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A b s t r a c t . 

A s i n g l e group of phytophagous i n s e c t s , Curculionidae , ( w e e v i l s ) , were 

studied on four successional limestone grassland s i t e s of d i f f e r i n g 

ages. Specimens were taken from the s i t e s using a D-vac suction 

apparatus to estimate populations. The s i t e s were surveyed by a point 

quadrat method, recording numbers of pl a n t species, height classes and 

f l o r a l s t r u c t u r e s . An older hawthorn scrub s i t e was also studied f o r 

comparison. Successional age c o r r e l a t e d w i t h the numbers of species and 

abundance of wee v i l s , and accounted f o r 96% and 88% of the v a r i a t i o n 

r e s p e c t i v e l y . 

Comparisons were made between measures of h a b i t a t d i v e r s i t y and weevil 

populations. Number of p l a n t species and s p a t i a l d i v e r s i t y seemed to 

have some importance i n determining the abundance of weevils. Numbers 

of plant species present, p l a n t species d i v e r s i t y , s p a t i a l d i v e r s i t y , 

and a r c h i t e c t u r a l d i v e r s i t y a l l were f a c t o r s which a f f e c t e d species 

numbers, but these f a c t o r s are not necessarily independent and i t was 

not possible to a s c e r t a i n t h e i r i n t e r - r e l a t i o n s h i p . However, s p a t i a l 

d i v e r s i t y accounted f o r the greatest amount of the v a r i a t i o n i n numbers 

of weevil species (38%) and thus i t was clear t h a t other unmeasured 

f a c t o r s were also important i n determining the size of weevil 

populations. 

The p a l a t a b i l i t y of the f l o r a of the d i f f e r e n t s i t e s was estimated 

using Gepaeaspp. and some conclusions were made. 
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I n t r o d u c t i o n 

Superabundance i n i n s e c t s i s only r a r e l y more than a temporary 

phenomenon. There are exceptions to t h i s g e n e r a l i s a t i o n , f o r example 

A p t i n o t h r i p s spp. and Holocaphis spp. on Holcus m o l l i s , (McNeil and 

Southwood, 1978) and (Lawton and McNeil, 1979) are examples. Many 

f a c t o r s influence the numbers of species, abundance, and d i v e r s i t y of 

insects on v e g e t a t i o n . Amongst these are food a v a i l a b i l i t y , 

p a l a t a b i l i t y and the s u i t a b i l i t y of the h a b i t a t , as w e l l as the e f f e c t s 

of predators, p a r a s i t o i d s , and environmental c o n d i t i o n s . For example, 

plant feeding insects do not have to become abundant to be food l i m i t e d 

since the biochemistry of p l a n t secondary metabolites o f t e n severely 

l i m i t s the a b i l i t y of herbivores to e x p l o i t plants as food. Most 

herbivorous insects are s p e c i a l i s t feeders e x p l o i t i n g a very r e s t r i c t e d 

range of p l a n t s , f o r example leafhoppers on grassland, (Waloff and 

Solomon 1973). 

Even on one host, i n s e c t s are o f t e n confined to p a r t i c u l a r parts of a 

p l a n t , e s p e c i a l l y those w i t h a high n u t r i t i o n a l s t a t u s , or they are 

r e s t r i c t e d to narrow windows of host s u i t a b i l i t y i n time, (Feeney, 

1976). A plant may be only n u t r i t i o n a l l y s u i t a b l e f o r short periods of 

time or once a l e r t e d to i n s e c t a t t a c k biochemical or other changes may 

render i t less p a l a t a b l e . Haukioja, (1982), has shown t h a t resistance 

to herbivory increases i n white b i r c h f o l l o w i n g damage by the geometrid 

d e f o l i a t o r E p i r r i t a autumnata . Indeed the response can be so strong as 

to reduce the p o t e n t i a l r eproductive output of E p i r r i t a by h a l f . 



- 5 -

P a l a t a b i l i t y v a r i e s between species because of d i f f e r i n g phytochemical 

and other defences against herbivory, but even w i t h i n species there i s 

polymorphism between close neighbours. Herbivory may also act as a 

b i o l o g i c a l s witch to a c t i v a t e dormant innate defenses so that two 

otherwise s i m i l a r p l a n t communities may d i f f e r i n p a l a t a b i l i t y merely 

as a consequence of d i f f e r i n g i n s e c t herbivore loads. F i n a l l y the 

growth stage of the p l a n t f u r t h e r a f f e c t s p a l a t a b i l i t y . 

Plant m a t e r i a l en masse i s not a p a r t i c u l a r l y a t t r a c t i v e resource. Sap 

i s r i c h i n sucrose and low i n amino acids, so i t i s amino aci d l e v e l s 

which i n f l u e n c e the numbers and type of i n s e c t that can e x p l o i t plants 

d i r e c t l y . Herbivores have e v o l u t i o n a r i l y responded to t h i s problem i n 

various ways. The secretions of q u a n t i t i e s of honeydew by aphids i s to 

dispose of excess sucrose accumulated i n order to o b t a i n s u f f i c i e n t 

p r o t e i n . Strophingia erlcae i s a minute p s y l l i d bug which feeds 

d i r e c t l y below the l e a f growing t i p s of Calluna and i s able to draw on 

the amino acids which are being transported to the s i t e s of manufacture 

of new leaves, (Hodkinson, 1973). 

Seasonal changes and v a r i a t i o n s i n m a t u r i t y of the plants a f f e c t the 

population of herbivores t h a t can be supported. There i s a general 

decrease i n the energy/protein r a t i o of p l a n t t i s s u e w i t h seasonal age, 

and an increase i n sucrose and s t r u c t u r a l carbohydrate, (Morrison, 

1949). A gross measurement of the p o t e n t i a l c a l o r i f i c value of the 

t i s s u e , although t h i s does f a l l w i t h age, masks the extent of the 

decrease i n n i t r o g e n content. 
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Even the measurement of energy/protein r a t i o s i s a f a i r l y crude 

estimate of the resource value of p l a n t tissues to any i n s e c t . Soluble 

n i t r o g e n i s the b i o l o g i c a l l y s i g n i f i c a n t f a c t o r , but t h i s may f l u c t u a t e 

g r e a t l y and i s d i f f i c u l t to measure. Nitrogen content i s highest i n 

meristematic tissues but damage by insects r e s u l t s i n more i r r e v e r s i b l e 

damage i n t h i s area than other t i s s u e s , (Hodkinson and Hughes, 1982), 

and hence r a r e l y i s e x p l o i t e d . Young tissues such as l e a f buds and 

young leaves and shoots, which are i n a s t a t e of growth, have a high 

n i t r o g e n content and during such growth phases the phloem w i l l contain 

amino acids mobilised from storage organs. However the phloem i s 

located w i t h i n the p l a n t and requires s p e c i a l adaptations to e x p l o i t 

i t . E x p l o i t a t i o n of young tissues i s hampered by low apparency, 

(Feeney, 1976), growth stages are o f t e n short l i v e d , and the b i o l o g y of 

an insect herbivore t h a t e x p l o i t s high n i t r o g e n phases w i l l r e f l e c t 

t h i s . Such phases are w e l l documented; i n the Northern T r e e l i n e B i r c h 

the t o t a l l e a f n i t r o g e n f e l l from 3% dry weight to 1% dry weight i n 

three months, (June to September), (Haukioja et a l , 1978). Holcis 

m o l l i s shoots formed e i t h e r i n autumn or spring have higher n i t r o g e n 

l e v e l s than e x i s t i n g shoots, (McNeil 1973). I n conclusion merely the 

p l a n t s r e l a t i v e m a t u r i t y w i l l a f f e c t i t s a t t r a c t i v e n e s s to an i n s e c t 

h e r b i v o r e . On these grounds alone one would p r e d i c t v a r i a t i o n s i n 

herbivore load w i t h successional s t a t u s . 

Often plants c o n t r o l i n s e c t herbivore load by other ways than merely 

passive n u t r i t i o n a l s t a t u s . I n t e r a c t i o n s between E p i r r i t a autumnata and 

Betula i n v o l v e complex defensive reactions by the p l a n t , and i t appears 

here the p l a n t regulates the p r o d u c t i v i t y of i n s e c t s , (Haukioja, 1980). 
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Even i f p l a n t t i s s u e contains broadly the r i g h t q u a n t i t i e s of energy 

and n u t r i t i v e m a t e r i a l s i n a s u i t a b l e mixture i t does not mean t h a t i t 

i s e i t h e r ; 

i ) a c t u a l l y s u i t a b l e , or 

i i ) a v a i l a b l e to a p a r t i c u l a r i n s e c t population since there are 

s p e c i f i c b a r r i e r s to pla n t consumerism as w e l l as more general ones. 

Plant m a t e r i a l has low energy and p r o t e i n to mass r a t i o s ; i t i s not a 

s a t i s f a c t o r y s t r a t e g y f o r insects to feed on plant m a t e r i a l which i s 

also e l u s i v e or unpredictable. I n other words most p l a n t ' s n u t r i t i v e 

q u a l i t i e s are poor. I f animals are to feed on general p l a n t m a t e r i a l 

they must be able to compensate f o r t h i s by consuming r e l a t i v e l y l a r g e 

q u a n t i t i e s of food, and they must be assured of i t s consistent 

a v a i l a b i l i t y . I f plant m a t e r i a l i s e l u s i v e or unpredictable an i n s e c t 

w i l l f i n d i t e v o l u t i o n a r i l y d i f f i c u l t to e x p l o i t unless i t i s of 

unusual n u t r i t i v e value, such as underground storage organs, seed pods 

etc. The ease of l o c a t i o n of a p a r t i c u l a r resource, eg; lea f buds, has 

been defined by Feeney, (1976), as apparency. Greater apparency r e s u l t s 

from large plants rather than small ones, w i t h a regu l a r d i s t r i b u t i o n 

r a t h e r than ramdomly spaced. I f plants occur at high density they are 

apparent, or i f they occur f r e q u e n t l y or w i t h temporal r e g u l a r i t y . I n a 

temperate f o r e s t deciduous leaves of the dominant tree species are 

apparent to inse c t herbivores on a l l these accounts although young 

leaves to a lesser extent than older ones. 
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Apparent Non-Apparent 

woody perennial annual 

climax species pioneer 

common species rare species 

mature leaves young leaves 

bark or stems leaves 

evergreen species deciduous species 

( a f t e r Hodkinson and Hughes, 1984). 

