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A B :..; 'I' _{ .-.. C T 

/, s tudy \vas made of the popula ~ ion e colo by of Helix a spersa 

l·mller in coa3t <;:. l dunes a t Santof t fores t, near Bulls . The envi ronment 

was bein~ a ltered by a f f ores t a tion proces ses. 

The di stribu t ion of the c~ni : .. a ls is affec ted by the pres ence 

of tree l upin , Lu:linus arboreus Sims , t o which they a r e strongl y 

a ttracted. Ar eas pl a nt ed v: i tli lupin a r e capable of supporting a much 

grea ter density of s nails than non-lupin areas , a nd thi s is thouGht 

to be due to the nutritive va lue of thi s species. 

Sna il popu l at ion densitie s ap~ear to increase r apidly after 

lupin se ~ding in the dune s and t his r esu lt s in wide spread l upin die- ba ck 

aft er as lit t l e a s three yea r s from s eeding. ..fter l upin .die- back the 

snail populat ion decr easec aGain. Some sug~es ti ons a r e mad e as to the 

ori6in of H. aspersa in the dune country a nd on the eventua l f a te of 

the populations under the maturin~ forest . 

Using shell characteri ::; tics, it was found tha t most juveniles 

in expanlin5 popul a tions r each maturity in little more than one year 

whe reas those in high density, declining popul ations generally take t wo 

or three years. Ind ividuals in expandin6 populations a lso attain a 

gr eater size on ma turity than t hos e in h i gh density popul a tions. The 

main f a ctor affecting popu l at ion density a ppears to be adult r e cruitment, 

which is considerably higher in expandi ng than in stable or decreasing 

popu l a tions. 

H. aspersa i s found to be socia lly gr egarious and this is 

particularly ma rked over the winter period when adults and large 

juveniles aggregate for hibernation. Hiberrn::. tion begins in May and 

reaches a pec:k in July. Many· animals are active again in mid-Augus t . 

Predation by the song thrush Turdus philomelos was s tudied in 

one area. Preda tion occurs throut;hout winter and gene r ally increases 

over l a te spring/early SU!TlP.ler. 

Sna ils affect nitrogen fixation levels in lupins before lupin 

dea th occurs and it is considered tha t this is due primarily to 

disrupti on of the phloem tissue of the s tems during sna il feeding. 



It is sug ,csted that t h is di :..; ruption of the trans loc.'1. tion ti ssues is 

the ul tirr.ate c <-tuse of p l a nt death . The possible economic si t;nifi C·".nce 

of H. as oe r sa in du ne fore s try through it s e1·fects on lupin is 

discussed , and the need for further investig1t ion indic,'. t ed . 
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S E C T I 0 N I 

I N T H 0 D U C T I 0 N 

C H A P T E R 

SAl!D Dm~ J<'OR.~S 'l'HY AN.:.J TH~ HOLE OF LUPIN 

1. 1 Background 

One of the l a rges t extents of activel y progr crling sandy 

shor eline in New Zealand lies on the west coast of the lower part of 

t h e North Island , where it s tretches for appr oximately 190 km., f r om 

Paekakariki to Patea. I nland lies an extensive compl ex of dunes , s and 

pl .:lins and peat y swamps coveri ng an area of about 85 , 000 hectares 

(Cowie , 1963 ) . Her e , the older dune l ands have a well- deve loped soil 

profile and a r e relatively stable , but the youngest dunes , just inland 

from the coaut, ar e unstable and prone to severe wind erosion. 

Incaut ious use of such areas in the past has acceler a t ed erosion, 

causing sand to encroach OL p~sture l aLd and coastal settlements . 

Coastal dune area s have gener ally pr oven suitable for 

establishment of Pinus species, especi 2,lly P. r adiata D. Don. (Levy 

and St . John, 1964) . Not only does affore3t .:.t ion enable t he 

productive use of dune areas , but by reducinJ wind speed over the 

sand and i nducing buildup of the soil profile , i t a lso has an 

import ant pr otective rol e . 

The hi story of sand dune use and r ecl amation on t he 11ianawatu 

coast has been bri efly r eviewed by Hocking ( 1964) , i·lhi t ehead ( 1964) 

and Ritchie (1968) . Ritchie des cribes the process of forest ecosys t em 

development f or a typical coastal dune forest. 

1. 2 I nitial dune stabilizati on 

Before tree- pl anting can proceed , the sand must be suff iciently 

stable to allow s eedling pines to take r oo t and get established. This 

is especially i mportant in areas exposed to s evere wi nd- b l ow. Initial 

stabilization i s achieved by planting the mobile sand with marram gr a ss , 

Ammophila arenari a (L.) Link, and then seeding with t r ee lupin 

Lupinus arboreus Sims. (:·lhitehead , 1964; Ritchie , 1968 ; Gadgi l, 1971a). 
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Both of these species are exotic and they were introduced specifically 

for the task of sand-soil stabilization (\lhi te, 1943; Slobodchikoff, 

1977 ). Lupin is generally difficult to establish h· i thout some 

stabilization by the ma rram having occurred, and the young pine trees 

require the shelter provided by 111.pin and dense marre.m before they will 

est3.blish (Gadgi l, 1971 a). 

Lupin i s a n especially suitable plant in this r ole a3 its 

extremely long t ap root system makes it resistant to suminer drought 

conditions , while it s nitrogen-fixing capa city makes it independent 

of the soil f or t '."1 is important nutrientl The dense, spreading growth 

habit of lupin makes it a n effective barr i er to wind at the sand 

surface. Lush (1948) has studied the ecology and grouth of L. arboreus 

on coastal dune in I'ew Zealand, while Davidson and Barbour ( 1977) 

have made a similar study of the species in California. 

1.3 Nutritional role of lupin 

Lupin has always been primarily regarded as a sand stabilizer 

in New Zealand dune f orest r y and it is only recently that its possible 

signific~nce in forest nitro s en nutrition has been studied (Gadgil, 

1971 a, b, c. ). Coastal sand dunes generall.r cont ain only low 

quantities of available ni tro_;en ( ~·i illis et al., 1959; Willis and Yem, 

1961; Hassouna and Wareing, 1964; ~l illis, 1965; Gadgil, 1971 a), 

and biological nitrogen inputs are limited. Hassouna and Wareing noted 

that marram benefited from the nitrogen-fixing activities of soil­

dwelling bacteria, notably Azotobacter. In the temporary ponds which 

form in dune slacks iluring the winter high water table s , nitrogen 

accumulation probably occurs due to the action of blue-green algae 

(J. Skipworth, pers. com.). 

Will (1964) gave an estimate of the nitrogen requirement of 

a first crop P. radiata forest grm..:ing on pumice soil, and Gadgil ( 1971 

c) has shown that a large proportion of this requirement (at least 50-1~) 
can be provided by L. arboreus after three years' growth from seeding. 

Gadgil considered that this was the optimal time for tree-planting, 

as there tended to be a net loss of nitrogen from the total plant biomass 

in subsequent years. In practice, tree-planting usually occurs four to 

five years after the seeding of lupin. Individual lupin plants 

normally live for about four to five years in New Zealand sand dunes 
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(Lush, 1943; Gadg il, 1971 c). 

\!hen the P. radiata is .:-•lanted , the lupin is usually cut 

back, crushed , or spra.yed. to re l ease the younb' pi ne s e .. dling s from 

competition. The lupin soon re sumes growth, and eve n after the first 

crop has died, lupin s eedlings continue to g row under the rap idly 

growing ~ines. The trees are pruned a nd thinned f or t he first time at 

about six to seven yea rs, and the lupin continues to flouris i1 for some 

time afte r t h is, al though some of it gets tra.mpl ed. durin~ the pruning 

opera tions. At about nine to ten years the pine canopy becomes 

sufficiently dense tlia t much of the underg rowth is inhibited through 

l a ck of li_;ht. A s e cond , utili :3ati on thinning occurs at 11 to 12 years , 

and once aga.in lupi n s eedlings a ppe a r, givin.; ri3e to taller, partly 

etiolated ;:ilants of S) i r.dly ap)e .:::.rance. The i m!)ort a nt lupin gro':.' th, 

however, is tha t occurrin; prio r to or duri ng the f irs t ten .> ears of 

p ine-tree .; rm'l t h . \!ill ( 1964) found tha t ·lfter this time, nitrog en 

requirement s of the stand decrease, and. the nitrogen demand is met b,y 

the release of this nutrient into the soil from pine-needle litter. 

1. 4 Invert ebrate pest s of dune-country lupin. 

A number of invert ebrat e species attack lupin in the sand 

dunes. 'i'he most noticeable of these is the larva of the endemic kowhai 

moth, Uresi phi tz pol,vgona lis maorialis, which frequently occurs in heavy 

infesta tions during le,te surni:ler (Lush, 1948; Gadgil, 1971 b). Lush 

a lso mentions another, unnamed ca.terpillar species which sometimes occurs 

in l a rge numbers, and a n unnamed species of longhDrn beetle. A species 

of tnrip a lso appe a r s to be -:ru i t e co r.unon but i t does not seem t o hav e 

any major detrimenta l effect. 

In recent yea rs the r: ew Zealcmd Forest Jervice have noticed 

he avy infestations of the co~mon ~arden snail, Helix aspersa in 

~antoft forest and they have linked these with large-3cale lupin die­

back. The aim of the pres ent study is to investigate the po pula tion 

ecolozy of snails in the sand dune environment, and to examine the snail­

lupin association. 



C H A lP T E R 2 

HELIX ASPr;RSA 

2.1 Introduction 

The common gar den snail, Helix aspe r sa J.;uller (Pulmonata; 

Helicidae) was first named and described f rom Ital y by O. F. r.;iiller in 

1774 (Taylor, 1907-14; Basinger, 1931). Descri ptions of the animal, 

its general biology and habits are given by Taylor (1907-14; 1912) , 
Ellis (1926) and Basinger (1 931), and its anatomy has been deGcribed 

in detail by Taylor (1 894-1 900; 1907-1 4) . 

A substantial body of literature deals with many aspect s of 

the biology of Helix asper sa and re l a ted speci es. Parti cul arly 

emphasized are aspects of the physi ology and general biology of t he 

animal, whi l e ther e is a relc.t ive paucity of e·cologi cal stud ies . 

Gener al reviews of literature on Mol lusca or Pulmonata containing 

inform&t ion relevant t o H. aspe r sa i ncl ude Wi l bur and Yonge (1964, 1966), 
Hyman (1 967) , Newell (1 967) , Fl orkin a nd Scheer (1972 ) and Fretter and 

Peake ( 1975) . 

Liter ature on H. aspersa with speci fic beari ng on sect i ons 

of thi s study will be reviewed in the relevant chapters. The remainder 

of this chapter i s concerned with those aspects of the biology and 

ecol ogy of H. aspersa which have a gener a l bearing on the study. The 

aspects covered are the ran5e and habitat of H. aspe r sa and the factors 

det ermining these , and the food , pest- status and natur al enemi es of the 

animal. 

2. 2 Range 

Helix aspersa i s endemic to southern and western Europe 

(Taylor, 1907-14). Its range al so extends completely around the 

Medi tteranean, but Taylor indicates that this is a more r ecent occurrence . 

There is some fossil evi dence for the species being endemic to Britain 

also (Taylor, 1907-14; Ellis, 195 1) but this has been dis puted by 

Kerney ( 1966) . 

Through the activities of man, H. aspersa has been int roduced 

to many parts of the world, including North and South America, 
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Australia•and New Zealand (Taylor, 1907-1 4; Thomson, 1922; Ellis 

1926; Basinger, 1931; Hanna. 1966 ; Potts, 1975) . Introductions 

have frequently been intentional, u suallJ becau se
1 

of t he esteem in 

which the species is held as an article of food by mi gr ants from 

some countries (Taylor, 1907-1 4; Basinger, 1931; Hanna, 1966 ; 
Ra tanar at- Brockelman and J ackson, 1974). Accidental int rodu cti ons 

with plants i1ave :i.lso occurred <::.nd t his is the probable explanat i on f or 

the introduct ion of the animal to New Zealand (Thomson, 1922 ). 

