + - - - - - - - - - - - - - _ _ _ - - - - - - - - _ _ 
e r l c e t o r u H - 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ - _ 
fl«ccB 5 - 2 2 2 - - i , - - - - 3 5 ' i - 5 3 - - - 3 
ho a t l a n a - - - - - - - - - - - - - - - - - - _ _ _ 2 - - - - - - - _ - - -
P»Dlcca + - - - - 1 - + - - 3 t i 3 - l 3 2 3 - 2 b 
p l l u l l f e p a - - - - - - - - - ! - - - - _ _ - - _ - - - - - - _ _ _ - - _ _ _ _ 
p u l i c B r l a - - - - 1 3 - t b 2 - - 2 - - - - - 3 2 - - - - - - - - 3 . - 1 - - _ U 
r o p a a t r i a 

CoelogloaauB T l r l d o - - - - - - - - I I - I I 3 - - - - - - - - - - - -
^ I p a c t l a Btrorubena - - - - - - - - - - - - - - - - - - - - - - - - - -
Oymnadenla odorata - - - - - - - - - - - - - - - - - _ - i _ _ _ _ _ ; -
L l a t t r a o T a U 1 - - _ _ - - - - - - - - - - - - - _ i _ _ - _ _ -
L u x u l a cmaptBtrlm I - - - - - - - 1 - - - - - - - - - - - - - - - - -
L . B U l t i n o r * - - - - 2 - 3 2 - 1 - - -
L . a y l n t l c a - - - - - - - - - _ - - _ . . - . _ _ 
L. a p l C B U - - - - - - - - i l - i - - _ _ - - - - - - - - - -
Opchla a r l c t t o m n - - - - - - - - - - - - - - - - - - - 1 - - - - - -
0. m*»caW 2 - - - - - - - - - - - - - - - - - - - -

Juncua aquarroaua - - - - - - - - - - - - - - - - - - - - - - - - - -
J . t r i r i d u . - - - - - 2 -
Sciioanua n l g r l c B n a 2 - - - - - - - - - - - - - - - • - - - - - _ - - _ 
T o f l a l d l B p u B l l l a - - - - - - 2 - - - - - - 2 - - - -

" A c M l l a a n l l l a f o l l u m - - - - - - - - - - - j 

A. e i ^ t T B - - - - 1 - - + - - - - 3 
A. v e o t l t B - 2 - _ l 
A. wlchuraa - - - - - - - - - _ _ 2 * - -
Aneaone aesopoaa - - - - 3 - - - - - - - -
A n q f l i c B B v l v c a t p l a - - - i i _ - + 2 - - 3 -
An L c n n - r l a d l o l c a 2 - - - - - - - - 3 3 - 3 
/ n t h y l l l B v u l n c r B P l a 1 - - - - - - - - - - - -
A r a b i a h l r a u t B - - - - - - - - - - _ - 2 
^ r m c r l a D a r l t l B a - • - - - - - - - - - - 2 -
A . t r B g B l u a Blplnua - - - - - - - - - - - - 2 
B»rtBlB a l p l n a - _ - - 2 - - - + 
B r l l l B perennia - - _ - _ ! - - - - _ - -
CaopanulB r o t u n d l f o l l a 2 1 _ _ . - l » 2 1 2 - 2 
C e r B B t l u a alplmua 
C. vulgalun 
C b r r l c r l B aadoldaa 
C l r a l u a arvcoat 

Table V. 12. F l o r i a t i c l i s t s of B r i t i s h D. octopetala 
s i t e s . 



DflYAS OCTOrr.T^U ( C C I I T ' D . ) 

i.7 be U9 5C 51 52 53 51* 55 56 57 58 59 0̂ 61 60 63 6ii 65 66 67 6° 69 70 71 72 73 7li 75 76 77 76 79 60 PI 52 83 

1 I 1 2 X -

Daucua carota - - - - - - - - - " "* " ~ 
Erlgcron b o r r a l l a , - - - - - - - - ' ' ' Z Z ? . Z ' ' Z Z ' 7 Z 
Euphraaia o r r i c i n a l l a a^R. - 1 - - 2 2 - - - 3 ^ 2 2 5 - 3 2 - 1 ? 
P l l l p c n d u l a u l a i r l a - - - - - - - - - - - - 2 - - - " " " " " ^ " " " ^ { ' I 
Oallum boreole - - 1 — 2 - - - ^ ^ 
0. hercynlcum - 1 . - - - 2 - - - - - - - - - 2 - - - - - - - - -

0. Ycrum - - - - - - - - - - ^ ^ 
r j e n t l a i i r l l a a a s r c l l a - - - - - - - - - - 2 - - - - - - - - - - - -
0. c a c p e a i r l i " - - - - - - - 2 - - - - - - - - - 1 - - - - - - - - - - -
3eraniufa asngulneum - - - - - - - - -
0. aylvfctlcum - ,-' - - 1 - - t - - - - - I - - - - -
S r u a r l v B l e - - - - - _ _ - - - 2 _ - - - - - -
Hellanthcmua canua \ - 1 - - - - - - -
H,, c h s n a e c l a t u B - 2 - - - - - - - -
Reracleun aphondyllua - - - - - - - - - - - - - - - - - - - - - - - - -
Hleracluo p l l o a c l l a - - - - - ' Z ' - ^ Z ' ' 2 2 - 1 - - - - - ; - : ' : ^ H l t r a c l u o app. 
Hvnerlcum pulchrum - - - - - W - 1 

t 1 2 1 1 t 

Hvnerlcum pulchrum 
HypochaerJa padlcata 
L i t h y p u i monianua 
Loonlodon a u t u m n a l l t 
L. h l i p l d u s 
Lin»B r.thartlcum 
LotUB cornlculatua 
Ulnuartln »ern« - 2 - - - - - -
OxytropJi h a l l e r l - - - - - - - - _ _ _ _ 
Parnaaala p a l U B i r l * - - - - - - i - _ 2 - - 2 2 - - - -
PJoplnella aaxlfraga - - - - - - - - - - - - - - - - _ _ _ _ 
Plngulcula vulgarla - - - - 1 1 1 + l - - - - ! - ! - _ 
Plantago coronopui - - - - - - - - - _ _ _ _ 
i - - - - - - - - - ' i ? i ^ 
Polygala t e r p y l l l f o l l a 

" - a r l t 

P. erectn 
F f l c u l a f a r l n o i a 
P. a c o l l c a 
P.. v e r l a 

v u l g a r l B 

3 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - 1 - 1 
^ I 2 2 ^ * W - ^ ? ^ ^ 2 - - 1 1 

- 1 2 - 1 - 3 
i ? ? I I I I 2 : 3 

_ - _ _ _ _ . _ - - - - - - 3 
^ ^ ^ I ^ } 1 J - - - - 1 I 

1 1 - 1 2 1 2 •• 1 

1 1 1 1 
Prunella T u l g a r l * - - - - 2 - - _ _ _ - - 2 ' - - " ' - - - 1 3 3 3 1 1 - 2 1 2 3 
Pypoli r o t u n d l f o l l a - - _ - _ - - - _ 4 _ _ _ 2 - - _ _ - _ _ _ - _ - - - - -
Rr.-nlschla secundu 
Ronunculua n c r l i - - - _ _ i - - _ j , _ ^ ^ _ -
R. bulbOBUB - - _ _ ! - _ _ _ - _ _ - _ -
n. repeni - - _ _ - - - - _ _ _ _ _ _ _ 
Rhlnanthua nlnor - - - - - - - + _ _ _ 2 1 - -
Runex acetoia - - _ - - - - - _ _ _ 3 _ _ _ 
Sautaurea alplna - - _ _ _ _ _ _ _ _ _ i | _ _ _ 
|..>rrfK« liigijsi, • : : i n i z i i z : i i i i 

- - _ 2 . 3 - ? ? T ^ W 1 :ablOBa colunliarlK 
Sadua roses 
Seneclo Jacotwa 

Tiraxacum o f f i c i n a l e agg. - 1 _ _ _ + - _ _ _ _ _ _ _ _ _ _ _ _ _ i i i 2 - - - - -
Teaeriuia ocorodonla - - - - - - - - - - - _ _ _ - - _ _ _ _ _ _ _ _ _ _ ^ _ _ ^ _ -
Thalletpun alpinun 3 - - - 3 2 - + 3 - - 1 4 - 2 - 1 - - _ _ _ 2 - - - - - - -
Thynup d ^ i c e l ^ ^ 2 T W ^ 2 - ^ - 5 1 1 - ^ ^ ^ ' j ' j ' l i ' i ' i H ^ H ' i i i _ i L - i -
T r l f o l i u a prstenae - - - - - - - - _ _ - - - _ _ - _ . _ _ _ _ i 3 - - 2 _ _ " " J 
T . repenB - - _ - - - - - _ - _ _ _ _ - _ _ _ - _ 2 _ i _ _ _ _ _ _ _ - 2 
T p o l l l u * europ«eui - - i - - - - * _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - . _ _ _ _ _ 
Veronica fputlcans . - - - _ - - - - - 2 - _ l * - - _ _ _ - _ - _ - _ . - _ - _ _ _ 
v.- o f f l c l n p l l s - - _ _ - - - - - . - - _ _ - . _ - - - l - l _ - _ _ 
Viola hlPta 

•AcrocliSium cuBpldaLum - - _ _ - - _ - - - . ^ - - ^ - - , _ _ _ ^ . _ _ 
Anphldlum raougootli - - _ _ - - - - _ - - . - _ - - . - - - . - - _ _ - - _ _ _ _ _ 
Anoaobryun f i l l f o p a e - - - - - - - - - - i - - - - _ - _ . 
Bnrbulo f a l l a x - - _ - - _ ! - _ _ _ - - - - _ _ _ _ _ _ ^ _ _ _ - . - _ - _ _ _ 
B. r e f l e x a - - _ - _ _ _ - _ _ - - - - - - _ _ _ _ _ - - _ _ - _ _ _ _ _ 
B l l n d i a B c u t a - - - - - - - - . - . - _ . . _ _ _ _ 

Wii:u'll-nl^''"'" - - : : : : : : : : : : : I . I : : t : I : i ^ 
3. pseudotrlquetPUii - 1 _ _ - - - + _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Cnnptolheclum lutesccna - - _ _ _ _ - - _ - _ + - _ _ - . - _ - - - _ _ _ _ _ _ _ _ _ 
Caopyliun protenBun - - - - _ _ _ - - _ _ _ i _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
C. B t e l V t u B - - _ _ - - - + _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ _ _ _ - -
Compylopue Tragi l l a _ - - - - - - - - - 2 - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Grntoneuron commutBtun - - _ _ - - _ 4 _ _ _ - - _ - _ _ _ _ - j . - _ _ _ - _ _ _ j _ 

f l l l c l n u n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
'rnW"" '^U"r'^"° 2 1 ^ b - 3 -t- i - ^ W ^ ^ 1 1 1 1 T 1 fa • ^odontluo f l l l c i n u n - - _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ - -Dlchodontluo 
Q, pelluclduQ 

Table V. 12.. Cont. 



' DRTA3 OCTOPfiTALA (COKT'D.) 
b7 iiB U9 50 51 52 53 V* 55 5& 57 58 59 60 61 62 63 6U 65 66 67 CS 69 70 71 72 73 711 75 ? £ 77 7 ' ZC 81 

D l c r a r ^ l l a « r l a - - . - - - - + - - - - - - - - - - - - - - - - - - - - - _ _ _ - -
Dicranuoi BBJUB - - - - - - - - - - - 2 - - - - - - - - - - - - - - - - - - - - _ -
D. acopBPlUffl - - - - _ _ . - - 2 - - _ - 1 2 - - - - - - - - 2 - - Z -
D l B t l r h l u a oaplllBceum 
D l t r l c h u o f l e v l c B u l a 
DrepanocladuB unclnatua - - - - - - - - - . - ^ i - u - - - - - - - - - - - - - - - - _ -
Enculypta a t r e p l o c a r p a - - - - - - - - - - i - - _ _ - - _ i _ _ - . _ _ _ _ _ _ _ _ _ - -
Entodon orthoci'PpuB - - - - - - - - - - . 3 - - - - - - - - - - - - - - - - - - - - 1 -
71»Bldens adlontholdoB - - 1 1 - - - + - - - - - 2 - - - - - - - - - - - - - - 1 - : - - -
F . c r i a t a t u a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 
P. osDundDlrtro 1 
P. t a x i r o l l u a - - - - - - - - - - - - - - - - i - - _ _ - - . _ - _ . _ - - - - -
I r l a t M l o opocBPpa , - - _ - . - - l _ - - - - - - - - - - - - - - - - - - - - - - - - - -

donlana - - _ - _ _ - - - - - - - - - - - - - - - - - - - - - - - -

- 2 3 3 - 7 - U H i - - ; 2 - _ - 3 1 

iypnua"oijppe8Bl?orM 3 1 i _ - - - - \ J 
1 L 1 It 1 1 

l a o p t t r y g l u D p u l c b e l l u a 
HnluB orthorrhTDohua 
K. ondulatoa 
Hecker* c r l a p a 
Eurhynchlua a t r l a t u a 
O r t hotheclua rufeacena 
0 . I n t p l c a t u a 

'Opthotrlchna anoaaloa 
plBiilobryQa > l e r l l 
F S t t u r a t l o B Bchpoberi 
•PohlJa cruda 
P o l y t p l c h u a eomnmne 
p. upolgepua 

1 - - - _ 

3 1 - - -

P t l l l o a c r l a t a - c a a t M n s l a -
R f t a c o a l t r t o a B c l e u l a r o - - - - - - -
R. oanBaoena - - - - 1 - - - - 1 - 5 - 2 2 - - - _ i _ _ - _ _ _ - - _ _ _ _ _ _ 
H. lanuBlnoaoa . 3 - . 5 2 - - 1 - 2 3 - - 6 I . l _ - - i - _ - i 
R h y l l dladolphua lor«uo - - - - - - - - - _ - - - i _ - - - - - - - - - - - - - - - - 1 - -
B . aquaProaoa - - - - - - - - - - - - - - - - - - - - - - - - - 1 - -
R . t r l n u t r t u 1 - . - - 2 - - - - 2 5 3 3 1 1 1 - 2 3 - 1 - -
Rbytldluai rugOfua - - - - - - - - - 2 - l j - - - 2 - - - - - - - - - - - - - - - - - -

