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ABSTRACT 

The population dynamics, l i f e - h i s t o r i e s , and reproductive 

s t r a t e g i e s of a number of r a r e p l a n t s i n the Upper Teesdale 

National Nature Reserve have been studied i n d e t a i l over a 

three year period. R e s u l t s from a seven y e a r period have 

been analysed, and information presented on the changes i n 

numbers, m o r t a l i t y r a t e s , recruitment r a t e 3 , and reproductive 

behaviour of V i o l a r u p e s t r i s , Polygala amarella. Gentiana verna 

and V i o l a r u p e s t r i s x r i v i n i a n a with p a r t i c u l a r reference to 

d i f f e r e n t s i t e c o n d i t i o n s . The m o r t a l i t y p a t t e r n s of even-aged 

cohorts of p l a n t s have been followed, and mathematical models 

f i t t e d to t h e i r r a t e s of d e c l i n e . 

The r e l a t i v e c o n t r i b u t i o n s of sexual and v e g e t a t i v e reproduction 

to the population numbers have been analysed, and the d i f f e r e n t 

reproductive s t r a t e g i e s r e l a t e d to d i f f e r e n t environmental 

conditions. L i f e - c y c l e s have been constructed f o r some s p e c i e s , 

and those points of the l i f e - c y c l e where the g r e a t e s t l o s s e s of 

pla n t s occur have been re v e a l e d . 

The study has a l s o sought to analyse any e f f e c t s on the r a r e 

plant populations caused by the presence of the r e c e n t l y -

constructed Cow Green r e s e r v o i r , and fu t u r e management of these 

ra r e p l a n t s i s considered i n the l i g h t of the information 

c o l l e c t e d . 
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Chapter One 

Plan t population dynamics 

S u r p r i s i n g l y few long and d e t a i l e d s t u d i e s of the 

dynamics of n a t u r a l plant populations have been published. P l a n t 

populations may often be considerably e a s i e r to study than animal 

populations, s i n c e most higher p l a n t s remain where they are and 

can be e a s i l y i s o l a t e d and counted, yet much of our knowledge of 

the processes of population dynamics comes from s t u d i e s of animals, 

i n c l u d i n g l a r g e mammals (e.g. Murie, .1944; Green and Evans 1940, 

Edmonson 1945). Whilst part of the reason f o r t h i s n e g l e c t l i e s 

i n the problems of the extreme p l a s t i c i t y of p l a n t s , and frequent 

d i f f i c u l t y i n d e f i n i n g and d i s t i n g u i s h i n g e f f e c t i v e reproductive 

u n i t s (Harper, 1967), c l e a r l y t h i s i s not the whole answer. Many 

plant s p e c i e s lend themselves r e a d i l y to population a n a l y s i s 

because of t h e i r c l e a r l y - s e p a r a t e d , s i m i l a r l y - s i z e d i n d i v i d u a l s , 

and the few s t u d i e s that have been made have shown that the 

d i f f i c u l t i e s are often r e a d i l y overcome or avoided i n p r a c t i c e , 

and the r e s u l t s very worthwhile (e.g. Tamm, 1948 f 1956, 1972 and. 

1972a; Rabotnov, 1960; Sarukhan and Harper, 1973). Much of the 

e a r l y lack, of r e s e a r c h probably stems from a f a i l u r e to appreciate 

the dynamic c h a r a c t e r i s t i c s of s u p e r f i c i a l l y - s t a b l e vegetation, 

and the p o t e n t i a l for e l u c i d a t i n g information on component s p e c i e s 

by s p e c i f i c s t u d i e s . 

Over the l a s t 20 years or so, i n t e r e s t i n the population 

dynamics of p l a n t s has increased considerably, though the great 

majority of s t u d i e s have been of a short-term nature, l a s t i n g 

f o r one to three y e a r s . The questions that such s t u d i e s seek 

to answer include Unfv 
SCIENCE 
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1. How does the t o t a l number of i n d i v i d u a l s i n a 

population change over a given time? 

2. What i s the mechanism of t h i s change i n terms of 

recruitment and m o r t a l i t y ? 

3. What i s the age-structure of the population? 

4. What i s the l i f e - e x p e c t a n c y (or other measure of 

length of l i f e ) of i n d i v i d u a l s i n the population? 

5- How are l o s s e s and gains of new p l a n t s or p o t e n t i a l 

p l a n t s r e l a t e d to the l i f e - c y c l e of the pl a n t ? 

6. What i s the r e l a t i o n s h i p between age and reproductive 

a b i l i t y of the p l a n t s , and what i s the reproductive 

s t r a t e g y of the s p e c i e s ? 

For more complete s t u d i e s , a d d i t i o n a l information need3 to be 

sought on the d e t a i l e d biology and l i f e - c y c l e of the s u b j e c t s , 

and on the r e l a t i o n s h i p between the population and the environ­

ment. I t may a l s o be p o s s i b l e to p r e d i c t future trends i n 

population numbers, and to understand past h i s t o r i e s . 

There are, e s s e n t i a l l y , two main ways i n which adequate 

information on the population biology of p l a n t s may be c o l l e c t e d . 

The quickest way may be to sample a population a t a s i n g l e 

point i n time, and to use the r e s u l t i n g information on the age-

s t r u c t u r e of "Che sample to p r e d i c t o t h e r p o p u l a t i o n p a r a m e t e r s . 

T h i s method has often been used f o r an i m a l p o p u l a t i o n s ( e . g . 

Murie, 1944; Caughley, 1965 and 1966) and f o r woody plant s p e c i e s . 

Blackburn and T u e l l e r (1970) observed the age s t r u c t u r e of 

populations of Pinyon Pines (Pinus monoohylla) and Junipers 

(Juniperus osteosperma) under d i f f e r e n t conditions u s i n g d i r e c t 

methods of measurement, d i v i d i n g the age s t r u c t u r e of the 

populations i n t o 6 "maturity c l a s s e s " and r e l a t i n g t h i s to 
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c o l o n i s a t i o n processes. I n another example, (Henry and Swan, 

1974) the h i s t o r y of a v i r g i n f o r e s t was c a r e f u l l y reconstructed 

f o r a period of more than 300 years by u s i n g age-structure data 

i n combination with other observable f e a t u r e s of the f o r e s t . 

Such s t u d i e s are, p r e d i c t a b l y , v e r y r a r e on herbaceous 

p l a n t s because of the d i f f i c u l t i e s of ageing m a t e r i a l . I n one 

c l a s s i c e a r l y study, L i n k o l a (1935) estimated the age d i s t r i b u t i o n 

of a number of d i f f e r e n t herbs i n a F i n n i s h meadow usi n g 

morphological c h a r a c t e r i s t i c s as an i n d i c a t i o n of the age of 

i n d i v i d u a l s . I t i s p o s s i b l e to use the information from such a 

study to p r e d i c t the m o r t a l i t y p a t t e r n of the s p e c i e s by equating 

the observed age d i s t r i b u t i o n with a s u r v i v o r s h i p curve (e.g. 

Caughley, 1966; Harper 1977) and thence gaining a measure of the 

r a t e of turnover of the population. Hov?ever, such a c a l c u l a t i o n 

i n v o l v e s the d i r e c t assumption that recimitment to the pop­

u l a t i o n has remained more or l e s s constant over the time period 

involved i n the production of that p a r t i c u l a r population. 

Although such an assumption may be c o r r e c t , i t i s frequently not, 

and - as w i l l be shown i n l a t e r Chapters - recruitment can vary 

considerably even i n populations of p l a n t s which are known to 

be l o n g - e s t a b l i s h e d . The dangers are e l e g a n t l y i l l u s t r a t e d by 

Harper (1977) who uses the same s e t of t h e o r e t i c a l values f o r 

age-structure of a population to show t h a t the population could 

e i t h e r be considered as a s t a b l e one with r e g u l a r annual 

recruitment and age-independent m o r t a l i t y , or as one with an 

exp o n e n t i a l l y i n c r e a s i n g r a t e of recruitment and no m o r t a l i t y , 

or as something i n between the two extremes. Without supporting 

data, t h e r e f o r e , such s t u d i e s are u n l i k e l y to be very r e v e a l i n g 

with regard to the dynamics of the population. 
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The second major way i n which information about the 

dynamics of a population may be gathered i n v o l v e s the more 

tedious and lengthy method of f o l l o w i n g the f a t e s of a l l 

i n d i v i d u a l p l a n t s of p a r t i c u l a r s p e c i e s i n a sample population, 

as has been done i n the present study. On i t s own, t h i s 

procedure y i e l d s information on changes i n population numbers, 

r a t e s of recruitment and m o r t a l i t y , l i f e expectancy of i n d i v i d u a l s 

and r a t e of turnover of populations, as w e l l as much valuable 

information on the l i f e - s t r a t e g y of the s p e c i e s . I f a d d i t i o n a l 

information i s gathered on the r a t e of production of seeds, or 

other propagules, and the f a t e of these propagules can be 

followed, then a reasonably c l e a r p i c t u r e of the l i f e - c y c l e and 

population dynamics of a p a r t i c u l a r s p a e i e s i n a p a r t i c u l a r 

h a b i t a t may be b u i l t up. 

The pioneer s t u d i e s i n t h i s f i e l d , and the longest s t u d i e s 

of population dynamics of herbaceous p e r e n n i a l s published, were 

c a r r i e d out by Tamm (1948, 1956, 1972, 1972a). I n 1942, he 

began observations on small f i x e d quadrats i n meadows and wood­

land i n which a number of s p e c i e s were st u d i e d i n d e t a i l . His 

most recent papers (Tamm 1972, 1972a) in c l u d e data up to 1971. 

In each case, the i n i t i a l populations were composed of i n d i v i d u a l s 

of unknown age. ivne p o s i t i o n of a l l p l a n t s of those s p e c i e s 

under study were c a r e f u l l y marked and t h e i r f a t e s followed over 

succeeding y e a r s . New additi o n s were recorded, and t h e i r f a t e s 

as i n d i v i d u a l s of known age followed by subsequent annual 

recordings. I n 1956, he presented the r e s u l t s of 13-14 years of 

study on Anemone hepatica, S a n i c u l a europaea, ffilipendula v u l g a r i s , 

Centaurea j a c e a , and a mixed meadow p l o t . S e v e r a l points of 
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p a r t i c u l a r i n t e r e s t emerged: Anemone hepatica, S a n i c u l a euror iaea. 

and F i l i p e n d u l a v u l g a r i s a l l more or l e s s maintained t h e i r 

population numbers, but the study revealed that there was quite 

a r a p i d turnover of p l a n t s w i t h i n the populations, and that both 

see d l i n g s and v e g e t a t i v e a d d i t i o n s were being r e c r u i t e d and were 

dying. I n c o n t r a s t , Centaurea .jacea was shown to be a d e c l i n i n g 

population, with the process of d e c l i n e c l e a r l y shown; m o r t a l i t y 

remained constant but no new p l a n t s appeared. I n a l l cases, the 

considerable longevity of i n d i v i d u a l s i s a s u r p r i s i n g f e a t u r e . 

Harper (1967) re-presented some of Tamm's data i n the form of 

depletion curves f o r the o r i g i n a l mixed-age population. By 

analogy with r a d i o a c t i v e decay r a t e s , he was then able to c a l c u l a t e 

' h a l f - l i v e s ' f o r each s p e c i e s population, based on the f a c t that 

m o r t a l i t y was age-independent, and therefore the d e p l e t i o n curves 

were l i n e a r . When ap p r o p r i a t e l y used, these f i g u r e s provide 

valuable i n s i g h t i n t o the turnover r a t e s of populations and a c t 

as u s e f u l bases f o r comparisons between s p e c i e s . Using Tamm's 

data, Harper showed that the i n i t i a l population of S a n i c u l a -

europaea had a h a l f - l i f e of over 50 year s , F i l i n e n d u l a v u l g a r i s 

had a h a l f - l i f e of 18.4 y e a r s , and the d e c l i n i n g Centaurea rjacea 

had a h a l f - l i f e of c.1.9 y e a r s . A d d i t i o n a l l y , Tamm showed that 

the percentage of p l a n t s flowering v a r i e d considerably f r o m year 

to year, that many p l a n t s flowered repeatedly i n successive, 

years, and that the pattern of recruitment of s e e d l i n g s i n t o 

the population was by no means r e g u l a r . 

I n 1972, f u r t h e r r e s u l t s of Tamm's s t u d i e s on h i s o r i g i n a l , 

and other, quadrats were published (Tamm 1972, 1972a). I n some 

i n s t a n c e s , these provide records of populations s t r e t c h i n g over 

n e a r l y 30 years, and therefore provide u n r i v a l l e d information 

both on the behaviour of members of the population, and the 
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behaviour of the whole population, p a r t i c u l a r l y i n r e l a t i o n to 
changing environmental c o n d i t i o n s . I t i s of p a r t i c u l a r i n t e r e s t 
to see that 18 i n d i v i d u a l s of Dact.ylorch.is sambucina. were s t i l l 
s u r v i v i n g i n 1971 out of the o r i g i n a l 1942 population of 52, and 
that some of these are s t i l l flowering, d e s p i t e a general 
reduction i n . f l o w e r i n g percentage of i n d i v i d u a l s i n the p l o t ; 
and 15 i n d i v i d u a l s of L i s t e r a ovata out of a 1944 population of 
22 were s u r v i v i n g , with a very high percentage s t i l l f lowering. 
I t i s l i k e l y , t h e r e f o r e , that i n d i v i d u a l s of these 2 s p e c i e s of 
orchid may a t t a i n ages of w e l l over 30 ye a r s , and, under 
reasonably favourable conditions, produce flowers r e g u l a r l y . 
I t i s i n t e r e s t i n g t h at i n t h i s study, and Tamin's study on 
Primula v e r i s (1972a) there are the e f f e c t s of s i g n i f i c a n t l o c a l 
and general environmental changes (with the p o s s i b l e exception 
of P. v e r i s s i t e I I I ) superimposed on the inherent m o r t a l i t y and 
recruitment p a t t e r n s of the s p e c i e s which have a f f e c t e d the 
observed dynamic p a t t e r n s . Because s p e c i e s i n more s t a b l e 
s i t u a t i o n s f r equently show such s t r i k i n g l y s t a b l e r a t e s of 
m o r t a l i t y (e.g. Tamm 1956; Sagar 1959; Sarulchan and Harper 1973). 
not only independent of the age of the plant but a l s o of the 
d i f f e r e n t annual weather conditions, i t seems that the s u r v i v a l 
of e s t a b l i s h e d i n d i v i d u a l s i s much more a f f e c t e d by p a r t i c u l a r 
l o c a l conditions such as grazing, mowing, drainage, shading, etc., 
than by the weather i n d i f f e r e n t years, expect perhaps where 
extreme weather i s encountered. 

V/hilst Tamn's s t u d i e s provided considerable information on 

the aspects described above, there were l e s s data on the 

d e t a i l e d processes of seed production and establishment, c l o n a l 

growth, and seasonal changes i n m o r t a l i t y and recruitment r a t e s . 

http://Dact.ylorch.is
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Records were only taken once per year, so that some of the 

s h o r t e r - l i v e d phenomena were i n e v i t a b l y missed. I n a s h o r t e r , 

but more d e t a i l e d study, Sagar (1959, from Harper 1967; Sagar 

and Harper, 1960; Sagar 1970) observed populations of Plantago r-op. 

i n h eavily-grazed g r a s s l a n d over a 2 year period. From frequent 

observations of he w l y - r e c r u i t e d seedlings of P. l a n c e o l a t a , he 

was able to show that 2/3rds of the seedlings r e c r u i t e d during 

the 2-year period died before they were 12 months old, i n c o n t r a s t 

to the c a l c u l a t e d h a l f - l i f e of the o r i g i n a l mature p l a n t s of 

c. 3.2 y e a r s . D e t a i l e d s t u d i e s of the e a r l y m o r t a l i t y of 

s e e d l i n g s are r a r e , and s t u d i e s that attempt to show pre-eraergence 

l o s s e s are even r a r e r . "Germination" i s g e n e r a l l y recorded as 

having occurred when cotyledons are v i s i b l e above ground, but as 

Harper (1977) points out, i n r e a l i t y t h i s excludes information 

on m o r t a l i t y of seeds t h a t germinate, but do not emerge. Other 

l o s s e s are s u s t a i n e d at the pre-germination stage by predation, 

damage, pathogen a t t a c k , l o s s of v i a b i l i t y , e t c . Studies that 

analyse the f a t e of seeds are a l s o r a r e , arid the d i f f i c u l t i e s 

are obvious, although many records emphasise the extremely low 

percentage of seeds that s u r v i v e to produce new a d u l t s (e.g. 

Darwin, 1962; S a l i s b u r y 1942, Sagar 1970). Donald (1959) 

followed the fate of n a t u r a l l y sown seeds of r.'rifoliurri 

subterraneuc and found that 92.1?s of seedlings appeared i n the 

f i r s t year a f t e r sowing, 6.3'A i n the second year, and 1.0, 0.52 

and 0.07,^ i n the t h i r d , fourth and f i f t h y ears r e s p e c t i v e l y . 

Presumably, therefore, i f t h i s was a normal year, then the 

s e e d l i n g s appearing i n any one year are from seeds produced 

over s e v e r a l y e a r s . Naylor (1972) used an elegant "mark and 

recapture" technique on populations of Blackgrass (Alonecurus 

myosuroides). He added f l u o r e s c e n t paint-marked seeds to p l o t s 
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to the l e v e l of 10jS of the estimated n a t u r a l seed r a i n over 

3 periods, and was able to observe the percentage of germinating 

seeds r e s u l t i n g from the marked seeds. He c a l c u l a t e d that 

approximately 2/3rds (62-71>-«) of the seedlings emerging were 

from seeds l e s s than one year old, and that seeds sown at 

d i f f e r e n t times did not make s i g n i f i c a n t l y d i f f e r e n t c o n t r i ­

butions to the f o l l o w i n g year's population. However, i t i s more 

or l e s s c e r t a i n that other s p e c i e s i n other h a b i t a t s w i l l have 

quite d i f f e r e n t p a t t e r n s of m o r t a l i t y and- germination' time-'in 

seeds, and few g e n e r a l i s a t i o n s r e l e v a n t here can be made from 

these i s o l a t e d s t u d i e s . 

Once a s e e d l i n g has emerged, i t nsay be recorded by the 

normal methods. The d e t a i l e d m o r t a l i t y patterns of these e a r l i e s t 

stages of the growing plan t have been recorded .in most d e t a i l f o r 

annual p l a n t s where germination and s e e d l i n g establishment play 

a r e l a t i v e l y g r e a t e r part i n the l i f e - c y c l e s . S h a r i t z (1970) 

and S h a r i t s and McCorniclc (1973) present detailed, f i g u r e s f o r 

2 winter annuals, H i n u a r t i a u n i f l o r a ac:l Scdxirn s m a l l i i . I n 

Minuartia u n i f l o r a , they show t h a t , f o r every 1000 seeds, 210 

remain a v a i l a b l e f o r germination and that 64 of these germinate 

(30>o), and 11 (1756) become e s t a b l i s h e d . I n Sedum s m a l l i i , 840 

seeds re:.iain a v a i l a b l e , 210 germinate {25/-), and 33 become 

e s t a b l i s h e d (lS'/=). The d i f f e r e n c e s i n seed s u r v i v a l are largely-

accounted f o r by d i f f e r e n c e s i n the methods of r e l e a s e of the 

seed, but i n both p l a n t s a considerable l o s s r a t e i s shown a t , 

or soon a f t e r , seed germination. I n a study of the winter annual 

C e r a s t i u n a t r o v i r e n s on sand dunes, Mack (1976) i n c o n t r a s t 

found that there was minimal m o r t a l i t y amongst newly-germinated 

s e e d l i n g s , perhaps because of the more s t a b l e , l e s s harsh 

conditions of t h i s study. The s u r v i v o r s h i p curve of a large 
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cohort of s e e d l i n g s (6504) was sha r p l y n e g a t i v e l y skewed, 

s i m i l a r to that found by Beatley (1967) f o r various winter 

annuals i n the Mojave d e s e r t . 

I n V u l p i a membranacea, each p l a n t was shown by Watkinson 

(1975) to produce only 1.7 mature seeds on average, of which 9C7S 

germinated, and 69% of the s e e d l i n g s s u r v i v e d to flowering. 

C l e a r l y , the phase from seed production to s e e d l i n g 

establishment i s a very c r i t i c a l phase i n the l i f e - c y c l e of 

p l a n t s t hat reproduce by seed, and there are many d i f f e r e n t 

p atterns shown i n the s u r v i v o r s h i p of these stages. These 

d i f f e r e n c e s f r e q u e n t l y r e f l e c t the reproductive s t r a t e g y of the 

p l a n t ; f o r example, a p l a n t may produce many small seeds of 

which a minute percentage s u r v i v e to each s u c c e s s i v e stage 

(e.g. o r c h i d s ) , or fewer l a r g e r seeds from which a higher 

proportion s u r v i v e (e.g. V u l p i a membranacea). S i m i l a r l y , the 

environment of a p a r t i c u l a r s p e c i e s i s l i k e l y to a f f e c t i t s 

p a t t e r n of seed and s e e d l i n g m o r t a l i t y . 

Although, i n general, the g r e a t e s t percentage l o s s e s of 

p o t e n t i a l new p l a n t s occur i n the seed and s e e d l i n g stages, i t 

i s of p a r t i c u l a r i n t e r e s t to follow the f a t e of e s t a b l i s h e d 

s e e d l i n g s on to reproductive maturity. I n p e r e n n i a l s , the 

s i t u a t i o n nay be quite complex i n t h a t , of those i n d i v i d u a l s 

that become apparently mat\ire, many do not flower at f i r s t , 

some may flower and then die, and a s u r p r i s i n g number p e r s i s t 

f o r many years, e v e n t u a l l y dying without flowering (see Chanters 

4-7). At the same time, a s e r i e s of generations are overlapping. 

As longer-term information on these aspects of the populations 

of p l a n t s i s c o l l e c t e d , i t becomes p o s s i b l e to work out the 

o v e r a l l f l u x and l o n g e v i t y of i n d i v i d u a l s and populations, and 

- i n conjunction with information on fecundity - to gain a 
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p i c t u r e of the p l a n t ' s reproductive s t r a t e g y . Tamrn's s t u d i e s 

(Tamra 1948, 1956, 1972 and 1972a) provided the information that, 

w h i l s t p e r e n n i a l herbs way be very l o n g - l i v e d , there i s a 

s u r p r i s i n g turnover continuing i n the population. A d d i t i o n a l l y , 

he revealed the v a r i a b l e and i r r e g u l a r timing of f l o w e r i n g shown 

by i n d i v i d u a l p l a n t s . The number of times that a p e r e n n i a l , 

seed-producing plant flowers i n i t s l i f e i s c l e a r l y of great 

importance f o r that p l a n t ' s s u r v i v a l . 

I n most s t u d i e s of p e r e n n i a l , p o l y c a r p i c herbs, i t has 

been shown that the r a t e of m o r t a l i t y of non-seedling p l a n t s i s 

v i r t u a l l y independent of age (e.g. Tarrnn 1948, 1972, 1972a; 

Sarukhan and Harper, 1973; Antonovics, 1972; F o s t e r 1964). I n 

other words, once a plant has reached a c e r t a i n s t a t e , u s u a l l y 

a t t a i n e d during i t s f i r s t year of l i f e , i t s l i k e l i h o o d of death 

seems to be determined by chance,, and i t i s as l i k e l y to die at 

2 years old as 10 y e a r s old. This observation, which s e t s p l a n t s 

aside from most animal populations, l e d Harper to present data on 

the s u r v i v o r s h i p of i n d i v i d u a l s as s e n i - l o g a r i t h m i c decay curves, 

l i k e n e d to r a d i o a c t i v e decay, (Harper, 1967). The p a r t i c u l a r 

exceptions to t h i s study are a number of grass s p e c i e s , which i t 

i s of i n t e r e s t to consider here, although they are not d i r e c t l y 

r e l e v a n t to t h i s study, './illians (1970) followed the s u r v i v o r ­

ship of cohorts of s e e d l i n g s of Danthonia c a e s p i t o s a and C h i o r i s 

a c i c u l a r i s i n d i f f e r e n t years. He found 1.that the s u r v i v o r s h i p 

curves r a r e l y followed the Deevey (1947) Type I I negative 

exponential curve, but were most commonly of the n e g a t i v e l y -

skewed Type I I I curve; and 2.that s u r v i v o r s h i p r a t e s v a r i e d i n 

d i f f e r e n t cohorts. This second f e a t u r e i s a l s o shown by 

Anthoxanthum odoratum (Antonovics, 1972), and presumably somehow 

r e l a t e s to the way a given climate a c t s on d i f f e r e n t - a g e d p l a n t s , 
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e.g. a dry summer period may increase m o r t a l i t y amongst 0-1 year 

olds, but not amongst 1-2 year olds to such an extent. 

Ganfield (1957) showed that s e v e r a l species of grass on range-

land i n Arizona exhibited positively-skewed s u r v i v o r s h i p curves 

(Deevey Type I ) , with the lowest r i s k of death i n middle age. 

These are the only published examples of such m o r t a l i t y patterns 

i n perennial p l a n t s r although thev are common i n the animal 
t h i s m o rtality pattern 

world ( i n c l u d i n g humans J, and^may somehow r e l a t e to the 
i n c r e a s i n g l y dense tussock habit of the grasses. 

The r e s u l t s of t h i s study tend to f i t the general pattern 

of age-independent mortality, with the possible exception of 

V i o l a r u p e s t r i s (see s e c t i o n s 6.4 and 9 ) , although i t may not be 

a p p l i c a b l e i f seedlings under one year old are included. I t i s 

i n t e r e s t i n g that no apparent change i n the rate of mortality as 

i n d i v i d u a l s approach or reach reproductive maturity i s generally 

noted, although i n s p e c t i o n of mixed-age population depletion 

curves only would obscure any such pattern. 

Although the analogy of using exponential decay rate as 

a parameter of plant age cohorts should not be taken too f a r i n 

view of the many and v a r i e d pressures that e x i s t throughout a 

plant's l i f e , i t has proved to be of great value for comparing 

d i f f e r e n t s p e c i e s , or f o r comparing the same species i n d i f f e r e n t 

conditions or areas, and i t remains as one of the most i n t e r e s t i n g 

d i s c o v e r i e s and tenets of plant population dynamics. I t i s of 

considerable i n t e r e s t that, i n those few occasions where the 

m o r t a l i t y of one s p e c i e s has been studied at widely d i f f e r e n t 

l o c a l i t i e s , the h a l f - l i v e s have been of the same order. 3.g. 

Ranunculus a c r i s has been studied i n r i v e r meadows i n the U.S.3.R. 
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by Rabotnov (1958) with data r e c a l c u l a t e d by Sarukhan and 

Harper (1973)» by L i n k o l a (1935) i n a F i n n i s h meadow usi n g age-

s t r u c t u r e data, and by Sarukhan and Harper (1973) i n some d e t a i l 

i n Welsh meadows. The c a l c u l a t e d h a l f - l i v e s were 99 weeks for 

the Russian population, 65-100 weeks f o r the F i n n i s h population 

(assuming more or l e s s constant m o r t a l i t y , as discussed e a r l i e r ) , 

and 102 and 196 weeks f o r the.Welsh populations. Thus, the 

d i f f e r e n c e s are not l a r g e , despite the considerable c l i m a t i c 

d i f f e r e n c e s between the areas, and may i n d i c a t e that c l i m a t i c 

d i f f e r e n c e s are not of great importance i n determining the l i f e 

span of p l a n t s - of c e r t a i n s p e c i e s , a t l e a s t - with the p o s s i b l e 

exception of p l a n t s growing at the edge of t h e i r range. 

Within a given year, there may often be a d e f i n i t e 

seasonal e f f e c t observed on the m o r t a l i t y p a t t e r n s . T h i s has 

been reported, f o r ins t a n c e , by Sagar (1959), re-presented by 

Sarukhan and Harper (1973) f o r populations of Plantaao l a n c e o l a t a . 

by Sarukhan and Harper (1973) f o r three s p e c i e s of Ranunculus, 

f o r An t h o xan t hum od o r a t urn by Antonovico (1972), f o r Planta.ro 

r u g e l i i and P. ma.jor by Hawthorn and Cavers (1976) and f o r 

Carex r o s t r a t a by Bernard (1976) amongst others. I n most cases, 

the highest m o r t a l i t i e s were observed during the e a r l y summer 

months, except i n the case of Pl^nta-ro ^a;jor in. Canada, v.'hore 

m o r t a l i t y peaked i n l a t e summer (Hawthorn and Cavers, 1976). 

T h i s seasonal m o r t a l i t y i s a s c r i b e d to the a d d i t i o n a l demands 

made on the pl a n t ' s resources, a t the period of maximum growth, 

and competition with other p l a n t s , and may a l s o depend on the 

demands made by preparing f o r reproduction, and by incre a s e d 

m o r t a l i t y f o l l o w i n g reproduction. A l l of these p l a n t s are 

r e l a t i v e l y s h o r t - l i v e d , and the seasonal v a r i a t i o n may be l e s s 

c l e a r i n l o n g e r - l i v e d repeating f l o w e r e r s . 
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The number of s t u d i e s that have now been made on 

pe r e n n i a l herbs serve to i l l u s t r a t e the d i f f e r e n c e s i n l i f e -

c y c l e s and s t r a t e g i e s that e x i s t between s p e c i e s , even between 

c l o s e l y - r e l a t e d s p e c i e s and ones i n very s i m i l a r h a b i t a t s . 

Gadgil and Bossert (1970) d i s t i n g u i s h two very d i f f e r e n t 

s t r a t e g i e s : the repeating producers, and the "big-bang" producers. 

C l e a r l y , though, the d i f f e r e n c e s may be considerably more sub t l e , 

and i t i s the study of environmental f a c t o r s and how they operate 

a t d i f f e r e n t stages of l i f e - c y c l e s t h a t i s one of the most 

f a s c i n a t i n g f e a t u r e s of plant population s t u d i e s . 

Sagar's s t u d i e s on three Plantago s p e c i e s i n permanent 

grasslan d under 3 management regimes (Sagar 1959) revealed how 

d i f f e r e n c e s i n management may a f f e c t the s u r v i v a l of d i f f e r e n t , 

though r e l a t e d , s p e c i e s , and how these changes i n s t a t u s may be 

brought about. He showed, f o r example, that P. l a n c e o l a t a and 

P. media decl i n e d i n an area grazed 3 out of 4 ye a r s , with hay 

cut i n the fourth year, probably because of an i n a b i l i t y to 

e s t a b l i s h from seed, coupled with a short average l i f e . P. ma.lor 

was common i n an area that was cut with a scythe and p e r i o d i c a l l y 

flooded, but i t was eliminated from the grasslan d when c u t t i n g 

was stopped. A major flo o d i n g eliminated P. l a n c e o l a t a from the 

area, and caused the subsequent establishment of l a r g e numbers 

of P. ma.jor s e e d l i n g s . T h i s type of study, outlined above, begins 

to give an i n s i g h t i n t o why p l a n t s grow-where they- do. I n 

another study, Harper and Sagar (1953) were able to show that the 

3 s p e c i e s of Ranunculus. R. a c r i s . R. bulbosus and R. repena 

were d i s t r i b u t e d i n a p a r t i c u l a r way, apparently depending on 

t h e i r a b i l i t y to e s t a b l i s h seed i n c e r t a i n conditions, and t h e i r 

c l o n a l growth c a p a c i t i e s . On old ridge and furrow grassland, 

they found that R. re^ens was confined to the damp bottom of t'r.e 
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furrow, R. a c r i s occupied an intermediate p o s i t i o n , and 

R. bulbosus occupied the d r i e r top3 of the furrows. They 

showed that the seeds of each were best able to e s t a b l i s h i n 

the c o n d i t i o n s . i n which the a d u l t s were growing. 

The d i f f i c u l t i e s of seed establishment i n closed g r a s s l a n d 

or other vegetation are well-known (e.g.-Cavers and Harper, 1967; 

Miles, 1972; Suminerfield, 1973; Grubb, 1977), and very r e l e v a n t 

to the present study, where most of the s i t e s are l o c a t e d i n 

closed g rassland, and many of the spec i e s are of l i m i t e d d i s t r i ­

bution i n B r i t a i n . The r e l a t i o n s h i p between present day d i s t r i ­

bution and abundance of a s p e c i e s , and s e e d l i n g establishment i s 

a f a s c i n a t i n g but vexed question. As Harper (1977) points out, 

by the time a plant i s e s t a b l i s h e d , the p e c u l i a r i t i e s of the 

m i c r o s i t e around the developing s e e d l i n g (and p o s s i b l y the whole 

s i t e ) have long s i n c e a l t e r e d . Studies of the present day 

requirements of a s p e c i e s , coupled with knowledge of i t s s p a t i a l 

d i s t r i b u t i o n , and information on i t s l i f e - c y c l e may be able to 

provide evidence of why the s p e c i e s i s e s t a b l i s h e d , but h i s t o r i c a l 

factox-s must a l s o be taken i n t o account. P l a n t s i n general, and 

the. p l a n t s i n t h i s p a r t i c u l a r study, produce f a r more v i a b l e seed 

than i s necessary to maintain t h e i r populations, f o r which only 

one new plant per adult i s req u i r e d . The gr e a t e r bulk of t h i s 

seed probably ends up i n areas apparently s u i t a b l e f o r i t s 

germination and s u r v i v a l , yet only a very small proportion s u r v i v e . 

I t i s c l e a r that changes i n the environment may have con­

s i d e r a b l e e f f e c t s on the l i f e - c y c l e , m o r t a l i t y , establishment and 

consequent d i s t r i b u t i o n of s p e c i e s . Tamin (1972) a t t r i b u t e d 

changes i n the m o r t a l i t y r a t e of various orchids i n meadowland 

to changing a g r i c u l t u r a l p r a c t i c e s , whereas i n an e a r l i e r study 

(Tamm, 1956) he found that a d e c l i n i n g population c f 
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Centaxtrea .jacca maintained a constant m o r t a l i t y r a t e , but showed 
considerably reduced flowering, with no new pl a n t s being produced, 
flabo.tnov (1960) showed that T r i f o l i u m repens may have a completely 
d i f f e r e n t l i f e - c y c l e under d i f f e r e n t environmental conditions. 
I n a comparison of populations of t h i s s p e c i e s i n both subalpine 
meadows and low-lying r i v e r meadows, he found that the p l a n t s i n 
sub-alpine meadows were p o l y c a r p i c , flowering e i t h e r every year 
or every 2 or 3 y e a r s , that they did not flower u n t i l they were 
5 to 10 years old, and that some i n d i v i d u a l s reached 20 years o l d . 
I n the l o w e r - l y i n g meadows, i n c o n t r a s t , the p l a n t s u s u a l l y 
flowered once and died, w i t h i n 2 years from germination, and 
consequently there was a much g r e a t e r population f l u x . Presumably, 
t h i s r e l a t e s to the slower growth of i n d i v i d t i a l s i n the higher 
meadows, with the long pre-reproductive phase and low fecundity 
compensated f o r by repeated-producing, although other f a c t o r s 
are, no doubt, operating. 

P i g o t t (1968, 1970) e l e g a n t l y c o r r e l a t e d the wider d i s t r i ­

bution of Girsiurn acaulon with c l i m a t i c f a c t o r s . He showed that 

a c e r t a i n l e v e l of summer warmth was necessary f o r the production 

of f e r t i l e seed, and that the e f f e c t of t h i s was r e i n f o r c e d by 

combination with fungal a t t a c k i n cooler a r e a s . Thus a t the 

edges of i t s range, Cirsiuiia acaulon i s able to produce f e r t i l e 

seed i n s u f f i c i e n t numbers to e s t a b l i s h new p l a n t s only i n 

ex c e p t i o n a l y e a r s . Although not s p e c i f i c a l l y observed, i t may 

be that longevity i s incre a s e d under more d i f f i c u l t c o n d i t i o n s , 

as i n the case of T r i f o l i u m repens. 

The present study has been l a r g e l y concerned with r a r e 

s p e c i e s , and a t t e n t i o n has been focussed on the way i n which 

s m a l l or very small populations maintain t h e i r numbers, i n one 

case i n the only 3 r i t i s h l o c a l i t y ( v i o l a r u o e s t r i s x r i v i n i a n a ) 
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and i n another case at the edge of the s p e c i e s range i n B r i t a i n 

( P o l y ^ a l a a m a r e l l a ) . This p a r t i c u l a r aspect of population 

dynamics has r e c e i v e d r e l a t i v e l y scant a t t e n t i o n , perhaps 

because r a r e s p e c i e s make d i f f i c u l t experimental s u b j e c t s . 

Wells (1967) observed a population of Spiranthes s p i r a l i s over 

a period of three y e a r s . He recorded much of i n t e r e s t on the 

general population dynamics of the orchid, but was unable to 

account f o r the population's d e c l i n e i n flowering performance 

and the f a c t o r s governing flowering, nor to p r e d i c t the optimum 

management f o r that p a r t i c u l a r s p e c i e s . Dring and F r o s t (1971) 

and Watt (1971) have considered environmental f a c t o r s i n r e l a t i o n 

to the management of r a r e s p e c i e s , although t h e i r work included 

l i t t l e on population dynamics. Bradshaw and Doody ( i n p r e s s ) 

have reviewed the l i t e r a t u r e on population dynamics s t u d i e s i n 

r e l a t i o n to r a r e p l a n t s , and shown the importance of such s t u d i e s 

i n formulating management plans f o r conservation of r a r e s p e c i e s , 

with p a r t i c u l a r r eference to Upper Teesdale. 

The present study seeks to understand the dynamics of the 

p l a n t s i n these populations of r a r e p l a n t s , to see how the 

populations are changing, to understand the weak points i n t h e i r 

l i f e - c y c l e , and to r e l a t e t h e i r performance to d i f f e r e n t 

environmental c o n d i t i o n s . 
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Chapter Two 

Upper Teesdale : The environment of the study 

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

Upper Teesdale i s well-known, i n many s c i e n t i f i c c i r c l e s , as a 

unique a r e a i n B r i t a i n . Some of the reasons underlying i t s unusual 

c h a r a c t e r are considered here i n r e l a t i o n to the work t h a t has been 

c a r r i e d out f o r t h i s t h e s i s , i n an attempt to e x p l a i n the e x c e p t i o n a l 

r i c h n e s s of i t s s c i e n t i f i c i n t e r e s t , and to i n d i c a t e the length of 

time that some of the s p e c i e s studied may have l i v e d i n t h e i r 

present h a b i t a t s . 

Upper Teesdale l i e s a t about l a t i t u d e 54°40'N on the eastern 

slope of the Pennines, around the headwaters of the Tees which flows 

eastwards from there to the North Sea. A l l the Teesdale s t u d i e s 

presented i n t h i s t h e s i s were made on Widdybank and Cronkley F e l l s 

(523M and 547M r e s p e c t i v e l y ) , some 15-20 Kms. from the source of the 

r i v e r . The extraordinary r i c h n e s s and v a r i e t y of the f l o r a has been 

known to b o t a n i s t s f o r a considerable period, although the d e t a i l e d 

knowledge of s p e c i e s has been added to more or l e s s continuously 

(e.g. Bradshaw and Jones, 1976), and new s p e c i e s are s t i l l being 

discovered, (e.g. B e t u l a nana (Hutchinson, 1966) - although as 

Bradshaw (1970) points out, t h i s i s most probably a r e d i s c o v e r y of 

a very old record; Carex a q u a t i l i s . discovered i n 1968 (Proctor, 1972) 

at a s i t e where i t was soon flooded by the r i s i n g r e s e r v o i r , but 

rediscovered a few years l a t e r a t a s i t e lower down the r i v e r 

(Holmes, 1976); or Grimmia a . q a s s i z i i (Holmes 1976a), an extremely 

r a r e a q u a t i c bryophyte i n i t s only known E n g l i s h l o c a l i t i e s ) . 

John Ray f i r s t recorded P o t e n t i l l a f r u t i c o s a from near High Force 

i n 1713 (Ray, 1744), and during the nineteenth century Binks, 

Karriiiian, and l a t e r the Backhouses brought to l i g h t the extent 

and nature of the r i c h f l o r a (Bacichouse and Backhouse, 1843; 
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Backhouse, 1844). Baker and Tate (1868)- l i s t e d over 30 r a r e p l a n t s 
i n t h e i r F l o r a from an area of "something l i k e 4 square m i l e s " 
centred on Widdybank F e l l , and l a t e r P i g o t t (l9 rJ6) l i s t e d about 
140 p l a n t s with some degree of r a r i t y f o r the Upper Teesdale area, 
of which about h a l f were higher p l a n t s . Many of the r a r e s t p l a n t s 
are known only on the "sugar limestone" outcrops, whose i n t e r e s t 
was summarised by R a t c l i f f e (1977) thus: "The crumbling exposures 
of t h i s r a r e type of rock, with t h e i r close-grazed and open grassy 
swards, and extensive systems of open calcareous f l u s h e s and mires, 
have an extraordinary number and abundance of r a r e or l o c a l 
montane p l a n t s . 1 1 

2.2. The g e o l o g i c a l s e t t i n g . 

I t seems reasonably c e r t a i n that the underlying geology of Upper 

Teesdale i s one of the major f a c t o r s that has allowed the s u r v i v a l 

of so many rar e p l a n t s there (e.g. Johnson et a l , 1971), and 

therefore i t i s appropriate to consider t h i s i n reasonable d e t a i l 

as f a r as i t r e l a t e s to the areas of study. 

At the end of the Carboniferous period, the q u a r t z - d o l e r i t e 

Great Whin S i l l was intruded as hot magma i n t o the e x i s t i n g 

Carboniferous rocks, baking the sediments around i t . More or l e s s 

simultaneously, there began a period of hydrotherinal m i n e r a l i s a t i o n , 

which was to continue f o r so:r;e 100 n.y., ana which r e s u l t e d i n the 

deposition of z i n c , lead, f l u o r s p a r and barytes veins i n the area. 

The Whin S i l l came i n t o contact with v a r i o u s Carboniferous limestones 

which were thus baked f o r some d i s t a n c e from the point of contact. 

Generally, the limestones were r e c r y s t a l l i s e d to form marbles, as 

f a r as 25M from the point of contact, except f o r the darker 

pigmented limestones which did not r e c r y s t a l l i s e because of the 

higher proportions of carbonaceous^ matter supressing marmarization 

(Robinson, 1971). 
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The pure white Melmerby Scar limestone was r e c r y s t a l l i s e d 

to s a c c h a r o i d a l marble, where i t was w i t h i n 25M of the S i l l , and 

i t i s t h i s rock that i s f r e q u e n t l y and a p t l y r e f e r r e d to as 

"Sugar limestone", and which only occurs i n quantity on Cronkley 

and Widdybank F e l l s . The marble i s composed of rounded, l o o s e l y -

cemented g r a i n s of c a l c i t e v a r y i n g from 0.5mm average s i z e a t the 

point of contact to 0.05mm at 18M above i t . 

