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I . INTBOroOTION. 

I . l . General Considerations. 
The interactions between plants and animals are of fundamental 

importance to man*since our food supply i s based on either 
animals fed on plants,or plants protected from animals iHaloh 
would otherwise eat them. Much attention has been paid to mammals 
and b i r d s mhich provide most of our animal food,and which i n 
terms of continuing biomass are the most important grazers. 
Invertebrates,however,may fregiiently become very serious 
competitors to both man and h i s domestic animals,mainly due 
to t h e i r capacity f o r rapid reproduction.Because of the i r 
small s i z e and ef f e c t i v e concealment invertebrates are 
generally more d i f f i c u l t to study, and u n t i l recently not a 
great deal was known of the detailed feeding habits of small 
heibivores.Recent studies on a variety of species including 
c r i c k e t s (Hansen and Ueckert,1970),grasshoppers (Bemays and 
Chapman,1970),Mirid bugs (McNeill,1971 ),8phids(DLxon,1966), 
slugs (Pallant,1969 & 1972) and s n a i l s (Grime et a l . ,1968,1969, 
& 1970)(Wolda et a l . ,1971) have gone some of the way towards 
remedying the situation. 

Among invertebrates t e r r e s t i a l molluscs provide some of the 
best experimental animals,belng of limited mobility and 
convenient s i z e . Die larger ^ e e i e s are also f a i r l y easy to 
study i n the field,belnK conspicuous and slow moving, thouj^ 
t h e i r l a r g e l y nocturnal habits present some problems. I n some 
habitats,notably limestone areas and sand dunes,snails may be 
extremely numerous, and must c l e a r l y be of considerable 
importance i n the ecosystem. Such a habitat i s found on the 
Magnesian Limestone of Co. Durham,which has long been famous 
for i t s unusual flora.Many of the most i'^^*®'®^;^^^;,,^;***® 
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are now under threat from quarrying operatlons»and any attempt 
to preserve the unique f l o r a l communities should be based on 
sound knowledge of as many aspects of the vhole ecosystem as 
possible, ̂ e present study was undertaken i n an attempt to 
gain a greater understanding of aspects of both a herbivore -
plant interaction and the effects of Invertebrate grazing on a 
Magnesiisai Limestone habitat. 

1.2. Study Area. 
The study was car r i e d out at Bishop Middleham quarry (Map 

Reference NZ 332327) situated between the v i l l a g e s of Cozhoe 
and Bishop Middleham i n Co.Airham. (See F l g . l ).The quarry,no 
longer worked,is a S. S. S.I. on account of i t s d i s t i n c t i v e 
f l o r a , and i s divided into two main workings, a large southern 
area c.750m long (A on F i g . l ),and a smaller northern part 
c. 250m long (B on F i g . 1 ). ike l a t t e r area was used f o r t h i s 
studjr. because of i t s a c c e s s i b i l i t y , l a r g e s n a i l populations, 
more manageable s i z e , and varied habitat. At the northern end 
of t h i s working a l l the main vegetation types found within 
the quarry were i n close proximity to each other, along with 
a v a r i e t y of substrates .Most of the f i e l d work was confined 
to a transect running Ggpproxlmately East-West across th i s area. 
(See F i g . 2 ). 

1.3, Species Studied. 
The molluscs found on the s i t e were IJ-

Arion giter (L.) 
Llmax maximuB (L. ) 
Agriollmax retlmilatua Mailer 
Hygpomla hispida (L. } 



F i g . l . A map of the l o c a l i t y of the study site,showing i t s 

si t u a t i o n with respect to the v i l l a g e of Bishop Middleham. 

(See text for escplanation 

of l e t t e r s ) . DURHAM 

A 177 

SEDGEFIELD 

BISHOP MIDDLEHAM 

Scale = 6"*'to 1 mile 



Pig. 8. Photograph showing the study area within the northern 

working of Bishop Middleham quarry. 

T. Ti' s Top Terrace 
M.T. «: Mid Terrace 
L.S. = Lower Slope 
E.S. - Erosion Slope 
N. S. = Nettle Slope J 

See section I I . 1 . 

Numbers 1 - 8 indicate the s i t e s at which mean temperature 

measurements were made, (See section I I . 6 . ) 
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H e l l c e l l a i t a l a ..(L. ) 
QSB:SS& nempralla (L; *) 

: SfiLUp aSBfiEfia Muller. - -
Of these the four s n a i l species were generally more common 
than the slugs,but only the l a s t three were both common and 
widely distributed.Hellcella i t a l a however i s rather small 
and inconspicuous during most of the year, reaching maturity 
i n l a t e summer and seldom l i v i n g much longer than one year 
(Oook.1970),Helix aspersa and Cepaea nemoralia.two of the 
commonest B r i t i s h s n a i l s , a r e undoubtedly the most Important \ 
molluscs i n t h i s area,and t h e i r large s i z e makes them ideal 
subjects for study i n both the f i e l d and the laboratory. 
Therefore a l l the work was carried out on these two species 
alone^ 

H. asperaa C^lg. 3) i s distributed f a i r l y generally throu^out 
Britain,and i s our second largest snail,reaching a breadth of 
30-36mm. I t I s found i n a variety of habitats,in large numbers 
i n gardens and stony places,and though not an obligate 
c a l d c o l e i t prefers Caldum-rlch environments. The s n a i l s 
liave f i x e d r e s t i n g places from utoidft they forage for food, 
us u a l l y at n l ^ t , o r i n wet weather. The normal l i f e span i s 
about two years,though individuals may l i v e as long as ten 
years (TaLylor, 1913) (EUlSf1926).H. aspersa and i t s congener 
H.pomatla have been widely studied by physiologl8ts,but 
surprisingly l i t t l e work has been done on their ecology, 
though H. aspersa was among the species investigated by 
Mason(1970) i n h i s study of woodland s n a i l s . 

C.nemoralis (Pig.4) i s a smaller s n a i l , the s h e l l attaining 
about 20-22mn i n breadth. I t has a similar distribution to 
H- aaperaa.livlng I n woods,copses,hedges,sand dunes and 
also grassland,and l i k e H. aspersa prefers limestone regions. 



D 

F i g . 3 Photograph of adult H e l i x aspersa. (Scale i n cms. } 

Fig.4 Photograph of adult Gepaea nemoralis. (Scale i n eras.) 
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I t i s almost i d e n t i c a l i n habits to the above species and also 

has a similar l i f e s p a n . % i s species has been extensively 

studied by geneticists since many p(qpulations show balanced 

polymorphisms i n the banding pattern and ground colour of the 

shell,but l i t t l e work has been done on other aspects of i t s 

ecology. Recently studies of feeding have been carried out by 

arime et a l . (1968,1969,Al970) and Wolda et a l . (1971). This 
{1~ N C 

investigation uses many of the techniques of these workers 

and can be regarded as an extension of the studies started by 

them. 

1.4. Alms. 
The aims of the study were to investigate the intact of. 

the s n a i l s on the vegetation of the quarry, and hence the 

ecosystem i n general,and to evaluate aziy effects of the 

vegetation on the density and distribution of the s n a i l 

populations.Achelvlng the f i r s t aim necessitated a detailed 

study of the feeding habits of the snails,including food 

selection i n both the laboratory and the f i e l d , and calculation 

of assimilation and ingestion rates of typical foods.The second 

part of the study Involved estimation of the size,structure, 

and d i s t r i b u t i o n of s n a i l populations across a spectrum of 

habitatsycoupled with an analysis of certain aspects of the 

vegetation, such as standing crops and composition. I n the 

course of the investigation i t became clear that other 

environmental variables werealso affecting s n a i l density and 

of these mean teDi>erature and available shelter were also 

chosen f o r study. 



I I . METHODS 

I I . 1. Snail Density 

I n order to study 

8 

and Distribution. 

the density and distribution of s n a i l s 

within the quarry,tiro transects were l a i d out across the 

northern area so as to Include the maximum div e r s i t y of 

habitat.The f i r s t (jcY on Flg.1) was divided into four main 

areas; -
(a) Top terrace (T. T.), comprising a f l a t area of predomin­

antly S e s l e r l a eaerulea grassland. 
(b) Middle terra:e (M.T. on Fig, 2),consisting of a compacted 

former track^with a low cover of grasses and herbs. 
(e) Lower slopfli klfaS. on Fig.2),made up of a scree of 

limestone rubble f a i r l y well covered with vegetation. 

(d) Erosion slop 
steep slope 
considerable 

The second transect 

i (B.S. on Fig: 2),a sparsely vegetated 

Kf limestone d u s t , s t i l l undergoing 

erosion. 
(N. S, on Fig. 2) covered a thickly vegetated 

slope on which the lomlnant plants were WcilssA dlOlfiSrSallm 
apariney and fiitm^w .th T̂ mî m̂ album also important i n May and 

early June, 
From the beginnln; of Jime u n t i l early August the nuaibers 

of s n a i l s within 'quadrats taken on alternate sides of the 
transect were count id at fortnightly intervals. Snails were 
found by thorou^ s sarbhing of the vegetation and other cover 
such as stones and srevices i n the rock. To ensure that most of 
the s n a i l s present rere found,counts were made soon after 
sunrise before the inlmals retreated into their daytime cover. 



I I . 2. Snail population Structure and L i f e Cycles, 

The breadth of each s n a i l found i n the distribution study 
was measured using Vernier calipers, and the population at 
each sampling occasion was then divided into s i z e classes 
of mm in t e r v a l s f or H. asperaa and h a l f mm intervals for 
C.nemoralla.For each s i z e class the cumulative percentage 
of the population IH6B calculated and t h i s was then plotted 
against the s i z e c l a s s on probability paper,following the 
method of Harding(l949).From these graphs the mean s i z e s 
of adult and Juvenile s n a i l s at fortnightly intervals could 
be obtained,thus giving a picture of the rate of growth.In 
addition the proportions of adults and Juveniles i n the 
population at these i n t e r v a l s could also be worked out. 

I n order to f i n d out more about the early l i f e history of 
sna i l s , s e v e r a l adults of each species found mating i n the 
f i e l d were kept i n the laboratory u n t i l they had l a i d their 
eggs. These were then timed u n t i l hatching, and the si z e s of 
newly hatched juveniles measured. 

I I . 3. Vegetation Analysis. 
The vegetation of the transects was analysed i n mid-August 

after the studies on s n a i l distribution and popylation 
structure had been oon^leted. The technique used was that of 
cropping a l l above ground vegetation i n every th i r d quadrat 
along the main transect, and every f i f t h on the ne t t l e slope. 
I n moat cases,because of the quantity of material Involved, 
only a 50cm x 50cm quadrat was cut, t h i s square being situated 
more or l e s s c e n t r a l l y within the n^ln which the s n a i l s had 
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been sampled. The cut vegetation was then sorted into f i v e 

categories ; (a) dead monocot,(b) l i v e monocot,(c) dead 

dlcot,(d) l i v e dicot and (e) bryophyte,the dead material 

including senescent as well as f a l l e n leaves. The sorted 

f r a c t i o n s were dryed at 80"C for 24hrs.,or 48hrs i n the case 

of large quantities. The r e s i a t i n g dry material was then 

weighed and the figures expressed i n terms of dry wt./af to 

give the standing crop f or each of the f i v e fractions. 

I I . 4« Snail Feeding, 
(a) Faecal Analysis. 
Food preferences have been studied by means of identifying 

plant material I n the faeces of a wide variety of herbivorous 
animals, i n eluding many mammals,crlckets, grasshoppers, and 
molluscs.Almost every study has involved a different method 
of mounting and examining the faeces.Hansson(1970) reviewed 
several of the more widely used techniques and h i s recommend-
-ations have been followed i n t h i s investigation. 

S n a i l s were collected on several occasions during July and 
August from the immediate v i c i n i t y of the transects,thou^ 
not necessarily from the quadrats saaipled for s n a i l density. 
I n the laboratory they were individually isolated with f i l t e r 
paper f o r food, and l e f t f o r 24hrs. Their faeces were then c o l l -
-ecte.d,placed I n a centrifuge tube with about lOmls of water 
and shaken vlgourously f o r several minutes to separate the 
fragments. This acheived a more satisfactory separation than 
teasing on a s l i d e as suggested by some authors. The staining 
and mounting technique used was that recommended by Hansson 
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(1970). The separated fragments were centrifuged, the water 
poured off, and the fragments stained with a few mis of Acid 
Haemalum for 10 minutes. After two washes with d i s t i l l e d water 
the fragmenta were l e f t i n alkaline alcohol for 1 minute to 
bring out the s t a i n , and washed again.A representative sub-
-sample was then mounted on a microscope s l i d e i n Berlese's 
Gum Chloral,so as to give a uniform covering over the s l i d e 
that could be e a s i l y scanned and counted. 