• B a a l a n l a glauoeicena - - - - - - - - - - - » ! - - - - - - - - - - - - - - - - - - - - -
B p t u p t u Bp* — — — — — — — — - — _ — — — — — — — •- — — — — - - — - 1 - - - — - - -
T t n l d l u B b l e t l n u a - - 1 - - - - - - i - . - - - - - - - - - - - - _ . - . -
T. d e l l c a t n l n a , 3 - 1 - 1 - - - - - - - - - - - - - - - - - - - - - - - - - - -
T , r o c o g a l t n a - - - - - - - 2 - - " " " T . - -
j ^ ^ ^ t M B T l j c l a a a - - j j ' j " " a y T ^ g ? ? ? 7 3 3 2 ~ ' - ' l ' l - - - -
^pf t f t o i t e a a a ' i F B f t i y d o n t l o n - - - - - - - - - - , _ - - _ _ _ - _ - _ - - _ - _ - _ 
7, crlBpolua - - - - 1 - - - - - - - - - - - _ - - - - - , - _ - _ _ _ _ - _ - -

*AQeim plngolB - - - - - - - - - - ' Z Z Z ' Z Z Z Z Z Z ^ Z Z Z Z Z Z Z 
P r a ? l a n l a ' t ^ r l a c l " ' * - 1 1 - 1 - 2 - - 2 - - 1 - - - - - - i _ - . - - - _ . 3 _ 1 - - -
BartMPta •dunea - - l - l - - - - - - - - - - - - _ - _ - - - - - _ _ - - _ _ _ " 
Loptocolaa M A n t a t a . - - - - - - - - - - - - - - - - _ - . - - - - - _ - j 
t o p l w i l a c f . b l o r e n a t a - - - 1 - - - " _ . _ - - _ - - _ _ . - , _ - _ _ _ - _ _ . . - - . 
L. ^ e r t l l - - - - - 2 - - - * 
t , qialrquBdentato - - - - - - - - . . _ - - _ - - . _ _ _ _ . _ - - - - _ _ _ _ 
M t t u a r l a ptfbeacena - - - - - _ . - - - - - - j - - _ _ > _ _ . - - _ _ - . _ " *• 
• Pla3o«hlla a a r l e n i o l d e a - - 1 - - - - - - - 1 1 J 2 - - . - _ - - - - . _ - 1 . 
P l a c t o c o l e a c f . p a r o l e a - - - - - - 1 - _ . - - _ - - - " 
p p e l a a l a (jnadPotB - - l _ - - - - _ - - _ - - . _ - - - - - " " " 
P t l l l d l u B c l l l a r e _ _ . _ - _ - - 3 - 1 - 1 - - - - - - - - - - -
3c«p«nlB aapera - - - - - - 1 - - ' ' ~ ' ~ ~ Z ~ Z I Z Z . . - - . -
8, Of. c a l c l c o l a - - - _ - - - - i _ - - - - - - Z Z - ~ . . ~ . ~ - ~ ' - l - - _ _ _ 
8. noBoroBt - - i _ - _ - - _ _ - - _ - - - ~ ' ~ ' ' ' Z ~ Z Z Z Z Z Z Z Z Z Z 
a. - undulatB 1 - - - - - - - - - - - - - - - ' Z ' . ' - - - - - - - - _ _ - - j 
9olei»Bton« r l p p r l a - - - - - - - - - - - - _ - - - " * ' ^ " _ _ _ _ _ . _ . . _ . _ -

' A l e c t o f J a n l o r l c a n a - - - - - - - - - - - - - - - 2 _ - _ _ _ _ _ _ - _ - - - _ - _ - - -
C t r a n l a T e r a l c u l s p l B . . _ - _ _ - - - - - - - - - . - . i _ 
C a t r a r l s . c o U o t a - 2 - - - - - - ' - ' - ' ' - ^ ' ' ' ' ' ' ' Z Z Z - Z . - - -
,C. i B l a n d l c B - - - - - - - - - 2 _ _ - - - j - - _ i i - > _ _ - . . - . 
"Oladonla app. - - - - - - - - - - r " " * " r ' * _ _ _ _ 1 . , - . - - _ 
C. g r a c l l l a - - - - - - - - - - - - - - - ^ - . . _ _ - _ _ _ _ - . - . 
c . p o o i u o B - 1 - - - - - - " * - • : : * : : 
C. pyxldata - - - _ - - - . - - 2 - 1 - - _ _ _ _ _ _ _ _ _ _ _ _ - - _ - -
C. r a n s i r o p K l a • - - - - - - - - - - - - - . _ _ _ . . _ _ . _ _ _ _ - - -
C. a y l T B t l c a - - - - - - - - . - 2 - - - - 1 
Leptogltta Bp. - - - - - - - - - - - - - - - - 1 _ . _ _ _ . - _ - _ - . 
P e l t l d a a l e u c o p h l e b l . - - - 2 - - - - ' . . _ . _ _ . _ _ _ _ _ _ _ - -
P c l t l g e r B CBUlna - - - - - - - - - - - 1 ^ - - - _ _ . . _ - _ - _ - - - _ _ - - -
P. TanoBB - - - - - - - - - - - - ^ - - - - - - - - - - - - _ - -
Bolorl i i B - e a o c B t a - - - - 1 - 2 - - - - - - - - -

' • - • 32 36 25 Uh i2 US. ? r 50 2I1 27 L'E I C :fi Cb Z7 19 >C IC 
30 27 bit 29 36 35 37 5U 36 62 59 b6 18 J5 

Table V. 12. Gont. 
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Sutherland; also the second group tends to be composed of more 

s p e c i e s - r i c h samples than the f i r s t although there i s no c l e a r 

d i f f e r e n t i a t i o n . From the h a b i t a t f a c t o r s i n ta b l e Y. 11. i t 

w i l l be observed t h a t the only f a c t o r here which tends t o 

d e l i m i t the two i s a l t i t u d e , the second group being on the 

whole at higher a l t i t u d e s , but even here there i s some overlap 

between the groups. P l o r i s t i c a l l y the groups can be separated 

by means of t h e i r constant species, some o f these a c t i n g as 

i n d i c a t o r species. The f i r s t groups has the f o l l o w i n g constants 

(besides Dryas o c t o p e t a l a , Pestuca ovina and Thymus drucei 

which are constant throughout the whole range of Dryas 

communities); S e l a g i n e l l a selaginoides, A l c h e m i l l a a l p i n a , 

Linum catharticum, Polygonum viviparum, Saxifraga a i z o i d e s , 

V i o l a r i v i n i a n a , and Ctenidium molluscum. Reference to 

t a b l e V, 13. shows t h a t the best i n d i c a t o r s f o r separating t h i s 

group from the second are Linum catharticum and V i o l a r i v i n i a n a , 

although i t must be stressed t h a t the t o t a l number o f constant 

species must be used t o decide to which groups any p a r t i c u l a r 

sample belongs since the t h i r d group has both these species as 

constants, although i t has other d i s t i n c t i v e constant species. 

The second group has as i t s constants S e l a g i n e l l a selaginoides, 

Polygonum viviparum, Saxifraga o p p o s i t i f o l i a , Silene a c a u l i s , 

Ctenidium molluscum, Hylocomium splendens and T o r t e l l a tortuosa, 

The best of these species f o r separating samples from the f i r s t 
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group i s the presence of Saxifraga o p p o s i t i f o l i a . Silene 

a c a u l i s and Hylocomium splendens. These two groups are mostly 

( a l t h o u g h not w i t h o u t exception) developed on rock o f the mica 

s c h i s t type. V i s i t s to some of R a t c l i f f e ' s l o c a l i t i e s i n d i c a t e 

t h a t one of the d i f f e r e n c e s between the h a b i t a t s , i n which 

these two groups e x i s t , i s the degree of damp f l u s h i n g . S i t e s 

i n the f i r s t group are f r e q u e n t l y very wet,.the s o i l almost 

s a t u r a t e d w i t h moisture and w i t h water d r i p p i n g down from the 

crags above, w h i l e those i n the second group u s u a l l y appear to 

be considerably d r i e r w i t h the s o i l , although damp, not 

s a t u r a t e d and w i t h the rock faces dry.-

The t h i r d group i s sharply d i f f e r e n t i a t e d from the f i r s t 

two i n a number of f e a t u r e s . I t appears t o be confined t o the 

North and West coast of Scotland and the Hebrides (samples 

from Rhum and Raasay). and i s developed on a number of d i f f e r e n t 

rock types, but apparently not on mica s c h i s t . Thus the f i r s t 

f i v e from Sutherland are developed on the mainly Ordovician 

Durness limestone, w h i l e number 75 from B e t t y h i l l i s on a 

banded gneiss ( c o n t a i n i n g b i o t i t e amphibole, garnet and 

p l a g i o c l a s e f e l d s p a r . (R.W. N e s b i t t pers. comm.)) which however 

gives a s o i l w i t h a f a i r l y h i g h base s t a t u s (see s o i l a nalysis 

p,166). The w e l l known f a c t t h a t the mountain f l o r a grows at 

p r o g r e s s i v e l y lower a l t i t u d e s towards the North of Scotland i s 

w e l l shown here. The most s o u t h e r l y sample, at Glencoe, i s 
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at 1500', wh i l e none of the other samples i s higher than 900'; 

thus t h i s group appears at lower a l t i t u d e s than the f i r s t two. 

The constant species are Hypericum pulchrum. Linum catharticum, 

Plantago l a n c e o l a t a , and V i o l a r i v i n i a n a , of which Hypericum 

pulchrum and Plantago l a n c e o l a t a are good i n d i c a t o r species. 

Other common species i n the group are Calluna v u l g a r i s , 

Euphrasia o f f i c i n a l i s agg., Pininella v u l g a r i s and Succisa 

p r a t e n s i s . I t i s i n t e r e s t i n g to note t h a t although there are 

no constant bryophytes to the group Ctenidium molluscum i s 

constant and T o r t e l l a t o r t u o s a also common i n the mainland 

samples, although they do not occur i n the Hebridean ones. 

The f o u r t h group i s , from diagram V. 3, obviously c l o s e l y 

r e l a t e d to the t h i r d although d i s t i n c t . I t i s composed of 

samples from Co. Clare, W. I r e l a n d a l l on Carboniferous 

limestone. The constant species are f o r the most pa r t very 

c h a r a c t e r i s t i c ; they are S e s l e r i a caerulea. Polygala v u l g a r i s , 

V i o l a r i v i n i a n a , B r e u t e l i a chrysocoma, Ctenidium molluscum 

and Pseudoscleropodium purum, A comparison of the species i n 

presence classes IV and V i n the f o u r groups i s given i n 

t a b l e V. 13. 

Apart from these f o u r groups there are a number of samples 

which appear t o be d i s t i n c t . Three of these, numbers 28 and 29 

from B e t t y h i l l and 12 from B o r r a l i e are communities developed 

on s h e l l sand; they have c o r r e l a t i o n s w i t h one another and 
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s l i g h t ones w i t h the N. Scotland group, but are c e r t a i n l y 

d i s t i n c t from i t . The remaining samples are d i s j u n c t ones from 

the North of England and Wales and diagram V. 3. shows t h a t as 

w e l l as being g e o g r a p h i c a l l y d i s j u n c t they are also f l o r i s t i c -

a l l y d i s j u n c t . The only c o r r e l a t i o n s g r e a t e r than 30 % t h a t the 

Teesdale sample (number 20) has, are w i t h one of the samples 

from A r n c l i f f e , N. Yorks and the sample from the C a i r n w e l l , 

P e r t h which i s notable i n t h a t i t i s the only other s i t e on 

metamorphosed limestone. - "sugar limestone". The A r n c l i f f e 

samples, 18 and 19, are on Carboniferous limestone and the only 

o t h e r samples t h a t are s i m i l a r to these are one from W. I r e l a n d 

on Carboniferous limestone at 400' and one from Inchnadamph, 

Sutherland on Ordovician limestone at 450'. The sample from 

above L l y n Idwal, N. Wales i s also d i s j u n c t f l o r i s t i c a l l y , 

having s c a t t e r e d s i m i l a r i t i e s w i t h samples from Glen Clova, 

Angus and Heilam, Sutherland. The l o c a l i t y i s i t s e l f very 

r e s t r i c t e d and developed on a craggy outcrop (slope 75'^) of a 

small i n t r u s i o n or l a v a f l o w i n t o the surrounding s l a t e (see 
f o o t n o t e ) . 

This system of d i v i s i o n of Dryas communities bears no 
simple r e l a t i o n to the noda put forward by Poore and McVean 
(1957) and each sample must be examined separately. This i s 
The rock i s fine^ g r ained and s i l i c e o u s w i t h prominent l a t h s of 
an a l b i t i c p l a g i o c l a s e f e l d s p a r i n f i n e s e c t i o n , quartz i s also 
common and there i s a small amount of c a l c i t e (up to 5%),chemic-| 
a l l y i t i s probably r i c h i n Na20, Si02 and AI2O3 w i t h l e s s e r 
amounts of K2O and Pe203. My thanks are due t o Dr. H. Emeleus, 
Geology Dept., Durham f o r t h i s d e s c r i p t i o n . 
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also the case f o r the noda suggested by McVean and R a t c l i f f e 

( i n p r e s s ) . 