Since the e a r l y T e r t i a r y , there has been a long period of 

erosion, extending to the present day, which has removed o v e r l y i n g 

rocks and exposed the S i l l and i t s a s s o c i a t e d marbles. About 

1 m i l l i o n years ago, the Great I c e Age began, and t h i c k i c e sheets 

covered the region f o r an unknown period u n t i l about 10,000 years 

ago, when the climate warmed up and the i c e f i n a l l y r e t r e a t e d 

(Johnson, 1976). Some par t s of Widdybank and Cronkley F e l l s are 

now o v e r l a i n by d r i f t of v a r i a b l e t h i c k n e s s , and many areas are 

covered by up to 12 f e e t of p o s t - g l a c i a l peat (Johnson and Dunham, 

1963). The marble i s masked by the d r i f t i n some pla c e s , and by 

peat on the more impervious s o i l s . Weathering of the marble has 

taken place below the s u r f a c e , and the.coarse-grained marble 

nearest to the S i l l has broken up r e a d i l y , although the r a t e of the 

whole process depends on the speed and extent of ground-water 

movement. "ougar limestone" i s thus c h i e f l y a product of subsurface 

weathering of s a c c h a r o i d a l marble below a s o i l or peat mantle, 

exposed l a t e r by erosion of the s u r f a c e l a y e r s . T h i s r e s u l t a n t 

c a l c i t e sand i s extremely e a s i l y eroded wherever the p r o t e c t i v e 

mantle i s removed, and hence a c y c l e of subsurface weathering below 

t h i n s o i l , followed by erosion of the unstable c a l c i t e sand may 

have taken place i n these outcrops during much of the p o s t - g l a c i a l 

period, g i v i n g r i s e to a s u c c e s s i o n of open h a b i t a t s . I t i s 

u n l i k e l y , though, that c a l c i t e sand d e p o s i t s were present on these 
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outcrops during the f i r s t stages of p o s t - g l a c i a l plant c o l o n i s a t i o n , 

(Johnson et a l 1971). 

The s o i l s that have developed over the limestones are 

influenced by the degree of contact with the limestone, and they 

vary from peat or peaty gleyed podsols, through brown ea r t h s and 

brown calcareous s o i l s where the d r i f t was thinner, to rendzinas 

over l e s s than 30cms of d r i f t . The whole g e o l o g i c a l s e t t i n g and 

combination of s o i l s i s unique i n Great B r i t a i n , and i t i s t h i s 

inherent i n s t a b i l i t y and rapid drainage of the c a l c i t e sand s o i l s 

that has proved so important i n the s u r v i v a l and continuing presence 

of many of the r a r e p l a n t s , (Johnson et a l , 1971). 

2.3. C l i m a t i c f a c t o r s . 

Upper Teesdale l i e s almost at the centre of the narrowest part of 

B r i t a i n , and i t s climate r e f l e c t s t h i s unusual p o s i t i o n . IVlanley, 

(1936) provides records f o r the weather a t Moor House (561M), 9 Kms 

west of Widdybank F e l l , and points out t h a t the records correspond 

w e l l with f i g u r e s f o r sea l e v e l i n Southern I c e l a n d (where a number 

of the Teesdale s p e c i e s o c c u r ) . Doody (1975)» i n a comparison 

between Widdybank F e l l (where there i s now a Meteorological s t a t i o n ) 

and Moor House, over the period 1968-1972 shows that Widdybank F e l l 

was s l i g h t l y warmer and d r i e r than ^oor House over that period. 

Pigott (1973) points out that the d i f f e r e n c e between the two s t a t i o n s 

i s more or l e s s as expected f o r t h e i r d i f f e r e n c e s i n a l t i t u d e during 

the winter, but Widdybank i s warmer than expected during the summer. 

The general p a t t e r n i s one of cold, r a t h e r snowy w i n t e r s , very 

l a t e s p r i n g s , short cool summers, and cold autumns. The o v e r a l l 

annual p r e c i p i t a t i o n i s u s u a l l y 1500-l600mm (much lower than a t 

comparable a l t i t u d e s i n the Lake D i s t r i c t ) , with some of t h i s 

f a l l i n g as snow. Snow does not normally p e r s i s t on the lower F e l l s 

beyond A p r i l , although night temperatures can be very low at t h i s 
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time. Manley's d e s c r i p t i o n of the weather on Dun F e l l (848M) i s 

very apt, although more severe than i n our area: "We therefore 

form a conception of an e x c e s s i v e l y 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 winter with long periods of 

snow-cover, high humidity and extremely b i t t e r wind, a l t e r n a t i n g 

with b r i e f periods of r a i n and thaw. A p r i l has a mean temperature 

l i t t l e above f r e e z i n g point, and sunny days i n May are o f f s e t by c 

pol a r a i r , while the short and cloudy summer i s not quite warm 

enough f o r the growth of t r e e s " (Manley, 1945). The present t r e e 

l i n e i s estimated to be at about 600M, w e l l above the l e v e l of the 

tops of Cronkley and Widdybank F e l l s ( P i g o t t , 1978). Manley (1952) 

estimates the growing season at 450M i n Teesdale to be from 

A p r i l 18th to October 23rd, while a t 670M i t extends from May 4th 

to October 16th. On Widdybank or Gronkley F e l l i t would therefore 

extend from about A p r i l 24th to October 20th, although some 

annual v a r i a t i o n e x i s t s . 

T h i s general climate p a t t e r n i s not unique i n B r i t a i n , but 

i s thought to have had a considerable e f f e c t on the- s u r v i v a l of 

many of the r a r e p l a n t s i n combination w i t h other f e a t u r e s of the 

area. 

2.4 The h i s t o r y of the vegetation i n Teesdale, and the s u r v i v a l 

of the r a r i t i e s . 

F o r t y years ago, i t was g e n e r a l l y considered that the Teesdale 

assemblage of p l a n t s had survived through the l a s t ice-age on 

nunataics i n the area (e.g. V/ilmot, 1930; Blackburn, . 1931) • T h i s 

has s i n c e been shown to be u n l i k e l y by the widespread demonstration 

t h a t the l a t e - g l a c i a l and immediately p o s t - g l a c i a l vegetation of 

lowland England contained many p l a n t s now found i n the Teesdale 

assemblage (e.g. Blackburn, 1952; A l l i s o n , Godwin, and Warren, 1952 
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Godwin, 1975), and the r e a l i s a t i o n that the whole of the Teesdale 
area had been f u l l y glaciated (Johnson and Dunhain, 1963). Thus by-
f a r the most l i k e l y , and generally accepted, i n t e r p r e t a t i o n i s that 
the present day f l o r a of Upper Teesdale i s , i n most senses, a r e l i c t 
of the Late-Glacial f l o r a (Godwin, 1956). I t i s of p a r t i c u l a r 
i n t e r e s t , therefore, to consider how the f l o r a persisted to the 
present day. 

I t has been clearly demonstrated that trees grew i n Upper 
Teesdale i n the warmer post-glacial periods. Johnson and Dunham 
(1963) showed that birch, pine and hazel, i n p a r t i c u l a r , grew at 
Moor House, and Turner et a l * (1973) demonstrated the presence of a 
simil a r vegetation, with more pine, on Widdybank F e l l . Between 
6000 and 4000 B.C. the pine was gradually replaced by Oak and Alder 
as the dominant tree, and some forest cover persisted u n t i l the 
Iron Age, when increasing pressure from man, and changes i n the 
climate, caused the disappearance of the remaining trees over an 
uncertain period, and grazing and other factors have e f f e c t i v e l y 
prevented regeneration of the trees ever since, although i t i s 
i n t e r e s t i n g that Squires (unpublished, quoted by Turner, 1970) 
showed that the vegetation on Cronkley P e l l regenerated a f t e r an 
i n i t i a l clearance, and was only cleared again a f t e r a considerable 
time during which woodland was again dominant. 

Godwin (1949, 1956) and Pigott (1956) suggested, on 
t h e o r e t i c a l grounds, that the rare plants had managed to survive 
because the tree cover had never become f u l l y closed, and that some 
open habitats of varying size had always persisted. Confirmation 
of these theories came when the detailed studies of Squires, 
(1970; 1971) and Turner et a l , (1973) showed that even during the 
Forest Maximum (6000-3000 B.C.), herbaceous pollen was at a 
considerably higher l e v e l than i n lowland woodlands, and that out 
of the 16 rare plants from Pigott's (1956) l i s t of r a r i t i e s that 
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had s u f f i c i e n t l y diagnostic pollen, 11 had been shown to occur 
i n Teesdale during the post-glacial period including the Forest 
Maximum. The absence of the other species does not, of course, 
mean that they did not occur. As Turner (1978) points out "when 
one considers the i n f i n i t e s i m a l proportion of the t o t a l peat that' 
has been examined, one realizes that the chances of fi n d i n g the 
pollen of a l l the possible rare species were quite remote", and 
much must have depended on the abundance of the plant and i t s 
habitual method of p o l l i n a t i o n . 

I t i s now possible, therefore, to build up a reasonable 
picture of the way i n which some of the r a r i t i e s survived from 
the end of the. g l a c i a l period. As Johnson et a l (1971) showed, 
the extreme e r o d i b i l i t y and rapid drainage of the 'sugar limestone' 
s o i l s has always provided open habitats which were not e n t i r e l y 
suitable for tree growth. At the same time, various chemical factors 
i n the s o i l were probably operating to reduce plant growth. Jeffrey 
(1971) has shown that the main factor reducing the growth of grasses 
i n a kobresia-rich sward i n Upper Teesdale appears to be lack of 
phosphate. Levels of phosphate were not found to be extremely low -
comparable, f o r instance, to such s o i l s as occur i n dune slacks -
but addition of phosphate promoted a considerable growth of grasses. 
iTitrogen alone had no such e f f e c t . Tnus i t seems l i k e l y that some 
other factor, or factors, are operating to p.fiect the uptake of 
phosphate. He also showed that the levels of le ad were very high 
i n the s o i l , and he suggested that i t s presence might be af f e c t i n g 
the phosphate uptake. In separate experiments, he showed that lead 
did have a considerable e f f e c t , but that Barytes did not. Other 
heavy metals may occur, p a r t i c u l a r l y i n localised patches, and they 
may have an effect on the r e l a t i v e competitive a b i l i t y of d i f f e r e n t 
species. Further, Jeffrey and Pigott (1973) and Pigott (1973) 
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showed that the t h i n s o i l s l y i n g d i r e c t l y over sugar limestone 
supported very l i t t l e biomass even i n the absence of grazing, and 
even where there was adequate s o i l water. Welch and Rawes (1969) 
pointed out the very high rate of drainage and frequency of drying-
out i n these s o i l s , and, no doubt, t h i s has always been a further 
factor i n l i m i t i n g tree growth and other vigorous plants. 

I t i s clear that the present-day climate i s l i k e l y to affect 
the composition of the vegetation. I t may operate to reduce the 
growth of some of the more invasive species, but i t may also operate 
to affect the l i f e - c y c l e s and establishment of such species. 
Bellamy et al.(1969) i n a study of the pro d u c t i v i t y of some of the 
wetland Teesdale r a r i t i e s i n comparison with the productivity of 
various alpines and sub-arctic plants recorded by Bliss (1972), 
conclude that a productivity of 150 grns/M /annum i s a c r i t i c a l 
figure i n allowing the survival of rare plants, i n conjxmction with 
other factors. Because the climate was noticeably warmer during 
the Forest Maximum, i t seems l i k e l y though that other factors, such 
as those described above, must have been responsible f o r maintaining 
the populations of the rare plants at that time. Bellamy et a l . 
(1969) further suggest that "boundary i n s t a b i l i t y " on a small br 
large scale may account f o r the survival of many of the rare grass­
land species. These are zones ox vegetation i n s t a b i l i t y , rather 
than continuous t r a n s i t i o n , and they showed that many rare species 
occurred i n such zones, although at that time no complete picture 
of the vegetation of widdybank F e l l existed. Such boundary zones 
may consist of closed t u r f , but i t i s suggested that some 
environmental factor, - such as ground water - o s c i l l a t e s markedly 
i n the zone. They, suggest that the r e l a t i v e l y large areas of single 
vegetation units containing rare species may be accounted f o r by 
tne existence of large areas of boundary zones, possibly stabilised 
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by man's influence. 
I t i s probable that grazing has always been a factor 

promoting the survival of the rare plants i n some areas. During 
the Forest Maximum, i t i s known that bi3on and other large 
herbivores, whose grazing and other l i f e habits w i l l have acted 
to keep areas free of trees and possibly promote the erosion of 
so i l s i n small areas, were present. Since the forest clearance, 
grazing by wild and domesticated herbivores has prevented 
regeneration and maintained the closed t u r f . Turner et al-(1973) 
show that from about 1300-1100 b.c. at Weelhead, and 700-540 b.c. 
at Red Sike there has been grassland established.over the better-
drained limestone s o i l s , and as both Turner (1978) and Roberts 
(1978) point out, there has been very l i t t l e change, with the 
exception of those areas affected by mining, since then. So, 
grazed areas have probably always been present, and - f o r the l a s t 
2-3000 years - considerable areas of grassland have existed more or 
less constantly. Today, Widaybank Pel l i s grazed by a more or less 
constant flo c k of 400-450 sheep from March to November (Pindlay, pers. 
comm.), by a small number of horses since 1973> and by an increasing 
number of rabbits. Cronkley F e l l i s heavily grazed by rabbits, and 
even i n 1956, Pigott noted that the l e v e l of erosion seemed to be 
increasing. The effects of this grazing are manifold and d i f f i c u l t 
to quantify, although i t seems l i k e l y that a marked reduction i n 
overall grazing pressure on those Fells would lead to a reduction 
i n the number and variety of rare species (Doody, 1975). In contrast 
some species may have disappeared as the grassland spread (Turner, 
1978;, and the present study indicates that some species would be 
more successful i f given p a r t i a l protection from grazing. 
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2.5 Summary. 
I t i s probable that most of the species studied f o r t h i s thesis, 
as members of the "Teesdale-assemblage" have survived since the 
immediate post-glacial period i n or near t h e i r present habitat, 
f o r a v a r i e t y of reasons, p a r t i c u l a r l y associated with s o i l factors, 
grazing and climate. The grassland i n which so many of the species 
occur, including those presented here, has probably been i n 
existence f o r 2-3000 years i n more or less i t s present form. The 
population dynamics of species growing i n such a long-established 
habitat are of considerable i n t e r e s t . 
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Chapter Three 

Methods 

This study followed on from a study originated i n 1968. 
The sites used f o r recording, and the methods of recording of 
basic data were i d e n t i c a l . Sections 3.1 - 3.4 therefore follow 
Doody (1975) i n t h e i r description of s i t e selection, i n d i v i d u a l 
d e f i n i t i o n and data recording, other than where specific differences 
are noted. Sections 3.5 onwards are not related to previous work. 
3.1 Selection of sample areas. 
The study began i n 1968 when a Research Assistant, Miss M.E. Watson, 
investigated the selection of suitable study sites for work on the 
population dynamics of some of the rare species i n Upper Teesdale. 
Some sites were established i n 1968, the majority i n 1969, and a 
few more i n 1970. The sites were situated i n closely-grazed t u r f , 
or i n areas of eroding sugar limestone on Cronkley and Widdybank 
Fells. They were selected so that records f o r each species, where 
possible, could be kept at three d i f f e r e n t distances from the 
planned top water mark (TtfM) of the Cow Green Reservoir. These 
distances were A. w i t h i n 100 metres, B. 200-250 metres, 
approximately, and C. over 500 metres. 

The selection of areas for the location of quadrats was 
greatly f a c i l i t a t e d by maps showing the d i s t r i b u t i o n of rare species 
o'n the F e l l s , prepared by Dr. M.E. Bradshaw with the help o f i i x t r a -
Mural students. Many of the specie3 studied have very r e s t r i c t e d 
d i s t r i b u t i o n s , and the sites had to be selected accordingly. 

The sites were grouped into 10 major areas, 9 on Widdybank 
and one on Cronkley. Doody (1975) gives d e t a i l s of a l l the sites 
that were established. Essentially, sites 1, 2 and 3 f e l l into 
Group A (above), sites 4, 5, 6 and 7 f e l l , i n t o Group 3, and sites 
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8 (including 8Bj and 9 f e l l into group C. Species were not 
necessarily represented i n each s i t e or i n each grouping, depending 
on t h e i r d i s t r i b u t i o n . Details of the quadrats of the species 
studied are given i n chapters 4-7. 

Site 10, on Gronkley P e l l , was 
situated on sugar-limestone t u r f , and some quadrats lay inside 
o r i g i n a l l y rabbit-proof enclosures. From about 1972 onwards, rabbit 
grazing increased considerably w i t h i n these enclosures, and some of 
the observed data r e f l e c t s t h i s . 
3.2 Permanent quadrats and sample s i t e s . 
Permanent quadrats and sample si t e s were established once the broad 
areas f o r study had been decided. Permanent quadrats were set up 
to obtain the detailed demographic information that i s the basis of 
t h i s study. These quadrats were a l l 30cms wide, to f a c i l i t a t e 
recording without entering the quadrat, and to enable the use of a 
standard frame, but varied i n length from 1 to 5 metres, depending 
on the density of the plant under study, to ensure the presence of 
a reasonable-sized sample. These quadrats were marked with i n e r t 
nylon-coated corner pegs, sunk to ground l e v e l so that they were 
i n v i s i b l e . I t was essential f o r the purposes of the monitoring 
that the study i t s e l f had minimal effects, and therefore the sites 
had to be apparently i d e n t i c a l to the surrounding vegetation as f a r 
as sheep, humans, etc., were concerned. The plots were relocated 
using compass bearings from known landmarks, and eventually by 
memory, and the system worked well throughout, although one or more 
corner pegs gradually become buried. 

Much larger, permanently-marked sample sites were set up to 
provide l a r g er samples of flowers, f r u i t and seed f o r the species 
under study. These were situated as close to the comparable 
permanent plots as possible, i n s i m i l a r vegetation. Data from 
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these sample sites have only been used where stated, as results 
from them seemed very inconsistent, and d i f f i c u l t to relate to 
the behaviour of plants i n the permanent quadrats at times. Des­
cript i o n s of the sample sites are given under the species concerned. 

additional 
In spring 1973, 2 X permanent plots and a sample s i t e 

were established by the author at a s i t e at Cassop Vale, 
a few miles from Durham City to observe the behaviour of a lowland 
population of Primula farinosa and compare i t with the behaviour 
of the species on Widdybank F e l l . 
3.3* D e f i n i t i o n of individuals i n the population has necessarily 
followed those given by Doody (1975), and are explained f o r each 
species i n the appropriate chapter. Individuals of Primula farinosa 
were defined simply as plants arising from, seed, and t h i s d e f i n i t i o n 
worked well i n practice. 
3.4 Method of recording. 
A graduated metal frame, with a movable cross-piece was constructed 
to the same width as the permanent plots, i . e . 30cms. This frame 
was placed with 2, or 4 legs, over the marker posts covering the 
whole quadrat, or one metre of i t at a time. For the longer 
quadrats, a s t r i n g was li n e d up at each recording from end to end 
of the quadrat, and the frame was moved along t h i s , recording each 
metre consecutively. By placing the frame i n the same place on 
each v i s i t , a l l known plants could be located easily. Each plant 
of the species under study was o r i g i n a l l y located by paired co­
ordinates from the frame, and mapped onto graph paper at 1:10 scale. 

0. \xxq d/aft-pV*) -film This was sealed in^polythene^ and covered by a seni-matt^overlay 
Records of changes, additions, flowers, etc., were then made on to 
the overlay with reference to the chart below, using waterproof 
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Mars "lumochrom" pencils of a d i f f e r e n t colour f o r each v i s i t . ' ' 
Care was taken to mark the corners of the quadrats on the map so 
that any movement of the overlay could be adjusted f o r . This 
method was adopted so that f i e l d records could be made 
whatever the weather, and i t worked well despite the cold, wet and 
windy nature of the Teesdale climate. Records were made 

i n spring, summer, and autumn, with the exact timing 
depending on the observed behaviour of the species. The s i t u a t i o n at 
each autumn was then transferred to a new chart, and new overlays 
prepared f o r the following season. 

The fate of each plant could thus be followed over as long 
a period as required. The data f o r a l l plants was abstracted, with 
each plant i d e n t i f i e d by i t s exact coordinates, and a l l additions 
and m o r t a l i t i e s defined as appropriate. 

The sample sites were recorded for t o t a l number of plants 
of the species, percentage individuals flowering, and counts were 
made to assess the number of flowers, buds, f r u i t or seeds per 
flowering plant as appropriate. Fruits and seeds were collected 
elsewhere on the F e l l f o r experimental work. 
3.5 Data presentation and analysis. 
3.5.1 d e f i n i t i o n s . 
Depletion curve: the survival of a mixed-age population over a 

period of time (Harper, 1977). 
Survivorship curve: the survival of a single-age cohort over a 

period of time. 
Seedling: A seedling is counted as such u n t i l a f t e r 

i t s f i r s t winter. Thus, i t enters the adult population 
at 6-12 months old, depending on germination time. 
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Vegetative addition: non-seedling additions, defined for each 
species separately. 

Seasons: Winter: the 6 month period between about mid-October 
and mid-April. 

Spring: A p r i l to July. 
Summer: July to the Autumn recording (September/October). 
These are a r b i t r a r y divisions, but reasonably appropriate 

to the Teesdale climate. 
3.5-2. Problems and assumptions i n analysis. 

a. The general approach has been to look at each species i n two 
ways; i t s behaviour overall as represented by the samples taken 
( i . e . permanent plots) and i t s behaviour within each sample, or 
permanent p l o t . In much of the analysis, therefore, sample 
size, i . e . the figure f o r a single s i t e for a given year, i s 
vax-iable and often small, p a r t i c u l a r l y where i n d i v i d u a l cohorts 
or groups are being followed. Thus the variance for some of 
the samples may be great, ana d i f f i c u l t to i n t e r p r e t . 3omo 
"lumping" has been carried out, therefore, when appropriate, 
but generally the approach has indicated that there are con­
siderable differences between s i t e s , and they have been kept 
separate f o r analysis wherever possible. 

b. The commonest variable ox which the e f f e c t has been studied i s 
time, and time i s not random, oampl&s from a given year :-.:&.y 
be affected by the previous year i n two ways: they include 
the survivors from the previous year, and t h e i r behaviour i n 
a year may be affected by t h e i r behaviour i n the previous year. 
The samples therefore are not independent. I n general, the 
problem has been overcome by being ignored, but i t i s 
p a r t i c u l a r l y acute where attempts are made to correlate a 
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population variable with conditions i n a given year. 
Flowering, i n year a, f o r instance, may depend on the 
weather i n year a at flowering time, during the previous 
winter, i n year a-1, or even before th a t ; i t w i l l depend on 
the age structure of the population, which i t s e l f r e f l e c t s 
the conditions of the past few years; i t may depend on 
flowering i n year a-1, and other less obvious factors from 
previous years. The problems have been considered as they 
have arisen, but should be viewed i n the l i g h t of these factors 

. The samples ( i . e . s i tes) were o r i g i n a l l y selected subjectively 
(Doody, 1975; Bradshaw per.s. comm.), and although t h i s need 
not af f e c t the v a l i d i t y of the analyses per se, i t becomes 
impossible to generalise from these sites to- the s i t u a t i o n 
on the whole of Widdybank or Cronkley F e l l , p a r t i c u l a r l y with 
regard to population changes. The samples were to some extent 
selected for t h e i r o r i g i n a l high density of plants of the 
study species, compared to other areas where the species 
occurred, and t h e i r most l i k e l y short-term future i s therefore 
to decline, (although they need not do so), p a r t i c u l a r l y i n 
the case of shorter-lived species. Both Poly^ala amarella 
and Draba incana (recoraed but not presented i n this thesis; 
have declined-over the period, but th i s change has to be., 
related to changes i n adjacent areas before i t can be adequatel 
interpreted. 
I t has become apparent that the sites are not merely samples 
of a homogenous vegetation with species populations behaving 

* s i m i l a r l y w i t h i n them a l l - i n many cases, there i s a good 
deal of evidence that the population samples i n some sites 
behave quite d i f f e r e n t l y , consistently, to other sites i n one 
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or more parameters. 
d. I n general, because of the extreme r a r i t y of the species 

studied, and the location of the study area w i t h i n a National 
Nature Reserve, perturbation and experiment has not been 
appropriate, despite the l i k e l y benefits from such an approach 
i n some cases. 

e. Over the longest runs of data used, from 1968-1975i there 
have been changes i n observers. I t i s assumed throughout that 
a l l observed changes are r e a l changes and not facets of 
d i f f e r e n t recording techniques. Cross-checks and corrections 
have been made wherever l a t e r evidence i s inconsistent with 
e a r l i e r records. 

3«5^3 Age specific m o r t a l i t y . 
The survivorship of cohorts of known or unknown age was examined 
f o r evidence of age-specific mortality f o r each species. A decision 
on whether or not morta l i t y i s age-independent i s c r i t i c a l f o r the 
understanding of other observed mortality data. F i r s t , the data on 
the decline of a l l plants of known-age were pooled and compared for 
each age-class ^° investigate the mo r t a l i t y rates between age-
classes. I t i s obvious that tiiere were more data available 
on the j i o r t a l i t y rates of the youngest age-classes, with very l i t t l e 
data on the decline of the oldest age-classes, and estimates of 
t h e i r mortality rates was therefore less precise. Pooling of the 
data i n t h i s way was the best method of reducing the overlain effects 
of d i f f e r e n t annual conditions, but i t assumes that the sane pattern 
of age-dependence i s applying i n each of the s i t e s , (despite the 
observed differences i n mortality rates). This i s indicated i n the 
graphs of "Doody (1975) and has not been analysed further. The 
observed data on age class mortality was then compared with the 
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best estimate of negative exponential mor t a l i t y (age-independent 
mortality),using the f i r s t and l a s t figures f o r plant numbers and 
calculating the appropriate constant mortality rate,by a ?̂  test 
f o r goodness-of-fit. The age-specific m o r t a l i t y f o r each species 
was thus characterised, and i n most cases i t was found to approx­
imate to age-independent mort a l i t y (but see sections 6.4.1 and 4.4.) 
In a l l cases, the m o r t a l i t y was assumed to be s u f f i c i e n t l y close to 
age-independence for f u r t h e r deductions to be made, although the 
possible inaccuracies r e s u l t i n g from t h i s are discussed i n 6.4.1 
and Chapter 8. 

I f mortality i s age-independent, and follows a negative 
exponential pattern, i t may be characterised,, l i k e radioactive 
decay, by a h a l f - l i f e . This i s a measure of the time taken f o r 
ha l f of the population to disappear (excluding additions) and may 
be calculated using the formula:-

K = log l£o 
e Nt and 

h a l f - l i f e *V = l o g e 2 

where No i s the number of individuals at r i s k , i n the o r i g i n a l 
population. 

Nt is the number of individuals surviving a f t e r time t ( i n yrs. 
K i s a constant f o r that population. 

Half-lives were calculated i n t h i s way for mixed-age populations 
i n each plot and subsequent additions over the f i r s t 2-3 years, as 
a useful way of comparing d i f f e r e n t species or d i f f e r e n t environ­
mental conditions. A l l h a l f - l i v e s are calculated using the number 
of individuals remaining at Autumn 1S75, unless the cohort had 
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died out before t h i s . Where appropriate, h a l f - l i v e s were 
calculated fox" seedling and vegetative additions separately. 

Using the h a l f - l i f e of the mixed-age population, an estimate 
of the t o t a l turnover time of the population may be made, i.e . the 
time taken f o r a l l individuals recorded at a given time to disappear 
from the population. The "rule-of-thumb 1 1 used i s that of four 
times the h a l f - l i f e , and inspection of cohorts or populations that 
have died out indicates that t h i s estimate i s reasonable, or 
s l i g h t l y low. I t depends, to an extent, on the sample size and the 
accuracy of the assumption that m o r t a l i t y i s t o t a l l y age-independent. 
The " t o t a l turnover times" quoted are therefore useful comparative 
estimates, but hot accurate predictions. The i m p l i c i t assumption 
i s that they also give an in d i c a t i o n of the greatest age to which 
individuals can l i v e . 

L i f e expectancies at b i r t h have also been calculated f o r plants 
i n each quadrat, based on the ages at death of those plants that 
have died, together with the length of time l i v e d by those surviving. 
Because the estimates are made f o r groups of plants where a number 
are s t i l l surviving (rather than a cohort whose individuals have a l l 
died out) an assumption has to be made to the effect that the L i f e 
Expectancy of the individuals surviving i s equivalent to those that 
have died. In other words, i t assumes age-independent mo r t a l i t y , 
although small departures from t h i s pattern are un l i k e l y to make 
much difference to the calculated L i f e Expectancy i f several years' 
records are available. The equation f o r Le used was therefore: 

n x 

(adapted from Saruichan and Harper, 1973). 
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Where Le, the Li f e Expectancy, i s the sum of the number of 
individuals dying at age x m u l t i p l i e d by x, plus the number of 
individuals dying at age x', mu l t i p l i e d by x' up to age x n plus 
the t o t a l of the number of individuals surviving f o r y years 
mul t i p l i e d by y, up to y , divided by the number of individuals 
that die i n the period, n i . e . the individual-vears l i v e d 

x l * n 
by those that have died, plus the individual-years l i v e d by those 
that have survived, divided by the number dying. 

Estimates of h a l f - l i v e s , L i f e expectancies, and average 
lengths of l i f e (see section 3-5.4) d i f f e r , as expected, since 
they each measure s l i g h t l y d i f f e r e n t aspects of the plant's or the 
population's longevity. However, i n a few cases, one estimate of 
longevity (e.g. h a l f - l i f e ) w i l l indicate that plants i n a certain 
pl o t are longer-lived than those i n a second p l o t , whilst estimates 
of, f o r instance, L i f e expectancy may indicate the opposite. This 
may arise because each estimate i s based on the m o r t a l i t y of a 
d i f f e r e n t section of . the population. H a l f - l i v e s are, generally, 
based on the mortality of the o r i g i n a l mixed-age population; L i f e 
expectancies are based on the mortality of plants "born" during 
the study; and average length of l i f e i s based on the m o r t a l i t y of 
. a l l plants during the period of study, of known or unknown age 
(although excluding seedlings i n some cases). A l l either assume 
age-independent mortality, or are most accurate i f i t occurs. 
3.5-4 Annual mortality data. 

plants i n 
The apparent mortality of/a population may be affected by the way 

A and i n p a r t i c u l a r by 
i n which the data are presented,^ the time period considered, the 
inclusion or exclusion of seedlings, and the population that the 
number of deaths i s related to. In 
most cases, where appropriate, seedlings have been excluded from 
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overall ana annual mortality calculations u n t i l a f t e r t h e i r f i r s t 
winter. Although the study has run from Autumn to Autumn, i t has 
been considered advisable i n some cases to study mortality over 
the period Spring-Spring.; seedlings from the previous year "enter" 
the adult population i n spring and are therefore "at r i s k " f o r 
only 6 months i n t h e i r f i r s t year a3 adults i f Autumn-Autumn periods 
are considered, so that t h e i r m o r t a l i t y i s not s t r i c t l y comparable 
with that of the other adults. I f they are excluded u n t i l the 
following autumn, i t means that they are not considered f o r the 
f i r s t 15-13 months of t h e i r l i v e s , which i s a considerable part of 
the t o t a l life-span of many species. I t would be possible to 
include seedlings at t h e i r f i r s t autumn, and consider the period 
Autumn-Autumn, but t h i s may give ri s e to marked fluctuations i n 
mortality that are more a function of the number of seedlings than 
of any external influences. Where possible, the d e t a i l of early 
seedling mortality i s considered separately, and i f found to be 
comparable to that of adults (e.g. i n Polygala) they may be con­
sidered together. 3ecause data f o r mortality or survival are 
binomially d i s t r i b u t e d , very precise estimates of the variance f o r 
individual sites i n individual years may be calculated, using the 
formula: 

Ŝ  = p . q where p i s the proportional mo r t a l i t y 
n q is the survival ( l - p ) 

and n i s the t o t a l number of plants at 
r i s k (the sample size;. 

This variance becomes smaller with increasing sample size, and 
fo r reasonably large samples (say n > 100) the figure obtained 
fo r p or q i s considered to be very precise, as an estimate of 
the true P or Q. However, i t i s not appropriate to use t h i s formula . 
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as an estimate of variance of the mean of a number of s i t e s , or 
the mean of a number of years, as no account would be taken of 
i n t e r - s i t e or i n t e r - y e a r v a r i a t i o n . The saeans of a series of 
samples of binomial data u s u a l l y vary normally, and thus a simple 
variance f o r the mean may be cal c u l a t e d by the normal methods; 
but t h i s does not take i n t o account the inherent p r e c i s i o n of the 
binomial data, and normally gives very wide confidence l i m i t s 
which i t i s d i f f i c u l t t o draw conclusions from. 

Hence, i t was considered most appropriate t o analyse a l l the 
data together. A technique s i m i l a r to an a l y s i s of variance was ;. 
used, but the inherent p r e c i s i o n of each sample f i g u r e allowed a 

2 
7i to be calculated f o r each source of v a r i a t i o n , w i t h a corres­
pondingly more s e n s i t i v e d i s t i n c t i o n being made between s i t e s or 
between years. Further, the "Residual v a r i a t i o n " c a l c u l a t e d as i n 
an analysis of variance could be tr e a t e d as an estimate of the 
degree of i n t e r a c t i o n between s i t e s and years, and the p r o b a b i l i t y 
of the calculated degree of i n t e r a c t i o n o c c u r r i n g couid be estimate 
" I n t e r a c t i o n " between s i t e s and years i s caused by some s i t e s 
r e a c t i n g d i f f e r e n t l y t o other s i t e s i n a given year, not i n the 
degree of t h e i r r e a c t i o n but i n i t s d i r e c t i o n . I n other words 
1972 conditions might depress m o r t a l i t y i n 4 s i t e s but r a i s e i t 
i n 2; 1973 might then depress i t i n the 2 s i t e s where i t was raised 
i n 1972, and the other 4 s i t e s might be. r a i s e d . ITormally the • 
d i f f e r e n c e i s not .that c l e a r - c u t , but i f the degree of i n t e r a c t i o n 
i s high, i t serves as a reminder t h a t the s i t e s may respond to the 
same environmental conditions q u i t e d i f f e r e n t l y . This analysis 
reveals the presence or absence of s i g n i f i c a n t d i f f e r e n c e s between 
years, or between s i t e s , but i t does not i n d i c a t e the exact source 

Sue. over 



This #,a.s ca l c u l a t e d , a f t e r normal analysis of variance, using the 
f o ^ W i i i ^ equation, t a k i n g "Xears x b i t e s m o r t a l i t y analysis as an 

'.' X = Year aum of squares 
Pure e r r o r 

'where.':-the degrees of freedom =(No. of years - l j . X - values could he 
..calcAilated i n a s i m i l a r fashion f o r s i t e s , or s i t e s x years• This t e s t 
was used i n a s i m i l a r fashion to the Variance R a t i o i t e s t , where appropriate 
bu'ti - l t , i s more s e n s i t i v e . 
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of the v a r i a t i o n . The i n i t i a l analysis was ther e f o r e followed 
by p a r t i t i o n of the data and r e - a n a l y s i s , a f t e r i n s p e c t i o n to 
determine the l i k e l ^ ' ca\ises of the d i f f e r e n c e s . Thus the 
c o n t r i b u t i o n of any one year or any one s i t e could be determined, 
although t h i s was not necessarily c l e a r - c u t . P r o b a b i l i t i e s have 
been assigned t o p a r t i c u l a r years or s i t e s on the basis of t h e i r 
c o n t r i b u t i o n t o the o v e r a l l s i g n i f i c a n c e of the d i f f e r e n c e s i n the 
data. Unlike some methods of a n a l y s i s , t h i s p a r t i c u l a r method 
takes i n t o account the d i f f e r i n g sample sizes used which are so 
d i f f i c u l t t o avoid i n long-term population analyses. The comments 
about the inter-dependence of year samples made i n 3.5•2(b) must 
s t i l l apply, however. 

On the basis of the o v e r a l l average annual m o r t a l i t y of a l l 
p l a n t s , average lengths of l i f e f o r p l a n t s have been c a l c u l a t e d 
using the formula:-

Ave. l e n g t h of l i f e = 2-M where K = the p r o p o r t i o n a l annual 

3.5.5 Seasonal m o r t a l i t y data. 
Records of changes i n numbers were taken three times each year at 
comparable times, s o . i t i s possible to compare m o r t a l i t y r a tes 
over each of the three periods of the year. The winte r period i s 
6 months while the 2 summer periods are each 3 months. The 
m o r t a l i t y d u r i n g the winte r period i s adjusted t h e r e f o r e by using 
the formula 

Dunnet et a l (1963) 

m o r t a l i t y . 

©months ^months 
Comparisons "were then made by a]C t e s t on the m o r t a l i t y rates 
f o r each period. 

http://so.it
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3.5.6 Recruitment. 
Recruitment by seedlings or vegetative means has been t r e a t e d i n 
the 3ame way f o r the purposes of numerical a n a l y s i s . Recruitment 
i s quoted as a r a t e per p l a n t i n the pop u l a t i o n at a given time 
of the year, at the period when most recruitment takes place, e.g. 
Seedling recruitment f o r V i o l a r u p e s t r i s i s the number of seedlings 
per a d u l t i n the population at the spring record. 

Analysis of the recruitment data has been made using a two-
way analysis of variance, where Time i s the Treatment and s i t e s 
are the Blocks. This gave an i n d i c a t i o n of the l i k e l i h o o d of 
d i f f e r e n c e s being present between years or between s i t e s . R e c r u i t ­
ment data are not, of course, binomial and the i n i t i a l s i g n i f i c a n c e 
of the data was assessed using the normal variance r a t i o t e s t . 
Hence i f v a r i a t i o n between s i t e s and years i s too high, d i f f e r e n c e s 
w i l l not be d i s t i n g u i s h e d . I n d i v i d u a l d i f f e r e n c e s were assessed 
using a Least S i g n i f i c a n t Difference Test, or a Least S i g n i f i c a n t 
Ratio t e s t . 

I t i s not s t r i c t l y appropriate to compare any p a i r s of means 
using the LSD t e s t because the p r o b a b i l i t y of making a Type 1 
s t a t i s t i c a l e r r o r increases w i t h the number of means, and normally 
only the most widely d i f f e r e n t means were compared. Where approp­
r i a t e , seasonal d i f f e r e n c e s i n recruitment were analysed using 
a X ^ t e s t . 
3.5*7 Reproductive data. 
D i s t r i b u t i o n of ages at f i r s t f l o w e r i n g and comparable data were 
ca l c u l a t e d using only plants from the e a r l i e s t two years of the 
study, t o avoid bias towards the younger f l o w e r e r s , although the 
t o t a l sample was not very l a r g e . 
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Analysis of f l o w e r i n g percentage was made using standard 
analysis of variance techniques, except t h a t p r o p o r t i o n a l data 
were used, transformed according to J p or j p + 0.5 depending on 
the range of the f i g u r e s . Further analysis was c a r r i e d out as f o r 
recruitment data. 

Percentage f l o w e r i n g was simply the percentage of the t o t a l 
p l a n t s i n the population t h a t produced flowers of some s o r t , i n 
a given year. 

Numbers of buds, flowers and r i p e capsules produced were 
counted i n the permanent p l o t s . Samples (normally 30) of capsules 
or other f r u i t , as appropriate, were c o l l e c t e d from sample s i t e s 
and the average numbers of seeds per f r u i t c a l c u l a t e d . To obtain 
an estimate of the number of seeds produced per pl a n t i n the 
permanent p l o t , the observed number of capsules was m u l t i p l i e d by 
the average number of seeds per capsule c a l c u l a t e d from the nearest 
sample, and divi d e d i n t o the number of plants present ( u s u a l l y 
expressed as seeds per 100 p l a n t s ) . I t was assumed t h a t the number 
of seeds per capsule from the sample s i t e was equivalent t o t h a t i n 
the permanent p l o t ; i n general d i f f e r e n c e s between s i t e s were not 
la r g e , and the e r r o r i s l i k e l y t o be small. I t i s possible t h a t 
capsules matured and were broken o f f , e.g. by sheep, between v i s i t s , 
although the e r r o r x'rom t h i s source i s l i k e l y t o be s l i g h t . 
Frequent v i s i t s were aade during the f l o w e r i n g season., and regains . 
of n a t u r a l l y - d i s p e r s e d car^sules were v i s i b l e , ana an estimate of 
the s t a t e of a capsule t h a t had been removed could be made from 
i t s remaining s t a l k . 

n J P + 0.5 
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Chapter I''our 
Poly.ffala amarella 

4.1 I n t r o d u c t i o n . 
Poly,gala amarella (Fearn 1975/(formerly P. amara)* i s a small 
r o s u l a t e p e r e n n i a l , o c c u r r i n g i n only a few i s o l a t e d l o c a l i t i e s 
i n the B r i t i s h I s l e s . I t i s l i s t e d as a rare species w i t h i n the 
B r i t i s h I s l e s ( P e r r i n g and F a r r e l l , 1977), occurring i n only 13 
10 Km. squares, and i t 3 population i n Teesdale, one of i t s 4 
d i s j u n c t areas of d i s t r i b u t i o n , was estimated at c. 1500-2000 p l a n t s 
i n 1970 (Bradshaw and Doody, i n press). W i t h i n Teesdale, i t 
occurs on Cronkley F e l l as separate blue-flowered and pink-flowered 
populations, and on Widdybank F e l l as a population of e n t i r e l y 
blue-flowered p l a n t s , re-discovered i n 1957 (Fearn, 1971). Plants 
from each of the main areas of d i s t r i b u t i o n i n the B r i t i s h I s l e s 
show p e r s i s t e n t morphological d i f f e r e n c e s , suggesting a reasonably 
long period of i s o l a t i o n , although the v a r i a n t s are not considered 
t o warrant separate v a r i e t a l s t a t u s . The Teesdale p l a n t s show 
f l o r a l c h a r a c t e r i s t i c s most s i m i l a r t o those of Scandinavian 
m a t e r i a l (Fearn, 1971, 1975). 