I t had been hoped that each plant fragment would be 
i d e n t i f i a b l e from epidermal c h a r a c t e r i s t i c s , and so epidermal 
impressions of most of the plants found on and near the transects 
were made using ce l l u l o s e acetate. These impressions were 
mounted i n glycerine with a drop of Methylene Blue to increase 
the. contrast, and photomicrographs at lOOx were made.Flgures 
5 and 6 show a t y p i c a l monocot and ty p i c a l dlcot respectively. 
Unfortunately i t was found d i f f i c u l t to i d e n t i f y fragments 
of plant material i n the s n a i l faeces, since the epidermis 
was not often separated from the underlying layers of c e l l s . 
I t was however possible to distinguish between l i v e and dead 
material,the former retaining traces of chlorophyll,and between 
monocot and dlcot fragments,by the shapes of the cells.Bryophytes 
were e a s i l y i d e n t i f i e d since they pass t h r o u ^ the s n a i l gut 
almost unchanged. Therefore the numbers of fragments i n each 
of the f i v e categories,dead monocot,live monocot,dead dlcot, 
l i v e dlcot and bryophyte were recorded when the s l i d e s of 
f a e c a l material were examined at magnifications of lOOx. 
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Pig. 5 Photomicrograph of C e l l u l o s e acetate impression of 
lower s u r f a c e of Car ex f l a c c a l e a f (x 100). 

Pig. 6 Photomicrograph of C e l l u l o s e acetate impression of 

lower s u r f a c e of Helianthemum chamaecistus l e a f (x 100), 
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(b) P a l a t a b l l i t y Experiments. 

The p a l a t a b l l i t y of different plant species was tested by 
presenting individual s n a i l s with equal amounts of plant 
material and a reference material that they were known to 
eat. r e a d i l y , i n t h i s case f i l t e r paper. The technique i s b a s i c a l l y 
that of (Jrime et a l . (1968),with several minor modifications. ' ^ Z 

Individual s n a i l s were put into small p l a s t i c containers with 
equal amounts of plant material and f i l t e r paper against 
opposite walls. Dlcots were presented as 20mm x 20Tiin squares 
for broad leaved species,10mm x 40mm s t r i p s for narrower 
leaved species,and i n the case of species with very small 
leaves,an appropriate nunjber of whole leaves.Monocots were 
given as s t r i p s of whole blades,the length being chosen 
according to the width, so as to give a constant area. The 
pieces of f i l t e r paper were each presented i n the same shape 
as tTste accompanying plant material.Both plant squares and 
f i l t e r paper were wetted so that the l e v e l of humidity i n 
the containers was hi^ enough for continuous s n a i l a c t i v i t y . 
The experiments each l a s t e d 24 hours,being carried out i n a 
laboratory lAiere temperatures ranged from about 14 C at night 
to about 19 0 by day. The s n a i l s were then removed and the areas 
of paper and plant material eaten were measured using graph 
paper.Between exper.lments the s n a i l s were kept on f i l t e r 
paper rather than being starved for 24 hours as done by Orime 
et a l . ( I 9 6 8 ) , l t was f e l t that these conditions,with varying ^ 
dal l y temperatures were nearer to those experienced by sna i l s 
i n t h e i r natural habitat than conditions of constant teiqperature 
and intermittent starvation. 



14. 

Bach p l a n t species was presented to 10 d i f f e r e n t s n a i l s 

and f r o m the r e s u l t s a P a l a t a b i l i t y Indiex was c a l c u l a t e d as : -

P a l a t a b i l i t y Index ( P . I . ) = Area o f p l a n t eaten.mm^ 

Area o f paper eaten,mm^ 

The experiments were c a r r i e d ou t f o r b o t h H. asperaa and 

O.nemoral is f i r s t w i t h l i y e m a t e r i a l f r o m 41 species o f p l a n t 

and then w i t h leaves f r o m 33 o f the same species.Dead m a t e r i a l 

was ob ta ined d i r e c t f r o m the f i e l d i n the case o f monooots, 
and b y d r y i n g l i v e leaves f o r severa l days and thei i ' soaking 

them o v e r n i g h t w i t h d i c o t s . 

( c ) Feeding Observat ions . 

Records were a lso made o f a l l s n a i l s found f e e d i n g i n the 

s tudy area d u r i n g the course o f o ther f i e l d work.Wolda e t a l ^ _ 

^(1971) and Orime and B l y t h e (1969) considered t h a t i f a s n a i l 

was f o u n d r e s t i n g on a p l a n t i t p robably f e d on t h a t species, 

b u t t h e i r s tud ie s must have been c a r r i e d ou t s o l e l y du r ing the 

day when the s n a i l s were r e s t i n g i n s h e l t e r . I n the present 

i n v e s t i g a t i o n f e e d i n g was o n l y recorded i f a c t u a l l y observed 

i n an a c t i v e s n a i l . I n general f e e d i n g s n a i l s have t h e i r f o o t 

and body extended,but remain s t a t i o n a r y , and s ince they a t t ack 

the edges o f l e a v e s , l i f t i n g the animal reveals any removed 

m a t e r i a l . I n each case the species o f s n a i l , t h e p l a n t species 

and the c o n d i t i o n o f the l e a f , l i v e or dead/senescent was noted. 

1T'\6. I n g e s t i o n and A s s i m i l a t i o n by Sna i l s . 

W i t h the o b j e c t o f e s t ima t ing , the amount o f p l a n t m a t e r i a l 

removed f r o m the f i e l d d u r i n g a g iven p e r i o d by the s n a i l 

population,measurements o f i n g e s t i o n and a s s i m i l a t i o n ra tes 

o f the s n a i l s were made. I n order to o b t a i n a more r e a l i s t i c 
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measure o f i n g e s t i o n than a d i r e c t l a b o r a t o r y r e s u l t , a 
f i g u r e was c a l c u l a t e d u s i n g faeces p r o d u c t i o n i n the f i e l d 
and a s s i m i l a t i o n r a t e s ob ta ined i n the l a b o r a t o r y . 

The a s s i m i l a t i o n r a t e s were measured u s i n g the method devised 

b y F h l l l l p s o n (1960) f o r O p i l i o n l d s , a n d adapted by Mason (1970) 

f o r v a r i o u s species o f woodland s n a i l . Sna i l s were c o l l e c t e d 

i n the f i e l d , I s o l a t e d i n p l a s t i c conta iners and f e d on f i l t e r 

paper f o r two o r three days,so t h a t a l l t races o f p l a n t 

m a t e r i a l had been e l i m i n a t e d f r o m t h e i r guts ,and t h e i r faeces 

were whi te .The f i l t e r paper was then removed and the s n a i l s 

g iven a known weight o f p l a n t f o o d which had been kept a t 

100^ h u m i d i t y f o r severa l h o u r s . A f t e r 24 hours the remaining 

p l a n t m a t e r i a l was taken out and weighed,belng replaced by 

more f i l t e r p a p e r , w h i l e a l l wh i t e faeces were also removed. 

When more w h i t e faeces appeared eibout 24 hours l a t e r a l l dark 

faeces ,green o r brown f r o m l i v e o r dead f o o d r e s p e c t i v e l y , 

were removed,vacuum d r i e d a t 60 C f o r two days and weighed. 

Meann^lle,known f r e s h weights o f the p l a n t species used were 

a l so vacuum d r i e d and reweighed t o g ive a f r e s h weight : d ry 

weight r a t i o . From t h i s the d r y weight o f f o o d eaten was 

ca l cu l a t ed , and thence the percentage a s s i m i l a t i o n obtained 

f r o m the f o r m u l a : -

% a s s i m i l a t i o n = Dry w t . f o o d eaten - Dry w t . faeces produced 
X 100 

Dry w t . f o o d eaten 

Faeces p r o d u c t i o n i n the f i e l d was measured by c o l l e c t i n g 

s n a i l s and i s o l a t i n g them i n the l a b o r a t o r y w i t h f i l t e r paper 

t o f e e d on. A f t e r 34 hours t h e i r dark faeces was removed,dried 

i n a vacuum oven and weighed. 15 s n a i l s o f each species were 
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I n v e s t i g a t e d and a mean f i g u r e obtained.From t h i s f i g u r e , 

u s ing the l a b o r a t o r y est imates o f a s s i m i l a t i o n ra tes a 

measure o f the i n g e s t i o n r a t e s i n the f i e l d could be obtained. 

I I . 6. Uean Temperature Measurement. 

T h r o u ^ o u t the s tudy p e r i o d the mean tetqperatures a t e i g h t 

d i f f e r e n t p o i n t s i n the quar ry were measured u s i n g the method 

o f B e r t h e t (1960),based on the r a t e o f i n v e r s i o n o f sucrose 

t o gLucose and f r u c t o s e . Sucrose and b u f f e r s o l u t i o n s were 

made up,mixed toge the r and immediately d i v i d e d i n t o approx-

- i m a t e l y 15ml p o r t i o n s i n smal l screw top bo t t l e s ,u r t i i ch were 

s t o r e d i n a deep f r e e z e u n t i l r e q u i r e d i n the f i e l d . These 

b o t t l e s were t r anspo r t ed t o and f r o m the quarry i n a vacuum 

f l a s k c o n t a i n i n g s o l i d CX)2,and were l e f t out f o r seven days 

a t a t ime ,which gave f i g u r e s close t o the optimum amount o f 

i n v e r s i o n . The degree o f i n v e r s i o n i s measured by the change 

i n the angle o f r o t a t i o n o f p o l a r i s e d l l f ^ t passed t h r o u £ ^ 

the s o l u t i o n , i n d i c a t e d b y a p o l a r l m e t e r . Ohe mean temperature 

d u r i n g the week cou ld then be c a l c u l a t e d u s ing the f o l l o w i n g 

equations 

( i ) T g 5854 ^ e r e T = sflbsolute temperature 
Y - l o g . x Y = a c o n s t a n t , e m p i r i c a l l y 

determined. 

and (11) x = JL l o g . ( a-- b ) i jhere t = time i n f i e l d i n days 
t a - b a^- i n i t i a l r o t a t i o n 

a B f i n a l r o t a t i o n 
b s r o t a t i o n a t coiqplete 

i n v e r s i o n . 

Y was f o u n d by l e a v i n g th ree tubes f o r a week a t constant 

temperatures o f 5°, 10",and 1 5 ' 0 , and then de termining the r o t a t i o n . 
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b was ob ta ined b y l e a v i n g severa l tubes a t room teiqperature 
f o r a month and then measuring the r o t a t i o n . 

The exper imental tubes were p laced a t e i f ^ t d i f f e r e n t p o i n t s 

i n the quar ry (see P i g . 2 ) , o n o r v e r y c lose t o the t r ansec t , 

and were concealed w i t h i n the vege t a t i on so t h a t the 

temperature measured was c lose t o t h a t o f the s n a i l s ' m i c r o -

- h a b i t a t . 

I I . 7* She l t e r f o r Sna i l s . 

She l t e r i s c l e a r l y one o f the most impor tan t f e a tu r e s o f 

the environment as f a r as animals suscep t ib le t o des i cca t ion 

and p r e d a t i o n are concerned.However i t i s d i f f i c u l t t o 

measure q u a n t i t a t i v e l y , s i n c e s n a i l s use a v a r i e t y o f d i f f e r e n t 

f e a t u r e s i n c l u d i n g vege t a t i on , ropks , c r ev i ce s and b u r r o w s , i n 

which t o conceal themselves. Any measurement must t h e r e f o r e 

be a s u b j e c t i v e one,and so f o r t h i s s tudy a 0 - 5 scale was 

usedfWi th 0 i n d i c a t i n g no s u i t a b l e s h e l t e r f o r s n a i l s , a n d 5 

showing the maximum amount f o u n d on the t ransec t s . Sach quadrat 

i n the two t r ansec t s was thus awarded a f i g u r e on t h i s scale . 
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I I I I . RESULT^ 
I 

I I I I . 1 . S n a i l Dens i ty and D i s t r i b u t i o n . 
I 
I The numbers o f s n a i l s f o u n d i n each quadrat o f the main 
I 

I t r ansec t throughout the s tudy p e r i o d are shown i n Figures 7 

and 8 f o r H. asperaa and G-nemopallB r e s p e c t i v e l y . F i g u r e s 9 

and 10 show the r e s u l t s f o r the two species on the n e t t l e slope 

t r a n s e c t . I t i s c l e a r t h a t t he re are considerable d i f f e r e n c e s 

i n d i s t r i b u t i o n between the two species, and t h a t n e i t h e r i s 

d i s t r i b u t e d randomly a long the t r ansec t s . G. nemoralla i s most 

abundant i n two areas o f the main t r ansec t : on the top 

t e r r ace (quadrats 1 - 1 3 ) and on the lower slope (quadrats 

29 - 4 0 ) , On the n e t t l e s lope (quadrats A l - A33) t h i s species 

i s d i s t r i b u t e d f a i r l y evenly w i t h r a r e l y more than two or 

three s n a i l s /m^whi le on the middle t e r race (quadrats 14 - 28) 

and the e ros ion slope (quadrats 46 - 73) i t i s almost con^le te -

- l y absent.H. asoersa on the o the r hand i s f o u n d i n smal l 

I nuDibers throughout the main t r a n s e c t , w i t h a s l i g h t peak on 
I 

the lower s lope ,ur t i i le on the n e t t l e slope t h i s species i s 

v e r y a b u n d a n t , p a r t i c u l a r l y on the lower and c e n t r a l p a r t s . 