C o r r e l a t i o n s w i t h p h y t o s o c i o l o g i c a l u n i t s i s again 

r a t h e r d i f f i c u l t . The I r i s h samples are placed by Braun-

Blanquet and Tuxen (1952) i n a new a s s o c i a t i o n , Asperuleto-

Dryadetum which belongs t o the a l l i a n c e Mesobromion e r e c t i ; 

the reasons f o r t h i s are s t a t e d as f o l l o w s , "together w i t h 

S e s l e r i a which i s the most frequent associate of Dryas i n the 

Alps there also occur i s o l a t e d p l a n t s of Euphrasia s a l i s -

burgensis, i n Cen t r a l Europe an i n d i c a t o r of the Seslerion 

caeruleae a l l i a n c e of the Central European mountains, but 

there i s also a whole s e r i e s of thermophilous Bromion species 

which i n d i c a t e the f l o r i s t i c r e l a t i o n s h i p of the as s o c i a t i o n 

w i t h the Bromion". This view i s i n t e r e s t i n g as from l i m i t e d 

experience of the Ce n t r a l Alps the communities c e r t a i n l y appear 

to have d i s t i n c t a f f i n i t i e s w i t h the Ses l e r i o n caeruleae 

a l l i a n c e . The N. England communities of Dryas i n the Craven 

and Teesdale d i s t r i c t s c e r t a i n l y have a f f i n i t i e s w i t h the 

S e s l e r i o n caeruleae a l l i a n c e . The S c o t t i s h communities seem 

to be more c l o s e l y a l l i e d to the Scandinavian Dryas associat­

i o n s than to those of the Alps; Poore and McVean (1957) have 

classed the Sutherland communities on the Durness limestone 

and sand dunes as a l l i e d to the Elyno-Dryadion a l l i a n c e 

described by Nordhagen (1943). 
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I t may be emphasized a t t h i s p o i n t t h a t there appears 

to be no c o r r e l a t i o n between the complex p a t t e r n of morpholog­

i c a l d i f f e r e n t i a t i o n described e a r l i e r and the e c o l o g i c a l 

groups which have been described above. I t i s possible, as 

has been mentioned, t h a t there may be a c o r r e l a t i o n between 

l e a f size and c l i m a t e , but the d e t a i l e d m i c r o c l i m a t i c 

i n f o r m a t i o n which would be necessary to e s t a b l i s h t h i s i s 

not a v a i l a b l e . 

Quadrat l i s t s f o r the Alpine s i t e s sampled are given i n 

t a b l e V. 14. and the h a b i t a t d e t a i l s i n t a b l e V. 15, I t i s 

w e l l e s t a b l i s h e d (Braun-Blanquet and Jenny 1926, Braun-Blanquet 

1954, Ludi 1948) t h a t i n the Alps Dryas octopetala i s the 

dominant i n the pioneer stage of a number of associations i n 

the a l l i a n c e S e s l e r i o n caeruleae. The m a j o r i t y of l i s t s appear 

to belong to the a s s o c i a t i o n Seslerieto-Semperviretum which i s 

present i n both the French Alps (Braun-Blanquet 1954) and the 

C e n t r a l Alps (Braun-Blanquet and Jenny 1926). Thus samples 

8? and 88 from Prance and 89 from Switzerland are t y p i c a l 

examples of the pioneer stage of t h i s a s s o c i a t i o n developed 

on steep calcareous slopes w i t h S e s l e r i a caerulea and Carex 

sempervirens as c h a r a c t e r i s t i c species. Sample 84 although 

l a c k i n g Carex sempervirens seems t o be an e a r l y stage i n the 

same a s s o c i a t i o n developed on g e n t l y s l o p i n g limestone pave­

ment, since there are maturer examples of the same ass o c i a t i o n 
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DRYAS OCTOPETALA (ALPS) 
81* 85 86 87 88 89 

Arctostaphylos u v a - u r s i - - - - -
Dryas oct o n e t a l a 8 ^ 2 ^ S 2-

_ S a l l x repena 1 - 5 - - -
"Pestuca ovina . 3 3 - - - U 
^ 3 c B l c r l a ?fl<;rw?,f? -h. k i _ ,—2 5 5_ 
Carex r u p e s t r i s - 3 - _ _ _ 

i i ^ gcmpcrvlrcnB - - c = T 
_T o f l e l < l l a c a l y c u l a t a 
"Alcherailla a l p i n a 
Androsace chamaejasme _ _ _ _ - ^ 
A n t h y l l i s v u l n e r a r i a - 3 2 1 2 -
Astragalus g l y c y p h y l l u s . - 3 - 2 - -
B a r t s i a a l p i n a - 3 - -
B e l l i e perennis - . - - - 3 
O h e r l e r i a sedoides 3 -
Chrysanthemum leucanthemum _ _ 3 _ _ -
C l r s l u n arvenae _ _ 2 - - -
Cirsium sp. _ _ _ _ 1 1 
Draha aizoides 2 1 - - - -
Galium punilum 
Gentiana Kochiana - - - 1 1 1 
G. verna 1 - - - - 2 
Gl o b u l a r i a c o r d i f o l i a - 2 - - - 5 
0. nudicauliB _ _ _ _ 1 -
Helianthemum a l p e s t r e - 3 - 1 ^ ~ 
Hieracium sp. - U - - - 2 
Homogyne a l p i n a - 2 - - 1 -
Hutc h i n s i a a l p i n a 
Leontodon h i s p i d u s 
Lotus c o r n i c u l a t u s - - - 3 2 2 
Myosotis a l p e s t r i s 
Oxytropis sp. 
Pe t a s i t e s paradoxus _ _ 2 - - -
Polygala a l p i n a . _ _ _ _ _ J; 
P. chamaehuxus - - - 3 U 2 
Plantago maritima _ _ 3 _ _ _ 
Polygonum viviparum - 2 - - - 2 
P o t e n t i l l a tahernaemontani _ _ ! _ _ _ 
Primula f a r i n o s a - - 3 
P u l s a t i l l a v e r n a l i s _ 2 - - -
Ranunculus montanus 3 -
Sagina sp. _ _ 3 _ _ _ 
Saxifr a g a aizoon - 3 - - - 1 
S. o p p o s i t i f o l i a 3 _ _ _ _ _ 
Sedura sp. ! _ _ _ _ _ 
Sil e n e acaulla _ _ _ ! _ -
Sold a n e l l a a l p i n a - 3 - - 3 3 
Taraxacum o f f i c i n a l e agg. _ _ _ _ 2 -
T r i f o l i u m alpinum _ _ _ _ 3 _ 
T. repens _ _ 2 - - -
Valeriana/sp. - - 1 -
V i o l a ri-v^iniana _ _ _ _ _ 2 
"Brachytheeiura glareosura _ _ ! _ _ _ 
Bryum sp. ! _ _ _ _ _ 
Campylium chryaopiiyllum - - 1 1 - 1 
Ctenidium molluscum - - 1 - 1 -
C. procerriraum ! _ _ _ _ _ 
Dls t i c h l u r a c a p i l l a c e u n _ _ _ _ _ ! 
Ditrichura f l e x i c a u l e ! _ _ _ _ _ 
Encalypta streptocarpa _ _ _ _ _ ! 
Pissidens c r i s t a t u s - - - 1 1 

1 
Rhytldiadelphus t r i q u e t r u s - - ' - - 3 2 
Rhytldium rugosum _ _ _ _ _ 1 
Thuidlura abietlnum 1 _ - _ _ 1 
T o r t e l i a t o r t u o s a - - 2 2 1 3 

"Scapanla c f . aequiloba _ _ - - 1 -
A l e c t o r l a ochroleuca 3 - _ _ _ _ 
Cerania v e r m l c u l a r i s 3 _ _ _ _ _ 
C e t r a r i a i s l a n d l c a 6 U _ - _ 3 
C. Jtiniperina 3 _ _ _ _ _ 
C. n i v a l i s 2 - -
Cladonia c f . c e r v i c o r n i s _ _ _ _ _ 1 

Table V.I4. P l o r i s t i c l i s t s from Alpine s i t e s of D.octopetala. 



tBTJia OCTOPETAU ( A M ) . 

Ho. L o c a l i t y * Rock Typo A l t i t u d e A s p e c t Slope C o n r { % ) 
Saople a r e a 

( a i . ».) 

eit Oemml Paaa, n e a r X/eulcerliBd, 
V a l a l a , S w l t E C P l a n d . 

L l a e a t o n e 2300a . HTI 12"" eo l l 

85 Chermlgnon, n e a r Leuke^bad, 
V a l a l a , S w l t i c p l a n d . 

Llmeatone 2060D. W 95 l l 

86 L c L e t i t e l l e t , nenp Uegeve, 
Haute S a T o i e , P r a n c e . 

ShBlfl 1700m. s 5° ICO u 

87 Charbonnlere, n e a r Aaay, 
Raute S a v o l e , P r a n c e , 

L i n e a t o n e 1600s. B 38° 70 l l 

88 Lanche du Ppa, n c i p S a l l s n c h c a , 
Haute S a v o l e , Prance. 

L l a c a t o n e I 6 0 0 a . £KS 2 2 ° 100 l l 

69 C l B T l n e n o l p , near Leulicrbad, 
V a l a i B , S n l t s e r l a n d . 

Limestone 2000B. 3W 50° 70 2 

Table V. 15. L o c a l i t i e s and h a b i t a t d e t a i l s 
of A l p i n e D. oct o p e t a l a s i t e s . 
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nearby, e.g. sample 22 of table V. 4. of alpine Gentiana 
verna samples. Sample 85 also f a l l s i n t o a pioneer stage of 
the same association with scattered Salices and also Globularia 
c o r d i f o l i a and Helianthemum alpestre, mentioned by Braun-
Blanquet and Jenny (1926) as t y p i c a l "espalier shrubs" 
(SpalierstrSucher) which are characteristic of the early 
development of t h i s community. Sample 86 however i s somewhat 
d i f f e r e n t being developed on an a l l u v i a l platform by a stream 
on a shale l i t h o s o l . P l o r i s t i c a l l y i t seems to belong to an 
association recognised by Ludi (1948) present on f l a t 
calcareous areas, which he has called Dryadetum octopetalae. 
This has a number of Salices and also T o f i e l d i a calyculata 
and Primula farinosa (both present i n 86) included i n the 
d i f f e r e n t i a l species separating i t from the Seslerieto-Semper-' 
viretum. Thus i n the Alps Dryas i s t y p i c a l l y a pioneer 
species i n a number of associations of the order S e s l e r i e t a l i a 
caeruleae, an order of communities developed under well 
drained calcareous conditions. 

Bartsia alpina. 
A number of l o c a l i t i e s f o r t h i s species have been 

studied ecol o g i c a l l y . These f a l l i n t o two d i s t i n c t groups 
f i o r i s t i c a l l y , t h i s being w e l l shown by diagram V. 4. These 
two groups are separated geographically and also by habitat. 
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Diagram 
V. 4. Kulczynski diagram of quadrat samples from 

B r i t i s h s i t e s of Bartsia alpina. 
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The f i r s t group i s composed of the English samples which are 
a l l from flushed marsh areas and the second from Scotland 
where the species i s c h a r a c t e r i s t i c a l l y a member of a r i c h wet 
mica schist ledge, community. P l o r i s t i c a l l y there are a number 
of o v e r a l l constants these being Festuca ovina (agg.), Carex 
panicea, Euphrasia o f f i c i n a l i s agg., and Ctenidium molluscum. 

I n England the species i s c h a r a c t e r i s t i c a l l y found growing 
on hummocks, which are sometimes composed of a t u f a core e.g. 
at Malham, and sometimes of g l a c i a l d r i f t . There i s usually a 
flow of base r i c h water between the hummocks with an open 
community developed including such species as Juncus a r t i c u l a t u s 
and Schoenus nigricans. I t has been suggested by Pigott (1956) 
that the formation of the g l a c i a l d r i f t hummocks both at 
Teesdale and Malham i s due to c a t t l e trampling. At Orton the 
process of formation seems to be s i m i l a r , c a t t l e trampling 
being quite evident. The process also appears to have taken 
place at Tarn Moor nearby described by Holdgate (1955)f where 
however Bartsia i s not present although nearly a l l the other 
constant species of the Bartsia flushes grow here including 
Primula farinosa, but with the apparent exception of Euphrasia 
o f f i c i n a l i s agg. 

The samples studied are l i s t e d f l o r i s t i c a l l y i n table V, 
16. w i t h the habitat d e t a i l s i n table V. 17. I n the majority 



CAllou nlftrU 
trie* t c t r a l l i 
SallK 

.TteelnlBB • r r t l l l m 
K. pal o s t n 
LrcopodlQB Ml^KD 

Aailwiuitbua CHloritua 
B r i t s miU 
D«»cbuptlt caeapUou 
r.TiVTplr* 
Htllciotrlcbon prtteaM 
Bolcn* a o l l l * 

C a m ca p l l l a r l a 
C. dMlaM 
C. dlolea 
C. flacca 

boatlana 
• iwjdocarpi 

tlaoeharla paucll Ki«ocnari> Moclflopa 
Eflophor«« l a t l f o l l u a 
Joocua acQtlfonla 
J. •Iplims. 
J. •rtlculatna 
Xobrtala alapllcUacula 
LotBla •ylTallea 
OrcMt locanuta 
Schoaima Blffrleana 
Toflaldla pnallla 
Trlcbopbonia eaeapltoaua 

.Trlilochia peluatr* 
A l e b — I l i a alplpa 
TT n l l c a U l l a a.a. 
A* fiSSEE. 