For the purposes of t h i s study, the "x i n i t of reproduction" 
and the u n i t s of the populations were corasidered as s i n g l e 
i n d i v i d u a l s a r i s i n g from seed. Basal branching :cay occur, but 
these branches remain- c l e a r l y attached t o the main stem, and are 
t h e r e f o r e simply t r e a t e d as p a r t of the i n d i v i d u a l . Reproduction 
over the whole study period was e n t i r e l y from seed. P. amarella 
i s considered as one of the p l a n t s of the "Teesdale assemblage" 

* Fearn, 1971, showed t h a t the B r i t i s h populations of Poly,gala 
amara agreed c l o s e l y , on morphological grounds, w i t h 
P. araarella. and she changed the name accordingly. 
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of rare p l a n t s , and presumed to have survived i n the area since 
the end of the l a s t Ice Age, although there i s no s u b - f o s s i l 
evidence of t h i s species i n Post-Glacial deposits, (Fearn, 1975), 
possibly because i t s populations have always remained small. 

Today, the populations i n Teesdale are undoubtedly s u f f i c i e n t l y 
small t o be considered to be i n danger of e x t i n c t i o n , p a r t i c u l a r l y 
i n view of the f i n d i n g s of the present study, which, has shown t h a t , 
i n most years, more p l a n t s die than are r e c r u i t e d i n t o the 
population. 

4.2 The recording s i t e s . 
Five permanent quadrats were established as described i n 3.2., 
f o u r on Widdybank F e l l and one on Cronkley F e l l . Those on 
Widdybank contained only blue-flowered p l a n t s and t h a t on Cronkley 
contained only the g e n e t i c a l l y - d i f f e r e n t pink-flowered p l a n t s , 
although l i m i t e d records were made on the Cronkley blue-flowered 
population without permanent quadrats. The Widdybank quadrats 
were a l l established at about 200-250 metres from the top water 
mark ox the r e s e r v o i r , because of "che l o c a l i s e d d i s t r i b u t i o n of 
Poly^ala on t h i s F e l l . 

Quadrat 6;1 l a y on a west-facing slope i n sheep-grazed 
grassland, dominated l a r g e l y by Festuca ovina and S e s l e r i a , w i t h 
smaller amounts of Kobrenia s i r a n l i c i u s c u l a , Helianthemum 
chamaecistus, 3ri?,a media, and two species whose populations 
were recorded - V i o l a r i v i n i a n a and P o t e n t i l i a c r a n t s i i . 

7;1 was dominated by Festuca ovina and Se s l e r i a , but the 
sugar-limestone t u r f graded i n t o patchy Calluna. Kobresia 
s i m p l i c i u s c u l a was present i n reasonable q u a n t i t i e s , and 
Planta^o maritima, Antennaria d i o i c a , Gentiana verna and 3 r i z a 
media' were also present. lJoody (1975; shows a map of one metre 
of t h i s quadrat. 
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7 i 2 l a y q u i t e close t o 7:1, but d i f f e r e d i n the absence of 
Calluna and Kobreoia s i i n p i i c i u s c u l a and i n i t s closer p r o x i m i t y 
t o eroding exposed sugar limestone. I t was also recorded f o r 
Gentiana verna. "Draba stone" (Qu. 7:3 i n Doody, 1975; was 
unusual i n t h a t the Polygala p l a n t s were growing i n a loose moss/ 
l i c h e n l a y e r o v e r l a y i n g limestone rock. Much of the quadrat was 
bare rock, and those parts l y i n g t o e i t h e r side of the rock were 
l a r g e l y dominated by Calluna. Draba incana was also recorded, 
although the r e s u l t s are not presented here. 

Black Ark on Cronkley F e l l l a y i n a r a b b i t - and sheep-grazed 
grassland/dwarf shrub area. Festuca ovina and S e s l e r i a dominated 
parts of t h i s quadrat, although i n other partp Calluna and Empetrum 
nigrum were dominant. Parts had a close " t u r f " of l i c h e n s , 
e s p e c i a l l y Cladonia spp. 

Sample s i t e s Two sample s i t e s were set up on Widdybank F e l l , 
close to quadrats 7:1 and 7:2, and one on Cronkley F e l l immediately 
adjacent to the permanent quadrat, i n which pink-flowered plants 
were recorded. The population was considered to be too small to 
r i s k c o l l e c t i o n of f r u i t and seed samples. 
4.3 Population f l u x . 
The populations of Poly^ala amarella have been recorded since 
Autumn 1968. From the seven years of data a v a i l a b l e , a general 
p a t t e r n t h a t i s shown by the t o t a l population and a l l i n d i v i d u a l 
quadrats (except 6:1; i s tx"i.at of a general more or less -constant 
decline i n numbers since the peak of numbers i n Summer-Autumn 1969. 
This 1969 peak was considerably higher than the i n i t i a l 1968 l e v e l s , 
and o v e r a l l the t o t a l numbers of plants recorded was about the 
same i n 1975 as i n 1968 (See Figs. 4.1, 4.2 and 4.3)- The 
population sample of pink-flowered plants on Cronkley showed very 
s i m i l a r behaviour over the period. 
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Reference t o Table 4:1 reveals the mechanics of these 
changes. 1%9 was an e x c e p t i o n a l l y good year f o r seedling estab­
lishment, w i t h a t o t a l of 300 seedlings recorded i n quadrats 
d u r i n g the year. For comparison, i n the second best year (1970) 
only 113 seedlings were recorded. M o r t a l i t i e s were highest i n 
1969 and 1970, and the p a t t e r n since then has been a general excess 
of m o r t a l i t i e s over a d d i t i o n s , w i t h the consequent steady decline 
i n numbers. 

A longer period of recording i s r e q u i r e d before the f u l l 
mechanics of the changes i n numbers can be understood. I n a l l 
years except one, m o r t a l i t i e s have exceeded a d d i t i o n s . I f t h i s 
p a t t e r n i s reasonably t y p i c a l , and good seedling years do not 
occur very f r e q u e n t l y , then c l e a r l y the p o p u l a t i o n w i l l d e c l i n e . ' 
From the a v a i l a b l e evidence, i t would appear t h a t Poly^ala 
amarella needs a very good seedling year a t l e a s t once i n every 
6-7 years to maintain i t s populations, assuming t h a t i t s performance 
over the period 1968-1975 was reasonably t y p i c a l . 

The c a l c u l a t e d average l e n g t h of l i f e of Po l y g a l a amar e 13.a i n 
these s i t e s i s 3.65 years (see Table 4-5)» and the c a l c u l a t e d L i f e 
expectancy of i n d i v i d u a l s at b i r t h i s 4.47 years (see Table 4-4.). 
The population i s u n l i k e l y , t h e r e f o r e , t o p e r s i s t long without 
recruitment. 

Although there are considerable seasonal d i f f e r e n c e s i n 
numbers, these f o l l o w no p a r t i c u l a r p a t t e r n , such t h a t the lowest 
number of plants may be recorded i n any season. Over the 7 year 
period, a d d i t i o n s are s i g n i f i c a n t l y higher than average ( P < 0.001) 
per period of time, i n the summer (between the May and J u l y 
r e c o r d i n g s ) , and s i g n i f i c a n t l y lower ( P < 0 . 0 0 l ) i n the other 
periods. This agrees w i t h the general observation t h a t most 



Polygala amarella 
Table 4.1 . 

s leparate a d d i t i o n s and m o r t a l i t i e s i n a l l permanent ; p l o t s 

Season Seedling 
a d d i t i o n s 

M o r t a l i t i e s Change i n 
pop. nos. 

Pop. nos. 
i n c l . a l l 
seedlings 

Aut. 1968 221 
Spr. 1969 9 37 -28 195 
Sum. it 240 53 +187 580 
Aut. it 51 28 +23 405 
Spr. 1970 26 86 -60 545 
Sura. H 78 37 +41 384 
Aut. ii 9 20 -11 373 
Spr. 1971 26 40 -14 359 
Sum. 25 12 +13 372 
Aut. I I 6 26 -20 352 
Spr. 1972 50 68 -18 354 
Sum. I I 22 18 +4 538 
Aut. it 5 27 -22 316 
Spr. 1973 6 42 -56 280 
Sum. H 6 0 +6 286 
Aut. I I 24 4 +20 306 
Spr. 1974 18 61 -45 263 
Sum. H 9 Q 0 265 
Aut. 0 0 0 263 .. 
Spr. 1975 22 48 -26 237 
Sum. I I 4 6 -2 235 
Aut. 7 5 +2 237 



- 46 -

seedlings appear i n "the e a r l y summer. M o r t a l i t i e s are 
s i g n i f i c a n t l y higher than average (P<0.001) per month during 
the w i n t e r period (October-May), and s i g n i f i c a n t l y lower than 
average (P<0.001) i n the l a t e summer-autumn period ( J u l y -
September/October) . Although m o r t a l i t i e s i n summer (May-July) 
tend t o be lower than average ( i n 5 out of 7 years) the d i f f e r e n c e 
i s not s i g n i f i c a n t . This contrasts w i t h the f i n d i n g s of Doody 
(1975) t h a t p l a n t s were more l i k e l y t o die i n the summer period 
(6 months), although i t i s noticeable t h a t t h i s d i s t i n c t i o n was 
not present towards the end of h i s recording period, 1968-1972. 
4.4 M o r t a l i t y rates and L i f e expectancies. 

I n general, about 1/3 t o 1/4 of the p l a n t s of Polygala i n the 
permanent p l o t s died each year. Considerable v a r i a t i o n existed 
between s i t e s and between years, and d i f f e r e n t analyses of the 
data could exaggerate or lessen these d i f f e r e n c e s . 
4.4.1 Age s p e c i f i c m o r t a l i t y . 

Table 4.2 d i r e c t l y compares the s u r v i v a l of equivalent age classes 
i n d i f f e r e n t years. I n attempting to assess the e f f e c t of age on 
m o r t a l i t y , i t should be noted t h a t t h i s study has not continued 
long enough t o allow comparable sized samples to be observed f o r . 
a l l age classes. Only r e l a t i v e l y small numbers of p l a n t s have 
been followed from 4 t o 6 years of age, and the data becomes 
correspondingly more prone to random f l u c t u a t i o n s f o r these older 
age groups. I n a d d i t i o n , i t i s not possible t o completely 
separate the e f f e c t s of age from those of the year (weather e t c ) 
although the same age classes are compared from d i f f e r e n t years. 

The analysis presented i n Table 4.2 suggests t h a t m o r t a l i t y 
i s more or less age-independent, although m o r t a l i t y from 3 to 4 
years i s s i g n i f i c a n t l y lower (? <. 0.001) than the o v e r a l l average. 
M o r t a l i t y of plants of t h i s age was 0.136. compared to the 



Poly .gala amarella 
Table 4.2 

Year class s u r v i v a l : Age classes compared. 

i'eriod of s u r v i v a l i n years, nutumn f i g u r e s 
Year 
f i r s t 
recorded 

T o t a l 
seed­
l i n g s 
rec. 

No. at 
. f i r s t 
Aut. 
(0) 

1 2- 3 4 5 6 

1969 300 274 185 148 99 89 68 54 
1970 113 99 80 57 49 39 27 
1971 57 50 39 34 29 25 
1972 77 74 62 39 28 

1973 36 36 33 23 
1974 27 27 24 
1975 33 33 
Totals i n 
ea. class 643 593 423 301 205 153 95 54 
Prop. sur­
v i v i n g 0.922 0.755 0.754 0.737 0.864 0.742 0.794 
M o r t a l i t y 0.078 0.245 0.246 0.263 0.136 0.258 0.206 
Whether 

1 -1- *-l - i ') *| 

s J.gn . L - - L — 

c s n t l y 
d i f f . 
from mean NS NS NS PO.001 NS 

Higher 
NS 
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average of 0.241. Wo convincing explanation f o r t h i s p a t t e r n 
can be adduced, (although i t i s also the age at which most plants 
f i r s t f l o w e r ) and f u r t h e r work i s r e q u i r e d t o t e s t i t s v a l i d i t y . 
The age groups of 4-5 years and 5-6 years show m o r t a l i t y rates 
t h a t 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 the mean. Seedling 
m o r t a l i t y , when adjusted f o r the l e n g t h o f time the seedlings had 
been recorded ( e i t h e r 3 months or 6 months), i s 0.258 p.a. which 
i s not s i g n i f i c a n t l y d i f f e r e n t from average. I n summary, t h e r e f o r e , 
m o r t a l i t y i s age-independent from time o f germination and through 
a l l age-classes up t o 7 years w i t h the apparent exception of the 
3-4 year age group which e x h i b i t s a s i g n i f i c a n t l y lower m o r t a l i t y . 
On the basis t h a t m o r t a l i t y i s more or l e s s independent of age 
( i g n o r i n g the apparently reduced m o r t a l i t y at 3-4 y e a r s ) , i t i s 
reasonable t o c a l c u l a t e h a l f - l i v e s by analogy wi t h r a d i o a c t i v e 
decay r a t e s , as discussed i n Section 3.5- For Poly-gala amarella, 
the h a l f - l i v e s of the o r i g i n a l 1968 mixed age populations vary from 
1.41 years to 8.66 years, depending on the s i t e (see Table 4.3). 
In a d d i t i o n , there i s considerable v a r i a t i o n between the d i f f e r e n t 
age cohorts analysed, up t o summer 1971, although i n no case i s 
there any s t a t i s t i c a l s i g n i f i c a n c e i n the d i f f e r e n t i a l s u r v i v a l 
rates of d i f f e r e n t cohorts. I t i s immediately apparent t h a t 
plants survive considerably b e t t e r i n s i t e 6:1, on Widdybank F e l l , 
w i t h h a l f - l i v e s above average i n every case, and these d i f f e r e n c e s 
are s i g n i f i c a n t (P<£ 0.001;. S u r v i v a l r a t e s i n Black" Ark (Crbnkley, 
Pink flowered; are also s i g n i f i c a n t l y higher than average, w h i l s t 
those i n 7:1 (Widdybank) are lower. These i n t e r s i t e d i f f e r e n c e s 
are discussed i n d e t a i l below, under s e c t i o n 4.7.4. Using the 
" r u l e of thumb" t h a t the t o t a l turnover o f plants w i l l normally 
take place i n a period of about 4 times the calculated h a l f - l i f e 



Polyp:ala amarella 

Table 4.3 

H a l f - l i v e s of mixed-age populations and age cohorts ( i n y r s ) 

Draba Black Widdybank 
6:1 7:2 7:1 stone a r k s i t e s ( blue) 

Mixed-age pop. 
Aut.'68-Aut.'75 8.66 1.511.41 3-30 2.24 2.04 

Spring 1969 
add i t i o n s NR NR NR NR 2.04 NR 

Summer 1969 

addi t i o n s . 5-33 1.93 1.31 1.65 3.01 2.31 

Autumn' 1969 
addi t i o n s 2.57 1.93 0.50 1.98 2.89 2.17 
Spring 1970 
addi t i o n s 4.07 1.98 1.50 2.04 2.77 1.98 

Summer 1970 

addi t i o n s 5.33 1.69 1.87 1.65 4.33 2.31 

Autumn 1970 

additio n s NR NR NR NR 6.30 NR 

Spring 1971 
additio n s 4.62 1.51 No NR 3.47 3.15 

deaths 
Summer 1971 
add i t i o n s 5.78 1.12 NR 4.33 5-33 3.15 



• Polyfiala amarella 

Table 4.4-

L i f e expectancies f o r p l a n t s i n each quadrat 

C a l c u l a t e d l i f e expectancy 
f o r known-age pl a n t s recorded 

Quadrat from 1969 - 1975 ( y e a r s ) 

6:1 8.05 

7:2 2.86 

7:1 3.55 

Draba stone 3.36 

Black a r t 5.24 

A l l p l a n t s 4.47 
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(see s e c t i o n 3-5), we can estimate the turnover time f o r p l a n t s 

i n s i t e 6:1 to bo i n the region of 25-30 y e a r s , 5-6 years i n 

s i t e 7:1, 10-14 years f o r p l a n t s at Black Ark, Cronkley, and 

8-10 y e a r s o v e r a l l f o r the s i t e s on V/iddybank F e l l . 

L i f e expectancy values f o r p l a n t s a t b i r t h have been 

c a l c u l a t e d f o r each quadrat, as explained i n S e c t i o n 3.5.3 (see 

Table 4.4). These values confirm the suggestion that p l a n t s i n 

6:1 and Black Arc have a g r e a t e r length of l i f e than p l a n t s i n 

other quadrats). For a l l p l a n t s i n a l l quadrats, the c a l c u l a t e d 

average length of l i f e , based on the formula 2-H i s 3.65 years 
2M 

(see Table 4.5). 

4.4.2 Age s t r u c t u r e of the population. 

The age s t r u c t u r e of a population r e f l e c t s the annual m o r t a l i t y 

and recruitment r a t e s over the period during which i t was formed. 

Since P o l y g a l a arnarella i s a r e l a t i v e l y s h o r t - l i v e d p e r e n n i a l , a 

high proportion ( c . 90?$) of the p l a n t s i n the permanent quadrats 

were of known-age at Autumn 1975> and reasonably accurate age 

c l a s s d i s t r i b u t i o n s could be c a l c u l a t e d f o r each s i t e , as shown 

i n F i g . 4.4. P a r t i c u l a r f e a t u r e s of i n t e r e s t are shown by the 

Draba Stone s i t e , where the whole population, i s of known-age, . 

r e f l e c t i n g the s l i g h t l y higher m o r t a l i t y r a t e at that s i t e ; and 

the r e l a t i v e l y h i ^ h proportion (o7,j) of p l a n t s i n 6:1 that .-.ire 

over 4 years old, r e f l e c t i n g the lower m o r t a l i t y and higher 

l o n g e v i t y f i g u r e s recorded f o r that s i t e . The higher percentage 

of p l a n t s than expected i n the 6-7 year c l a s s i s a r e f l e c t i o n of 

the e x c e p t i o n a l l y high recruitment i n 1969, which skews the 

d i s t r i b u t i o n towards the older a^e c l a s s e s . A "model" a g e - c l a s s 

d i s t r i b u t i o n f o r a population with 25/« m o r t a l i t y and constant 

recruitment i s presented f o r comparison, with which none of the 
populations i s very s i m i l a r . 
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4.4.3 Annual m o r t a l i t y r a t e s . 

Considerable d i f f e r e n c e s may e x i s t between apparent annual 

m o r t a l i t y r a t e s according to the method of a n a l y s i s , as d i s c u s s e d 

i n S e c t i o n 3.5.4., although i t i s c l e a r t h at there are c e r t a i n 

underlying trends. Table 4.5 compares the annual m o r t a l i t y of 

a l l p l a n t s i n a l l p l o t s together, using Autumn records only, and 

comparing the changes between one Autumn and the next r e l a t i v e 

to the number of p l a n t s present at the s t a r t of each i n t e r v a l . 

The m o r t a l i t y of s e e d l i n g s during t h e i r f i r s t s p r i n g and summer i s 

therefore excluded, but m o r t a l i t y over t h e i r f i r s t winter i s 

included, and any s e e d l i n g s present at the Autumn record are 

included i n the population t o t a l . V/ith these provisos i n .mind, 

i t was found that the o v e r a l l m o r t a l i t y r a t e was 0.241 per annum 

( i . e . on average 24% of p l a n t s die each y e a r ) , and that m o r t a l i t y 

r a t e s were s i g n i f i c a n t l y higher than average i n 1969-1970 (0.320) 

and 1971-1972 (0.312), but s i g n i f i c a n t l y lower i n 1970-1971 (0.190) 

and 1972-1973 (0.146). M o r t a l i t y i n 1973-1974 and 1974-1975 was 

not s i g n i f i c a n t l y d i f f e r e n t from average. The o v e r a l l amplitude 

of these average v a l u e s i s 0.174, from 0.320 to 0.146. 

Table 4.6 compares annual m o r t a l i t y i n each s i t e over the 

period 1969-1975 u s i n g s p r i n g records. Seedlings are excluded 

from the c a l c u l a t i o n s u n t i l a f t e r t h e i r f i r s t winter. A n a l y s i s of 

va r i a n c e f a i l s to detect any c o n s i s t e n t l y s i g n i f i c a n t d i f f e r e n c e s 

between years or between s i t e s , but the more s e n s i t i v e t e a t u s i n g . 

JC , as discussed i n Sec t i o n 3-5.4, i n d i c a t e s that d i f f e r e n c e s 

do e x i s t . O v e r a l l , the i n d i c a t i o n i s that there i s s i g n i f i c a n t 

d i f f e r e n c e i n m o r t a l i t y r a t e s between the s i t e s , and between 

years, (P<^0.001 i n each case) but that there i s apparently no 

i n t e r a c t i o n between years and s i t e s , i . e . d i f f e r e n t s i t e s do not 

appear to r e a c t d i f f e r e n t l y to d i f f e r e n t y e a r s . Further separation 



Po.ly^ala a m a r e l l a 

Table 4.5 

Year c l a s s s u r v i v a l : Years compared. 

Year 
f i r s t 
recorded 

Period of s u r v i v a l . Autumn f i g u r e s . Year 
f i r s t 
recorded 1969 1970 1971 1972 1973 1974 1975 

1969 ' 
o r i g i n a l 
pop. 129 89 74 47 36 28 23 
1969 274 185 148 99 89 68 54 
1970 99 80 57 49 39 27 

1971 50 39 34 29 25 
1972 74 62 

i 
39 28 

1973 36 33 23 
1974 27 24 
1975 33 

T o t a l s 403 373 352 316 306 263 237 
Propn. 
s u r v i v ­
ing. 0.680 0.810 0.688 0.854 0.771 0.776 

Annual 
m o r t a l i t y 0.320 0.190 0.312 0.146 0.229 0.224 
Whether 
s i g n i f i ­
c a n t l y 
d i f f. 
from av. P<0.001 P<0.01 P<0.01 <0.001 N8 2V6 

L H L H 

Mean proportion s u r v i v i n g 1528 ~ 
2013" " °* ° y 

Mean m o r t a l i t y = 0.241 

Mean length of l i f e (2-M) _ 1.759 _ •* 
( 2M) - 0.482 ~ ? ' 



Table 4.6 

Annual m o r t a l i t y 1969-1975, spring-spring. 

S i t e s 
Years 

6:1 7:2 7:1 
Draba 
Stone 

'./iddybank 
Averages 

31a.ck 
Ark 

Spr. 69-Spr. 70 0.57 0.43 0.41 0.29 - 0.20 
0.46 

0.47^0.05 ' 

Spr. 70-3pr. 71 0.13 0,24 0.26 0.34 - 0.16 
0.23 

0.25-0.04 

Spr. 71-3pr. 72 0.10 0.41 0.23 0.26 - 0.22 
0.25 

0.32±0.04 

Spr. 72~Spr. 73 0.15 0.27 0.39 0.39 - 0.20 
0.26 

0.24±0.05 

Spr. 73-Spr. 74 0.20 0.26 0.32 0,32 ± 0.10 
0.25 

0.18±0.04 

Spr. 74-Spr. 75 0.06 0.50 0.46 0.58 - 0.39 
0.32 

0.01±0.01 

S i t e averages 0.17 

±0.33 

0.35 

-0.19 

0.33 

±0.16 

0.37 

±0.21 

- 0.16 
Q.._28 

0.25 

±0.27 

Mo r t a l i t y here i s c a l c u l a t e d excluding seedlings u n t i l 
a f t e r t h e i r f i r s t winter, and r e l a t e d to the adult 
population at the s t a r t of each period. 

».B. In "V/iddybank Averages" column, 
lower f i g u r e i s the average. 
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of the data, a f t e r i n s p e c t i o n , i n d i c a t e s that the source of the 
v a r i a t i o n between s i t e s a r i s e s almost e n t i r e l y from p l a n t s i n 6:1. 
Mo r t a l i t y i n t h i s p l o t i s s i g n i f i c a n t l y d i f f e r e n t to a l l others 
(P^O.OOl), whereas, when t h i s p l o t i s excluded, there i s no 
s i g n i f i c a n t d i f f e r e n c e between the other p l o t s , and - i n f a c t -
v i r t u a l l y no d i f f e r e n c e a t a l l . S i m i l a r l y , f u r t h e r s e p a r a t i o n 
of the data i n d i c a t e d that the period Spring 1969 - Spring 1970 
had a very d i f f e r e n t r a t e of m o r t a l i t y (P-< 0.001) compared to a l l 
other y e a r s , and that when t h i s was removed from the data, there 
was no s i g n i f i c a n t d i f f e r e n c e between the other y e a r s . The 
d i f f e r e n c e between s i t e 6:1 and the remaining s i t e s p e r s i s t e d 
whether 1969-1970 was considered or not. 

I n summary, the r e f o r e , i t can be concluded t h a t : -

1. There was no s i g n i f i c a n t annual v a r i a t i o n i n m o r t a l i t y 

over the period 1969-1975 except f o r the period from Spring 1969 -

Spring 1970, where m o r t a l i t y was considerably and s i g n i f i c a n t l y 

higher than average. 

2. S i t e 6:1 shows c o n s i s t e n t l y and s i g n i f i c a n t l y lower 

m o r t a l i t y r a t e s than a l l other p l o t s , amongst which no s i g n i f i c a n t 

d i f f e r e n c e s can be detected. T h i s i s r e f l e c t e d i n the longer 

h a l f - l i f e and gr e a t e r L i f e Expectancies of the population i n 

t h i s quadrat, and i t s s i g n i f i c a n c e i s d i s c u s s e d below, i n 4.7-4-

3. That there are no co n c l u s i v e grounds f o r b e l i e v i n g that 

p l a n t s i n d i f f e r e n t p l o t s r e a c t d i f f e r e n t l y to each-other .with 

regard to the conditions i n any given year. T h i s does not mean 

that no such d i f f e r e n c e e x i s t s , but simply that i t i s not 

po s s i b l e to d i s t i n g u i s h any such e f f e c t from the data. The 

reasons f o r such annual d i f f e r e n c e s as e x i s t , and the p o s s i b l e 

s i g n i f i c a n c e of the suggestion that the p l a n t s i n a l l s i t e s r e a c t 

i n a s i m i l a r fashion to a given s e t of annual conditions, are 

disc u s s e d f u r t h e r , with reference to other s p e c i e s , i n 
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Chapters 8 and 9. 

4.4.4 Seasonal m o r t a l i t y p a t t e r n s . 

To attempt to understand the f a c t o r s underlying the. m o r t a l i t y of 

p l a n t s of Polyfcala, or any s p e c i e s , i t i s u s e f u l to d i s c o v e r the 

period of. the year i n which maximum m o r t a l i t y takes place, i f any. 

Doody (1975) found that there was no s i g n i f i c a n t r e c u r r i n g 

d i f f e r e n c e s between the s p e c i f i c s u r v i v a l r a t e s i n any p a r t i c u l a r 

season f o r t h i s s p e c i e s , over the period. 1968-1972. However, as 

i n d i c a t e d under Population F l u x ( s e c t i o n 4.3), there i s evidence 

that m o r t a l i t y per u n i t time i s g r e a t e r during the winter months 

over the whole period 1968-1975. Table 4.7 shows the d e t a i l e d 

records of m o r t a l i t y i n a l l p l o t s f o r each season over the period 

Autumn 1972 - Autumn 1975. The m o r t a l i t y f i g u r e s are c a l c u l a t e d 

as the number of p l a n t s dying i n the period r e l a t e d to the number 

of p l a n t s at r i s k at the s t a r t of the period, excluding s e e d l i n g s 

u n t i l a f t e r t h e i r f i r s t winter. A n a l y s i s of Table 4.7 i n d i c a t e s 

t h a t m o r t a l i t y per period of time i s considerably higher i n winter 

than i n e i t h e r of the other 2 seasons (P<C0.00l). 

4.5 Recruitment. 

4.5.1 Seedling recruitment r a t e s . 

Poly.qala amarella reproduces e n t i r e l y by seed, and s i n c e 25/° or 

inors 01' the adult p l a n t s die each year, the r a t e of. g e m i n a t i o n 

and establishment of s e e d l i n g s i s of great s i g n i f i c a n c e to the 

s p e c i e s s u r v i v a l . Table 4.8 shows the annual r a t e of recruitment 

f o r each s i t e f o r the period 1973-1975. Doody (1975) presents 

comparable f i g u r e s f o r the period 1969-1972, and h i s average 

v a l u e s f o r each s i t e and year are shown below f o r comparison:-



P o l y g a l a a m a r e l l a 

Table 4.7 

Seasonal m o r t a l i t y . 

Season 
S i t e s 

Season 
6:1 7:2 7:1 Draba 

Stone 
Black 
Ark Averages 

Autumn 1972 

Spring 1973 0.07 0.12 0.19 0.03 0.07 0.09 
Summer " 0.00 0.00 0.00 0.00 0.00 0.00 

Autumn " 0.00 0.02 0.00 0.04 0.02 0.01 

Spring 1974 0.11 0.15 0.18 0.15 0.09 0.12 

Summer 11 0.00 0.26 0.00 0.00 0.00 0.04 
Autumn 11 0.00 0.00 0.00 0.00 0.00 0.00 

Spring 1975 0.05 0.26 0.27 0.35 0.01 0.10 

Summer 11 0.01 0.00 0.18 0.00 0.02 0.03 
Autumn " 0.00 0.12 0.07 0.00 o.oi 0.02 

S i t e Aves. 
1972-1975 0.04 0.11 0.12 0.10 0.03 0.06 
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1969 
1970 
1971 
1972 

0.40 
0.17 
0.27 

2.22 

Dr. Stone 

7:2 
7:1 

6:1 0.51 
0.67 
0.50 
0.69 

Black Ark 0.47 

I t i s obvious that 1969 was the best y e a r f o r s e e d l i n g r e c r u i t ­

ment, i n our s i t e s , by a f a c t o r of over 5 times that of the next 

most s u c c e s s f u l year (1970). Seedling recruitment over the period 

1971-1975 has b e e n , r e l a t i v e l y , extremely poor. A n a l y s i s of 

Table 4.3 i n d i c a t e s that 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 

e i t h e r between s i t e s or between ye a r s i n recruitment v a l u e s f o r 

the period 1972-1975. P r e l i m i n a r y i n s p e c t i o n of Table C i n Doody 

without reference to sample s i z e , suggests that there were no 

d i f f e r e n c e s between s i t e s over the period 1968-1972, though annual 

d i f f e r e n c e s were observed, as d e s c r i b e d . 

I n the period 1972-1975, on average, recruitment i n a l l s i t e s 

or i n a l l years was below the average m o r t a l i t y r a t e f o r the 

period (0.24), and was only o c c a s i o n a l l y exceeded by records f o r 

i n d i v i d u a l quadrats i n a given year. A l l p l o t a showed a d e c l i n e 

in t o t a l numbers of p l a n t s i n the populations over t h i s period 

and i t i s apparent that o c c a s i o n a l good s e e d l i n g establishment 

years are v i t a l f o r the p e r s i s t e n c e of the s p e c i e s . I f r e c r u i t ­

ment p e r s i s t e d at the average 1972-1975 l e v e l at b a r e l y h a l f that 

of the m o r t a l i t y r a t e , the population would die out completely 

i n 25-30 y e a r s . 

In a preliminary attempt to understand the mechanics of 

the period between seed d i s p e r s a l and s e e d l i n g establishment, 

and f o l l o w i n g the suggestion of Doody 1975 that seed germinates 

wi t h i n a year a f t e r d i s p e r s a l , a comparison between the amount 

of seed produced i n one year with the number of se e d l i n g s 

recorded i n the following year was attempted, see Table 4.9 below. 



P o l y g a l a amarella 

Table 4.8 

Annual recruitment of s e e d l i n g s . 

Year 
S i t e s 

Year 
6:1 7:2 7:1 Draba 

Stone 
Black 
Ark Aves. 

1973 0/86 11/47 5/31 9/25 11/85 36/274 
0.00 0.23 0.16 0.36 0.13 0.13 

1974 13/69 7/35 3/26 0/26 4/30 27/236 
0.19 0.20 0.12 0.0 0.05 0.11 

1975 7/74 4/29 4/14 7/11 11/81 33/209 
0.09 0.14 0.29 0.64 0.14 0.16 

Averages 20/229 22/111 12/71 16/62 26/246 96/719 
0.09 0.20 0.17 0.26 0.11 0.13 

The f i g u r e s give number of se e d l i n g s per adult plant i n 
the population a t the summer recording f o r that year. 
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Table 4.9 

Comparison between number of seeds produced 
i n one year with the number of s e e d l i n g s recorded 
the f o l l o w i n g year. Widdybank "Fell p l o t s . 

Seeds per 100 p l a n t s i n Seedling ;s i n y r . (n + 1) 
year n, (E s t i m a t e d ) . per 100 pl a n t s i n y r . n. 

a. b. b/a 

1969 323 88 0.27 
1970 303 22 0.07 
1971 264 23 0..09 
19.72 224 14 0.06 
1973 120 23 0.10 
1974 111 14 0.13 
1975 48 22 0.46 

T o t a l s 1393 188 0.12 * 

* c a l c u l a t e d from the o r i g i n a l numbers of seeds and 
p l a n t s , and not as the mean of b/ 

Pre l i m i n a r y i n s p e c t i o n of the r a t i o s , and use of a simple s c a t t e r 

diagram i n d i c a t e s t h a t there i s no c o r r e l a t i o n a t a l l between 

these two v a r i a b l e s . I t i s of i n t e r e s t to note that, on average 

12 see d l i n g s germinate f o r every 100 seeds dispersed, although 

t h i s estimate should be t r e a t e d with a degree of caution on 

account of the e r r o r s i m p l i c i t i n i t s c a l c u l a t i o n (See s e c t i o n 

3.5.6). 

4.6 Reproductive performance. 

4.6.1 Age at f i r s t f l owering and length of reproductive l i f e . 

During the period of study, PoIyKala amarella p l a n t s reproduced 

e n t i r e l y by seed, and, there f o r e , the age at which pla n t s may 

f i r s t flower, and-the number of times that they can flower are 

c r i t i c a l f a c t o r s , i n a d d i t i o n to the amount and v i a b i l i t y of the 

seed produced a f t e r flowering. Table 4.10 i n d i c a t e s the 

d i s t r i b u t i o n of the ages of plan t s at t h e i r f i r s t flowering, 



P o l y g a l a a iviarella 

Table 4.10 

Length of l i f e and flow e r i n g performance, 

a) Ages of p l a n t s a t f i r s t flowering. 

Numbers and percentages ( i n 
Age group ( y r s ) b r a c k e t s ) of p l a n t s i n each 

age group. 
Cronk.ley Widdybahk O v e r a l l 

0-1 1 (4?°) 0 10) 1 (2) 

1-2 5 (19) 3 (11) 8 (15) 

2-3 8 (31) 8 (30) 16 (30) 

3-4 11 (42) 13 (48) 24 (45) 

4-5 1 (4) 3 (11) 4 (8) 

5-6 0 (0) 0 (0) 0 (0) 

b) Length of time p l a n t s have been recorded without f l owering. 

Number recorded f o r over 
5 years without flowering, 
from b i r t h . 0 0 0 

Number recorded f o r over 
5 years without, flowering, 
from o r i g i n a l population. 6 2 8 

Number recorded f o r over 
4 y r s . without flowering, 
from b i r t h . 22 42 64 
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using the data from the f i r s t two y e a r s ' recording only, to avoid 
bias as explained i n S e c t i o n 3-5.7. From t h i s , i t i s apparent 
that one plant has been recorded as flowering i n i t s f i r s t year, 
on Cronkley P e l l (although t h i s may be a recording e r r o r ) and 
that i n c r e a s i n g percentages are recorded i n subsequent age c l a s s e s 
u n t i l a peak of numbers i s reached at 3-4 y e a r s . A small number 
(8?:o) flower f i r s t at 4-5 years, and none are recorded flowering 
at 5-6 years f o r the f i r s t time. 

No p l a n t s have been recorded f o r over 5 y e a r 3 , from b i r t h , 

without flowering, although a few of the o r i g i n a l mixed-age 

population of p l a n t s (which may have flowered before 1968) have 

p e r s i s t e d f o r over 5 years without flowering (see Table 4.10). 

The sample s i z e of p l a n t s of t h i s age i s too s m a l l f o r f i r m con­

c l u s i o n s to be drawn. 

Poly g a l a a i a a r e l l a i s not monocarpic i n the study area, and, 

as Table 4.11 shows, may r e g u l a r l y flower more than once. One 

plant, on Widdybank, has been recorded flowering f i v e times, and 

although the short period of recording has made the observation of 

many such examples u n l i k e l y , i t i s probable that very few 

i n d i v i d u a l s flower so many t i n e s , i n view of the short average 

length of l i f e of P o l y ^ a l a , and the f a c t that only one p l a n t was 

observed f l o w e r i n g four times. 

4.6.2 E f f e c t of flower production on s u r v i v a l of i n d i v i d u a l s . 

O v e r a l l , 32>S of p l a n t s die w i t h i n t h e i r year of f i r s t flowering, 

the remaining 68/S s u r v i v i n g e i t h e r to flower again or die i n a 

subsequent year. The average annual m o r t a l i t y of Polyrrala plants 

i s about 25;'-', so, although f l o w e r i n g may s l i g h t l y i n c r e a s e the 

r i s k of m o r t a l i t y , the sample i s not l a r g e enough to be sure that 

i t i s a r e a l e f f e c t . I t might be expected a P r i o r i that a plant 

that flowered and s e t seed would be at g r e a t e r r i s k , from 



Pol'ygala a m a r c l l a 

Table 4.11 

Flowering performance 

(Pink) (Blue) 
Cronkley V/iddybank O v e r a l l 

Percentage of p l a n t s dying w i t h i n 
the year of f i r s t f l o w e r i n g 43 22 32 

Percentage of p l a n t s that flower 

and s u r v i v e to a f u r t h e r year 57 78 68 

Number of p l a n t s f l o w e r i n g twice 7 21 28 

Number of p l a n t s f l o w e r i n g three 

times 0 12 12 

Number of pl a n t s flowering four 

times 0 1 1 

Number of p l a n t s flowering f i v e 
times O i l 
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de p l e t i o n of resources, increased chance of a c c i d e n t a l uprooting, 
e t c . , than a non-flowering plant. The proportion of plants i n the 
Cronkley population that die w i t h i n t h e i r year of f i r s t flowering i s 
considerably higher, at 43'/S than the average V/iddybank f i g u r e (22;'0-f 

which i s very comparable with the records from Sentiana (45/^) * 
although the reason f o r t h i s higher m o r t a l i t y on Cronkley i s not 
c l e a r but i s perhaps a s s o c i a t e d somehow with r a b b i t - g r a z i n g . 
Further, no p l a n t s on Cronkley P e l l flowered more than twice. 
4.6.3 Flower, f r u i t and seed production. 

P l a n t s normally begin to flower i n the second or t h i r d week of May, 

and produce indeterminate i n f l o r e s c e n c e s t h a t ^ p e r s i s t through the 

summer u n t i l the f i r s t f r o s t s . Seed, may be s e t from any of these 

flowers, but l a t e r ones f r e q u e n t l y f a i l to s e t seed, and the buds 

around the t i p of the i n f l o r e s c e n c e often f a i l to open at a l l . Each 

flower may p o t e n t i a l l y produce one capsule which-contains a maximum 

of 2 seeds, although i n many cases only one seed per capsule i s pro­

duced, and, on average, about 1.3-1.6 seeds are produced per capsule, 

Table 4.12 below shows the number of bud;;, flowers and f r u i t s pro­

duced on average per flowering p l a n t , ana the average number of 

seeds produced per developed capsule. O v e r a l l , l6.5y£ of p l a n t s 

produced an i n f l o r e s c e n c e annually (see Table 4.13)• 

Table 4-12 

Annual flower, f r u i t and seed production. Means 
per flowering plant, sseeas per r i p e capsule. 

Year d i t e Buds Flowers F r u i t s Seeds 
1973 "./iddybank 17.4 13.1 9.0 1.55 

Cronkley :TR NR NR Nil 
1974 .vidciy oank 12.0 7.0 6.9 1.50 

Cronkley 12.3 9.1 7.3 . 1.39 
1975 i'/iddy bank 12.2 7.3 4.9 1.33 

Cronkley NR NR NR 1.29 
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Table 4.13 shows the annual percentage of p l a n t s that 

produce flowers i n each s i t e . The average percentage of p l a n t s 

producing an i n f l o r e s c e n c e i n a year are 16.5?°, but there i s 

considerable v a r i a t i o n between s i t e s and y e a r s , from about 7'̂  

i n s e v e r a l records to n e a r l y 50>i i n 7:2 i n 1975. A n a l y s i s of 

va r i a n c e , using'transformed data, and bearing i n mind the provisos 

of s e c t i o n 3-5.2 i n d i c a t e s that there are very s i g n i f i c a n t 

d i f f e r e n c e s between yeEtrs and between s i t e s , w i th no evidence of 

i n t e r a c t i o n between s i t e s and y e a r s (using Widdybank data o n l y ) . 

Between s i t e s , 6:1 i s s i g n i f i c a n t l y lower than average (P<3;0.00l) 

and 7:2 i s s i g n i f i c a n t l y higher than average (P<?0.001). Between 

ye a r s , 1974 i s s i g n i f i c a n t l y lower than average (P<£0.001) and 

1969 and 1975 are s i g n i f i c a n t l y higher than average (P<Sc0.001). 

The f i g u r e s f o r Cronkley (Black Ark) given s e p a r a t e l y p a r a l l e l t h i s 

p a t t e r n, except for 1975, where there v/as no recorded flowering. 

4.7 L i f e c y c l e and reproductive s t r a t e g y . 

4.7.1 3pe cieo biology su;;imary. 

Poly Mala araarella i s a s h o r t - l i v e d evergreen p e r e n n i a l r e ­

producing e n t i r e l y by seed. I t may enter the reproductive phase 

i n i t s second year, but most i n d i v i d u a l s flower f i r s t when they 

a r e 3 or 4 years old, and they may continue to flower continuously 

o r i n t e r m i t t e n t l y f o r up to 4 f u r t h e r y e a r s . 2he average l i f e 

expectancy of a Poly.^ala plant at b i r t h i s about 4.5 years, but 

many plan t s can l i v e much longer than t h i s , and the estimated 

average t o t a l turnover time, based on the o r i g i n a l mixed-age 

populations, i s 8-9 y e a r s , (although i n one s i t e i t may be as 

high as 35 y e a r s ) . The annual m o r t a l i t y r a t e of a l l p l a n t s , 

excluding s e e d l i n g s , c a l c u l a t e d over the period 1969-1975 has 

been 0.241,.'with ^ much higher r a t e of disappearance over the 

winter "oeriod than the summer. 