In New Zealand , H. as persa was first recorded in number3 

in t he Nel son district in 1861 (Thomson, 1922). Thomson descr ibed 

it a s being common in most coastal towns "where it is a si,snificant 

garden pest", but "much more abundant in the north t han a t Christchurch 

or further south". There h.~s been no more recent survey of t he 

distribution of this species in New Zealand . 

2.3 Terrestrial lif e and the r estriction of r ange . 

Many of the physical and behavioural adaptation of l and 

gastropods are consequent upon the constraints pla ced upon soft-

bod ied animal s by a t err estrial environment . Those speci es not l iving 

in the r el at ively cons tantly favourable cond itions of a tropical rain­

forest mus t be able to survive v ar ying periods of dryness and/or col d . 

Generally, the partially or wholly shell-less s l ugs have avoided surfa ce 

r est r a int s by adopt ing a burrowing, soil-dwelling habit, wher eas snails 

have the ability to wait out unfavourab l e periods by remaining inact i ve. 

2.3.1 Water relat ions and estivation. 

In the past it has generally been as sumed that the extrusion 

of mucus ont o the body surfa ce of the active snail from glands in t he 

body wall has a role in preventing water loss by evaporation (e. g. 

Ellis, 1926 ). However, Machin (1964 a, b; 1965 ) showed that the r ate 

of evaporation of water from H. aspersa mucus was similar to tha t from 

a free water surface. He found that direct permeability of the skin 

to water was too low to prevent ha rmful desiccation of the skin when 

the body was extended from the shell. Mucus is therefore extruded to 

moisten the skin and prevent it from drying and consequently it is t he 

main source of water-loss from the snail. 
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Helix asoersa , like m~ny r el ated s~ecies, is prcJominantly 

nocturnal in activity (Ba iley, 1975) ani t his i s probably partly due 

to the need to escape the drier coniitions of dayli6ht hour~ . Durin~ 

peN.od:.; of prolonged dry ;·1eathcr, even most nocturnal activity ce .. ses 

c...nd the . ..:..nirnals remain in a r<:! s tin.; s t -i te , t e rmed estiv ... tion , until 

mor" f <.i.vouru.ble c:rndi ti ons occur. The bod.y i s 1:i thd r a1-m some dis t ance 

into the shell and the aperture is usua lly closed off ·...ii th a frt>..;i l e , 

semi-transp~rent membrane , the estiv~tion epiphragm , formeu of dried 

mucus secreted by the mantle coilar. Animc-::.ls t hat a r e estiv:.t i !\,; on 

trees , shrubs and walls a ttach t hemselves by this m~mbrane . 

Bstiva t ion a llovlS snails to remain inact ive f or a considerable 

l ength of time . Cases have been cited of indivi duals of !h_asp~ 

surviving in an inactive state, without food. or water, f or periods of 

up to 13 months {-.fard , 1897; I·:a chin, 1965) . 

The relat ionship of activity and inactivity to the state of 

hydr;..t tion of the snail was studied in the cl osely rela ted Helix pomatia 

(the Ho man or edibl e snail) by Ho•·Jes and ;fe lls (1 934) and '.·Tells (1 944) . 

The 1·1eight of H. ::>omatia wac found to und.erc o continual flu ctuation, 

with day to day chan6es often o:f.' a conside r able ma.:;-ni tude . The chang-.; s 

appeared to be present as an irregular rhy thm. They were found to be 

primari ly due to changes in 1·1at er content of the snails , but their 

amplitude was greater in fed than fasting animals when both grou~s had 

water available (Howes and Wells, 1934). ;·/ells ( 1944) considered that 

feedin j stimulated the body metabol ism , producing a more vigorous 

hydr<:. tion and dehydration cycle. 

There was found to be no correlation between weii:;ht fluctua t ­

i ons and environmenta l conditi ons as snails kept in the same conta iner 

did not display co- ordina ted fluctuations. Indi vidual animals tended 

to be i nactive or estiv.,tinb \·1hen their 1·1eight was low, and to be 

active when i t was hi gh. 

If no water was made available , snails woulQ f ail to r ecover 

from t he first dehydration weight loss and they woul d remain i nactive 

or estiva ting until more water was avai labl e . Once active again, new 

cycl es of we i ght gain and loss would be6in. 

An ina ctive snail does not become active as a result of 

hydr at ion, but r ather is stimulated to acti v ity as a result of which it 

eats an:l drinks and becomes hydr ated (l·iells , 1944) . A degree of 
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control is therefore' imposed on the mech~nism of weight fluctuations 

by the s election of stimuli to which the anima l will r espond by 

becoming active . Bailey (1975) demonstra ted tha t the nocturnal 

behaviour of H. aspersa is a r esponse to the decrease in light intensity 

of the l a te afternoon/evening period . Mead (1 96 1) had earli er sugges ted 

that this was the case a l so for the giant Africa n snail , Acha tina fulica , 

and Lewis (1 969) reached the conclusion that light i s the most irnportant 

environmental factor controlling f ield activity in the s lug Arion ater. 

Other stimuli can also be s ignificant. i•lhen a pe riod of 

summer drought i s ended by rainfall , the animals rapidly become active , 

even during the uay. In this case , the f alling of the r a indrops, and 

probably some physical contact with the wate r as it finds its way into 

the shell , s timulates the animals t o b ..: come a ctive. Simila rly , 

handling an estiv<?.ting snail will ev entuall;y' cause it to become active . 

Herzber g and Herzberg (1962) hav e al so suggested that H. aspersa is 

able to detect the presence of moisture in the <:iir while in an ind.uced 

dormant s t a te and theref ore becoming active , but this process was found 

to take a number of days . 

The rhythm of wei ;;ht fluctuations i s not, ho\.,iever , rigidly 

controlled by rea ction to decre~sing l i ght intensity and other s t imuli, 

and a t any t ime in aver age wea ther conditions , some animals \·1ill be 

found to remain inactive overnight, and some to be active during the day 

(e. g. Cameron, 1970) . Thi s can be an im~ortant f actor in the control 

of snail pests, as control measures usually involve movement of the 

animal towards a poisoned attractant (Mead, 1961; Basinger, 1931). 

When a snail withdraws into its shell , the only part of the 

body surface left exposed is a pa rt of the mantle known a s t he mantle 

col lar. The mantle collar s ecretes the mucus which forms the estivation 

epiphragm. It has generally been a ssumed that the epiphragm is 

necessary to prevent dehydration of the inactive anima l (e. g. Ellis, 

1926) but fl.achin (1966) demonstrates that this is not necessarily so. 

In a series of experiments on H. aspersa (Machin, 1965, 1966) and 

Otala lactea (l·iachin, 1972) it was silovm that the mantle epithelium 

has a conside rable ability to resist water loss and des icca tion. This 

ability was los t at the onset of epiphragm formation (when mucus i s 

produced) , when the inactive snail was artificially stimul a ted to 

produce mucus , or when the snail died. Normal inactive live mantle 

tissue has a permeability to water apparently almost as low as t hat of 
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insect cuticle , and this can be maint~ined for several weeks (~achin, 

1972). 

Histologically, mantle epithelium i s very simila r to body wall 

epithelium (Campion, 1961) and Machin was unable to determine the 

na ture of the permeability bar rier. Formation of the estiv<.tion 

epiphragm is a further a id to water conservation as it is also highly 

impermeable to water. 

Species which norm;.:.lly inhabit drier area s tend to have a 

greater ability for prolonged inactivity. Increased shell and epiphragm 
' 

thickness and reduced aperture size act to reduce wa ter-loss and these 

are importa nt factors in the successful colonization of arid environ­

ments by terrestrial snails (i.acnin, 1967) . In this way, sealing of 

the aperture to a tree or bank during estiv~tion is ada ptive in tha t 

aperture size is effectively decreused. The confiG'Urat ion assumed by 

the aperture rim of H. aspersa and other species , just prior to the 

cessa tion of shell- growth when the snail becomes "adult", a llows a 

closer fit of the rim to a fl a t surfa ce, thereby enhancing this effect. 

"This structura l modification of the aperture rim i nvolves a sub­

stantia l downward defle ction in the angle of growth •••• as the shell 

approa ches compl etion, since the globose or nearly spherica l form of 

the shell would not normally permit intimate contact with a flat 

surfa ce . " (r.:achin, 1967) . I.Jachin considered that it is structura l 

differences such as these , r ather than physiological differences , which 

make some species better adapted to arid environments than others. He 

found that these fea tures were more pronounced in Otala lactea and 

~hincterochila boissieri than in H. aspersa, and this is consistent 

with their inhabiting more arid environments . S. boissieri is a 

successful colonizer of desert habitats (Yom-Tov, 1971). 

2.3. 2 Hibernation 

In cold weather H. aspersa hiberna tes, usually in crevices in 

rocks or walls or buried under litter or soil a t the base of herbage. 

A much thicker epiphragm, the hibernating e~iphragm , is produced by the 

mantle collar, and more than one may be produced as the animal retreats 

further into its shell during its confinement. Each successive 

epiphragm is gener ally thinner than the preceding one (Taylor , 1907-14; 

Lind, 1968). Those individuals hibernating buried in soil, if not 
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atta ched to anothe r snail, a re usually found with the apert ure f a cing 

the soil surfa ce, and the epiphragm slightly inset f rom the aper t ure 

rim. They a r e gener a lly found about 5 cm be low t he surface, but may 

go deeper (Taylor, 1907-14). 

Wh ereas est i v at ion is a short-term phenomenon r el a t ed t o the 

sta t e of hydra tion of the anima l a nd to current weather conditions 

hiberna tion appe ar s t o be more akin to a d i apause . Hiberna tion in the 

clos ely r el a t ed Helix pomatia can be i nduced by exposu r e to low 

t emperat ures in autumn, but not in summer. Al so, i t has been f ound 

t ha t even if snails are not exposed to cold t hey will still begin 

norma l hibernat i on some t i me in autumn. I t appear s that hibernati on 

i s brought about by internally r egul ated physiol ogi cal changes which 

t ake pla ce in autumn. The f actors which t rigger this seasonal r hythm 

are unknown (Lind, 1968). 

The hibernatir1g behaviour of H. pomatia has been detailed by 

Lind (1968 ), while the physiological changes occurring during the 

hibernation of this s pecies were briefly r eviewed by Hyman (1 967). 

Small juv enile H. aspe r sa appear to be more r es i s tant t o 

cold we ather than atlults and l a r ger juveniles . They enter hiberna tion 

l a t e r and r eappear earlier (Taylor, 1907-1 4) and may f requently become 

active during milder weather. They invariably become a ctive r apidly if 

disturbed. 

Some adults will also emerge f rom hiberna tion briefly on 

milder days . This occurs more fretu ently in populat ions inhabiting 

warmer ar eas (Taylor, 1907-14). All hibernating H. aspe r sa will 

eventually become active aft er prolon6ed handling and dist urbance. 

2. 3.3 Reproduction 

Hermaphroditism is a common characteristic in the Mollusca . 

In H. aspersa and most other terres tria l gastropods fertiliza tion is 

reciprocal; i.e., both partners ar e f ertilized simultaneously 

(Herzberg and Herzberg, 1962). The advantages of this to an animal 

with limited mobility are obvious. Self - f ertilization is said not 

to occur in Helices (He rzberg and Herzber g, 1962). The behavioura l 

sequence of mating in the closely related Helix pomatia is des cribed 

in detail by Lind (1976). 
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Eggs are l aid in a cavity in the so~l to a .depth of 2. 5 cm, 

giving them some protection from climate and predators. Soil conditions 

must be suitable before oviposition proceeds. Pollard (1975) found 

that H. pomatia would not l ay e~gs if the soil was not " thoroughly wet" 

to the depth of the cavity. Des i ccat ion was a major cause of egg 

mortality. H. aspe r sa l ays between 10 and 11 0 e~gs in one batch 

(Taylor, 1907- 14; Basinger, 1931; Herzberg and Herzber g, 1962) . 