• Aatmoam aaaoroaa 
An««llea a y l n a t r l a Bartala alpIna 
Cupwula rolahdlfolla 
CardBDliM pratenale 
Coelogloaaua Ylrlda 
Droaara rotunillfolla 

Oantlana n n u 
Oeranltu aylTiticnia 
Balianthann chaoaeclatua 
HlaraeloB ap. 
H. plloaalla 
HTpoctiaarla radleata 
LMDtodon blapldu 
Ltma eatbartleu 
Lotua eorDleiilataa 
Pamaaala palnatrta 
PadloQlarta o l n t l t ^ 
PlDcalenla m l f a r l a 
PlantafO luie«)Uta 
p. n r t t l B a 
Polrt»l» • a r p y U l f o l l t 

Buumcolaa aerta 
Rhloantliua Blaor 
Sauaarva alplaa 
Sajtlfraca aiBOifltm 

T r l f o l l o a pratCBM 
TroUlua < 
Talarlana dlolea 
,»iola rlTlnlana 
Acroeladlaa eospldatn 
Bllodla acQta 
B m t a l l a chrraocoaa 
B r r a p a l l o u 
B. pModotrlqutfua 
C a ^ l l u protnuoa 
C. a t a U a t a 
CaUacoplBa n l c r l t n a 

CtanldlM • o l l a a p . 
DleranoMlaala c i r r a t a 
Dloramn aooparlaa 
Dltrletma flazScaala 
Drapaaocladna raTolTena 
Plaaldan* adlantboldaa 
Pootlaalla antapyretlca 
BrlocoBloa aplandena 
Hypmu eopraaairoraa 
•nloa bonuta 
1. paaodbpoDatatV 

poaetataa 
Backtra crlapa 
Pbllonotla fontana 
Plaoroalam aehrabwl 

i l t r l o a UmMtaomm 

Blirtldladalptioa •qnarroaas. 
Sp&umu plosolofoa 
Tbaldlaa dalleatoloa 
T. ptallbartl 
T. taaarlaolaoB 
Tortalla tortooaa 
TrlchoatOBOB tanulroatr* 
*Bl«p&aroatoea trlcbophrlla 
Calypogala sMllarlana 
ChlloacTidina pallaaeen* 
Uiocolaa ana l l a r l 
Lpplwcolaa bldantata 
Lopboila vantrlooaa 
Pallartcinla I r a U l l 
Plailoeblla uplenloidaa 
Rlecardla pinfDla 
B. slaoaU 
Scipaala aapara 
S> loulalata 
Belanoatoaa apbMrocarpa 

JB. t r l a t a 

99 96 "97 98 99 

3 - 2 

_2 2 2 1 L. 
5 - 3 - -

J I 1 2 L 

I 6 2 

! It 
J J 

J I 
3 3 

1 j ? ; ? 
2 3 

I 6 } J J I 

i i 2 I 2— i — I — i — s—L 

2« 23 m 21 36 29 2» 32 31 SI 

100 131 102 103 lOli 

1 3 2 

J__L 

- i — } -
+—J-

•4—i-

h i J-

2 2 
-2 L. 

2 2 1 1 
I J 2 • -

J k 2 L. 

I 1 M > 
2 2 - 1 

I ' I J I 
J — J -

U I 1. 

1 1 1 -
l - I 1 

- i — t 

25 37 Ul l»7 30 

T|ble V.16. F l o r i s t i c l i s t s from Bartsia alpina sites, 



B&BT8U ALPIHA 

, Saopl* Ho. 90 91 92 93 9h 95 96 . 

Or«at Cloaa t i n , 
•altiaa, B. Torta. 

Onat Cloaa l l l r a . Orton, naar 8hap, 
Malliaaf R. Torka. VeatDorland. 

OrtoD, DBar Shap, 
WeatMrland. 

tlieTaiko Honae, 
Taaadala, 
Co. Oorbaa. 

Cctr7 Bank. 
Teeadala, 
Co, Darttas. 

tlddybank 7ar«. 
Taaadala, 
Co. Oorbafl. 

Orld S«f. 3V9pB665 3V90B605' 3i'627093 3V627093 3^855298 3V'8b3298 3^637299 

Altltuda 1225' 1225* 850' 650' 13C0' 1250' 1300' 

Aipect 

Slope 
HunDOck (20 

CM. blgh) 
HuDsock (20 
c u . high) 

RusKKk (15 
coa, blgti) 

aoEoock (15 
caa. high) 

nx 

12° 

8 

70° 
BoMock (15 
c i i . hlgb; 

CoTer i%) 100 100 100 100 100 100 100 

5*apl% Ar«a 
{•q. " 0 

0.9b 0.66 O.liS O.lS b 1 O.bS 

aAflT31A ALPmA 

Baapl* no. 97 98 99 100 101 102 103 10b 

Locality Vl'ddjrbank Pars, 
Taasdala, 
Co. Durban. 

Sand 51ka, 
Taaadalo, 
Co. DurbaA, 

3nad 31kt, 3tuchd an Lochan, Ban Lol, 
Taaadala, Olcn hjoa, Pcrtb. 
Co. Dnrhaa, Forth, 

BCD Lnl. 
Perth. 

Ben Chalatal, 
ArSTll. 

Ben Chalatal, 
ArgTll. 

^ oria Hef. • 3!/637299 3Vfl'i0309 i5/myJ9 27/WWt51 27/270272 27/270272 27/3b3368 27/3b3368 

Altltuda 1300' 1350' 1350' 2800' ' rtno* 1750' 1750' 1750' 

Axpact 

Slopt 
RuEtaook (15 
caa. high) 

E5I 

3" 

EBE E 

3° ^ l"dS« 

HI 

ledge 

HI 

ladge 

Wt 

• 70° 

n 

ledfe 

CoTar (#) " 100 100 100 100 100 100 100 100 

SfBpla Ar«a 0.1(5 1 1 1 1 1 0.25 

Table V. 17. L o c a l i t i e s and habitat det a i l s 
of B. alpina s i t e s . 
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of cases the hummock was taken to be the sample and thus the 
p l o t area i s the hummock area i n these. Samples from t h i s 
type of hummock are numbers 90, 91, 92, 93, 96, and 97. 

Samples 94, 98 and 99 are from much smaller hummocks, which 
appear to be na t u r a l , i n spring head areas. Here the runnels 
between the hummocks are small and the usual method of 
quadrating has been followed. Sample 95 i s from a morainaa 
bank which i s being eroded by the River Tees and also by 
springs and seepages emerging i n the bank; here the Bartsia 
grows on the sides of ridges which undergo a cycle of building 
up a closed vegetation which then becomes unstable and breaks 
away. A detailed description i s given by Pigott (1956). The 
constants (apart from the o v e r a l l constants) are Selaginella 
selaginoides, Molinia caerulea, Carex lepidocarpa, Primula 
farinosa, Succisa pratensis, and Gratoneuron commutatum, of 
which Molinia caerulea. Primula farinosa, Succisa pratensis 
and Cratoneuron commutatum are exclusive to the English 
Bartsia s i t e s . As we l l as a r i c h angiosperm f l o r a the hummocks 
also carry an i n t e r e s t i n g bryophyte f l o r a , l i s t e d f o r Teesdale 
by Pigott (1956) and f o r Malham by Proctor (1960). 

The Scottish samples are from a very d i f f e r e n t type of 
ha b i t a t . This i s t y p i c a l l y a mica schist ledge with water 
running down the c l i f f on to and through the r i c h herb 



English marsh community. 

Selaginella selaginoides 
Eestuca ovina 
Molinia caerulea 
Carex lepidocarpa 
Carex panicea 

Bartsia alpina 
Euphrasia o f f i c i n a l i s 

Leontodon hispidus 
Linum catharticum 
Parnassia p a l u s t r i s 
Pinguicula vulgaris 

P o t e n t i l l a erecta 
Primula.farinosa 
Saxifraga aizoides 

Succisa pratensis 

Campylium stellatum 
Cratoneuron commutatum 
Ctenidium molluscum 

V 
V 
V 

IV 
V 

V 
V 

IV 
IV 
IV 
IV 

IV 
V 

IV 

V 

IV 
V 
V 

Scottish wet ledge community. 
Vaccinium m y r t i l l u s IV 
Selaginella selaginoides IV 
Pestuca ovina V 

Carex panicea 
Carex p u l i c a r i s 
Alchemilla alpina 
Alchemilla glabra 
Bartsia alpina 
Euphrasia o f f i c i n a l i s 
Geum r i v a l e 

Pinguicula vulgaris 
Polygonum viviparum 

Saxifraga aizoides 
Saxifraga o p p o s i t i f o l i a 
Silene acaulis 

Taraxacum o f f i c i n a l e 
Thalictrum alpinum 
T r o l l i u s europaeus 
Viola r i v i n i a n a 
Breutelia chrysocoma 

V 
V 
V 
V 
V 
V 
V 

V 
V 

V 
V 

IV 

IV 
V 

IV 
IV 
IV 

Ctenidium molluscum V 
Rhacomitrium lanuginosum V 
Rhytidiadelphus triqu e t r u s V 

Table V. 18. Comparison of English and Scottish communities, 
containing Bartsia alpina, with respect to species 
i n presence classes IV and V. 
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vegetation which i s developed on i t . The; composition of t h i s 
community i s shown by samples 100 to 104 i n table V. 16, from 
three d i f f e r e n t l o c a l i t i e s . The constants are Carex p u l i c a r i s . 
Alchemilla alpina, Alchemilla glabra. Geum r i v a l e . Polygonum 
viviparum, Saxifraga aizoides, Saxifraga o p p o s i t i f o l i a , 
Thalictrum alpinum, Rhacomitrium lanuginosum and Rhytidiadelphuis 
t r i q u e t r u s a l l of which except Carex p u l i c a r i s , Saxifraga 
aizoides and Rhacomitrium lanuginos.um are exclusive to the 
Scottish Bartsia s i t e s . This community can be present i n the 
same l o c a l i t y as the Dryas communities on mica schist e.g. at 
Ben Lu i , and then the Bartsia community occupies the wetter 
ledges and the Dryas the d r i e r ones. Thus Thalictrum alpinum, 
a species p r e f e r r i n g wetter s i t e s , i s pi*esent i n the Bartsia 
sample from Ben Lui and absent i n the Dryas sample (number 24). 

The English f l u s h and the Scottish rock ledge communities 
are compared, with respect to species i n presence classes IV 
and V, i n table V. 18. 

S o i l s . 

C o llection and storage of samples. 
The samples were collected from beneath the plants i n the 

rooting layer which was generally at the junction of the 

AQ and A^ horizons. They were a i r dried, l i g h t l y ground i n a 
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pestle and mortar and sieved through a 2 mm. sieve; the 
res u l t a n t samples, on which a l l the analyses have been carried 
out, were kept i n screw cap aluminium tubes u n t i l used. 

Analysis methods. 
pH. • pH was determined ele c t r o m e t r i c a l l y using an E.I.L. 
pH meter-on a soil:water paste such that the paste was j u s t 
at the "flow-point" without free standing water on the 
surface, as recommended by Jackson (1958). 

S 

Colour. Colour was asse/sed on the dry sample using the 

Munsell s o i l colour charts. 
Texture. The texture was determined by the method of ' f e e l ' 
which gives a rapid method of approximate t e x t u r a l c l a s s i f i c ­
a t i o n . A small quantity of s o i l i s placed i n the palm of the 
hand and wetted u n t i l p l a s t i c , i t i s then kneaded u n t i l 
uniform. I f the. sample forms a f l u i d mass on wetting and i s 
very g r i t t y i t i s a sand. I f the sample can be r o l l e d i n t o 
a b a l l , which i s g r i t t y and readily crumbles i t i s a loamy 
sand. I f the sample i s g r i t t y , forms a cohesive b a l l which 
can be r o l l e d i n t o a cylinder, but breaks on gentle bending, 
i t i s a sandy loam. I f the cylinder can be bent without 
breaking and there i s no g r i t t i n e s s , stickiness ( i n d i c a t i o n 
of clay) or s i l k i n e s s ( i n d i c a t i o n of s i l t ) i t i s a loam. 
(Method based on Brade-Birks 1959, modified by D.W.G. Shirlaw 
pers. comm.) Soils with a loss on i g n i t i o n of over 25 % are 
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termed humic (see H a l l 1945 p. 278). 

Organic matter. This was estimated by loss on i g n i t i o n . 
Approximately 5 gms. of s o i l were accurately weighed out in t o 
a weighed crucible, which had previously been i g n i t e d , and 
then i g n i t e d f o r two hours i n a muffle furnace at d u l l red 
heat. Carbonates were then reformed with 2N ammonium carbonate 
s o l u t i o n and a f t e r drying i n an oven at 110°C. the crucible 
and sample were reweighed. 

Determination of exchangeable cations. Ca, Mg, Na and K were 
determined on a leachate prepared as follows. 5 gms. of s o i l 
were placed i n a s o i l funnel with glass wool i n the base of 
the tube, and covered with a layer of coarse washed sand. 
This was leached with 250 ml. of N ammonium acetate solution. 
The leachate was then made up to 250 ml, with ammonium acetate 
s o l u t i o n . 

Na and K were determined d i r e c t l y on the leachate using 

an EEL flame photometer. 

Ca and Mg were determined on the leachate by emission 

spectrophotometry using a CP 4 Optika grating spectrophoto­

meter with flame attachment. Emission wavelengths used were 

383.8 ii/<- f o r Mg and 422.7 m/̂  f o r Ca with an oxy-hydrogen 

flame. 
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Exchangeable H was determined by e q u i l i b r a t i o n of 5 gms. 
of s o i l and 10 ml. of Woodruff's buffer solution (8 gms. 
p-nitro-phenol, 40 gms. calcium acetate and 0.625 gms. MgO, 
dissolved i n 1 l i t r e of water and the pH adjusted to 7), 
allowing to stand f o r 10 minutes and then measuring the pH. 
Each change of 0.1 pH i s equal to 1 meq. of exchangeable H per 
100 gras. .soil (Shirlaw and Willimot 1960, Jackson 1958). 

Total Exchange capacity. The leached s o i l i s now releached 
w i t h 250 ml. of N sodium acetate sol u t i o n giving a sodium 
saturated s o i l . The excess sodium acetate i s then washed out 
w i t h methanol, complete washing being indicated by the 
conductance of the e f f l u e n t being less than 40 micromhos per cm. 
measured on a conductivity bridge; at t h i s conductivity the 
quantity of Na released by hydrolysis j u s t balances the 
quantity of excess Na (Bower et a l 1952). Thus washing i s 
stopped at t h i s point since f u r t h e r washing results i n hydro­
l y s i s g i v i n g a low exchange capacity. The s o i l i s now leached 
w i t h 250 ml. N ammonium acetate solution and the leachate made 
up to 250 ml. with ammonium acetate solution. Wa i s then 
determined on the flame photometer; corrected in t o meq. t h i s 
gives the t o t a l exchange capacity. 