The importance of apparency to p l a n t - i n s e c t i n t e r a c t i o n s i s i l l u s t r a t e d 

by the high degree of v a r i a b i l i t y i n the t i m i n g of bud burst between 

i n d i v i d u a l oaks w i t h i n a f o r e s t , by which the r i s k s to i n s e c t 

populations are g r e a t l y increased, ( S a t c h e l , 1962) (Feeney, 1970). I n 

t h i s example there i s an e f f e c t i v e decrease i n apparency. 

There are other b a r r i e r s to consumerism by i n s e c t s than t h a t of reduced 

p l a n t apparency. Many plants have organs to r e p e l i n s e c t s , and the 

production of t o x i n s by plants i s common. Trace compound b a r r i e r s such 

as a l k a l o i d s , eg: n i c o t i n e , cocaine, quinine are one type of b a r r i e r . 

They are f a i r l y s p e c i f i c i n t h e i r e f f e c t on insects and are commoner i n 

herbs than t r e e s . 

An a l t e r n a t i v e s t r a t e g y i s to produce dosage dependant chemical 

b a r r i e r s , such as tannins, r e s i n s , s i l i c a . E f f e c t i v e n e s s on a c t i v e 

herbivore consumers i s dependent on the concentrations found i n the 

p l a n t or the stand, but g e n e r a l l y they occur at much higher 

concentrations than trace-compound chemicals. They are t h e r e f o r e 

e n e r g e t i c a l l y c o s t l y to produce and have a more general e f f e c t . 
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Again the presence of these chemicals i s seasonally v a r i a b l e . Secondary 

chemicals perform other f u n c t i o n s than defense and evidence of t h e i r 

defensive e f f e c t i s d i f f i c u l t to prove. However, d e f o l i a t i o n by the 

bud moth Zeiraphera r e s u l t s i n delayed l e a f f l u s h i n L a r i x decidua. The 

new leaves are lower i n n i t r o g e n , higher i n f i b r e and r e s i n content, 

(Baltensweiler et a l , 1977). C l e a r l y there i s a complex and s p e c i f i c 

h a b i t a t template necessary f o r the phytophagous i n s e c t , (Southwood et 

a l , 1979), and many f a c t o r s w i l l a f f e c t the herbivore load of a 

p a r t i c u l a r v e g e t a t i o n a l stand. 

Plant chemistry and defense w i l l have an important i n f l u e n c e on in s e c t 

d i v e r s i t y f o r even when comparing two s i m i l a r p l o t s q u i t e close to each 

ot h e r , we have seen there may be marked d i f f e r e n c e s . Spacial dimensions 

of the h a b i t a t may also be important. 'Bird species d i v e r s i t y ' has been 

long associated w i t h measures of h a b i t a t s t r u c t u r e , (MacArthur, 1957). 

C o r r e l a t i o n s between the microhabitat of the phytophagus i n s e c t and i t s 

abundance and d i v e r s i t y have only been made r e c e n t l y . Southwood et a l , 

(1979), have devised a measure of spa c i a l d i v e r s i t y making d i s t i n c t i o n s 

between the f o l i a g e - h e i g h t d i v e r s i t y and a r c h i t e c t u r a l d i v e r s i t y . For 

as Lawton, (1978), has pointed out, there seems to be a cl e a r 

d i f f e r e n c e between merely changes i n density of the h a b i t a t and i t s 

a r c h i t e c t u r a l s t r u c t u r e of d i f f e r i n g types of pl a n t s t r u c t u r e s , eg; 

leafbuds, leaves, f l o w e r s , s t a l k s . He has stated t h a t 'there must be 

more ways to make a l i v i n g on a bush than a b l u e b e l l ' „ Stinson and 

Brown, (1983), have shown the abundance and d i v e r s i t y of leafhoppers 

are c o r r e l a t e d to the a r c h i t e c t u r a l d i v e r s i t y of the h a b i t a t , see also 

Waloff and Solomon, (1968). 
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S p a t i a l e f f e c t s can be various, l a r g e r p l o t s of n a t u r a l stands of the 

same p l a n t have more insect species, ( r i c h e r animal communities), 

(Rigby and Lawton 1981), but small or i s o l a t e d p l o t s f r e q u e n t l y have 

greater numbers of herbivores, and c e r t a i n l y measurably more eggs l a i d 

by females than l a r g e r ones. (Jones, 1977; I v e s , 1978; Zalucki and 

K i t c h i n g , 1982). The surrounding vegetation s t r o n g l y influences the 

herbivore populations; when there are d i f f e r e n t species of p l a n t , i e . 

mixed stands, there i s less c o l o n i s a t i o n and a lower r a t e of population 

growth causing the herbivorous i n s e c t to be less abundant. (Tahvanain 

and Root, 1972; Root, 1973; Cromartie, 1975). Thus the population 

dynamics of insects may vary from one h a b i t a t patch to the next. I t i s 

also t r u e that d i f f e r e n t herbivore species a t t a c k d i f f e r e n t plants of 

the s i m i l a r d i s t r i b u t i o n s i n d i f f e r e n t ways, f o r example P i e r i s rapae, 

P h y l l o t r e t a s t r i o l a t a and P_j_ c r u c i f erae, a l l behave d i f f e r e n t l y given 

s i m i l a r p l a n t d e n s i t i e s i n t h e i r a t t a c k of Brassica, plants (Cromartie, 

1975). (Iwao, 1971; Singer, 1972; Whittaker et a l , 1979). Kareiva's, 

(1982), analysis of the d i s p e r s a l of the f l e a b e e t l e , ( P h y l l o t r e t a ) , 

showed d i s p e r s a l rates increased as distances between patches declined. 

Thus the beetles f o r a g i n g was optimal i n r e l a t i o n to the q u a l i t y of the 

host p l a n t s , only when these were close together. 

R i c h l e f ' s , (1973), has emphasised the 'many f u n c t i o n a l and s t r u c t u r a l 

a t t r i b u t e s of community change during i t s successional development 1. 

Such changes a l t e r the h a b i t a t so t h a t the same species s t r a t e g y w i l l 

no longer match w i t h the a l t e r e d h a b i t a t template, as a r e s u l t animal 

communities w i l l be d r i v e n to change i n p a r a l l e l w i t h the v e g e t a t i o n . 
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H i s t o r i c a l l y , 'from the work of numerous e c o l o g i s t s most notably 

Clements, (1916), and Watt, (1947), i t i s now g e n e r a l l y accepted t h a t 

most types of vegetation are subject to temporal changes i n both 

species composition and i n the r e l a t i v e importance of c o n s t i t u e n t l i f e 

forms', (Grime, 1979). This may be c y c l i c as i n seasonal v a r i a t i o n but 

successional changes, progressive i n nature, w i l l also occur. Stands of 

d i f f e r e n t successional age w i l l d i f f e r I n h e i g h t , m a t u r i t y , species 

composition, p l a n t chemistry, and possibly c o l o n i s a t i o n by i n v e r t e b r a t e 

species. However, even with o u t the f a c t o r of c o l o n i s a t i o n there w i l l be 

inherent d i f f e r e n c e s s u f f i c i e n t to i n f l u e n c e animal communities 

(Brown, 1982). Indeed, i n l o c a l i s e d areas, where d i s p e r s a l i s not an 

important component of c o l o n i s a t i o n , c o l o n i s a t i o n i t s e l f w i l l be a very 

minor f a c t o r , and i t w i l l be the s u i t a b i l i t y of a p a r t i c u l a r h a b i t a t to 

a species t r y i n g to e s t a b l i s h i t s e l f t h a t w i l l be s i g n i f i c a n t . 

I f herbivore popluations w i l l be influenced i n a number of ways by the 

v e g e t a t i o n , they w i l l also exert t h e i r own e f f e c t s , i n c l u d i n g 

successional ones on the v e g e t a t i o n . Indeed t h i s r e f l e c t s the 

t r a d i t i o n a l view of p l a n t - h e r b i v o r e i n t e r a c t i o n s as f a c t o r s l i m i t i n g 

the growth of t h e i r host species. Janzen, (1970), has described how i n 

the t r o p i c s the l e v e l of insect and v e r t e b r a t e predation around a 

parent t r e e i s such th a t i t a f f e c t s the d i s t r i b u t i o n of e s t a b l i s h i n g 

seedlings, which he suggests may account f o r the d i v e r s i t y of tree 

species i n e q u i t o r i a l r a i n f o r e s t : - (a suggestion t h a t Hubbel, (1980), 

has since r e f u t e d f o l l o w i n g studies i n Costa R i c a ) . The feeding of the 

beetle Gastrophysa v i r i d u l a i s important i n the competitive i n t e r a c t i o n 

between two dock species, Rumex o b t u s i f o l i u s and R. c r i s p u s . 
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Levels of feeding by Gastrophysa, which had no e f f e c t when e i t h e r 

species was grown i n i s o l a t i o n , r e s u l t e d i n extensive damage when the 
i s 

species were competing. I n e f f e c t t h i s ^ a r e s u l t of d i f f e r i n g s t r a t e g i e s 

to l i g h t grazing. Rumex crispus responded by reducing i t s r o o t to shoot 

r a t i o dry weight r a t i o from 2.14 to 1.69, making more m a t e r i a l to 

compensate f o r consumption. I n contrast o b t u s i f o l i u s increased the 

r a t i o from 1.18 to 3.57, e s s e n t i a l l y p r o t e c t i n g m a t e r i a l from surface 

grazing. R_̂  o b t u s i f o l i u s appeared to show severe reductions i n seed 

numbers and the weight of each seed. Under the pressure of t h i s 

consumerism, crispus appeared to be at a competitive advantage. 

(Bentley and Whittaker, 1979. Bentley et a l , 1980). 