H. aspersa and other speci es have the ability to r eta rd egg 

development after copulation for a considerable l ength of time until 

conditions are suitable for oviposi tion (Mead , 1961; Her zber g and 

Herzberg, 1962). Viable eggs have been produced without f urther 

copulation aft er over 10 months of dormancy (\lard , 1879) . Thi s 

would be particularly useful to an a nima l wi t h limi ted mobi lity , as 

copulat ion could occur whenever the chance arose , and oviposi t i on 

withheld until conditions were suitable . 

2.3. 4 Restrictions on range . 

Restrictions on the possible range of H. aspersa a r e applied 

by those extremes of climat e under which ei ther individuals could not 

survive , or suitable conditions ar e not sufficientl y prolonged for the 

processes of population recruitment. Taylor (1907-1 4) considered t hat 

t he absence of H. aspersa from the northern part of 3cotland was du e ~v 

the co l der, haraher weather there, and he noted t hat considerably more 

time was spent in hibernation by this species in northern Engl and tha n 

in the warmer sout hern ar eas. Pomeroy and Laws (1967) found tha t 

H. aspersa coul d only survive in South Austr al i a in cultivated areas 

r eceiving summe r watering. Potts (1975) found that one small population 

of H. aspersa in California became extinct when l ong drought periods 

prevented populat ion recruitment during a time of heavy pr edation. 

2. 4 Habitat prefer ences 

Although H. aspersa is known to occur in every county in 

England (Taylor , 1907-1 4; Ellis, 1951), i t has been stated by Boycott 

(1 929) that "the square miles of England from which it i s absent are 

probably a good deal more numerous t han those in which it is pr esent ". 

The habitat prefer ence s of this animal are not easily defined , as it is 

generally found in a va riety of qui t e different situations. 
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Vhile generally dwelling in more open areas r ather than 

woodlands (Taylor, 1907-14), H. aspersa is also .found in s ome wood­

l ands in England (Boycott, 1929, 1934) . Kerney (1966) su~gests that 

the habitation of these a nd other "natural" habitats is r estricted to 

the coastal areas of Britain. 

H. aspersa occurs widely in cultivation ar eas and wa s teland , 

among the rocks and vegetation of chalky and limestone areas , and in 

many coas t a l situations , particularly coastal sand dunes. Within these 

areas it is of ten found on cliffs, banks and old walls , usually 

sheltered from direct sunlight. (Taylor, 1907-14 Ellis , 1926; Boycott , 

1929, 1934; Herney, 1966; Potts, 1975) . Habitat ion of, and even r estrict­

ion to cultivated areas seems to be particularly marked in countries to 

which H. aspersa has been introduced (Hanna 1966; Kerney, 1966 ; 

Pomeroy and Laws, 1967 ; Potts, 1975). Generally, habitation of 

cultivated and "natura l" areas is more pronounced in coastal districts, 

and in New Zealand coastal sand dunes and r ecently stabilized dune 

a reas seem to be the prefer red habita t (F. Climo, in lit.). 

2. 4.1 The significance of calcium 

The types of habi tat frequented by H. aspersa indica te a 

preference for a t least some degree of aridity. However, the main 

factor affecting habitat suitability appears to be the presence of 

calcium in some form (Boycott , 1929, 1934; Crowell, 1973). A large 

number of l and snail species are similarly limited to a greater or 

lesser extent (Boycott , 1929, 1934; Karlin, 1961; Mead , 1961; Owen, 

1965; Pomeroy, 1967; Warborn , 1969 , 1970). Many, i ncluding H. aspersa, 

can obtain calcium directly from sources such as limestone outcrops, 

shell fragments in dune sands, calcareous soils, a nd f rom the shells of 

dead and sometimes living conspecifics (Mead, 1961; Owen, 1965; Wolda, 

1972; Crowell, 1973). The usual source however i s the mineral content 

of foodplants which in turn is regulated by soil mineral content. 

Obligate calciphiles are not necessarily rest r icted to areas 

with high soil pH or with surface lime in some form. Strongly acid 

soils in Ceylon, particularly in the tea-growing ar eas , were found to 

support large populations of the giant African snail Achat ina fulica 

(Mead, 1961). This was due to the ability of the plants to extract from 

the soil calcium which was bound up in silicates and combinations of 
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iron and a luminium, making it i mmune to le _;, ching. ~ ' more detailed 

study of this phenomenon has been made f or va rious snail/pl ant 

associati ons by ·,:a.r eborn (1969, 1970). 

In addition to t his, H. as~~ has been shown to have some 

ability to ext r a ct ca lcium directly from aci d or neutral soils (Crowell, 

197 3). 

2.5 Food and pest-sta tus. 

2.5.1 Food. 

There appear to have been few studies made of the foods t aken 

by H. a spersa. Thos e a r t icles that do na me f ood speci es ar e usua lly 

concerned with cultivated plant s , the consumption of which has be en 

not ed by ira t e gardeners and nurs erymen. 

Taylor (1 907-14) li sts a number of foodplant s , but t he lis t 

is virtua lly r estricted to live plant ma t eria l. Boycott (19 29, 1934) 

sug6ested that dead plant matter probably formed the major pa rt of the 

diet f or most herb ivorous landsna ils a nd more r e cent r esearch on 

~oaea nemoralis support s th i s (°ilolda e t al., 1971; Richardson, 1975b; 

Williamson and Cameron, 1976). 

Taylor (1907-14) also mentions tha t H. aspersa has been 

observed to eat de caying shore-line seaweed, dead or dying ea rthworms, 

and birds eggs , which a re said t o be perforated bJ- the snail in order 

"to get a t their contents". Considering thi s animal's re :i:uirements fo r 

cal cium it seems possible that i n f a ct the eggs were attacked simply 

for the calcium in the shell. 

2.5.2 Pest-sta tus 

In California , H. aspersa has been found to cause considerabl e 

damage to the flowers of some garden plants (Hanna , 1966; Basingar, 1931). 

Three plants mentioned by Basint'$e r a r e begonia , dahlia and canna. 

While generally well-known as a pest of veget able gardens and 

also of flower ga rdens and nurserie s , H. a~~~ has undoubtedly 

achieved its greatest notoriety a s a pe s t of citrus orcha rds in 

California and New Sou t h '.fales (Basinger, 1931, 1940; Lewis and La 

Rollette, 1941, 1942; Hely, 1946). 'I'he citrus orchards are in a reas 
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of warm, dry climate and because they usually receive r egula r irrigat­

ion, conditions are excellent for H. aspersa. In the past, enormous 

popul a tions have become established in citrus groves, causing considerable 

damage. 

Leaves of the citrus trees are eaten, as well as the rind of 

the fruit. Damage to fruit VLlries from superficial, shallow penetrat­

ion of the rind, to holes penetrating as far as the flesh. This 

damage can allow the entry of decay organisms, particul arly in the 

damper conditions when the snails tend to be active. Even if decay 

does not occur, the appearance of the fruit is spoiled and this affects 

its market value (Basinger, 1931). Basinger also refers to claims 

tha t snails r emove the bark from growing twigs of orange trees. He was 

unable to personally substantia te these claims but he did observe 

stripping of bark from dead twi gs. Hely (1946 ) sta tes tha t living wood 

and twigs are not damaged but dead branches are, as is the desiccated 

rind of dried oranges. 

In California, the most severe infesta tions are genera lly 

found in co asta l ar eas. At times, damage in citrus orchards ha s been 

as severe a s that cau s ed by inse ct pes ts (Lewis and Lafoll ette , 1941 1 

1942). Grapefruit and particularly oranges are the fruits most affected 

(Hely, 1946). 

2.5.3 Control 

Control of H. aspersa has usually involved the use of 

attra ctant baits mixed with a suitable mo i luscacide. Bran is the 

traditional attra ctant, but dried orange pulp has also proven effective 

in citrus orchards (Anon., 1940; Lewis and Lafollette, 1941). Calcium 

arsenate was widely used as a mollusca cide in California citrus orchards, 

but later meta ldehyde became the most popular, particularly with 

commercial production of baits (Basinger, 1931, 1940; Anon., 1940; 

Lewis and Lafollette, 1941, 1942; Persing, 1944). The action and 

effectiveness of the various attractants and poisons that have been 

used in snail control were reviewed by ll!ead (1961). 

:More recently, other poisons such as methiocarb have been 

found to be equally or more effective (Proude, 1970). 

In some cases, control of H. aspersa in citrus orchards 
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has been achieved by a llowing ducks to have acces s to the orch~rds 

(Hely, 1946) . 

2. 6 Natural enemies. 

Taylor (1907-14) lists amongs t the vertebr ate predators of 

H. aspersa r~ts, moleu , hedgehogs , rabbi t s , ducks , geese , thrushes 

and blackbirds . Potts ( i975) adds to thi s list seve r a l species of 

mouse including Mus musculus . The r eference to predation by r abbits 

would appear strange considering the herbivorous nature of this anima l. 

It is ap_::iarently based on observations of "gnawed and empty she lls" 

about t he entrances of rabbit burrows (Taylor, 1907-1:)) . Both ~~orris 

( 1954) and Potts ( 1975) mention r abbi ts a s predator:.:> of snails, without 

giving any d et ails or !'urther references. Predation by rabbits could 

be of interest in the sand dunes as the dunes of the JfJanawatu coast 

typically have large r abbit popula t i ons . 

Predation by the songthrush, Turd.us Ehilomelos Turton, is 

a well-known phenomenon, and thi s will be dis cussed in det ail in 

chapter 8. 

Morris (1 954) considered t hat blackbirds coul d not break 

open s nai l shells in the same manner as thrushes and that they were 

therefore limited to preying on smaller juveniles with their thinner , 

more fragile shells. He observed a lso tha t blackbirds would "rob" 

thrushes of t heir snails once the shell had been broken. 

The othe r pr~dator of interest in the present study is the 

hedgehog Erinaceus europaeus. These animal s are present in l a rge 

numbers in Manawatu coast al dune area s where they a re thought to be an 

important preda tor of sna ils (Brockie , 1957) . 

A number of Diptera and Coleopt er a are known to prey on 

H. aspersa and other species. The common European glowworm, Lampyris 

noctiluca (Coleoptera) was stated by Clausen (1940) to have been 

introduced to New Zealand speci fically to control H. aspersa. However, 

no reference to such an introduction exists in D.S.I.R. records, and it 

is likely that the introduction was unsuccessful , if it occurred at all 

(L. Hansen, in lit. ) . 
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A number of predaceous snail species exist which prey on 

other snails. Two such species , the European Helicella cellaria and 

the Austral i an Strangesta capillacea were found t o prey on H. asµersa 

in gardens in Sydney, New 3outh llales (McLauchlan , 1949) . 

Boycott dnd Oldham ( 1938) discuss an apparently contagious 

d i sease of H. aspersa which affected shell deposition. In extreme 

cases animals aptiarently died wi t!1out mcl.turing. Bore usually, growth 

was slowed , with the recently deposited portions of the shell being 

"greyi sh" and "wrinkled'' . The degree of contagion of the disease 

appeared to be l ow. 

A disease found i n the giant African snail , Achat i na fulica , 

was successful ly transmitted to f i fteen of one- hundred and six 

specimens of H. aspersa (l•lead , 1961) . This rate of infection was 

consider ab l y lower than that of the host species (Mead , 1956 , 1961) . 

The sympt oms d i splayed by i nfected H. aspersa were different to those 

of A. ful i ca. The nature of the di sease organi sm was unknown. 



C H A P T E R 3 

INTRODUCTION TO S'illJJY AR.GAS 

3.1 Santoft forest. 

Santoft forest is a coastal dune forest stretching about 

25 km., north from the Rangitikei river mouth almost to the Turakina 

river mouth (Fig. 1). The tota l area of the fo r est is 54'>6 ha . but 

not all of this i s yet pl anted with pines. 

Apart from a few small areas of pines planted priva t ely 

before the l and was obta ined by the New Zealand Fores t Service, the 

first P. radia ta were planted in 1955, four yea rs after marram planting 

and lupin seeding. These trees are due for clea l'-felling in 1984. 