Poly,'-;ala ainarella 

Table 4.15 

Percentage of plants i n each sample 

producing flowers 

S i t e 
Year 

6:1 7:1 7:2 D.3. 
T o t a l 
Widdybank 

Black.Ark 
Cronkley 

1969 20.0 54.5 52.5 16.7 28.2 14.1 

1970 16.1 18.7 18.9 7.5 15.4 8.9 

1971 13.5 10.9 23.4 14.7 16.0 12.7 

1972 9.6 11.8 29.5 20.0 14.8 20.5 

1975 7.8 7.9 50.9 12.5 15.1 5.7 

1974 7.4 17.8 12.5 8.0 10.5 4.5 

1975 9.5 21.4 48.3 27.5 21.1 0.0 

Averages 11.0 16.3 26.0 15.5 16.5 9.4 



On average, 16.5',T» of p i ante flower in any one year (although 

there are considerable v a r i a t i o n s between y e a r s ) , and these 

numbers c o n s i s t of a v a r i e t y of ages of p l a n t s , with some p l a n t s 

flowering f o r the f i r s t time, others f o r the second, t h i r d or 

fourth time. A flowering i n d i v i d u a l produces a branched or un--

branched i n f l o r e s c e n c e , which continues to expand through the 

summer and which may produce up to 30 (or, very e x c e p t i o n a l l y '30 

i n the case of a vigorous branched i n f l o r e s c e n c e ) flower buds. 

A number of these, p a r t i c u l a r l y the ones which develop l a t e r , 

c l u s t e r e d around the apex, f a i l to open and cannot produce seed. 

Those flowers that do open may produce a capsule which contains 

up to 2 seeds, although f r e q u e n t l y there i s only one. Knuth 

(1906-9) a f t e r Muller s t a t e s that P o l y g a l a arnarella may be i n s e c t -

p o l l i n a t e d or s e l f - p o l l i n a t e d , c r o s s or s e l f e d , although Fearn 

(1971) and E l k i n g t o n (1978) i n d i c a t e that i t i s inbreeding, and 

predominantly s e l f - p o l l i n a t e d , i n Teesdale. Wo doubt the c o n t i n ­

e n t a l populations studied by Muller l i v e d under .different condition; 

and inbreeding appears to be the r u l e i n Teesd?.le. 

The seeds themselves are r e l a t i v e l y heavy, (ave. 0.86mg*, 

Marren unpublished data) and about lmra x 2mm i n dimensions. 

D i s p e r s a l of seed i s apparently very r e s t r i c t e d (Doody 1975) 

although the seeds possess two elaiosomes ( o i l bodies) which may 

a s s i s t d i s p e r s a l , as described by R i d l e y (1930) f o r ?. v u l g a r i s : 

"This o i l y substance i s very a t t r a c t i v e to ants, and they .seek' 

fo r f r u i t s and seeds so furnished, and c a r r y them to the nest, very 

f r e q u e n t l y e a t i n g o f f the o i l body on the way and then dropping 

the seed". Sheep often graze i n f l o r e s c e n c e s with r i p e seed, and 

t h i s may be voided i n a v i a b l e s t a t e , i n the manner shown by a 

* Average of 122 seeds from three y e a r s . 
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number of other s p e c i e s (e.g. Hansen, 1911; Ri d l e y , 1930). A 
search was made f o r v i a b l e seed i n c o l l e c t e d sheep droppings but 
none was detected, as one might expect f o r the seeds of a s p e c i e s 
with such l i m i t e d d i s t r i b u t i o n and fecundity. However t h i s method, 
coupled with o c c a s i o n a l longer d i s t a n c e a c c i d e n t a l d i s p e r s a l by 
mammals (and e s p e c i a l l y man) may allow new co l o n i e s to e s t a b l i s h 
i n f r e q u e n t l y . The number of germinated s e e d l i n g s recorded has 
v a r i e d considerably, around an average of 28 per 100 pl a n t s per 
year, from 222 per 100 i n 1969 to 11 per 100 i n 1974. 
4.7.2 L i f e c y c l e . 

Using a l l the average data c o l l e c t e d over the 6 years, i t i s 

po s s i b l e to construct a s t y l i s e d l i f e c y c l e diagram f o r the 

behaviour of the s p e c i e s on Widdybank F e l l . 'Although i t i s not 

re p r e s e n t a t i v e of any p a r t i c u l a r year, and a number of.assumptions 

are made i n i t s c o n s t r u c t i o n , i t g i v e s a u s e f u l i n d i c a t i o n of 

those points of the l i f e c y c l e where l o s s of i n d i v i d u a l s or 

p o t e n t i a l i n d i v i d u a l s occurs. 

The diagram ( F i g . 4.5) i s based on the following f i g u r e s 

and assumptions: 

1. An annual average m o r t a l i t y of 25$ ( i n f a c t 24.1'/") f o r 

adult p l a n t s as c a l c u l a t e d from Table 4.5. 

2. An annual average flo w e r i n g percentage of 16$ ( a c t u a l l y 

16.5$; see Table 4.13; i . e . 16 pl a n t s a::'.on.jat every ICO 

produce an i n f l o r e s c e n c e , or s t a r t to produce one. 

3. F i g u r e s f o r a 35$ l o s s between buds and flowers, 24$ l o s s 

between flowers and f r u i t s , 27$ l o s s between ovules and 

seeds, and a 35$ l o s s of i n f l o r e s c e n c e s before seed i s shed 

are considered, but are not part of the c a l c u l a t i o n s i n c e 

the number of seeds produced was counted d i r e c t l y , and 

therefore r e f l e c t s these l o s s e s . 
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4. An annual average production of 145 seeds per 100 p l a n t s . 
5. An annual average recruitment of s e e d l i n g s of 17 per 100 

p l a n t s . This d i f f e r s from the f i g u r e quoted above (28 p l a n t s 

per 100) because the period 1970-1976 has been considered, 

i n order that t h i s may be d i r e c t l y compared with seed produced 

over the period 1969-1975. Seedlings recorded i n 1969 were 

v i t a l f o r the s p e c i e s s u r v i v a l , but they have not been 

included i n t h i s a n a l y s i s s i n c e the amount of seed from which 

they arose i s unknown, and they give the impression of a 

b e t t e r r a t i o of seedli n g s germinated : seeds produced than 

i s r e a l l y the case. 

6. Emigration i s assumed to be equal to immigration, although 

t h i s may not be the case. 

7. Seed v i a b i l i t y i s known to be - 100^ (Doody, 1975) under 

optimum conditions, and assumed to be s i m i l a r on the F e l l . 

8. Flowering i s assumed not to a f f e c t the m o r t a l i t y of p l a n t s . 

9. Overwinter l o s s of se e d l i n g s i s c a l c u l a t e d AS a 25/° l o s s over 

a 6 and 9 month period. 

Two f a c t o r s stand out. F i r s t l y that the population i s d e c l i n i n g 

at t h i s observed average performance. As described, the except­

i o n a l l y favourable s e e d l i n g year i n 1969 has been excluded, and 

i t i 3 i ^ e d i i t e l y c l e a r that such years i~re v i t a l to the specie.?' 

s u r v i v a l i n Teesdale. Secondly, the g r e a t e s t s i n g l e l o s s of 

p o t e n t i a l i n d i v i d u a l s occurs between seed production and s e e d l i n g 

germination: S8,o of seeds are l o s t , d e s p i t e t h e i r reasonably 

la r g e s i z e . 

4.7-3 F a c t o r s operating a t each stage to reduce the i n t r i n s i c 
r a t e of i n c r e a s e of the population. 

a. M o r t a l i t y of e s t a b l i s h e d s l a n t s . T h i s a c t s at a more or 

l e s s constant r a t e , i r r e s p e c t i v e c f the age of the pl a n t . 
There may be v a r i a t i o n between y e a r s , although only one 
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year 1969-1970 was found to be s i g n i f i c a n t l y d i f f e r e n t 

( P s 0.001) to the others. Since m o r t a l i t y i s more or l e s s 

independent of age f o r a l l p l a n t s i n c l u d i n g s e e d l i n g s , i t 

may be presumed that such a d i f f e r e n c e i s due to some widely 

operating e x t e r n a l f a c t o r , such as clima t e , or a l t e r a t i o n of 

grazing l e v e l that has a f f e c t e d a l l p l o t s s i m i l a r l y . 

S i t e comparisons, however, i n d i c a t e that there i s no i n t r i n s 

r a t e of m o r t a l i t y f o r the s p e c i e s under Teesdale conditions. 

3etween most p l o t s , there was no s i g n i f i c a n t d i f f e r e n c e i n 

m o r t a l i t y r a t e s , but 6:1 had highly s i g n i f i c a n t l y lower 

m o r t a l i t y (P<<0.001J than a l l other p l o t s ( s e c t . 4.7.4). 

Moreover, p l a n t s i n t h i s p l o t had a g r e a t e r l i f e expectancy 

than those of other p l o t s (Table 4.4), a much higher mixed-

age population h a l f - l i f e , and a higher h a l f - l i f e f o r most 

ad d i t i o n s up to Summer 1971 (Table 4.3). P l a n t s i n 6:1 had 

an estimated turnover period, based on the h a l f - l i f e of the 

mixed age population of almost 35 y e a r s , compared to 8.3 yea 

f o r the v/iddybank average, or G years f o r the "poorest" s i t e 

S i t e 6:1 had one of the l a r g e r populations, so there are no 

grounds f o r supposing that t h i s very marked d i f f e r e n c e i s 

spurious. Accepting that p l a n t s i n 6:1 are genuinely long-

l i v e d , then i t i s necessary to accept that s:.:ali-scale fac~o 

operating w i t h i n a given climate, and w i t h i n a reasonably 

homogeneous vegetation ( i n general appearance) can have a 

very considerable e f f e c t on the length of l i f e of i n d i v i d u a l 

of t h i s s p e c i e s , and that t h i s d i f f e r e n c e i s c o n s i s t e n t . 

T h i s i s dis c u s s e d f u r t h e r with reference to s i t e d i f f e r e n c e s 

( S e c t . 4.7.4; but i t i s r e l e v a n t to consider here the l i k e l y 

causes of m o r t a l i t y of adult p l a n t s . These inc l u d e : removal 
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by herbivores; drought, e i t h e r a c t u a l or " p h y s i o l o g i c a l " ; 

competition, f o r space, n u t r i e n t s , l i g h t e t c . ; below-ground 

.predation; s l u g , fungal, or other comparable damage s u f f i c i e n t 

to cause death, perhaps i n combination with other f a c t o r s ; 

r o t t i n g of r o s e t t e or rootstock; i n s t a b i l i t y of s u b s t r a t e 

causing p a r t i a l or complete uprooting; inherent m o r t a l i t y . 

I t i s of i n t e r e s t that m o r t a l i t y i s s i g n i f i c a n t l y higher 

(P<0.001; see Table 4-7) i n winter per u n i t time than i n 

summer. Grazing, flowering and f r u i t i n g , and probably growth 

are a l l more or l e s s confined to the summer 6 months, 

suggesting t h a t other f a c t o r s are more important i n determinin 

the t o t a l m o r t a l i t y . I f , however, the s p r i n g record was 

taken some time a f t e r the f i r s t growth had been made, e a r l y 

growing season m o r t a l i t y ( o f t e n found to be a major m o r t a l i t y 

period) would be included i n the winter f i g u r e s , although i t 

i s u n l i k e l y t h a t t h i s could account f o r a l l the seasonal 

m o r t a l i t y d i f f e r e n c e s , and the f i r s t spring 1 record was 

normally intended to be at the s t a r t of the growing season. 

I t would c e r t a i n l y seem probable, g e n e r a l i s i n g from other 

p l a n t s a p r i o r i , t h a t considerable m o r t a l i t y might take place 

as growth s t a r t e d i n e a r l y s p r i n g , but was halted by the 

severe s p r i n g f r o s t s that r e g u l a r l y occur. 

The majority ox these f a c t o r s , p a r t i c u l a r l y as the major 

f a c t o r s are unknown, are d i f f i c u l t to c o n t r o l i n a n a t u r a l 

s i t u a t i o n , .and - f o r conservation purposes - i t i s best to 

accept the high turnover r a t e u n t i l more information i s 

a v a i l a b l e . 

b. Abortion of buds. A high number of p o t e n t i a l seeds are l o s t 

i n t h i s way, although the high subsequent l o s s e s of f r u i t s , 

ovules, whole i n f l o r e s c e n c e s , and seeds i n the s o i l render 

the l o s s l e s s s i g n i f l e a n t . Che l o s s i s d i f f i c u l t to c o n t r o l , 
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although i t i s probable that i n c r e a s e d growth under pro­

t e c t i o n from g r a z i n g would allow more buds to develop to f r u i t . 

c. Loss of flowers. 24/S of flowers do not develop into f r u i t , 

excluding those l o s t when whole i n f l o r e s c e n c e s are l o s t . 

T h i s may not be an accurate r e f l e c t i o n of the normal s i t u a t i o n , 

as the sample a v a i l a b l e was s m a l l . Presumably the l o s s e s 

r e s u l t from inadequate p o l l i n a t i o n , d e s i c c a t i o n , predation, 

damage, and inherent f a c t o r s . These are not e a s i l y c o n t r o l l e d . 

d. Loss of ovules. Each capsule may develop a maximum of 2 seeds, 

although i n many cases they do not. 27yo of ovules do not 

develop into seeds, i n t h i s way. Presumably poor p o l l i n a t i o n 

i s the cause, or inherent i n f e r t i l i t y , although i t would be 

u s e f u l to have data f o r populations i n d i f f e r e n t s i t u a t i o n s , 

or the present population i n the absence of grazing at 

flowering time. 

e. Loss of whole i n f l o r e s c e n c e s . 35/& of i n f l o r e s c e n c e s ( u s i n g 

data from two y e a r s only) may disappear, and t h e i r l o s s i s 

presumed to be due to grazing by sheep or r a b b i t s . T h e i r l o s s 

r epresents a very considerable l o s s of p o t e n t i a l new p l a n t s , 

despite the disappearance of seeds i n the s o i l subsequently, 

and the remedy i s c l e a r , providing other f a c t o r s can be kept 

reasonably s t a b l e , i . e . grazing should be prevented, on a 

t r i a l b a s i s , over very l i m i t e d areas containing flowering 

Polyp;ala p l a n t s f o r as short a time as necessary. The r e s u l t s 

should be c l o s e l y monitored, p r e f e r a b l y on the l i n e s s e t out 

i n t h i s study, with adjustments made i f necessary. 

f . Loss of v i a b l e d i s p e r s e d seed. P o l y ^ a l a seed- apparently 

d i s t r i b u t e s i t s e l f over a very short d i s t a n c e , and making a 

number of reasonable assumptions, as described, i t appears 

that 88,3, on average, of seeds never come above '.-round as 
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s e e d l i n g s . T h i s i s , c l e a r l y , a h i g h l y c r i t i c a l phase of 
the l i f e - c y c l e y et i t i s the one about which the l e a s t i s 
known. The p o s s i b l e causes of t h i s l o s s are manifold, and 
include: predation by i n v e r t e b r a t e s * or small mammals; 
d e s i c c a t i o n ; l o s s of v i a b i l i t y ; below ground (or otherwise 
unseen) germination and subsequent m o r t a l i t y ; excess of 
emigration over immigration e.g. i f there was an a n t s ' nest 
nearby such that seeds tended to be moved out of the quadrat 
towards t h i s ; i r r e v e r s i b l e ( w i t h i n the period of v i a b i l i t y 
of the se ed) b u r i a l ; d i s e a s e and r o t t i n g . 

No estimates can be made about the r e l a t i v e importance of 

these p o s s i b l e f a c t o r s , nor whether a p a r t i c u l a r one, or any 

others, operates at a l l . Much of t h i s m o r t a l i t y could, no 

doubt, be overcome by manipulation - i . e . c o l l e c t i o n of the 

seed, storage i n i d e a l conditions over winter, followed by 

d i s t r i b u t i o n a t the optimum time i n s p r i n g - e a r l y summer. 

There i s no evidence of a f r e e z i n g requirement (Doody, 1975), 

and indeed f r e e z i n g appears to delay germination (Doody," 

unpublished d a t a ) . T h i s p a r t i c u l a r suggestion i s made only 

because i t i s c l e a r that the Teesdale population of Polygala 

amarella i s s e r i o u s l y endangered. 

oeedlin;" m o r t a l i t y . Seedling m o r t a l i t y occurs at a vite 

s i m i l a r to that of adult p l a n t s . S i m i l a r f a c t o r s operate to 

cause m o r t a l i t y , although grazing by la r g e herbivores i s 

u n l i k e l y to be a f a c t o r , whereas damage by s l u g s , s n a i l s or 

other ground-living i n v e r t e b r a t e s * * i s l i k e l y to be of 

p a r t i c u l a r importance. 

Coulson and Whittaker (1977) and Coulson (1978) give f i g u r e s 
f o r the s o i l fauna dry weights and numbers per M"2' i n Teesdale 
limestone g r a s s l a n d . Mematodes and C r a n e f l i e s , f o r instance, 
are exceedingly abundant, with w e l l over 1 m i l l i o n nematodes 
per II ~~ of g r a s s l a n d . 

Coulson and W'hittaker ^1977) record the presence of 16 species 
of s n a i l s and s l u g s i n Upper Teesdale. 
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h. Percentage flowering. Only 16$ of the pl a n t s i n the 

population produce flowers, although 86$ i s of an age 

capable of doing so (see F i g . 4-4;. I t has been shown that 

s i t e f a c t o r s and annual f a c t o r s both a f f e c t the percentage 

of p l a n t s that flower, i n some way, and i t i s l i k e l y , t h e r e ­

f o r e , that other more c o n t r o l l a b l e f a c t o r s may a l s o i n f l u e n c e 

t h i s percentage, e.g. grazing may tend to reduce t h i s 

percentage by reducing the vigour of p l a n t s and t h e i r a b i l i t y 

to recover a f t e r flowering, and possi b l y by gradually 

s e l e c t i v e l y removing the more f l o r i f e r o u s p l a n t s . 

4.7.4. S i t e d i f f e r e n c e s and t h e i r s i g n i f i c a n c e . 

I t has been mentioned s e v e r a l times that c o n s i s t e n t d i f f e r e n c e s 

e x i s t between p l a n t s i n separate s i t e s , and th a t , i n some cases, 

these have been shown to be hi g h l y s i g n i f i c a n t . . The observed 

d i f f e r e n c e s , i n summary, are as f o l l o w s : -

1. 6:1 has a lower m o r t a l i t y (P<£0.001), higher h a l f - l i f e 

f o r i t s mixed-age popti.lation and subsequent age cohorts, 

and.greater l i f e expectancy for i n d i v i d u a l s than a l l 

other s i t e s . 

2. 6:1 has the lowest annual flowering percentage ( P « 0.001), 

and 7:2 has the highest ( P « 0.001). 

3. 6:1 has ti:e lowest annual average recruitment of seed­

l i n g s , although the d i f f e r e n c e was not shown to be s i g n i f ­

i c a n t . 

The general s i g n i f i c a n c e of observed s i t e d i f f e r e n c e s i s di s c u s s e d 

i n Chapter 9. I t i s discussed here only with respect to the 

dynamics of P o l y ^ a l a amarella. 6:1 i s c l e a r l y very d i f f e r e n t i n 

some way from the other Poiy.^ala s i t e s , y e t i t i s d i f f i c u l t to be 

sure why. 6:1 l i e s i n reasonably s t a b l e , c l o s e l y - g r a z e d t u r f , 

(see s e c t . 4.2; away from any eroding au j a r limestone ed j e s , on 
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a gentle west-facing slope. The remaining three Widdybank s i t e s 

have s i m i l a r aspects g e n e r a l l y ; Draba stone i s very a t y p i c a l i n 

that the s i t e l a y over a boulder on which the P o l y ^ a l a was growing 

i n a moss/lichen s u b s t r a t e . Part of the s i t e c o n s i s t e d of bare 

rock, and part of dense Calluna. Quadrat 7:1 was apparently 

s i m i l a r to 6:1, with a closed t u r f of S e s l e r i a and Festuca ovina, 

although i t was probably damper as i n d i c a t e d by the presence of 

PlajitaftO maritima. Quadrat 7:2 was a l s o apparently s i m i l a r to 

6:1 and there was no p a r t i c u l a r evidence that i t was damper. Both 

quadrats a t 7, and 6:1 are grazed h e a v i l y . Thus, no obvious 

environmental d i f f e r e n c e s suggest themselves as p o s s i b l e causes 

of the lower m o r t a l i t y and lower f l o w e r i n g and recruitment a t 6. 

The three f a c t o r s are to some extent interdependent, and the 

po s s i b l e reasons can simply be guessed a t as d i f f e r e n c e s i n 

drainage, or other hidden environmental f a c t o r s , competition from 

surrounding vegetation, or some combination of these, or recent 

h i s t o r i c a l f a c t o r s (see Chapter 9 ) . 

4.7.5 Reproductive s t r a t e g y . 

The main f e a t u r e s of populations and i n d i v i d u a l s of Polygala i n 

Teesdale have been desc r i b e d . I n summary, the s p e c i e s reproduces 

e n t i r e l y by seed. P l a n t s normally enter the reproductive phase 

at 2-4 years old, and may then continue to reproduce f o r some 

y e a r s . A f t e r flowering, a r e l a t i v e l y s m a l l number of quite l a r g e 

seeds are produced which can give r i s e to se e d l i n g s with as high 

a l i k e l i h o o d of s u r v i v a l as adult p l a n t s . The average r a t e of 

l o s s of i n d i v i d u a l s from the population i s about 25^ per annum. 

The general s t r a t e g y i s thus a cautious one, with a small prop­

o r t i o n of the i n d i v i d u a l s producing quite a small number of lar g e 

seeds, and the i n t r i n s i c . r a t e of i n c r e a s e i s not high i n com­

parison to many p l a n t s , (e.g. S a l i s b u r y 1942;. P o l y ^ a l a i s 

ge n e r a l l y a plant of closed or reasonably closed vegetation. 
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Since i t has no method of vegetative reproduction, i t i s e s s e n t i a l 

that seedlings e s t a b l i s h as f a s t as p l a n t s are l o s t . Seedlings 

are, c l e a r l y , able to e s t a b l i s h themselves i n closed t u r f , and, 

although the l o s s of seed i s high, the s u r v i v a l of s e e d l i n g s i s 

good. The a b i l i t y of p l a n t s to p e r s i s t i n the t u r f for a number 

of years, and to flower repeatedly are of evident importance to 

the s p e c i e s , although the l o s s r a t e i s much higher than f o r many 

seed-reproducing p e r e n n i a l s ( c f . V i o l a r u p e s t r i s , and the work of 

Tarrnn, 1956,1972), and the population s u f f e r s accordingly. 

I n Teesdale, Polygala a n a r e l l a i s considered to be a h a b i t u a l 

inbreeder, (Pearn, 1971), and thus i t s innate v a r i a b i l i t y i s 

l i k e l y to be low. I t s presumed s u r v i v a l from before the F o r e s t 

maximum i n apparent r e l a t i v e i s o l a t i o n ( E l k i n g t o n , 1973) suggests 

a degree of a b i l i t y to cope with changing conditions, hut we 

cannot be c e r t a i n t h a t i t was not an outbreeder at some stage 

p r e v i o u s l y ( c f . Knuth, 1906-9), and we may be looking at the 

remnants of a once more v a r i e d population that have now l e s s 

f l e x i b i l i t y to s u r v i v e changing c o n d i t i o n s . 

I t i s not p o s s i b l e to g e n e r a l i s e from observations on the 

Teesdale p l a n t s to those of other areas i n B r i t a i n . A population 

i n Wharfedale, observed b r i e f l y i n 1974, showed a number of 

obviously d i f f e r e n t c h a r a c t e r i s t i c s . The p l a n t s were vigorous 

branched s t r u c t u r e s , and t h e i r s i z e , and diameter of the woody 

rootstock suggested a considerable age. Very l a r g e numbers of 

flowers were produced (224/rootstock*) by an apparently high 

proportion of the population ( c . 70}'->, i n a small sample), and 

l a r g e numbers of seed were beginning to s e t . T h e v s i t u a t i o n was 

* from a sample of 23 p l a n t s , May 1974. 
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at a much lower a l t i t u d e , f u r t h e r south, and with l i m i t e d 

grazing pressure from ca.H-ie only, and the p l a n t s have had 

quite a d i f f e r e n t h i s t o r y . The evidence therefore suggests 

that t h e i r l i f e s t r a t e g y , and t h e i r success are d i f f e r e n t to the 

populations studied i n Teesdale. 
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Chapter .Five 

Gentiana verna 

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

Gentiana verna i s a n a t i v e of B r i t a i n , confined to two widely-

separated areas, one i n Western I r e l a n d and one i n Upper Teesdale 

and adjacent areas. Within each of these r e l a t i v e l y l a r g e areas, 

the plant i s l o c a l l y abundant, although i t i s a protected p l a n t 

under the "Conservation of Wild Creatures and Wild P l a n t s Act, 1975" 

and i s l i s t e d as an endangered s p e c i e s by P e r r i n g and F a r r e l l , 1977. 

I t i s a small, p e r e n n i a l evergreen herb, with a f i b r o u s root 

system, and the c a p a c i t y f o r producing s h o r t underground s t o l o n s 

which emerge to end i n a t u f t of l e a v e s . E l k i n g t o n (1963) records 

that these stolons may be from 2-15cms long, branched or simple, 

although observations on.plants i n c u l t i v a t i o n i n Durham have shown 

that s t o l o n s of at l e a s t 25cms may occur. The r o s e t t e s thus pro­

duced become i n d i s t i n g u i s h a b l e from those produced from seed, and 

they may themselves produce sto l o n s when e s t a b l i s h e d . I n t h i s 

study, a l l r o s e t t e s that were not demonstrably attached to another 

were regarded as i n d i v i d u a l s , the u n i t s of the population, and i t 

would appear that the v a s t majority of the p l a n t s i n the populations 

under study were produced by t h i s method of v e g e t a t i v e reproduction. 

Anderson (1961; described Gentiana verna as " D e l i g h t f u l , but 

often s h o r t - l i v e d " i n gardens., and both i l k i n g t o n (1963) and - • 

B a r t l e t t (1975) record that w i l d - c o l l e c t e d p l a n t s have survived 

f o r up to 4 years i n c u l t i v a t i o n . I t i s thus g e n e r a l l y recognised 

as a s h o r t - l i v e d plant, often, though by no means always, dying 

a f t e r flowering, although p l a n t s appear to be capable of p e r s i s t i n g 

i n the vegetative s t a t e f o r at l e a s t 7 y e a r s . I t i s apparently 

completely fros t - h a r d y . 
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I n Teesdale, t h i s s p e c i e s i s l a r g e l y r e s t r i c t e d to open 

grassland, and i s i n t o l e r a n t of shading or intense competition. 

I t occurs almost e n t i r e l y on g r a s s l a n d o v e r l y i n g "sugar limestone" 

or unaltered limestones, g e n e r a l l y on the s l i g h t l y damper s i t e s , 

but i t may a l s o occur i n grassy paitches amongst heather ( C a l l u n a 

v u l g a r i s ) , Crowberry (Empetrum nigrum) or other dwarf shrubs. 

5.2 Study s i t e s . 

S i x separate permanent quadrats with a s s o c i a t e d sample p l o t s were 

e s t a b l i s h e d , f i v e on Widdybank P e l l , and one on Cronkley F e l l . 

Quadrat 1:1 l a y i n h e a v i l y sheep-grased closed t u r f j u s t above 

a markedly flush e d area. The dominant g r a s s was F e s t u c a ovina, 

with s m a l l e r amounts of K o e l e r i a g r a c i l i s , B r i z a media, Carex 

panicea and C. f l a c c a , Galium s t e r n e r ! , S e l a g i n e l l a s e l a g i n o i d e s , 

P r u n e l l a v u l g a r i s , Linum catharcticum and Campanula r o t u n d i f o l i a . 

Doody (1975) shows a map of the vegetation i n one metre of t h i s 

quadrat i n 1970. The quadrat i s two metres long, and there was 

l i t t l e observable change during the period of study, except t h a t 

one corner and edge progressive].;/ eroded i n t o the adjacent hollow. 

Quadrat 4 s i was 5 metres long. I t had a vegetation cover of 

closed, heavily-grazed t u r f c o n s i s t i n g l a r g e l y of S e s l e r i a c a e r u l e a 

and F e s t u c a ovina, with a l a r g e clump of C a l l u n a v u l g a r i s and more 

s c a t t e r e d p l a n t s of i-I o b r e s i a r3 i rs p 1 i c i u s c u I a, Carox . f l a c c a , 

Car.Toariula rotui-d i f o l i a , Poter.til.lo ere eta, Thymus d r u c e i , 

Antennaria d i o i c a , Polygonum vivicarum and S e l a g i n e l l a s e l a t i n o i d e s . 

The p l o t l a y near the top of a k n o l l , a few metres above an 

extensive spring-head area. A limestone boulder abutted on to the 

quadrat, and t h i s may be a s i g n i f i c a n t f a c t o r i n i n c r e a s i n g the 

water supply to part of the quadrat, by i n c r e a s e d runoff, i n the 

manner observed by S a v i l e , 1972. 

http://Poter.til.lo
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Quo dra t 7:2, which was a l s o recorded f o r Poly.^ala aware 11 a. 
was c l o s e l y - g r a z e d and dominated by F e s t u c a ovina and S e s l e r i a 
c a e rulea, with s m a l l e r amounts of Heliantheinum chanaecistus. 
Hieracium p i l o s e l l a , Lotus c o r n i c u l a t u s . and s i g n i f i c a n t amounts 
of the mosses Dicranum scopariura and Rhacomitriun lanua;inosum. 
The quadrat l a y on t h i n sugar limestone s o i l , and was apparently 
d r i e r than other gentian quadrats. 

Quadrat 8:3, 2 metres long, contained considerable q u a n t i t i e s 

of C a l l u n a v u l g a r i s i n a t u r f of Ko b r e s i a s i m p l i c i u s c u l a and 

Carex f l a c c a , with l e s s e r amounts of Potent i l i a ere eta. Polygiala. 

s e r p y l l i f o l l a and S e l a ^ i n e l l a s e l a ^ i n o i d e s . A major sheep t r a c k 

passed very c l o s e to the quadrat. 

Quadrat 8B;4 was s i t u a t e d i n a huimsocky area adjacent to a 

la r g e a r e a of C a l l u n a v u l g a r i s . Both C a l l u n a v u l g a r i s and 

Empetrum nigrum were present i n the quadrat, and the grazing 

pressure A*as g e n e r a l l y r a t h e r low, allowi n g a much t a l l e r t u r f 

development. The dominant grass e s i n th2 t u r f were Sesl.eria 

c a e r u l e a and Festuca ovina with s m a l l e r amounts of Koe 1 e r i a ::*raci 1 i a 

B r i z a media and Kobresia s i m p l i c i u s c u l a . Associated s p e c i e s were 

Campanula r o t u n d i f o l i a , Thymus d r u c e i , V i o l a l u t e a and Polygonum 

viviparuia. 

Quadrat 10:1 on Cronkley F e l l was s i t u a t e d i n s i d e a l a r g e 

exclosure. Sheep were excluded, and although Doody (1975) recorded 

that there was very l i t t l e r a b b i t - g r a z i n g over the period 1969-1972, 

t h i s i n c r e a s e d considerably i n subsequent years, and the hummock i n 

the quadrat was used as a " l a t r i n e " f o r a t l e a s t 2 y e a r s . The 

t u r f was dominated by S e s l e r i a c a e r u l e a and Festuca ovina, and was 

very well-grazed, although not by sheep. 
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5.3 Population f l u x . 

Seven years of recording have revealed no very c l e a r - c u t trend.'5 

in. the Gentians populations on Widdybank or Cronkley F e l l s except 

that the o v e r a l l numbers of r o s e t t e s appears to be e s s e n t i a l l y stable 

On V/iddybank F e l l (See ? i g . 5.1 and u5.2) there are shown to be 

constant f l u c t u a t i o n s and a general i n c r e a s e i n the t o t a l mimbers 

of r o s e t t e s i n a l l quadrats, with the f i n a l Autumn 1975 record 

46 p l a n t s (l4/£) higher than the Spring 1970 record. A peak of 

plant numbers was reached i n e a r l y 1971 ('corresponding to a peak 

i n s e v e r a l i n d i v i d u a l quadrats), and the i n i t i a l Spring 1970 t o t a l 

of 330 p l a n t s was the lowest recorded. lU'lie f l u c t u a t i o n s are a 

f a c e t of the r e l a t i v e l y short l i f e of i n d i v i d u a l p l a n t s (mean 

3.2 y r s ) , and the mechanics of these changes are shown i n Table 5«1« 

I t i s n o t i c e a b l e that the f l u c t u a t i o n s do not have a p a r t i c u l a r 

seasonal p a ttern, although the s p r i n g f i g u r e i s often the lowest 

of the three records, w i t h i n a year. T h i s r e f l e c t s the observation 

that production of new r o s e t t e s i s s i g n i f i c a n t l y lower per month 

i n the winter period (P<-0.00l) while m o r t a l i t y remains more or 

l e s s constant throughout the year. 

The r a p i d i n c r e a s e through 1970 to Summer 1971 can be seen to 

be caused l a r g e l y by a much higher than average number of a d d i t i o n s , 

with about average morta3.ity. I n d i v i d u a l s i t e s show a g e n e r a l l y 

s i m i l a r p a ttern to the t o t a l f i g u r e s , v/irh freuuent f l u c t u a t i o n s . 

A l l s i t e s except 7:2 had more p l a n t s i n y.t the end of recording, 

than at the s t a r t . No s i t e made e s p e c i a l l y marked gains, although 

4:2 showed a 75;;= i n c r e a s e over one 2-year period, much of which 

has subsequently been l o s t . 

5.4 M o r t a l i t y r a t e s and L i f e e x p e c t a n c i e s . 

5.4.1 As i n d i c a t e d b r i e f l y under Population f l u x , r o s e t t e s of 

Gentiana verna have a r e l a t i v e l y short l i i e , estimated a t 3«2 years, 

on. average, with a mean annual l o s s r a t e of 2C-30>j of a i l p l a n t s 



6iW « 

V) \ 
2 v> 

31 i / 
<o V CO 

V I 
VJ 

/ o-

\ 
<2-/ 

0 

\ 
1* 

1 

00 

1 1 

ft 4 



V* \ 

63 

0 

Ml 

l/J 

>5< V 
9 

3 3 5 S) % £ S 3 

s no 



Gentiana verna 

Table 5.1 

Separate a d d i t i o n s (new r o s e t t e s ) and m o r t a l i t i e s 

i n Widdybank F e l l permanent p l o t s 

Season Additions 
i n each 
season 

M o r t a l i t i e s 
i n each 
season 

Change i n pop. 
numbers + or -

T o t a l pop. 
numbers 

Autumn) 1 9 6 9 

Spring) 

Summer) 1 9 7 0 
) 

Autumn) 

Spring) 

Summer) 1 9 7 1 
) 

Autumn) 

Spring) 

Summer) 1 9 7 2 
) 

Autumn) 
Spring) 

) 
Summer) 1 9 7 3 

) 
Autumn) 
Spring) 

) 
Summer) 1 9 7 4 

) 
Autumn) 
Spring) 

Sui-oiser; 
) 

Autumn) 

1 9 7 5 

( 9 6 ) * 

79 

9 1 

54 

75 

4 0 

25 

30 

50 

26 

12 

29 

50 

1 8 

47 

25 

34 

31 

43 

77 

28 

30 

61 

43 

42 

50 

36 

. 27 

47 

6 

35 

6 0 

44 

1 8 

63 

. 16 

31 

+2 

+63 
+24 

+14 

-3 
- 1 7 

- 2 0 

+14 

-1 

-35 
+23 
+15 
- 4 2 

+3 
+7 

- 2 9 

+15 

+12 

3 3 0 

3 9 3 

4 1 7 

4 3 1 

4 2 8 

4 l i 

3 9 1 

4 0 5 

4 0 4 

3 6 9 

.92 

4 0 7 

365 

3 6 8 

3 7 5 

3 4 9 

5 6 4 

376 

( ) * incl\ides an estimated f i g u r e 
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(Table 5 . 5 ) , although considerable v a r i a t i o n e x i s t s between 

s i t e s and yea r s . 

5.4.2 Age s p e c i f i c m o r t a l i t y . 

Graphs showing the d e c l i n e of p l a n t s i n i n d i v i d u a l year cohorts 

p l o t t e d on a log s c a l e against time (Doody, 1 9 7 5 ) i n d i c a t e that 

the m o r t a l i t y of p l a n t s may be exponential, and a fu n c t i o n only 

of numbers of p l a n t s and not of t h e i r age. F i g u r e s f o r age cohorts 

from a l l years were therefore pooled and compared over t h e i r l i f e 

span f o r m o r t a l i t y r a t e s i n each a g e - c l a s s (Table 5 - 2 ) using data 

from a l l Widdybank F e l l s i t e s . 

As explained i n S e c t i o n 3 « 5 . 3 . , the study has not continued 

long enough to allow the comparison of equivalent numbers i n each 

age c l a s s . There are decreasing numbers of p l a n t s being considered 

i n each age c l a s s , and there i s thus an i n c r e a s e i n the va r i a n c e 

of estimates as the saraple s i z e becomes s m a l l e r . P r e l i m i n a r y 

i n s p e c t i o n of the data i n d i c a t e s that m o r t a l i t y i s highest among 
-r* 2 

1-3 year-olds, p a r t i c u l a r l y from 1-2 y e a r s , but a A . t e s t on a l l 

the f i g u r e s i n d i c a t e s that 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 

between the s u r v i v a l of a g e - c l a s s e s , even at the 5/S l e v e l . The 

v a r i a t i o n i n m o r t a l i t y r a t e s amongst d i f f e r e n t years precludes any 

c l e a r d i s t i n c t i o n s from being made. I t must be assumed, therefore, 

that mortality i n Gentiana r o s e t t e s i s independent of age, although 

there are i n d i c a t i o n s t h a t m o r t a l i t y may be higher among 1 to 3 year 

old p l a n t s , and more or l e s s constant amongst a l l other age c l a s s e s . 

On the assumption that m o r t a l i t y i s - independent ox age, i t i s 

reasonable to c a l c u l a t e h a l f - l i v e s f o r the populations i n e'?/ch 

quadi-at, as an i n d i c a t i o n of the length of l i f e of p l a n t s , and 

the r a t e of turnover of populations. Table 5-3 shows the h a l f -

l i v e s of the mixed-age populations and subsequent addi t i o n s up to 

19 7 1 i n each s i t e , c a l c u l a t e d on the b a s i s of the nuraoer re::iiiair.g 



Gentiana verna 

Table 5.2 

Year c l a s s s u r v i v a l : Age c l a s s e s compared. 

Year 
£irst Rec. 

Period of s u r v i v a l i n years 
0 3 

1968 
Mixed-
age 

1969 
adds. 

1970 
adds. 

1971 
adds. 

1972 
adds. 

1973 
adds. 

1974 
adds. 

1975 
adds. 

T o t a l s 
i n ea. 
year 
c l a s s 

Prop. 
s u r v i ­
ving 

I'-ort. 

S i g n i f ­
icance 

Incom­
pl e t e 

104 

208 

118 

101 

89 

88 

106 

814 

Incom- 138 91 
pl e t e 

71 

151 

96 

81 

57 

63 

519 

51 

73 

54 

34 

34 

107 86 

52 

39 

66 

27 

68 

38 

51 

20 

50 

319 302 199 121 

36 

17 

53 

27 

27 

0.733 0.700 0.714 0.757 0.752 0.746 0.750 

0.267 0.300 0.286 0.243 0.248 0.254 0.250 

NS NS' NS NS NS NS 



Gentiana verna 

Table 5.3 

Half l i v e s of mixed age populations 
and age-cohorts ( i n y e a r s ) . 

S i t e s 
Cohort 1:2 4:2 7:2 8:3 813:4 Cronkley A l l 

S i t e s 
Mixed age pop. 1.78 2.24 1.44 1.16 2.57 2.48 2.35 
Aut. 1969 adds. 1.09 3.30 1.82 N.R 2.17 MR 
Spr. 1970 adds. 1.93 2.58 6.30 2.39 2.57 m 

Sum. 1970 adds. 2.39 2.17 3.01 1.93 5.33 2.48 2.48 
Aut. 1970 adds. 1.93 2.04 0.39 3-15 3.85 1.93 2.17 
Spr. 1971 adds. 1.65 2.39 2.24 4.62 1.41 1.09 2.10 

Sum. 1971 adds. 1.24 2.39 4.33 4.95 3.47 3.01 2.89 

C a l c u l a t e d to Autumn 1975, except where cohort had died 
out p r e v i o u s l y . 
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at Autumn 1 9 7 5 . I n S i t e 8:3, none of the o r i g i n a l population was 
l e f t at Autumn 1 9 7 5 , and the h a l f l i f e was therefore c a l c u l a t e d 
up to the l a s t record of any pl a n t s remaining. On the b a s i s that 
h a l f l i f e i s roughly of the t o t a l turnover time, we can estimate 
t o t a l turnover times a s . f o l l o w s , based on the o r i g i n a l mixed-age 
population h a l f - l i v e s : -

Table 5.4 

Estimated t o t a l turnover time of 
pla n t s i n each s i t e . 

S i t e Turnover time, years, approx. 

1:2 7 
4:2 9 
7:2 6 
8:3 4* 
83:4 10 

Cronkley 10 
O v e r a l l 9 

The d i f f e r e n c e s are by no means as marked as i n Pol.y.gala, but 

there are i n d i c a t i o n s t i i a t p l a n t s l i v e longer i n s i t e 83:4 and 

p o s s i b l y Cronkley, although the v a r i a t i o n amongst i n d i v i d u a l 

y e a r - c l a s s e s i s great. 

5.4.3 L i f e expectancy v a l u e s . 

L i f e expectancy values (Le; have been c a l c u l a t e d f o r p l a n t s i n 

each s i t e , as explained i n 3.5*3.» based on the recorded length 

of l i f e or projected length of l i f e of a l l i n d i v i d u a l s added s i n c e 

recording began. The f i g u r e s f o r p l a n t s i n each s i t e are presented 

i n Table 5-4b below. 
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Table '3.4b 

L i f e expectancies f o r i n d i v i d u a l s i n each 
s i t e based on the period 1 9 6 9 - 1 9 7 5 . 

S i t e Le ( y e a r s ) 

1:2 3.18 
4:2 4.85 
7:2 3.62 
8:3 5.07 
8B:4 5.65 
Cronkley * 4.11 
Average 4.34 

* C a l c u l a t e d over the period. 1970-1975 only. 

These f i g u r e s give a s l i g h t l y d i f f e r e n t i n d i c a t i o n of which p l o t s 

have the l o n g e s t - l i v e d p l a n t s (the t e c h n i c a l reasons for the 

d i f f e r e n c e between Le and -g— l i f e e stimates are discussed i n 3.5.3), 

although p l a n t s i n 83:4 again appear to have the longest l i f e - s p a n . 

The average length of l i f e of a l l p l a n t s over a l l quadrats, u s i n g 

the formula: 

L- = 2-M where M i s the annual m o r t a l i t y 
x 2M 

i s 3.16 years (see Table 5.5). 