The aims of t h i s p r o j e c t are to look f o r successional changes w i t h i n a 

h a b i t a t and attempt to c o r r e l a t e t h i s w i t h the status of an animal 

community. Measures of h a b i t a t d i v e r s i t y are used and are as f o l l o w s ; 

plant species d i v e r s i t y , the s t r u c t u r a l or f o l i a g e - h e i g h t d i v e r s i t y 

(which e s s e n t i a l l y i s the density of the h a b i t a t ) and the a r c h i t e c t u r a l 

d i v e r s i t y . Plots of s i m i l a r s o i l type, slope and aspect but of 

d i f f e r i n g age and successional development were chosen to show how 

these measurements of h a b i t a t varied w i t h time. The i n s e c t population 

at each of these s i t e s was sampled using D-vac apparatus, members of 

the Coleopteran group Curculionidae e x t r a c t e d , counted and i d e n t i f i e d , 

so t h a t these h a b i t a t changes could be compared w i t h the abundance and 

d i v e r s i t y of an animal community. 
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Methods and M a t e r i a l s . 

age 

W i t h i n the area of a limestone quarry, a range of s i t e s d i f f e r i n g and 

secondary successional status were selected. A D-vac apparatus was used 
2 

t o e x t r a c t i n s e c t populations from 10 square f e e t samples of each s i t e . 

Point quadrats were used to discover the number of p l a n t species 

present. The p i n used i n t h i s method was marked so t h a t a d d i t i o n a l l y a 

measure of height and density of the f o l i a g e could be made. The numbers 

of p l a n t s t r u c t u r e s touching the pin were also recorded. 

The Study Area. 

The s i t e selected f o r a study had to have a s e l e c t i o n of areas i n the 

same l o c a l i t y and of s i m i l a r s o i l type, aspect, and slope, but of a 

d i f f e r i n g age and at d i f f e r i n g stages of secondary succession. Wingate 

Quarry Local Nature Reserve, owned by Durham County Council was chosen. 

I t i s a s i t e of importance as a refuge f o r the grassland f l o r a t h a t 

were once common i n the meadows of the magnesium limestone ridge which 

runs N.E. to S.W. through the County of Durham. The quarry has had a 

h i s t o r y of working going back to the l a s t century. However, magnesium 

quarrying ceased i n the 1930's, only to be resumed a f t e r the Second 

World War. The quarry was i n part used f o r stocking mined coal but 

f o l l o w i n g i t s purchase by the County Council i n 1978 i t was fenced and 

p a r t l y regraded. 

2 See page 19 f o r f u r t h e r d e t a i l s . 
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S e l e c t i n g S i t e s . 

As a r e s u l t of the i n t e r m i t t e n t a c t i v i t y i t was possible to s e l e c t 

several s i t e s of d i f f e r i n g successional age. On one s i t e there was 

hawthorn scrub, which was estimated to date from the mid 1950's, (pers. 

comm. Mr. S. S c o f f i n , warden). I n t h i s study i t was assumed to be at 

l e a s t 20 years o l d , although i n f a c t t h i s was probably an 

underestimate. The s i t e i s d i v i d e d by a path running through the 

quarry, to the west of t h i s the quarry i s p e r i o d i c a l l y grazed as a 

management p r a c t i c e , to the east i t i s r e t a i n e d i n an ungrazed s t a t e , 

although p e r i o d i c c l e a r i n g of emergent hawthorn i s used to keep the 

r i c h magnesium limestone f l o r a i n t a c t . I t was possible to i d e n t i f y f i v e 

main s i t e s , which on c o n s u l t a t i o n w i t h Mr. S c o f f i n , I was able to age 

as f o l l o w s : -

i ) a mid-successional s i t e which had been ungrazed, although some 

clearance had occured i n the ten years since i t had been regraded. 

i i ) a younger s i t e which had through grazing been held at an e a r l i e r 

successional development and was estimated to be about s i x years 

o l d . 

i i i ) and a s i t e very s i m i l a r to ( i ) described, except f o r being s l i g h t l y 

more mature, and on which a l i t t l e hawthorn was e s t a b l i s h i n g , of an 

estimated age of 12 years. 

i v ) a f i n a l s i t e r e c e n t l y cleared f o r maintenance was also selected, 

which was about 12 months o l d . 

v) a twenty year o l d s i t e , which had a developed hawthorn scrub and 

was used as a comparison to s i t e s ( i - i v ) . 
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The s i t e s were 20 metres by 40 metres and marked out w i t h wooden pegs. 

Each s i t e , at the beginning of the study was given a number, but i n 

t h i s r e p o r t from now on I s h a l l r e f e r to them only by successional age 

or d e s c r i p t i o n to avoid confusion, (see table 1 ) . Map 1 gives an 

i n d i c a t i o n of the layout and aspect of the reserve; each s i t e i s 

marked. 

A Vegetative Survey. 

The vegetation was surveyed using a p o i n t quadrat technique. The 

l o c a t i o n of each of the f i f t y quadrats taken at each s i t e was chosen by 

throwing a small s t e e l p i n at random over my shoulder. Where the pin 

landed a longer s t e e l p i n was v e r t i c a l l y i n s e r t e d i n t o the v e g e t a t i o n . 

Using p r e p r i n t e d record sheets the p l a n t species touching the p i n were 

recorded as standard f o r t h i s technique, f o r example Muller-Dumbois and 

Ellenberg (1974). 

The p i n was marked from 5 cm away from the sharpened t i p i n increasing 

increments as shown i n f i g u r e 1. This allowed the f i r s t 5 cm to 

penetrate the e a r t h and keep the p i n standing v e r t i c a l l y w i t h o u t being 

h e l d . The marking described i n t e r v a l s s t a r t i n g at 25 mm and increasing 

to 650 cm. The p i n was 2.0 m long. These marked i n t e r v a l s were used to 

record the s p a t i a l elements of the h a b i t a t , (see f i g u r e 1.) Both the 

size and increase of the increments were chosen a r b i t a r i l y , but the 

nature of the vegetation surveyed influenced t h i s . 
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Using the markings the vegetation was d i v i d e d up i n t o a series of 

v e r t i c a l l a y e r s . Each la y e r of each quadrat was scored e i t h e r p o s i t i v e 

or negative according t o whether there was vegetation touching the pin 

at t h i s l e v e l . I f there was more than one 'touch' i n a s i n g l e layer 

t h i s could not be recorded i n any s p e c i a l way. Should t h i s occur 

repeatedly i t would mask the t r u e density of the v e g e t a t i o n , so i t was 

important to select an appropriate scale on the p i n i n order t h a t 

m u l t i p l e touching was minimised throughout the pin's l e n g t h . As a 

r e s u l t of t h i s need the broadly geometric scale described was chosen. 

The o v e r a l l e f f e c t i s to roughly measure the density by the number of 

occupied laminar w i t h i n the v e g e t a t i o n . This i s easier than recording 

the t o t a l number of touches of the pin at each quadrat and t h e i r 

p o s i t i o n , an almost impossible task. An e f f e c t of t h i s layer method i s 

th a t as the vegetation becomes sparser the w i d t h of the layers becomes 

greater, as i l l u s t r a t e d i n f i g u r e 2. Conversely i f the vegetation 

occupies most of the a v a i l a b l e volume, then each of the layers w i l l be 

close together. 

When the vegetation was too high to measure using the p i n method a 

second technique was used. F i r s t l y the p i n was used as normal, as f a r 

as possible. Then l y i n g on my back where the pin had been i n s e r t e d I 

looked v e r t i c a l l y upwards i n t o the canopy through the view f i n d e r of a 

s i n g l e lens r e f l e x camera, w i t h a s p l i t screen focusing a i d . I focused 

the camera on the lowest piece of vegetation v i s i b l e i n the centre 

'disc' of the screen, n o t i n g the species i n v o l v e d . This was i n the 

event always hawthorn. Then using the scale on the lens b a r r e l I read 

o f f the distance to which the camera was focused. 
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F i n a l l y I recorded the pla n t s t r u c t u r e involved. Focusing up through 

the canopy I repeated t h i s , u n t i l I had followed the l i n e of the p i n to 

the top of the canopy. 

This method d i d i n v o l v e c e r t a i n e r r o r s since the core that the c e n t r a l 

p o r t i o n of the s p l i t - s c r e e n took through the vegetation was l a r g e r than 

the p i n , and i t was d i f f i c u l t to hold the camera steady. Also the 

system viewed more vegeta t i o n at the top of the canopy than close to 

the lens due to the e f f e c t s of perspective. However, the method was 

r e l i a b l e , easy (although time consuming) and required no s p e c i a l l y 

f a b r i c a t e d m a t e r i a l s . I think, i t compared favourably, at l e a s t f o r the 

purposes of t h i s study, w i t h the use of s c a f f o l d i n g towers or weather 

balloons on wires as used i n previous studies. I n conclusion the 

method's inaccuracies were acceptable, p a r t i c u l a r l y as the survey of 

hawthorn scrub was only intended as a comparison to the grassland 

s i t e s . 

As mentioned p r e v i o u s l y a record of a l l the plant s t r u c t u r e s touching 
of 

the p i n were recorded on p r i n t e d record sheets. This provided a record 

the a r c h i t e c t u r e of the h a b i t a t , and would allow the c a l c u l a t i o n of a 

value f o r the a r c h i t e c t u r a l d i v e r s i t y of each s i t e . Again m u l t i p l e 

touches of the p i n by the same type of s t r u c t u r e were not t r e a t e d i n 

any s p e c i a l way. Plant s t r u c t u r e s were categorised a f t e r Southwood et 

a l , (1979), w i t h some ammendments. These are l i s t e d i n Table 2. I n 

p a r t i c u l a r a d i s t i n c t i o n between monocotyledon and dicotyledon stems 

and leaves were made, because these appeared to be s t r u c t u r a l l y 

d i f f e r e n t , and were added to Southwood et a l ' s (1979), l i s t . 
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TABLE 2 

L i s t of Plant Structures Recorded. 

dead wood >10 cm diameter 

dead wood)'2-10 cm diameter 

dead wood K. 2- 2 cm diameter 

bark on dead wood>10 cm diameter 

bark on dead wood> 2-10 cm diameter 

bark on dead wood <, 2-2 cm diameter 

bark on l i v i n g wood >10 cm diameter 

bark on l i v i n g wood ^2-10 cm diameter 

bark on l i v i n g wood<2-2 cm diameter 

green stems 

leaves (monocotyledon) 

p e t i o l e s 

l e a f surface (upper) (not monocotyledon) 

l e a f surface (lower) (not monocotyledon) 

l e a f budscales 

f l o w e r i n g stems 

flowerbuds 

open flowers 

dead f l o w e r s , which are not, 

- f r u i t / s e e d s 

- old f r u i t i n g s t r u c t u r e s 

- dead leaves (not monocotyledon) 

- dead stems (not monocotyledon) 
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mosses, ( e p i p h y t i c ) 

mosses, ( s o i l surface) 

li c h e n s and algae, ( e p i p h y t i c ) 

l i c h e n s and algae, ( s o i l surface) 

f u n g i f r u i t i n g bodies, ( s o i l surface) 

f u n g i f r u i t i n g bodies, ( e p i p h y t i c ) 

A f t e r Southwood et a l , (1979). 