The forest is divided i nto two portions by an area of 

unplanted land used as a bombing r ange by the nearby N. Z. R. 1l. F. base 

at Ohakea. Most of the infesta tions of H. aspersa noticed by Forest 

Service staff to date have occurred in the northern part of the fores t, 

and this is where all of the study areas were situated. 

3.2 Study areas. 

Study sites were chosen in blocks 100, 101 and 129 (Fig. 2) . 

Towards the end of the study, some sampling was also undertaken in 

blocks 122 and 83. 

The main biological differences between the study sites were 

the age of the pine trees (where present) , the condition of the lupin, 

and the density of the snai l population. Of the remaining plant . species, 

all areas were typically domina ted by marram. Other species usually 

, present included Leontodon spp., Sonchus spp. , Calystegi a soldonella, 

Senecio elegans, Erigeron canad.ensis, Oenothera biennis, Scirpus 

nodosus and sev eral species of grasses. All of these species were 

irre6JU.larly distributed, and this distribution was frequently influenced 

by the uneven nature of the ground. 

In all ar eas there occurr ed small a nd large patches of bare 

sand on which few or no plants were found to be growing. Pine seedlines 

in these patches were generally stunted in comparison to t hose in 

surrounding a reas. 
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3. 2. 1 Area 1. 

Study a rea 1 was situated in block 100. The sna il popula tion 

in this a rea was sampled from April 1976 to January 1977. 

Block 100 was ;i lanted with P. radiata in 1972. The trees are 

planted in rows, ad jacent rows being 3.0 m apart. Consecutive trees 

in one row are planted 2. 4 m apart. The d ensity of young pines in a ny 

a rea i s thus 1800/hectare. 

In block 1001 most of the trees were between 2 and 2. 5 m 

in height . Many had grown to 4 m by the end of sampling. 

Some large lupin bushes and groups of lupins were present 

in the block, but these were frequently widely scattered and large a reas 

of block 100 had no lupins . According to Fores t Service staff this area 

had a particularly dense snail popul a tion prior to the time of tree­

planting , and t he r e had been widespread lupin dieback. 

At the time of the study, snail density in this area was low. 

3.2.2 Area 2. 

Stuciy area 2 w ~s situa ted in block 101, on the south side of 

the acces s track which r an through the middle o~ the block (sec Fi 6• 2). 

;,r ea 2 was about 300 - 400 m from a r ea 1. 

Block 101 was pl anted with pines in 1970. The s e trees had 

attained hei~;hts of 5 m or mo re at the time of sampling. Their lower 

branches were particularly long and densely foli ,ted and in places 

where pine growth was vigorous, the undergrowth appeared to be showing 

the effects of the r esultant shading. In such pla ces much of the mar ram 

was dead and unde r growth generally was more sparse. 

In one part of this area was a series of more open patches, 

with smaller trees. Lupin bushes were still to be found in these pla ces, 

with considerable numbers of snails in evidence. :Most of the lupins 

a ctually in the sampling area were dead by the beginning of sampling 

in April 1976, but others further in from the track were still densely 

foliated. 

The snail population in this area was sampled only from April 

to June. The thrush predation study a lso took place here, mainly 

centred around the lupins. 
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•The trees in block 101 north of the track had been pruned a nd 

thinned before sampling began in a rea 2. The southern portion, 

including the study area, under1·1ent pruning and thinning operations in 

December 1976. 

3. 2. 3 Area 3. (?l a te 1) 

~tudy a rea 3 consisted of the southea st corner of block 129 

plus the adj a cent portions of blocks 127 and 128 (Fig. 2). 

Block 129 was planted with pines in 1975. Block 127 was 

planted in 1977 during the course of the study. Block 128 was unplanted. 

This area had a dense snail popu l ation. (See frontispiece). 

There were l a r ge st~nds of live lupins through the area , but most of the 

lupin W.c'.S dead. 1°:uch of the dead lupin wa s still standing. One part 

of area 3 also contained a number of l a rge tree lucernes, Cytisus 

proliferus, which had grown from seed mi xed 1-1i th the lupin seed. 

Area 3 wa s sampled from April 1977 to February 1978. 

3. 2. 4 Blo cks 122 and 83. 

Block 12 2 was lar gely similar to block 129 to which it w~s 

adjacent. However , it contained a l arge a r ea of densely foli a ted, 

apparently heal th~r lupin. Snail samples were t aken from the lupin area. 

Block 83 (area 4) contained no pines at the time of sampling. 

Marram planting and lupin seeding had occurred three or f our yec.rs prior 

to sampling. At the time of sampling, the area had a very dense snail 

population and lupin d ieback was occurring. 



Pla te 1. Area 3. 

a . View of part of area 3, showing 
standing lupin that has died after 
snail a ttack. 

b. H. aspe r sa estiv<~tint5 on lupin. 





S E C T I 0 N I I 

POPUL .. TION D Y N A J.f I C S 0 F H. A S P E R S A 

This section of the study has been divided into four chapters. 

The first of these is primarilJ an introduction to the other three. It 

bei;i ns with a brief review of li terature and a general sta t ement on the 

a ims of the popul<.:.tion dynamics study. 'rhi s i s followed by a description 

of those methods and re.3Ul ts which have a bearing on ea ch of the three 

following chapters. 

The second chapter deals with the dispersion of H. a spersa 

within the envi ronment and the f actors affect ing thi s . The t hird looks 

at changes in popul ation co~posi tion over the study period _nd at tempts 

to analyse these in t e: rms of biolo6i cu.l a nd environmenta l v<.~riables . 

The fourth chapter a ttempts to interpret observed differences between 

populations in terms of longer term population processes a ffect ed by the· 

establishment of lupin in the sand dunes. 



C H A P T E R 4 

GEJJ::E .. b L INTRODUC'I'ION TO POPULATION 

DYNAMICS STUDY 

4.1 Introduction to topic 

Popul~tion ecology s tudies of terres tri~l s nail species are 

relatively few in numbe r . The mo s t intensivel J stud ied speci es has 

been the polymorp!1i c landsnail, Cepaea nemoralis . Interest in Cepa ea 

has l argely stemmed from the many genetical studies which have been under ­

taken in r e l a tion to the na ture of selection on the fre-ruency of its 

shell colour and banding morphs (e. 8 · Ca in and Sheppard, 1950; 

3he~pard , 1951). Population ecology s tudies on C. nemorali s include 

those by Wolda (1963, 197 2), :fo l da and Kreulen (1973); tichardson 

(1975), Williamson (1976) and Williamson et. a l. ( 1977) . 

It appear 3 that the only '"fUantitative popula tion ecology 

s t udy t o hav e been unde r taken on H. aspersa i s that of Potts ( 1975) who 

worked on s mall popu l .J.-'c ions in a n aba ndoned garden in Cal ifornia. As 

irrigation and othe r cultur~l practices had ceased in the study are~ , 

the ma jor fea ture of this environment was six to ei ght months annual 

drou,:sht, and Potts was particularl,y inte r es ted in the f a ctors af f ecting 

population survival under Lhes e unfavourable conditions . 

I nd ividua l marking s tudies s howed that althou gh local 

popul c.t i ons were only a. f ev; metres apart , and snails f rom the di f ferent 

populc.tions mingled 1'1hen f eeding during the night, mi gr a tion between 

populations \·Tas minimal due t o strong "homing tendencies in the animals. 

As a r esult of t he long dry periods groi·ith was intermittent 

so that juveniles i n som<:: po_,:mlc::.tions :·:ere up t o four .rea r s old on 

atta ining adulthood. In one po~ul ation, seepage wat er during dry 

weather allowed snails to rea ch adulthood in six to eight months, while 

under f avourable labor~tory conditions , t his process took as little as 

two months . 

In spite of the unfavourable conditi ons, the animal s could 

survive by estivating during drought periods and Potts could find no 

evi dence tha t prolonged drought was a dire ct cause of mortality. The 

major cause of mortality wa s preda tion by small marrma ls, and one 
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popul a tion became extinct as the unfavourable conditions prevented 

sufficient popul.::i. tion recruitment from occurrinJ during a period of 

heavy pred a tion. 

4.2 Aims of the study. 

Th e rna jor a im of this study WdS to obtain a picture of the 

popul a tion pr ocesses in the ecology of H. aspersa in the dune 

environment, and the effects on these of human activities. Da ta were 

derived primarily from sampling programs which were particularly 

aimed at demonstrating changes in age-composition within popul a tions, 

and from comparing and contrasting diff erent popul a tions. 

4.3 Sampling progr am methods 

4.3.1 Sampling procedures 

4.3.1.1 Areas 1 and 2 

Population sampling was undertaken in areas and 2 using 

a one squa r e metre quadra t. To obta in sampling site~ a one-hundred 

metre baseline was staked out in the s ampling a r ea. :i. point along 

this baseline was chosen using a t able of r andom numbers. From this 

point a dist a nce of between zero and nine metres, a lso chosen r andomly, 

was me asured at right angle 3 to the baseline and the quadra t pla ced. 

The quadra t was searched for a ll snails pres ent and ~hes e were mea sured 

and record ed as adult or juvenile a nd then repl a ced in the quadrat. A 

further d istance of between zero and nine metres wa s then measured in 

the same direction and the 'Iuad.ra t pla ced agai n. Ti1is was repea ted 

another three times, so tha t five samplin.;s sites were chosen from a 

single baseline point, after which a new point on the baseline was 

chosen and the process repeated. One sample consi s ted of approximately 

twenty quadrats chosen in this manner. 

If the same baseline point was chosen twice, even on different 

sampling occasions, sampling would begin from the final quadrat site 

chosen from that point on the previous occasion. This avoided sampling 

of the same quadra t site twice, as sampl~ng was partly destructive to 

vegetation. 
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In area 21 the baseline was placed a long the side of the 

access tra ck. Measurcmen~ of sample site distances in this area 

began five metres into the block from the tra ck. Pine tree foli age 

in this are~ was too dense to conveniently place the baseline further 

into the block. 

In area 1 a second method of sampling was adopted from 

September 1976, until the completion of sampling in tha t a r ea in 

Janua ry 1977. About thirty metres north of the origina l base line, 

an area of 32 m by 100 m was marked out with stakes (Fig. 3. ). 

This a rea was subdivided into ten s ections of 16 x 20 m. A sample 

consi s ted of t wo quad.rats chosen r a ndomly in each section. 

'l'he reason for this change in sampling site s election was 

to a tteH.pt to detect any gross snail distribution patterns arising 

from the distribution of vegetat ion in the area. Particularly in mind 

was a fairly l a rge stand of lupin occupying the we s tern side of sections 

1 and 6 (see Fig. 3. ). If in the course of sampling , no quad.rats fell 

in this lupin pa tch, an extra quad. r a t was pla ced with in it. ~ lso, if a 

quad.ra t fell in an area of completelJ· ba re sand, this fact was noted 

and an alternative site chosen. 

At all times a note was 17lade of the vegetat ion within each 

quad.rat. 

Over the winter most adults and large juveniles hibernated, 

many of them buried in the soil. During this period the soil in ea ch 

quad.ra t was sifted by hand to a depth of about five centimetres. Ti1is 

proved to be a suitable method for locating hibernating animals. 

'rhe small size of the younger juveniles and the denseness of 

the vet,;et a tion a nd litter in many a reas meant tha t quad.rat sampling was 

a very time-consuming process. Individual ·1uadr a ts frequently took in 

excess of one hour for locating , me asuring and releasing of a ll snails. 

For this reason, sampling in area 2 was carried out for only t hree months. 

This was consi1lered sufficient to obtain age-structure data for 

comparison with area 1. 

In both sampling areas, all pine trees which fell inside a 

quad.rat were searched for snails to a height of one metre, after which 

searching was continued until the first layer of branches containing no 

animals was encountered. Young sna ils Here frequently found estivating 
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at the base of needles out tmva rct s the . end of a branch. The l a rger 

size of the pine trees made searchinG for sn~i ls particularly tedious 

and time- consuming in area 2. 