The mean d e n s i t i e s f o r each area o f the t ransec ts i s shown 
i 

I i n Table 1 . 
! Table l .Uean nunibers o f O.nemoralis.H^flHp^^T'^ft and t o t a l s n a i l s 
! 
! pe r m^,June - A u g u s t , f o r d i f f e r e n t areas o f the s tudy s i t e . 
j 
j Area 0- nemoral la H._app.££fiA T o t a l 

Top t e r r a c e 2.32 0,4 2.72 
Midd le t e r r a c e 0.08 0 .2 0.28 
Lower s lope 0.75 0.57 1.32 
Eros ion slope 0,05 0.22 0,27 
N e t t l e slope 0 .9 2 .9 3.8 
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F i g , 7 Numbers o f H. asp era a found / m* quadrat on main t r ansec t , 

June - August , 1974. 
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F i g . 8, Numbers o f 0- nemoral ls found / r f q u a d r a t on main t ransec t 

June - August,1974. 
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F i g , 9.Numbers o f H. aspersa f o u n d / m* quadrat on n e t t l e s lope, 

June - August,1974. 
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F i g . 10. Numbers o f 0 .nemoral ls found / m*" quadrat on n e t t l e slope 

June - August, 1974. 
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Thus the h i ^ e s t d e n s i t y o f s n a i l s i s on the w e l l vegetated 

n e t t l e s l o p e , w h i l e the lowes t d e n s i t i e s are on the ve ry 

sparse ly vegeta ted middle t e r r ace and e ros ion slope. Seasonal 

changes i n d e n s i t y appear t o be ve ry s m a l l , w i t h a s l i ^ t 

r e d u c t i o n i n numbers f o u n d i n August. 

A summary o f the data i n F igures 7 t o 10 i s g iven i n Tedbles 

2 (a) and (b ) ,wh ich show the mean number o f s n a i l s per 

quadrat f o r the two species b o t h separa te ly and combined, 

on the main t r ansec t and the n e t t l e elope r e s p e c t i v e l y . 

I I I . 2 . S n a i l P o p u l a t i o n S t r u c t u r e and L i f e cyc les . 

( a ) H e l l x agpergft. 

A t y p i c a l p l o t o f s i z e c lass against cumulat ive f requency 

( F i g . 11) shows t h a t the p o p u l a t i o n o f H. aaperaa was c l e a r l y 

d i v i d e d i n t o two sub-popula t ions ,which can be regarded as 

adu l t s and dnveni les , though the former contained a few 

sub-adu l t i n d i v i d u a l s . The numbers and r e l a t i v e p r o p o r t i o n s 

o f these two groups throughout the saxnpling p e r i o d are 

shown i n Table 3. 

Teflble 3. The numbers and percentages o f j u v e n i l e and a d u l t 

s n a i l s i n the p o p u l a t i o n o f H ^ p . £ r f i f i c o l l e c t e d a t 

f o r t n i f i j h t l y i n t e r v a l s w i t h i n the study area,June-August,1974, 

Date Juven i les Adul t s T o t a l 
Nos, % Nob, % Nos, 

June A ( 4 t h - 6 t h ) 47 38 76 62 123 
June B (18 th-20th) 64 48.5 68 51.5 132 
J u l y A (2nd-4th) 51 45 63 55 114 
J u l y B ( I 6 t h - 1 8 t h ) 45 34 88 66 133 
August A ( l s t - 3 r d ) 20 ' 22 70 78 90 
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Table 2 . Mean no. o f s n a i l s / m** quadra t , June -^gus t . 

(a) Main Transect . 

Quadrat Cepaea H e l i x T o t a l Quadrat Cepaea H e l i x T o t a l 

1 6.2 1.6 7.8 38 0.2 0^2 0.4 
2 4 . 4 0 .4 4 .8 39 0.2 "0« 0 .2 
3 4 .8 1.0 5.8 40 0 0 .2 0 .2 
4 2.8 0 .8 3.6 4 1 0 .2 0 0 .2 
5 0.2 0 0 .2 42 0 0 0 
6 0.8 0 0 .8 43 0 0 .2 0 .2 
7 1.6 0 1.6 44 0 0 0 
8 0.4 0 0 .4 45 0 0 0 

9 1.6 0 1.6 46 0.2 1.2 1.4 
10 0.4 0 .2 0.6 47 0 0.4 0 .4 
11 4 .4 0 .8 5.2 48 0 1.0 1.0 
12 2.6 0 .6 3.2 49 0 0 .4 0 .4 
13 0.4 0 .4 0 .8 50 0.6 0 .2 0 .8 
14 0.2 0 .2 0 .4 51 0 0 .4 0 .4 
15 0 0 .2 0 .2 52 0.2 0.6 0.8 
16 0 . 0 0 53 0 0 .4 0 .4 
17 0 0 0 54 0 0 0 
18 0 0 0 55 0 0 0 
19 0 0 0 56 0 .2 0 .8 1.0 
20 0 0 0 57 0.2 0 .2 0 .4 
21 0 0 0 58 0 0 0 
22 0 0 0 59 0 0 .4 0 .4 
23 0 0 0 60 0 0 0 
24 0 0 .2 0 .2 61 0 0 .4 0 .4 
25 0 0 0 62 0 0 0 
26 0 0 .2 0 .2 63 0 0 0 
27 0 0 .6 0 .6 64 0 0 .2 0 .2 
28 0.6 1.0" 1.6 65 0 0 0 
29 0.8 3.4 4 . 2 66 0 0 0 
30 0.8 0 .4 1.3 67 0 0 0 
31 1.2 0 .2 1.4 68 0 0 0 
32 1.8 0 .2 2 .0 69 0 0 0 
33 1.8 0 1.8 70 0 0 .2 0 .2 
34 . 1.2 0 .8 2.0 71 0 0 .2 0 .2 
35 0.2 0 .2 0 .4 72 0 0 0 
36 0.2 • 1.0 1.2 73 0 0 0 
37 0.6 0 .2 0 .8 
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Table 2, ( b ) . N e t t l e s lope. 

Quadrat G,nemorali8 H,aspersa T o t a l 

A l 0 .2 1.2 1.4 
A2 1.2 2 .4 3.6 
AS 1.0 2.2 3.2 
M 2.6 15.6 18.2 
A5 0.6 4 ,8 5.4 
A6 0.4 1.8 3.2 
A7 0.6 1.8 2.4 
A8 4 .0 6.0 10.0 
A9 0.6 1.8 2 .4 
AlO 0.4 2.2 2.6 
A l l 0 .2 8.8 9.0 
A12 1.0 3,4 4 . 4 
A13 1.6 8.4 10.0 

' A14 0,6 2.0 2.6 
A15 1.6 5.2 6.8 
A16 0,8 2.2 3.0 
A17 1.8 4 .6 6.4 
A18 0.8 1.6 2 .4 
A19 0,8 1.8 2.6 
A20 1.4 1.4 2.8 
A21 2,0 3.4 5.4 
A22 0 3.0 3.0 
A23 0,6 2.0 2.6 
A24 0,2 1.0 1.2 
A25 1.0 0,6 1.6 
A26 0 1.0 1.0 
A27 0,8 . 1.0 1.8 
A28 0,6 0.4 1.0 
A29 0.4 1.8 2.2 
A30 0 ,4 0 .2 0.6 
A31 1.2 0.6 1.8 
A32 0 0 .2 0 .2 
A33 0,4 1.0 1.4 



26 
F i g . 1 1 . P l o t o f s i z e c lass i n nkn agains t cuniulat ive % frequency 

f o r J u l y A,1974 t o show d i v i s i o n o f p o p u l a t i o n o f 
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I t i s c l ea r t h a t these f i g u r e s do no t g ive an accurate 
p i c t u r e o f the s t r u c t u r e o f the p o p u l a t i o n , s i n c e i n each case 
the number o f a d u l t s exceeds the number o f Juveniles,whereas 
i n a p o p u l a t i o n i^ere a d u l t s l i v e o n l y one o r two years and 
f e c u n d i t y i s h i g h , a l a r g e preponderance o f Juveni les would 
be escpeoted d u r i n g and imned la t e ly a f t e r the breeding season, 
t h i s discrepancy i s due t o the small s i ze o f the youngest 
s n a i l s which makes them more d i f f i c u l t t o f i n d than the l a r g e r 
a d u l t s , p a r t i c u l a r l y i n dense vegetation.However i t i s l i k e l y 
t h a t the t r e n d shown i n the f i g u r e s w i t h the number o f j u v e n i l e s 
decreasing through the summer (F ig .12) i s a t rue r e f l e c t i o n 
o f the l i f e cyc le o f the species. This cou ld be due to e i t h e r 
p r e d a t l o n o f the s m a l l , t h i n s h e l l e d Juven i l e s ,o r the f a c t 
t h a t Juveni les are growing i n t o the a d u l t s ize group. I t w i l l 
be shown below t h a t p r e d a t l o n i s p robab ly more impor tan t than 
growth i n b r i n g i n g aibout t h i s r e d u c t i o n o f numbers. 

From the se r i e s o f p l o t s l i k e F i g u r e 11 , toge ther w i t h 

l a b o r a t o r y b reed ing r e s u l t s and f i e l d observat ions i t was 

p o s s i b l e t o b u i l d up a p i c t u r e o f the s n a i l ' s l i f e c y c l e . 

Mat ing occurs ma in ly i n s p r i n g and summer and about t h i r t y 

eggs are l a i d i n a h o l e i n the ground excavated by the f o o t , 

approximate ly th ree weeks l a t e r . Hatching occurs a f t e r about 

twenty f i v e days i n the l a b o r a t o r y , though under the cooler 

c o n d i t i o n s i n the f i e l d the Incuba t ion time would be nearer 

t o t h i r t y days. Newly hatched s n a i l s are 4 t o 4 .5 mm i n breadth 

and i n the l a b o r a t o r y a t l e a s t tend to remain agg^gated 

c lose to t h e i r h a t c h i n g p lace f o r spme t ime . This cou ld render 

them v e r y open t o p r e d a t i o n . 
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F i g . 12. The t o t a l numbers o f adu l t and Juveni le H. aapersa 

found w i t h i n the s tudy area a t f o r t n i g h t l y i n t e r v a l s , 

June - August. 
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A p i c t u r e o f growth was ob ta ined f r o m the cumulat ive 

f requency p l o t s , b y f i n d i n g the mean breadths o f the a d u l t 

and Juven i l e sub-popula t ions us ing the method of Harding (1949), 

The r e s u l t s o f mean s i zes w i t h s tandard dev ia t ions were 

p l o t t e d agains t t ime ( F i g . 13) and show a steady Increase i n 

the s i z e o f the Juveni les througj i the summer,with the changes 

i n each case b e i n g s i g n i f i c a n t ( t if̂  4 . 1 8 , 2 . 6 4 , 2 . 7 4 , and 3 .1 

r e s p e c t i v e l y f o r the f o u r i n t e r v a l s ) . I n con t ras t there was 

no s i g n i f i c a n t change i n the mean s ize o f the a d u l t popu l a t i o n . 

The d i v i s i o n o f the p o p u l a t i o n i n t o the two w e l l separated 

groups i n d i c a t e s t h a t r ec ru i tmen t occurs almost e n t i r e l y a t 

one time.However, the s i ze o f the l a r g e s t Juveni les i n e a r l y 

June and the f i e l d growth r a t e estimates f r o m increase i n 

mean s i z e suggest t h a t these i n d i v i d u a l s cou ld no t have 

hatched t h i s y e a r , b u t must have been the product o f an autumn 

l a y i n g i n 1973. Thus i t seems probable t h a t r ep roduc t ion i n 

H. aspersa i s n o t c o n f i n e d t o s p r i n g and e a r l y summer,as 

suggesled e a r l i e r , b u t a lso occurs i n autumn.Since the s n a i l s 

h i b e r n a t e throughout the w i n t e r (Taylor ,1913 : £ L l i s , 1 9 2 6 ) , 

the two p e r i o d s o f r ep roduc t i on cannot be separated by the 

examinat ion o f the s i z e c lass d i s t r i b u t i o n o f a sample. 

The es t imated growth r a t e s i n d i c a t e t h a t t h i s species does 

n o t a t t a i n m a t u r i t y u n t i l i t s second summer,and i t i s l i k e l y 

t h a t the es t imate o f l i f e span o f 2 years given b y Tay lo r 

(1913) and E L l l s (1926) i s too s h o r t . M o r t a l i t y must be main ly 

due t o p r e d a t l o n , t h o u ^ some adu l t s n a i l s were f o u n d dead f o r 

no scpparent r ea son ,w i th des icca ted bodies w i t h i n t h e i r s h e l l s . 