Sampling the I n v e r t e b r a t e Populations. 

Samples were taken using a D-vac in s e c t sampling apparatus. A p e t r o l 

d r i v e n f a n , allowed insects on the herbage to be sucked up through a 

funnel connected to the apparatus by wide tube. A c l o t h bag trapped the 

i n s e c t s . The cone or funnel could be placed over a p a r t i c u l a r area of 

vegetation to permit c o l l e c t i o n from i t . Since the cone was one square 

f o o t i n cross-section, the ten random r e p e t i t i o n s from each s i t e 

allowed an area of ten square f e e t to be sampled. Collected insects 

were shaken from the c l o t h bag i n t o a polythene bag. At t h i s stage no 

s o r t i n g occured. The bag was sealed w i t h p l a s t i c tape. A small glass 

specimen tube containing a f i l t e r paper soaked i n e t h y l acetate, or 

pr e f e r a b l y a 5 mm layer of p l a s t e r of p a r i s s i m i l a r l y soaked, was taped 

to the cut corner of the bag. Samples were kept i n the shade u n t i l they 

were brought back to the la b o r a t o r y f o r examination. Repeat treatments 

of the same vegetation f a i l e d to produce f u r t h e r specimens of 

Curculionidae, and I estimated that the method gave over 90% e x t r a c t i o n 

from the herbage. 
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This i s s i m i l a r to other workers f i n d i n g s , (eg. Southwood, 1966; Dr. 

V.K. Brown, pers comm.) However, i f the herbage was damp, sampling 

became impossible; the insects and l e a f l i t t e r stuck to the vegetation 

and water d r o p l e t s were sucked i n t o the D-vac's c o l l e c t i o n bag, making 

the removal of c o l l e c t e d samples d i f f i c u l t . As a consequence sample 

days were chosen f o r t h e i r dryness. Sampling was repeated four times 

during the study period of the summer 1984; on 30th May, 12th June, 

26th June, and 19th J u l y . These were roughly two week i n t e r v a l s 

although the exact dates were d i c t a t e d by the weather. I n a d d i t i o n i n 

the hawthorn scrub where the vegetation was too t a l l to ensure complete 

e x t r a c t i o n of a l l the weevils, by the use of suction apparatus, the 

p l a n t m a t e r i a l was a d d i t i o n a l l y subsequently beaten and f a l l i n g i n s e c t s 

c o l l e c t e d on a t r a y one f o o t square. This was repeated as necessary 

when c o l l e c t i n g each sample from t h i s s i t e , however, some samples 

lacked vegetation t a l l enough to j u s t i f y t h i s a d d i t i o n a l method. 

Samples were added to those already c o l l e c t e d at t h a t s i t e by the D-vac 

apparatus. 

Bags of sampled insects were sorted by placing t h e i r contents i n a 

large t r a y and brushing through the m a t e r i a l . Curculionidae were e a s i l y 

removed and placed i n 70% alcohol to which a few drops of g l y c e r o l had 

been added. This technique proved q u i t e e f f e c t i v e , s o r t i n g through 

samples f o r the second or t h i r d time f a i l e d to r e v e a l f u r t h e r 

i n d i v i d u a l s . A binocular microscope was then used to i d e n t i f y 

i n d i v i d u a l s according to Joy, (1932). A species l i s t i s to be found i n 

the appendix. Nomenclature i s a f t e r Kloet and Hinks, (1977). 
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Estimating the l e v e l of Herbivory. 

An attempt to gather i n f o r m a t i o n regarding the l e v e l of herbivory was 

also undertaken. This was done by estimating the numbers of s n a i l s 

(Cepaea spp.) ateach s i t e . These were chosen on the basis t h a t they are 

general herbivores and molluscs have been used p r e v i o u s l y by other 

workers to attempt to assess herbivory. (eg. Cates and Orians, 1975; 

Grime et a l , 1968). Since they are wide spread and oligophagous i t i s 

maintained t h a t they have no sp e c i a l i s e d adaption to s p e c i f i c a n t i -

herbivore s t r a t e g i e s . As the s i t e s t h a t were being compared were f a i r l y 

s i m i l a r , i t seemed u n l i k e l y t h a t s n a i l s were g e n e t i c a l l y predisposed to 

cope w i t h one p a r t i c u l a r one and any n a t u r a l bias i n t h i s b i o l o g i c a l 

assay method would be equivalent on each s i t e . 

At each p l o t twenty bai t e d p i t f a l l traps were set on the 15th June. 

This was done i n a g r i d of four by f i v e t r a p s , spaced out at two metre 

2 m i n t e r v a l s . Each trap comprised of a p l a s t i c cup sunk upto i t s r i m 

i n t o the e a r t h . The b a i t used comprised of a sweet s o l u t i o n made up i n 

the f o l l o w i n g mixture 7 parts beer, 2 parts f r e s h orange j u i c e , 1 p a r t 

water, to which h a l f a k i l o of sugar was added per g a l l o n . S u f f i c i e n t 

f l u i d was i n i t i a l l y placed i n each cup to form a depth of 5 cm. This 

was topped up twenty four hours l a t e r , a f t e r the s n a i l s were c o l l e c t e d 

and removed. A f i n a l c o l l e c t i o n was made a f t e r a f u r t h e r twenty four 

hours. The t o t a l numbers of s n a i l s trapped at each p l o t during t h i s 

period was then recorded. 
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The Handling of Data. 

The U n i v e r s i t y of Durham Computer was used to handle the raw data 

c o l l e c t e d . A program which generated a range of d i v e r s i t y indices from 

the numbers and abundance of species was k i n d l y supplied by Dr. B. 

Huntley, f o r which I am most g r a t e f u l . This was used f o r the plant 

species and the s t r u c t u r a l and a r c h i t e c t u r a l components of the h a b i t a t 

as w e l l as the species of Curculionidae found. The S t a t i s t i c a l Package 

f o r S ocial Sciences was employed to perform s t a t i s t i c a l a n a l y s i s . The 

New Gimms Version, (release 6 ) , of the Gimms graphics package created 

the g r a p h i c a l representations of the f i n d i n g s of my study. 
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Results and Discussions. 

The R e l a t i o n s h i p between Numbers of Species and T o t a l Abundance of 

Curculionidae and Plant Succession. 

Over 350 i n d i v i d u a l Curculionidae (weevils) were sorted and i d e n t i f i e d . 

The r e s u l t s of t h i s D-vac sampling from f i v e s i t e s on four occasions i s 

shown i n t a b l e 3. There appeared to be no obvious p a t t e r n i n the 

occurence of p a r t i c u l a r species or t h e i r abundance, except t h a t 

( E u t r i c h a p i o n l o t i K i r b y ) was by f a r the most f r e q u e n t l y found. This 

species i s easly d i s t i n g u i s h e d by i t s c h a r a c t e r i s t i c shape and yellow 

appendages. 

There was a c l e a r increase i n the number of w e e v i l species taken at 

each time of sampling as the season progressed upto the f i n a l sample on 

19th J u l y . This i s i l l u s t r a t e d i n the bar graph of f i g u r e 3. However, 

also apparent i s the f a i l u r e to c o l l e c t any specimens i n sampling on 

the 26th June. The cause of t h i s was almost c e r t a i n l y the period of 

extremely wet weather i n June. As a r e s u l t the herbage remained too 

damp even on the apparently sunny day chosen f o r sampling, Data from 

t h i s date was not used i n a n a l y s i s . 

Through out the season only t h i r t e e n weevils were c o l l e c t e d from the 

hawthorn scrub. This area had been selected f o r comparison but the 

numbers were so low t h a t the r e s u l t s from t h i s type of vegetation were 

not included i n the s t a t i s t i c a l a n a l y s i s . 
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The f i r s t examination of the t o t a l c o l l e c t i o n of Curculionidae from the 

three samples reveals an increase i n the number of species found w i t h 

increased m a t u r i t y of the p l o t up to the age of twelve years, then a 

d e c l i n e . This i s shown i n f i g u r e 4. where the t o t a l number of species 

found i n samples taken at each s i t e are p l o t t e d against the age of the 

s i t e . This i l l u s t r a t e s t h a t at both l a t e successional p l o t s twelve 

species were found. One would expect t h i s from t h e i r v i s u a l s i m i l a r i t y , 

given t h a t the numbers of species are determined, at l e a s t i n p a r t , by 

p r o p e r t i e s of the h a b i t a t i t s e l f . At the s i x year old s i t e only h a l f as 

many species were found. At the youngest p l o t (one year o l d ) and the 

olde s t (twenty years o l d ) , only three weevils species were found. 

Regression a n a l y s i s confirmed the r e s u l t s as h i g h l y s i g n i f i c a n t ( r = 

0.98, p = 0.01, *see 1.25). The twenty year o l d p l o t of hawthorn scrub 

i s not included i n t h i s a n a l y s i s . These s t a t i s t i c s i n d i c a t e a very 

close c o r r e l a t i o n between successional age and the number of weevil 

species w i t h i n the grassland h a b i t a t . 

S i m i l a r a nalysis of the t o t a l abundance of weevils ( i . e . number of 

specimens) i s also h i g h l y s i g n i f i c a n t and t h i s i s p l o t t e d out on f i g u r e 

5. ( r = 0.94 p = 0.01 see 26.15). This again involved the summation of 

a l l the samples taken through the season, and the c a l c u l a t i o n of the 

t o t a l numbers of specimens taken at each successional s i t e . 

Of the four grasslands s i t e s , the a d d i t i v e bar graph i n f i g u r e 3. and 

associated data i n table 3. i l l u s t r a t e s t h a t the youngest s i t e had the 

lowest abundance of Curculionidae on every occasion of sampling as w e l l 

as i n t o t a l . 

* standard e r r o r of the estimate. 
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The oldest grassland s i t e s t u d i e d , the twelve year o l d s i t e had the 

grea t e s t abundance of Curculionidae i n t o t a l and on every occasion, 

except 19th J u l y , when the ten year old p l o t had s l i g h t l y l a r g e r 

numbers of weevils present. Whilst the ten and twelve year o l d p l o t s do 

have the same numbers of species, the a c t u a l abundance of i n s e c t s at 

the ten year o l d p l o t i s considerably lower than the twelve year old 

one, w i t h only nineteen more i n d i v i d u a l s c o l l e c t e d than on the s i x year 

ol d p l o t . 