5.4.4 Annual m o r t a l i t y r a t e s . 

Table 5.5 compares the annual m o r t a l i t y of a l l p l a n t s i n .viddybank 

s i t e s , u sing autumn records only. The f i g u r e s represent the ,nu~be 

at r i s k i n each autumn and the number s u r v i v i n g at the subsequent 

autumn, and the proportions s u r v i v i n g each year o v e r a l l are 

c a l c u l a t e d . Thus the m o r t a l i t y 01 new r o s e t t e s between appearance 

and t h e i r f i r s t autumn i s not included. 

The average annual m o r t a l i t y over a l l y e a r s was 0.273 ( i . e . an 

average of 27>o of p l a n t s die each y e a r ) , and a n a l y s i s of the t.-^ble 

as explained i n s e c t i o n 3*5.4 suggests t h a t there are no d i f f e r e n c 



Gen t i an a verna 
Table 5«5 

Year class s u r v i v a l - Years compared 
A l l Widdybank: plots, Autumn figures. 

Period of su r v i v a l Year • 
Class 1963 1969. 1970 1971 1972 1973 1974 1975 

1968 
orig. 
pop. 

1969 
adds. 
1970 
adds. 
1971 
adds. 
1972 
adds. 

1973 
adds. 
1974 
adds. 

1975 
adds. 
Totals 
Prop. 
Survi­
ving. 
Annual 
Mort. 

Incom- Incom­
plete plete 138 
records records 

104 71 

91 

51 

66 

34 

118 96 

51 

27 

208 151 107 86 

73 

101 81 

89 

36 

20 

68 

27 

17 

50 

52 • 38 

54 39 

57 34 

88 63 

106 

104 417 411 404 407 375 374 

0.683 0.703 0.737 0.787 0.705 0.715 

0.317 0.297 0.263 0.213 0.295 0.285 
Signif­
icance NS NS N3 NS NS NS 

Mean proportion surviving = 

Mean mortality = 0.273 
Ave. length of l i f e (2-K; = 

(2M ; 

1540 = 0.727 
2118 

1.727 = 3.16 years 
0.546 



Gentlana verna 

Table 5.6 

Annual m o r t a l i t y 

S i t e s * , 
Annual 

1:2 4:2 7:2 8:3 8B:4 Cronkley Averages 
Autumn 1968 -

Autumn 1969 0.46 0.26 0.49 NR NR NR (0.37) 

Autumn 1969 -

Auturon 1970 0.66 0.25 0.46 MR 0.38 NR (0.39) 

Autumn 1970 -

Autumn 1971 0.40 0.33 0.25 0.52 0.27 0.25 0.34 

Autumn 1971 -
Autumn 1972 0.29 0.22 0.39 0.31 0.24 0.25 0.27 
Autumn 1972 -
Autumn 1973 0.34 0.28 0.27 0.03 0.10 0.22 0.24 

Autumn 1973 -

Autumn 1974 0.35 0.29 0.33 0.36 0.16 0.31 0.30 

Autumn 1974 -
Autumn 1975 0.26 0.31 0.26 0.20 0.38 0.31 0.29 
S i t e 
Averages 0.39 0.28 0.35 0.29 0.25 0.27 0.29 



- 7 5 -

i n m o r t a l i t y between y e a r s . However, t h i s method of m o r t a l i t y 
a n a l y s i s does not take i n t o account s i t e d i f f e r e n c e s , assuming 
that they a l l behave i n a s i m i l a r f a s h i o n . Table 5.6 shows the 
separate annual m o r t a l i t y f i g u r e s f o r each s i t e , and these are 
analysed by the considerably more s e n s i t i v e method explained i n 
3 . 5 . 4 . For the purposes of a n a l y s i s , s i t e s 8:3 and Cronkley were 
excluded so that a l l years could be considered, and a f i g u r e f o r 
8B:4 Autumn 1968-Autumn 1969 was c a l c u l a t e d u s i n g the standard 
"missing-plot" technique ( B a i l e y , 1969). This a n a l y s i s i n d i c a t e d 
that s i g n i f i c a n t d i f f e r e n c e s e x i s t e d between s i t e s ( P « 0.001), 
and between years ( P < 0 . 0 1 ) , and th a t there was a high degree of 
i n t e r a c t i o n between years and s i t e s . P a r t i t i o n of the data 
i n d i c a t e d that d i f f e r e n c e s i n 1968-1969 and, i n p a r t i c u l a r 1969-
1970, were the main c o n t r i b u t i o n s to the d i f f e r e n c e s between years, 
and that these d i f f e r e n c e s were s i g n i f i c a n t l y d i f f e r e n t to the 
mean ( P < 0 . 0 2 ) . I t was found that the main sources of between-
s i t e v a r i a t i o n were 8B:4 and 1:2, and t h a t 8B:4 had a s i g n i f i c a n t l y 
lower m o r t a l i t y than average ( P < 0.001) while 1:2 had a s i g n i f i ­
c a n t l y higher m o r t a l i t y than average ( P < 0 . 0 0 1 ) . The exact source 
of s i t e - y e a r i n t e r a c t i o n could not be c l e a r l y defined, although 
presumably t h i s degree of r e s i d u a l v a r i a t i o n accounts f o r the 
f a i l u r e of a n a l y s i s of Table 5.5 to de t e c t a s i g n i f i c a n t d i f f e r e n c e 
i n m o r t a l i t y i n the period 1969-1970. When 1968-1970 m o r t a l i t y 
was removed from the data, there was found to be no s i g n i f i c a n t 
d i f f e r e n c e between the other y e a r s . 
5.4.5 Age s t r u c t u r e of the population. 

Attempts were made to age i n d i v i d u a l r o s e t t e s of Gentiana verna i n 

the f i e l d , but no cei-tain repeatable method was found. Therefore, 

the only way i n which the age s t r u c t u r e of the population can be 

determined i s by r e g u l a r recording u n t i l the age of a l l p l a n t s i n 
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Gentiana verna 

Table 5.4b 

Age c l a s s d i s t r i b u t i o n of populations i n permanent p l o t s 
at Autumn 1975. Percentage f i g u r e s . 

Age C l a s s ( Y e a r s ) T o t a l 
S i t e No. of 

0-1 1-2 2-5 5-4 4-5 5-6 6-7 > 7 Plant3 
1:2 . 52.6 19.8 5.1 9.5 4.7 12.8 0.0 5.8 86 

4:1 25.7 18.8 6.5 9.0 9.7 10.4 9.7 10.4 144 
7:2 26.2 11.9 4.8 16.7 9.5 25.8 2.4 4.8 42 

8:5 28.8 15.5 11.5 9.6 25.1 15.5 0.0 NR 52 

8B:4 28.8 19.2 5.8 11.5 7.7 15.5 15.5 NR 52 

Cronkley 28.6 10.2 8.2 16.5 8.2 28.6 NR NR i 49 
Ave. 
W'bank 28.2 15.2 8.8 10.4 10.1 15.5 11.70 NR 

Ave. 
O v e r a l l 28.2 16.7 8.7 11.1 9.9 25.5 (NR) (NR) 

Approx. 
C a l c . * 
F i g u r e s 27 20 14 11 8 6 4 10 

In those quadrats vriiere records are f o r l e s s than 
7 y e a r s , the o l d e s t age-group in c l u d e s a l l p l a n t s 
over that aee. 

* Based on constant recruitment and 27p annual m o r t a l i t y . 
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a quadrat i s known. I n one quadrat ( 8 : J ) the age of a l l plants 
i s now known, and i n the remainder a high p r o p o r t i o n are of known-
age. Age s t r u c t u r e s f o r each s i t e , and f o r the t o t a l sample are 
presented i n Pig. 5.3 and .Table 5.bb together w i t h a "model" 
population w i t h constant recruitment and 21% annual m o r t a l i t y . 
These age s t r u c t u r e s g e n e r a l l y are of the type t h a t one would 
expect from a healthy population of a s h o r t - l i v e d p e r e n n i a l , a l ­
though there are considerable v a r i a t i o n s between s i t e s and 
di f f e r e n c e s from the standard, r e f l e c t i n g v a r i a t i o n s i n m o r t a l i t y 
and recruitment over the period d u r i n g which the population was 
formed. O v e r a l l , the d i s t r i b u t i o n of the population sample i s 
s t r i k i n g l y s i m i l a r to the cal c u l a t e d model. 
5.4.6 M o r t a l i t y recording. 

D i s t i n c t i o n has been made durin g the f i e l d w o r k f o r t h i s study 
between two types of m o r t a l i t y i 
a. Plants which were seen t o be dead, or more or less dead, at 

some stage before they disappeared. ("Dead'j. 
b. Plants which were present at one recording but of ;:hich there 

was no trace at the next. ("Crone"). 
I n the l a t t e r case, p l a n t s were t e n t a t i v e l y assumed t o have been 
removed \>y sheep (on Widdybank F e l l ) or r a b b i t s . Plants were 
u n l i k e l y t o have died and r o t t e d away between recordings, although 
i t i s possible t h a t the remains of a p l a n t recorded as "gone" could 
have been overlooked i n one recording, e s p e c i a l l y i f . c a r r i e d out 
i n bad weather. The d i s t i n c t i o n was ir.ade because i t v;as f e l t t h a t 
an i n d i c a t i o n of the loss of r o s e t t e s due t o sheep-grazing could 
thus be gained. Doody (1975) records t h a t sheep teeth-marks had 
been observed on r o s e t t e s , and t h a t there was a good degree of 
c o r r e l a t i o n between the percentage of m o r t a l i t i e s recorded as 
"gone" and the l e v e l of sheep-grazing. For the purposes of a l l 
m o r t a l i t y c a l c u l a t i o n s , the two types of u o r t a l i t y nave, of 



G-entiana verna 
Table 5.7 

Proportion of m o r t a l i t i e s recorded as "gone" 

S i t e 1973 1974 1975 S i t e 
averages 

S i t e 
No. 
gone 

% 
gone 

No. 
gone 

% 
gone 

No. 
gone gone 

S i t e 
averages 

1:2 9/28 32% 21/28 75% 18/20 90% 48/76 63% 
4:2 24/39 6l±% 37/47 7Btfo 43/47 9l£% 104/133 78% 
7:2 2/15 1355 10/16 62|% 9/11 82% 21/42 50% 

8:3 0/1 0% 16/18 89% 6/9 67% 22/28 79% 
8B:4 3/5 60% 6/10 60% 17/22 77% 26/37 70% 

Cronkley 
10 

8/14 57% 18/20 90% 12/16 75% 38/50 76% 

Averages 46/102 46% 108/139 77.7% 105/125 84% • 

N.B. "% gone" i s % o f m o r t a l i t i e s recorded as gone. 
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course, been regarded as equivalent, and t r e a t e d together. The 
p r o p o r t i o n of deaths recorded as "gone" i s shown i n Table 5.7. 
5.4.7 Seasonal m o r t a l i t y . 
As i n d i c a t e d under Population f l u x (5.3), over the whole period 
1969-1975 there was no s i g n i f i c a n t d i f f e r e n c e i n m o r t a l i t y between 
any season. M o r t a l i t i e s were almost e x a c t l y the same i n each 
period of the year. Table 5.8 shows the d e t a i l e d m o r t a l i t y rates 
i n each s i t e over the period 1972-1975, and analysis i n d i c a t e s 
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 between s i t e s . M o r t a l i t y 
amongst Gentiana r o s e t t e s i s apparently constant throughout the 
year, i n contrast t o Poly^ala (sect. 4.3) where i t was found t o 
be considerably higher i n the w i n t e r p e r i o d . 
5.5 He cruitme n t . 

Within the s i t e s s t u d i e d , recruitment t o the gentian population 
was almost e x c l u s i v e l y confined t o vegetatively-produced r o s e t t e s . 
Only 3 seedlings were recorded i n one quadrat dur i n g the whole 
period, and the c o n t r i b u t i o n of seed-derived i n d i v i d u a l s t o the 
numbers i n the p o p u l a t i o n i s not considered here. 
5.5.1 Annual recruitment. 

The l e v e l s of r e c r u i t m e n t , shown as new r o s e t t e s per established 
p l a n t , are displayed i n Table 5-9f f o r each s i t e over the period 
1972-1^75• Doody (1975; presents comparable f i g u r e s f o r each s i t e 
f o r the years 1969-1972, and h i s f i g u r e s are quoted below, f o r . 
comparison, as averages only:-

1969 : 0.43 1:2 : . 0.66 
1970 • . 0.98 4:2 : 0.42 
1971 . 0.43 7:2 : 0.53 
1972 : 0.34 8:3 . 0.73 

8B:4 : 0.45 
Cronkley : 0.45 

Over tiie period 1972-1975, the average r a t e of recruitment was 



(rentiana verna 
Table 5.8 

Seasonal m o r t a l i t y 

Mortality-
Period * 1:2 4:2 

Sitea 
7:2 8:3 8B:4 Cronkley 

Seasonal 
Averages 

Autumn 1972-
Spring 1973 0.12 0 .04 0.12 0.00 0.02 0.09 0.09 
Summer 1973 0.00 o.oi o.oo 0.02 0.06 0.00 0.01 
Autumn 1973 0.14 0-14 0.04 0.00 0.00 0.05 0.08 
Spring 1974 0.13 0.05 0.22 0.09 0.0? 0.05 0.07 
Summer 1974 0.12 0.19 0.02 0.00 o . i r 0.00 0.10 
Autumn 1974 0.06 0.01 0.02 0.24 . 0.02 0.24 0.07 
Spring 1975 0..06 0.10 0.12 0.04 0.11 0.17 0.09 
Summer 1975 0.14 0.00 0.00 0.14 0.00 0.00 .0.04 
Autumn 1975 0.01 0.12 0.05 0.00 0.19 0.00 0.08 

Notes: M o r t a l i t y i s cal c u l a t e d r e l a t i v e to the number of 
plan t s a t the s t a r t of the i n t e r v a l . 
* The date represents the end of the i n t e r v a l , and 
the m o r t a l i t y opposite each row r e f e r s to the period 
between t h a t date and the preceding one. 
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0.27 new roset t e s per p l a n t per year. AD.though Doody (1975) does 
not quote an average value f o r the per i o d 1969-1972, i t i s clear 
t h a t recruitment was at a considerably higher r a t e -during t h a t 
time, than during the period 1972-1975. The average recruitment 
c a l c u l a t e d over the period 1970-1975 i s 0.32 ro s e t t e s per estab­
l i s h e d p l a n t per year. 

Analysis of Table 5.9 i n d i c a t e s 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 between years, but t h a t there are s i g n i f i c a n t d i f f e r e n c e 
between s i t e s . Further examination of the data shows t h a t 1:2 has 
a s i g n i f i c a n t l y higher recruitment than average (P 0.01), but 
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 between other s i t e s . 
5.5.2 Seasonal recruitment. 

Recruitment of new Gentiana r o s e t t e s continued throughout the year, 
.at l e a s t t o the extent t h a t new ro s e t t e s appeared between the 
October record and the April/Kay record. A broad ?i, ̂  a n a lysis of 
the f i g u r e s given i n Table 5.1 f o r a l l the a d d i t i o n s i n each 
season i n d i c a t e s t h a t there are considerably less a d d i t i o n s i n the 
winter, per month, than i n the r e s t of the year over the period 
1969-1975f and t h a t t h i s d i f f e r e n c e was s i g n i f i c a n t l y less than 
expected (P< 0.001). Table 5.10 presents data f o r r o s e t t e r e c r u i t ­
ment d u r i n g each season i n each quadrat over the period 1972-1975. 
Analysis of variance i n d i c a t e s t h a t there i s seasonal d i f f e r e n c e 
(P<0.01) and t h a t the wi n t e r recruitment d i f f e r s from those f o r 
the two summer periods. This i s hardly s u r p r i s i n g , although the 
d i f f e r e n c e i s by no means as c l e a r - c u t as might be expected, 
perhaps because the recording times were 'not e x a c t l y at the 
beginning and end of the growing season i n a l l years. 
5.6 Reproductive performance. 

5.6.1 Although a large amount of data has been c o l l e c t e d on the 
f l o w e r i n g performance of Gentiana verna, i t should be noted t h a t 



Gentiana verna 
Table .5.9 

Annual recruitment. 

Year Si t e s Year 
1:2 4:2 7:2 8:3 8B:4 Cronkley Totals 

Aut.1972-Aut.1973 0.41 0.16 0.22 0.41 0.19 0.22 0.24 
Aut.1973-Aut.1974 0.39 0.23 0.21 0.20 0.20 0.12 0.23 
Aut.1974-Aut.1975 0.39 0.27 0.28 0.35 0.31 0.30 0.31 
Site averages 0.40 0.22 0.24 0.32 0.23 0.21 0.27 

http://Aut.1972-Aut.1973
http://Aut.1973-Aut.1974
http://Aut.1974-Aut.1975


Gentiana verna 
Table 5.10 

Seasonal recruitment 

Sites 
Season 1:2 4:2 7:2 8:3 8B:4 Cronkley Aves 

Aut.72 - Spr.73 0.00 0.01 0.03 0.07 0.02 0.D9 0.03 
- Summer 1973 0.03 0.05 0.11 0.25 0.06 0.03 0.07 
- Autumn 1973 0.37 0.09 0.06 0.04 0.10 0.02 0.11 
- Spring 1974 0.02 0.03 0.22 0.03 0.02 0.01 0.02 
- Summer 1974 0.15 0.17 0.13 0.00 o:i6 0.00 0.11 
- Autumn 1974 0.21 0.02 0.02 0.14 0.00 0.10 0.07 
- Spring 1975 0.02 0.06 0.04 0.00 0.05 0.12 0.05 
- Summer 1975 0.24 0.02 0.00 0.19 0.06 0.00 0.09 
— Autumn 1975 0.12 0.11 0.10 0.16 0.13 0.07 0.11 
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f l o w e r i n g i s unimportant, under present c o n d i t i o n s , i n the annual 
reproduction of the species on Widdybank i ^ e l l (although, i t s possible 
r o l e i n the long term s u r v i v a l of the species i s discussed l a t e r ) . 
No f e r t i l e capsules have matured, d u r i n g the period of t h i s study, 
i n any of the marked s i t e s , and only 3 seedlings (recorded t o ­
gether i n 1974) have ever been observed. Ripe capsules may be 
produced on those F e l l s , although they are r a r e , and are only 
normally found i n areas where sheep do not graze, e.g. i n 
a r t i f i c i a l e x c l o s u r e 3 or amongst heather. The f o l l o w i n g f i g u r e s 
and conclusions should t h e r e f o r e be viewed i n t h i s l i g h t . 
5.6.2 Age at f l o w e r i n g , and f a t e of f l o w e r i n g i n d i v i d u a l s . 
An analysis of the age at which r o s e t t e s f i r s t f lower, i f they 
flower, i s presented i n Table 5.11. Only the data f o r 1969 and 
1970 a d d i t i o n s are presented, t o avoid bias towards those p l a n t s 
which f l o w e r when young. The data f o r these two years have been 
pooled because there are no records f o r i n d i v i d u a l s flowering-
a f t e r 4-5 years f o r the f i r s t time. One s u r p r i s i n g f e a t u r e i s the 
paucity of i n d i v i d u a l s t h a t have been followed from ' b i r t h ' through 
to f l o w e r i n g . Of the 329 a d d i t i o n s recorded on widdybank i n 1969 
and 1970, 29 flowered (8.8;S), 239 died without f l o w e r i n g (72.6=<c) 
and 61 were recorded f o r over 5 years without .fiowering ( l 8 . 6 ; o ) . 

Over 50?° of pl a n t s t h a t f l o w e r do so when aged 1-2 year?, v i t h 
smaller, more or less equal amounts (10-14?^) i n other age groups up 
to 5 years. No plants have been recorded as f l o w e r i n g f o r the 
f i r s t time when over 5 years o l d . The i n d i v i d u a l quadrats show 
more or less the same p a t t e r n , a l l w i t h a peak c f nunbers at age 
1-2 years. 

Plants t h a t have flowered face v a r i e d f a t e s (see Table 5.12). 
Although i t i s sometimes stated t h a t Gentiana verna normally dies 
soon a f t e r f l o w e r i n g , the r e s u l t s from t h i s study i n d i c a t e t h a t 



Gentiana verna 
Table 5..11 

Reproductive performance. Ages at f i r s t f l o w e r i n g , or 
len g t h of time recorded without f l o w e r i n g . 

Age at f i r s t 
f l o w e r i n g 
(years) * 

S i t e s Age at f i r s t 
f l o w e r i n g 
(years) * 1:2 4:2 7:2 8:1 3 3B:4 Cronkley Widdybank 

T o t a l 
0-1 2 0 3 0 0 0 4 (13.8%) 
1-2 3 4 0 0 8 2 15 (51.7%) 
2-3 3 1 0 0 0 0 4 (13.8%) 
3-4 2 0 0 0 1 0 3 (10.3%) 
4-5 1 2 0 0 0 0 3 (10.3%) 
5-6 0 0 0 0 0 0 
No. dying 
without 
f l o w e r i n g 69 88 39 22 21 14 239 
No. recorded, 
over 5 years 
from b i r t h 
without 
f l o w e r i n g 11 28 11 7 4 3 61 

* Using data from 1969 and 1970 a d d i t i o n s . 

On Widdybank s i t e s , out of those recorded, 72.6% died without 
f l o w e r i n g , 18.6% l i v e d through the study period without 
f l o w e r i n g , and 8.8% flowered. For Cronkley, the comparable 
f i g u r e s are: 73.6%, 15.8% and 10.6%. 



Gentiana verna 
Table '3.12 

Analysis of the f a t e of p l a n t s t h a t f l o w e r . 

S i t e 
Widdybank 
s i t e s 

Cronkley T o t a l 

Number of plants t h a t die 
w i t h i n year of f i r s t 
f l o w e r i n g , and as percentage 
of a l l f l o w e r i n g i n d i v i d u a l s 

50 7 
44$ 

57 
45# 

Number and percentage of 
plants t h a t flower and 
survive t o a f u r t h e r year 

62 
55/° 

9 
56# 

71 
5570 

Number of pla n t s t h a t flower 
twice, and percentage 

15 
13/ 

0 
Ofo 

15 
12# 

Number of plants t h a t 
f l o w e r three times 0 0 0 

Number of plants t h a t flower 
again in-the. f o l l o w i n g year 11 0 11 

- or the second year a f t e r 4 0 4 

r or the t h i r d year a f t e r 0 0 0 

Number of pla n t s t h a t die 
w i t h i n the year of second 
f l o w e r i n g , and as percent-

7 
47# 

0 
OjS 

7 
47/o age of those t h a t f l o w e r 

twice. 
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only 45>> of r o s e t t e s die w i t h i n t h e i r year of f i r s t f l o w e r i n g , 
w i t h the remaining 55'/° (71 p l a n t s ) s u r v i v i n g at l e a s t to the 
f o l l o w i n g year, and pos s i b l y f l o w e r i n g again. 

Of the 128 recorded f l o w e r i n g i n d i v i d u a l s , 15 were recorded 
as f l o w e r i n g twice (.12$), w i t h 11 of these f l o w e r i n g again i n the 
year a f t e r t h e i r f i r s t f l o w e r i n g , and 4 i n the year a f t e r t h a t . 
7 out of 15 (47$) then died w i t h i n t h e i r year of second f l o w e r i n g , 
the remainder (53$) s u r v i v i n g t o at l e a s t a f u r t h e r year, although 
no p l a n t s were recorded as f l o w e r i n g three times or more. Some 
aspects of these f i g u r e s are s u r p r i s i n g , e s p e c i a l l y the larg e 
numbers of plants (73/") t h a t die without f l o w e r i n g , or survive 
f o r over 5 years without f l o w e r i n g (19$). The possible s i g n i f i ­
cance of t h i s i s discussed l a t e r ( i n 5.7). I t would appear t h a t 
f l o w e r i n g does increase the . r i s k of death, since 45-47$ of pl a n t s 
die w i t h i n the year of f l o w e r i n g , compared t o the normal annual 
m o r t a l i t y of a l l plants of 27$> although over h a l f survive t o 
subsequent years. Probably the r i s k of death would be increased 
i f capsules were produced, due t o the greater d r a i n on the plant's 
resources. 

5.6.3 Flowering percentage and reproductive p o t e n t i a l . 
Gentiana verna flowers each year i n spr i n g , u s u a l l y during May 
i n the study are?., and each r o s e t t e nor:.r?..llY producers sir.;;2o 
blue f l o w e r , although up t o 3 flowers per r o s e t t e have been ob­
served on Widdybank F e l l , and'greater numbers elsewhere. Over 
a l l s i t e s and a l l years, an average of j u s t under 7$ of r o s e t t e s 
flowered each year. Of those recorded i n quadrats, none produced 
r i p e f r u i t i n the period 1972-1975, although Doody (1975) records 
t h a t a few capsules were produced i n p l o t 10 on Cronkley F e l l i n 
1970. The average number of seeds per capsule c o l l e c t e d from 
exclosures i s 161 (see Table 5.13), so the average reproductive 



Gentiana verna 
Table 5.13 

Seed production 

Seeds per capsule 

Year Widdybank Fell Cronkley P e l l 

1970 143 1 11 182 - 30 

1971 132 ± 13 
1972 182 ± 11 

1973 127 - 52 
1974 205 - 56 
1975 126 ± 75 
Ave. 161 
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p o t e n t i a l of the gentian, on V/iddybank F e l l might be 1127 seeds/ 
100 p l a n t s per annum i f a l l capsules reached m a t u r i t y , and assuming 
t h a t f l o w e r i n g percentage remained the same under such c o n d i t i o n s . 
Taking the average density of r o s e t t e s , c a l c u l a t e d from p l o t data 

_? 
to be 109 M then the average p o t e n t i a l seed production of 
Gentiana on V/iddybank i s 1228 seeds/Fi~ /year. 
Table 5.14 shows percentage i n d i v i d u a l s producing flowers (where 
number of flowers per f l o w e r i n g p l a n t = 1 throughout the whole 
period) i n each s i t e i n each year. The data were analysed as 
explained i n s e c t i o n 3.5.7 using transformed data, w i t h a "missing 
p l o t " f i g u r e c a l c u l a t e d f o r Cronkley 1969, and applying Least 
s i g n i f i c a n t d i f f e r e n c e and Least s i g n i f i c a n t range (where Q̂ Q or 
5 

^30 w a s t^ i e ^ l i ^ P ^ - y ^ S f a c t o r , f o r year d i f f e r e n c e s and s i t e 
d i f f e r e n c e s r e s p e c t i v e l y ) t e s t s . ( Fisher, 1954). The i n i t i a l 
a n alysis i n d i c a t e d t h a t t i i e r e were s i g n i f i c a n t d i f f e r e n c e s "between 
years and between s i t e s , ( P < 0 . 0 l ) w i t h no s i g n i f i c a n t i n t e r a c t i o n 
between them. Further analysis showed t h a t S i t e 8B:4 had a 
s i g n i f i c a n t l y higher f l o w e r i n g percentage than a l l others (P<C.CC1) 
and t h a t Is2 was s i g n i f i c a n t l y higher than a l l others (except 83:4) 
(P<0.001). Sites 7:2 and 8:3 were s i g n i f i c a n t l y lower than 
average (P 0.01) although not from each other nor from 4:2. 

Amongst years, 1975 was s i g n i f i c a n t l y lower than a l l others 
(P< 0.001) and 1971 was s i g n i f i c a n t l y lower than the remaining 
years. 1970 and 1973 were s i g n i f i c a n t l y higher than a l l other 
years except 1969 (P<0.001), which was net i n i t s e l f s i g n i f i c a n t l y 
d i f f e r e n t from average. 

I n summary, 8B:4 had the highest f l o w e r i n g percentage, 
followed by 1:2, while 7:2 and 8:3 had s i g n i f i c a n t l y lower than 
average f l o w e r i n g percentages. Cronkley and 4:2 were n e i t h e r 
s i g n i f i c a n t l y higher nor lower than average. 



Gentiana verna 
Table 5.14 

Annual f l o w e r production. Percentages 
of p l a n t s producing f l o w e r s . 

S i t e s 
Y E A R S "TT2 4T2 T-2 875 8BT4 Cronkley Averages 

1969 . 12.5 7.0 3.5 1.6 18.8 NR - 8.8 
1970 9.5 5.4 7.0 4.8 14.9 7.8 8.2 

1971 8.5 2.7 0.0 2.1 8.3 11.1 5-4 
1972 14.4 4.7 1.5 1.9 13.3 6.3 7.6 

1973 7.3 8.5 8.2 6.3 17.5 2.9 8.7 
1974 7.6 5.2 6.0 2.9 21.3 0.0 7.6 
1975 2.1 0.0 0.0 0.8 6.9 2.5 1.8 
S i t e aves. 9.1 4.8 3-7 2.9 14-5 5.2 6.83 
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1975 was the worst year f o r f l o w e r i n g , followed by 1971, 
while 1970 and 1973 were the best. 1969 had a high average 
percentage but was not s i g n i f i c a n t l y higher than average. The 
remaining years d i d not d i f f e r s i g n i f i c a n t l y from average. The 
possible s i g n i f i c a n c e of these d i f f e r e n c e s i s discussed l a t e r 
( i n 5.8). 

5.7 L i f e cycle and Reproductive s t r a t e g y . 
I n summary, Gentiana verna i s a s h o r t - l i v e d perennial w i t h an 
average l i f e expectancy of about 3 years, and an average annual 
m o r t a l i t y of 27/=. Approximately 1% of r o s e t t e s flower each year, 
on average, w i t h each r o s e t t e normally producing a s i n g l e f l o w e r , 
which r a r e l y develops i n t o a capsule under the conditions pre­
v a i l i n g i n the study area. Rosettes may very occasionally f l o w e r 
w i t h i n t h e i r f i r s t year, but normally f l o w e r i n t h e i r second or 
t h i r d years. They r a r e l y flower more than once, although many 
survive f o r long periods a f t e r f l o w e r i n g . P o l l i n a t i o n has not 
been studied i n d e t a i l , and r e l a t i v e l y l i t t l e i s known of the 
p o l l i n a t o r s . Bombus spp. have been observed v i s i t i n g flowers i n 
the normal manner on s t i l l f i n e days, when these occur. I n 
a d d i t i o n , bees, and possibly other i n s e c t s obtain nectar " i l l e g a l l y " 
by b i t i n g through the c o r o l l a tube at the base, and the r e s u l t s of 
t h i s can o f t e n be observed. Despite the problems of poor weather, 
s c a r c i t y of p o l l i n a t o r s , and " i l l e g a l " e n t r y , i t i s c l e a r t h a t 
many capsules, w i t h f e r t i l e seeds, do develop i n ungrazed areas. 
Elk i r i g t o n (1963) records t h a t G. verna i s self-compatible, and 
although spontaneous s e l f - p o l l i n a t i o n has not been observed under 
experimental c o n d i t i o n s , i t may take place i n the w i l d . 

Under these c o n d i t i o n s , the normal mode of reproduction i s 
by the production of f i n e underground stolons t e r m i n a t i n g i n 
rose t t e s which have been recorded as appearing up to 25cms fro;:: 
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the nearest p l a n t , and which may th e r e f o r e g r a d u a l l y serve to 
colonise new ground. These r o s e t t e s are produced almost throughout 
the year, but e s p e c i a l l y i n warmer damper periods. The young 
r o s e t t e then has as much chance of s u r v i v a l as an a d u l t p l a n t , 
and, i n f a c t , a l l ages of p l a n t seem to have a oirailax- chance of 
s u r v i v a l ( i . e . m o r t a l i t y i s age-independent). Flowering i n d i v i d u a l 
are more l i k e l y t o d i e than non-flowering ones (45#, compared to 
27/S) and possibly more p l a n t s would die i n t h e i r year of f l o w e r i n g 
i f they were allowed t o produce r i p e f r u i t s which would d i m i n i s h 
t h e i r reserves f u r t h e r . 

From the few capsules t h a t are produced, i n p a r t i c u l a r 
protected s i t e s , the reproductive p o t e n t i a l i s thought to be 
reasonably high (c. 1100 seeds/100 plants/annum), but only a very 
few seedlings have been recorded i n the study area. W i t h i n the 
7 years of t h i s study, to 1975, only 3 seedlings have been recorded 
i n the permanent quadrats, a l l i n one quadrat i n 1974. The seed 
must have been produced outside the quadrat, unless i t had l a i n 
dormant f o r a long period of years. 

Although c l e a r l y not of importance i n d i r e c t l y determining 
the numbers of i n d i v i d u a l s on the Teesdale F e l l s , sexual reprod­
u c t i o n may be of importance i n occasionally producing new genetic 
recombinants which ^ay be ::.ore s u i t e d to c e r t a i n conditions than 
the present clones. A d d i t i o n a l l y , c l o n a l m a t e r i a l i n raaiiy species 
(although there i s no evidence f o r t h i s i n Gentiana verna) 
e v e n t u a l l y loses i t s vigour, and new clones from seedlings would 
t h e r e f o r e help t o maintain the population. 

The method of vegetative growth i s c l e a r l y successful and 
w e l l - s u i t e d t o the conditions i n the study area. The populations 
are maintained despite q u i t e l a r g e annual losses of p l a n t s , and, 
i n some quadrats, numbers have increased over the 6 years t o 1975-
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The relationship between Gentiana verna and the grazing sheep 
(or rabbits) in complex and by no means f u l l y clear. The sheep 
probably assist the survival of Gentiana on these f e l l s to an 
extent by keeping the vegetation short, and a l t e r i n g i t s coin-
position to those specie's able to survive grazing. The Gentiana 
thrives, often at quite high densities (e.g. c. 170 rosettes/fl" 
i n one quadrat) i n a grazed plagiocliraax. In an exclosure on 
Widdybank F e l l set up i n 1969, Gentiana was at f i r s t very success­
f u l i n flowering, and large numbers of capsules were produced. 
Since that time, the numbers of rosettes, flowering individuals 
and ripe capsules have a l l decreased (Doody 1975, and subjective 
assessment) as the growth of other vegetation, especially Featuca 
ovina has increased. To t h i s extent, sheep probably assist the 
species by extending the range of habitat that i t can colonise, 
and by allowing i t to succeed wi t h i n t h i s . In oprjosition, sheep 
may regxilarly remove whole plants and probably damage others 
irrevocably, and almost t o t a l l y prevent seed production. 

The very high proportion of plants that die without ever 
flowering, or have l i v e d f o r over 5 years without flowering (92/j, 

together) i s remarkable. There may be 2 reasons f o r t h i s . F i r s t l y , 
grazing may d i r e c t l y prevent a proportion of plants from achieving 
the stdte of vigour that they require to produce flowers. There 
is reasonable general' evidence to support t h i s , from h o r t i c u l t u r a l 
experience i n pa r t i c u l a r , and d e f i n i t e evidence that f u l l de­
f o l i a t i o n may reduce or e n t i r e l y prevent seed formation i n some 
species (e.g. Rockwood 1974), whilst p a r t i a l d e f o l i a t i o n a f t e r 
anthesis raay considerably reduce seed size (e.g. Maun and Cavers, 
1971). I t i s l i k e l y , therefore, although by no means d e f i n i t e l y 
shown by t h i s study, that the general reproductive perforiuance of 
the je.ntian.a w i l l be impaired by continuous grazing through the 
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growing season. 
Secondly, there i s probably an overall selection pressure to 

reduce the flowering percentage on the F e l l , by selection of non-
f l o r i f e r o u s clones. This i s suggested because: 
1. Flowering plants probably produce less new rosettes than non-

flowering ones through diversion of resources to flowering, 
and, since they w i l l not normally produce seeds, they w i l l 
have l e s 3 offspring o v e r a l l ; 

2. Plants that flower, as previously shown, are l i k e l y to die 
e a r l i e r than non-flowering ones, and are l i k e l y therefore to 
have less time to produce new rosettes; 

3. Flowering individuals are probably more l i k e l y to be removed 
whole, possibly together with any nev; stolons, by grazing 
sheep since they are t a l l e r and more conspicuous, and a small 
experiment indicated that t h i s removal does not stimulate 
increased rosette production by the remaining rootstock. 
In other words, there i s no immediate advantage to the pop­

u l a t i o n , under present conditions, to flower, and there are probable 
positive disadvantages. There would appear, therefore, to be quite 
strong pressure to reduce f l o r i f e r o u s clones, and l i t t l e to 
favour them. 

I f t h i s mechanism i s operating, i t i s probable that i t w i l l 
already have had considerable e f f e c t , and t h i s may be the under­
l y i n g cause of some of the observed differences i n flov/ering 
percentage between d i f f e r e n t s i t e s . I t may also help to explain 
the obviously greater flowering percentage of the rosettes at a 
l i t t l e - g r a z e d s i t e at Langdon Beck, not f a r away. Further 
experimental and perturbation studies should be made to analyse 
the s i t u a t i o n more f u l l y . I t i s d i f f i c u l t to gauge the l i k e l y 
speed of change, but - with the short generation time of Gentiana -
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i t may be s u f f i c i e n t l y rapid to be taken int o account i n con­
sideration of future management. Brougham and Harris (1967), 
f o r example, showed that genetic changes occurred i n strains 
of Lolium w i t h i n a few months of sowing, under p a r t i c u l a r grazing 
regimes, and Charles (1964, 1968) has shown the r a p i d i t y of 
adaptation of red and white clover and grass populations to 
d i f f e r e n t management regimes. 

Although the gentian can cle a r l y survive with a low 
flowering percentage i n the s i t e area, i t s prime a t t r a c t i o n i s 
i t s flower and management should possibly be directed at ensuring 
more than the survival of i t s rosettes. 
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Chapter Six 
Viola rupestris 

6.1 Introduction. 
Viola rupestris, the Teesdale V i o l e t , i s an extremely rare native 
of B r i t a i n , confined, w i t h i n B r i t a i n , to a few sites i n Northern 
England i n open limestone vegetation. I t i s l i s t e d by Perring and 
P a r r e l l (1977) as an endangered species, and i s recorded from only 
7 lOKm squares i n England (Bradshaw and Doody, i n press). Within 
Teesdale, i t i s confined to Y/iddybank F e l l , along the narrow band 
of sugar limestone s o i l , growing i n a range of communities from 
closed short grassland to open eroding edges, although never amongst 
dwarf shrubs. I t i s a small perennial rosulate herb, which loses 
i t s leaves i n winter, but which i s apparently r e l a t i v e l y long-
l i v e d . Flowering, i n common with other members of the genus Viola, 
involves the production of both open (chasmogamous) and closed 
(cleistogamous) flowers, and the r e l a t i v e importance of these two 
i s determined to an extent by habitat. 

For the purposes of t h i s study, the d e f i n i t i o n of the "unit 
of reproduction" has followed that given by Doody (1975) i n order 
that results over the whole period w i l l be comparable. He des­
cribes the production of short l a t e r a l branches terminating i n 
rosettes, which do not appear to root independently, but whose 
connections with the parent plant are not always distinguishable 
i n the f i e l d without causing damage, i l l u s t r a t i n g some of the 
problems discussed by Harper (1967J. Doody therefore defines the 
in d i v i d u a l or 'unit of reproduction' as "any rosette which arises 
from a seed or underground stem". 
6.2 The recording s i t e s . 
Viola rupestris occurs only on V/iddybank F e l l w i t h i n the Upper 
Teesdale area. Sites were selected i n four main areas on the f e l l , 
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one ( s i t e 2) w i t h i n a few metres of the reservoir edge (TWM), one 
about 100 metres from TWM ( s i t e 3), one about 300 metres from the 
reservoir edge ( s i t e 6) and the other over 500 metres from TWM 
( s i t e 9). Within these categories of distance from the reservoir, 
the sites f e l l broadly i n t o two main vegetation types; those at 
3 and 6 lay i n closed t u r f , while those at 2 and at 9 lay i n more 
open vegetation. 

Quadrat 2:2 was four metres long, running down a gentle west 
facing slope towards the reservoir edge; the vegetation was 
generally disturbed, by mole runs and frost-heaving, and there 
were considerable numbers of small open areas. The dominant 
species was Festuca ovina i n a rather depauperate state, with 
Sesleria caerulea, Koeleria g r a c i l i s , Briza media, Carex flacca, 
and Minuartia verna also present, amongst others. This quadrat 
was less affected by the blown sand described f o r 2:3 below. 

Quadrat 2:3 was one metre long, on a short ledge of vegetation 
amongst eroding sugar limestone edges, only a few metres from the 
reservoir edge. Sesleria caerulea and Festuca ovina were the 
dominant species, and Doody (1975) records that approximately 13$ 
of the quadrat was without vegetation cover i n 1972. In 1973-74, 
considerable quantities of sand from the sugar limestone beach 
nearby was blown on to the adjacent bank, p a r t i a l l y covering the 
vegetation, and making some plants d i f f i c u l t to r e f i n d . This 
gradually cleared or se t t l e d , and most plants were re-located." 

Quadrat 3:2 was 2 metres long and lay on a steep south-west-
facing slope amongst closed grazed t u r f . The sward was dominated 
by Festuca ovina and Sesleria, with lesser amounts of Kobresia, 
Carex c a p i l l a r i s and Planta^o maritima, amongst others. 

Quadrat 3s4, 2 metres long, lay close to 3:2, but i n rather 
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more open vegetation, f o r which Doody (1975) presents a map of a 
sample metre. The t u r f was dominated by Sesleria and Festuca ovi.na 
with lesser amounts of Kobresia and Planta/go maritima amongst others 

Quadrat 6:2 was 5 metres long, running down a west-facing 
slope, where the vegetation consisted of a closed t u r f , dominated 
by Festuca ovina and Sesleria, with Kobresia and Primula farinosa 
( f o r which the quadrat was also recorded) amongst others. The 
density of Violets was low (17 M ). 

Quadrat 9:2 was 2 metres long, and lay on an eroding sugar 
limestone edge. During the period of recording a number of plants 
"moved" out of the quadrat, over t h i s eroding edge. The density 
of Viola rosettes was high, amongst an open vegetation dominated 
by Sesleria and Festuca ovina. 

Quadrat 9:3. one metre long, lay i n stony open vegetation, 
with almost 50$ bare ground, and large quantities of mosses and 
lichens ( i n p a r t i c u l a r T o r t e l l a tortuosa and Cladonia spp.). I t 
was f l a t and apparently very dry. 

Five sample sites were established, one at each of si t e s 2 and 
3, and one associated with each of quadrats 6:2, 9:2 and 9:3, as 
explained i n 3•2. 
6.3 Population f l u x . 
Figs. 6.1 and 6.2 show the changes i n numbers that have taken place 
over the period of recording. Over the whole period, the number 
of plants has increased i n 5 quadrats out of 7, and decreased 
s l i g h t l y i n 2. I n 6:2, the numbers decreased by 1, and i n 9:3 by 
9 (about 16$), although they do not seem to be part of a trend to 
decrease, but rather that the Autumn 1975 figure was a chance lower 
number; f o r example, the highest recorded figure i n 9:3 was i n 
summer and autumn 1974, only a year before the f i n a l record. In 
contrast, most other quadrats showed a tendency to increase, with 
only infrequent returns to the o r i g i n a l low numbers. The overall 
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Viola r u p e s t r i s 
Table 6.1 

Additions and m o r t a l i t i e s i n a l l nerraanent ulots. 