Available n u t r i e n t s . These were estimated by extracting the 
s o i l w i th N/2 acetic acid. 2.5 gms. s o i l were placed i n a 
shaking b o t t l e , 100 mis. of N/2 acetic acid added and the 
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b o t t l e shaken f o r one hour on a reciprocating shaker. The 
suspension was then f i l t e r e d and cleared by adding a l i t t l e 
a ctivated charcoal and r e f i l t e r i n g . Available potash and 
phosphate were determined on t h i s extract. Available potash 
was determined d i r e c t l y by flame photometry. Available 
phosphate was determined c o l o ^ r i m e t r i c a l l y . 1 ml. of 5 % 

ammonium molybdate s o l u t i o n was added to 10 ml, extract and 
shaken. 6 drops of reducing agent (prepared by dissolving 
.2 gms. 1,2,4 aminonaphtholsulphonic acid, 12 gms. sodium 
metabisulphite and 2.4 gms, sodium sulphite i n 100 ml. 
d i s t i l l e d water) were then added to reduce t h i s , and l e t stand 
f o r 5 minutes to allow development of the molybdophosphoric 
blue colour, the colour i n t e n s i t y was then read colourimetric-
a l l y and the phosphate concentration read o f f from a graph 

constructed from standards. These methods give an in d i c a t i o n 
of the 'available' amounts of potash and phosphate present i n 
the s o i l . Since resu l t s vary with the extractant solution the 
re s u l t s are given on a status basis. The l i m i t s of the groups 
are as follows. 

Phosphate Status. Potash Status. 
p.p.m. P20^ p.p.m. K̂ O 
0 - 1.5 Very low 0 - 6 Very low 
1.5 - 3 Low 6 - 1 0 Low 
3.1 - 6 Medium 10 - 18 Medium 
6.1 - 10 Medium high 18 - 28 Medium high 
Over 10.1 High 28 - 35 High 

Over 35 Very high 
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Mechanical Analysis. 50 gms. of s o i l were weighed out and 
25 ml. of 'Calgon' (a dispersing agent) and 200 ml. of water 
added. This was then shaken on a reciprocating shaker f o r 
nine hours. The s o i l suspension was then decanted int o a 
1 l i t r e measuring cylinder, water added up to the l i t r e mark 
and a few drops of amyl alcohol added to break up the f r o t h . 
The cylinder was then shaken end to end f o r 30 seconds. After 
standing for 4 minutes 30 seconds a Bouyoucos hydrometer 
(graduated i n terms of gms. of s o i l per l i t r e of solution) was 
placed i n the suspension and a reading taken at 5 minutes. 
This gives the weight of s i l t and clay f r a c t i o n s . At the same 
time the temperature was read since the hydrometer i s 
graduated at 20°C. and a correction of +.3 units f o r every 1° 
above 20° and -.3 uni t s f o r every 1° below 20° must be made. 
A f t e r 5 hours a second hydrometer and temperature reading was 
made, t h i s g i v i n g the clay f r a c t i o n per l i t r e . The. majority 
of the suspension was then poured away retaining a l l the sand 
f r a c t i o n . This was then washed into a 400 ml. beaker which 
was f i l l e d to 10 cm. depth with water. The temperature was 
taken and the suspension allowed to stand the requisite time 
f o r f i n e sand sedimentation on the Inte r n a t i o n a l system (as 
given by Piper 1942 p. 70) and the supernatant l i q u i d decanted 
o f f ; the beaker was then r e f i l l e d and the process repeated 
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u n t i l the supernatant l i q u i d (containing the clay and s i l t 
f r a c t i o n s ) was clear. The fi n e and coarse sand fractions were 
then separated by sieving through a 0.2 mm. sieve with a j e t 
of water and c o l l e c t i n g the fine sand', a f t e r oven drying the 
coarse and f i n e sand fra c t i o n s were weighed. I t w i l l be noted 
that the usual procedure has been modified so that limestone 
fragments are included i n the coarse sand f r a c t i o n ; t h i s has 
been done because of t h e i r t e x t u r a l importance. 

Resuits. 

I n t r o d u c t i o n . 

The res u l t s of the cation exchange analysis are presented 
both as millequivalents per 100 gms. s o i l and as a percentage 
of the t o t a l . Where the t o t a l capacity as obtained by summing 
of the i n d i v i d u a l cations ( t o t a l calculated - T.C.) i s w i t h i n 
25 % of the t o t a l capacity as determined experimentally (Total 
determined - T.D.) the percentages are computed on the basis 
of the T.C. Where however the T.C. i s greater by more than 
25 % of the T.D. the percentages are computed on the basis of 
the l a t t e r . This i s done by subtracting the sum of the 
cations Mg, Na, K and H from the T.D, and taking the remainder 
as the amount of Ca. This procedure i s j u s t i f i e d by the fa c t 
that i n a l l cases where i t has been adopted the pH i s greater 
than 7, showing that free carbonate i s almost certa i n l y present. 
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As pointed out by Jackson (1958) under these conditions Ca 
i s dissolved by an ammoniiim acetate s o l u t i o n "beyond i t s true 
a c t i v i t y f o r plant use". 

The analyses and results w i l l be considered under species 
headings where they have been arranged i n the same way as the 
groups distinguished by the Kulczynski f l o r i s t i c analyses. 

Gentiana verna. 

As already stated the f l u s h communities are somewhat 
varied f l o r i s t i c a l l y and t h i s feature i s r e f l e c t e d i n the s o i l 
p r o f i l e s . Thus samples 2, 3 and 5 are from g l a c i a l d r i f t 
deposits azonal i n sample 2 and with a zone of medium brown 
s o i l developed above the d r i f t i n samples 3 and 5. Sample 6 
has the following p r o f i l e : - 2-3 cms. dark medium brown s o i l 

52 cms. l i g h t medium brown s o i l 
(earthworms present) 

Sugar limestone rock. 

This i s much deeper than most limestone rendzina p r o f i l e s and 
may p a r t l y explain the development of what i s f l o r i s t i c a l l y 
a f l u s h community. 

The limestone grassland samples with the exception of 
samples 16 and 18 are from short mull rendzina p r o f i l e s , 
sample 9 i s t y p i c a l : - 12 cms. medium brown s o i l 

(earthworms present) 
Limestone rock. 
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Samples 16 and 18 are from g l a c i a l d r i f t basal material with 
20 cms. of medium brown s o i l developed above i n 16, while 18 
has 16 - 25 cms. of grey sand on top of the calcareous boulder 
clay. 

The a n a l y t i c a l results given i n table V. 19. show that 
the flushes have a uniformly high pH while the grasslands are 
more varied. This appears to be correlated with the humus 
content since the lower the loss on i g n i t i o n the higher the pH. 
The lower pH of some of the grassland samples i s r e f l e c t e d i n 
the presence of exchangeable H. The percentage of exchangeable 
Ca i n the t o t a l capacity i s uniformly high. I t may also be 
noted that as might be expected the highest amounts of 
exchangeable Na are found i n the sea side samples, numbers 16 
and 18. Available nutrients are rather varied i n status. 

I n general there are no d i s t i n c t s o i l differences 
between the English and I r i s h grassland s i t e s , and t h i s follows 
the lack of f l o r i s t i c d i s t i n c t i o n . 

The s o i l analysis of sanple 1 supports the view that i t 
i s an early stage i n development of the limestone grassland 
type, since i t has a higher pH and smaller loss on i g n i t i o n 
than the t y p i c a l mull rendzina s i t e s . 

Mechanical analyses have been carried out on four samples 
from Teesdale s i t e s of Gentiana verna; the results are given 



Sample 2 2 6 10 

I n i t i a l Wt. of sample 50.0 gms. 50.0 gms . 50.0 gms. 50.0gms 
Wt. Clay f r a c t i o n 7.3 5 . 3 4 . 4 5 6.3 
Wt. S i l t f r a c t i o n 10.4 6.25' 3.1 9.25 
Wt. Pine Sand f r a c t i o n 20 . 35 20.8 5 . 4 5 8.4 
Wt. Coarse Sand f r a c t i o n 11 . 45 17.9 36 .3 24.05 
Total f i n a l wt. 49.5 50.25 49.3 48.0 

% Clay 14 . 7 10.6 9.0 1 3.1 

% S i l t . 21.0 12.4 6.3 19 .3 

% Pine sand. 41.2 41.4 11.1 17.5 
% Coarse sand. 23.1 35.6 73.6 50.1 
%• Loss by solu t i o n . 1.0 - 1.4 4.0 

Texture designation. Loam. Loam. Loamy sand Loam. 

Table V. 20. Mechanical analyses of s o i l samples from 
G. verna sites i n Teesdale. 
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i n table V. 20. I t w i l l be seen that sand accounts f o r more 
than 60 % of the sample i n each case with the clay content 
uniformly small, i n d i c a t i n g an open s o i l with good drainage 
properties. 

Results f o r the analyses of s o i l samples from a number of 
Alpine sites are given i n table V. 21. . The most s t r i k i n g 
feature i s the much greater v a r i a t i o n i n pH and amounts and 
percentages of exchangeable Ca and H. Amounts of Mg, Na, and K 
do not d i f f e r and again the n u t r i e n t status i s variable. The 
r e s u l t s show that Gentiana verna i n B r i t a i n i s confined to a 
narrow range of s o i l conditions, whereas i n the A l p a . i t i s 
able to grow on a much wider range of s o i l conditions. 

P o t e n t i l l a f r u t i c o s a . 
As noted i n the section on vegetation the samples from 

the Lake D i s t r i c t and Wynch Bridge, Teesdale are a l l i e d i n 
t h e i r habitat conditions, a l l three being rock ledge or crevice 
s i t e s w i t h s k e l e t a l s o i l s . The rest of the Teesdale s i t e s 
samples numbers 32, 33, 36 and 37 are a l l probably allochthon-
ous s o i l s i n various stages of development, 32 and 33 at the 
e a r l i e s t deposition stage and 36 and 37, higher up the bank 
and much less often flooded, at rather l a t e r stages. The 
description of 36 i s as follows, at least 60 cms. medium brown 
loam a l i t t l e darker towards the bottom, very few stones, 
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earthworms present. According to Kubiena ( 1 9 5 3 ) t h i s would 
be classed as an allochthonous brown warp s o i l . The I r i s h 
samples seem, with the exception of 3 4 which i s azonal on 
u n d i f f e r e n t i a t e d g l a c i a l d r i f t , to be on rendzina p r o f i l e s 
which have been modified by the changing water table. 

The a n a l y t i c a l r e s u l t s are given i n table V, 2 2 . The 
Lake D i s t r i c t samples are seen to have comparatively high 
percentages of exchangeable H although the amounts of exchange­
able Ca present are not low. The difference between the 
frequently flushed s i t e by the Tees 3 3 and the less flushed 
and more leached s i t e s higher up the bank 3 6 and 3 7 i s well 
shown i n the amounts and percentages of exchangeable H and the 
drop i n pH, although the l a t t e r two have greater amounts of 
exchangeable Ca. The I r i s h sites are a l l very base r i c h with 
high pH and Ca percentages. Again, available nutrients are 
var i a b l e , t h e i r levels not apparently being c r i t i c a l to t h i s 
species. 

Three mechanical analyses have been carried out the 
r e s u l t s being given i n table V. 2 3 . They are from the s i t e s 
by the Tees and show the increase i n f i n e r fractions with 
increase i n maturity of the s o i l p r o f i l e and the decrease i n 
the coarse sand f r a c t i o n . 



Sample 37 36 33 

I n i t i a l Wt. of sample 40.0 gms 
Wt. Clay f r a c t i o n 3.3 
Wt. S i l t , f r a c t i o n 5.85 
Wt. Pine sand f r a c t i o n 16.75 
Wt. Coarse sand f r a c t i o n 12.1 
Total Pinal wt. 38.0 

50.0 gma. 

4.3 
7.25 

25.6 
11.45 
48.6 

50.0 gms. 
1.3 
3.25 
9.8 

37.1 

51.45 

% Clay. 

% S i l t . 

% Pine sand. 

% Coarse sand. 
% Loss by sol u t i o n 

8.7 
15.4 
44.1 
31.8 

5.0 

8.8 
14.9 
52.7 
23.6 

2.8 

2.5 
6.3 

19.1 
72.1 

Texture designation Loamy sand. Loamy sand, Sand, 

Table V. 23. Mechanical analyses of s o i l samples from 
P. f r u t i c o s a sites i n Teesdale. 
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Myosotis a l p e s t r i s . 

The simple d i v i s i o n into types of habitat i s maintained 
i n consideration of the s o i l s data. The Teesdale sites are 
a l l on immature mull rendzinas on Carboniferous limestone e.g. 
sample 42 has 25 cms. of blackish s o i l with limestone fragments 
towards the bottom d i r e c t l y on limestone rock. The Breadalbane 
s i t e s are a l l on l i t h o s o l s of developing s o i l and mica schist 
fragments on rock ledges. Their more skeletal nature i s seen 
from the smaller loss on i g n i t i o n percentages i n comparison 
w i t h those from the Teesdale s i t e s , see table V. 24. There 
are also marked differences i n the exchangeable Ca and H 
percentages between the two groups, r e f l e c t i n g the higher 
calcium content of limestone over mica schist. I t w i l l be 
noted that the amounts of exchangeable Mg, Na and K are very 
s i m i l a r . 