S.;.:JTJpling was begun in ""r eas 1 and 2 in April 1976 and ceased 
t '\. J IA r. C Ct "I> ~ ,.. CA 2 1 , " ~ - ·.I Q ? 

in area 1. Sampling ;;as carried ou~ montnl y , with tile exce,Jt ion of 

November 1976 in a rea 1. 

~fork in area 3 began with a prelimina ry sampling of 20 

quadrats in ~ecembe.r 1976. l<'ivc stations were marked a t twenty metre 

intervals a long the side of a track. From ea ch of t hese a dh;tance 

of eighty metres wa~ mea sured ~t right angles to the track and a 

quadra t pla ced at t wenty metre intervals . 

.uurine; 1977 1 monthly sample s were taken from f..pril to 

October, with the exception of kay. ::>mall ar eas , usually includi ng 

lupins antl a ll of the plc.nts and li tte1· beneatn these , we r e tho r ougnly 

sea rched and a ll animals r emoved . Be cause of the much greater density 

of anima l s in this area, an adequate sample could in this way be 

removed fro; .. just a few squa r e metres . ·:1hen t ime permitted , a sample 

would consist of the r esults of searching three or f our diffe r ent pl a ces 

in the ar ea r a ther than a single spot. In this area, the object was 

simpl y to gain an indicat ion of population composition. 

4. 3. 2 Shell measurements and char act eri s tics . 

4. 3. 2.1 Adults and juveniles . 

The growth of H. aspersa is deterrainate , i . e . when a particular 

size i s attained by an individuc.l, groilth ceases and t h e animal remains 

tha t size for the r emainder of its life. In H. aspersa, as in other 

helicid species , when the final size is attained, the rim of the shell 

apert ure grows outward to form a r eflected lip of up to two millimetres 

in width . At the base of the fina l or bod;,- h'horl , this lip extends over 

and closes off the umbilicus , the entrance to the hollow cent r al axis , 

or columella, about which the spira l of the shell ha s developed (Taylor, 

1894-1 900) . For convenience , individuals with thi:s aperture lip and 

with the umbili cus sealed (imperforate) are re5arded by most authors as 

adults or "mature" , and those still growing as juveniles. 
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This division is, in fact , r ather more compl ex in t erms of the an imal ' s 

sexual maturity. 'di lliamson ( 1976) gave evidence to s u_;gest tha t 

Cepaea nemoralis Qi~ not mature sexually until some months after 

attaining " adult" f eatures , whil e growing H. aspersa "juveniles" 

have been found to be quite capabl e of copulating and producing viable 

offspring some t ime before attaining these fe ~tures (e . g . Herzberg and 

Her zberg, 1962) . In thi u s t utly " adult" will be used in reference to 

those snai l s w!iich have ceased gro1-vth and have: devel oped an ape rtu r e 

lip, so tha t it must be r emembered tha t the breeding populat i on wi l l 

t herefor e generally be greater than the "adult" popul a tion. 

4. 3. 2.2 Shell s i ze . 

The division of snai l s into approxi mate age categories must 

rely on .3.rbi trary d i vi;,; i ons of shell size or growth char acteri s tics . 

Traditionally, the standar d measurements made of s piralled unival ves 

a r e "hei ght" and "breadth" wh i ch ar e defined as f ollows : "Height" i s 

the distance f rom the apex of t he spire to the base of the body-whorl 

( the final whorl endin .; \v i t h the shell aper ture) , and "breadth" is the 

maximum t r ansverse diameter , one end of 11hich is the most dista l 

portion of the shell aperture (~lli s , 1926) . 

However, growth of the spiralled univa lve shell is 

mathematically complex (Thompson, 1942; 1.-:illiamson, 1976) and the r a t e 

of change of a singl e linea r shell measurement i s not ari t hmetically 

proportional to increase in body dry wei .;ht . \·;ill i amson (1976) found 

f or Cepaea nemoralis that log shell d io.meter (= shell "breadth" of 

Ellis) was proportional to log dry we i ght of body or shell. 

A ma jor diff iculty is al so presented by the considerable 

variation in s ize attained at adulthood by i ndividual s in a s ingle 

population. In or der to present mor e r eali s tic dat a which would take 

into account individual s ize variations , Pomeroy (1969) used whorl number, 

estimated to the near est tenth of a whorl, in hi s s tudy on Helicella 

virgata. This assumes tha t all snails with the same number of whorls 

a r e a t the same devel opmental " s t age" r ei;ardless of inter-individua l 

differences in actual size . 

In this study, it was d ecided, for convenience , tha t a s imple 

linear measurement would be u sed for collecting field growth data as 

such a measurement would be the most rapidly obta i nable in the f i e ld. 

"Height as d efined by Ellis (1 926) was considered unacceptable as the 
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globose nature of the H. aspersa shell means that the spiral is offset 

considerably to one side and any slight pressur e from closing the 

measuring ca liper s causes th8 s hell t o move around out of position. 

Potts (1975) used "breadth" or maximum diameter to measure 

H. aspersa . h J the most d i stal part of the aperture is one end of 

this measurement, it i s complicated in adult3 by the development of the 

aperture lip. Potts measured ad.ult di ameter::> imnediately behind the 

lip . It was felt , however , that when many such me ·lsurements ar e made 

in r api d succession, it would be very easy to hold the shell in an 

incorrect position, resulting in an inaccura t e measur ement. Once again 

this i s l a r gel y due to the globose nature of the shell. 

The measurement finally adopted was what could be described 

a ::; the "true he i ght" of the shell when placed on the ground with t he 

aperture dovm. One part of the ca lipers i s pl aced across the proximal 

part of the aperture , including over the umbil i cus , and the other 

agains t the opposite side of the body whorl (Fig. 4. ) . 'l1hrough the 

rema inder of this study, this measu rement will be r eferred to as 

"shell height" . 

Vernier calipers ;:e r~ used to obta in measurement s to O. 1 mm. 

Even this measurement has a drawback to the character is tics 

of snai l growt h. As the l arge juvenile shell nears completion the 

angle of growth of the apertur e rim undergoes a 11 subs t ant i a l downward 

deflection" (I..achin, 1967). Thi s change particularl y involves down­

ward growth of the proximal portion of the a perture rim and this i s 

emphasized by lip formation , particularly over the umbilicus. 1I'l1e 

result of these growth processes is an exaggeration of the he i ght 

measurements in the adult snail , so that adult me~surements ar e not 

direct l y comparable to those of juveniles. Fortunately , this is not 

important as adults as a group a re i 1.1rnedi atc l y r ecognizable by their 

shell characteristics . 

4.3.2.3 Estimating juvenile size at emergence. 

In order to divide t he r ange of juvenile sizes into 

arbitrary size-classes, it was necessary to obtain an estimate of the 

size-range of newly emerged juveniles. 



Fig. 4. 
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Method of obtaining shell height measurement 

with vernier calipers 
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Pairs of snails found copulating in the field were 

captured and placed in :niart " ;1._;ee" preserving j ars filled with soil 

to a depth of approximat ely seven cent imetres. The jars were kept in 

a constant temperature cabinet at 20°c and with a day l ength equal to 

tha t a t the time of capture. The animals were fed 1·1i th fresh cabbage 

leaves and filter paper and the soil in the jars was moistened each day. 

In this way severa l pairs were induced to lay eggs . 'I'hese 

were produced in r oughly spherical egg masses in a cavity excavated in 

the soil two or three centimetres below the surface . On hatching, 

the young juveniles r emained in the cavity for several days before 

cominc to the surface. ;foen they had emerged from the soil , they were 

measured with vernier calipers. 

4.4 Division of juvenile snails into size groupings . 

Division of the sample populations into size-classes posed a 

number of problems. First , adult snail sizes covered a considerable 

size range in each popul ation , indicatin~ considerable individual 

variation in body weight increase from emergence to adulthood. Second, 

in the two popul a tions s tu•iied mo s t intensively ( are c.s 1 an:i 3) large 

juveniles in excess of a height of about 1.00 cm were relatively 

uncommon throughout the study. Splitting up the population into a 

large number of size-classes would tend to '1dilu te" any useful 

informa tion on these animals by dividing them into too many groups. 

Finall,;r , it was desirable to make the size r a nge of newly emerged 

juveniles into a single size class. 

As mentioned earlier, the height measurement of the adult 

snail is not directly comparable to that of the pre-adult juvenile 

because of the slight increases in height brought about by development 

of adult shell cha racteri::>tics. In spite of t i1is however , the r ange 

of adult sizes can be used to deduce the approximate size-range of those 

juveniles which are about to become adult. 

The range of heights of adults found in area 1 was 1.37 -

1. 86 cm. (Fig. 21). The 3e data exclude adults ta'.cen in the December and 

January samples, in which adults were counted but not measured. J.~ean 

height was 1.56 cm and 85% of the animals were ' found to lie in the 

height range 1.41 - 1.70 cm; a range of 0.30 cm. 



32 

Table I gives the height d i stribution of a ll juveniles over 

1. 20 cm captured in area 1. Of thirty-nine animals in this ca tegory 

only one was recorded with a height in excess of 1. 50 cm, while thirteen 

were in the range of 1.41 - 1.50 cm. The assumption i s therefore made 

that the majori ty of juveniles in a rea 1 rea ch a heibht of not more than 

1. 50 cm before assuming adult char acteris tics , and fu rther that a 

juvenile of app:::-oximately 1. 50 cm height will become an adult of 

approximately 1. 70 cm heigh t once growth and thickening of the aperture 

rim and lip have ceased . 

Assuming that the height- gain generated by this juvenile -

adult trans ition is equal for all snails regardless of size , then the 

adult r ange of 1. 41 - 1. 70 cm i s equated by a pre- adult r ange of 

approximately 1. 21 - 1. 50 cm. In fact it is probable tha t the height 

ga in in transition will be less for smaller snails but the difference 

can be assumed to be insignificant . 

Hei5hts of the emergent juveniles from the egg bat ches l a id 

in the l abora tory r a nged from 0 . 25 cm to 0 . 32 cm , with the mean at 

about 0 . 28 cm. In the field some juveniles were found with heights 

belo11 thi s r an.:;e , i n cluding one of 0 . 22 cm. 

It is assumed, then , t hat juveniles in an approximate size­

r a nge a t emergence of 0. 25 - 0 . 32 cm give rise to "pr e- ad.ult" juveniles 

in a r ange of approximately 1. 21 - 1. 50 cm. The di v ision of the sample 

popula tions into size-classes wa s therefore based on these r anges which , 

a s approximations only, were not considered to be fixed . 

After some trial and error a basis of d ivisi on was found 

which did not subs tantially alter t h e estimated r anges . The range 

finally accepted for newly-hatched juveniles was 0. 23 - 0 . 32 cm and 

that for "pre- adult tt juveniles was 1. 22 - 1.51 cm. The rela tionship 

between these and the intervening s ize-classes is shown in Fig. 5 

where the horizonta l line is propor tiona l to the height increment 

between the lowest heights of each of the two estimated r anges, and the 

sloping line is proportional to the increment between the gr eatest 

heights of the t wo r anges . The angle between the t wo lines i s CJ , and 

the r ange of a:ny s ize class is given by 

x ' 
x = cos 8 

where x ' is the range of the previou s size- class. This can be 

calculated mathematically after measuring (J , or gr aphica lly as in 

Fig. 5. 
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Table I 3hell height distributi ons of a ll juveniles 
exccedinD 1. 20 cm captured in a rea 1. 