Juven i l e s w i l l c e r t a i n l y be much more suscept ib le to p r eda t i on 

than adu l t s due t o t h e i r smal ler s i ze and t h i n n e r s h e l l s . 
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F i g . 13. Mean b read th o f a d u l t and j u v e n i l e popula t ions o f 
H. asp era a. a t f o r t n i g h t l y i n t e r v a l s , June - August,1974. 
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which w i l l enable a wider v a r i e t y o f predators t o a t t ack them. 
J u v e n i l e m o r t a l i t y due t o badgers*small mammals,birds,frogs 
and toads,and the l a r v a e o f ca rab id bee t l e s i s p robably the 
main f a c t o r beh ind the drop i n numbers o f j u v e n i l e s found 
d u r i n g the summer. A d u l t H. asoersa are o n l y a t tacked commonly 
b y Song Thrushes ^badgers and brown r a t s , though o n l y evidence 
f o r the f i r s t was f o u n d a t Bishop Middlehem. There i s a peak i n 
Song th rush p r e d a t i o n on s n a i l s d u r i n g June ,Ju ly and August, 
(Qoodhart ,1958), (Davies and Snow, 1965) , (Cemeron, 1969),and 
t h i s c o u l d acco\mt f o r the smal ler numbers o f a d u l t s n a i l s 
f o u n d i n August. 

(b) 0. nemora l i s . 

F i g u r e 14 shows the p l o t o f s i ze c lass against percentage 

cumula t ive f r eq j i enoy f o r G-nemoralis i n e a r l y August* This i s 

t y p i c a l o f a l l the f i v e p l o t s ob ta ined , and i n each case i t 

i s imposs ib le t o c o n f i d e n t l y d i v i d e the p o p u l a t i o n i n t o 

sub-popula t ions corresponding t o d i f f e r e n t age classes. I t 

i s however p o s s i b l e t o d i v i d e the s n a i l s i n t o adu l t s (iS.Snm 

o r more i n b r e a d t h ) and sub-adul ts yAiioh are smal ler than t h i s . 

.;(See Table 4 ) A d u l t s are cha rac te r i sed by the presence o f a 

b l a c k l i p round the edge o f the s h e l l , w h i c h i s absent i n 

Juven i l e s . 

Table 4 . The numbers and percentages o f sub-adul t and adu l t 
s n a i l s i n the p o p u l a t i o n o f C- nemorf l l ia c o l l e c t e d a t f o r t -
- n i g h t l y i n t e r v a l s w i t h i n the s tudy area,June-August,1974. 

Date Sub-adults Adu l t s^ T o t a l 
Nos. % Nos. % Nos. 

i June A 25 37 43 63 68 
! June B 81 24 66 76 87 
i J u l y A . 12 17 58 83 70 
i j S y B ' 13 17 62 83 75# 
i A u ^ s t A 9 14 57 86 66 



F i g . l 4 . P l o t o f s i ze c lass i n mm against cumulat ive percentage 

f o r August 1 9 7 4 , f o r 0 .nemora l i s . 
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The p r o p o r t i o n o f sub-adul ts again drops d r a m a t i c a l l y through 
the summer due p robab ly t o a combinat ion o f p r e d a t i o n and 
sub-adul t s growing to Jo in the a d u l t s i ze c l a s s .Also the 
p r o p o r t i o n o f sub-adul t s i s v e r y much lower than expected, 

I 

and. much lower than the f i g u r e s ob ta ined f o r H. asp era a. as a 

r e s u l t o f the smal le r s i ze o f t h i s species,which makes young 

s n a i l s even more d i f f i c u l t t o loca te .Thus the confused 

appearance o f the cumulat ive f requency p l o t cou ld be due to 

the l ow numbers o f sub-adul ts found on each sampling occasion. 

However i t cou ld a l so be due t o r ec ru i tmen t t a k i n g p lace 

throughout the summer r a t h e r than on one o r two d i s c r e t e 
• 

occasions as f o u n d w i t h H. aspersa. 
I 

The l i f e cyc l e o f G.nemoralis i s v e r y s i m i l a r to t h a t o f 

I H, aspersa though the i n c u b a t i o n p e r i o d i s r a t h e r s h o r t e r , a t 

about twenty f i v e days, and i t i s probable t h a t young ha t ch ing 

e a r l y i n s p r i n g may breed the f o l l o w i n g autumn. The t ime taken 

f o r development may be assessed b y breaks i n the banding 

pa t t e rn , caused b y cessa t ion o f growth d u r i n g h i b e r n a t i o n . 

Uost a d u l t G. nemoral i s f o u n d showed two such breaks ,but some 

were f o u n d w i t h o n l y one. Thus a l i f e span o f 2 i t o 3 years i s 

I p robab le . 

I I I . 3 . Vege ta t ion A n a l y s i s . 

The s t and ing c r o p s , d i v i d e d i n t o the f i v e ca tegor ies , 

B r y o p h y t e , l i v e d ioo t , dead d l c o t , l i v e monocot,and dead monocot, 

are shown i i i Flf^ree 15 and 16 f o r the main t r ansec t and the 

n e t t l e slope r e s p e c t i v e l y . Many o f the changes i n the vege ta t ion 

along the t r ansec t s can be seen f r o m these F igures and can 
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P i g . 15. Standing crop i n g. d ry w t . / m^'qjaadrat on the main 

t ransect ,August ,1974. 
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I • 

P i g . 16. Standing crop i n g . d r y w t . / m* quadrat on the n e t t l e 
s lope , AijigUBt 1974. 
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bes t be descr ibed by cons ide r ing each o f the f i v e p r i n c i p a l 
areas i n t u r n ; -

( i ) Top t e r r ace (quadrats 1 - 1 3 ) . T o t a l s tanding crop i s h i g h , 

made up m o s t l y o f S e s l e r i a caerulea u n d e r l a i n b y a carpet o f 

moss. 

( i i ) Midd le t e r r a c e (quadrats 16 - 28 ) . a^ypif l e d by a lower 

s t and ing c r o p , w i t h almost equal amounts o f d i c o t s and 

monooota and no bryophytes . The h ighe r s tanding crops i n 

quadrats 25 and 28 are due t o h i g h d e n s i t i e s o f Ononis rep ens 

and Leontodon h i sp ldua r e s p e c t i v e l y , w h i c h grov w e l l on the 

l e s s compacted s o i l a t the edge o f the t e r race . 

( i l l ) Lower s lope (quadrats 29 40).The s tanding crop decreases 

g r a d u a l l y down the slope as the subs t ra te becomes i n c r e a s i n g l y 

uns t i (b le . Monocots and d i c o t s occur i n almost equal q u a n t i t i e s . 

( i v ) S ros lon s lope (Quadrats 43 - 7 3 ) . The uns tab le subs t ra te 

r e s u l t s i n a l o w s tand ing crop,composed o f s c a t t e r e d , f a i r l y 

l a r g e p l a n t s , w i t h considerable areas o f bare ground between 

them.Monocot8 are more common near the bot tom o f the s lope , 

b u t the p r o p o r t i o n o f d i c o t s increaiaes towards the top . 

(v ) N e t t l e s lope (quadrats A l - A33).The c e n t r a l p a r t o f t h i s 

area i s f a i r l y u n i f o r m l y vegetated,dominated by d i c o t s , 

ma in ly U r t i o a S i f i i S f l t S a l i l i f f i 6(ELflEUafi»and R a b j i f i j ^ t h ' a steady ^ 

b u t low dead monocot component. A t the bot tom of the slope 

Monocots are more conspicuous,dominated by Hel 1 e t o t r l e h o n 

pub^aeena- The v e r y top o f the t r ansec t shows a s i m i l a r 

v e g e t a t i o n to the middle o f the l o w e r s lope. 

Table 5 shows the mean s tand ing crops f o r each o f these 

areas d i v i d e d i n t o the f i v e ca tegor ies o f vege t a t i on . 
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Table 5. Mean s t and ing crops i n g .d ry w t . / n ^ f o r d i f f e r e n t areas 
o f the s tudy s i t e , A u g u s t 1974. 
Area 

Top t e r r a c e 
Mid t e r r a c e 
Lower s lope 
Eros ion slop( 
N e t t l e slope 

Dead L i v e Dead L i v e Bryophyte 
monocot monocot d i c o t d i c o t 

79.02 68 ,21 5.43 20.99 81.39 
34.45 22.67 17.24 - 91.65 0.35 
68.43 45.00 27.22 43,60 0.63 
13.42 9.32 13.20 31.43 0 
52,57 30.58 129.30 188.13 0 .61 

I I I . 4 . S n a i l Feeding, 

(a) Faecal A n a l y s i s . 

Table 6, shows the numbers o f fragments o f the f i v e recog-

- n i s a b l e ca tegor ies o f p l a n t m a t e r i a l f o u n d i n the faeces o f 

d i f f e r e n t s n a i l s a t d i f f e r e n t s i t e s w i t h i n the quarry. Each 

f i g u r e . is the t o t a l f r o m t en s n a i l s . 

Table 6, Nunibers o f f ragments o f d i f f e r e n t categor ies o f 

Vege ta t ion recognised i n the faeces o f ten a d u l t s n a i l s on 

d i f f e r e n t areas o f s tudy s i t e , J u l y and August,1974, 

Area S n a i l 
species 

Top t e r r a c e Q-nemoralia 
Mid t e r r a c e H.asperas 
Lower s lope H.asperaa 

0. nemorallfl 
N e t t l e s lope E».aspsss& 

0.nemoral i s 

I t should be p o i n t e d out t h a t there are va r ious pos s ib l e 

sources o f e r r o r i n these f igures , some o f ^ i c h have been 

l i s t e d by Hansson ( 1 9 7 0 ) . F i r s t l y a l l i d e n t i f i c a t i o n i s 

subdect ive ,and r e l a t e d t o t h i s i s a gradual improvement i n 

No. o f fragments 
T o t a l D.M. L.M. D.D. L.DL Br . T o t a l 

559 0 238 0 280 1077 
388 0 497 191 157 1233 
379 0 843 62 382 1666 
982 0 524 67 101 1674 
177 0 920 110 17 1224 

66 0 1032 37 6 1141 
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the a b i l i t y t o recognise i t ems ,which may be a t d i f f e r e n t 

r a t e s f o r d i f f e r e n t ca tegor ies o f f ragment . Probably the 

g r ea t e s t source o f e r r o r occurs due t o the f a c t t h a t s n a i l s 

break down d i f f e r e n t p l a n t ma t e r i a l s i n d i f f e r e n t ways. Thus 

l i v e d l o o t m a t e r i a l may emerge as an amorphous mass o f ve ry 

f i n e p a r t i c l e s , among which o n l y h a i r s are recognisable . 

Monocots on the o the r hand tend to be l e s s fragmented and 

o f t e n q u i t e considerable l eng ths o f grass blade may be voided. 

F i n a l l y bryophyte i s passed out v i r t u a l l y una l te red ,and so 

may be over- represented i n the t o t a l s i n Table 7. I n s p i t e o f 

these p rov i so s i t i s probable t h a t the f i g u r e s obta ined do 

bear a f a i r l y c lose r e l a t i o n to the r e l a t i v e amounts eaten 

b y the s n a i l s . 

The most s t r i k i n g f e a t u r e o f the r e s u l t s i s the complete 

absence o f l i v e monocots I n the d i e t s o f the sna i l s , and the 

r e l a t i v e l y smal l p r o p o r t i o n s o f l i v e d i c o t s eaten. Dead 

m a t e r i a l w i t h some bryophyte makes v i r t u a l l y the whole d i e t 

o f b o t h species. 

To i n v e s t i g a t e any d i f f e r e n c e i n type o f m a t e r i a l eaten 

between the two species Chi-squared t e s t s were c a r r i e d out 

f o r the lower slope and the n e t t l e slope data where b o t h 

species were c o l l e c t e d . The r e s u l t i n b o t h cases showed a 

s i g n i f i c a n t d i f f e r e n c e (Ghi-squared = 505.12 and 95.93 f o r 

lower s lope and n e t t l e s lope r e s p e c t i v e l y , p = 0 .001) ,and on 

b o t h areas the most l iqpor tan t terms were the dead monocot and 

the dead d l c o t . O n the lower slope G-nemoralis i s c l e a r l y 

t a k i n g much more monocot m a t e r i a l than H. aspersA^which eats 

more d i c o t . O n the n e t t l e slope t h i s r e s u l t i s reversed,but 
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I t h i s c o u l d be due t o a l l t en 0. nemoralia i n d i v i d a a l s be ing 

; c o l l e c t e d evenly down the litiole s lope whereas h a l f the H. asneraa 

i n d i v i d u a l s were c o l l e c t e d near the bot tom o f the t r ansec t , 

i where monocots comprise the main component o f the vege ta t ion . 