Additions 
Season Seed. Veg. Tot, 

Mo r t a l i t i e s Change 
Seed. Other Total i n r ° p " 

nos. 

Population 
numbers 

Aut. 1968 93(2 quads) 
Spr. 1969 56 0 56 218(4 quads) 
Sum. 1969 1 2 3 Incomplete 
Aut. 1969 0 20 20 212(5 quads) 
Spr. 1970 38 29 67 354 
Sum. 1970 0 20 20 2 26 28 -8 346 
Aut. 1970 0 31 31 2 12 !4 +17 363 
Spr. 1971 28 14 42 2 20 22 +20 383 
Sum. 1971 0 14 14 1 12 13 +1 384 
Aut. 1971 0 8 8 0 12 12 -4 380 
Spr. 1972 34 13' 47 3 19 22 +25 405 
Sum. 1972 0 15 15 1 11 12 +3 408 
Aut. 1972 1 20 21 0 9 9 +12 420 
Spr. 1973 31 6 37 12 24 36 +1 421 
Sura. 1973 2 8 10 0 13 13 -3 418 
Aut. 1973 10 4 14 0 6 6 +8 426 
Spr. 1974 16 9 25 2 19 21 +4 430 
Sum. 1974 0 10 10 0 8 8 +2 432 
Aut. 1974 7 6 13 0 0 0 +13 445 
Spr. 1975 35 18 53 3 "34 37 +16 461 
Sum. 1975 10 2 12 1 5 6 +6 467 
Aut. 1975 0 4 4 1 5 6 -2 465 
Totals 269 253 522 30 235 265 
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number of plants, i n a l l quadrats, has increased since spring 
1970 (the f i r s t time that a l l 7 quadrats were recorded) by 24$, 
from 354 to 465 individuals. The lowest f i g u r e , 346, was recorded 
i n Summer 1970, and there has been a steady increase since then. 

The mechanics of the population changes are shown i n Table 6.1. 
Overall, additions have been more or l e 3 s equally due to seedlings 
and vegetative recruitment, with overall additions exceeding 
m o r t a l i t i e s i n 13 out of 17 recording periods. M o r t a l i t y records' 
are incomplete f o r the period preceding the summer 1970 "trough", 
but as recruitment was high i n the preceding period, presumably 
the decline was due to unusually high m o r t a l i t y . 
6.4 Mo r t a l i t y rates and L i f e expectancies. 
6.4.1 I n general, the turnover rate of Viola rupestria individuals 
wa3 low, with about 14-15$ of plants being l o s t each year, on . 
average, although considerable v a r i a t i o n exists between years and 
between s i t e s . 
6.4.2 Age-specific m o r t a l i t y . 
Doody (1975), by inspection of semi-logarithmic decay curves of 
o r i g i n a l mixed-age populations over the period 1968-1972 concludes 
that m o r t a l i t y i n Viola rupestris i s independent of age. A 
d i f f e r e n t i n d i c a t i o n of the v a r i a t i o n of mo r t a l i t y rate with age 
may be gained by looking at the decay of cohorts of known-age. 
Table 6.2 shows the data f o r decay rate of a l l additions over the 
period 1969-1975 with reference to t h e i r age. As discussed i n 
3.5.2., the sample size necessarily decreases with increasing age, 
i n addition to the decrease caused by mo r t a l i t y , with a corres­
ponding increase i n the variance of each m o r t a l i t y estimate. 
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Table 6.2 

Age-specific m o r t a l i t y . Autumn figures. 

357 224 154 82 49 21 
86 28 19 3 4 0 

0.241 0.125 0.123 0.037 0.082 0.000 
0-1 1-2 2-3 3-4 4-5 5-6 

No. at r i s k 
No. dying 
Mo r t a l i t y 
Age Class 
(yrs.) 

I f the cohorts decayed exponentially, the best estimate of the 
decay rate between each age class would be 0.158. Preliminary 
inspection of the data indicates that they do not f i t t h i s pattern, 
with the 0-1 decay being considerably greater than average, and 
a l l remaining age classes being lower than average. A J£ 

analysis indicates that there i s a high degree of difference from 
the expected pattern (X^ = 36.87 P< 0.001), and the 0-1 morta l i t y 
rate i s shown to be s i g n i f i c a n t l y higher than expected (P< 0.001). 
Although a l l other age-classes show lower m o r t a l i t y than expected, 
the numbers are too small r e l a t i v e to the f i r s t age class f o r the 
differences to show up as s i g n i f i c a n t . The numbers used exclude 
seedlings or vegetative additions u n t i l t h e i r f i r s t autumn, and 
thus the early age mo r t a l i t y includes the death of seedlings over 
t h e i r f i r s t winter. 

Mort a l i t y f o r age-classes excluding seedlings u n t i l a f t e r 
t h e i r f i r s t winter was therefore examined over annual periods 
from spring to spring, as explained i n 3-5.4. Table 6.3 shows 
mortal i t y of each age class, f o r a l l years t o t a l l e d , i n t h i s way. 



Table 6.5 
Age-specific mortality. Spring figures. 

No. at r i s k 254 159 90 50 21 
No. dying 50 13 9 5 21 
Mortal i t y 0.1969 0.0818 0.1000 0.1000 0.0000 
A S ( y r s ? ) S O-1 X - 2 2 " 5 3 ~ 4 4 ~ 5 

I f an exponential curve was f i t t e d to the data on the best 
estimate, the decay rate between each would be 0.1341. Again, 
inspection indicates that the data does not f i t t h i s pattern. 
X analysis indicates that there i s a s i g n i f i c a n t difference 
from expected exponential decay (.X̂  = 17.02 P<0.01), and 
mortal i t y from 0-1 was higher than expected (P<0.01) while 
mortality from 1-2 was lower than expected (P<0.01). The 
indications are, therefore, that mortality i s higher i n the f i r s t 
18 months or so of l i f e , and then lower, and that early increased 
mo r t a l i t y i s not caused simply by seedlings dying during or before 
t h e i r f i r s t winter. 

To understand the contribution of seedling mort a l i t y to t h i s 
pattern, mortality of seedlings over t h e i r f i r s t year, separated 
into 2 six-month periods was investigated. Seedlings from spring 
only were examined, and the results are shown i n Table 6.4 below. 

Table 6.4 
Seedling mortality during the 
f i r s t year of l i f e . 

No. of seedlings No. remaining No. remaining 
germinating, at' at following 

Spring Autumn Spring 
302 268 225 

H: 0.1126 0.1605 
Records from a l l years pooled. 
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The annual mort a l i t y rate over t h i s period i s therefore 0.255, 
and the corresponding expected 6-monthly m o r t a l i t y rates, calculated 
as explained i n 3-5.5, would be 0.14. Thus, mortality of seedlings 
i s considerably higher over t h e i r f i r s t year than the average 
annual rate f o r adults excluding seedlings (0.255 cf. 0.134), and 
with i n that f i r s t year, a greater loss occurs over the second s ix 
months, i . e . the winter period. This contrasts with the findings 
f o r Polygala amarella that seedlings survive as well as adults. 

Clearly, therefore, much of the high.loss "in the 0-1 year 
class i n Table 6.2 was due to overwinter seedling m o r t a l i t y , but 
the indications from Table 6.3 are that m o r t a l i t y continues to be 
higher f o r a fur t h e r year. More records are required before the 
rate of mor t a l i t y i n older age-classes can be estimated, although 
the indications are that increasing age decreases the r i s k of death. 
Assuming that m o r t a l i t y rate i s age independent, f o r the purposes 
of comparison, h a l f - l i v e s are calculated f o r mixed-age populations 
and subsequent seedling and vegetative additions up to 1971, 
although the figures shown i n Tables 6.2 and 6.3 indicate that t h i 3 

may not be e n t i r e l y appropriate as a way of describing the decay 
of Violet plants. The calculated h a l f - l i v e s are shown i n Table 6.5. 
The general indications from t h i s are that plants i n 9:2 and 2:3 
are the longest-lived, that seedling additions may l i v e longer than 
vegetative additions, and that cohorts with d i f f e r e n t times of 
o r i g i n have very d i f f e r e n t h a l f - l i v e s , even wi t h i n the same quadrat. 
The h a l f - l i v e s of the seedling cohorts are l i k e l y to be under­
estimates i n view of t h e i r high i n i t i a l m o r t a l i t y . 

On the basis that l i f e i s roughly i of the t o t a l expected 
turnover time, the turnover of plants i n a Viola rupestris p l o t 
would be expected to be complete i n about 20-40 years, depending 
on the s i t e . 



Viola r u p e s t r i s 
Table 6.5 

Half-lives of mixed age populations and 
vegetative arid seedling cohorts ( i n yrs.) 

Site 
2:2 2:3 3:2 3:4 6:2 9:2 A l l plots 

Mixed age pop. 5.78 9.24 7.70 7.97 5.33 10.00 5.00 8.66 
Seedling adds. > 

Spring 1969 2.24 4.30 NR MR NR 5-13 NR -
Spring 1970 6.30 5-50 1.78 3.47 -
Spring 1971 3.85 4.62 Nil NR 11.95 NR 6.24 
Spring 1972 7.70 8.66 1.50 HR NR 4.08 HR 4.68 
Spring 1973 4.20 
Vegetative adds. 
Autumn 1969 4.62 3.79 6.00 NR 4.00 NR NR -
Spring 1970 4.95 4.47 3.46 NR 9-37 NR NR -
Summer 1970 4.62 5.25 6.93 NR 9.00 NR 4-56 
Autumn 1970 15.75 6.93 NR NR NR 5.00 0.97 4.75 
Spring 1971 6.30 m 2.84 NR 0.62 NR 3.03 
Summer 1971 - m . NR 2.25 1.96 NR 2.36 
Autumn 1971 _ _ _ 6.86 
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L i f e expectancies at b i r t h have been calculated f o r i n d i v i d ­
uals i n each s i t e , separating seedling additions from vegetative. 
Table 6.6 shows the calculated values together with the sample 
size available f o r each calculation; some of the wider variations 
are probably due to small sample size which may give misleading 
effects. The overall v a r i a b i l i t y of the estimates makes the data 
d i f f i c u l t to i n t e r p r e t , although the indications are that seedling 
additions may be s l i g h t l y longer-lived than vegetative additions, 
and that plants i n 9:2 probably have the greatest l i f e expectancy 
(ignoring the high figures f o r seedlings or vegetative additions 
i n 6:2 and 3:4 which are based on very small samples). 
6.4-3 Annual m o r t a l i t y . 
Table 6.7 shows the annual loss of plants, excluding seedlings 
u n t i l a f t e r t h e i r f i r s t winter, i n each Viola pl o t over the period 
1969-1976. The over a l l annual average loss rate i s 0.14, i . e . 
14$ of a l l non-seedling plants die each year. The data from 
Table 6.7 was analysed, as described i n 3.5-4. This showed that 
there were s i g n i f i c a n t differences between years, (P<< 0.001), but 
not between s i t e s , although there was a strong ind i c a t i o n of i n t e r ­
action between years and sites (P<0.001). P a r t i t i o n of the data 
further indicated that 1975-1976 and 1969-1970 both showed much 
higher mortality than expected (P<0.001>, while a l l other years 
were not s i g n i f i c a n t l y d i f f e r e n t from expected. The simple con­
clusion that there are no differences between sites but that there 
i s a high degree of i n t e r a c t i o n between years and sites does not 
make sense; sites must be d i f f e r e n t to show t h i s i n t e r a c t i o n . I t 
is presumed therefore that d i f f e r e n t sites are reacting d i f f e r e n t l y 
to given years, but that, on average, they appear the same. In 
other words, plants i n sites do react d i f f e r e n t l y to each other, 
on account of small-scale environmental differences, but that on 



Viola rupestris 
Table 6.6 

Calculated l i f e expectancies f o r individuals i n 
each p l o t , using data from s t a r t of recording to 
Autumn 1975. 

Plot Seedling 
Additions 

Vegetative 
Additions 

2:2 4.29 (121) 10.57 (64) 
3:2 6.00 (26) 8.00 (23) 
2:3 6.57 (44) 7.35 (37) 
3:4 7.50 (9) 17.00 (10) 
6:2 19.00 (7) 6.5 (23) 
9:3 7.00 (8) 7.00 (30) 
9:2 11.30 (84) 5.83 (52) 
A l l sites 
1970 - 1975 
Spr. Aut. 

10.34 (202) 7.76 (194) 

Numbers i n brackets indicate the siae of the sample 
available. 



Viola rupestris 
Table 6.7 

Annual m o r t a l i t y * 1969-1976, spring records. 

Year 2:2 2:3 
Site 
3:2 3:4 6:2 9:2 9:3 Yr. Aves. 

1969--1970 0.33 0.13 0.26 NR m 0.20 NR 0.23 
1970--1971. 0.11 0.29 0.04 0.25 0.06 0.06 0.13 0.13 
1971--1972 0.01 0.07 0.18 0.00 0.00 0.06 0.27 0.09 
1972--1973 0.13 0.07 0.11 0.11 0.08 0.10 0.07 0.10 
1973--1974 0.07 0.10 0.11 0.05 0.26 0.09 0.12 0.10 
1974: -1975 0.07 0.10 0.13 0.10 0.05 0.10 0.10 0.09 
1975-=1976 0.12 0.25 0.25 0.36 0.12 0.27 0.25 0.23 
Site aves. 0.11 0.15 0.16 0.16 0.10 0.14 0.16 0.14 

excluding seedlings u n t i l a f t e r t h e i r f i r s t winter 
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average (at least i n the period 1969-1976) these differences 
largely cancel out. 

6.4.4 Seasonal m o r t a l i t y . 
To attempt to understand some of the factors a f f e c t i n g m o r t a l i t y 
of Viola rosettes, m o r t a l i t i e s have been separated into three 
seasons, corresponding to the periods between recording times, and 
the mor t a l i t y i n each compared. Table 6.8 shows the seasonal 
specific m o r t a l i t y i n each quadrat over the period 1972-1975, 
adjusted as described i n 3.5.5. Inspection indicates that the 
mortality rate i s higher over the winter, and analysis of the data, 
including figures from spring 1971 onwards, indicates that m o r t a l i t y 
i n winter i s higher than expected (P<0.05), while mortality i n 
spring (July-OctoberJ i s lower than expected (P<0.01), and average 
i n sumner (May-July). These results contrast with the suggestion 
(though not demonstration) by Doody (1975) that mor t a l i t y i s higher 
i n the summer 6 months of the year. 

6.4.5 Age structure. 
The age structure of each quadrat i s shown on Fig. 6.3 together 
with a 'model' age-structure f o r a population with 14$ mor t a l i t y 
spread equally over a l l age-classes, ( i . e . age independent mo r t a l i t y 
and constant recruitment. Neither i n d i v i d u a l quadrats nor the 
t o t a l population sample are closely comparable to the model 
structure. The age-structure r e f l e c t s the m o r t a l i t i e s and r e c r u i t ­
ments over the period during which the population was formed, but 
i t i s not an in d i c a t i o n of the mortality rate or recruitment rate 
of that population, as discussed i n Chapter 1. I t i s noticeable 
that there are larger numbers of plants over 5 years old than 
expected; 49$ observed compared to 24$ expected, (Table 6.8b). 

I t i s readily observable that older Viola rupestris plants 
have a long woody Sftro-stock, and an attempt was made to f i n d a 



Viola r.upestris 
Table 6.8 

Seasonal m o r t a l i t y . 

Season 2:2 2:3 3:2 Sites 3:4 6:2 9:2 9:3 Overall 
Aves. 

Aut. 
Spr. 

72 -
73 0.0*3 0.04 0.05 0.03 0.00 0.P8 0.03 0.05 

Sunun. 73 0.01 0.01 0.00 0.05 0.00 0.01 0.11 0.02 
Aut. 73 0.01 0.00 0.02 0.00 0.11 0.00 0.00 0.01 
Spr. 74 0.03 0.01 0.04 0.00 0.09 0.04 0.01 0.03 
Sumra. 74 0.01 0.00 0.02 0.00 0.00 0.02 0.02 0.01 
Aut. 74 0.00 0.02 0.06 0.00 0.00 0.01 0.00 0.01 
Spr. 75 0.04 0.04 0.02 0.06 0.00 0.03 0.05 0.04 
Summ. 75 0.00 0.00 0.02 0.00 0.00 0.00 0.04 0.01 
Aut. 75 0.00 0.02 0.00 0.00 0.00 0.00 0.06 0.01 
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Viola ruuestris 
Table 6.8b 

Age class d i s t r i b u t i o n i n each quadrat, 
and ov e r a l l , at Autumn 1975. 

Numbers i n each age class, with °/o below Total nos. 
Plot at Autumn 
No. 0-1 1-2 2-3 3-4 4-5 5-6. 6-7 >7 1975 
2:2 No. 46 14 4 14 9 20 6 24 137 inc. 

(O.P.) 1975 
fo 34 10 3 10 7 15 4 18 seedling; 

2:3 No. 5 2 4 7 3 12 30 NR 63 (O.P.) 
% 8 3 6 11 5 19 48 

3:2 No. 6 1 6 1 2 7. 2 15 40 
(O.P.) 

. * 15 3 15 3 5 18 5 37 

3:4 No. 7 0 2 4 2 11 • NR NR 26 
(O.P.) 

27 0 8 15 8 42 

6:2 No. 3 2 0 2 1 5 10 NR 23 
% 13 9 0 9 4 22 43 

9:2 No. 0 23 21 16 10 6 54 NR 130 
0 18 16 12 8 5 42 

9:3 No. 0 5 5 9 2 25 NR NR 46 
of 
/" 0 11 11 20 4 54 • 

Overall 67 47 42 53 29 86 102 39 465 
Aves. ( a l l (5 (2 

quads) quads; quads) 
14 10 9 11 6 ,1̂3 22 8 

over 5 yrs i n a l l 
quadrats = 49/̂  

O.P. - Those remaining from the o r i g i n a l population, and 
additions through the f i r s t year of recording. 

NR - No records - quadrat recorded f o r shorter time. 



- 96 -

r e l i a b l e , repeatable, method of age determination on morphological 
grounds, by examination of both fresh and herbarium material. No 
such method was found, so the only plants of known age i n t h i s 
study are those that have been followed from b i r t h . 
6.5 Recruitment. 

As shown i n section 6.4, Viola rupestris plants are reasonably 
long-lived, and thus rate of recruitment need be less high than i n 
short-lived species to maintain the population. D i s t i n c t i o n i s 
made here between seedling recruitment, which i s the sole method of 
producing new independently-rooted individuals, and vegetative 
recruitment, as described i n 6.1, where shoots develop that remain 
attached to t h e i r parent, but whose connections are not v i s i b l e , 
and are therefore treated as new individuals, following Doody (1975)< 
The r e l a t i v e importance of each method i s discussed below ( i n 6.7), 
but are analysed here only i n terms of numbers. 
6.5.1 Seedling recruitment. 
Table 6.9 shows the rate of recruitment of seedlings i n each 
quadrat per established plant over the period 1973-1975. Doody 
gives figures f o r seedling recruitment over the period 1969-1972, 
and his average values are quoted below: 

1969 0.27 2:2 0.23 
2:3 0.15 

1970 0.12 3:2 0.10 
3:4 0.02 

1971 0.08. 6:2 0.05 
9:2 0.13 

1972 0.09 9:3 0.01 

No significance tests were given , although he concludes that 
recruitment i s p a r t i c u l a r l y high i n 2:2, and p a r t i c u l a r l y low i n 
3:4, 6:2, and 9:3. He also points out that germination was con­
siderably higher i n 1969 than l a t e r y e a r 3 , and relates t h i s to low 
termperatures i n the preceding winter. 
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Inspection of Table 6.9 indicates that s i t e 2:2 has the 
highest recruitment, while 3:4, 6:2 and 9:3 have the lowest, 
agreeing precisely with the period 1969-1972. Analysis of. the 
data, however, indicates that there are no s i g n i f i c a n t differences 
between sites or between years. Overall, therefore, there are 
indications that s i t e 2:2 has the highest recruitment, while sites 
3:4f 6:2 and 9:3 all.have low recruitment, but the differences are 
not strongly enough marked over the period 1973-1975 to be shown 
as s i g n i f i c a n t . 

Over the period 1969-1975 (see Table 6.10J, the average annual 
recruitment rate was 0.10 seedlings per established plant at each 
spring recording. Recruitment by seedlings was largely confined 
to the spring period, although i n the period 1972-1975 more 
seedlings were recorded throughout the summer, probably because of 
the milder winters. 
6.5.2 Recruitment of vegetative, shoots. 
Table 6.10 shows the rate of recruitment of new vegetative shoots 
into the population over the period 1973-1975 i n each s i t e . 
Analysis of the data indicates that there are no s i g n i f i c a n t 
differences between sites or between years over the period 1973-
1975. As expected, the majority of new rosettes are produced during 
the summer, although new rosettes are often recorded f i r s t at the 
spring record, i . e . they have been produced at some time between 
autumn and spring. This presumably r e f l e c t s the time of recording 
i n r e l a t i o n to the p a r t i c u l a r season. Over the whole period, 
1969-1975, the average annual recruitment of vegetative shoots was 
0.09 per established plant at the spring recording, almost exactly 
the same as the figure of 0.10 f o r seedlings over the same period. 

Total recruitment per year over the period was thus about 
0.20, compared to an annual mor t a l i t y , including seedlings, of 
about 0.18. 



Viola rupestris 
Table 6.9 

Annual recruitment of seedlings. 

Sites 
Year 2:2 2:3 3:2 3:4 6:2 9:2 9:3 Averages 

1973 0.02 0.15 0.26 0.05 0.00 0.16 0.09 0.11 
1974 0.10 0.00 0.00 0.05 0.00 0.09 0.04 0.03 ' 
1975 0.45 0.00 0.00 0.00 0.10 0.00 0.00 0.11 
Averages 0.20 0.05 0.08 0.03 0.03 0.08 0.04 

The figures give numbers of seedlings per plant i n the 
population at the spring recording. 



Viola rupestris 
Table 6.10 

Annual recruitment of new vegetative shoots 

Year 2:2 2:3 3'.2 3H 6:2 9:2 9:3 Totals 

1973 0.07 0.00 0.00 0.05 0.00 0.08 0.04 0.03 
1974 0.08 0.06 0.02 0.00 0.11 0.06 0.13 0.05 
1975 0,04 0.08 0.15 0.27 0.19 0.00 0.00 0.01 

Average 0.06 0.05 0.06 0.12 0.06 0.05 0.01 
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6.6 Reproductive performance. 
6.6.1 Age at f i r s t flowering and length of reproductive l i f e . 
Seedlings from the f i r s t two years of recording (1969 and 1970) 
were studied to estimate the length of time that they normally re­
mained i n the juvenile phase, and the proportion that died without 
flowering or persisted through the whole recording period without 
flowering. 

Table 6.11 shows these figures, separated f o r each quadrat. 
I t i s clear that r e l a t i v e l y few of these seedlings (10$) have 
flowered, but the indications are that plants normally flower f i r s t 
at 3-4 years old, although a few flowered f i r s t at 4-5 years, and 
one (10%) at 5-6 years. 67$ of the seedlings died without 
flowering, and the remaining 23% were recorded f o r over 5 years 
without flowering. One seedling was recorded as flowering at 
1-2 years old, although t h i s may be a recording error, as growth 
i s normally very slow i n young Viola plants. Once the reproductive 
phase i s reached, plants may flower continuously or discontinuously 
f o r a number of years. There i s no in d i c a t i o n that flowering i n ­
creases m o r t a l i t y r i s k , and some individuals flowered 6 or 7 times 
during the period and were s t i l l a live at Autumn 1975. 
6.6.2 Flower, f r u i t and seed production. 
Viola rupestris produces two types of flowers; large open 
(chasmogamous) flowers, usually during a short period i n May, 
followed by small closed (cleistogamous) flowers during the re­
mainder of the growing season. The flowering percentages shown i n 
Table 6.13 indicate the percentage number of plants producing eithe 
type of flower. Table 6.12 shows the numbers of each type of 
flower, and the number of f r u i t s produced i n each s i t e i n each year 
i n the period 1972-1975. I t i s immediately obvious that flower 
production i s greatly affected by where the plants are growing. 



Viola rupestris 
Table 6.11 

Reproductive performance : Ages at f i r s t flowering, 
or length of time recorded without flowering, to 
Autumn 1975. 

Age at f i r s t 
flowering * 
(Years ) 

Sites Age at f i r s t 
flowering * 
(Years ) . 2:2 2:3 3:2 3:4 6:2 9:2 9:3 Totals 
0-1 0 0 0 0 0 0 0 0 
1-2 0 1 0 0 0 0 0 1 (10#) 
2-3 0 0. 0 0 0 0 0 0 
3-4 3 2 0 0 0 0 0 5 (50f0 
4-5 3 0 0 0 0 0 0 3 (30%) 

5-6 0 0 0 0 0 1 0 1 (10?S) 
6-7 0 0 0 0 0 0 0 0 
Number dying 
without flowering 34 13 6 0 1 10 0 64 
Number recorded 
over 5 yrs. from 
seed without 
flowering 8 7 0 0 2 4 1 22 

* Using data from 1969 and 1970 seedling additions only. 

Overall, 67$ of these seedlings died without flowering, 
23# were recorded f o r over 5 years without flowering, and 
lOyo flowered. 



Viola r u p e s t r i s 
Table 6.12 

Annual flowering performance. 

Site 
Parameter 2:2 2:3 3:2 3:4 6:2 9:2 9:3 Totals 
1973 data 

No. of 
cleistogamous 
flowers 20 13 2 1 1 32 3 72 
Ho. of 
chasmogamous 
flowers 1 0 0 0 0 . 4 1 6 
No. of ripe 
f r u i t s 8 7 1 0 1 

1 ch 
21 c l 3 

1 ch 
41 c l 

1974 data 
No. of 
cleistogamous 
flowers 24 5 2 1 2 35 10 79 
No. of 
chasmogarnous 
flowers 2 1 0 0 0 5 0 8 
No. of ripe 
f r u i t s 7 

1 ch 
1 c l 0 1 2 

1 ch 
9 c l 4 

2 ch 
24 c l 

1975 data 
No. of 
cleistogamous 
flowers 16 3 1 0 0 48 4 72 
No. of 
chasmogamous 
flowers 1 0 0 0 0 4 1 6 
No. of ripe 
f r u i t s 3 2 . 0 .0 0 5 2 17 

Total data 
No. of 
cle istoganious 
flowers 60 21 5 1 3 115 17 
No. of 
chasraogainous 
flowers 4 1 • 0 0 0 13 2 
No. of ripe 
f r u i t s 23 

1 ch 
10 c l 1 1 3 

2 ch 
35 c l 9 

ch = chasmogaroous Fru i t s are from cleistoyamous flowers 
c l = cleistogamous unless stated otherwise. 



Viola rupestris 

Table 6.13 

Flowering percentage. 

Site 
xear 2:2 2:3 3:2 3:4 6:2 9:2 9:3 

1973 12 11 6 5 4 15 14 
1974 16 9 2 5 9 19 17 
1975 10 5 2 0 0 23 7 

Averages 13 8 3 3 4 19 13 
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Analysis of the data presented i n 6.12 indicates that there 
are no s i g n i f i c a n t differences between years i n flower or f r u i t 
production, but that there are differences between sites (P< 0.001) 
i n flower and f r u i t production. Production of both types of 
flowers and f r u i t s i s higher i n 9:2 and 2:2 than average (P<0.001) 
and lower i n 3:2, 3:4 and 6:2 than average (P<r0.01). Clearly,, 
f r u i t and flower production i s highest i n 9:2 o v e r a l l , followed 
by 2:2, and intermediate i n 2:3 and 9:3. The v a r i a t i o n i n values 
fo r flowering relates clearly to vegetation form, as pointed out 
by Doody (1975) and Bradshaw and Doody (1978), and the s i g n i f i ­
cance of t h i s i s discussed below. The high loss of p o t e n t i a l 
capsules from both types of flowers should be noted, and t h i s loss 
i s presumed to be by the removal of developing capsules by grazing 
sheep. 

Doody (1975) and Bradshaw and Doody (1978) quote figures f o r 
seed production per 100 plants i n each quadrat over the period 
1969-1972. These are as follows:-

'Site No. of seeds/100 plants. 
9:3 (most open) 133 
9:2 (semiclosed) 86 
2:2 and 2:3 (disturbed) Q 1 data pooled 
3:2 and 3:4 (closed) 0 
6:2 (closed) 0 

Table 6.14 3hows the annual flower, f r u i t and seed production of 
Viola rupestris. expressed per 100 plants, or per capsule, as 
appropriate. As explained i n 3.5.6., these are average figures 
and some are therefore subject to a degree of uncertainty. In 
general, these figures agree broadly with the conclusions reached 
by Bradshaw and Doody (1978), although a certain amount of seed 
has been produced i n each of the three most closed sites since 
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1972, and s i t e 9:2 ("semiclosed'1) had a higher production of seed 
over the period than s i t e 9:3 ("most open"). As discussed i n 
6.5.1, and shown i n Table 6.9, the differences i n seedling r e c r u i t ­
ment between sites are not s i g n i f i c a n t , although there are 
indications that seedling recruitment i s higher i n those sites 
where more seed i s produced, except f o r s i t e 9:3 where seedling 
recruitment i s exceptionally poor. 
6.7 L i f e cycle and reproductive strategy. 
6.7.1 Species biology summary. 
When a seedling of Viola rupestris germinates, usually i n May, i t 
f i r s t produces two large cotyledons, and usually a pair of true 
leaves w i t h i n that year. Growth i s slow, and the pre-reproductive 
phase i s normally 3-5 years. M o r t a l i t y of established plants i s 
very low, with about 1 3 % dying each year, and with i n d i v i d u a l plants 
persisting f o r long periods. Seedling m o r t a l i t y i s higher, with 
about 25% of seedlings dying w i t h i n t h e i r f i r s t year a f t e r germin­
ation. Mature individuals may flower repeatedly or i n t e r m i t t e n t l y 
over a long period, and there i s no i n d i c a t i o n that flowering i n ­
creases the r i s k of m o r t a l i t y . Flowers produced are of 2 types: 
1. Open (chasmogamous) and 2. Closed (cleistogamous). Either i s 
capable of producing f e r t i l e f r u i t s , although many more f r u i t s 
survive from cleistogamous flowers, p a r t l y because there are more 
flowers, and p a r t l y because the pedicel of the chasmogamous flower 
i s longer, and thus the flower or developing f r u i t i s more l i k e l y 
to be grazed. Mature f r u i t s could be distinguished on morpholo­
g i c a l differences as o r i g i n a t i n g from open or closed flowers. 

L i t t l e i s known of the p o l l i n a t i o n requirement or mechanism 
of the chasmogamous flowers. Insects have been observed v i s i t i n g 
the flowers during the study period, and Doody (1975) records 
v i s i t s made by Bombus sp. and dipterans, although i t i s not 
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certain whether cross- or s e l f - p o l l i n a t i o n i s the r u l e . Probably 
the d e t a i l s are s i i a i l a r to those given by Beattie (1969) f o r 
Vv. r i v i n i a n a , h i r t a and reichenbachiana, although the severe con­
dit i o n s make insect cross-pollination less certain. 

Dispersal of seed from ripe capsules i s explosive, and seed 
may be thrown up to 5 metres by t h i s mechanism of dehiscence 
(Bradshaw, pers. comm.). A small elaiosome i s also present, and 
f u r t h e r dispersal may take place as a re s u l t of a c t i v i t y by ants, 
(Beattie and Lyons, 1975) as envisaged f o r Polygala. The length 
of l i f e of Viola seed i s unknown » although seeds stored i n dry 
conditions have germinated a f t e r 4 years. Their longevity i n the 
s o i l w i l l doubtless depend on the s o i l conditions, but i t seems 
l i k e l y that .some amount of viable seed w i l l b u i l d up i n the s o i l 
and persist as a "seed bank'1. There i s evidence that a prolonged 
c h i l l i n g requirement i s necessary, or a period of a l t e r n a t i n g cold 
and warm, and i t proved very d i f f i c u l t to determine the optimum 
conditions i n the laboratory. The true percentage v i a b i l i t y of 
dispersed seed therefore remains unknown. 

Established plants may also produce attached rosettes, which 
have been treated throughout t h i s study as additional individuals, 
(following Doody, 1975) and they may themselves flower i n t h e i r 
f i r s t or second year of production. 
6.7.2 L i f e cycle. 
Using data from a l l s i t es i n a l l years, where available, i t i s 
possible to gain an insight i n t o the average behaviour of t h i s 
species on the F e l l . Accordingly, a L i f e cycle has been constructed 
along the l i n e s of that shown f o r Polygala amarella. This 
schematic representation i s not intended to be representative of 
any one year or s i t e , but i s an i n d i c a t i o n of the behaviour of 
the species over longer ne^^dfe'Jf^-Elie considerable v a r i a t i o n that 

TKQ* SCIENCE 
6 AUG 1979 )) 
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exists i n reproductive performance between sites means that a 
simple average i s not representative of eit h e r of the more extreme 
s i t e s , although i t approximates reasonably to the average behaviour 
of plants i n intermediate s i t e s . 

The diagram i s based on the following figures and assumptions: 
1. An annual average mo r t a l i t y of 13$ f o r non-seedling 

plants, based on records f o r 1969-1975. 
2. Mort a l i t y of seedlings of 25$ i n t h e i r f i r s t year, based 

on records f o r spring seedlings over 1969-1975. 
3. 7.5$ of plants i n the permanent plots produce flowers 

of either type per year (1972-1975 f i g u r e s ) . 
4. 61 seeds per 100 plants produced on average over the 

whole recording period, based on numbers of capsules 
known to have been produced i n the permanent plots each 
year x the average number of seeds per capsule that year 
i n collected capsules from adjacent sample p l o t s . 

5. An annual average loss of 65$ of flowers before capsule 
dehiscence. Details of the processes involved are not 
known, but the majority are l o s t by grazing, and any 
proportion of u n f e r t i l i s e d flov/ers i s i m p l i c i t . 

6. Annual average recruitment (1969-1975) figures of 10 
seedlings per 100 established plants, and 9 vegetative 
rosettes per 100 established plants have been calculated. 

7. Emigration i s assumed to equal immigration. 
8. Seed v i a b i l i t y i s 100% amongst dispersed seed. This i s 

unknown, but i s , perhaps, the most reasonable estimate. 
I t i s recognised that seed may persist i n the s o i l f o r a 
period of years, but t h i s should not af f e c t the numbers, 
unless these seven years were a t y p i c a l , since t h i s w i l l 
be reflected i n the number of seedlings recorded ov e r a l l . 
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9. The loss of u n f e r t i l i s e d ovules i s unknown. 

A schematic l i f e diagram showing 2 years i n the l i f e of a 
Viola r u p e s t r i 3 population i s presented i n Fig. 6.4. The points 
of the l i f e - c y c l e at which losses may occur, and where they are 
most s i g n i f i c a n t can thus be seen, although they are not considered 
i n d e t a i l as under Polygala because the plants i n d i f f e r e n t s i t e s 
have such d i f f e r e n t strategies. I t i s clear, though, that 
comparable losses occur at the seed—> seedling and f l o w e r — - > f r u i t 
stage i n a l l quadrats. 
6.7.3 L i f e strategies with reference to plant environment. 
I t i s clear that some of the observed differences between s i t e s , 
p a r t i c u l a r l y i n reproductive performance and seedling establishment 
relate to environmental differences. Bradshaw and Doody (1978) 
conclude, from data collected up to 1972, that Viola rupestris 
flowers more, survives longer, reaches a greater density, and 
produces more seed per plant i n open sugar limestone situations 
than i n closed vegetation. They suggest that "plants i n the more 
or less open habitats exhibit the highest reproductive capacity 
and give the appearance today of growing i n near-optimal conditions 
whereas the survival of the plants i n a closed sward i s precarious" 
Table 6.14 compares most known parameters, derived as shown, f o r 
each of the s i t e s . Success i s d i f f i c u l t to assess. A population 
which has increased i t s numbers has been successful, but a pop­
u l a t i o n which has produced large amounts of seed that germinates 
elsewhere i s also a success. Length of l i f e alone can hardly be 
construed as success. Overall, therefore, i t appears that plants 
growing i n s i t e s on sugar limestone t u r f on eroding edges, i. e . 
2:3 and 9:2 are perhaps the most successful with a large increase 
i n numbers and reasonably high establishment of seedlings, together 
with 2:2 on open disturbed t u r f away from an eroding edge. Plants 
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i n 2:2 have apparently greater recruitment, and the more stable 
and s l i g h t l y deeper s o i l would probably favour t h i s , but greater 
m o r t a l i t y and correspondingly shorter h a l f - l i f e . A l l these three 
sites showed increases i n numbers of plants over the recording 
period, and the f i n a l densities of plants were high (2:2 had a 
lower density p a r t l y because the 4 metre quadrat included some 
less suitable ground). Site 9:3 i s anomalous. Density of plants 
was very high, and flower and f r u i t production was good (Bradshaw 
and Doody found that i t had the highest seed production over the 
period 1969-72), but length of l i f e of plants appeared to be the 
lowest, recruitment was poor, and numbers declined over the period. 
The quadrat i s very open and stony, although not on an eroding edge, 
and i t may be a marginal habitat that i s good under certain com­
binations of weather conditions, such as may have occurred i n the 
recent past, but otherwise rather precarious. Vegetative r e c r u i t ­
ment was also low over the period, yet the high densities must have 
been reached i n some way. 

In the closed t u r f , densities of plants are generally much 
lower, and flowering performance i s considerably worse. There are 
indications that plants i n 2:3 and 9:2, the two eroding-edge sugar 
limestone t u r f s i t e s , are the longest-lived, but plants w i t h i n 
closed t u r f seem to be.at least as long-lived as plants i n 2:2 and 
9:3. Bradshaw and Doody (1978) f i n d that plants i n eroding 
habitats have h a l f - l i v e s of 16 and 14 years, though these figures, 
with those of 8, 10 and 11 f o r closed habitats, are misleadingly 
high, and have been wrongly calculated. The corrected figures 
would be 6.8 and 5.8 f o r the two eroding habitats, and 4.0, 4.9 
and 4.5 f o r the closed habitats. The differences are thus less 
marked, although confirmed by the h a l f - l i v e s shown i n 6.14, which 
are calculated over a longer period. Recruitment from seed i n the 



- 105 -

"closed" s i t e s was s l i g h t l y higher during the period 1972-1975 
than previously recorded, although considerably lower than that 
i n the eroding edge s i t e s , but vegetative recruitment was as high 
or higher i n the "closed" sites than elsewhere. 

I t i s the combination of length of l i f e (or mo r t a l i t y ) and 
rate of recruitment that affects population numbers, and c l e a r l y 
those sites on eroding edges have an optimum performance i n a l l 
respects, with the greatest p o s s i b i l i t i e s f o r increase, reflected 
by the high densities present, and the increases made over the 
period. Vegetative recruitment, although i t may be at a l e v e l as 
high or higher than seedling recruitment, i s of less significance 
to the population. No new genetic recombinants are introduced, 
and fewer new "niches" are tapped, since a vegetative rosette, 
although capable of flowering, i s dependent on the roots of i t s 
parent, and t h e i r combined reproductive performance should, be 
lower than that of two separately-rooted plants. Further, a 
vegetative addition has a l i f e no longer than that of i t s parent, 
and - unless the presence of extra rosettes increases the length 
of l i f e of the parent plant - they must l i v e f o r a shorter time 
than independent rosettes. 

Plants from seed, i n contrast, may arise from cross-pollina.tion 
with i t s consequent greater v a r i a b i l i t y , or from s e l f - p o l l i n a t i o n 
where at least a degree of recombination may occur. Plants i n 
closed habitats are therefore at a disadvantage i n genetic terms 
as well as numerical terms compared to those i n the optimum 
habitats. I t i s not clear whether the populations i n the closed 
vegetation are remnants of a denser more vigorous population that 
existed when conditions were more open, or whether the Viola 
persists i n these marginal habitats anyway. 

Vaientine and Harvey (1961) i n a review of the three 
l o c a l i t i e s known f o r V. rupestris i n B r i t a i n found that plants 
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at Arnside, i n open but f a i r l y stable t u r f , with 30?S bare 
ground, and only l i g h t rabbit grazing were very f l o r i f e r o u s and 
produced abundant f e r t i l e seed, although densities were low. 
Plants at Long F e l l (600M) were very small, growing i n closed 
t u r f ; they found that only y/o of plants produced capsules, while 
i n the same year those at Arnside had numerous flowers and f r u i t s , 
and those on Widdybank F e l l flowered quite w e l l . Plants from 
Arnside were found, i n c u l t i v a t i o n , to have few long shoots and 
a more lax growth compared to Widdybank plants. The observed 
densities and reproductive performance may thus be a combination 
of s i t e factors, climate (where appropriate) and genetic differences 
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Chapter Seven 

Viola rupeatris x r i v i u i a n a 

7.1 Introduction. 
The hybrid between the Common Violet Viola r i v i n i a n a and the 
Teesdale Violet Viola rupestris occurs only on Widdybank F e l l , 
as f a r as i s known, wi t h i n Europe. Small populations exist on 
the F e l l , i n habitats that are largely intermediate between those 
of i t s parents, and i t i s thus the rarest of the plants i n t h i s 
study. I t flowers reasonably p r o l i f i c a l l y , producing flowers 
that are morphologically distinguishable from those of the parents, 
but as f a r as i s known these are invariably s t e r i l e , and no seed 
i s ever set. Reproduction, or more appropriately i n t h i s case, 
clonal growth (Harper 1977) i s by means of new rosettes produced 
from root shoots (soboles), a character inherited from V._ ri v i n i a n a . 
Following Doody (1975), the u n i t of reproduction i n the study i s 
thus considered to be any rosette a r i s i n g from a root shoot (or 
a seed). 

There i s l i t t l e information on the biology of cross-
p o l l i n a t i o n between the two parents, but presumably i t occurs only 
very r a r e l y , or the seed i s very rarely viable, i n view of the 
l i m i t e d number of clones on Widdybank F e l l , and i t s apparent 
absence from other sites where the two species grow together i n 
B r i t a i n or elsewhere (Bradshaw, pers. comm.). 