Dryas octopetala. 
Unfortunately no s o i l s information i s available on the 

second groups of samples distinguished f l o r i s t i c a l l y and 
therefore no comparisons can be made between i t and the f i r s t 
group. Also the number of samples which could be analysed 
from each of the remaining groups was small so that no v a l i d 
comparisons can be made between groups. However a few points 
can be made. A l l the s o i l p r o f i l e s from which samples were 
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taken proved to be immature. The exact type was rather 
v a r i a b l e ; thus samples 51, 53 and 54 are from mica schist 
ledges, 65 and 66 from immature rendzinas on Durness limestone 
i n N. Sutherland, 76, 77 and 78 from s i m i l a r s o i l s on 
Carboniferous limestone i n W. Ireland and 81 from Carboniferous 
limestone at A r n c l i f f e , N. Yorks. The other sample from t h i s 
region was on a mull rendzina developed on a steep slope where 
ter r a c i n g due to s o i l creep was taking place. The other sites 
examined, provided a wide range of conditions, but a l l with 
the common feature of providing an. open habitat. Thus 48 from 
Teesdale has a maximum of 5 cms. of dark brown s o i l on sugar 
limestone and the best growth of Dryas appearing to take 
place where the substrate i s almost e n t i r e l y limestone f r a g ­
ments. Sample 67 i s from an a l l u v i a l platform by the 
R. T r a l a g i l l at Inchnadamph with 25 cms. of alluvium resting 
on limestone rock. Further North 79 and 80 from B e t t y h i l l 
are on a sand h i l l o c k - a complete l i t h o s o l . Another sample 
from B e t t y h i l l , 75, i s from a rocky slope on a banded gneiss 
already described (p. 145 ), while 71, 72, 73 and 74 from 
Raasay are a l l on rocky slopes and ledges on what i s probably 
Jurassic Lias. F i n a l l y sample 83 from Llyn Idwal, N. Wales 
i s on an e n t i r e l y s k e l e t a l s o i l derived from the i n t r u s i v e 
rock already described (p.147 ). 
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Analyses from a number of these sites are presented i n 
table V. 2 5 . The chief point of note i s the maintenance of a 
comparatively high base status i n a l l the samples despite 
t h e i r varied geological o r i g i n s ; thus the combined exchange­
able Ca and Mg percentages do not drop below 60 % i n any 
sample. This i s correlated with the pH which i s at a minimum 
of 5.9 i n the Welsh sample. Thus although the absolute amount 
of Ga can be very variable - from 6 meq./lOO gms. s o i l i n a 
humus de f i c i e n t sand l i t h o s o l (79) to nearly 200 meq. i n a 
sample 78 % composed of humus (77) the r a t i o of bivalent, 
cations to the rest of the exchange capacity and i n p a r t i c u l a r 
to the exchangeable H i s much more important. Amounts of K 
and Na do not appear to be as important as w i l l be seen from 
the r e s u l t s . 

Table V. 2 6 gives the results f o r some foreign s o i l 
samples. Samples 84, 86, 88, 89 and B are from the Alps, a l l 
of them on rendzina s o i l s on Jurassic limestone except 86 which 
i s from a shale a l l u v i a l platform by a stream which was azonal, 
t h i s sample has already been shown to be f l o r i s t i c a l l y 
d i s t i n c t . Samples C, D, and E are from Iceland from three 
Dryas si t e s on recent lava. F i n a l l y F, G and H are from 
Spitzbergen, F and G on limestone l i t h o s o l s and H from a 
mica schist l i t h o s o l . Here again the importance of a high 
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r a t i o of b i v a l e n t c a t i o n s to exchangeable H i s brought out, 
the combined exchangeable Ca and Mg percentage not f a l l i n g 
below 75 % although again the absolute Ca values are v a r i a b l e 
ranging from around 5 meq. i n the I c e l a n d lava samples up 
t o 93.5 meq. i n one of the Alpine rendzina s o i l s . C o r r e lated 
w i t h t h i s i s the r e l a t i v e l y small range i n pH, from 5.7 to 
7.5. 

B a r t s i a a l p i n a . 

As has been mentioned e a r l i e r (p.151) most of the 

E n g l i s h samples are from hummocks of g l a c i a l d r i f t or t u f a 

and g l a c i a l d r i f t banks, a l l o f which are azonal. I n the 

s p r i n g head ones, numbers 98 and 99 there i s a l a y e r of 

11 - 28 cms. of dark brown peaty s o i l o v e r l a y i n g blue c l a y . 

The S c o t t i s h samples, already described, are from s k e l e t a l 

s o i l s on mica s c h i s t rock ledges. 

The a n a l y t i c a l r e s u l t s are given i n t a b l e V. 27. The 

E n g l i s h samples tend to have r a t h e r more exchangeable Ca on 

the average than the S c o t t i s h ones, but the exchangeable Ca 

and Mg percentage does not drop below 70 % i n e i t h e r group. 

The only other d i f f e r e n c e between the two groups i s t h a t 

a v a i l a b l e phosphate i s h i g h i n the E n g l i s h samples, but low 

i n the S c o t t i s h ones. 
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Discussion. 

A l l the s o i l s s t u d i e d have c e r t a i n features i n common. 

They have a l l had a h i g h base s t a t u s . This i s c o r r e l a t e d w i t h 

the h i g h r a t i o of b i v a l e n t cations t o exchangeable H which 

e x i s t s i n a l l these samples independent of the a c t u a l amounts 

of exchangeable Ca and Mg present. 

The s o i l p r o f i l e s also have one f e a t u r e i n common. I n • 

n e a r l y a l l cases they are very shallow and mostly immature, 

many of them being azonal s o i l s of one type or another. I n 

those cases where the a c t u a l s o i l depth i s large ( i n some 

samples on g l a c i a l d r i f t ) there i s a constant removal of 

m a t e r i a l from the surface mostly by water erosion. These 

f e a t u r e s a l l tend to give open unstable h a b i t a t s , a general 

p o i n t of great importance i n t r y i n g to understand the reasons 

f o r the presence of these species i n t h e i r d i s j u n c t B r i t i s h 

l o c a l i t i e s . 

Climate. 

The climate of Teesdale has a number of i n t e r e s t i n g 

f e a t u r e s . Data f o r the r a i n f a l l of the region have been given 

by Glasspoole (1932), and i t i s c l e a r from h i s map t h a t 

annual r a i n f a l l increases r a p i d l y towards higher ground to the 

West of the. area. Thus at Middle ton (750') i t i s approximately 

35", while at Langdon Beck (1270') i t i s about 50", r i s i n g to 



Diagram 

V. 5. Average monthly d i s t r i b u t i o n of r a i n f a l l at 
Moorhousei Teesdale; Durham; Glen Lyon, Perth; 
and Panore, Co. Clare. 
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55" on Widdybank P e l l (1700') and Cronkley P e l l (1800') and 

reaching a maximum of over 70" per annum on Mickle P e l l (2590') 

and the high ground of Knock P e l l (2600') and Cross P e l l 

(2930'). At Moorhouse (1800') the computed mean r a i n f a l l i s 

g i v e n as between 60" and 70" per annum; an average over a perio(3 

of s i x years there gives a f i g u r e of 76,2". I t may t h e r e f o r e 

be necessary t o increase Glasspoole's computed f i g u r e s f o r the 

West of the area. The d i s t r i b u t i o n o f average r a i n f a l l per 

month at Moorhouse i s given i n diagram V. 5. Although the 

amounts are l e s s towards the east of the area the annual 

d i s t r i b u t i o n w i l l probably be s i m i l a r . The d r i e s t p a r t of the 

year i s the s p r i n g , w i t h a wet summer and autumn (although 

w i t h a decrease i n November) and then a high w i n t e r 

p r e c i p i t a t i o n which o f t e n f a l l s as snow. This annual d i s t ­

r i b u t i o n may be compared w i t h t h a t at Durham 32 miles to the 

east at 336' a l t i t u d e . The co n t r a s t i s s t r i k i n g ; at Durham 

there i s much more even d i s t r i b u t i o n over the year w i t h less 

r a i n at a l l times. Two other monthly d i s t r i b u t i o n s are given, 

one from Glen Lyon, Perth, ( s t a t i o n at Meggernie Castle 

a l t i t u d e 700' (taken from London Met. O f f i c e 1958)) and the 

ot h e r from Panore, Co. Clare, on the coast at nea r l y sea l e v e l 

i n the Burren area ( f i g u r e s from I r i s h Dept. of Transport and 

Power unpublished r e c o r d s ) . Both, although having less r a i n 

than Moorhouse (average 64.17" i n Glen Lyon and 49.1" at 



17o. 

Panore) have a s i m i l a r type of annual d i s t r i b u t i o n , s p r i n g and 

early summer being dry, and then becoming s t e a d i l y wetter w i t h 

December and January being the wettest months. 

With regard to snow Mai l e y (1936) has suggested t h a t 

there i s a notable increase i n the amount of snow-lie above 

High Porce (1000'), The average over s i x years of the number 

of snow days at Moorhouse i s given i n ta b l e V. 28. 

Month O N . D J P M A M 
Number o f 
snow days. .2 1.3 7 13 18 13 3 1 

Table V, 28. Average number of snow days at Moorhouse. 

I t may be expected t h a t the s i t u a t i o n w i l l be s i m i l a r at 

s i m i l a r a l t i t u d e s f u r t h e r to the east e.g, at Widdybank and 

Cronkley P e l l s , A c t u a l snow l i e on a community w i l l , of 

course, depend on a number o f f a c t o r s such as r e l i e f , wind 

d i r e c t i o n and s t r e n g t h e t c , but a f o o t of l e v e l snow was 

observed on the sugar and u n a l t e r e d limestone grassland 

communities on Widdybank P e l l i n Pebruary 1960 which was, 

i n g e n e ral, a r a t h e r m i l d w i n t e r . 

I n f o r m a t i o n on temperature i s more scanty. The monthly 

average maximum and minimum temperature over a s i x year p e r i o d 

from Moorhouse are p l o t t e d on diagram V. 6. They are compared 

w i t h s i m i l a r f i g u r e s from Shannon A i r p o r t , Co. Clare (30 miles 



Diagram 
V. 6. Average monthly maximum and minimum temperatures 

f o r Moorhouae, Teesdale and Shannon, Co. Clare, 
and mean monthly temperatures f o r Perth corrected 
to 2300'. 
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south of the Burren d i s t r i c t ) , and w i t h the mean monthly 

temperature rec o r d from Perth c o r r e c t e d t o 2300' assuming a 

lapse r a t e o f 3°P./1000' (taken from Poore 1955b.). I t w i l l 

be noted t h a t the Moorhouse record has only two months a year 

i n which the average minimum temperature i s above f r e e z i n g 

p o i n t ; also the maximum graph shows a very f l a t peak f o r the 

summer months. Manley (1945) remarking on t h i s type of 

temperature curve, p o i n t s out t h a t i t i n d i c a t e s t h a t a s l i g h t 

increase i n e l e v a t i o n w i l l be accompanied by a large decrease 

i n the l e n g t h of growing season. Manley (1936) has also 

p o i n t e d out t h a t i n comparison w i t h other areas, Moorhouse 

bears a general resemblance, i n i t s c l i m a t e , t o South I c e l a n d ; 

he has also shown (1942) t h a t the temperature conditions on 

Dun F e l l (2750') are s i m i l a r to those found at about 3500' 

i n C e n t r a l Norway. 

I t i s c l e a r from t h i s i n f o r m a t i o n t h a t Teesdale has a 

d i s t i n c t l y montane c l i m a t e . Summer temperatures are not high 

and are f u r t h e r moderated by the s t r o n g and frequent winds 

and h i g h h u m i d i t y . Autumn (and the end of the growing season) 

comes e a r l y and the w i n t e r i s long. Manley (1942) describes 

Dun F e l l , i n the West of the area, as having 'an excessively 

windy and p e r v a s i v e l y wet autumn, a very v a r i a b l e and stormy 

w i n t e r w i t h long s p e l l s of snow cover, high humidity and 
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extremely b i t t e r wind, a l t e r n a t i n g w i t h b r i e f periods of r a i n 

and thaw'. A c l i m a t e of t h i s type compares g e n e r a l l y w i t h 

o t h e r mountain areas i n B r i t a i n and shows s i m i l a r i t i e s w i t h 

C o n t i n e n t a l mountain areas. 

I n c o n t r a s t to t h i s i s the climate to be found on the 

Burren. The r a i n f a l l i s s t i l l q u i te h i g h , but the temperature 

range i s markedly d i f f e r e n t . . The f i g u r e s g i v e n f o r Shannon 

A i r p o r t are, perhaps, somewhat misleading to use as a comparisoc, 

as temperatures on the Burren must d i f f e r considerably from 

these at times, although no data are a v a i l a b l e to show t h i s . 

P r o s t s , according to l o c a l i n h a b i t a n t s , are rar e and snow 

extremely so. Temperatures w i l l be a f f e c t e d by the large 

masses of bare limestone i n the area and the microclimate here, 

e s p e c i a l l y i n the summer, w i l l probably be several degrees 

higher at times than the surrounding areas, because of 

j - a d i a t i o n and r e f l e c t i o n of heat from the limestone surfaces. 

Thus the minimum curve i s u n l i k e l y t o be as low as t h a t shown 

f o r Shannon and the maximum curve i s l i k e l y t o be higher. 

Since Gentiana verna and- P o t e n t i l l a f r u t i c o s a e s p e c i a l l y , 

seem to be h e a l t h y and f r e e f l o w e r i n g i n both Teesdale and 

W. I r e l a n d , i t i s p o s s i b l e t h a t there are p h y s i o l o g i c a l d i f f e r ­

ences between them. 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 by 

growing p l a n t s of the species from the two areas under 
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d i f f e r e n t temperature regimes to see i f there are any 

d i f f e r e n c e s i n growth r a t e or f l o w e r i n g v i g o u r e t c . which 

might be revealed by these c o n d i t i o n s . 
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CHAPTER V I . 

General Discussion. 

I t has been shown i n the previous chapter t h a t the 

T.eesdale populations of the species s t u d i e d are d i f f e r e n t 

from the populations elsewhere i n B r i t a i n . I t has also been 

shown t h a t p a r t at l e a s t of t h i s d i f f e r e n c e i s genotypic. 