I These f i v e s n a i l s p r o v i d e d 141 out o f 177 observat ions o f dead 

! monocot m a t e r i a l . When the c o l l e c t i o n s were made i t was in tended 

I t o double the sample s i z e , b u t lacic o f t ime prevented f a e c a l 

I ana ly s i s o f more s n a i l s . 

I Fragments o f a v a r i e t y o f p l a n t species were also recognised 

! i n the s n a i l faeces , though n o t r e g u l a r l y or f r e q u e n t l y e n o u ^ 

t o p e r m i t q u a n t i t a t i v e t rea tment . (See Table 7 ) . On the n e t t l e 

! s lope considersible numbers o f i n s e c t fragments were also f o u n d 

' i n the faeces o f b o t h spebles.Mbst o f these appeared to be f r o m 

' flphids,and were p r o b a b l y eaten w i t h l e a f m a t e r i a l r a the r than 

' s epa ra t e ly . 
i 

Table 7. Species o f p l a n t recognised i n the faeces o f G.nemoralis 

and H. aaperafl^. ( = f r e q u e n t , * * = occas iona l ,* = s i n g l e observ-

- a t i o n s ) J u l y and Acigast,1974. 

P l a n t species O.nemoralis H. aspersa 

,8eBler la caerulea 
B r j g a media 

Helianthemum 
chamiaeclBtua 

Lotus o o m i o u l a t u a 
T r l f o l i u m medium . 
Po te r ium sanguisorba 
Galium apar ine 
Oentaurea scabioaa 
.Siss i i f igQ tastssa. 
Hieraqj im YUlgatllD 
PrtjQfiL d ioiea 

* -
«* ** 

* * 
« 
* • 
* 
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(b) P a l a t a b l l l t y Experiments. 

The r e s u l t s o f t h i s se t o f exper iments , ca r r i ed out between 

Jtine and August^are presented i n Tables 8 and 9 . f o r H. aspersa 

and G. nemoral i s r e s p e c t i v e l y . Unfor tunate ly ,becanse o f the v a r i a -

- b l l l t y f o u n d i n many o f the r e p l i c a t e s , w i t h F a l a t a b l l l t y 

I n d i c e s r ang ing f r o m zero t o i n f i n i t y i n some Ins tances , the 

values f o r the Index f o r each p l a n t species comprise oonibined 

da ta f o r a l l t e n r e p l i c a t e s I n each case.However,I t i s f e l t 

t h a t these i n d i c e s are s t i l l a meaning f u l guide t o the 

p a l a t a b l l l t y o f the d i f f e r e n t p l a n t species , s ince the most 

h i £ ^ y v a r i a b l e r e s u l t s were always due t o s n a i l s t h a t a te 

l i t t l e o r n o t h i n g d u r i n g the experiment. Consequently i t was 

n o t p o s s i b l e t o c a r r y ou t s t a t i s t i c a l t e s t s on the i n d i v i d u a l 

I n d i c e s , b u t o n l y on the whole sequence. 

The r e s u l t s f o r G.nemoralis w i t h l i v e p l a n t m a t e r i a l agree 

c l o s e l y w i t h those o f Grime e t . a l . (1968),as w e l l as the observa-

- t l o n s o f a a l n (1891),showing t h a t r e l a t i v e l y few d l c o t species 

and no monooot species o f f e r e d t o them are p a l a t a b l e when 

a l i v e . The o n l y except ions are some Gomposltae,suoh as Hleraolum 

vulgatum.Taraxacum o f f i c i n a l e and Sonchus a8per,and a lso Ononis 

r^j^fiOa. and Urtiea d l o l c a . I t i s c l e a r however t h a t dead p l a n t s 

are v e r y much more p a l a t a b l e , t h e P a l a t a b l l l t y Ind ices f o r dead 

m a t e r i a l b e i n g h i g h e r than those f o r l i v e f o o d almost w i t h o u t 

excep t ion . Bven a smal l q u a n t i t y o f three dead monocot species 

was, taken . 

H. agperaa ,-on the o the r hand,seem t o f i n d most d l c o t m a t e r i a l 

o f f e r e d t o them f a i r l y p a l a t a b l e , w i t h the notab le except ion o f 

the f a m i l y Rosaceae,while the Gomposltae are again f avoured 

foods*Monocots were again l e f t untouched. 

D i f f e r e n c e s i n the p a l a t a b l l l t y o f the t e s t ed species between 

0- nemora l i s an'̂ ) H, aspersa were i n v e s t i g a t e d u s i n g the Wllooxon 



Table 8. P a l a t a b i l i t y I n d i c e s (P. I . ) f o r H. aspersa f e d on 41 

species o f l i v e p l a n t and 33 spp. o f dead p i an t , June - Aagust 1974. 

L i v e . Dead 
P l a n t species P l a n t Paper P . I . P l a n t Paper P. I . P l a n t species 

eaten mm eaten un eaten mm eaten mm 

Reseda l u t e o l a 3596 3935 0 .91 2000 2994 0.67 
Helianthemum 

chamaedstus 33 1858 0.02 137 2360 0.06 
S i l ene v u l g a r i s 1487 3962 0.38 889 3437 0.26 
Ononis reptens 2403 2260 1.06 1400 2162 0.65 
T r i f o l i u m medium 3969 3812 1.04 3585 3893 0.92 
A n t h y l l i s 

v u l n e r a r i a • 0 3942 0 
Lotus comiculatuE 1230 3399 0.36 3550 3536 1.00 
Po.terlum 

sanguisorba 0 2235 0 694 3015 0.23 
P o t e n t i l l a reptanE 2050 4000 0 . 5 1 1045 3025 0.35 
F r a g a r i a vesca 0 3219 0 
SubuB sp. 0 2814 0 . 2 3112 0 
Geum urbanum 435 3979 0 .11 
Bosa Efp. 0 3895 0 
Ohsmaenerlon 

a n g u s t i f o l l u m 0 3946 0 1717 3859 0.44 
Heracleum 

aphondyleuB 1319 3528 0.37 3968 3774 1.05 
Sambucus n i g r a 2154 2995 0.72 2482 3327 0.75 
Galium aparine 730 1615 0.45 15L91 3200 0.49 
A c h i l l e a m i l l e f o l l a 2720 4000 0.68 1221 1891 0.94 

. Chrysanthemum 
3499 0.79 leucanthemum 2758 3499 0.79 

Tass i lago 
4000 3587 1.12 f a r f a r a 1360 3014 0.45 4000 3587 1.12 

Senecio Jacobaea 14 3800 0 1518 3919 0. 39 
Centaurea n i g r a 3882 3600 1.08 2477 3274 0.76 
C. scabiosa 1446 2788 0.52 1792 3600 0.50 
Hieraolum vulgatun 3200 3044 1.05 4000 3398 1.18 
H . p i l o s e l l a 2076 4000 ; 0.52 
Leontodon 

3600 0.94 h i s p i d u s 4000 3940 1.02 3399 3600 0.94 
Taraxacum 

2242 1.42 o f f i c i n a l e 3600 2202 1.13 3200 2242 1.42 
Sonchus asper 4000 3912 1.02 4000 3266 1.22 
Primnila v e r i s 0 1200 0 13 3823 0 
Thymus d r u c e i 1410 3889 0.36 

3651 0.85 Stachys s y l v a t i c a 618 4000 0.15 3120 3651 0.85 
Lamium album 4000 4000 1.00 4000 3889 1.03 
p l a n t ago media 2779 3293 0.84 4000 3767 1,06 
P. l a n c e o l a t a 679 3145 0. 22 3038 3867 0.79 
U r t i o a d i o i c a 2719 3492 0.78 4000 3814 1.05 
Garex f l a c c a 0 1429 0 0 1800 0 
H e l i c t o t r l c h o n 

3682 0.07 pubesoens 0 3857. 0 249 3682 0.07 
S e s l e r i a caerulea 0 2474 0 0 2000 0 
D a c t y l i s glomerate 0 3124 TO 160 . 1605 0 . 1 
B r i z a .media 0 2000 0 0 2000 0 
Festuba o v i n a 

f —. 

0 1785 0 
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Table 9. P a l a t a b l l l t y Ind i ce s (P. I . ) f o r G.nemoralis f e d on 41 
spp .o f l i v e p l a n t and 33 spp .of dead p lan t , June - August 1974. 

P l a n t species P l i m t 
baten mm 

I^VB 
Paper 

eaten mm 
P. I . P l a n t 

leaten mm 
Paper 

eaten ion 
P. I . 

• I 

Reseda l u t e o l a 
Hellanthemum 

ohamaeelatua 
S l l ene v u l g a r i s 
Onpnlg csaisoa 
T r l f o l l u m msMm 

174 

58 
19 

2055 
44 

AntbylllB 
YUlnerarls 

e o m i e n l a t n a 
Ppterl\im saagnlgorl^a 
P o t e n t l l l a reptan^ 
F r a g a r l a Y£fifi& 
S^&2U sp. 
Qsm. urbaflum 
Rofia sp. 
(S^smsnsslsm. 

i f f l g u B t i f o i i u m 
Heracleum 

aphondyleum 
Santouous n i g c & 
flalium ff^tsslBS. 
A e h i l l g g 

m i l l e f o l i u m 
Ghrvaanthemum 

7 ftiiftftnthftmnm 
BasBilago 

f a r f a r a 
Senedo Jacobgi^a 
Gentaurea n i g r a 
G. aeabiosa 
Hieraolum Yvagatfflfa 3236 
H-pt loae l l a 
Leontodon hl^lflttt 

17 

0 
109 

0 
0 
0 
0 

2 
260 

94 

152 

434 

54 
10 

103 
158 

Taraxacum Q f n c j n A l g 

87 
3229 

iPr imnla v e r i a 
Thymus d r u c e l 
Staehys avlvat ioa 

PlMitayo msSlfi 
P-laneeolata 

Garex f l f i f i f f i A 
H e l i c t o t r i c h o n 

pnbeaeena 
a e a i e r i a caewilea 
D a e t y l l s glPPlgpatA 
B r i z a mgdlA 
Featuoa i2Zln& 

3600 
3774 

0 
0 
0 

94 
6 
0 

2070 

3973 

3491 
3837 
3378 
3786 

4000 

3373 

3066 
3920 
3652 
3671 
4000 

3293 

3875 

2629 
2488 
2207 

3825 

4000 

3324 
3903 
4000 
3679 
317Q 
3550 
3612 

2202 
3646 
3420 
3836 
3938 
3508 
3488 
2857 
3469 

0 .04 

0.02 
0 

0 .61 
0 .01 

0 

0 

0 
0.03 

0 
0 
0 
0 

0 
O J I 
0.04 

0.04 

0 .11 

0.02 
0 

0.03 
0.04 
1.02 
0.02 
0.89 

1.63 
1.04 

0 
0 
0 

0.03 
0 
0 

0.60 

257 

89 
14 
20 

1932 

3660 

0 
1615 

1405 

3582 
2039 

255 

1221 

428 
392 
164 
897 

2749 

1527 

3262 
3205 

0 

495 
2513 
2492 
1413 
3458 

1379 

2440 
2578 
3000 
3886 

2524 

2700 
2879 

2395 

2886 

3007 
1309 
2935 

1891 

3775 
1869 
3367 
3344 
2583 

2596 

2961 
3270 
3293 

2093 
3951 
2681 
2514 
1652 

0 
0 
0 
0 
0 

2000 

3658 
4000 
4000 
1655 
1760 

0 
0 
0 
0 
0 

142 
0 

17 
90 

1800 

2756 
1950 
1729 
1800 

0.19 

0.04 
0 

0.02 
0. 50 

1.43 

0 
0.56 

0.49 

1.19 
1.56 
0.09 

0.65 

0 .11 
0 .21 
0.05 
0.27 
1.06 

0.59 

1.10 
0. 98 

0 

0.24 
0.64 

^Q. 93 
0.56 
2.09 

0.05 
0 

0 .01 
0.05 
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Signed rank Test (Campbell, 1967) .This gave a f i g a r e f o r the t e s t 
s t a t i s t i c ' z ' o f 4 .96 ,wh ich i s s i g n i f i c a n t a t the 0.05 l e v e l , 
showing t h a t the re i s a considerable d i f f e r e n c e i n the foods 
t h a t are acceptable t o the two s n a i l species. 

( c ) Feeding Observat ions. 

The nuoiber o f t imes t h a t s n a i l s were observed f e e d i n g on a 

v a r i e t y o f p l a n t s i n the f i e l d i s recorded i n Table 10 f o r 

H. aspersa and Table 11 f o r C-hemoralla.Because the r e l a t i v e 

abundances o f the d i f f e r e n t p l a n t species were an impor tan t 

f a c t o r i n the number o f observat ions made o f f e e d i n g s n a i l s » 

these r e s u l t s cannot be compared w i t h those f r o m the p a l a t a b i l i t y 

experiments.However i t i s c l e a r t h a t these r e s u l t s are c o n s i s t -

- e n t w i t h those ob ta ined f r o m l a b o r a t o r y w o r k , ^ i c h emphasises 

the use fu lness o f the e ^ e r i m e n t a l approacdx. 