Shell he i ghts 
( cm) 

}~umber of 
juveniles 

The r an.;e 

pr eceding 

The 

of 

one 

1'he 

1. 21-1 . 30 

12 13 

inverse of C08 (} is 

each consecutive s i ze 

by 3. f<~ctor of 1. 20. 

size cl a...; ses are ; 

A 0. 23 -

B = 0. 33 -

c = '). 45 -
D = 0. 59 
}!; = o. 76 -
F = 0. 97 -
c = 1. C' 2 

1. 51- 1. GO 1. 61-1.70 

13 0 

found to be app:-oxim2.tel y 1. 20. 

class is ther efore l;.:.r ger th:in the 

0. 32 cm 

0. 44 er .. 

o. 5u cm 

o. 75 cm 

0.96 cm 

1. 21 c~ 

1. 51 cm 

This serie ::> of size- cl asses essent i a lly s atisfied the main 

requirements of such a d ivi sion a s s t a t ed earlier; emergent j uvenile 

size~ are repr e3ent ed i n a ~ingle cate~ory , as are those of the 

majority of j uveniles which have reached a s ize a t wh i ch a tta i n'llent 

of adulthood is i~~inent . The increasingly l~rge r ange of each ~ize­

class effective l y ~roups the less~1ell repre~ented l a r ge juvenile dat a . 

However , c ;..r e mus t be t 'lken in a na l :,..·sing d3.t a ,~rouped in this way , as 

it may cause some of the pa ttern:; of population deve lopment to be 

obscured. 

!1dul t snai l sizes Here found t o differ s ignificantly between 

a r ea 1 and a r ea s 2 and 3 (se~ Chapter 7) and theoretica lly t his should 

sli ~htly alter the a cceptable s ize- range f or pre- adult juveniles from 

these a r ea s , and theref ore all of the other classes a lso, to a decr eas­

ing extent. Ho~ever , as the division of t hese dat a is essenti~lly 

arbitra ry, it was not cons i dered necessary to make these adjustments. 

As a r esult , the popula tion size-divisions for a rea 1 are not entirely 

compar able , i n terms of animal development , to those f or areas 2 and 3, 

bu t this shou ld not have any significant effect on the comparison of 

overall populat i on trend s . 



C H A P T E R 5 

DISP~KSION 

5.1 Introduction 

The dispersion, or distribution within the environment of a 

species may be the net effect of many f a ctors. To begin with, the 

nature of the environment itself may be a major determinant of an 

observed distribution pa ttern. If an area is highly heterogeneous 

with respect to vegeta tion, physic~l aspect , etc., it is likely tha t 

this will result in a pa tchy distribution of any species as individuals 

seek out the microhabit ats best suited to their particula r needs. 'I'hey 

will generally concentra te in those places with ~ sufficiency of f ood 

and shelter and be found only infrequently in t hose pl ~ces lacking 

these primary requisites. In the c~se of, for instance, a herbivore 

which eats a variety of plant species, the distributions and relative 

pala tabilities of the available species may well have a signific~nt 

eff ect on the animal's distribution. These environment a l eff ects are 

l a rgely nega ted only in homogeneous environments, altiough even here 

an invertebra te species may, for ins t ance, be found only on certain 

parts of a host plant. 

In addition to this, various behavioura l attributes of a 

species may predispose it to a particular distribution pattern, even 

witiin a relatively homogeneous environment . Dispersion of newly 

emer6ed young will depend on whether the adult lays eggs in bat ches 

or singly throughout the habitat, and on the availability and 

distribution of suitable ovipos i tion sites. This dispersion pattern 

will chanee as the juveniles become increasingly mobile and move away 

from the emergence site. 

Subsequent dispersion of individuals will i epend on the 

behaviour patterns of the species. A dispersive phase in the life-cycle 

of the species may result in a random distribution of individuals, where 

the presence of one individual does not influence the chances of 

finding another in the same area. Intra-specific competition may 

result in a regular distribution, subject to territorial behaviour, 

while mutual attractiveness will tend to produce a contagious or 

aggregated distribution (Southwood, 1966). Each of these conditions 



may well be prone to seasonal. variation, so that at any one time , the 

pattern of dispersion may depend on such factors as the time of year 

and the age-composition of the popul~tion. 

Dispersion studies on invertebra tes , particularly ins ects , 

have shown tha t most populations exhibit a degree of conta; ion or 

aggrega tion. In such a case , where distinct clumps or aggregations 

occur, these clumps t hemselves may be distributed in a r egular, 

random, or contagious manner. 

As the present study progressed it soon became obvious that 

the distribution of H. aspersa tended towards the contagious or 

aggregated , and an attempt was made to el ucidate some of the factors 

involved. Of particular interest was the attr~ctiveness of lupin to 

n. aspersa and the nature of any behavioura l factors which might lead 

to aggregation. 

5. 2 Uethods . 

5 . 2.1 The distribution of H. aspersa in the environment. 

The quad.ra t sampling meti10ds used in areas 1 and 2 and for 

the preliminary sampling in area 3 give informa.tion on the overall 

distribution of H. aspersa in the environment , and its r elationship 

to environmental f a ctors such a.s the presence of lupin. Inform~tion 

could also be gained on the effects of some behavioura l phenomena 

such as egglaying and hibernation. 

5. 2. 2 Ags regation for estivation. 

In addit i on, sampling was undertaken to tes t for aggregation 

on a smaller scale, such as would result entirely from behavioural 

phenomena. ~uadrat sampling r esults and general observations indicated 

a strong tendency to aggregate during estivation and this tendency was 

investigated more closely. 

As sampl i ng was , of necessity, performed during daylight nours, 

on most non-winter days a significant proportion of the population would 

be estivating or at least relatively immobi le . As estivating animals 

were likel y to assume a different dispersion pattern to active ones , it 

was desirabl e to sample a t a time when virtually all animals would be 
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estiva ting. For this reason, swnpling was undertaken during prolon~ed 

dry periods. An initia l sample was t aken .. l.Uring ~ dry spell in area 3 

in April 1977 and this was followed up by sampl es from a rea 4 in 

November 1977 . 

h S it was necessary to avoid as much as possible any effects 

of e nvironmenta l heterogeneity on the observed d ispersion , a small 

qu ad. r a t sampling of ground- cover wc..s ruled out . Instead , use \vas 1 ~1ad e 

of the f i:l.ct thc.:.t l arge number<> of s na ils fre ·ruent l y estivCJ.t e a lon; the 

s t ems of lupin bushes, with many of ~he smaller juvenil es being found 

2.r ound a nd on the f oliage at t he ends of stems. The larger wood,:,• stems 

were chosen as sample sites . 

The most effecti ve sampl e unit s i ze for the mec.surement of 

a;Jregation is one that i s relev~nt to the approximate s ize of the 

aggregations or clumps f ormed. .; sampl e unit sme.lle r tha n this will 

tend to give a f a lse ;iicture of the degree and size of 3.ggre.;ci.t ions, 

while too l arge a unit may include more th~n one cl ump of animal s anu 

t herefore obscure the patter n a nd probably under- estima t e the de6r ee of 

aggr egat ion. 

Observations shO\.,ed that the anima l s fre wently estiv<.i.t ed in 

small clumps which would be spread a lon5 perhaps s ix or eight 

centimetr es of stem, depending on now distant a n individudl has t o be 

before its presence can be considered not to be due to the presence of 

othe rs . Such a clump could include t en or more animals as several can 

fi t a round the circumference of a l arger stem. ~ome apparent 

aggr egat ions were more widely spa ced tha n others . The size of unit 

chosen for the initia l sampling in ar ea 3 was 15 cm (length) of stem. 

The size of unit eventually chosen for the main sampling in area 4 wa s 

10 cm of s tern . 

I n area 3 the two end b::shes of ea ch of two long lupin 

patches beside the tra ck were selected. On each pl ant, the branch 

nea r es t to the track and the branch mos t nearly opposite it were chosen 

for sampling. Only the l a rger bra nches were chosen and the thi cker, 

lower portions of e ach were s ampled. The number of snails in each 

consecutive 15 cm of s tem was counted , be; inni ng at the base. The 

number of sample units t aken for each stem depended on the lens th of 

that part of the stern not s i gnificantly r educed in s ize by branching. 
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i!hen such a point was r eached , sampl ing ceased . This r esulted1 in five 

or s i x counts being t aken f or each s t ern . 

In ar ea 4 1 two bushes over 100 m apart were chosen fo r their 

convenient growth form , each havin6 sev~ral major stems beginning at 

or near ground l evel, a nd each stem retaining a l arge diameter for 

some distance before branchin& into smaller stems . Each bush was seen 

t o contain a r easonable number of sn~i l s . Five woody s terns (the 

thickest) were chosen from each bush. ..5tems var i ed in diC1meter between 

abou t 1. 5 and 2. 5 cm at their bases and 1. 2 to 1.6 cm diameter at the 

highest point sampled. It was considered that t hi s change i n di ameter 

over the l ength of the stem would not affect r esults in spite of t he 

conse ':ruent r educt i on in stem surfa ce per unit as t here was no indication 

th~t an aggregation of snails was more widely spread a long a thim!er 

stem. aggregations of different sizes we r e found to occur a t a va riety 

of stem thicknesties . 

Sampling was performed as in area 3, but on th i s o ccasion 

the same number of siJ.mple units we r e counted on each stem of one bu sh . 

Ten 10 cm counts were t aken per s tem on bush 1 and 11 pe r stem on bush 

2, which had longer s t ems. 

Several of the stems sar.ipled had one or t wo smaller stems 

bra nching from them alon.; the sampled l ength , and when an aggregation 

of snail s occurred ~t or nea r such a bra nch point , some of the animals 

woul d be f ound attached t o the side bra nch rather t han the main stem. 

Therefore , if a br anch point w::.s reached along t he length of a 10 cm 

sampling unit wh i ch contai ned one or more animals , a distance along 

the s i de stem equal to the rema ining di s t ance of the unit was measured. 

Any a nimals along this l ength of s i de branch that were a l s o within 10 cm 

of any animal in that same unit on the ma in branch were included i n 

the ca tch. Any animals on side- branches ari sing from sample units 

conta ining no other animal s were d i scounted. Gener ally, this situation 

wa s not often encountered due to the cho ice of bushes. 

5. 2.3 Measurement of dispersion 

A number of metnods of measuring and describing dispersion 

exist (see Southwood, 1966 and Pa til et al., 197 1). Many of these 

r equire that rigi d sampling condi t ions and pro cedures be adhered to 

in order for t hem to be applied. The high environmental heterogeneity 

e.ncountered in t he present study precludes the use of many of these 
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methods. 

The measure of dispersion u s ed in this s tudy is one known 

variously as the "index of uispe rsion", "coeffi cient of dispersion" 

or mean:variance ratio method. This index is based on the f act tha t 

in a com~letely r andom dispersion (Poisson distribution) the vari ance 

( a- 2
) and mean (m) are e111a l whe r eas the v ,:iriance is lower thu.n the 

mean in a r egular distribution a nd gr eat er in an a::;~regat ed distribution. 
f5' 2 

'rherefore m will not differ significantly from unity in a 

popula tion which is ess enti ally r andomly distributed, but will be 

significantly greater than unity for an aggregated distribution. 

Clapham (1936) was apparently the fi r s t to use this r atio, 

wh ich he called "rel a tive variance", in an ecological context. He 

used it to a ssess dispers ion in a l a rge number of plant spe cies. As 
0- 2 

an u nbiased estima t e of !ii he used 

where 
s2 

to=­x 
sample 

~ ( X- 3:'. )
2 

= s
2 

(n - 1 ), and therefore the formul a simplifies 

(s2 = sample vari ance, 

uni t s ). 

-
x = sample mean; n = numb er of 

Bl a ckman (1942) estimated that the hypothesis of a r andom 

distribution could be re j ected if ~(x - x)
2 

which he termed the 
(n-1) x ' 2n 

coefficient of dispersion, differed from unity by more than 2 (n _ 1)2 

The index is used in this form by Salt and Hallick (1946) in their 

study on wireworms, by .Milne ( 1963) for chafer larvae , and by Baker 

(1963) for the landsnail Hel icella caper a t a in sand dunes. 

Z ( x - x ) ( = s2 _( n - 1 ) ) However, - has an approximate x x 
tX,

2 
distribution, with n - 1 degrees of freedom. (Greig-Smith, 1964; 

Southwood, 1966; Stiteler and Patil, 1971). If the distribution of 

the species under study is Poisson, the ~2 
value, estimated as 

s 2 (n-1) 
' x 

will not lie outside the limits (normally 0.95 and 0.05) of ~2 
for 

n - 1 degrees of freedom. If~ is within these limits, it will be 

found that the index of dispersion, 
-;t,2 

I = --:r­
n-1 

will approximate to unity. (South\·lOod, 1966). 