Individual rosettes w i t h i n a clone are long-lived, and i t i s 
presumed that clones themselves are very long-lived, as they may 
be several metres across. "At present, some 10 colonies are known 
on the F e l l . (Bradshaw and Doody, 1978). 
7.2 The recording s i t e 3 . 
Two sites were selected f o r recording t h i s plant on Widdybank F e l l , 
both i n moderately stable, heavily-grazed t u r f over sugar.limestone. 
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One s i t e (3) was about 100 metres from TWM of the reservoir, 
arid s i t e 9 was over 500 metres from TWM. 

Quadrat 3:3A lay on a south-west facing slope, near to 
V. rupestris sites 3:2 and 3:4. The vegetation was dense and 
completely closed, dominated by Festuca ovina, and Sesleria 
caerulea, with Plantago maritima, amongst other species. 

Quadrat 9:1 lay between V. rupestris sites 9:2 and 9:3f 

although i t lay i n more closed stable t u r f than either of those. 
The vegetation was dominated by grazed Festuca ovina, and Sesleria 
caerulea, and the hybrid was very abundant i n t h i s small area. 

Each permanent quadrat had a sample s i t e , as explained, 
lying.very close to i t . 
7.3 Population f l u x . 
Table 7.1 shows the changes i n numbers i n the two permanent plot3, 
together with the m o r t a l i t i e s and additions that have resulted i n 
these changes. Over the period Spring 1970-Autumn 1975 numbers of 
rosettes have remained exceptionally stable, with a s l i g h t increase 
(c. 6>i) i n numbers o v e r a l l . Numbers were at t h e i r highest between 
Summer 1971 and Summer 1972, caused by unusually high recruitment 
of. new rosettes i n 1970-1971. M o r t a l i t y was high i n 1972, and 
numbers have remained constant since. I n pl o t 3:3A, there was an 
overall increase of 30 plants (25%) during the period, whereas 
there was an overall decrease of 24 plants (16%) i n 9:1 over the 
6y years. The lack of any great fluctuations probably r e f l e c t s 
the low recruitment and high surviva l of the plants. The changes 
i n numbers are shown graphically i n Fig. 7.1. 
7.4 Mortal i t y rates and L i f e expectancies. 
7.4.1 Age-specific m o r t a l i t y . 
Table 7.2 compares mo r t a l i t y rates between d i f f e r e n t age-classes 
using a l l the plants of known age i n the study sites.. As previously 
discussed, the sample size decreases f o r the older age-classes. 



Viola rupestris :•: r i v i n i a n a 
Table 7•1 

Separate additions and mo r t a l i t i e s i n permanent plots , 
t o t a l l e d . 

New Mo r t a l i t i e s Change i n Pop. nos. Pop. with­
Season shoots Date begins pop. nos. including out adds. 

i n t e r v a l + or -. new adds. u n t i l 
Date begins a f t e r 1st. 
i n t e r v a l . winter 

1970: 
Spring +18 282 282 
Summer 25 9 +18 300 275 
Autumn 27 15 +11 318 268 

1971: 
Spring 26 12 +19 329 303 
Summer 31 7 +1 348 291 
Autumn 8 15 -3 349 287 

1972: 
* 

Spring 12 13 +2 346 334 
Summer 15 18 -7 348 321 
Autumn 11 19 -18 341 305 

1973: 
Spring 1 0 0 323 322 
Summer 0 4 -2 323 322 
Autumn 2 27 -23 321 318 
1974: 
Spring 4 2 0 298 294 
Summer 2 3 -2 298 292 
Autumn 1 0 0 296 289 
1975: 
Spring 0 7 +7 296 296 
Summer 14 16 -3 303 289 
Autumn 13 300 275 



Viola rupestris x riv.iniana 
Table 7.2 

A l l plots, year class survival compared. 

Autumn figures 
Year f i r s t Period of survival i n years 
recorded 0-1 1-2 2-3 3-4 4-5 5-6 

1970 23 
0.7391 

17 
.8235 

14 
1.0000 

14 
0.9286 

13 
0.8462 

11. 

1971 41 
0.8537 

35 
0.9429 

33 
.9394 

31 
.8710 

27 

1972 58 
.9655 

56 
.9821 

55 
.9091 

50 

1973 30 
.8667 

26 
.9615 

25 

1974 3 
1.0000 

3 

Totals i n each 
yr. class, less 
mixed-age pop. 155 137 127 95 40 11 
Fraction 
surviving 

137 
155 

127 
134 

9_5_ 102 
40 
45 

11 
13 

Proportion 
surviving 0.8839 .9478 .9314 .8889 .8462 
Mortality 0.1161 .0522 . 0686 .1111 .1538 
S t a t i s t i c a l 
significance 
from mean. US NS NS NS NS 
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Analysis of the data indicates that no s i g n i f i c a n t differences 
exist between age-classes, and m o r t a l i t y i s therefore assumed to 
be age-independent, with an average annual m o r t a l i t y of 0.093, 
i.e. about S'fo of plants die each year, on average. 

I t i s reasonable, therefore, to calculate h a l f - l i v e s f o r the 
decay of age cohorts, or the depletion of the mixed-age population, 
i n the expectation that these w i l l give an adequate description of 
the behaviour of the population. Table 7.3 shows h a l f - l i v e s 
calculated f o r the mixed-age populations and cohorts of additions 
up to 1971 f o r each quadrat. The mixed-age population i n 3OA 
clearly survives better than that i n 9:1, calculated over a 
s l i g h t l y longer period, and there i s considerable v a r i a t i o n i n the 
calculated h a l f - l i v e s of subsequent additions. The hybrid.is, 
c l e a r l y , very long-lived, as expected from the low annual mortality 
rates, and the l i k e l y estimated turnover time f o r a l l the plants 
i n a sample w i l l be between 20 and 45 years, or possibly even 
longer i f the plants added i n 3:3A i n 1971 are as long-lived as 
they appear to be. On the basis of an average annual mortality 
rate of 0.093, an average length of l i f e f o r individuals of 
10.25 years has been calculated. 
7.4.2 Annual mor t a l i t y . 

Table 7.4(b) shows the annual loss of plants, expressed as 
mort a l i t y per plant at each autumn record, over the period 
1969-1975 f o r each s i t e . Inspection of the data indicates that 
mort a l i t y may be greater i n s i t e 9:1 than 3:3A. Analysis of the 
data, as described i n 3.5.4 indicates that there are differences 
between years and between s i t e s , (P<0.001). Further analysis 
indicates that m o r t a l i t y i n 1969-1970 i s higher than expected 
(P< 0.001) and lower than expected i n 1972-1973 (P<0.05), and 
confirms the i n d i c a t i o n that m o r t a l i t y i s higher i n 9:1 than 



Viola rupestris x ri y i r i i a n a 
Table 7.5 

Half- l i v e s of mixed-age populations and age cohorts ( i n .yrs) 

Site 
Age Group 3:5A 9:1 A l l quadrats 

Mixed-age pop. Aut.'69-Aut. '75 NR 5.10 -

Mixed-age pop. Aut.'70-Aut. •75 11.60 - .6.93 
Autumn 1969 additions NR 7.88 -
Spring 1970 additions NR 3.87 -. 

Summer 1970 additions 8.70 3.65 4.33 
Autumn 1970 additions 8.70 5.33 6.93 
Spring 1971 additions 25.10 • 9.90 13.90 
Summer 1971 additions 23.10 5.78 9.90 
Autumn 1971 additions No deaths 8.66 9.90 

A l l h a l f - l i v e s calculated up to Autumn 1975 
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3:3A (P< 0.001). Annual mortality of a l l plants i s found to be 
approximately 0.10. 
7.4.3 Seasonal m o r t a l i t y . 
Table 7.4(a) shows the observed v a r i a t i o n i n mortality between 
seasons f o r each quadrat. Analysis of the data indicated that 
survival i n the period between spring.and summer (April/May-July) 
was lower than expected (P< 0.05) while that i n winter and autumn 
was no d i f f e r e n t from average. This contrasts with the findings 
of Doody (1975) that m o r t a l i t y appeared to be greater i n the 
summer 6 months (although the difference was not s i g n i f i c a n t ) . 
Clearly the timing of the recording i n r e l a t i o n to the growing 
season may be c r i t i c a l , especially i f m o r t a l i t y i s concentrated 
over quite a short period i n the early groxfing season, although the 
findings that m o r t a l i t y i s at i t s lowest between May and July 
suggest that mortality would have to be p a r t i c u l a r l y high very 
early i n the growing season, t a i l i n g o f f rapid l y , i f i t r e a l l y 
i s related to the growth period. Further records over the c r i t i c a l 
period would be necessary to resolve the difference, which may be 
a recording ar t e f a c t , or may be a genuine difference between years. 

7.5 Recruitment. 
Recruitment, as described i n 7:1, i s e n t i r e l y by the production 
of new rosettes on root shoots from e x i s t i n g plants, except f o r 
the seed which o r i g i n a l l y gave rise to the clone. No seedlings 
were observed during the period of the study, and i t i s l i k e l y 
that they are extremely rare. Recruitment over the whole period 
of study was, on average, 0.124 rosettes per plant per year. 
Table 7.5 shows the annual rate of recruitment per established 
plant over the period 1969-1975 f o r each s i t e . Although r e c r u i t ­
ment i s higher on average i n 9:1* the data are too heterogeneous 



Viola rupestria x r i v i n i a n a 
Table 7.4 

Seasonal and annual mort a l i t y 

(a) Seasonal m o r t a l i t y . 

Site 
Season 3:3A 9:1 Averages 

Autumn 1972 0.06 • 
0.06 Spring 1973 0.05 

Summer 1973 0.00 0.00 0.00 
Autumn 1973 0.01 0.01 0.01 
Spring 1974 0.01 0.15 0.08 
Summer 1974 0.01 0.00 0.01 
Autumn 1974 0.02 0.00 0.01 

* 

Spring 1975 0.00 0.00 0.00 
Summer 1975 0.01 0.03 0.02 
Autumn 1975 0.03 0.07 0.05 
Site Averages 0.02 0.04 0.03 

(b) Annual mort a l i t y . 
Year 

Aut. 1969-1970 NR 0.20 0.20 
Aut. 1970-1971 0.05 0.15 0.11 
Aut. 1971-1972 0.11 0.14 0.13 
Aut. 1972-1973 0.07 0.07 0.07 
Aut. 1973-1974 0.05 0.15 0.10 
Aut. 1974-1975 0.05 0.11 0.08 
Site Averages 0.05 0.14 0.10 

(1 s i t e ) 



Viola rupestris x r i v i n i a n a 
Table 7.5 

Annual recruitment of vegetative additions 

Quadrat 
Year 3pp 3A 9ppl Averages 

1969 NR 17/146 
0.116 

17/146 
0.116 

1970 18/118 
0.153 

66/132 
0.500 

84/250 
0.336 

1971 32/130 
0.246 

33/173 
0.191 

65/303 
. 0.215 

1972 23/153 
0.150 

15/181 
0.083 

38/334 
0.114 

1973 2/155 
0.012 

1/167 
0.006 

3/322 
0.009 

1974 3/153 
0.020 

4/141 
0.028 

7/294 
0.024 

1975 4/151 
0.026 

23/145 
0.159 

27/296 
0.091 

Averages 82/860 
0.095 

159/1085 
0.147 

241/1945 
0.124 

Figures expressed as number of additions per adult plant i n 
the population at the spring recording. 
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f o r analysis to indicate any difference e i t h e r between sites or 
between years. 1970 and 1971 have much greater recruitment rates 
than other years, although the differences are not s i g n i f i c a n t , 
and obviously much of the recruitment was i n 9:1 only. 
7.6 Reproductive performance. 
As mentioned i n 7.1, t h i s hybrid Viola i s completely s t e r i l e , as 
f a r as i s known. I t s flowering performance i s not therefore con­
sidered i n d e t a i l here, as i t apparently plays no part i n the 
regulation of the population numbers. No evidence was found that 
plants were more l i k e l y to die a f t e r flowering. Doody (1975) 
records that both open and closed flowers are produced, i n a 
simil a r fashion to the two parents, but that r e l a t i v e l y more open 
flowers compared to closed flowers are produced than either parent. 
7.7 L i f e cycle and reproductive strategy. 
7.7.1 Species biology summary. 
The hybrid Violet i s a long-lived perennial (Average length of 
l i f e 10.25 years; estimated population turnover time 20-45 yrs.) 
which has no true method of reproduction. I t spreads and persists 
by a form of clonal growth i n which new rosettes are produced from 
soboles (root shoots) i n a similar manner to V. r i v i n i a n a . The 
rosettes die back to the rootstock over the winter period. On 
average, 0.124 new rosettes are produced per plant per year, and 
0.09-0.10 plants per plant i n the population die each year. Thus, 
a s l i g h t increase i n numbers was observed over the recording period, 
but the inherent rate of increase i s very low, and the longevity 
i s an essential feature of the plant's persistence. 
7.7.2 Strategy. 
A clone of Viola rupestris x r i v i n i a n a derives from a f e r t i l e 
seed produced by a chance c r o s s - f e r t i l i s a t i o n of the two parents. 
No hybrids are known anywhere i n Europe except on Widdybank F e l l , 
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where only a few clones are established, and no new clones have 
been observed to arise since the d i s t r i b u t i o n of plants on Widdy-
bank F e l l has been known (Bradshaw, pers. coram.). I t may therefore 
be assumed that the production and establishment of such seed i s 
an extremely rare event. Thus i t i s c r i t i c a l f o r clones to have 
a high rate of sur v i v a l . No information i s available f o r the age 
of the established clones, although pattern analysis (Kershaw, 1957) 
might give some in d i c a t i o n of t h i s . Within the clones, the length 
of l i f e of in d i v i d u a l rosettes i s reasonably long, as explained, 
and a low recruitment of individuals i s required to maintain the 
population. In the short-term, the method i s clearly quite 
successful, as numbers i n the permanent quadrats have increased 
s l i g h t l y during the recording period. However, the extreme r a r i t y 
of the hybrid i n a vegetation type that has been broadly s i m i l a r 
f o r up to 3000 years, and where both parents have probably been 
present, indicates that severe constraints are operating i n the 
long term. This r e s t r i c t e d d i s t r i b u t i o n may be simply a facet of 
the recent o r i g i n of the hybrid, perhaps caused by very unusual 
conditions at some period i n the past; a l t e r n a t i v e l y , the evidence 
may suggest that the hybrid i s severely l i m i t e d as to the habitat 
i t can colonise, or clonal life-span i s r e s t r i c t e d . 
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Chapter eight 

M o r t a l i t y patterns. 

8.1 Age-specific m o r t a l i t y . 
Over the past 20 years, a considerable amount of data has been 
collected on the morta l i t y rates of known-age perennial plants. 
One of the most s t r i k i n g features of these data i s that m o r t a l i t y 
of non-seedling plants has been shown to be almost invariably 
independent of age, (e.g. Harper 1967). I n other words, death i s 
a function merely of numbers, and such factors as the size of a 
plant, the length of time i t has been established, or the size of 
i t s root system, do not, apparently, assist s u r v i v a l . A p r i o r i , 
i t might be expected that increasing degree of establishment, at 
least up to an age where inherent mort a l i t y pressures ( i . e . o ld-
age!) began to operate more strongly, would increase the l i k e l i ­
hood of su r v i v a l . In the longest published studies on perennial 
plants, Tamin (1972, 1972a) presents the results of studies on 
various orchids, and Primula veris over periods up to 27 years. 
No other comparable data are available over t h i s time scale, and 
h i s f i n d i n g s y^are thus c r i t i c a l f o r an attempt at understanding the r e l a t i o n ­
ship between age and mo r t a l i t y of long-lived individuals. For 
Primula veris i n three separate quadrats, he found that individuals 
i n Site I showed v i r t u a l l y no morta l i t y at a l l f o r eight years, 
but then declined r e l a t i v e l y rapidly f o r the next eighteen years; 
individuals i n Site I I died i n considerable numbers over 3 years, 
remained constant over 5 years, and then died o f f at a fast e r 
rate; and individuals i n Site I I I died o f f at a more or less 
constant rate throughout the whole 26 year period (calculated 
half l i f e , 50 years). Tamm relates the pattern of m o r t a l i t y i n 
sites I and I I to changing environmental conditions, and i t i s 
tempting to regard the individuals i n the most stable s i t e , 
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Site I I I , as best representing the decay rate of populations of 
Primula v e r i s . I n studies of such long-lived individuals, i t i3 
more or less impossible to separate the e f f e c t of changing 
environmental conditions from the effects of age-dependent 
mor t a l i t y as i t would occur i n more stable conditions. The 
observation, however, that a population of P. veris does exhibit 
age-independent m o r t a l i t y i n stable conditions over such a long 
period, indicates that t h i s species probably follows the commonly-
observed pattern as long as conditions do not change, and that 
there i s no i n t r i n s i c e ffect of age on l i k e l i h o o d of mo r t a l i t y . 

Dactylorchis sambucina i n a dry meadow exhibited more or less 
age-independent mort a l i t y over a 27 year period, although plants 
of the same species i n a 'mesic' wooded meadow showed a sudden 
increase i n mortality a f t e r 12 years, which Tamm again relates to 
changing environmental conditions, associated with a decline i n the 
t o t a l numbers of the plant. Perhaps the most s t r i k i n g behaviour 
i s exhibited by Listera ovata which has a very low, constant rate 
of m o r t a l i t y over the whole 28 year period. 

In summary, therefore, Tamm1s observations suggest that i t 
i s l i k e l y that a range of perennial herbs, growing i n varied grass­
land conditions w i l l e x h i b i t age-independent m o r t a l i t y over an 
extremely long period i f conditions remain stable, and there i s 
no in d i c a t i o n at a l l that individuals of great age survive better 
than young ones. 

There i s evidence that certain types of grasses, p a r t i c u l a r l y 
tussock-forming ones exhibit very d i f f e r e n t survivorship or 
depletion curves, as discussed i n Chapter 1, and these are not 
considered further here. There i s a very small amount of evidence 
that indicates that decay of other plants, excluding grasses, may 
not f i t the pattern of negative exponential decay. Kett (1971) 



and Hett and Louclcs (1971) observed the surviv a l of a cohort of 
seedlings o r i g i n a l l y studied by Curtis (1959) of Sugar Maple, 
Acer saccharum. There was a gap i n the data from 1956-1965, 
although careful selection was made to ensure that l a t e r results 
would be comparable. They considered that the survival of the 
seedlings best f i t t e d the power function model, although they 
found l i t t l e r e a l difference between i t s correspondence with that 
or with the negative exponential curve. The power function curve 
indicates that increasing age increases the chances of survival 
i . e . m o r t a l i t y rate decreases with increasing age. There are few 
examples published where decay rates are related to both the 
negative exponential and power function curves, although Hawthorn 
and Cavers (1976) compared t h e i r data f o r the survival of 
Plantago, spp cohorts, and found that i t f i t t e d the negative 
exponential curve better. Such studies that f i t observed data to 
mathematical models may seem abstract, but i f the observed data 
correlate closely with models, then predictions may be made on 
that basis, as i s done with populations that f i t the negative 
exponential by predicting the h a l f - l i f e and t o t a l turnover time, 
f o r instance. 

The species studied f o r t h i s thesis have now been under 
observation (up to Autumn 1975) f o r 6-7 years, longer than the 
h a l f - l i f e f o r many of the species, and long enough to gain an 
idea of the mortality patterns of each species. In general, 
mortality has been shown to approximate to negative exponential. 
A negative exponential curve may be defined by the equation:-

bx y~e 
where y i s the number of individuals at time t , y Q i s the i n i t i a l 
population number, x i s the age i n years, and b i s the mortality 
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constant. Thus decay i s solely a function of numbers. Trans­
formation of numbers onto a log scale produces a str a i g h t l i n e 
which indicates the decay rate. This corresponds to the Type I I 
decay envisaged by Pearl and Miner (1935) and l a t e r Deevey (1947), 
although considez-ed at that time to ra r e l y occur i n nature ( i . e . 
i n the animal world - l i t t l e was known about plant mo r t a l i t y at 
that time). A power function curve, i n contrast, assumes a 
decreasing r i s k of morta l i t y through l i f e , and i s defined most 
simply as: y = V0^-"^ 

where transformation to a str a i g h t l i n e may be made by taking the 
log of both sides to give:-

Log ey = i ° s e y 0 - D i°ge * 

where b i s the m o r t a l i t y constant. 
This curve has some of the characteristics of Deevey's (1947) 
Type I I I curve, though i t need not be so extreme, and i s more 
l i k e l y to l i e midway between I I and I I I . 

Gentiana yerna shows decay approximating to age-independent 
mort a l i t y , except that there i s an ind i c a t i o n (not s i g n i f i c a n t ) 
that 2-3 year olds are more l i k e l y to die, amongst those known-age 
individuals followed, than e a r l i e r or l a t e r age-classes. This i s 
probably accounted f o r by the findings that Gentiana i s more l i k e l 
to flower at 2-3 years old, and i s somewhat more l i k e l y to die 
af t e r flowering; the eff e c t would not be expected to be great i n 
view of the low percentage of Gentiana plants that flower. 

Polygala amarella shows mo r t a l i t y that doe3 not depart 
s i g n i f i c a n t l y from age-independence, except that plants were 
found to be more l i k e l y to survive at 3-4 years, and that t h i s 
difference i s s i g n i f i c a n t . No convincing reason can be adduced 
f o r t h i s , and i t i s not clear whether i t i s r e a l l y a s i g n i f i c a n t 
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time i n the l i f e - c y c l e or not. Nevertheless, i t i s simply a 
single-year difference superimposed on a general pattern of age-
independent decay, and there i s no ind i c a t i o n of greater 
correlation with the power function model, or other model decay 
curve. 

Viola rupestris x r i v i n i a n a shows no indication at a l l of 
age-dependent mor t a l i t y . Although the figures f o r m o r t a l i t y 
between year-classes are variable, there i s no sign of a general 
trend towards increasing or decreasing mor t a l i t y with age. The 
hybrid i s a long-lived perennial with few resources being put int o 
flower production, and none i n t o f r u i t production, and i t might be 
expected that no p a r t i c u l a r age could be singled out as that 
where m o r t a l i t y would be most l i k e l y . 

M o r t a l i t y figures f o r Primula farinosa are available f o r 
a 9 year period, but unfortunately only f o r a very small sample 
of plants. The decay of the mixed-age population and of sub­
sequent additions, lumped, are shown below i n Table 8.1. 

Table 8.1 

Age-specific m o r t a l i t y i n Primula farinosa plants. Widdybank. 

eu Mixed-age population. Autumn figures. 

Year 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 
No. at 
r i s k 25 23 22 22 20 20 17 16 13 11 
No. 
dying 
Mort. 

2 1 0 2 0 3 1 3 2 
0.08 0.04 0.00 0.09 0.00 0.15 0.06 0.19 0.15 
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Table 8.1 (Cont'd.) 

b. Known-age plants. 

Age-class 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8 
No. at 
r i s k 15 11 11 10 9 5 3 2 1 

No. dying 4 0 1 1 2 2 1 1 
M o r t a l i t y 0.27 0.00 0.09 0.10 0.29 0.40 0.33 0.50 

No s i g n i f i c a n t differences could be detected between year-classes, 
p a r t l y because of the small samples involved. The general 
indications are that m o r t a l i t y i s age-independent, with s l i g h t 
indications of increased m o r t a l i t y amongst older age-groups. These 
correspond to the extremely dry period of 1975-1976, and i t i s 
not possible to disentangle the effects of year and age where so 
few cohorts have been followed. 

For a small population studied at Cassop, i n lowland Durham 
over the period 1973-1976, the values f o r the mo r t a l i t y rate of 
the mixed-age population are: 

1973-74 1974-75 1975-76 
0.12 0.16 0.28 

These samples were also very small, and again the apparent trend 
to increasing mor t a l i t y with age coincides with the 1975-76 
drought, and few conclusions can be drawn. 

The only real evidence of departure from age-independence 
amongst the species studied i s observed f o r Viola r u p e 3 t r i s . 

The figures f o r decay of known-age plants of V. rupestris are 
shown i n Tables 6.1, 6.2 and 6.3» and t h e i r l e v e l of significance 
discussed i n section 6.4. These figures suggest that there i s a 
decreasing rate of mo r t a l i t y v/ith increasing age. The data f o r 
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an imaginary cohort based on the survival rates shown i n Table 
6.2 have been transformed by p l o t t i n g on a log - log scale i n 

0 6 
Fig. 8.1. The indications are that Viola rupestris plants decline 
at a rate corresponding to a power function curve, where the 
calculated value of b i s 0.4087, i . e . t h e i r decline may be 
characterised as: 

-0.4087 
The data are not a perfect f i t , and more samples would be 
required to test the v a l i d i t y of t h i s generalisation; however 
the indications are that decline of known-age individuals i n 
Viola rupostris does not follow a negative exponential curve, 
but may follow a power function curve. 

Age-independent mort a l i t y implies that the m o r t a l i t y factors 
operating on the population act more or les3 equally on plants 
of a l l ages. I f i t i s assumed that a plant becomes more estab­
lished during i t s l i f e e.g. expands i t s root system, and enlarges 
i t s above-ground parts or capacity f o r producing them each year, 
then i t might be expected that older individuals would survive 
better, unless t h i s increasing establishment caused some 
mortal i t y factor other than resource depletion to act more 
severely (e.g. larger plants might be more l i k e l y to be grazed). 
I t would be expected, a p r i o r i , that an established plant would 
compete better than newly-established plants i n closed vegetation, 
so either increasing age does not bring about any change i n 
degree of establishment (possibly because competition i s too 
great, although t h i s i s d i f f i c u l t to visualise f o r V. rupestris 
i n open s i t u a t i o n s ) , or the plant's s u s c e p t i b i l i t y to others 
decreases with increasing age. I t i s probable that age-specific 
mort a l i t y i s a function of habitat and plant growth form, and 
f u r t h e r work may show that there are more examples of plants with 
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other than age-independent morta l i t y outside the perennial herb 
i n grassland s i t u a t i o n . 
8.2 'Annual and seasonal mor t a l i t y . 
Throughout the results section (Chapters 4-7), there have been 
frequent indications that species behave d i f f e r e n t l y , to some 
extent, i n d i f f e r e n t years. I n some respects, the degree of 
difference has been surprisingly small, p a r t i c u l a r l y with regard 
to m o r t a l i t y , where s i g n i f i c a n t differences are the exception, 
although some v a r i a t i o n may be obscured because plants i n d i f f e r e n t 
sites have reacted quite d i f f e r e n t l y to a given set of annual 
conditions, making i t considerably more d i f f i c u l t to generalise 
about the behaviour of a species with regard to d i f f e r e n t annual 
conditions. 

Meteorological data are available f o r Widdybank F e l l over 
the period of t h i s study, and - since management conditions i n 
the sites have remained reasonably constant, - i t i s t e n t a t i v e l y 
assumed that weather i n some way or another i s the most l i k e l y 
factor behind the observed changes. There are, however, con­
siderable d i f f i c u l t i e s involved i n r e l a t i n g the type of parameters 
presented i n t h i s study to changing weather conditions, and i t i s 
normally impossible to make d e f i n i t e s t a t i s t i c a l l y - a c c e p t a b l e 
correlations of observed performance with p a r t i c u l a r climatic 
variables. F i r s t l y , problems l i e i n the i n t e r a c t i o n of a l l the 
d i f f e r e n t weather factors at d i f f e r e n t times, and the considerable 
effects of the weather i n one or more previous years, as discussed 
b r i e f l y i n 3.5.2b. Secondly, the fact that d i f f e r e n t sites react 
d i f f e r e n t l y to given weather conditions may indicate, i n part, 
that the microclimatic conditions are d i f f e r e n t i n each s i t e , 
and that the Meteorological st a t i o n data i s by no mean3 
necessarily a good indicator of the conditions around the plants. 
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Arnold and Monteith (1974) showed that there was quite a close 
correlation between 'mean screen temperature 1 at the Widdybank 
Meteorological s t a t i o n and the ground l e v e l mean temperature i n 
a grass tussock i n an exclosure on Widdybank F e l l . However, t h i s 
i s u n l i k e l y to apply i n a l l situations (e.g. f r o s t hollows), and 
other weather variables measured at screen l e v e l may be less 
closely related to ground conditions, as i s well-known. 

Thirdly, i n t e r n a l population factors such as age-structure, 
or density of plants (and density of the surrounding vegetation) 
may int e r a c t with, or override weather e f f e c t s . 

Clearly, extreme weather conditions may have such an obvious 
effect on the performance of the plants that correlation i s 
inescapable, and there i s evidence that the drought of 1976 
had such an effe c t on the mortality rate of plants i n t h i s study 
(Fordham, pers. comm.). Over the period 1968-1975, the most 
s i g n i f i c a n t observed annual differences i n m o r t a l i t y were as 
shown below:-

Aut.1968-Aut.1969 Mortality s i g n i f i c a n t l y higher than expected 
i n Gentiana verna. 

Aut.1969-Aut.l970 Mo r t a l i t y s i g n i f i c a n t l y higher than expected 
i n a l l species studied. 

Aut.1970-Aut.1971 M o r t a l i t y lower than expected i n Polygala 
amarella^ 

Aut,1971-Aut.1972 Mo r t a l i t y higher than expected i n P. amarella. 
Aut. 1972-Aut.1973 M o r t a l i t y s i g n i f i c a n t l y lov/er than expected 

i n a l l species except V. ruuestris, ( i n which 
i t was low, but not s i g n i f i c a n t l y so). 

I t i s immediately obvious, therefore, that conditions i n 1969-
1970 were s u f f i c i e n t l y unusual as to bring about increased 
mortality i n a l l the species studied, and that conditions i n 
1972-1973 were s u f f i c i e n t l y unusual as to cause increased 
survival i n three out of four species. 

http://Aut.1968-Aut.1969
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Various authors have attempted to correlate mortality or 
particular changes i n population numbers with climate, although 
often these take the form of observations of major changes a f t e r 
catastrophic events (e.g. Ehrlich et a l . 1972). Newman (1965) 
found that rosette senescence i n the winter annual Teesdalia 
nudicaulis was considerably hastened by prolonged drought, 
although t h i s was much less marked i n Aira praecox growing under 
similar circumstances (Newman, 1967). Wilson (1959) found that 
exposed plants or parts of plants were l i k e l y to die of drought 
i n the spring, especially during sunny weather i n the conditions 
prevailing i n the Cairngorms, and that snow cover prevented t h i s , 
Wells (1967) found no evidence that even extremes of climate 
affected the survival of Spiranthes s p i r a l i s , while Bradshaw and 
Doody (1978) conclude that mortality of Viola rupestris i s 
increased by colder '. winters, according to the 
following table:-

Year Feb. mean Survival rate 
a i r temp. April-Oct. 

1969 -3.5°C 0.82 
1970 -2.0°C 0.88 
1971 2.2°C 0.94 
1972 0.5°C 0.95 

although expectation of such a clear correlation i s l i k e l y to 
be optimistic. Some authors have related high mortality to 
particular periods of the year, and th i s may give an insight 
into the primary mortality factors operating. Sarukhan and 
Harper (1973) found that mortality i n three Ranunculus spp i s 
highest when the survivors are making t h e i r maximum growth, or 
just before. Hawthorn and Cavers (1976) found that mortality 
i s highest i n the period when active growth starts for two 
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Plantago app., and again i n late summer, but i s very low i n the 
r 

extremely cold winters. Sagar (1959) found that the main period 
of mortality i n Plantago lanceolata i s i n May-June. Thus, i n 
general for perennial herbs i n grassland, i t seems l i k e l y that 
the main mortality stress i s caused by competition for resources, 
or other factors operating strongly i n the early growing season, 
and that t h i s may be influenced by particular weather conditions 
at or before t h i s time. Clearly, such events as severe frosts 
well a f t e r growth has started w i l l be l i k e l y causes of mortality, 
and the d i f f e r e n t phenology and strategy of d i f f e r e n t species 
w i l l give them d i f f e r e n t r e l a t i v e advantages according to the 
conditions. The findings of the present study are that mortality 
i s higher during the winter months, although t h i s contrasts to 
some extent with the suggestion of Doody (1975) that mortality 
tended to be higher, i n these species, i n the summer months, 

higher, 
although not clearly . ^ The weather during the period of t h i s 
study (1972-1975) was d i s t i n c t l y d i f f e r e n t from that of the 
period studied by Doody (1968-1972) with a tendency-to milder 
winters, but late cold springs i n the l a t t e r period, although the 
differences may have been due to s l i g h t l y d i f f e r e n t recording 
times, which were themselves a response to the late springs. 

In an attempt to appreciate the possible causes of the very 
d i f f e r e n t mortalities i n the periods Autumn 1969-Autumn 1970 and 
Autumn 1972-Autumn 1973, the mortalities were f i r s t separated int o 
the three recording periods to see which periods were p a r t i c u l a r l y 
unusual. During the high mortality year 1969-1970, mortality 
amongst the four species was high or average i n the winter period; 
during the spring-summer i t was high or average; and during the 
summer-autumn i t was average or low. Therefore, the increased 
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mortality shown i n a l l four species over t h i s period occurred 
i n winter and spring. During the low mortality year 1972-1973, 
mortality was average or low over the winter, low or very low 
from spring-summer, and low or average from summer to autumn. 
Thus survival was apparently favoured throughout the whole year, 
but p a r t i c u l a r l y during spring compared to usual years. 

Table 8.1 shows selected weather measurements f o r the two 
years 1969-1970, and 1972-1973 compared, where available, to the 
averaged values f o r the recording period 1968-1975. Examination 
of the data f o r possible differences indicates that 1969-1970 
(high m o r t a l i t y ) had the following characteristics:-

1. A much wetter than average winter (Nov. - Apr.). 
2. A much d r i e r than average May. 
3. A colder than average winter. 
4. A warmer than average May and June. 

1972-1973 (low m o r t a l i t y ) had the following characteristics:-
1. Drier than average from Jan - March, but wetter than 

average through A p r i l and May. 
2. A very dry June. 
3. A rather mild winter, though colder than average i n 

A p r i l . Less cold than 1969-1970 i n a l l winter months. 
Sunshine or windspeed were not greatly d i f f e r e n t over the 
relevant period, according to monthly mean figures. 

Figs. 8.2 and 8.3 show the weekly average values f o r r a i n ­
f a l l , sunshine, maximum a i r temperature, and grass minimum 
temperature over the growing periods i n 1970 and 1973. I t i s 
obvious that 1973 was as cold through t h i s period (mid-March to 
end June) as 1970, and, i n f a c t , suffered more from heavy f r o s t s 
i n A p r i l and la t e May. So, presumably spring and l a t e f r o s t s 
are not a major m o r t a l i t y factor. A i r temperature rose rather 
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more steadily i n 1973» a f t e r an early warm period i n March, 
although the difference from 1970 i s not l i k e l y to be great. 
The highest a i r temperatures were reached i n 1970 (19°C i n 
week 31) at a time of very low r a i n f a l l , but 1973 was quite warm 
and dry at t h i s period, and there i s no evidence that June was 
the peak mortality period i n 1970. Perhaps the most s i g n i f i c a n t 
factor i s that May was dry, sunny and warm i n 1970, compared to 
1973. Welch and Rawes (1969) have shown the very high drainage 
rate and frequency of drying out of the sugar limestone s o i l s , 
and i t i s probable that the effects of the wet winter i n 1969-70 
w i l l have been rapidly l o s t on the freer-draining s o i l s . Thus, 
dry, sunny conditions, coupled with low incidence of ground f r o s t s 
and more wind than average at the time when plants are beginning 
to grow f a s t , and many are flowering, i s quite l i k e l y to have 
promoted increased m o r t a l i t y by desiccation and competition f o r 
resources. Further, i n i t i a l recording f o r most species was 
carried out some time during May, such that the mortality - i f 
May was the c r i t i c a l month - would be s p l i t between "winter" and 
"spring" as shown. 

Generalising from the available data, i t seems l i k e l y that 
moderate f r o s t s i n the early growing season are not a major cause 
of mortality. The period of highest mor t a l i t y of the whole study 
period included a wet, cold winter, followed by a dry, warm, 
sunny, windy May. I t i s not possible to separate the effects of 
each factor, although i t seems most l i k e l y , from other evidence, 
that the f r o s t and wet during the non-growing season w i l l have 
had r e l a t i v e l y l i t t l e e f f e c t , and that the main factors w i l l have 
operated during the early growing season. The major causes of 
mortality are presumed to be desiccation or resource depletion 
caused by warm, f r o 3 t - f r e e conditions i n May at a time of water 
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shortage aggravated by sun and wind. 
8.3 Cohort m o r t a l i t y . 

Several authors have observed that cohorts of plants born i n 
di f f e r e n t years have quite d i f f e r e n t decay rates (e.g. Antonovics 
1972; Williams, 1970; and Williams and Roe, 1975) f and Harper 
(1977) has summarised these observations and pointed out how. 
puzzling i t i s that survivorship of some cohorts f o r some species 
should apparently be determined at the time of recruitment. I t 
is obvious from the results of t h i s study that cohorts of a l l 
species born i n d i f f e r e n t years have d i f f e r e n t decay rates and 
corresponding h a l f - l i v e s , sometimes s t r i k i n g l y so. For example, 
h a l f - l i v e s of d i f f e r e n t cohorts of Gentiana verna i n one quadrat 
vary from 6.30 years to 0.39 years, while cohorts of seedlings 
of Polygala amarella i n one quadrat vary from 3.47 to 11.95 years 
There i s no evidence that a given year a f f e c t s a l l cohorts i n a l l 
s ites s i m i l a r l y e.g. that a l l cohorts "born 1 i n 1972 were longer-
l i v e d than those 'born 1 i n 1973; the v a r i a t i o n i s apparently 
random. Since i t i s as apparent i n the clonal growth pattern of 
Gentiana verna and the Viola hybrid as i t i s i n the seedling 
recruitment of Polygala and Viola r u p e s t r i s , i t i s u n l i k e l y to 
be a genetic e f f e c t . I t may, therefore, be caused by conditions 
i n the plants' f i r s t year a f f e c t i n g the rest of t h e i r l i f e ; 
i . e . by whether they get o f f to a 'good' or 'bad' s t a r t i n l i f e ; 
or" i t may be due to purely random v a r i a t i o n p a r t i c u l a r l y where 
small samples are involved; or, t h i r d l y , i t may occur because a 
cohort born i n year a i s subjected to d i f f e r e n t conditions at 
each stage of i t s l i f e to one born i n year a+1 or a-1, and 
although such generations quickly begin to overlap, some 
difference i n mort a l i t y i s l i k e l y to r e s u l t o v e r a l l . 
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Chapter Nine 

Reproductive strategies and adaptation 

Since Harper (1967) gave his pioneering Presidential Address 
to the B r i t i s h Ecological Society e n t i t l e d "A Darwinian approach 
to plant ecology", there has been a considerable quickening of 
interest i n the d i f f e r e n t ways i n which plant populations may 
maintain themselves i n t h e i r p a r t i c u l a r environment, and how 
d i f f e r e n t strategies of l i f e have evolved i n response to the 
pressures of the environment. The general accumulation of ob­
servations on the dynamics of plant populations has already been 
discussed i n general terms, but alongside t h i s there has developed 
a branch of ecology concerned s p e c i f i c a l l y with the l i f e strategies 
of plants. Cole (1954) i n a classic paper on the population con­
sequences of natural h i s t o r y phenomena drew attention to the c r i t ­
i c a l factor of timing of reproductive events i n the l i f e cycle, and 
consideration of the features that affect the p o t e n t i a l rate of 
population growth. I n 1967, MacArthur and Wilson c r y s t a l l i s e d 
current ideas of adaptive strategy into the " r and k" theory, i n 
which two types of organisms were proposed: k-selected organisms 
tend to have long l i v e s , and the proportion of energy and other 
resources devoted to reproduction i s small. I n contrast, r-selected 
types have a short l i f e expectancy and a r e l a t i v e l y large re­
productive e f f e c t . I n these contexts, r refers to the maximal 
rate of natural increase, and k refers to the carrying capacity 
of the habitat. Pianka (1970) refined the idea, which o r i g i n a l l y 
related p a r t i c u l a r l y to island species, and pointed out that most 
species lay along the t h e o r e t i c a l r-k continuum. The r endpoint 
of the continuum represents the ecological vacuum where there are 
no density effects and no competition, and the optimum strategy i s 
to put a l l possible resources int o producing as many offspring as 
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possible. At the k extreme, most e f f o r t i s put int o maintenance 
and minimal replacement by a few f i t o f f s p r i n g . Over a long period 
of time, r f o r a stable population = 0, and thus Smith (1954) 
pointed out that environmental resistance must exactly balance 
b i o t i c p o t e n t i a l at that point, and therefore r i s an indicator 
of the environmental resistance. The concept i s too t h e o r e t i c a l , 
and depends on too many factors to be a r e a d i l y useable one, but 
i t i s an important idea and i s useful when comparing the strategies 
of simi l a r plants. Although i t may appear s i m p l i s t i c to categorise 
a l l plants according to two evolutionary pressures and i n many ways 
i t i s an over-simplification, the concept ha3 proved to be of con­
siderable value i n encouraging consideration of the pressures on 
plant l i f e - c y c l e s , and the d i f f e r e n t ways i n which plants may react 
to d i f f e r e n t environments. Gadgil and Solbrig (1972) stress that 
the concept i s only meaningful on a comparative basis, f o r which 
there are no absolute c r i t e r i a . Their work with biotypes of 
Dandelion i n natural situations (Gadgil and Solbrig, 1972; Solbrig 
and Simpson, 1974) has shown that a p a r t i c u l a r biotype charact­
erised by higher output of smaller seeds, higher proportion of 
biomass devoted to reproduction, and lower competitive a b i l i t y i s 
dominant i n disturbed habitats over a biotype with t y p i c a l k-
selected a t t r i b u t e s . The l a t t e r biotype was also found to become 
dominant i n the stable conditions of the experimental s i t u a t i o n . 
In l a t e r experimental work (Solbrig and Simpson, 1977) they found 
that perturbation of experimental plots considerably affected the 
f i n a l equilibrium of biotypes, and that - as predicted - one 
biotype (type D) dominated the undisturbed p l o t s , and another 
(type A) dominated the disturbed plots. Moore (1976) quotes 
Sterk (1975) who showed that populations of A n t h y l l i s vulnerarja 
behaved d i f f e r e n t l y i n unstable open coastal conditions compared 
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to populations i n more stable inland sites i n Holland. Plants on 
the coast produced more flowers per plant, began flowering e a r l i e r , 
and mor t a l i t y was related to stresses i n the abiotic environment 
(e.g. drought). I n contrast, plants i n the more stable, closed 
inland situations had fewer flowers produced by older plants, and 
mortality was considered to be the outcome of competitive interplay. 

The broad concept of r - and k- induced adaptation i s thus 
supported by experimental and observed evidence, although much of 
the accumulated evidence i s circumstantial. 