Coniparisons between the f e e d i n g h a b i t s o f the two s n a i l species 

can be made on these data i n terms o f p r o p o r t i o n s o f l i v e and 

dead m a t e r i a l taken (Table 12)and o f monocot and d i c o t taken 

(Table 1 3 ) . 

Table 12. The number o f obaervat ions o f C.nemOFflllB and 

H. ftgperaa f e e d i n g on l i v e and dead m a t e r i a l . 

S n a i l species Dead L i v e To t a l 

G,nemoralis 26 13 39 

H- aspersa 50 33 83 

X ' s 0.467 p =>0.05 



Table 10. Ihe number o f observat ions o f H. aspersa f e e d i n g on 

d i f f e r e n t p l a n t species i n the f i e l d , J u n e - Aagust,1974. 

P l a n t species 

U r t i c a d i o i c a 
Galium spar ine 
U r t i c a d i o i c a 
Tuss i lago f a r f a r a 
Taraxacum o f f i c i n a l e 
Hieraoium vulgatum 
Galium aparine 
Lamium album 
Lamium album 
Tass i lago f a r f a r a 
Centaurea scsbiosa II ti 
S i l ene v u l g a r i s 
PIantago l a n c e o l a t a 
T r i f o l i u m medium 
Heracleum sphondylium 
Poter ium sangu i soAa 
Rubus sp. 
S e s l e r i a caerulea 
Gi rs ium vu lga re 
Gentaurea n i g r a 

Cond i t i on No. o f 
observat ions 

Hierac ium vulgatum 
Lotus c o m i c u l a t u s 
S i l ene v u l g a r i s 
PIantago l a n c e o l a t a 
Thymus d r u c e i 
Heracleum sphondylium 
Leontodon h i s p i d u s 
S t e l l a r l a media 
Ulex europaeus 

Dead 16 
Dead 9 
L i v e 5 
Dead 5 
Dead 4 
L i v e 4 
L i v e 3 
Dead 2 
L i v e 2 
L i v e 2 
Dead 2 
L i v e 2 
L i v e 2 
L i v e 2 
L i v e 2 
L i v e 2 
Dead 2 
Dead 2 
Dead 2 
L i v e 2 
Dead 1 
L i v e 1 
Dead 1 
Dead 1 
Dead 1 
Dead 1 
Floi^ers - 1 
Dead 1 
L i v e 1 
L i v e 1 
Flowers 1 

T o t a l no. o f observat ions ~ 83 
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Table n .The number o f observat ions o f G.nemoralis f e e d i n g 
i 

on d i f f e r e n t p l a n t species i n the f i e l d , J u n e August, 1974 
P l a n t species Gond l t l on No. o f observat ions 

Segi^Fl f t (fa^rvA^a Dead 11 
Hî ra<?î ffl v u l gatum L i v e 5 
Taraâ ftcttffl 

Dead 3 
£as£ssa L i v e 3 Dead 3 

Dead 2 
Bryophyte spp.. - 2 
P g t g r t u p 

sanff^i80EkLa Dead 2 
TftPftxaeum 

L i v e 1 L i v e 
Dead 

1 
1 

n r t i e a d i o l o a L i v e 1 
Lamlum ^JUijjja Dead 1 
IlfililUL 

oomieulatuB L i v e 1 
J J j y p i B dwieei Flowers 1 
PIantago 

Dead l a n e e o l a t a Dead 1 
Featuea fiZl&fl Dead' 1 
Gentaurea 

Dead aenbiosa Dead 1 

T o t a l no. o f observat ions 41 
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j Table 13. The nuuiber of observations of O.nemoralls and 

H. aspersa feeding on monocot and dicot material. 

Snail species Monocot Ja.cot Hotel 

0. nemoralis 12 27 39 

I H. aspersa 2 81 83 

20.81 p=<0.001 

; Clearly there i s no difference between 0.nemoralis and 

I H. aspersa i n respect of the amounts of dead and l i v e material 

taken,but there i s a s ignif icant difference i n the relative 

proportions of monocots and dicots i n the diets of the two 

speciesywith 0.nemoralis consuming much more monocot than 

I I I . 5. Ingestion and assimilation by snails. 

Considerable d i f f i c u l t y was experienced i n persuading both 

H. asperaa and G. nemoralla to feed,even when presented with 

apparently h i ^ l y palatable foods.A series of experiments i n 

which the snails were kept i n small glass jars f a i l e d 

coQQpletely.Flastic containers were then t r i ed , and the experi-

-ments using these yielded results f o r two species of l i v e 

plant,out of four t r i e d f o r adult H. afipersa,and one species of 

dead plant ,out of three t r i e d f o r adult C.nemoralis. I n each 

case ten replicates were set up,though not a l l the individuals 

responded by eating. The figures obtained are shown i n Tables 

14 to 16. 



Tableu Assimilation rates f o r H.£gQS£SA fed on l i v e TasBilago 
fa r fa ra . (Adult specimens,August 1974) 

Fresh wt.of Dry wt.of * Dry wt.of faeces % assimilation 
food eaten (g) food eaten (g) produced (g). 

0.6380 
0.5186 
0.9010 
0.3582 
0.5940 
0.7258, 

0.0759 
0.0627 
0.1089 
0.0433 
0.0718 
0.0878 

0.0393 48.26 
0.0092 85.33 
0.0290 73.39 
0.0129 70.22 
0.0292 59.35 
0.0280 68.10 

UBAN » 67.44-^JL2.63 

•Using conversion f igure ,dry wt. v fresh wt. of 0.1209, 
mean of 10 conversions. 

Table -. c Assimilation rates f o r g. 
- — - — . . ft 

*ed on l i v e i 
SSSSSSf (Adult specimens,Augu8tiw4) 

Presh wt. of 
food eaten(g) 

. 1.4484 
1.2981 
1.3164 
0. 7989 
1.0113 
0.6853 
0. 8367 
1.3850 
0.5959 
0.6963 

Dry wt. of • Dry wt.of faeces 
food eaten(g) produced (g). ^ assimilation 

0.1593 
0.1427 
0.1448 
0.0878 
0.1112 
0.0764 
0.0920 
0.1523 
0.0655 
0.0765 

0.0306 80.79 
0.0257 81.99 
0.0263 81.83 
0.0186 78.81 
0.0175 84.26 
0.0113 85.20 
0.0107 88.36 
0.0625 . 58.96 
0.0269 58.93 
0.0305 60.13 

IdEAN s 73.93iLl.74 

•TJsingconversion f igure ,dry wt . : fresh wt.of 0.1101, 
mean of 10 conversions. 

Table 16. Assimilation rates f o r fi.a§BMaUft fed on dead |ss;&S^ 
SSSSLf (Adult, 'specimens,August 1974) 

Fresh wt.of Dry wt.of • ^ Dry wt.of faeces 
food eaten(g) food eaten(g) produced Cg;. 

0 . 4 2 0 3 
0 . 3 2 2 3 
0 . 4 7 3 3 
0 .1077 
0 . 7 6 1 5 
0 . 0 8 7 3 
0 .6200 
0 . 3459 

0 .0383 
0 . 0 2 9 4 
0 .0432 
0 .0098 
0 .0695 
0 .0079 
0 .0566 
0 . 0 3 1 5 

0 . 0 1 2 1 
0 .0045 
0 . 0 0 7 1 
0 .0045 
0 .0306 
0 .0047 
0 .0070 
0 . 0 0 5 1 

% assimilation 

6 8 . 4 
8 4 . 7 
8 3 . 6 
5 4 . 1 
5 6 . 0 
4 0 . 5 
8 7 . 6 
8 3 . 8 

mKSi = 69 .8I ;L7.8 
•Using conversion f igure ,dry wt . : fresh wt. of 0 . 0 9 1 3 , 
mean of 1 0 conversions. 
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Hie mean percentage assimilation i s approximately 70% f o r 
both H,aspersa and C.nemoralisfUdiieh agrees well with Mason's 
f igure of 66^ f o r Hasperaa at 15 C,obtained by the same method. 
Howeverycompared with other mollusc values,such as 5S% f o r 
H. aspersa measured by an ash-ratio method (Mason, 1970) and 57% 
f o r L i t t o r l n a l i t t o r e a (Orahame,1973),this f igure seems rather 
high« The difference could be due to some plant material remain-
- ing i n the gut a f te r most of i t has passed out as faeces. 
Certainly the t ransi t ion from green to white faeces due to 
plants and f i l t e r paper respectively was not very sharp,and 
small amounts of green tended to appear i n white faeces. The 
other possible source of error l i e s i n changes i n weight due 
to evaporation or uptake of water from fresh material. I n spite 
of these reservations i t i s clear that these snails show a 
his^ rate of assimilation compared to most Invertebrates. 

The amount of faeces produced i n 24 hours by snails collected 

from the study area i s shown i n Table 17. 

Table 17, Mount of faeces produced per day (g. dry wt . ) by 

individual adult H. aspersa and G-nemopalla. 
Snall species No. of replicates Mean wt. faeces produced 

g. dry wt./day + S. Dt 
H. aspersa 16 0.0652 + 0.025 ' 

G,nemorallB 14 0.0155 + 0.0103 

Prom these f igures.using an assimilation rate ..of 70j6,mean 

figures f o r ingestion rates can be calculated" (Table 18). 
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Table 18. Ingestion rates (g. dry wt./day)for individual adult 
H. aspersa and 0. nemoralis. 

Snail species Ingestion rate, g. dry wt,/day. 

H. agpersa 0.217 

G. nemoralis 0,051 

III^6.Uean teiqperature measurement. 

The mean ten^eratures f o r the eight sample sites throu£^ 

the duration of the study period are shown i n Figure 17. The 

results from tubes 1,2,4,7,and 8 f o r June A are missing due to 

the plas t ic tubes that were used on this occasion forcing their 

caps o f f . The remainder of the results were obtained using screw 

top glass ;}ars. 

j ^ a r t from s i te 1 i n the second half of June,the temperature 

p ro f i l e s are f a i r l y consistent,showing a peak at s i te 3,with 

lower temperatures on either side,on the main transect. Teiqp-

-eratures on the net t le slope (sites 7 and 8) were generally 

rather lower. 

I I I . 7. Shelter. 
The results of the analysis of available shelter are shown 

i n Figure 18. Clearly the net t le slope provides more shelter 

than the main transect,mainly due to the denser vegetation,but 

aiso due to a considerable number of small rocks underlying 

the plants. On the main transect moat shelter i s available on 
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Fig. 17. Mean temperatures measured; by the sucrose inversion 
method at 8 d i f fe rent sites on s t u ^ area,June - August,1974. 
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Pig. 18. Available shelter f o r each quadrat assessed on a 1 - 5 
scale,Aagust 1974. 
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the top terrace, due to thick grass and large boulders,and on 
the lower slope, due to the rubble scree. Scattered large plants 
on the middle terrace and the erosion slope provide the 
lower levels of shelter available on these areas. 
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IV. DES0U8SI0N. 

IV. 1* Snail Density and Distr ibution. 

I n an early discussion of the factors affecting snail 

distribution,Boycott (1934) states "there i s , i n short,no 

evidence that the abiindance of Mbllusca is,under any ordinary 

circumstances,conditioned by the quantity of food available 

(which i s always i n excess)." Tbla contention i s echoed by 

Wolda et a l . (1971),in their study of C.nemoralis.thouafa they 

point out that food quali ty may be an important but unknown 

factor , the nu t r i t iona l requirements of the species being largely 

unknown. Orlme and Blythe (1969) and Gh?ime,Blythe and Thornton 

(1970) on the other hand, considered that numbers of C. nemoralis 

are related to available die t , again stressing the possible 

role of food quali ty. 

Hie present study represents an attenipt to investigate i n 

more de ta i l how vegetation and snail density are related,by 

dividing the vegetation into components idiich might be Important 

to the snails. The f i v e basic components described i n sections I I 

and Il lydead monocotyllve monocot,dead d icot , l ive dlcot and 

brypphyte,can also be cooiblned to give to ta l monocot, to ta l 

d ico t , to ta l dead material , total l i v e material and to ta l 

standing crop. Correlations were attempted between the figures 

obtained f o r a l l these coiqponents and the density of snails, 

expressed as the mean number of snails per m̂  quadrat over the 

f i v e sampling occasions.The correlation coefficients obtained 

are shown i n Table 19. 

I t can be seen from these results that not only are some of 

the components of the vegetation important factors influencing 
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Table 19. Coefficients f o r correlations between densities of 
C.nemoraliSyH. aspersa and to ta l snails and standing crops of 
components of the vegetation. 