I n Gentiana verna, P o t e n t i l l a f r u t i c o s a and Myosotis a l p e s t r i s 

v a r i a t i o n i s not random, but shows r e g i o n a l d i f f e r e n c e s . 

I n G. verna there i s , i n B r i t a i n , a d i f f e r e n c e between the 

E n g l i s h (Teesdale) populations and the I r i s h populations. 

A s i m i l a r s i t u a t i o n i s also found i n P. f i n i t i c o s a , where the 

Lake D i s t r i c t and Teesdale populations have been shown to be 

s i m i l a r , so t h a t the d i f f e r e n c e i s also between English and 

I r i s h p o p u l a t i o n s . I n both these species d i f f e r e n c e s have 

a l s o been found between the B r i t i s h populations and those on 

the European mainland. I n G. verna i t has been found by l e a f 

measurements t h a t t h i s i s not a simple r e g i o n a l d i s t i n c t i o n , 

but t h a t the Alpine populations show v a r i a t i o n which can be 

c o r r e l a t e d w i t h a l t i t u d i n a l and probably w i t h the associated 

c l i m a t i c f a c t o r s . I n P. f r u t i c o s a a study of c o n t i n e n t a l 

herbarium m a t e r i a l has shown t h a t divergence has occuyed 

between the c o n t i n e n t a l and B r i t i s h populations and also 

between the m a t e r i a l from the two c o n t i n e n t a l l o c a l i t i e s 
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s t u d i e d . A s i m i l a r s i t u a t i o n has been found i n Helianthemum 

canum by Proctor (1958). Here the Teesdale population was 

found to be very d i s t i n c t , composed of dwarfed p l a n t s w i t h 

very small glabrous or subglabrous leaves which never show 

any s t e l l a t e tomentum on the upper surfaces. This i s d i s t i n c t 

from the populations on the West coast o f England and Wales, 

which are on Carboniferous limestone and which have pubescent 

leaves w i t h a f i n e s t e l l a t e f e l t on the upper l e a f surface. 

Both of these types are again d i s t i n c t from the W. I r i s h 

p o p u l a t i o n s which r a r e l y show a s t e l l a t e pubescence, l i k e the 

Teesdale p l a n t , but which have much l a r g e r and h a i r i e r leaves 

and a coarser growth. Regional d i f f e r e n c e s have also been 

demonstrated, i n Myosotis a l p e s t r i s , between the Teesdale and 

S c o t t i s h p o p u l a t i o n s , and t h i s has been r e l a t e d to b i o t i c 

f a c t o r s . V a r i a t i o n has been demonstrated i n Dryas octopetala, 

and although i t has been shown t h a t B r i t i s h populations are 

d i f f e r e n t i n s t r u c t u r e from the m a j o r i t y of Alpine and 

N, European po p u l a t i o n s , the reasons f o r the pop u l a t i o n 

s t i r u c t u r e i n B r i t a i n are not c l e a r . I t has however been shown 

t h a t the Teesdale p l a n t i s d i s t i n c t i n l e a f size and c r e n a t i o n 

from o t h e r B r i t i s h p o p u l a t i o n s , being most s i m i l a r t o 

po p u l a t i o n s i n A r c t i c Noiway and Sweden i n these respects. 

L i t t l e d e t a i l e d work has been c a r r i e d out on other Teesdale 
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species. A comparison of p l a n t s of V i o l a r u p e s t r i s from 

Teesdale and Arnside, Westmorland by Valentine and Harvey 

(1961) has shown t h a t when grown under uniform c o n d i t i o n s the 

Teesdale p l a n t s remained compact w i t h many very short shoots, 

w h i l e the Arnside p l a n t s became less compact w i t h a few long 

shoots. Although these i n v e s t i g a t i o n s were only c a r r i e d out 

on a few p l a n t s , previous i n v e s t i g a t i o n s by the same authors 

have shown t h a t d i f f e r e n c e s i n these characters are h e r i t a b l e 

i n p l a n t s from a number of Czechoslovakian populations, so 

t h a t i t i s probable t h a t those i n the English populations are 

also genotypic. 

I t can thus be seen t h a t the Teesdale populations of 

these d i s j u n c t species which have been s t u d i e d , show d i f f e r e n c e s 

from other populations i n B r i t a i n . I t has been shown i n 

Chapter I t h a t the e x p l a n a t i o n of the presence of r e f u g i a must 

be sought i n terms of events which have taken place a f t e r the 

r e t r e a t of the i c e , since i t has been demonstrated by p o l l e n 

a n a l y t i c a l methods t h a t many of the species were widespread 

i n B r i t a i n i n the e a r l y P o s t - g l a c i a l p e r i o d . The d i s t r i b u t i o n a l ] 

p a t t e r n s of the d i s j u n c t species do not th e r e f o r e throw any 

l i g h t on whether t h e i r a r r i v a l was p o s t - g l a c i a l or n ot. 

I t has also been po i n t e d out t h a t there i s g e o l o g i c a l 

evidence f o r i c e f r e e areas i n Teesdale, but i t i s c o n j e c t u r a l 



177. 

how suitable the conditions on these would be f o r plant growth 
at the maximum period of g l a c i a t i o n . What the climatic 
conditions were i n W. England at the periods of maximum ice 
extension, i s unknown. I t has been suggested by Manley (1959) 
that i n the l a t e - g l a c i a l period of the post-Aller0d recession 
the climate would be oceanic, as at the present day, with 
p r e v a i l i n g l y damp a i r and much low cloud at a l l seasons. I f 
such a picture bears any r e l a t i o n to the weather i n the f u l l 
g l a c i a l periods t h i s must have been very unfavorable to plant 
growth. As already pointed out, i n Ireland the p r o b a b i l i t i e s 
of g l a c i a l s u r v i v a l seem somewhat greater, as shown by the 
discoveries of remains of Eriocaulon c f . septangulare and 
Daboecia cantabrica i n i n t e r - g l a c i a l deposits, and also the 
p r o b a b i l i t y of ice free areas to the west of the present 
coastline. 

Since there are these p o s s i b i l i t i e s i t i s therefore 
necessary to descuss whether the v a r i a t i o n which has been 
demonstrated could have arisen during post-glacial times, or 
whether a longer time would have been necessary. There i s no 
di r e c t evidence on t h i s question. I n the case of Dryas i t 
may be possible, at ce r t a i n s i t e s , to gain direct evidence by 
the study of sub-fossil material i n s i t u ; i t i s hoped that 
t h i s w i l l be possible, but no work has been carried out yet. 
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The most useful i n d i r e c t method of gaining evidence i s by-
comparing the s i t u a t i o n with refugia which are known c e r t a i n l y 
be have been glaciated. Two of the best known of such refugia 
i n Europe are the Swedish islands of Oland and Gotland i n the 
B a l t i c . Both these islands have been c e r t a i n l y glaciated. 
I n Oland there are extensive areas of limestone pavement known 
as 'Alvars', and the disjunct species are closely associated 
w i t h these. Alvars are also present i n Gotland, although to 
a lesser extent. The r i c h r e l i c t f l o r a s of these islands 
contains a mixture of both southern and northern species. 
Amongst the northern species a number are. of special i n t e r e s t 
as they are also found i n Teesdale. P o t e n t i l l a f r u t i c o s a 
has i t s only Scandinavian l o c a l i t i e s on these islands, and 
as has. been shown, i s as d i f f e r e n t from the Teesdale form as 
i s the I r i s h form. I t i s also d i s t i n c t from plants from one 
of the Pyrenees l o c a l i t i e s . Another species found on Oland 
i s Helianthemum oelandicum which Proctor (1958) has shown to 
be closely r e l a t e d to H. canum. but d i s t i n c t from the B r i t i s h 
and Alpine forms. Another northern species, also found i n 
Teesdale i s Bartsia alpina, and here Oland i s the most southern| 
l o c a l i t y i n Scandinavia. Oland, together with Gotland and 
Sarema (an island near Estonia) also provide the most southern 
Scandinavian l o c a l i t i e s of Pinguicula alpina. Amongst 
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southern species found are Globularia vulgaris, a species 
which has i t s main d i s t r i b u t i o n i n the E. Alps and Pyrenees, 
and a number of steppe plants such as Artemisia l a c i n i a t a . 
Ranunculus i l l y r i c u s and Plantago t e n u i f l o r a . Iversen (1954) 
has demonstrated pollen grains of Helianthemum oelandicum 
and Ephedra c f . distachya (a steppe plant now extin c t on 
Oland) from p o s t - g l a c i a l sediments on the island, i n d i c a t i n g 
that these species have had a continuous history there through 
the p o s t - g l a c i a l period. Thus these islands have a r i c h r e l i c t 
f l o r a composed of species w i t h a large v a r i a t i o n i n d i s t ­
r i b u t i o n a l area. I n his genecological studies on a number 
of common Scandinavian species Turesson (Hereditas 6, 1925) 
found that some of these, growing on the Alvar i n Oland, were 
gen e t i c a l l y and morphologically d i f f e r e n t , forming d i s t i n c t 
eCOtypes. Thus he found that the Oland populations of 
Artemisia campestris, Rumex acetosella and Silene maritima 
were composed of prostrate plants, while Allium schoenoprasum 
occured as a dwarf form and Leontodon autumnalis was d i f f e r e n t 
i n l e a f shape and anatomy from the other transplants which 
he had i n c u l t i v a t i o n . Turesson concluded that these ecotypes 
had been developed i n response to the severe exposure to 
which the unsheltered limestone pavement i s subject. 
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Thus Oland populations of a number of species have 
morphological differences from other European populations, 
which are ge n e t i c a l l y controlled. These differences can be 
of a. s i m i l a r magnitude to those which have been demonstrated, 
both between the Teesdale and other B r i t i s h populations i n 
the species which have been studied, and also between these 
and populations on the European mainland. Since Olatid i s 
known to have been glaciated i t i s therefore possible that 
the differences i n the B r i t i s h populations have arisen during 
po s t - g l a c i a l times. 

Thus both a mixture of d i s t r i b u t i o n a l types i n the 
f l o r a s of the Burren area and Teesdale and the d i f f e r e n t i a t i o n 
which has taken place between them, are quite comparable with 
the s i t u a t i o n i n Oland and could therefore be explained on the 
basis of po s t - g l a c i a l i n t r o d u c t i o n . 

I n Denmark a number of species e.g. Hypochaeris maculata, 
Dactylis glomerata, Solidago virgaurea and Viola t r i c o l o r 
have d i s t i n c t coastal races. Bocher (Dansk Natur-Dansk 
Skole 25 Ar, 1955) has interpreted these as l a t e - g l a c i a l 
r e l i c t s which have survived on the steep coastal slopes, since 
because of the exposure and i n s t a b i l i t y of the shallow s o i l 
on chalk these have probably remained open and free from 
f o r e s t cover throughout post-glacial times. The races do not 
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appear to be of recent o r i g i n and since Denmark was t o t a l l y 
g l a c i ated t h e i r presence appears to be due to the special 
ecological conditions which are present i n these maritime 
areas. Again the p o s s i b i l i t y of the differences i n the 
Teesdale species being explainable on the basis of post-glacial 
i n t r o d u c t i o n i s seen to be reasonable 

Although these comparisons show the f e a s i b i l i t y of the 
Teesdale f l o r a being of post-glacial o r i g i n , they give no 
information on whether the differences found are due to 
divergence i n s i t u or are the r e s u l t of residual differences 
from highly variable l a t e - g l a c i a l populations. Riley (1955) 
has discussed t h i s problem i n r e l a t i o n to Thlaspi alpestre, 
an inbreeding species of disjunct d i s t r i b u t i o n i n B r i t a i n , 
found i n a number of l o c a l i t i e s i n North England from Teesdale 
south to Derbyshire, and also i n the Mendips and N. Wales. 
The most common habitat i s on the s p o i l heaps of old lead 
mines, although i t i s also known on the Whin s i l l at Wynch 
Bridge, Teesdale and i n limestone pastures i n Derbyshire. 
I n Teesdale there i s an ecotypic d i f f e r e n t i a t i o n i n t o a dwarf 
sub-alpine type found on high ground i n the west of the area 
(on old lead mine s p o i l heaps) and a much larger low a l t i t u d e 
type found at the Wynch Bridge l o c a l i t y . This v a r i a b i l i t y 
i n a r e s t r i c t e d area i s as great as that found between these 
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populations and those elsewhere i n B r i t a i n . Riley' has 
suggested that t h i s s i t u a t i o n , which has been arisen largely 
due to the breeding system, i s more l i k e l y to be due to 
divergence i n s i t u than as a r e s u l t of high v a r i a b i l i t y i n 
the l a t e - g l a c i a l populations. None of the species studied 
have shown population differences w i t h i n areas and t h i s i s 
perhaps not surprising because the most widespread species i n 
Teesdale which have been studied - Gentiana verna and 
P o t e n t i l l a f r u t i c o s a , are both normally outbreeding ( i n the 
l a t t e r species i t i s o b l i g a t o r y ) , while Dryas octopetala, 
which, from i t s flower structure, appears to be capable of 
inbreeding has only a single l o c a l i t y i n the dale. Myosotis 
a l p e s t r i s , a species also capable of inbreeding, appears to 
be under strong selective pressures i n i t s three l o c a l i t i e s 
and again i t i s not surprising that differences should not 
be present between them. However i t seems more l i k e l y that 
the differences between the Teesdale: and Scottish populations 
of t h i s species are more easily explainable by reference to 
the d i f f e r i n g b i o t i c influences i n each area, and thus to a 
divergence i n s i t u , rather than as a r e s u l t of survival of 
part of a variable l a t e - g l a c i a l population i n each area. 