These r e s u l t s i n d i c a t e t h a t successional age i s c l o s e l y c o r r e l a t e d w i t h 

the numbers of species and i n d i v i d u a l s of Curculionidae present i n the 

h a b i t a t . Three possible explanations e x i s t as to why t h i s might be the 

case. 

F i r s t l y , one p o s s i b i l i t y i s t h a t the c o r r e l a t i o n s observed are caused 

by genuine successional e f f e c t s . That i s the increase i n w e e v i l 

populations i s caused by the establishment and increase i n frequency of 

occurence of a p a r t i c u l a r p l a n t species or s u i t e of p l a n t species. The 

p l a n t s may be important as food p l a n t s or represent some other 

e s s e n t i a l resource, such as s h e l t e r . 

Secondly, the e f f e c t observed may be the r e s u l t of the i n c r e a s i n g 

m a t u r i t y of the p l a n t stock w i t h age. As a l l four p l o t s do have weevils 

present p o s s i b l y as t h e i r host p l a n t s increase i n m a t u r i t y , s i z e , and 

biomass and number of i n d i v i d u a l p l a n t s , then so the numbers of weevils 

t h a t can be supported increases. 
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This i s not a succession e f f e c t since f o r t h i s to happen there need be 

no replacement of p l a n t species w i t h i n the community w i t h others, or 

change i n the r e l a t i v e abundance of the various species i n the f l o r a . 

F i n a l l y , however, as n a t u r a l populations of i n s e c t herbivores are 

r a r e l y food l i m i t e d , (Lawton and McNeil, 1979), the marked changes i n 

w e e v i l populations observed may not be connected w i t h the a v a i l a b i l i t y 

of food plants but w i t h s t r u c t u r a l changes associated w i t h successional 

development. 

There also e x i s t s the p o s s i b i l i t y that the observed c o r r e l a t i o n between 

weev i l species and numbers and plant succession i s caused by the e f f e c t 

of the animals on the p l a n t community. 

I t i s documented t h a t l a r g e herbivores, p r i m a r i l y vertebrates can 

a f f e c t p l a n t community s t r u c t u r e . Grazing of the a l l u v i a l p l a i n s and 

lower slopes of grassland pastures i n Idaho by c a t t l e i s followed by 

the replacement of p a l a t a b l e Agropyron spicatum w i t h the unpalatable 

A r i s t i d a l o n g i s e t a . When t h i s grazing becomes heavy and prolonged the 

palatable Agropyron w i l l not recover even i f the l i v e s t o c k are removed; 

recovery during the dry summer months i s slow and autumnal regrowth 

depletes the Agropyron food reserves. A permanent change i s t h e r e f o r e 

observed. (Evans and T i s d a l e , 1972). 

Even i n v e r t e b r a t e s can have pronounced e f f e c t s . The larvae of the f r i t 

f l y O s cinella f r i t bores i n t o the c e n t r a l shoots of Lolium 

m u l t i f l o r u m , I t a l i a n ryegrass. 
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Losses of ryegrass to O s c i n e l l a are 15 to 30% per year and i t s a t t a c k 

i s a major f a c t o r i n the replacement of ryegrass w i t h other species i n 

permanent grasslands (Clements, 1978). Yet there are fewer examples of 

herbivores a c t i v e l y changing the h a b i t a t to favour a p a r t i c u l a r food 

p l a n t since t h e i r feeding normally puts these at a s e l e c t i v e 

disadvantage. 

I n t h i s study the p o s s i b i l i t y e x i s t s that weevils may have a s i m i l a r 

e f f e c t on t h e i r h a b i t a t and food p l a n t s i n p a r t i c u l a r . I f t h i s i s the 

case, the greatest e f f e c t w i l l be at the s i t e w i t h the greatest 

d e n s i t y . I n t h i s study t h i s i s the twelve year o l d p l o t but weevil 

numbers are s t i l l low, never r i s i n g above 10.8 weevils per square f o o t 

whenever a sample was taken. This low p o p u l a t i o n , representing four 

species i s u n l i k e l y to be able to have dramatic e f f e c t s on the p l a n t 

community. I f there was an e f f e c t i t would be most obvious i n a p l o t 

older than the twelve year o l d p l o t , and no older grassland s i t e than 

t h i s has been s t u d i e d . For these reasons we must conclude t h a t weevils 

are not s i g n i f i c a n t l y a f f e c t i n g p l a n t populations or succession i n the 

studied p l o t s . 

To conclude, i t seems tha t the c o r r e l a t i o n between numbers of species 

and abundance of weevils i s due to the e f f e c t of the vegetation on 

these i n s e c t s . 

Species richness of weevils and the abundance or t o t a l numbers of 

i n d i v i d u a l s have used as a means of comparing in s e c t populations. 

Whilst d i v e r s i t y measures and ind i c e s have been used i n t h i s study they 

have not been used as a means of measuring we e v i l p o p u l a t i o n . 
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The dec i s i o n i s p a r t l y because, number of species and abundance are 

measures which have very c l e a r meaning i n the f i e l d , and i t i s easy to 

understand what these changes i n wee v i l populations p r a c t i c a l l y mean. 

But the dec i s i o n i s also an e m p i r i c a l one, since no meaningful 

r e l a t i o n s h i p s were derived by using a range of d i v e r s i t y measures of 

we e v i l populations when they were compared w i t h the range of other data 

obtained. 
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E f f e c t of H a b i t a t D i v e r s i t y of Weevil Populations 

(using d i r e c t measurement of the h a b i t a t ) . 

The aims of the p r o j e c t were to i n v e s t i g a t e the possible r e l a t i o n s h i p s 

between the species richness and abundance of Curculionidae and the 

nature of the v e g e t a t i o n . The veget a t i o n was characterised by p o i n t 

quadrat measures of the numbers of p l a n t species, height classes and 

plan t s t r u c t u r e s present. Studying the veget a t i o n i n t h i s way may help 

to e x p l a i n why the w e e v i l population c o r r e l a t e s so c l o s e l y w i t h the 

successional age of the s i t e s . 

Measurements of the vegetation reveals no obvious l i n k between p l a n t 

species frequency and the weevil populations. No one p l a n t seemed to 

occur i n p r o p o r t i o n to the appearance of weevils on the s i t e . Dominant 

species were g e n e r a l l y dominant on a l l s i t e s . The exception was Lotus 

c o r n i c u l a t u s , which d i d become less frequent i n the older p l o t s : 

occuring i n 70% of the quadrats i n the one year o l d p l o t , 34% i n the 

s i x year o l d p l o t , 18% i n the ten year o l d p l o t and 22% i n the twelve 

year o l d p l o t . T r i f o l i u m species were r e l a t i v e l y abundant i n the s i x 

year o l d p l o t ; f o r example T. medium occured i n 24% of the quadrats i n 

t h i s p l o t and yet everywhere else frequency was below 2%. 

In general no s i g n i f i c a n t conclusions can be drawn from t h i s the 

decline i n Lotus c o r n i c u l a t u s . With successional age i s i n t e r e s t i n g 

since the i n f o r m a t i o n a v a i l a b l e suggests vetches and t r e f o i l s are the 

most important food p l a n t s (Joy 1932). 
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I n c i d e n t a l l y t h i s i s f u r t h e r evidence t h a t the e f f e c t of succession on 

we e v i l populations i s not d i r e c t l y connected w i t h food p l a n t s . 

The abundance and numbers of species of weevils taken i n each D-vac 

sample at each s i t e , are p l o t t e d against numbers of p l a n t species i n 

f i g u r e s 6. and 8. r e s p e c t i v e l y . Since the number of p l a n t species i s 

given by the vegetative survey, i t s value w i l l be the same on each of 

the samples made at the s i t e . This r e s u l t s i n a series of v e r t i c a l 

l i n e s of po i n t s which correspond to the d i f f e r e n t samples taken at each 

s i t e . 

For the abundance of weevils i n each D-vac sample and the number of 

pl a n t species a c o r r e l a t i o n c o e f f i c i e n t was c a l c u l a t e d using the data 

i n t a b l e 4. and the graph shown i n f i g u r e 6. This i n d i c a t e s there i s a 

s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n between numbers of Curculionidae found 

i n the s i t e and the number of p l a n t species present ( r = 0.54, p = 

0.015, see =. 21.9). As p r e v i o u s l y discussed the hawthorn scrub of t h i s 

twenty year o l d s i t e ( p l o t 2) i s not included i n t h i s a n a l y s i s . 

The t o t a l numbers of Curculionidae specimens c o l l e c t e d at each s i t e 

( t o t a l abundance) also were p l o t t e d against the numbers of p l a n t 

species recorded, ( f i g u r e 7.) There i s no s i g n i f i c a n t r e l a t i o n s h i p , but 

the f i g u r e i l l u s t r a t e s the d i s t r i b u t i o n , of weevils c o l l e c t e d between 

the d i f f e r e n t s i t e s . 
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When a s i m i l a r comparison i s made between the numbers of species of 

Curculionidae obtained at each sampling and the number of pla n t species 

present a value f o r the c o r r e l a t i o n c o e f f i c i e n t of r = 0.44 i s 

obtained, (p = 0.036 see = 2.216). This i s a s i g n i f i c a n t r e l a t i o n s h i p 

and i s shown i n f i g u r e 8. The t o t a l numbers of species of Curculionidae 

obtained at each s i t e I s p l o t t e d against p l a n t species present i n 

f i g u r e 9. but because t h i s reduces the poi n t s to only four no 

s t a t i s t i c a l analysis was p o s s i b l e . 

I n terms of f l o r a the ten year p l o t has fewer species than the s i x year 

ol d p l o t . I f i n d t h i s s u p r i s i n g since v i s u a l l y the ten year o l d p l o t 

resembles c l o s e l y the twelve year o l d s i t e . Since s i n g l e occurences of 

a species would a l t e r the numbers of species present, some of t h i s can 

be accounted f o r by random e f f e c t s . 

S i m i l a r comparisons were made between the number of height classes i n 

the vegetation and the p l a n t s t r u c t u r e s i n the h a b i t a t and the numbers 

of species and abundance of weevils i n the p l o t s . However, i n none of 

these four cases was there any s i g n i f i c a n t r e l a t i o n s h i p . 