Hickman (1975) studied Polygonum cascadense i n a mountain 
environment apparently rather s i m i l a r to that of Upper Teesdale, 
where erosion constantly produced a mosaic of stable, unstable and 
intermediate habitats. He found that plants of the Polygonum 
allocated proportionately more resources to reproduction i n harsh 
open habitats than i n the more moderate habitats, and that these 
differences were "environmentally-cued" rather than genetically-
determined. He states that such environinentally-cued adaptive 
behaviour i s unique among plants studied, and he relates i t to the 
short-term u n p r e d i c t a b i l i t y of the habitat. 

Grime (1977) has developed and refined the r and k hypothesis 
further. He concludes that there are 2 main external 
factors l i m i t i n g plant biomass: 1. Stress, which acts to r e s t r i c t 
production, e.g. shortages of l i g h t , water, nutrients, etc.,. 

2. Disturbance: p a r t i a l or t o t a l 
destruction of the plant biomass by such a c t i v i t i e s as herbivores, 
pathogens, man, wind damage, s o i l erosion, etc. 

As a r e s u l t of the conclusions of Milne (1961) that the word 
"competition" was rarely defined, and despite the suggestion by 
Harper (1971) that i t be abandoned through misuse, Grime (3,973) 
defines competition as "The tendency of neighboring ( s i c ) p l a n t 3 
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to u t i l i s e the same quantum of l i g h t , ion of mineral n u t r i e n t , 
molecule of water, or volume of space". A degree of intimacy i s 
clearly implied. He goes on to d i s t i n g u i s h three fundamentally 
d i f f e r e n t forms of natural selection that have taken place during 
evolution. These are: 

1. C - selection f o r highly competitive a b i l i t y , depending 
on the a b i l i t y of the plant to maximize growth i n 
productive undisturbed conditions. 

2. S - selection, causing reductions i n reproductive and 
vegetative vigour allowing endurance of continuously 
unproductive conditions a r i s i n g from environmental stress, 
or severe resource depletion by the vegetation. 

3. R - selection, associated with short l i f e span and high 
seed production evolved i n severely disturbed but 
potentially, productive conditions. 

Although s i m i l a r to the r - and k- theory, i t d i f f e r s i n that stress 
tolerance i s recognised as a d i s t i n c t strategy evolved i n 
i n t r i n s i c a l l y unproductive habitats or where there i s extreme 
resource depletion by the vegetation i t s e l f . Grime suggests that 
there are 2 c r i t i c a l points along the r-k continuum: (1) where 
in t e n s i t y of disturbance becomes i n s u f f i c i e n t to prevent exclusion 
of ruderals by competitors, and (2) where the l e v e l of supply of 
resources i s depleted below the levels required to sustain the 
growth rates of competitors, and selection begins to favour the 
more conservative physiologies of the stress-tolerators. Grime 
(1977) i l l u s t r a t e s i t as follows:-
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4 (A) CO 

i s c K 

K 
He recognises, however, that the basic scheme i s both incomplete 
and misleading i n that the simple l i n e a r arrangement of the 
strategies does not provide f o r the wide range of e q u i l i b r i a 
which may exist between stress, disturbance and competition which 
has provided conditions f o r the evolution of various types of 
secondary strategy. Grime (1977) recognises four such secondary 
strategies, and i t i s these that seem to be p a r t i c u l a r l y applicable 
to many of the Teesdale plants. They are: 

(1) C-R. Adapted to low impact of stress, and competition 
i s r e s t r i c t e d by moderate i n t e n s i t y of disturbance (e.g. 
f e r t i l e c a t t l e pastures and meadows). 

(2) C-S. Stress-tolerant competitors, adapted to undisturbed 
conditions experiencing moderate i n t e n s i t i e s of stress 
(e.g. open forest, scrub on i n f e r t i l e s o i l s ) . 

(3) S-R. Stress-tolerant ruderals, adapted to l i g h t l y 
disturbed unproductive habitats (e.g. droughted rock 
outcrops, crevices i n c l i f f s and w a l l s ) . 

(4) C-S-R plants. Confined to habitats i n which competition 
i s r e s t r i c t e d to moderate i n t e n s i t i e s by the combined 
effects of stress and disturbance, (e.g. u n f e r t i l i s e d 
pastures and meadows). 

I t i s found that the R-strategists are a reasonably homogeneous 
group, while the C-strategists have a wide range from perennial 
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herbs to trees, and S-strategists have the widest range, from 
lichens to trees. 

The general features of stress tolerance are: slow rates of 
growth, evergreen habit, long-lived, low phenotypic p l a s t i c i t y , 
shy flowering and the presence of mechanisms that allow the 
vegetative plant to take advantage of temporarily favourable 
conditions (e.g. the presence of functional leaves throughout the 
year). Low p a l a t a b i l i t y i s also suggested a p r i o r i on the grounds 
that the slow growth rate would cause slow recovery from d e f o l i a t i o n 
These theories have been elaborated f u l l y because the population 
characteristics of the species studied are now known i n reasonable 
d e t a i l i n a series of habitats i n one of the most unusual areas, 
botanically and environmentally, i n B r i t a i n . Their strategies, 
p a r t i c u l a r l y i n view of t h e i r known or presumed survival from the 
l a s t g l a c i a t i o n , are thus of p a r t i c u l a r i n t e r e s t i n the l i g h t of 
current theories. 

The hybrid V i o l e t , V. rupestris x r i v i n i a n a , has perhaps the 
simplest, but i n some ways the most revealing, l i f e strategy. I t s 
rate of increase i s necessarily l i m i t e d to one component only, 
that of clonal growth giving r i s e to new rosettes that become 
independently rooted. A proportion of resources (Harper and 
Ogden, 1970) i s , nevertheless, devoted t o flowering, and Bradshaw 
and Doody (1978) record that the hybrid produces as many flowers 
as V. r i v i n i a n a and more than V. rupestris. Doody (1975) with 
confirmation from the results of t h i s study, found that flowering 

was consistently higher at s i t e 9 t h a n a t 3' ^ o v e r t h e w h o l e 

recording period, up to 1975* there was a higher production of 
flowers at 9 i n every year. Further, m o r t a l i t y was found to be 
considerably and s i g n i f i c a n t l y higher at 9 than at 3. Site 9 i s 
apparently more disturbed, by inherent s o i l i n s t a b i l i t y than 3, 
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with somewhat more open vegetation, and i t i s much more apparent 
that i t i s over sugar limestone. I n other words, plants i n the 
more disturbed s i t e devote more resources to flower production 
and l i v e less long than plants i n more closed t u r f , closely f i t t i n g 
the general tenets of r-k or R-C-S adaptive pressures. Yet, there 
can be no adaptive significance i n t h i s f o r the hybrid. The 
devotion of more resources to flowering cannot r e s u l t i n increased 
seed production or increased seedling recruitment. Further, select­
ion can only have taken place at the o r i g i n a l establishment stage, 
since the established clone can make no r e a l genetic adaptation. 
Therefore, unless i t i s merely chance that clones with quite 
d i f f e r e n t characters became established i n those habitats most 
suited to them, or i f some selection happened to operate amongst 
hybrid seedlings to favour that plant which would have the best-
adapted characters when adult, then i t must be presumed that these 
apparent adaptive differences are i n fact "environmentally-cued", 
as shown by Hickman (1975) f o r Polygonum cascadense. Further 
experimental work i s cl e a r l y required to test t h i s p o s s i b i l i t y 
before conclusions can be f i r m l y drawn, but i t i s obvious that the 
behaviour of 1his hybrid i s of general i n t e r e s t to the discussion of 
adaptive strategies. Vegetative recruitment i n the hybrid was not 
s i g n i f i c a n t l y d i f f e r e n t between the s i t e s , and was maintained 
generally at a low l e v e l , s l i g h t l y higher than necessary to 
balance mortality. There i s no information on loss of rosettes 
before they appear i n the quadrat ( i . e . before they are f i r s t 
recordedJ, but i t i s presumed that t h i s i s low or non-existent. 
The ove r a l l strategy i s therefore an exceptionally cautious one, 
where about 90^ of the population i s maintained each year, and 
each plant produces, on average, a new vegetative addition every 
eight years (or one i n eight plants produce a new addition per 
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year) f o r which the post-emergence su r v i v a l rate i s as good as 
an adult's. A proportion of resources i s wasted i n the production 
of open and closed s t e r i l e flowers at as high, or higher rate 
than that of the parents. Although there i s evidence that the 
more f l o r i f e r o u s clone (at 9) has higher m o r t a l i t y , there was no 
p a r t i c u l a r difference i n density of plants between the two s i t e s , 
and i t seems l i k e l y . t h a t the clone i n the more disturbed s i t e (9) 
also has a greater rate of vegetative recruitment (supported by 
the figures over the whole period, which show higher recruitment 
i n 9:1 although not s i g n i f i c a n t l y so). Presumably the more open 
and disturbed nature of s i t e 9 allows established plants to pro­
duce more rosettes under the less competitive conditions preva i l i n g , 
despite diversion of more resources to flowering. 

Gentiana verna has an essentially s i m i l a r strategy to that 
of the Viola hybrid, although the generation time i s considerably 
shorter and the factors behind the reliance on vegetative re­
production are d i f f e r e n t . Gentiana verna has two p o t e n t i a l methods 
of increase, or two values of r ; vegetative reproduction by the 
production of new, independently-rooted rosettes, and the pro­
duction of seed. I n the study area, the gentian behaves as a short­
l i v e d normally polycarpic perennial; i n the study s i t e s , no 
gentians produced capsules because of severe grazing by sheep, and 
i t may be that the species would act as a monocarpic perennial i f 
capsules were allowed to develop. As f a r as the permanent study 
plots were concerned, r ,. was more or less zero with only 3 

3 660. 

seedlings recorded i n the period of study altogether, and i t i s 
probable that the strategy of t h i s species has adapted or adjusted 
i n response to t h i s pressure, which has existed over a long period. 
Normally, about I70 of plants i n the quadrats produce flowers; 
v i r t u a l l y a l l of the resources diverted to t h i s are wasted under 
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the present conditions, and i t i s argued i n 5.7 that t h i s diversion 
of resources to flower production i s l i k e l y to be decreasing. 
I n i t s p o t e n t i a l , Gentiana verna l i e s between the extremes of 
r and k , but i t i s l i k e l y that k-selection i s operating to push 
i t away from r - and reduce i t s i n t r i n s i c rate of increase. The 
gentian d i f f e r s from the hybrid Violet i n i t s strategy i n that i t s 
rate of turnover and replacement i s considerably faster, but also 
i n the f a c t that the population consists of a much greater number 
of clones, and that addition of v a r i a b i l i t y from seed (which i s 
very mobile) set elsewhere, i n less grazed conditions, i s l i k e l y 
to be a constant factor. I t i s very s i m i l a r i n that i t r e l i e s on 
the production of r e l a t i v e l y few new plants (0.32 per plant per yr.) 
i n t o which a considerable proportion of resource i s placed, but 
whose survival rate i s very high ( l i k e V. rupestris x r i v i n i a n a . 
there i s no information on the loss of Gentiana ramets before they 
emerge, but i t i s presumed to be low). Both waste a proportion of 
t h e i r resources by producing flowers ( i n 3-7/° of individuals on 
average, per year) that do not or cannot develop f r u i t . I t i s of 
interest that, despite t h e i r comparable strategies, the gentian i s 
the commonest plant amongst those studied w i t h i n the area, while 
the Viola hybrid i s the rarest (and one of the rarest plants i n 
B r i t a i n ; . The hybrid i s confined to a very specific habitat, as 
described, while the gentian occurs i n a wide range of closely 
related habitats. 

One of the parents of the Viola hybrid, V. rupestris. has 
quite a d i f f e r e n t strategy. I t i s a long-lived perennial poly-
carpic plant, capable of repeated-producing over a long period of 
time without apparent detriment to the plant, and i t s strategy i s 
the most complex of those observed. From a purely numerical point 
of view, r has two components; those of seed production and 
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vegetative rosette production. Seeds may be produced from 
p o t e n t i a l l y (though not necessarily regularly) outbreeding chas-
mogamous flowers, or from inbreeding cleistogamous flowers. Seed 
from cleistogamous flowers constitutes a high proportion of the 
t o t a l production, but no d i s t i n c t i o n i s made between seed and 
seedlings from each type once the seed i s dispersed ( f o r p r a c t i c a l 
reasons!), and i t i s assumed that s u r v i v a l of each type i s equi­
valent, although t h i s may not be the case i n certain habitats. 
V. rupestris reaches reproductive maturity at 3-5 years old, and 
once t h i s state has been reached, i t may flower repeatedly f o r a 
considerable number of years, a few plants having been recorded as 
flowering seven times. No doubt they can continue to flower u n t i l 
death. On average, over the period 1972-1975, 7.5% of plants 
produced flowers of one or both types per year, but because of the 
repeated production of most flowering individuals, the percentage 
of plants recruited that actually produce flowers at some time must 
be considerably lower, since i t i s only necessary to replace those 
flowering individuals that die to maintain the average percentage. 
The seeds produced are reasonably heavy (1.20mg.f from Bradshaw 
and Doody, 1978) and are produced at the average rate of 61 seeds 
per 100 plants per year which must be considered low amongst 
grassland plants ( c f . 100 per plant f o r Thesium humifusum, 270 per 
plant f o r Polygala calcarea, or 98,000 per plant f o r Orobanche 
e l a t i o r growing i n chalk grassland (Salisbury, 1975), or up to 
3.million from one plant of Juncus effusus (Salisbury, 1976), 
although these figures are not d i r e c t l y comparable as they are 
per flowering plant, rather than per plant i n the population). 
16/1> of t h i s seed appears to survive to produce seedlings (see 
Fig. 6.4 and section 6.7.2), of which 75% survive t h e i r f i r 3 t year. 
This seems to be a f a i r l y moderate policy, midway between the 
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high seed s u r v i v a l of V u l p i a membranacea, f o r i n s t a n c e , where 
90$ of seeds germinated, (Watkinson, 1975) through the more 
comparable f i g u r e s of 21$ and Sfo s u r v i v a l f o r Sedum s m a l l i i and 
Mlnuartia u n i f l o r a r e s p e c t i v e l y ( S h a r i t z and McCormick, 1973) and 
the other extreme shown by orchids, broomrapes, e t c . , where only 
a few seeds from hundreds of thousands s u r v i v e ( S a l i s b u r y , 1 9 4 2 ) . 

The second means of i n c r e a s e i s by a form of v e g e t a t i v e 

reproduction, as described i n 6 . 1 , i n which new r o s e t t e s are pro­

duced on steM shoots from the parent plant. The s i g n i f i c a n c e of 

t h i s has been d i s c u s s e d i n 6 . 7 . 3 with reference to the pop­

u l a t i o n ' s s u r v i v a l . T h i s v e g e t a t i v e reproduction i s estimated to 

occur at about 9 new r o s e t t e s per 100 p l a n t s per year, and -

although the r o s e t t e s are thought to always remain attached to the 

parent - a degree of advantage i s a t t a i n e d i n terms of i n c r e a s e d 

space, incoming l i g h t e t c . u t i l i s e d , although i t cannot r e a l l y 

be regarded as reproduction any more than above-ground branching. 

The true recruitment r a t e of the population i s provided by the 

number of s e e d l i n g s , and, from a s t r a t e g i c point of view, the 

v e g e t a t i v e branching must be regarded as a way i n which e s t a b l i s h e d 

p l a n t s can i n c r e a s e t h e i r degree of cover i n the vegetation. 

P a r t i c u l a r i n t e r e s t a ttaches to the d i f f e r e n t behaviour or 

s t r a t e g i e s of V i o l a r u p e s t r i s populations under d i f f e r e n t environ­

mental c o n d i t i o n s . The general f e a t u r e s of t h i s have been d i s ­

cussed under s e c t i o n 6 . 7 . 3 i and are d i s c u s s e d here only as they 

may r e l a t e to l i f e s t r a t e g i e s and t h e i r adaptive s i g n i f i c a n c e . 

I n closed t u r f ( p l o t s 3 : 2 , 3:4 and 6 : 2 ) , p l a n t s have a 

s h o r t e r l i f e , much reduced f l o w e r i n g and lower production of seeds, 

and there i s some i n d i c a t i o n that they may have a longer pre-

reproductive l i f e (see Table 6 . 1 1 , but the sample of p l a n t s 

followed through from b i r t h i 3 manifestly inadequate), and they 
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occur a t a lower d e n s i t y when compared to p l a n t s i n open, semi-
open or disturbed s i t u a t i o n s . I n one " c l o s e d " p l o t , v e g e t a t i v e 
recruitment i s well-above average, though not i n the other two. 
The v e g e t a t i v e growth i s not, however, a true r e f l e c t i o n of an 
increased a b i l i t y to s u r v i v e , f o r reasons explained. I t would 
thus appear that the V i o l a r u p e s t r i s p l a n t s are i l l - a d a p t e d to 
the closed s i t u a t i o n s as no c h a r a c t e r i s t i c s have developed that 
f i t the population f o r such s i t u a t i o n s . A reduced a b i l i t y to 
reproduce would demand an in c r e a s e d c a p a c i t y f o r self-maintenance 
( i . e . i n c r e a s e d l o n g e v i t y ) f o r the population to remain s t a b l e . 
I t i s probable that t h i s l a c k of adaptation r e l a t e s to the 
Teesdale environment which i s "a c o n s t a n t l y v a r y i n g complex, 
unstable i n d e t a i l e d pattern, but s t a b l e i n o v e r a l l make-up"., 
(Bellamy e t a l . 1969). Thus, V i o l a r u p e s t r i s grows optimally i n 
open disturbed h a b i t a t s , where most s e e d l i n g s e s t a b l i s h , the pl a n t s 
flower b e t t e r , produce more f r u i t and l i v e longer. I n some areas, 
t h i s h a b i t a t w i l l have changed away from the optimum, by colon­
i s a t i o n and s t a b i l i s a t i o n , and the V i o l e t s w i l l have found them­
s e l v e s i n i n c r e a s i n g competition with other s p e c i e s . T h i s r e s u l t s 
i n a decreased reproductive performance, i n i t i a l l y environmentally-
induced only, and a decreased l e n g t h of l i f e through i n c r e a s e d 
s t r e s s . T h i s would be the f i r s t step towards the e v o l u t i o n of 
a k - s e l e c t e d biotype with i n c r e a s e d powers of self-maintenance, 
but the process w i l l go no f u r t h e r i f there are i n s u f f i c i e n t long-
l i v e d i n d i v i d u a l s to s u r v i v e and reproduce i n the changed h a b i t a t , 
and the s p e c i e s w i l l be ousted from the closed g r a s s l a n d . I t i s 
postulated that the populations i n c l o s e d g r a s s l a n d are d e c l i n i n g , 
and w i l l continue to do so u n l e s s a more k-adapted biotype 
e s t a b l i s h e s , or the h a b i t a t maintains or i n c r e a s e s i t s l e v e l of 
disturbance such that V. r u p e s t r i s can s u r v i v e without adaptation. 
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I n a d d i t i o n to the observed d i f f e r e n c e s i n behaviour, the theory 
i s borne out by the absence of the V i o l e t from most of the 
apparently s i m i l a r g r a s s l a n d on the F e l l , and that the predomi­
nance of an inbreeding mechanism would be l i k e l y to slow the r a t e 
of adaptation to any change. I t would be unwise to base too much 
on only 7 y e a r s of r e c o r d i n g and observation, and experimental 
work would be necessary to t e s t much of the t r u t h of these s t a t e ­
ments, although the suggestions c o r r e l a t e w e l l with the observed 
f a c t s . The adaptive s t r a t e g y , or l a c k of a d a p t a b i l i t y i n 
V. r u p e s t r i s c l e a r l y r e l a t e s to i t s reproductive process. Clausen 
(1962), f o r i n s t a n c e , has shown t h a t populations of V i o l a often 
undergo s u b d i v i s i o n , and that c h a r a c t e r divergence occurs'between 
l o c a l c o l o n i e s of s i n g l e s p e c i e s , whether reproduction i s by means 
of cleistogamous flowers only, or not. As Grant (1971) and 
Williams (1975) have pointed out, u n i p a r e n t a l reproduction by 
cleistogamy gives r i s e to o f f s p r i n g t h a t are very s i m i l a r to the 
parent, and d i f f e r s l i t t l e from v e g e t a t i v e reproduction i n t h i s 
r e s p e c t . Although we know the approximate proportion of seeds 
produced by cleistogamous or chasmogamous flowers f o r the V. 
r u p e s t r j s population, we do not know the proportion of chas­
mogamous flowers that are s e l f - p o l l i n a t e d , and the proportion of 
" u n i p a r e n t a l " seed may be higher than i t appears. B e a t t i e (1976) 
has shown the presence of buffered gene flow i n chasmogamous 
flowers, and he argues that cleistogamy i s the optimal mode of 
reproduction f o r V i o l a c o l o n i e s . C l e a r l y , though, a degree of 
recombination i s required f o r adaptation to environmental changes, 
and the a b i l i t y of a population to respond depends to a l a r g e 
extent on the frequency of c r o s s i n g w i t h i n the population, and 
with p l a n t s from other populations. I t vould be i n t e r e s t i n g to 
know the frequency of c r o s s - p o l l i n a t i o n w i t h i n the V. r u p e s t r i s 
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populations i n Teesdale; t h i s may be very low i n view of the 
r e l a t i v e s c a r c i t y of p o l l i n a t o r s and low production of chas-
mogamous capsules, and t h i s may r e l a t e to i t s observed inadapt­
a b i l i t y . 

P o l y g a l a ainarella reproduces s o l e l y by seed. I n Teesdale, 

i t a c t s as a r a t h e r s h o r t - l i v e d p e r e n n i a l , with the c a p a c i t y f o r 

repeated-production. I t reaches reproductive maturity a t 2-4 years 

old u s u a l l y , and may then be p o l y c a r p i c , with some p l a n t s having 

flowered f o r f i v e y e a r s * Only a sm a l l percentage of i n d i v i d u a l s 

'born* a c t u a l l y produce flowers during t h e i r l i v e s . The annual 

percentage flowering i s about 16$ of p l a n t s , but r a t h e r l e s s 

i n d i v i d u a l s produce flowers during t h e i r l i v e s . R e l a t i v e l y few 

l a r g e seeds are produced, a t the r a t e of 9 per flow e r i n g p l a n t , 

although the c a p a c i t y i s considerably higher and i s r e s t r i c t e d by 

f a c t o r s such as grazing. On average 88$ of these seeds appear to 

be l o s t , but a f t e r germination, s u r v i v a l of s e e d l i n g s i s as high 

as that of adult p l a n t s . 

As i n d i c a t e d i n S e c t i o n 4.7.4., there are observed d i f f e r e n c e s 

i n the general s t r a t e g y of p l a n t s i n d i f f e r e n t s i t e s on Widdybank 

F e l l . P l a n t s a t S i t e 6 l i v e longer, have a lower flowering per­

centage, and - hardly s u r p r i s i n g l y - have a lower recruitment than 

p l a n t s i n other V/iddybank s i t e s . They e x h i b i t the t y p i c a l 

k-adapted st r a t e g y of reduced e f f o r t put i n t o reproduction and 

more i n t o self-maintenance, although there i s no f u r t h e r evidence 

to show whether t h i s i s genetic or environmental. As d i s c u s s e d i n 

4 . 4 . , the observed environmental s i t e d i f f e r e n c e s between 6 and 

some other s i t e s are sm a l l , and i t may be that p l a n t s a t 6 have 

become adapted to closed t u r f because they have survived such 

conditions f o r longer than p l a n t s a t s i t e 7 which i s c l o s e r to 

open eroding edges. P. amarella i s a h a b i t u a l inbreeder, and as 
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Grant (1971) and Williams (1975) have pointed out u n i p a r e n t a l 
sexual reproduction g i v e s r i s e to o f f s p r i n g very s i m i l a r to the 
parents, and d i f f e r s l i t t l e from v e g e t a t i v e reproduction i n t h i s 
r e s p e c t . I n other words, p l a n t s a t 6 may have adapted b e t t e r to 
closed t u r f conditions than p l a n t s i n s i m i l a r s i t u a t i o n s a t s i t e 7, 
p o s s i b l y through longer exposure to such conditions, or p o s s i b l y 
through the presence of more s u i t a b l e genes i n i t i a l l y , combined 
with g e n e t i c i s o l a t i o n from adjacent c o l o n i e s . 

One general point of i n t e r e s t concerns Harper and White's 

(1974) suggestion t h a t e a r l y m o r t a l i t y amongst s e e d l i n g s r e p r e s e n t s 

the shedding of the i l l - a d a p t e d "genetic load" of the s p e c i e s , 

caused by normal recombination. They suggested that the s p e c i f i c 

r i s k period should thus be lower or absent i n apomicts, although 

no information was a v a i l a b l e on the s u r v i v o r s h i p of such s p e c i e s . 

I t may be of i n t e r e s t , i n t h i s context, t h a t , w h i l s t the s e e d l i n g s 

of P. ama r e l l a and V. r u p e s t r i s are quite s i m i l a r i n s i z e and 

general morphology, those of the t o t a l l y - i n b r e e d i n g P. a m a r e l l a 

s u r v i v e considerably b e t t e r than those of the p a r t i a l l y out­

breeding V. r u p e s t r i s . I t would be of considerable i n t e r e s t to 

compare the s u r v i v a l of se e d l i n g s of V. r u p e s t r i s from seeds from 

cleistogamous flowers with those from chasmogamous flowers known 

to have been c r o s s - p o l l i n a t e d , s i n c e many other f a c t o r s may be 

a c t i n g i n the comparison between s p e c i e s . 

F i n a l l y , Primula f a r i n o s a was st u d i e d i n two widely d i f f e r e n t 

s i t u a t i o n s , i n Teesdale and i n a s i t e i n lowland County Durham. 

Few data are a v a i l a b l e , but i t i s apparent that the s p e c i e s has 

r a t h e r d i f f e r e n t s t r a t e g i e s i n the two s i t u a t i o n s . Primula f a r i n o s ; 

i s a reasonably l o n g - l i v e d p e r e n n i a l , which can produce l a r g e 

numbers of s m a l l seeds when capsules are allowed to develop. The 

sole true method of i n c r e a s e i 3 by seed, although secondary 



- 142 -

r o s e t t e s may develop on the parent, and are able to flower 

although they do not become independently-rooted. P l a n t s are 

able to flower repeatedly through t h e i r l i f e , , producing 4-8 flowers 

i n an.umbel, although i n Widdybank these only r a r e l y developed 

i n t o r i p e capsules due to removal by g r a z i n g sheep. I n Cassop, 

seed was u s u a l l y produced, and the average number of seeds per 

i n f l o r e s c e n c e over the period 1973-1975 was 418-62, although a 

proportion f r e q u e n t l y s u f f e r e d from fungal a t t a c k . 

Table 9.1 shows the h a l f - l i v e s of mixed-age populations 

and subsequent a d d i t i o n s of Primula f a r i n o s a populations on 

Widdybank and at Cassop. I t i s obvious that p l a n t s on Widdybank 

F e l l u s u a l l y l i v e longer, with a h a l f - l i f e about twice t h a t of 

the Cassop populations. Table 9.2 shows the r a t e of recruitment 

of new s e e d l i n g s per p l a n t i n the d i f f e r e n t s i t e s . Again, i t i s 

obvious t h a t the populations behave d i f f e r e n t l y , with recruitment 

a t Cassop about ten times as high (over the period 1973-1975) as 

that on Widdybank. 

The s i t e a t Cassop l a y amongst damp S e s l e r i a g r a s s l a n d as 

described i n Chapter 3, with l i g h t g r a z i n g and trampling by stock 

or horses. The dampness and steepness of the slope meant that 

trampling had considerable e f f e c t , and hoof-raarks were r e a d i l y 

v i s i b l e as areas of d i s p l a c e d t u r f . The s i t e i s e s s e n t i a l l y 

considerably more favourable than Widdybank F e l l , with b e t t e r . 

climate and g r e a t e r p r o d u c t i v i t y , but much l e s s s t a b l e . I n t h i s 

more productive but unstable s i t e , P. f a r i n o s a appears to have a 

much f a s t e r turnover, g r e a t e r fecundity, and b e t t e r establishment 

of s e e d l i n g s , although longer periods of observation on l a r g e r 

samples &^ required to v e r i f y t h i s . 

Although the s p e c i e s studied a l l have d i f f e r e n t s t r a t e g i e s , 



Primula f a r i n o s a 

Table 9.1 

H a l f - l i v e s of mixed age populations and 
age cohorts ( i n y e a r s ) . 

S i t e s 
Caosop Cassop Cassop Widdybank 
pp 1 pp 2 Both 6:1 

Mixed age population 3.85 2.48 3.59 7.70 

Seedlings: Spring 1969 8.50 

Spring 1970 4.50 

Spring 1974 4-33 NR NR 

Summer 1974 2.25 NR NR 

Autumn 1974 1.26 NR NR 

Summer 1975 NR 1.25 NR 



Primula f a r i n o s a 

Table 9.2 

Annual recruitment of s e e d l i n g s . 

S i t e s 
Widdybank 6:1 Cassop 1 Cassop 2 Cass 

1969 0.09 

1970 0.07 

1971 0.00 

1972 0.00 

1973 0.00 0.03 0.00 0.03 

1974 0.06 0.09 0.20 0.10 

1975 0.00 0.43 0.60 0.44 

S i t e 
Averages 0.03 0.19 0.20 0.19 
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and have adjusted to the Teesdale conditions i n d i f f e r e n t ways, 

the d i f f e r e n c e s are r e l a t i v e l y minor compared to the t o t a l range 

of reproductive s t r a t e g i e s o c c u r r i n g amongst p l a n t s . The 

environment of the sugar limestone i s a harsh one, where s t r e s s , 

competition and disturbance a l l play a p a r t , and t h i s combination 

of f a c t o r s has probably prevented the s u c c e s s f u l s u r v i v a l of 

pl a n t s with widely d i f f e r i n g s t r a t e g i e s . 
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Chapter Ten 
Environmental f a c t o r s and conservation 

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

The relevance of population dynamics s t u d i e s , and i n p a r t i c u l a r 

these Teesdale s t u d i e s , to conservation has been thoroughly d i s ­

cussed by Bradshaw and Doody (1978 and i n p r e s s ) . The s p e c i e s 

chapters i n t h i s t h e s i s contain s e c t i o n s which o u t l i n e the weak-

points of the s p e c i e s ' l i f e - c y c l e s and t h e i r s u s c e p t i b i l i t y to 

management changes, and the e f f e c t s of weather and adaptation to 

the environment have been d i s c u s s e d i n Chapters eight and nine . 

T h i s chapter considers f u r t h e r two f a c t o r s which may be of con­

s i d e r a b l e s i g n i f i c a n c e to the s u r v i v a l of the r a r e p l a n t s , i n the 

l i g h t of the r e s u l t s from t h i s study. 

10.2 The e f f e c t of the Cow Green R e s e r v o i r . 

The proposal, i n 1965, to b u i l d a r e s e r v o i r at COA* Green which 

would flood a considerable acreage of r a r e p l a n t communities met 

with a great d e a l of r e s i s t a n c e from s c i e n t i s t s and many other 

i n t e r e s t e d p a r t i e s (Smith, 1975). However, the r e s e r v o i r con­

s t r u c t i o n proceeded d e s p i t e the vigorous opposition, and some 

21 acres of r a r e p l a n t communities were flooded. Although the 

gr e a t e r proportion of these communities remained, there were wide­

spread f e a r s that the presence of the r e s e r v o i r might continue to 

a f f e c t the s u r v i v a l of the r a r e s p e c i e s by causing changes i n the 

climate and watertable of tfiddybank F e l l , and - as described i n 

Chapter three - the s i t e s f o r t h i s study were s e t up to monitor 

the e f f e c t s of any such changes. Other f a c t o r s have come i n t o 

prominence, s i n c e the completion of the r e s e r v o i r , which appear 

to be more l i k e l y to a f f e c t the unique p l a n t - l i f e . These include 

a huge i n c r e a s e i n v i s i t o r s to Cow Green, reaching an estimated 
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f i g u r e of over 70,000 i n 1977 ( T . J . Bines, pers. comm.), and 

considerable e r o s i o n of the sugar limestone adjacent to the 

r e s e r v o i r a t an alarming r a t e ( I . F i n d l a y , pers. comm.). 

I n v e s t i g a t i o n of these f a c t o r s was not made part of t h i s study, 

and, s i n c e other i n v e s t i g a t i o n s on t h e i r e f f e c t s are proceeding, 

they are not d i s c u s s e d f u r t h e r here, although t h e i r importance 

i s c o nsiderable. 

There i s some evidence that the r e s e r v o i r has s l i g h t l y 

a l t e r e d the climate by reducing the s e v e r i t y and i n t e n s i t y of 

f r o s t s to a sma l l extent ( I . F i n d l a y , pers. comm.), but a much 

longer period of recording w i l l be required before t h i s can be 

confirmed. Using the changes i n numbers of p l a n t s over the whole 

recording period as the mo3t reasonable general i n d i c a t o r of the 

po s s i b l e e f f e c t s of the r e s e r v o i r , an idea of the e f f e c t s may be 

gained by comparing the changes a t d i s t a n c e s A, B and C from the 

r e s e r v o i r , where A i s c l o s e s t to the r e s e r v o i r . On t h i s b a s i s , 

there i s no c l e a r trend f o r Gentiana vema; V i o l a r u p e s t r i s 

i n c r e a s e d s t r o n g l y a t a l l four A s i t e s , decreased at the 3 s i t e , 

and decreased i n one out of two C s i t e s . The V i o l a hybrid i n c r e a s e d 

at the A s i t e , but decreased at the C s i t e , while P o l y g a l a 

increased at B, but decreased a t a l l C s i t e s to a g r e a t e r or l e s s e r 

extent. The i n i t i a l impression, t h e r e f o r e , i s that the p l a n t s 

c l o s e r to the r e s e r v o i r are doing s l i g h t l y b e t t e r than those 

f u r t h e r away, although no firm conclusions can be drawn, f o r 

s e v e r a l reasons. F i r s t l y , there are considerable v a r i a t i o n s i n 

s i t e f a c t o r s o v e r l a y i n g , and probably dominating, the e f f e c t of 

dist a n c e from TWM. Secondly, i t i s not n e c e s s a r i l y true that 

the e f f e c t s of the r e s e r v o i r - i f any - on climate w i l l simply 

decrease l i n e a r l y with d i s t a n c e from the r e s e r v o i r . Changes i n 

r a i n f a l l , f o r ins t a n c e , might be most marked on the f i r s t slopes 
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down-wind from, the r e s e r v o i r . T h i r d l y , from the r e l a t i v e l y short 

period of recording s i n c e the r e s e r v o i r f i l l e d (5 y e a r s ) , data 

are probably inadequate to detect true trends. 

The p l a n t s have survived f o r s e v e r a l thousand years under 

varying conditions of climate, and i t seems most l i k e l y t h a t they 

w i l l not be a f f e c t e d by small changes i n climate per s e t although 

other f a c t o r s a s s o c i a t e d with the c o n s t r u c t i o n of the r e s e r v o i r 

may prove to be more s e r i o u s . 

10.3 The e f f e c t s of grazing. 

There have been many re f e r e n c e s through Chapters 4-7 of the 

observed or putative e f f e c t s of g r a z i n g on the p l a n t s i n t h i s 

study, and i t i s c l e a r t h at grazing p l a y s , and has probably always 

played, a major r o l e i n the s u r v i v a l and success of these p l a n t s . 

On Widdybank F e l l , g r a z i n g i s almost e n t i r e l y by a f l o c k of sheep 

w h i l s t g r a z i n g on the study p l o t s on Cronkley F e l l i s almost 

e n t i r e l y by r a b b i t s . Sheep-grazing i s seasonal, f o r the warmer 

8-10 months of the year only ( I . F i n d l a y , pers. comm.), while 

r a b b i t - g r a z i n g i s , of course, a l l - t h e - y e a r - r o u n d . T h i s may, i n 

part, account f o r the severe e r o s i o n on Cronkley F e l l , s i n c e 

p r o d u c t i v i t y i n winter i s v i r t u a l l y n i l , and severe overgrazing 

(and probably high r a b b i t m o r t a l i t y ) must r e s u l t . 

The r o l e of grazing on the p o 3 t - g l a c i a l s u r v i v a l of the 

r a r i t i e s has been b r i e f l y d i s c u s s e d i n 2.4, and i t s e f f e c t s on 

the present-day vegetation only are considered here. Grazing 

a f f e c t s the p l a n t s i n the sward i n a m u l t i p l i c i t y of d i f f e r e n t 

ways, and the r e l a t i v e importance of these v a r i e s considerably 

according to the type of herbivore, the period and i n t e n s i t y of 

grazing, the s u b s t r a t e , the s p e c i e s a v a i l a b l e to c o l o n i s e the 

sward, the climate, and other f a c t o r s , and i t i s therefore hardly 
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s u r p r i s i n g t h a t i t i s d i f f i c u l t to make g e n e r a l i s a t i o n s on the 

e f f e c t s of grazing, e s p e c i a l l y i n view of the r a t h e r l i m i t e d 

range of s t u d i e s c a r r i e d out. 

I t has been known f o r a considerable time that removal of 

herbivores from a grazed environment may l e a d to a reduction i n 

plant s p e c i e s d i v e r s i t y (e.g. Tansley and Adamson, 1925; Hope-

Simpson, 1940; Watt, 1960), and from a conservation point of view, 

such knowledge i s e s s e n t i a l . E q u a l l y , overgrazing may l e a d to 

erosion, or to dominance by a few unpalatable s p e c i e s , depending 

i n part upon the s i t u a t i o n . Jones (1933) found that continuous 

overgrazing where the dominants were p a l a t a b l e l e d to i n c r e a s e d 

d i v e r s i t y , while Milton, (1940 and 1947, quoted by Harper, 1969) 

found that overgrazing caused dominance of a few unpalatable 

s p e c i e s . On the sugar limestone g r a s s l a n d s , grazing pressure i s 

very high, r e l a t i v e to p r o d u c t i v i t y , s i n c e the sheep congregate 

on the g r a s s l a n d s i n preference to the blanket bog. The dominant 

s p e c i e s are p a l a t a b l e (e.g. F e s t u c a ovina, S e s l e r i a c a e r u l e a ) and 

there i s no evidence of i n c r e a s i n g dominance of unpalatable s p e c i e s 

On the rabbit-grazed summit of Gronkley F e l l , i t seems l i k e l y t h a t 

the combination of f r i a b l e s o i l and severe grazing i n a l l seasons 

has caused the extreme e r o s i o n that occurs. 

I n Teesdale, Welch and iiawes (1964) have shown that r e d u c t i o n 

i n g r a z i n g pressure l e a d s i n i t i a l l y to.a reduction i n s p e c i e s . . 

d i v e r s i t y , and both Doody (1975) and Bellamy (1976) have pointed 

out that removal of grazing on Widdybank F e l l appears to lead to 

reduction i n d i v e r s i t y a t the expense of the r a r e r s p e c i e s . So, 

the p r e l i m i n a r y and most important conclusion must be that g r a z i n g 

removal, at l e a s t on the deeper limestone s o i l s , would l e a d to a 

reduction i n the number and v a r i e t y of the r a r e s p e c i e s which 

would probably be i r r e v e r s i b l e . 
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However, the s i t u a t i o n i s much more complex than t h i 3 . 

Herbivores do more than remove the l e a v e s of the p l a n t s i n the 

t u r f . Observations i n d i c a t e that h e r b i v o r e s i n general c r e a t e 

bare patches by rubbing, l y i n g , or trampling,.(Harper, 1969) 

which may be e s s e n t i a l f o r the s u r v i v a l of some s p e c i e s . . Harper 

(1977) quotes unpublished data from Sarukhan showing that the 

germination p a t t e r n of se e d l i n g s of Ranunculus bulbosus c l o s e l y 

followed the o u t l i n e of hooves of c a t t i e - t r a m p l i n g i n the previous 

year. Grazers may c o n s i s t e n t l y remove fl o w e r s or f r u i t of p l a n t s 

i n the t u r f , although at the same time they may a s s i s t d i s p e r s a l 

of seeds that can s u r v i v e passage through the gut. Further, long-

term adaptations to g r a z i n g may occur w i t h r e s p e c t to reproductive 

s t r a t e g y ( a s suggested f o r G-entiana verna i n t h i s s t u d y ) , 

p a l a t a b i l i t y , growth form, and other f a c t o r s . They may a l s o 

remove whole p l a n t s of some s p e c i e s (e.g. Gentlana i n t h i s s t u d y ) . 

I t has become apparent throughout t h i s study that the severe 

grazing t a k i n g place i s i n h i b i t i n g f lower and f r u i t production i n 

most s p e c i e s , and that a considerable number of p o t e n t i a l new 

pla n t s are l o s t i n t h i s way. At the same time, there i s l i m i t e d 

evidence to suggest that some s p e c i e s may be responding to t h i s 

grazing by producing l e s s flowers, both by long-term g e n e t i c change 

and through the e f f e c t s of d e f o l i a t i o n . Yet grazing appears to be 

e s s e n t i a l f o r the maintenance of the h a b i t a t i n which the r a r e 

s p e c i e s can s u r v i v e . Thus there e x i s t s a c r i t i c a l balance 

between the l e v e l of grazing which a l l o w s such s p e c i e s as 

Primula f a r i n o s a , V i o l a r u p e s t r i s , or Poly-gala amarella to produce 

adequate seed f o r replacement, and the l e v e l that allows the 

development of more competitive s p e c i e s t h a t w i l l oust the 

r a r i t i e s . I f a l l the r a r e s p e c i e s are s u r v i v i n g adequately, then 

the present management i s l i k e l y to be the optimum one, with any 
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change probably favouring some s p e c i e s a t the expense of others. 

The concentration of r a r i t i e s i s such that i t i s d i f f i c u l t to 

manage f o r one s p e c i e s i n i s o l a t i o n from others. However, the 

i n d i c a t i o n s are that the s u r v i v a l of Poly g a l a amarella i s very 

p r e c a r i o u s , and there i s a good case f o r s m a l l - s c a l e s e l e c t i v e 

e x c l u s i o n of grazing around P o l y g a l a p l a n t s during the fl o w e r i n g 

and f r u i t i n g season to allow an i n c r e a s e d development of seeds. 

I f the proposed changes t a k i n g place i n the genetic c o n s t i t u t i o n 

of the Gentiana clones are accepted as l i k e l y , there may a l s o be 

a case f o r s e l e c t i v e prevention of grazing around Gentiana p l a n t s 

i n v a r i o us areas', so that seed of more f l o r i f e r o u s clones may be 

dispersed, and v a r i a t i o n introduced. At the same time, care must 

be taken that such management changes do not a l t e r the environment 

away from that demanded by Poly g a l a or other s p e c i e s . 
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