It must be noted that the term "index of dispersion" has in 
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cases been used to refer to the actu~l 
X2 

but more usually refers to (n _ 1) • 

2 
X, value (e.g. Naylor, 1959 ), 

The l a tter va lue is used in this 

study. 

5.3 Results . 

5.3.1 Environmental hetero6eneity. 

As an example of the type of var i ati on encountered between 

qua.dra ts in the course of a sample, results are given in Table II of 

the prel i minary sample (20 quadrats) of ar ea 3 in December 1976. Brief 

des criptions of the vegeta tion, and the number of snails in each 

qu ad. r a t, a re given. Of the 167 anima l s comprising the sam~le , 137 

are aJu l ts anJ ther e ar e no newl y emerged juveniles so that ag6regat ion 

arising from batch-laying of eGga is not present . 

r umber of 
quad.r ats 

5 

6 

1 

2 

20 

Table II Sample results from area 3, December 1976 

Vegetati on 

Number of 
snail~ 

per quad.rat 

Bare sand with single pine tree seedling. 0 

Bare sand with several small marrarn clumps . 0 

Pingao (Desmochoenus spiralis). Some bare sand. 0 

Predominantly dense marram, with some other 
plant spe ci es . 

Predominantly marram, but less dense. 
Other small plant species and some patches 
of bare sand also present. 

Large marram clump in ba re sand. 

Fe\.,r Oenothera, sparse marram, bare sand . 

Sparse marram, Erigeron, 507~ bare sand. 

Severa l Oenothera, little marram. 

Portions of live lupin bushes; one with 
considerable ma rram, the other with little 
marram and some bare sand. 

o, 1, 2,3, 14 

0,0, 0 ,2, 4 , 8 

0 

0 

0 

23 

52, 58 

167 ( 137 adults) 

Of particular note in this sample is that 110 (661~ ) of the 
• 

animals captured were distributed between the two quad.rats containing 

live lupin. Further evidence of the effects of lupin on snail 
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distribution is given in Table III. The results pres en)ed in t his 

t able are from the September to J anuary samples from a r ea 1, when 

one quadr a t of ea ch sample was pla ced in a lupin pa tch. The t able 

gives the proportion of the total ca tch found in the single lupin 

quad. r a t. Newly emerged juveniles are excluded from the December and 

J anuary re sults. 

Table III dnail dispe r s ion in r e l a tion to lupin 
i n a r ea 1. 

Percentage of 

Number of Catch Lupin r111adr a t ca tch catch in lupin 
Sample quad.rat quad.rats 

Adult Total Adult Total Adult Tota l 

September 20 19 93 10 35 52. 6 37 .6 

October 20 25 83 14 50 56.0 60.2 

November* 21 13 32 6 17 46. 2 53. 1 

De cember* 21 8 12 2 10 25.0 83.3 

* Newl y emer ged juveniles discounted . 

Table rv gives the tota l ca tch per quad.ra t f or ea ch of the 

a rea s 1 and 2 samples, excluding r esults for quad.ra t s pl aced in live 

lupin, in order to remove this large source of variance. Even with 

this modification, it is s till obvious tha t several s amples display 

cons iderable degrees of aggregation. In order to attempt to ana lyse 

their cau ses, thes e disper s ion pat t erns were quantified. 

5.3.2 Changes in dispersion with time. 

Table V gives the mean, vari ance, ~2 
and I for the total 

popula tion for each quad.ra t sample from a r eas 1, 2 and 3, excluding the 

lupin quad.ra ts. The index of dispers ion is plotted against time in 

Fig. 6 for the area 1 popul a tion. 
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Fig. 6. Dispersion of the tota l population of area 1 over 
the study period (Index of dispersion, I = s2/x) 



Sample 

Area 1 
April 

Hay 

June 

July 

August 

September 

October 

Decembe r 

January 

Area 2 

April 

J;;ay 

June 
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Taple TV Sampling re sults from areas 1 and 2. 
(lupin quad.rats excluded). 

Number of Frequency 
quadrats of zero 

counts 

21 

24 

20 

21 

19 

19 

19 

20 

20 

17 
23 

21 

5 

5 

5 

9 

7 

3 

6 

12 

12 

4 
8 

6 

Number of animals in other quadrats 

1 ' 1 , 1 , 2' 2, 5 , 5, 6, 7 , 11 , 1 2 , 1 3' 15 , 20' 3 1 ' 5 1 

1 , 1 ' 1 , 1 ' 1 ' 2, 3, 3, 4, 4, 4, 6' ;, , 14, 14, 18 , 20, 4 1' 96 

1, 1, 1,3,4,4,4,5,7,7, 13, 15, 15, 19,25 

1, 1, 1,3,3,3,4,6,9,9,39,47 

1, 1, 1, 1, 1,2, 2,4,4,5, 8,9 

1, 1, 1,2,2,2,2,3,3,3,4,5,5,6,9,9 

1' 1 ' 1 ' 1 , 2 ' 2' 2, 3, 3' 3, 4, 5' 5 
1, 1, 1, 1,2,2,3,4 

1,1,1,1,1,1,2,25 

1, 1, 1,2,2,2,3,4,5,6,6, 10,29 

1,2,2,2,2,2,3,4,4,5,7,12,14,25,27 

1 ' 1 ' 1 , 1 , 2' 3' 3' 4, 7' 7' 11 ' 1 3' 15, 17' 26 

As it can be expected that the dispersion pattern displayed 

by newly emerged juveniles will differ from the:..t of larger juveniles and 

adults, it is more instr~ctive to follow changes in pattern of a single 

cohort r ather than the whole population. Identification of the 

cohort is based on the samplin;; r esults from areas 1 and 2 w11ich are 

presented in Chapter 6, (Figs 10 and 11. ). From th3se results, the 

coho r t of summer, 1975-76 was cons i dered to consist of juveniles in 

cl asses A, B, C for April, May and June; !1. , B, C, D for July; B, C, D, E 

for August, September and October; and .D, s , F, G for .De cember. 

Indices of dispersion are given for the 1975-76 cohorts of 

areas 1 and 2 in 'rable VI and I is plotted against time for the area 

re sults in Fig. 7. 

Results are a lso presented in Table VII for adults only from 

all 'Iuadrat sampl ings ; for adults and large juveniles (classes F and G) 

combined; and for hiberna~ ing adults and large juveniles over the 

relevant period. Plots of I against time for each of these groups are 
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presented in Fi 3. 8 for the a rea 1 data. 

Table V Indices of dispers ion (I) for total population 
results from areas 1, 2 and 3 (excluding lupin 
quadrats). 

Vari ance (s
2) x2 

Degrees of 
Sample 1·'.ean ( x) Freedom p 

Area 1 

April 8. 71 158.61 364.0 20 <. o. 001 
].Jay 10.17 424.57 960.5 23 < o. 001 
June 6.20 53.64 164.4 19 < o. 001 

July 6.oo 160.90 536.3 20 < o. 001 

August 2. 05 7.50 65.7 18 < o. 001 

September 3.05 7.39 43.6 18 < o. 001 

October 1. 7 4 2. 87 29.8 18 < 0.05 
December 0.75 1. 36 34.3 19 <'. o. 05 

J anuar y 1. 65 30.55 351. 8 19 < o. 001 

Ar ea 2 

April 4.23 40. 32 182.5 16 < 0.001 

May 4. 87 58.39 263.8 22 ~ o. 001 

June 5.33 51. 13 191. 8 20 < o. 001 

Area 3 
December 3.17 37. 79 202.9 17 0.001 

The distribution pat tern differs significantly from random 
(Poisson) when P 4(0. 05, and the population is therefore 
clumped or aggregated. 

5.3.3 Dispersion of estivat ing snails on lupin stems. 

I 

18. 2 

41.8 

8.7 

26. 8 

3.7 

2.4 

1. 7 

1. 8 

10. 5 

11. 4 

12.0 

9.6 

11. 9 

Table VIII gives the size-composition of the sample 

populations involved for ea ch of the bushes sampled in area 4 and for 

the combined a rea 3 samples. No a ttempt was made with the s e samples 

to separate the different size-classes for the presenta tion of da ta, 

even though animals of different ages may aggregate to different extents. 

It was felt that arbitrary divisions of these data based on animal size 

were unlikely to be satisfactory as inter-individual attractiveness 
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1976 

ADULTS 
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ADULTS AND LARGE JUVENILES 

J A s 0 N D 

HIBERNATING ADULTS AND LARG~ JUVENILES 

(93) 

J J s 0 N D 

J 

J 

J 
1977 

Dispersion of a rea 1 adults; adults a nd large juveniles; 
and hibernating adults and l a rge juveniles. 

Number in bracke ts is the percentage of adults and large 
juveniles found hiberna ting. 
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involving animals differing crea tly in size is1 probably complex. For 

instance, whereas the presence of a small juvenile estiva ting in a 

particular place may not affect the "de ci sion" of an adult to settle 

for estivation there also , it is possible that in a reverse s ituat ion 

an estivating adult may exert some a ttraction to the small juvenile. 

Sample 

Area 1 

April 

I.Jay 

June 

July 

August 

September 

Oct ober 

December 

Area 2 

April 

~~ay 

June 

Table VI Indices of dispers ion (I) for the 1975-76 
cohort, area s 1 and 2 (lupin 1uadrats 
excluded). 

~iean ( x ) Variance ( s2) "".t-2 p I 

6.7 

9.3 

5. 1 

5.3 

1. 5 

1. 8 

0.9 

0. 4 

1. 5 

2.0 

2. 3 

S3.8 

402. 2 

37 . 8 

151. 6 

6. 3 

4. 8 

1. 7 

0.7 

33.8 

27. 4 

13. 0 

251. 5 <:0.001 12. 6 

1000.1 < o. 001 43. 5 

140.7 .c( o. 001 7.4 

568.6 ~ o. 001 28.4 

11 2. 7 <. o. 001 6.3 

87.2 < o. 001 4.8 

33. 3 <. o. 05 1. 9 

32.0 <. o. 05 1. 7 

367.4 <,0.001 23.0 

308.1 < 0.001 14.0 

113. 9 < o. 001 5. 7 

The index of dispersion was used to analyse the lupin stem 

samples. Results are presented in Table IX, and I is plotted against 

the sample mean, x , in Fig. 9. 

The data were not suff iciently extensive to det ect differences 

in ag;re~ation re3ponse resulting from the different age-class 

compositions of the samples. 



Table VII 

Adults 
Sample x 

P of~ 

Area 1 

April 1. 3 <.O. 001 

May 0.3 ) 0.05 

June o.6 .(0. 05 

July o.6 ( 0 . 001 

August 0.4 )>0.05 

SepL;mber 0.5 < 0 . 05 

October 0.6 ) 0 .05 

December o. 4 ..., o. 05 

J anuary 0.3 ) 0 .05 

Area 2 

April 1. 4 (0.05 

!fay 1. 8 < o. 001 

June 1. 5 < o. 00 1 

Area 3 

December 2. 3 < o. 001 

Table VIII 

48 

Indices of dis~ersion for adults; adults and 
large juveniles, (cl a sses F and G); and 
hibernating adult8 and large juveniles. Data 
from are c:..s 1 a nd 2, excluding lupin quadrc.t s . 

Adults Hibernating adults 
and large juveniles and l arge juveniles 

2 P of')(} I x P oflt- I x I 

7.9 1. 7 < o. 001 11. 8 

1. 0 0.6 ( 0 .05 1. 6 0.2 )0.05 0.9 

1. 8 0.9 (0.05 1. 8 0.7 )0.05 1. 5 

5.5 0.7 < o. 001 5.9 o.6 < o. 001 6 . 4 

1. 3 0.5 ) 0 .05 1. 3 0.3 )0.05 1. 2 

1. 7 1. 3 <0.05 2.0 

1. 4 o. 8 )0.05 1. 3 

1. 3 0.5 )0.05 1. 2 

1 • 1 0.4 )0.05 1. 0 

2. 1 2.3 < o. 001 2. 8 

5. 8 2.8 < o. 00 1 11 • 1 2.0 < 0 . 00 1 11. 7 

4.6 2.7 < o . 001 6 . 0 2. 2 < o . 00 1 6 . 2 

e.1 

Age/size compositions of lupin-stem sample 
populations. 