Figure 10. shows the t o t a l abundance of Curculionidae sampled against 

numbers of height classes i n the h a b i t a t of each p l o t . The dotted l i n e 

marked w i t h a '?' i n d i c a t e s the possible r e l a t i o n s h i p but s t a t i s c a l l y 

t h i s i s not s i g n i f i c a n t . There i s a very small spread of numbers of 

height classes between s i t e s ; only f i v e classes between the one year 

and twelve year o l d s i t e s . 
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This i s a product of the way height classes are recorded. A s i n g l e touch 

i n any point quadrat at a p a r t i c u l a r height class w i l l cause t h a t 

h a b i t a t t o D e scored f o r t h a t c l a s s . This i s also t r u e f o r f l o r a l 

s t r u c t u r e s . I n f i g u r e 10. we see only f i v e classes separate the f i r s t 

year s i t e from the twelve year o l d s i t e . This e f f e c t could be p r e d i c t e d 

i n the f i e l d , despite the d i f f e r i n g o v e r a l l appearances of the h a b i t a t , 

i n t h a t r e l a t i v e l y q u i t e t a l l p l a nts such as Chrysanthemum leucatum 

were present i n a l l the p l o t s . Measuring the number of height classes 

does not record the s p a t i a l d i v e r s i t y of the h a b i t a t and one t a l l p l a n t 

on the p l o t can weight r e s u l t s to show a l a r g e number of height 

classes. 

S i m i l a r l y the number of d i f f e r e n t types of p l a n t s t r u c t u r e ranged from 

seven to twelve i n a l l the four grassland p l o t s . The hawthorn scrub as 

one would except c l e a r l y had many more plant s t r u c t u r e s and height 

classes, and i t was e n t i r e l y dominated by hawthorn and the ground f l o r a 

was t o t a l l y d i f f e r e n t from the grassland studied. 
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E f f e c t of H a b i t a t D i v e r s i t y on Species Richness and Abundance of 

Weevils. 

(using d i v e r s i t y i n d i c e s as measurements of the d i v e r s i t y of the 

h a b i t a t ) 

Stinson and Brown, (1983), looked at Auchenorrynchna on grassland and 

showed th a t most s i g n i f i c a n t were the s t r u c t u r a l a t t r i b u t e s of the 

h a b i t a t , which accounted f o r 79% of the species richness and 85% of 

t o t a l abundance. Of course there i s no reason why weevils should be the 

same as leafhoppers but I decided t h a t simple measures of numbers of 

pl a n t species, height classes, or p l a n t s t r u c t u r e s were too crude, 

since they took no account of the d i f f e r i n g frequencies of occurence of 

d i f f e r e n t classes w i t h i n these groups. For example Lotus c o r n i c u l a t u s 

was present i n a l l s i t e s , but at d i f f e r i n g frequencies of occurence. 

A measure of d i v e r s i t y was required to overcome these problems. Several 

d i v e r s i t y i n d i c e s were examined, i n c l u d i n g the Simpson and Macintosh 

measures. However, h i s t o r i c a l l y the use of the Shannon Wiener index has 

been used i n work of t h i s type, and a t r e a t i s e i s given on i t s use by 

MacArthur and MacArthur, (1961). This index i s based on i n f o r m a t i o n 

theory and i s based on the form H = - £ S^_j (p^) ( l o g ^ ~ P^)« 

The index increases i n value as d i v e r s i t y increases, both as the number 

of i n d i v i d u a l s or numbers of species increases. I t i s possible to 

measure the eveness of d i s t r i b u t i o n of numbers of i n d i v i d u a l s i n each 

species by using on e q u i t a b i l i t y index. 
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This i s e s s e n t i a l l y a r a t i o of d i v e r s i t y against maximum possible 

d i v e r s i t y and can be derived by d i v i d i n g Shannon Weiner by log to the 

base 2 of the t o t a l number of species. E q u i t a b i l i t y ranges from 0-1. 

( f o r f u r t h e r i n f o r m a t i o n see Krebs, (1978). 

Species richness and abundance of weevils were p l o t t e d against the 

d i v e r s i t y of the h a b i t a t , using the three measures p r e v i o u s l y 

described, ( f l o r a l , s p a t i a l and a r c h i t e c t u r a l ) . E q u i t a b i l i t y was used 

as the index of d i v e r s i t y . Table 5. shows these indices f o r each p l o t . 

The data i n d i c a t e d there was a s i g n i f i c a n t c o r r e l a t i o n between pl a n t 

species d i v e r s i t y and both the numbers of species or t o t a l abundance of 

we e v i l s . A c o r r e l a t i o n c o e f f i c i e n t was c a l c u l a t e d between d i v e r s i t y and 

both the numbers of weevils and the number of species of weevils taken 

i n the D-vac samples. This i s shown i n f i g u r e s 11. and 12. Since each 

s i t e had one value f o r d i v e r s i t y of the h a b i t a t , and several sample of 

weevils. The t o t a l number of weevil specimens and t o t a l number of 

weevil species are marked on the graphs by the use of a box symbol, but 

no s t a t i s t i c a l t e s t s were applied to these values. I n the case of the 

numbers of w e e v i l species ( F i g . 11.) r = 0.426, (p = 0.04, see = 2.23) 

which i s a s i g n i f i c a n t r e s u l t . 

The c o r r e l a t i o n c o e f f i c i e n t f o r the numbers of i n d i v i d u a l weevils was r 

= 0.355 (Fig.12.) (p = 0.08 see = 24.12). This i s a low l e v e l of 

s i g n i f i c a n c e , outside the 5% confidence l e v e l . 
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A s i m i l a r analysis using h a b i t a t s p a t i a l d i v e r s i t y as a measure of the 

changes i n the h a b i t a t also gave s i g n i f i c a n t r e s u l t s . There was a 

s i g n i f i c a n t r e l a t i o n s h i p between numbers of Curculionidae i n d i v i d u a l s 

sampled and s p a t i a l d i v e r s i t y ( r = 0.472 p = 0.02 see = 22.7) ( F i g 13.) 

The c o r r e l a t i o n c o e f f i c i e n t f o r number of species of Curculionidae and 

s p a t i a l d i v e r s i t y of the h a b i t a t i s ( r = 0.617 p = 0.004 see = 1.946). 

These r e s u l t s are h i g h l y s i g n i f c a n t . ( F i g . 14.) 

A comparison was also made between h a b i t a t a r c h i t e c t u r a l d i v e r s i t y and 

w eevil populations. The number of species of weevil were p l o t t e d 

against a r c h i t e c t u r a l d i v e r s i t y , the d i v e r s i t y indices c a l c u l a t e d from 

each s i t e from the measures of number of p l a n t s t r u c t u r e s . This i s 

shown i n f i g u r e 15. and the r e l a t i o n s h i p i s shown to be s i g n i f i c a n t ( r 

= 4.487, p = 0.02, see = 2.16). The c o r r e l a t i o n c o e f f i c i e n t was 

c a l c u l a t e d f o r the abundance of weevil sampled and the h a b i t a t 

a r c h i t e c t u r a l d i v e r s i t y . This i s shown i n f i g u r e 16. There i s no 
2 

s i g n i f i c a n t r e l a t i o n s h i p , also the r value i s low so i t would i n any 

case only account f o r 12% of the v a r i a t i o n between these two v a r i a b l e s . 

A summary of the r e s u l t s i n t h i s section i s shown i n table 6. From t h i s 

i t i s c l e a r t h a t the most important f a c t o r determining both numbers of 

species and numbers of i n d i v i d u a l weevils i s s p a t i a l d i v e r s i t y . The 

c o e f f i c i e n t of determinations shown i n table 6. as a percentage values, 

account f o r 38% of the v a r i a t i o n i n the number of w e e v i l species and 

22% of the v a r i a t i o n i n the number of weevil i n d i v i d u a l s by s p a t i a l 

d i v e r s i t y . This i s the only measure of d i v e r s i t y studied which accounts 

f o r the v a r i a t i o n i n weevil abundance. 
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I n a d d i t i o n both p l a n t d i v e r s i t y (18%) and a r c h i t e c t u r a l d i v e r s i t y 

(23%) have a s i g n i f i c a n t e f f e c t i n determining the number of weevil 

species present but not t h e i r abundance. Of course regression analysis 

and c o e f f i c i e n t s of determination are not proof of causal r e l a t i o n s h i p s 

merely c o r r e l a t i o n . 

The argument t h a t d i v e r s i t y of h a b i t a t should a f f e c t weevils 

populations i s a l o g i c a l one, obviously the reverse i s not. C e r t a i n l y 

i t i s an a t t r a c t i v e hypothesis to suggest th a t s p a t i a l d i v e r s i t y i s 

important i n a f f e c t i n g the numbers of i n d i v i d u a l w e e v i l s . Since t h i s i s 

i n e f f e c t a measure of how much h a b i t a t i s present. The greater the 

s p a t i a l d i v e r s i t y , g e n e r a l l y the greater the density of the h a b i t a t and 

the more vegetation there i s f o r the weevils to feed on and hide i n . An 

important e f f e c t of s p a t i a l d i v e r s i t y may be th a t i t s increase may 

lower the apparency of weevils to predators and p a r a s i t o i d s . 

Increased s p a t i a l d i v e r s i t y increased the numbers of herbivorous 

i n s e c t s found i n s a l t marshes studied by Cameron (1972). A low 

S a l i c o r n i a sp. vegetation had t h i r t y f i v e species of i n s e c t herbivore, 

w h i l s t the t a l l e r Spartina sp. stands studied had f o r t y two species 

present. 

As one would po s s i b l y expect, although s p a t i a l d i v e r s i t y seems 

important i n determining the species richness of the Curculionidae 

community, pl a n t species d i v e r s i t y and a r c h i t e c t u r a l d i v e r s i t y are also 

s i g n i f i c a n t . 
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This can be explained, since increased species richness of the animal 

community requires a greater range of niches. 

For these to e x i s t a more diverse h a b i t a t w i t h greater numbers of p l a n t 

species, s t r u c t u r a l components and f l o r a l s t r u c t u r e s would be 

pr e d i c t e d . There i s no easy way of separating these three measures of 

h a b i t a t d i v e r s i t y , since a l l three are c e r t a i n l y i n t e r - r e l a t e d . 