A short account has been given i n Chapter I of the veget-
a t i o n a l changes that took place i n B r i t a i n as the climate 
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ameliorated. I t i s clear that as the trees encroached upon 
the open vegetation of the l a t e - g l a c i a l period the plants 
r e q u i r i n g open, unshaded conditions became progressively more 
r e s t r i c t e d . Since Godwin (1956) has suggested that the main 
reason why Teesdale i s a refugium i s because of the presence 
of open areas there throughout the whole of the post-glacial 
period, including the forest maximum, i t i s cle a r l y important 
to consider the habitats i n which the r e l i c t species grow 
today and assess whether they would have remained both free 
of f o r e s t and also free from blanket bog a f t e r t h i s had 
invaded and covered the forest i n the Sub-Atlantic period. 
The most obvious habitats which would be ce r t a i n l y free from 
f o r e s t and bog are to be found along the banks of the River 
Tees. As shown e a r l i e r the shingle banks are one of the main 
habitats f o r P o t e n t i l l a f r u t i c o s a and such areas would have 
been free from forest influence at a l l times. The same w i l l 
apply to the gorge at Wynch Bridge, which i s s t i l l fringed by 
woodland, and supports on the Whin s i l l crags a r i c h f l o r a 
i n cluding P o t e n t i l l a f r u t i c o s a , Antennaria dioica, and 
P o t e n t i l l a c r a n t z i i . I n the same area there are small flushes, 
which although p a r t i a l l y shaded by Betula and Alnus, contain 
such species as Salix p h y l i c i f o l i a . Primula farinosa and 
Juncus alpinus. A few miles upstream from here the r i v e r i s 
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eroding the large calcareous, morainic bank known as Cetry 
Bank. Today t h i s has an extremely r i c h f l o r a including 
Gentiana verna, Bartsia alpina, Carex c a p i l l a r i s , Kobresia 
simpliciuscula and T o f i e l d i a p u s i l l a ^ The habitat i s very 
unstable with constant erosion of the surface, p a r t l y through 
the action of small springs i n the upper part of the bank, 
and i t seems very u n l i k e l y that t h i s would ever have borne 
any woodland. I t has been shown that s i m i l a r communities, 
f l o r i s t i c a l l y , are to be found i n a number of small calcareous 
marshes i n the area. These include some of the examples of 
the f l u s h communities delimited i n the studies on Gentiana 
verna and Bartsia alpina. One of the main influences that 
appears to keep these marshes i n an open condition, with a 
series of hummocks surrounded by mo3?e or less bare areas, i s 
the influence of sheep grazing and trampling. Pigott (1956) 
has discussed the p o s s i b i l i t y of these remaining open during 
the f o r e s t period and points out that large herds of red 
deer were, at one time, common i n the North Pennines and may 
have used such sites as watering places and thus maintained 
open conditions, i n the same way as at the present, day 
calcareous springs i n the forests of central Sweden are kept 
open, with a s i m i l a r structure, by the native fauna. As has 
been mentioned the crags of Whin s i l l at Wynch Bridge support 
several of the disjunct .species. A niimber of the rare species 
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are also found on other Whin s i l l crags i n the d i s t r i c t ; thus 
Arctostaphylos uva-ursi i s found on Cronkley Scar, while on 
the opposite side of the r i v e r on Falcon Glints, the Holly 
f e r n Polystichum l o n c h i t i s s t i l l survives, while Woodsia 
i l v e n s i s i s known to have grown here i n the past. Limestone 
crags are also common i n the d i s t r i c t and the larger of 
these w i l l also probably have been free from closed woodland. 
Perhaps the most problematical areas i n t h i s respect are the 
outcrops of sugar limestone on Cronkley P e l l and Widdybank 
P e l l . Today these are two of the main centres of disjunct 
species i n the dale. The Cronkley ^ e l l outcrop bears the 
only colonies i n the dale of Dryas octopetala, Polygala amara 
and Helianthemum canum. Those on Q - i n i n i ^ t i r g P e l l include one 
of the two known colonies of Viola ru p e s t r i s , while a large 
number of other rare species especially Gentiana verna and 
Kobresia simpliciuscula are abundant here; on one of the 
wetter areas, where there are large areas of bare ground, 
Minuartia s t r i c t a has i t s only l o c a l i t y i n Teesdale and i n 
B r i t a i n . Although i t would seem that t h i s wetter part with 
large bare areas of gravel, constantly more or less saturated 
with water, would be unsuitable f o r shrub or tree growth at 
a l l times, i t i s possible that on the very shallow rendzina 
of the d r i e r outcrops an open scrub might have developed. 
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This i s even more l i k e l y to be the case on the unaltered 
limestone outcrops of the d i s t r i c t . However Pigott has also 
pointed out that i t i s s t i l l probable that some of the species 
would be able to survive under such conditions since Viola 
r u p e s t r i s , Carex ericetorum and Dryas octopetala can exist 
under scrub and on very small outcrops, while he has noted 
Polygala amara and Gentiana verna i n f r u i t under small 
openings i n the canopy of Sub-Alpine Picea abies forest i n 
the Alps. 

F i n a l l y some areas i n the west of Teesdale would have 
been above the tree l i m i t at a l l times, since the l i m i t i n 
the area appears to have been between 2300' and 2400', and 
some species no doubt were able to survive i n such areas. 
M.E. Johnson (pers. comm.) has carried out pollen a n a l y t i c a l 
studies on a blanket bog p r o f i l e on Knock Ridge, on the N.E. 
side of Knock P e l l i n the west of the area, at 2425'. The 
p r o f i l e i s only small, but no Betula remains were found, and 
the diagram shows peaks f o r P i l i c a l e s , Selaginella, Gyperaceae 
and Empetrum. The s i t e i s on a gently sloping ridge and such 
high ground today includes a few Arctic-alpine species, 
examples being Carex big e l o w i i and Lycopodium alpinum. There 
are however a number of limestone crags which would probably 
have been above the tree l i m i t , the largest of which forms 
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the southern side of Mickle P e l l . Perhaps the most l i k e l y 
species to survive i n such habitats was Myosotis a l p e s t r i s , 
found today, i n a l l three l o c a l i t i e s i n Teesdale, at not less 
than 2350' a l t i t u d e . Gentiana verna i s also a species which 
grows on Mickle ^ ' e l l , while i t i s of i n t e r e s t that there i s an 
old record made by a l o c a l n a t u r a l i s t , George Bolam, i n the 
l a s t century of Dryas octopetala (pers. comm. D. R a t c l i f f e ) ; 
i t does not seem to have been seen here t h i s century however. 
I n t h i s connection Lid (1958) has recorded fi n d i n g Dryas 
octopetala at two places i n the spruce forest zone of S.E.Norway] 
some 80 km. from the main montane area of Dryas i n S. Norway. 
In these two areas the species grows with a number of other 
photophilic species including Garex rupe s t r i s , Carex c a p i l l a r i s . 
P o t e n t i l l a c r a n t z i i and Saxifraga aizoides on steep, broken, 
limestone slopes where the unstable nature of the habitat 
prevents the encroachment of the f o r e s t . Lid has interpreted 
these occu:^nces as post-glacial r e l i c s from the l a t e - g l a c i a l 
period i n Norway, Thus even i f the Mickle P e l l and other 
s i m i l a r exposures were surrounded by for e s t , there would be a 
good chance that such areas would remain open. This may als© 
have been the case with some of the lower crags i n the area. 

I n Chapter V i t has been shown that the Lake D i s t r i c t 
and Scottish commianities of the species studied are prim a r i l y 
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on rock ledg6s and crags and there can be no doubt that such 
s i t u a t i o n s have remained free from tree cover throughout post­
g l a c i a l times. The Burren area i n W. Ireland presents many 
more problems i n t h i s respect however. Today the predominant 
aspect of the area i s of bare limestone, the s o i l being always 
t h i n and often confined to the grikes or crevices i n the 
limestone. Tree cover i s l i m i t e d , trees being g e ^ a l l y 
confined to the valleys although isola t e d specimens are found 
scattered on the h i l l s , while Crataegus i s also common as more 
or less i s o l a t e d bushes. Some of the limestone areas s l i g h t l y 
to the north i n Co. Galway bear a th i c k scrub today, mostly of 
Crataegus and Corylus, and without doubt t h i s w i l l have been 
much more widespread i n the area during the period of maximum 
fo r e s t extension. However Braun-Blanquet and Tuxen (1952) 
consider that much of the Dryas vegetation on the W. coast of 
the Burren would probably have existed as grassland throughout 
the post-glacialperiod, and Proctor (1955b) has pointed out 
that i n the cool climate with a high degree of exposure and 
shallow s o i l t h i s i s c e r t a i n l y a plausible suggestion. On 
Oland w i t h a s i m i l a r topography, although a much d r i e r climate 
at present, Iverson (1954) has shown pollen a n a l y t i c a l l y that 
there was a rather open f o r e s t , i n which presumably the 
r e l i c t f l o r a was able to survive. 
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A f t e r the invasion of the forest i n Teesdale by blanket 
bog i n the Sub-atlantic period, due to the increase i n r a i n ­
f a l l , the landscape on the f e l l s must have assumed a similar 
aspect to that at the present day. The sugar and unaltered 
limestone exposures would probably then, as now, have appeared 
as small windows i n the blanket bog i n which the disjunct 
species would be under very similar conditions to those 
p r e v a i l i n g at the present time. Since the exposure w i l l have 
gre a t l y increased due to the diminution i n tree cover, even the 
small limestone exposures which would have been covered by 
scrub or woodland up to t h i s time would now probably become 
open, although not covered by blanket bog due to the high 
base status of the shallow s o i l . I t i s therefore possible 
that at t h i s time there was an extension i n range of some of 
the species, especially perhaps Gentiana verna, which, i t has 
been suggested, could have developed some of i t s colonies i n 
the dale today from single seed introductions on some of the 
small limestone exposures, followed by prolonged vegetative 
reproduction. 

I t i s clear that at the present day sheep have an 
important influence on many of the sit e s where the disjunct 
species e x i s t , especially the calcareous marshes and the 
sugar and unaltered limestone exposures. I t has been noted 
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that a number of species are d i r e c t l y affected. Thus Gentiana 
verna i s very r a r e l y seen i n a f r u i t i n g condition due to the 
capsules being eaten as soon as the peduncles elongate above 
the general herbage l e v e l . Dryas octopetala suffers even more 
i n t h i s respect and i t i s very doubtful whether any seed 
reaches maturity at the present day. Although i n the calcareous 
marshes the sheep appear to play an important part i n maintain­
ing an open community, they also play a destructive part and 
one of the species confined to t h i s type of habitat, Bartsia 
alpina, i s r a r e l y seen i n flower i n the most heavily grazed 
areas and i s rare i n f r u i t i n a l l l o c a l i t i e s . F i n a l l y the 
case of Myosotis a l p e s t r i s has already been'discussed and i t 
seems l i k e l y here that sheep have played a large part i n the 
production of a dwarf ecotype. I t i s unknown f o r how long 
sheep have been grazed i n the dale. Singleton (1677) 
(information from Nature Conservancy 1959) provides the 
e a r l i e s t documentary evidence that c a t t l e and sheep were 
driven to upland pastures f o r summer grazing i n Upper Teesdale 
and on Alston Moor, while Pigott (1956) has noted that t h i s 
practice was probably w e l l established during the Norse 
settlement of the area since the termination -set r e f e r r i n g 
to such upland pastures appears i n several of the place names 
of the d i s t r i c t e.g. Scarset, Cornset and Selset i n Lunedale. 
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Thus t h i s type of b i o t i c influence has been i n existence a 
considerable time and i s reinforced i n some areas, especially 
those on the sugar limestone, by the a c t i v i t i e s of rabbits. 
Because of these influences the species on the upper f e l l s 
appear to be s t a t i c at the present day, holding t h e i r own i n 
t h e i r various l o c a l i t i e s , but unable to expand t h e i r areas 
f u r t h e r . I t i s much more problematical why some of the 
species which grow by the R. Tees are so r e s t r i c t e d ; i n 
p a r t i c u l a r , the case of P o t e n t i l l a f2?uticosa has already been 
discussed. I t appears that i n the l a s t three hundred years 
t h i s species has suffered a reduction i n range i n Teesdale 
to about half that previously known. I t has not been possible 
to f i n d any information on the reasons f o r t h i s . 

So f a r t h i s discussion has dealt with a number of 
aspects of the past h i s t o r y and the present s i t u a t i o n of some 
of the Teesdale species; what of t h e i r future chances ? I t has 
become clear that both the species studied i n the course of 
these investigations and those species which have been studied 
by others have d i s t i n c t forms i n Teesdale. They have become 
d i s t i n c t through t h e i r i s o l a t i o n and form a series of unique 
taxa not found elsewhere. I f any of them become extinct i n 
Teesdale, a d i s t i n c t and irreplacable biotype w i l l have been 
l o s t . Conservation of the f l o r a of Upper Teesdale i s thus to 
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be regarded as of prime importance. This i s not to be i n t e r ­
preted as a suggestion that human and b i o t i c influences should 
be completely withdrawn from a number of areas. I t i s clear, 
f o r example, that the hay meadows i n Teesdale which have a 
r i c h f l o r a would very quickly revert to a rough Nardus-Agrostis 
grassland without the t r a d i t i o n a l management of d u n g - f e r t i l i s ­
ing and cu t t i n g f o r hay. Again the calcareous marshes have 
been shown to be, at least p a r t i a l l y , dependent on sheep 
grazing and trampling f o r the maintenance of open conditions. 
On the sugar limestone exposures of Cronkley and Widdybank 
Pells the s i t u a t i o n i s quite d i f f e r e n t . Such base-rich areas 
are very s e l e c t i v e l y grazed by sheep because of the good 
q u a l i t y of the grassland and t h i s pressure i s concentrated on 
these areas to an extent that has become actively destructive. 
Here, modification of present practices so that grazing 
pressure i s reduced i s very desirable. 

F i n a l l y , although nearly a l l the species i n Teesdale 
have now been found elsewhere, the combination of species and 
habitats i n the area remains unique, as are the p a r t i c u l a r 
biotypes of the species. I f they become e x t i n c t , as a number 
already have become, they can never be replaced f o r study and 
research. 
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