Component C.nemoralie H. asfpersa Tbtal 
r r ' r r* r r'-

Total dead 0.329 0.108 0.670** 0.449 0.644** 0.414 

Total l i v e 0.226 0.051 0.603** 0.363 0.571* 0.326 

Uonocot 0.596** 0.355 0.219 0.048 0.486* 0.236 

DLcot 0.087 - 0.640** 0.410 0.485* 0.235 

Tbtal 0.382 0.146 0.578** 0.334 0.668** 0.446 

Dead dicot - - 0.639** 0.409 - -
Dead mono cot 0.534* 0.285 - - -

* = p 0.01 ** = p 0.001 

Table 20. Coefficients f o r the correlations between H. aspersa, 

C.nemoralis,and to ta l snails and indices of shelter. 

Shelter 

H. aspersa 0.660** 0.436 

C. nemoralis 0.512* 0.262 

Total 0.733** 0.537 

* « p 0.01 ** = p 0.001 
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snail density,but that the two snail species are affected by 

d i f fe ren t components. 

Cnemoralla i s evidently most influenced by the amount of 

monocot avail able, wi th S5% of the variation In nximbers being due 

to changes i n the amount of monocotj(See Figures 19a and 19b). I n 

contrast,dead mater ia l , l ive material,dicot material and to ta l 

standing crop appear to have l i t t l e ef fect on this species. 

H. aspersa. on the other hand,is clearly affected by the to ta l 

standing crop,which accounts f o r 33.5% of the variation i n 

density,but more Important are the amounts of dead material and 

of both dead and to ta l dicot present,explaining 44.9% , 40.9% 

and 41% of the variat ion respectively. (See Figures 20a and b,and 

21a and h ) . 

When the numbers of the two species are combined, the strongest 

correlations are found with the to ta l standing crop and dead 

standing crop. (See Figures 22a and 22b). This strong correlation 

of t o t a l snail density with to t a l standing crop,combined with 

those f o r C.nemoralis with amount of monocot,and H. aspersa with 

dicot quantity,suggest that these two species of large snail 

are to some extent dividing the available food resources between 

them,thereby avoiding competition. This difference i s also 

ref lected In the diets of the two species ^ i c h are discussed 

below. 

Qrlme and his co-workers (1969 & 1970) ^ l l e considering the 

importance of food quali ty to C.nemoralls suggested that 

"phosphorus,either t h r o u ^ a deficiency i n the diet ,or by 

reducing the contribution of palatable species to the vegetation 

i s a l i m i t i n g fac tor on snail numbers." Their study si te at 
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Pigwl9. Mean number of C.nemoralis/m'"correlated with : -

(a) Total monocot standing crop,g.dry wtVai*" (August) 

160 ' ' ?bO ' • / , 3()0 
Mcnocot standing crop, gdrywym 

(b) Dead monocot standing crop,g.dry wt./m*" (August). 

^ • 100 • . ' "l?o 
Dead monocot standing crop, g.dry wym* 
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Pig, 20. Mean number of H- aspersa /niJune - August, 1974,correlated 

with : -

(a) Live standing crop,g. dry wt./m* (Aagust). 

5H 

3 
X 

o 
• 

o 
z 

Live standing crop, g.dry wt/m 

(b) Dead standing crop,g.dry wt./m* (Aagust). 

• i(io • . • • W 
Dead standing crop,g.dry wt/m 
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Fig,'21. Mean no. of ILaspersfl/n*June - August,correlated with 

f 

(a) Tbtal dicot standing crop,g. dry wt./m* (August). 

Dicot standing crop, g.dry wt/m 

(b) Dead dicot standing crop,g.dry wt./m' (August). 

ibo ' ' 200 ' • ,360 
Dead Dicot standing crop,g.dry wt/m* 
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Pig. 22. Mean to ta l no. of snails /m,June - August correlated with 

(a) Dead.standing crop,g.dry wt>/m' (Aagust). 

DEAD STANDING CROP, g.dry wl/m* 

(b) Total standing crop,g.dry wt./m* (August). 

'• 200 • • ' ' 400 • , , ^ , 
TOTAL STANDING CROP, g-dry wt./m^ 
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Winnats Pass,Derbyshire comprised two slopes facing north and 
south regpeetlvelv- C-nemoralia was confined,apparently by i t s 
preference f o r re la t ive ly hig^ temperatures to the south facing 
slope,where i t occurred at low densities.Another snail species, 
Arlanta arbustorum was found only on the other side of the pass, 

r 

reaching much higher densities than C. nemoralis.partlcularlv i n 

stands of Urtlca diolca.a plant associated with high phosphate 

levels (Pigott and Taylor, 1964). I n contrast the soils of the south 

facing slope were known to be deficient i n phosphorus. Therefore 

i t was concluded that the numbers of C.nemoralis m l ^ t be 

l imi ted by the ava i l ab i l i t y of phosphorus,while i t s distr ibution 

was defined by I t s temperature requirements. 

Evidence from the present study however suggests that at Bishop 

Mlddleham the level of phosphorus cannot be c r i t i c a l f o r 

C. nemoralis. This species i s found at highest densities on 

Sesleria caerulea grassland,whlle on the south facing slope 

covered i n Urtlca dloica,which indicates a high level of phos-

-phorus,lt does not reach par t icular ly high nutribers.H. aspersa 

on the other hand shows a dis t r ibut ion pattern that agrees well 

with the hypothesis that high phosphate levels are necessary to 

support a ;: !^.:^arge population of snails,peak numbers being 

found on the net t le covered slope. 

Vegetation,however,not only provides food f o r snails,but also 

acts as a source of shelter, and i t i s probable that both roles 

are involved i n the correlations found above.Boycott (1934) 

stresses the Importance of sources of shelter when considering 

requirements of the habltat,but this factor i s not discussed by 

Qrlme et a l , (1969 & 1970) nor by Wolda et a l . (1971). Therefore 

the Indices of shelter f o r each quadrat (see section I I I . 7 ) 

were correlated with the density of snails, the results being 
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given i n Table 20 and Figure 23, 

Clearly shelter represents an extremely important Influence 

on to ta l snail density,escplalning 53.7^ of the variation,and also 

has a strong ef fec t on both species Individually. Thus i t can be 

concluded that while the ava i l ab i l i ty of shelter i s probably 

the most iinportant single factor Influencing snail density, the 

food supply also plays a s ignif icant role. 

The d is t r ibut ion patterns of the snails i n terms of presence 

and absence from d i f fe ren t areas of the quarry i s also of some 

interest.Both species are absent from much of the middle terrace 

and this i s undoubtedly due to the almost complete lack of cover 

in . th is area,coupled with very low standing crops. C. nemoralis i s 

also completely absent from the upper part of the erosion slope, 

where H. aapersa i s found i n small numbers. Shelter i s unlikely to 

be the cause of th is difference i n distribution,since i t should 

a f fec t both species almost ident ica l ly , as they use very similar 

types of resting place,either thick vegetation,or cracks and 

crevices i n rooks or the ground. I f anything C. nemoralls.by 

v i r tue of i t s smaller size should be able to f i n d shelter more 

easily than H. aapersa. 

Pood supply could contribute towards the difference between 

the species, since monocots,with which C.nemoralis i s associated, 

are almost absent from this area,where most of the vegetation 

i s cooaposed of large individual dicot plants,separated from each 

other by considerable distances of bare ground. This spacing of the 

plants could also be of some relevance,with the smaller 0.nemoralis 

having d i f f i c u l t y i n foraging from plant to plant to f i n d enough 

food before returning to shelter, 

Tea5»erature i s certainly an important factor influencing 

local snail d i s t r ibu t ion , as shown at Winnats Pass by Orlme and 
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Fig. 23. Mean no. of H- asperaa.0. nemorallfl,. and to ta l snalla/m^, 

^une - August,correlated with index of shelter. Regression l ine 

f i t t e d by method of least squares, , ̂ ^^^^ 
r=07328 

Helix 
r=0-6602 

Cepaea 

r=0-5120 

U 5 
INDEX OF SHELTER 
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Blythe (1970),where 0.nemoralls Is confined to the south 
facing slope. In the present study however the mean tanperatures 
measured i n 111.6. above do not seem to be related to snail 
d is t r ibut ion i n any simple way. The mean temperatures on the west 
facing erosion slope,for instance (sites 5 and 6,Fig. l6) l i e 
roughly between those at s i te 1 and s i te 3,on the top terrace 
and lower slope respectively,where high numbers of 0.nemoralis 
are found. These figures are mean temperatures and i t i s possible 
that the diurnal range of temperature i s more iiqportant to the 
snails. This would probably be greatest on the erosion slope 
where the minimal vegetation cover w i l l provide very l i t t l e 
insulation. The presence of H. aspersa on this area could be due 
to i t s larger size giving i t greater control of i t s internal 
temperature than 0.nemoralis. thereby surviving the wide variations 
i n external temperature. Certainly H. aspersa can remain active 
f o r some days at 35"C. (Bussel-Hunter,1964),and was never observed 
aestivating during the present s t u d y , ^ i l e C. nemoralis were 
found i n this state on several occasions. Qie same considerations 
may also apply to humidity. 

Thus i t seems l i k e l y that local dis t r ibut ion of snails i s 

influenced by factors other than distr ibution of food and 

shelter,and that these factors,such as tea^erature and humidity, 

exert their influence on d i f ferent species with d i f ferent effects. 

IV. 2. Snail Feeding. 

.1 That C.nemoralis selects s t ron^y f o r certain components of 

the vegetation i s suggested b j the data of both Qrime and Blythe 
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(1969) and Wolda et a l . (1971),but i n neither case could the authors 

show seleiBtions by means of s t a t i s t i ca l tests. This i s due to 

the d i f f i c u l t y of measuring food taken by snails and the food 

available to them in the same or comparGlble units. The same 

problem was encountered i n the present investigation where the 

food taken was measured as the nuuiber of fragments foimd i n 

the faeces and the'food available as the dry weight of plant 

material per square metre. I t i s clear however from Table 21, 

which coTQ)areB the percentages of the f ive components of the veg-

-etat ion i n the faeces with tho&e f o r four areas i n Bishop 

Uiddleham quarry, that some selection i s taking place.In each 

case a Selection Index (S. I ; ) has been calculated as 

8.1. = % present i n the vegetation so that a S.I . of 
?b present i n the faeces 

1.0 indicates that the snails feed more or less at random from 

the available food, a S. I . of ^1.0 indicates selection f o r a com-

-ponent,and a S. I . of ^1 .0 shows selection against i t . I t i s 

assumed that the f i v e components of the vegetation were ident-

- i f i e d i n the faeces with equal ease. 

The most s t r ik ing conclusion to be drawn from this table i s 

the selection against l i v e material and against l i v e monocots 

i n particular.No fragments of l i v e monocot were ever observed 

i n the faeces of any snail,so that a l l S.I.'*.s equal i n f i n i t y , 

while th is cooiponent couqprises betweoi 7.6^,for the nett le 

slope,and 36.7^,for the top terrace,of the to ta l vegetation. 

This result i s supported by the Fala tabl l l ty Indices of zero 

f o r a l l species of l i v e monocota found eacperlmentally with both 

species of snail,and by the f i e l d feeding observations,in 

which no snail was found eating l i v e monooot tissues. This 

result i s of Interest ^ e n coa?)ared with the feeding of the 
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Table 21. Comparison of percentages of components of vegetation 

i n the f i e l d and i n snail faeces f o r d i f ferent areas of the study 

site^by means of Selection Indices ( S . I . ) . 

Area of Snail D.M. L.M. D.JJ. L,TK Br 
transect species 

Top terrace C. nemoralis Vegetation 31«0 26.7 2.1 8.2 31.9 
Faeces 51.9 0 22.1 0 26.0 

S.I . 0.6 0.09 1̂ 22 

Hid terrace H. aspersa Vegetation 20.7 13.6 10.4 55.1 0.2 
Faeces 31.5 0 40.3 15.5 12.7 

S.I . 0.65 OO 0.25 3.55 0.01 

Lower slope H. aspersa Vegetation 35.3 25.0 15.1 24.2 0.3 
Faeces 22.7 0 50.6 3.7 22.9 

S.I . 1.56 od 0.29 6.54 0.01 

Lower slope C. nemoralis Vegetation 35.3 25.0 15.1 24.2 0.3 
Faeces 58.7 0 31.3 4.0 6.0 

S.I . 0.60 0.48 6.05 0.05 

Nettle slope H. aspersa Vegetation 13.1 7.6 46.9 32.2 0.1 
Faeces 14.5 0 72.5 9.0 1.4 

8.1. 0.90 00 0.64 3.57 0.07 
. - • * - . • . • • • 

Nettle slope C.nemoralis Vegetation 13.1 7.6 46.9 32.2 0.1 
Faeces 5.8 0 90.4 3.2 0.5 

S.I . 2.25 0.51 10.0 0.2 

D.U. sSead monocot 
L.U. B l i v e monooot 
D.IL s dead dicot 
L. IX s l i v e dlcot 
Br ~ Bryophyte 
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slug Agriolimax reticulatua on grassland ^ere i t feeds 
almost exclusively on l i v e monocots,particularly Holous lanatua 
(Pallant,1972).It would seem that slugs and snails are widely 
separated i n the i r feeding preferences, and wi l lno t compete, at 
least f o r food. 