Comparison i n the past between p l a n t species d i v e r s i t y and i n s e c t 

species numbers have shown th a t t h i s i s not important i n many cases. 

The d i v e r s i t y of Homopera on three o l d f i e l d s i n southwest Michigan 

were studied. V a r i a t i o n of the d i v e r s i t y of the in s e c t s showed a 72% 

c o r r e l a t i o n w i t h p l a n t species, but insect species numbers showed a 

lower c o r r e l a t i o n (Murdoch, et a l , 1972). However, i t was impossible to 

separate measures of p l a n t species d i v e r s i t y from a r c h i t e c t u r e . 

I n t h i s study i t has been possible to a s c e r t a i n t h a t i n abundance of 

Curculionidae s p a t i a l d i v e r s i t y i s the most important measure of the 

d i v e r s i t y of the h a b i t a t . I n terms of species richness as w i t h previous 

studies (Murdoch et a l , 1972; Southwood et a l , 1981; Stinson and Brown, 

1983;) the greatest c o r r e l a t i o n between h a b i t a t d i v e r s i t y and herbivore 

species numbers has been w i t h s t r u c t u r a l a t t r i b u t e s i n the community -

i n t h i s case, w i t h s p a t i a l d i v e r s i t y . I n no cases i n t h i s study are the 

c o r r e l a t i o n s as high as those f o r successional age of the h a b i t a t , 

which suggest th a t p o s s i b l y other successional f a c t o r s are operating to 

determine the size and composition of wee v i l populations. 
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Relation s h i p s between Measurements of H a b i t a t D i v e r s i t y and 

Successional Age. 

I t has been shown i n t h i s study t h a t there i s a strong c o r r e l a t i o n 

between both weevil species-richness and t o t a l abundance and the 

successiona.l age of the h a b i t a t . Successional age accounts f o r 96% of 

the v a r i a t i o n of the number of wee v i l species and 88% of the v a r i a t i o n 
2 

of numbers of weevils species, ( r values given as a percentages). 

I have also shown t h a t w e e v i l populations are c o r r e l a t e d w i t h measures 

of h a b i t a t d i v e r s i t y such as f l o r a l , s p a t i a l and a r c h i t e c t u r a l 

s t r u c t u r e . However, the values f o r the c o e f f i c i e n t of determination are 

considerably lower f o r these r e l a t i o n s h i p s than those between weevil 

populations and successional age. 

The measures of h a b i t a t d i v e r s i t y were taken as a means of e x p l o r i n g 

what a t t r i b u t e s of the vegetation might be a f f e c t i n g w e e v i l populations 

and also account f o r the importance of successional age. Two questions 

must now be asked. F i r s t l y do the measures of h a b i t a t d i v e r s i t y used 

record the successional ageing, which has occured i n the quarry 

studied? To answer t h i s we must i n v e s t i g a t e whether the measures of 

h a b i t a t s t r u c t u r e (such as numbers of p l a n t species, height classes or 

f l o r a l s t r u c t u r e s ) or h a b i t a t d i v e r i s t y (such as p l a n t species, 

s p a t i a l , or a r c h i t e c t u r a l d i v e r s i t y ) c o r r e l a t e to the successional age 

of the s i t e s s t udied. 
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The measurements of h a b i t a t s t r u c t u r e were p l o t t e d d i r e c t l y against 

successional age, to a s s e r t a i n of any r e l a t i o n s h i p e x i s t s . C o r r e l a t i o n 

c o e f f i c i e n t s were c a l c u l a t e d between successional age and the measures 

of h a b i t a t s t r u c t u r e used, i . e . numbers of pl a n t species, height 

classes and pl a n t s t r u c t u r e s . The r e s u l t s are show i n f i g u r e s 17,18,19. 

I n a l l three cases there were no s i g n i f i c a n t r e l a t i o n s h i p s . Only the 

numbers of p l a n t species showed any possible c o r r e l a t i o n w i t h 

successional age, ( f i g u r e 17.), but t h i s was w e l l outside the 0.05 

confidence l e v e l and not s i g n i f i c a n t . 

Comparisons of plant species d i v e r s i t y , s p a t i a l d i v e r s i t y , and 

a r c h i t e c t u r a l d i v e r s i t y were also made against successional age. Again, 

as f i g u r e s 20,21,22 i n d i c a t e , there i s no s i g n i f i c a n t r e l a t i o n s h i p 

between any of these. Only s p a t i a l d i v e r s i t y has any i n d i c a t i o n of any 

possible c o r r e l a t i o n w i t h successional age and t h i s i s w e l l outside 

acceptable confidence l i m i t s . 

The r e s u l t s are surprising.Probably one would have pr e d i c t e d t h a t the 

successional age of the s i t e would have increased the d i v e r s i t y of the 

h a b i t a t , i n the ways measured. However, the study was designed to 

observe what e f f e c t v e g e t a t i o n a l successional changes might have on 

weevil populations and had the major aim of the p r o j e c t been to 

i n v e s t i g a t e successional change i t s e l f , a d i f f e r e n t approach would have 

been j u s t i f i e d . 

Successional age of the p l o t accounts f o r a very large percentage of 

the v a r i a t i o n of weevil populations. 
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There i s no evidence t h a t the measures of h a b i t a t d i v e r s i t y used are 

c o r r e l a t e d to successional age. Therefore since the low values (below 

40%) f o r c o e f f i c i e n t s of determination between h a b i t a t d i v e r s i t y and 

weev i l populations cannot e x p l a i n even p a r t of the e f f e c t t h a t 

successional age has on weev i l species numbers or w e e v i l abundance, we 

must ask a second question: what other f a c t o r s could account f o r at 

l e a s t some of the reason why w e e v i l populations c o r r e l a t e so s t r o n g l y 

w i t h successional age? 

Successional changes w i l l cause other changes to the h a b i t a t than 

merely h a b i t a t d i v e r s i t y . Composition of the p l a n t community can change 

witho u t n e c e s s a r i l y a l t e r i n g d i v e r s i t y , i f one p l a n t i s replaced by 

another. There may be changes i n pla n t biochemistry, and p a l a t a b i l t y . 

An important f a c t o r may the r a t e of recruitment of wee v i l s , merely as a 

r e s u l t of c o l o n i s a t i o n . This may occur at such a r a t e to c o r r e l a t e 

q u i t e c l o s e l y w i t h the successional development of the s i t e . I t i s also 

the case t h a t there may be some r e l a t i o n s h i p between h a b i t a t d i v e r s i t y 

and successional age t h a t has not been proved by the study, as 

pre v i o u s l y discussed. 

Some p a l a t a b i l i t y experiments based on s n a i l counts were also c a r r i e d 

out. No s n a i l s were found on the f i r s t year p l o t , n i n e t y on the s i x 

year o l d p l o t and over twice t h a t number on the ten year old p l o t . 

Numbers f e l l to seventy four i n the twelve year o l d p l o t and as few as 

t h i r t e e n Cepea spp. were found i n the hawthorn scrub (Figure 23). 
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Whil s t i t i s impossible to make any wide ranging conclusions from these 

r e s u l t s , several comments are possible. Levels of general herbivory are 

low i n i t i a l l y . This i s to be p r e d i c t e d , p a r t l y because there i s less 

food a v a i l a b l e , but more i m p o r t a n t l y the resource i s not apparent. 

Co l o n i s a t i o n w i l l also have to occur before a herbivore p o p u l a t i o n can 

e s t a b l i s h i t s e l f . 

As the s i t e matures, i t s vegetation becomes est a b l i s h e d , there i s 

greater q u a n t i t i e s of food a v a i l a b l e , because there are l a r g e r p l a n t s . 

There has been s u f f i c i e n t time f o r a s n a i l p o p ulation, to e s t a b l i s h 

i t s e l f which may e x p l a i n increased Cepaea, spp. numbers. However, as yet 

l i t t l e chemical or other defences have a l t e r e d the p a l a t a b i l i t y of the 

ve g e t a t i o n . 

As the s i t e becomes more mature, there i s an increase i n unpalatable 

p l a n t s which r e s i s t herbivory. As a r e s u l t there i s a decline i n 

populations of general oligophagous herbivores such as s n a i l s . This 

e f f e c t i s increased i n the hawthorn scrub where the ground f l o r a i s 

e i t h e r i n c r e a s i n g l y ephemeral, appearing only i n spring or autumn or 

has evolved considerable a n t i - h e r b i v o r e defences, as p a r t of a stress 

t o l e r a n t regime. (Grime, 1979; Hodkinson and Hughes 1982). Other 

f a c t o r s than p a l a t a b i l t i y may and probably w i l l determine the size of 

the s n a i l p o p u l a t i o n . 
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General Discussion. 

Vegetational succession i s a process i n which a series of communities 

replace each other at a given l o c a t i o n i n a p r e d i c t a b l e sequence w i t h 

the passing of time, p r o v i d i n g the e x t e r n a l environment c o n d i t i o n s 

remain s t a b l e . Secondary succession begins i n an already e x i s t i n g p l a n t 

community as the r e s u l t of disturbance on environmental change. The 

successional changes w i t h i n the p l a n t community are also l i k e l y to 

d r i v e animal communities along a p a r a l l e l course of successional 

change. 

On the four grassland s i t e s studied successional age accounted f o r 96% 

of the v a r i a t i o n i n the numbers of Curculionidae species and 88% of the 

v a r i a t i o n of the abundance of i n d i v i d u a l s . 

I t i s known t h a t many f a c t o r s a f f e c t i n s e c t populations; f o r example 

c l i m a t i c f a c t o r s , p a r a s i t o i d and predator d e n s i t i e s , disease, or a 

range of f a c t o r s (Randolf, 1982; Whittaker, 1973). Changes i n h a b i t a t 

d i v e r s i t y have been l i n k e d w i t h species-richness and abundance of 

insects p r e v i o u s l y notably i n Auchenorryncha (Stinson and Brown, 1983). 

Measures of h a b i t a t d i v e r s i t y have also been associated w i t h 

successional change. I n v e s t i g a t i o n s i n t o d i f f e r e n c e s i n Curculionidae 

populations being caused by changes i n h a b i t a t d i v e r s i t y were made i n 

t h i s study. 

The number of p l a n t species present d i d c o r r e l a t e w i t h the number of 

weevil species present (19% of the v a r i a t i o n ) and the r e s u l t s were 

s i g n i f i c a n t . 
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There was also a p o s i t i v e s i g n i f i c a n t c o r r e l a t i o n between number of 

p l a n t species and the abundance of weevil species (29% of the 

v a r i a t i o n ) . 

S p a t i a l d i v e r s i t y was important i n accounting f o r the v a r i a t i o n of both 

weevils species (38%) and number of i n d i v i d u a l s ( 2 2 % ) . 

Plant species d i v e r s i t y also was s i g n i f i c a n t i n determining the 

v a r i a t i o n i n number of species of weevils (18%)but not t h e i r abundance. 

A r c h i t e c t u r a l d i v e r s i t y accounted f o r some of the v a r i a t i o n i n the 

number of weevils species present, (23%) but not t h e i r abundance. 

Since increasing the s p a t i a l d i v e r s i t y of the h a b i t a t , i s i n e f f e c t 

increasing the size of the h a b i t a t , we would expect t h a t an increase i n 

s p a t i a l d i v e r s i t y would cause increased i n s e c t abundance. However, the 

low value of the c o e f f i c i e n t s of determination i n d i c a t e s other f a c t o r s 

are important i n c o n t r o l l i n g weevil abundance. 

As four measures of h a b i t a t accounted f o r v a r i a t i o n i n the number of 

species of weevils, the s i t u a t i o n i s more complex. S p a t i a l d i v e r s i t y i s 

again the strongest f a c t o r measured. I t was, however, impossible to 

i s o l a t e the e f f e c t s of these d i f f e r e n t measures of d i v e r s i t y and there 

i s a strong p o s s i b i l i t y t h a t they are l i n k e d . 

Although the i n t u i t i v e f e e l i n g remained t h a t there ought to be a l i n k 

between measures of h a b i t a t d i v e r s i t y and successional change there was 

no evidence f o r such a c o r r e l a t i o n . 
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E i t h e r h a b i t a t d i v e r s i t y , and successional age are independant f a c t o r s 

a f f e c t i n g weevil populations, or more probably low numbers of s i t e s 

surveyed d i d not allow me to substantiate such a r e l a t i o n s h i p . Given 

more time, a refinement to the experiment would be to increase the 

number of s i t e s surveyed, and more i m p o r t a n t l y increase the number of 

p o i n t quadrats taken to say two hundred. A survey of the v e g e t a t i o n 

could also have been taken a f t e r each D-vac sampling. 

A short study of p a l a t a b i l i t y using r e l a t i v e population sizes of Cepoea. 

spp. which are large oligophagous herbivores also produced some 

i n t e r e s t i n g r e s u l t s . Populations were very low at the one year and 

twenty year o l d s i t e s but two hundred and twenty two s n a i l s were 

c o l l e c t e d at the ten year o l d s i t e i n baited p i t f a l l t r a p s . Although 

t h i s i s not conclusive, t h i s f l u c t u a t i o n i n population numbers suggests 

changes i n p a l a t a b i l i t y . 

The whole area of i n s e c t herbivory i s immensely complex, because there 

are so many subtle f a c t o r s which operate on both p l a n t and animal 

populations. One problem i s that i t i s p a r t i c u l a r l y d i f f i c u l t t o i s o l a t e 

the e f f e c t s of a s i n g l e f a c t o r from the a c t i o n of the o t h e r s . C l e a r l y 

t h i s p r o j e c t raises several i n t e r e s t i n g questions about the e f f e c t of 

the vegetation on weevil populations and i n s e c t populations i n general, 

which would warrant f u r t h e r i n v e s t i g a t i o n . 



Conclusions. 

This study has est a b l i s h e d t h a t numbers of weevil species and abundance 

are c o n t r o l l e d by successional age of the h a b i t a t , i n the s i t e s 

s t u d i e d . H a b i t a t d i v e r s i t y i s important i n determining the number of 

w e e v i l species present and s p a t i a l d i v e r s i t y of the h a b i t a t i s 

p a r t i c u l a r l y important. S p a t i a l d i v e r s i t y also i s important i n 

e x p l a i n i n g the v a r i a t i o n i n the abundance of weevil species. However, 

the r e s u l t s obtained suggested other f a c t o r s than h a b i t a t d i v e r s i t y are 

op e r a t i n g . I t was not possible to determine how independent were the 

d i f f e r e n t measures of h a b i t a t used. Nor was i t possible to e s t a b l i s h a 

r e l a t i o n s h i p between v a r i a t i o n i n h a b i t a t d i v e r s i t y and successional 

age. I t was f e l t t h a t the study of a greater number of s i t e s might have 

enabled the existence of such a r e l a t i o n s h i p to have been tested more 

r i g o r o u s l y . 
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L i s t of Weevils Species. 



L i s t of Weevils Species. Appendix i . 

Below i s a l i s t of the weevils species found during the study. 

I d e n t i f i c a t i o n was using Joy (1932), and nomenclature i s a f t e r . Kloet 

and Hincks (1977). 

Anchonidium unguiculare* 

Eutrichapion l o t i . 

E u t r i c h a p i o n v i r e n s . 

Protapion d i s s i m i l e . 

Nemoieus oblongus. 

Omias roollinus* 

Otiorhynchus morio* 

Otiorhynchus raucus* 

Pentarthrum h u t t o n i * 

Perapion s e d i . 

Phyllobius oblongus. 

Phytobius comari* 

Protapion a s s i m i l e * 

Protapion d i s s i m i l e * 

Sitona h i s p i d u l i s * 

Sitona s u l c i f r o n s * 

Sciaphilus asperatus* 

Synapion ebeninum. 

Trachyphloeus l a c t i c o l l i s * 

Tropiphorus tomentosus* 



Three other other species were c o l l e c t e d but refused to key out using 

Joy (1932). They were included i n s t a t i s t i c a l a n a l y s i s . Twenty three 

d i f f e r e n t species were c o l l e c t e d i n a l l . Species that are i l l u s t r a t e d 

i n the f o l l o w i n g pages are marked w i t h a *. These drawing may prove a 

u s e f u l a i d when using Joy (1932). 
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APPENDIX I I . 

F i g u r e s Tables and Maps. 

( I n order r e f e r e d to In te 



Table 1. 

S i t e s Used i n The Study 

Successional Age Description ( S i t e No.) 

1 ear l y successional grassland 5 
6 mid sussuional grassland, (grazed) 3 
10 l a t e successional grassland 1 
12 late successional grassland 4 
20 grassland colonised by hawthorn scrub 2 

* age i n 
years. 

Table showing description and age of the study plots used i n the 
investigation. See text for d e t a i l s . 
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F i g u r e 2 . Changes i n t h e S p a t i a l D i m e n s i o n s o f t h e H a b i t a t . 

' a ' L i m e s t o n e g r a s s l a n d . 
' b ' H a w t h o r n s c r u b . 

Spec i e s . 

B r i z a m e d i a 

WTNGATF. I .NR. 

i-max 

Volume 
;upied H e l i c t o t r i c h o n p r a t e n s e 

shaded) 
s p i d u s L e o n t o t o d o n h : 

A n a c a m p t i s p y r a m i d a l i s 

r f o l i a t a B l a c k s t o m a p 

L o t u s 
c o r n i c u l a t u s 

ume 
upied C r a t a e g u s 

monogyna 

= 1 shade 

E p i l o b i u m 
a n g u s t i f o l i f o 

A e g o p o d i u m 
p o d a g r a r i a 

r a c h y p o d i u m 
s v l v a t i c u m 

1007o 
The f i g u r e i l l u s t r a t e s the h a b i t d ; found a t Wingate LNR., ' a ' being 
the t y p i c a l l imes tone grass land o f the fou r s i t e s ( g e n e r a l i s e d ) , 
w h i l s t ' b ' i s t h a t o f the hawthorn scrub . The r i g h t o f the f i g u r e 
i n d i c a t e s the arount o f volume occupied by v e g e t a t i o n . This i s done 
by r ep re sen t i ng the volume between ground and top o f the v e g e t a t i o n 
as an i n f i n a t e s e r i e s o f laminars each o f which can range f r o m being 
empty t o f u l l y occupied and comple te ly f u l l o f v e g e t a t i o n a l m a t e r i a l . 
I n bo th ' a ' and ' b ' the stand i s the densest a t ground l e v e l . This 
must be considered when d e v i s i n g a scale to measure s p a t i a l d i v e r s i t y 
o f the h a b i t a t . Volume occupied i s measured f r o m 0-100 % 



F i g u r e 2 . Changes i n t h e S p a t i a l D i m e n s i o n s o f t h e H a b i t a t . _ 

' a ' L i m e s t o n e ' g r a s s l a n d , 
' b ' H a w t h o r n s c r u b . 

S p e c i e s . <--min £-max 
B r i z a m e d i a 

Vo Lume 
oc rupied He 1 i c t o t r i c h o n 

shaded) 
SDidus e o n t o t o d o n h:. 

MM k Anacampt is p ; r r a m i d a l i s ^ \y 

B l a c k s t o n i a D c r l o l i a t a 

Lo t u s 
c o r n i c u l a t u s 

&f^<? {" i Vo i ume 
^}Jfri.^< oc ;upied C r a t a e g u s 

monogyna 

=•shade 

p i l o b i u m 
a n g u s t i f o l i n 

A e g o p o d i u m 
p o d a g r a r i a 

B r a c h v o o d i u m 
s v i v a t i c u m 

lOOJo 
The f i g u r e i l l u s t r a t e s the h a b i ta: found at Wingate LNR., ' a ' being 
the t y p i c a l l imestone grass land o f the f o u r s i t e s ( g e n e r a l i s e d ) , 
w h i l s t ' b ' i s t h a t o f the hawthorn sc rub . The r i g h t o f the f i g u r e 
i n d i c a t e s the g run t o f volume occupied by v e g e t a t i o n . This i s done 
by r e p r e s e n t i n g the volume between ground and top o f the v e g e t a t i o n 
as an i n f i n a t e s e r i e s o f laminars each o f which can range f r o m being 
empty t o f u l l y occupied and comple te ly f u l l o f v e g e t a t i o n a l m a t e r i a l . 
I n b o t h ' a ' and ' b ' the stand i s the densest a t ground l e v e l . This 
must be considered when d e v i s i n g a scale to measure s p a t i a l d i v e r s i t y 
o f the h a b i t a t . Volume occupied i s measured f rom 0-100 7a 
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