Live dicots are taken by both species of. snail i n small 

amounts,but generally more frequently by H. aspersa than by 

Q. nemoralls.but'ln a l l cases the proportion i n the diet i s 

less than that i n the vegetation,wlth S. I . 's ranging from 3.55 

to i n f i n i t y . Obe difference between the two species i n this 

respect i s supported by the results of the pa la tab l l l ty 

experiments ^ l o h show that l i v e material i s almost invariably 

more palatable to H. asperaa than to C.nemoralis. 

Dead material on the other hand i s clearly selected f o r by 

b o ^ species,particularly dead dlcot ,wlth S.I . 's a l l smaller 

than one. Dead monocot i s selected against on two areas of the 

quarry, the lower Blope,by H. aspersa.and the net t le slope by 

C.nemoralis.It i s possible that H.aspersa also selects against 

dead monocot on the i^ole of the net t le slope. The observed 

S. I . may be biased by the f apt that 50^ of the sample was 

collected from the lower,monocot dominated part of the slope, 

as discussed i n 111.4(a) above. Clearly dead monocot material 

i s eaten when I t i s the dominant component of the vegetation, 

but iHiea p l e n t i f u l dead dlcot i s available this i s strongly 

preferred. 

F ina l ly ,o f considerable Interest i s the selection f o r bryo-

-phytes shown i n every case,except the top terrace,iihere this 

coniponent i s found i n ab\mdance,On both the middle terrace 

and the lower slope there were areas of bryophyte several 
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metres outside thB collecting area round the transects,and i t i s 
probablevthat the snails make foraging t r ips to eat this evidently 
palatable food.These figures maybe inflated,due to the over-
representation of brypphyte i n the faecal fragments,since i t 
passes through the gut almost undamaged. In contrast^much of the 
angiosperm material i s broken into minute fragments fftilch are 
often unrecogniseible. (See section 111.4(a)'). 

Thus the faecal analysis,together with the observations of 

feeding i n the f i e l d and the Pala tabl l l ty Indices,show that 

snails generally select against l i v e plant material ^particularly 

monocotsysnd select f o r dead material ̂ particularly dlcot8 ,a lso 

eating a good deal of bryophyte. Die feeding observations support 

a trend seen i n the faecal analysis,with O.nemoralis eating 

more monooot than H. aspersa which appears to prefer dicot 

material.This result agrees closely with the relationships 

found between snail densities and d i f ferent components of the 

vegetation.The s ignif icant result from the feeding observations 

(see section I I I . 4 (c)) could be the result of the distr ibution 

pattern rather than being the cause of i t , s ince the feeding 

records were made at random throughout the si te . Thus records 

f o r O.nemoralis w i l l be more numerous lAiere this species reaches 

hi8^ densities, such as the top terrace,where standing crop of 

monocot i s also hi£h.Nevertheless i t does seem l i k e l y that the 

food preferences of the snails are a factor i n determining 

their d is t r ibut ion patterns i n the f J^eld. 

With regard to feeding on individual plant species, the palat-

- a b i l i t y experiments show several interesting results. Clearly 

the family Composltae are the most palatable taxonomic group 

of plants to both the snail species, a l l representatives on the 
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s i te being readily eaten both l i v e and dead,except Seneelo 
iscobfis^. This species Is extremely poisonous to vertebrates, 
containing six or more toxins (Forsyth,1968) which must also 
a f fec t snails i n some wa.v.Urtlea dloloafLamium album and the 
plantains (Plantago spp.) are also preferred foods, though 
C. nemoralia appears to eat them i n quantity only when they are 
dead or senescent.The least palatable group of plants are the 
Rosaceae,of v^loh only Potent i l la reptana i s eaten i n any 
amount,but the reasons f o r this unpal at a b i l i t y remain unclear. 
The leaves and stems of the species Involved are neither 
uniformly hairy nor glabrous, and Rubus f o r Instance i s frequent-
- l y used by both species of snail as a resting place.Many 
members of the family show hig^ Tannin levels (aibbs,1974), 
but f i l t e r paper soaked i n leaf extracts of Poterlmn and Rabus 
was found to be highly palatable to C.nemoralls (Grime et a l . , 
1968),so that soluble tannins seem an unlikely deterrent.Feeding 
on l i v e Lotus comlculatus was found, i n contrast to Wolda et a l . 
(1971),who observed only the flowers of this species being 
eaten,which they suggested was due to the cyanogenetlc properties 
of the leaves. Jones (1962) however has shown selective eating 
of acyanogenetlc plants by H. aspersa.and i n the present study 
six replicates were eaten,while four were l e f t untouched. Thou^ 
no tests f o r cyanogeneals were carried o u t , i t i s possible that 
the snails were showing selective eating and thereby helping 
to maintain the polymorphism. 

• Using the ingestion rates calculated i n section I I I . 5., 

sgpproximate figures f o r the amount of material eaten by the 

snai l population during a year can be calculated. I n doing so 

a number of assuniptions were made about population structure, 
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ingestion rates of Juvenile snails,and periods of snail ac t iv i ty , 
Shese were : -

(1) Ttie population of C. nemoralis.found by searching, comprises 

70Jg adults and 50% Juveniles (see section I I I . 2). 

(11.) The population of H, asoersa.f ound by searching,comprises 

60^ adults and 40^ Juveniles (see section I I I . 2 ) . 

( i l l ) Juvenile snails have an ingestion rate that i s 50^ of that 

of an adult snai l . 
( iv ) Snails are active f o r 175 days per year,from about mid-i |pril 

u n t i l la te Septeniber. 

A l l these assximptions,except ( i l l ) are based on observations made 

during the course of the investigation. 

Ttie results f o r the d i f fe rent areas of the transect are shown 

i n Table 22, expressed both i n g. dry weight eaten per square metre 

per year, and as a percentage of the mean August standing crop. The 

top terrace,lower slope and erosion slope show very close figures 

of 11.66J5,12,89^ and 10.69?S respectively of the standing crop 

eaten per year,which represents an Important contribution to 

energy turnover within the ecosystem. Bie f igure f o r the middle 

terrace,3.979S i s very low,due to the small snail population, 

probably caused by the almost to ta l lack, of shelter.The f igure 

of 19V<S8^'0t:i.8tifladlng crop eaten per year f o r the nett le slope 

appears high by comparison with the dther figures,but i s more 

acceptable when the vegetation of this area i s taken into 

account. V i r tua l ly a l l the plants on this slope are annuals 

(e.g. Ua?tica dloica.Qallum aoarine and Lamium albumjwith high 

rates of production relat ive to the standing crop,in contrast 
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Table 22. Amounts of plant material eaten by C.nemoralis and 

H. aspersa on d i f fe ren t areas of Bishop Ulddleham quarry 

expressed i n g.dry w t . / m / year. 

Area Top Uid. Lower Erosion Nettle 
Terrace Terrace Slope Slope Slope 

Mean no.of • 

CnempralisAi 1.97 0.06 0.64 0.04 0.77 

Mean no. of ** 
H.asper8a/n 0.32 0.16 0.46 0.18 2.30 
Amt. eaten by 
C.nemorali8 *** 
g;di7 .wt./yr. 17.59 0.53 5.72 0.36 6.88 
Mt, eaten by 
H;aiBpel»B& *** 
g,dry wt . /yr . 13.15 6.08 17.47 6.84 87.35 
Tbtal amt. 
eaten by snails 
g.dry wt . /y r . 29.74 6.61 23.19 7.20 94.23 

Mean August 
standing crop 
g.drywt./m 255.04 166.36 179.88 67.37 481.29 
% of mean 
standing crop 
eaten /year 11.66 3.97 12.89 10.69 19.58 

* Corrected to a l l adults by assuming 70^ of population i s 

adult and 2 juveniles s i adult i n terms of ingestion. 

** Corrected to a l l adults by asisuming that 60% of population 
i s adult and 2 Juveniles = 1 adull^ i n terms of ingestion. 

*** Assuming that snails are active f o r 175 days /year. 
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to the perrenial grasses such as Sesleria caerulearTrtilch are 
more common on the other areas. 

These figures give some indication of the Importance of the 

snails i n the ecosystem at Bishop Mlddl{eham,wlth consumptions 

of up to 20^ of the August standing qrop. However, i t i s evident 

from the feeding studies that on the whole H. aspersa and 

C. nemoralla are not acting as herbivores and grazing on the l i v i n g 

tissues of the plants.On the other hand they are not s t r i c t det-

r i t ivores either,since as Qrlme et a l . (1969) and Wolda et a l . (1971) 

point out and personal observations on feeding i n the f i e l d 

confirm,mo8t of the i r food i s senescent material, of ten s t i l l 

attached to the plant. Thus the snails are removing vegetation at 

a point af ter i t has ceased to be available to s t r i c t herbivores, 

and before i t becomes available to s t r i c t de t r l t lvores . l t i s 

probable that'such senescent material i s more nu t r i t ive than 

dead material i n the l i t t e r layer,where leaching w i l l lead to 

loss of soluble substances. I t may also be less toxic than l i v e 

material due to poisonous substances breaking down as the leaf 

senesces. 

Another point of interest i n considering the role of snails 

i n the community i s the very high assimilation rates that they 

e^Oilbit.Most detrl t ivores i n contrast show very low asBimll-
-a t lon rates,as shown i n Table 23. This means that these animals 

w i l l be acting pr imari ly as comminutors of dead materlal,break-

-Ing up large quantities in to f i n e r particles,but turning 

re la t ive ly l i t t l e into biomass. Snails on the other hand, 

with their high assimilation rates,must convert considerable 

amounts of senescent material into their own biomass,rather 
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Table 23.Assimilation rates f o r various species of detr i t lvore 

compared with H. aspersa and C.nemoralis. 

Species 

Armadillidlum 
Oniscus asellus 
GHomerls 
Dlxldesmus sp. 
Parcoblatta sp. 
Nemoblus sp. 
Ceuthophilus sp. 

vulgare |iBOPOd| 

" ^millipede] 

cockroach] 
cricket^ II 

Helix aspersa (mollusc) 
Cepaea nemoralls ( " ) 

% assimilation 

21 - 29 
16.2 

6 - 1 0 . 5 
• 6.4 

2.5 
3.0 
2.2 

70.0 
70 

Source 

Hubbell et a l . (1965) 
Hartenstein (1964) 
Bocock (1963) 
Relchle and 

Crossley (1965) 

than merely physically breaking i t iip. 

Thus observations on the feeding behaviour of snails show that 

they are specialist feeders on senescent material,representing 

a trophic level between herbivores and detritlvores.However, 

during the spring and summer,vAien the snails are active, this 

food source i s re la t ive ly scarce,mo8t plant material existing 

either as l i v e tissues Or as dead material within the l i t t e r 

layer. The hlga. assimilation rates of H. asperaa and C.neTOralia 
may be the factor enabling them to u t i l i s e this nu t r i t i ve but 

somewhat transitory food supply. 
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V. SDMMARy. 

nie aims of th is study were to investigate the effects of the 

vegetation on the density and dis t r ibut ion of populations of the 

snails Helix agpersa and Ggp^SA nemoralla,and to evaluate the 

impact of the snails on the vegetation, at Blshc^ Ulddlehem quarry 

Co. ])urham. 

n i l s Involved study of the fol lowing aspects of snail ecology: 

density and distribution: 'of the populations along f i xed transects 

wi thin the quarry,population structure and l i f e cycles,and feeding 

habits i n both the laboratory and the f ie ld , inc luding faecal 

analysls ,palatabil l ty experiments and measurements of ingestion 

and assimilation rates. The vegetation was analysed by cropping 

quadrats on the transect,and sorting into dead monocot,live 

monocot,dead d ico t , l i ve dlcot and bryophyte, to obtain measures of 

standing crop.Mean temperatures and available shelter were also 

investigated. 

Snail density was found to be most influenced by available 

shelter, though the vegetation was also of considerable importance. 

Total snail density was correlated with to ta l standing crop while 

H. aspersa showed correlation with the amount of dicot present 

and 0.nemoralis with amount of monocot available. Temperature, 

humidity and size of snail were considered to be other factors 

Influencing snail d is t r ibut ion patterns. 

Snails were foimd to select against l i v e material and i n part-

- icu la r against l i v e monocots,while selecting strongfly f o r dead 

dlcot and bryophyte. The quantity of dead monocot eaten appears to 

depend on the quantity available,with C.nemoralis consiuning more 

of th is component than H. aspersa. I t was concluded that these 

snails feed mainly on senescent material,which their high assim-

- i l a t i o n rates (approx.70j5) enables them to exploit , taking about 

10% of the Aagust standing crop per year. 
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