Sample Adults Juveniles 

Area 3 

(April 1 1977) 

Combined samples 

Area 4 

(November, 1977) 

Bush A 

Bush B 

53 

28 

9 

Height> 1.00 cm Height< 1.00 cm 

4 

14 

61 

17 

28 

15 
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Table IX Indices of di spe r 8ion (I) for lupin-stem 
samples. 

l•:ean Vari an ce 4:;: 2 Degrees of 
Sample fr eedom p I 

( x ) (s 2) (n - 1) 

Ar ea 3 

1. 1. 33 3. 47 13.00 5 <,o. 05 2. 6 

2. 3.50 7.50 10.71 5 ')O. 05 2. 1 

3. 0. 80 1. 70 8.50 4 ) 0.05 2. 1 

4. 0. 33 0.27 4.00 5 ")0.05 o. 8 

5. 1. 60 4.30 10. 75 4 < 0.05 2.7 

6. 3. 80 15.70 16. 53 4 < 0.05 4. 1 

7. 1. 60 3.30 8. 25 4 ) 0.05 2. 1 

8. o. so o. 70 3.50 4 ) 0.05 0.9 

Area 4 
A 1 • 3. 10 9. 66 2d.03 9 < 0.001 3. 1 

A 2. 1. 00 1. 33 12.00 9 ) 0.05 1. 3 

A 3. 1. 00 1. 78 16.00 9 ) 0.05 1. 8 

A 4. 0. 60 0. 49 7. 33 9 ') 0.05 o.8 
A 5. 1. 30 0.90 6.23 9 > 0.05 0.7 

B 1. 2.55 11. 87 46.64 10 <. 0.001 4.7 
B 2. 1. 18 1. 76 14.92 10 > 0.05 1. 5 

B 3. 1. 45 5.27 36. 25 10 < 0.001 3.6 

B 4. 0. 82 0.56 6. 89 10 > 0.05 0.7 

B 5. 1. 7 3 2. 62 15. 16 10 > 0.05 1. 5 

5.4 Discussion 

5.4.1 Environmental heterogeneity. 

The heterogeneous nature of the environment is amply 

demonstra ted by the results pres ented in Table II. In spite of the 

varia tion of vegetation encountered in this sample, all of these 

vegetation/ground-cover types have been found to be occupied by 

H. a spersa at some time during the study. Sna ils have been found to 

be estivating on pine tree seedlings in otherwise bare s and, and to 

be inhabiting marram clumps surrounded by bare sand. Snails were 

a ctually noticed in severa l marram clumps near to those sampled while 



51 

samplinJ was in progress. Apar~ from the first quadrnt mentioned in 

Table II, all other quad.rats had siJils of snai l activity in the form 

of faeces . 

Obviously the main re ruisite of a site of habita tion during 

daylight hours is its suitability for estivc.tion. However, when 

prolonr~ed dry periods in summer a r e broken by rain showers , virtual ly 

the entire snail population will become active , moving through all 

types of habitats , includinG compl etely bare sand . At such a time, it 

is likely tha t dispersion is close to random, although na turally, 

attraction to food pl ants will result in a8grega tions about these plants . 

Snail s found estiv~ting on small pine seedlings or attached 

to two or three isolated stems of marram in ot!rnrwise ba re sand have 

probably had to resort to such refu5es as a result of bein6 caught out 

on dryin5 sand af ter r a in has ceased anu the sky has cleared durin~ the 

day, or as a result of a hot clear day following a dewy night. For 

those animals not caught out in this way, it is likely tha t the species 

of vegetation resorted to for estiva ting i s unimporta nt , provided that 

the desired degr ee of shelter i s available. 

The effect of the pre~ence of lupin on snail d i stribution 

is obvious in Tables II and III. Snails fed on the lupin when they 

were a ctive a nd many of them estivated on it durin& the day, attachin~ 

themselves by the estiva tion epiphr agm. Thi s strong attra ction to 

lupin sugJ ests the significance tha t this plant may have to snail 

ecology in the dune environment. 

The f act tha t live lupin was very patchily distributed in those 

ar eas under s tudy would tend to increase the over~ll pa tchiness of 

snail distribution. 

5. 4. 2 Population dispers ion 

5. 4. 2. 1 Dispersion of the 1975- 76 cohor t. 

Adult snails l ay eggs in batches of between approximately ten 

and 100 (Taylor, 1907-1 4; Basinger, 1931 ; He~zberg and Herzberg, 1962a) 
This means that emergent snails will t end to be highly aggrega t ed in 

distribution. The pattern of this distribution will presumably be 

affected a l so by the pattern of vegetation and physica l aspect in any 

area as it is likely that these features will affect site selection for 

oviposition. Distr ibution will tend to become less ag5reg;ted as young 



juveniles di spers e from their eme r gence s ites. I'he speed of this 

dispersa l will de pend on t he mobility of the juvenile s a nd poss ibly 

the degree to which movement is fo.vou red by wea t he r conditions . In 

the populations s tudied, juvenile produ ction o ccu r s l a r ge ly over the 

summer, when drought pe riods may make conditi ons unfavour<~bl e f or 

a ctivity for reasonable l engt hs of time. It i s worth notinc also 

tha t the appar ent speed with wh i ch d i spe r sal fro m the emer gence s ite 

is effected, a s measured by a quadr a t sampling me thod , will depend on 

the size of the quadra t in r e l a tion to juvenil e size and mobility . 

Comparison of Figs. 6 and 7 shows tha t the high initial 

aggr egation of large numbers of juveniles in a r ea 1 account s for the 

hi gh tota l popula tion aggrega tion observed over the f irs t four months 

of the s tudy . This high aggr egation appears to have de creased r api dly 

in area 1 a rou nd August and to have rema ined low ther eaft e r. Tota l 

populat ion dispe r s i on increa sed ag•1i n ma r kedl y over t he De ce:nber-J:,,nua r y 

period , a s a new cohort of juvenile s was produced. 

The .X. 2 
of the 1975-76 cohor t r emains jus t s i gni fic :'~nt a t the 

O. 05 l ev e l f r om August to De c-:= mber but is cons i derably lower t han for 

t he pr evious f our months . It i s t empting to a s cribe th i s obs e rva tion 

entirely to the increased dispersal of juveniles, <rnd undoubtedly this 

is a f a ctor. Hmvever, it may also be due in part to other f a ctors. 

Over this period , the me a n density of these anima ls ha s a lso decreased. 

Taylor (1961) s howed tha t the me an a nd va riance of a popula tion vary 
2 

together such tha t a log-log plot of s on x for any specie s yields 

a linear rela tionship between the t wo. The more aggrega ted the 

popula tion, t he steeper the line , su ch t ha t the increase in s
2 

is 

disp r oporti onately grea t with increa s e in x . This me a ns tha t at 
- 2 low x , s is also very low, and d ispers ion tends to r a ndomness. In 

L 
this r espect it i s worth noting tha t wherea s .4; for adults in area 1, 

December, (x = 0.35 adults/mL) indicated tha t di spers ion was not 

significantly different t·rom the Poisson, the r esults for adults in 

area 3 in the s ame month ( x = 2.28 adults/m
2 

) show a highly significant 

deviation from the Poisson (P<: 0.001). (This is excluding lupin quadrats.) 

Furthermore it is a weakness of the index of dispersion 
2 

itself tha t it is affected by this r e l a tionship between x ands • 

Tha t is, as the mean, and therefore va riance, decrease in an aggrega tive­

ly dispersed population, I tends to decrease also, regardless of the 
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fact tha t the a ctua l dispersion pattern may rema in the same . 

5.4. 2.2 Dispersion of adult s a nd l arge juveniles. 

The d isper s ion of adult s over the period of t he s tudy 

displays r a ther different trends to those of th e '75 - '76 cohort. 

Dive rgence from r andom i s part icul a rly marked in April a nd July, 

whe r eas P lie3 close to 0. 05 for t he other months . 

:a though t he !1pril r esul t s have a n i gher mean than t hose 

of other months, the high I for April may a lso be explained by a 

s trong aggregat ing re sponse during a dry period with much time spent 

in es ti v :1tion. In one quad. r a t alone, 14 adults a nd several large 

juveniles were found, the majority of them estiv ;.;,ting close together 

The l a rge I obtai ned fo r Jul,/ can be explained by comparin.; 

the adul t r esults with t hose f or hibernating adults and lar15e 

juveniles (Fig. 8). The re i s a st rong tende ncy to so cial hibernation 

in this speci es , with large numbers of anima ls fou nd close together 

and frequently attached to each other by the hibern J. t ing epiphraQn 

('raylor, 1907-14; i~ ynne-i'.:dwards , 1962 ). 11. simil ...:. r trend is seen in 

the a r ea 2 re sults. Frequently a group of hiberna ting anim~l s , number­

ing up to ten or more, would all be f ound in an a r ea of only one-fift~ 

or s o of the total quad r a t, de spite the fact that the r ema inder of the 

quad r at seemed in eve ry r espect to be identica l to tha t portion 

fre quented. 

During the June 1977 sampling in a rea 3 a group of hibernating 

adults and large juveniles was found in a natura l depression of the 

soil 3Urfa ce under a thick layer of dead vegeta tion and litter. Over 

90 animals were counted, the total be ing estimated a t between 150 and 

200. The animals were all s ealed to ea ch other's shells by their 

hibernating epiphragms, so that clumps of up to 20 snails could be 

picked up by lifting one animal. The a rea occupied by all of these 

animals was approximately 20 x 20 cm, so that they were present in a 

density f a r in excess of the mean for the area. Although it is 

possible that site-suitability was involved here, it seems likely that 

some type of inter-individual behaviour is also involved. Site-

sui tabili ty alone cannot expl a in how a large number of anima ls \·1 i th 
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limited mobility, pre~urnably dispersed over a reasonable area , all 

managed to locate a single small hibe rna ting pL!ce ;;T i thout some type 

of directional cues, such as spati a l memory or some type of beh:.:.vioural 

inter~ction with other individuals. 

There a re no obvious diffe rences displ ayed betwee n dispersion 

r esults for the bulked adult and large juvenile data , a nd those for 

adult dat a a lone . 

5. 4.3 The importance of dispersion to the accur~cy of popul~tion 

data 

It can be s~e n, then , tha t the observed dispers ion of snails 

in qua.G. r a t sampling is the r esult of a combi n~tion of f actors. This 

disper s ion, which tends to d high de~ree of aJ~re~~tion for much of 

the yea r is of dire ct relevance to the co l lection of a ccura te popula tion 

dat a . The frequently high sample vari ance me ~ns that accura t e estima tes 

of popul a tion density in any a re a could only be made if sampling was to 

occur on a logistically prohibitive scale. 'I'his was particularly the 

case with ar ea 1 whe re tnis problem 1·1as compounded by a low adult 

populat ion so t hat ca ptures we r e r e latively fe w in number. In a rea 3 

the main problem would be the very patchy distribution of live lupin, 

which would have to be taken into account. 

A possible way around these problems in an '3.rea such a s area 

3 with a dense popul ation would be to sample only within a region, a s 

large a s could be found, tha t was relat ively uniform in che:.r a cter, such 

as one of the larger pat ches of lupin. However, a region or a 

particular vege t a tion t ype tha t is suitable for one a spect of an 

animal's re iuirements is not necessarily suitable for others. A good 

feeding site may be shunned for hib ernation or oviposition. If there 

was a tendency for animals to mi gr a t e into or a-.,;ay from the study a rea 

at some stage during the study, then some popula tion processes would be 

obscured . 

Without a ccurate density da te., overall population trends are 

more difficult to analyse (see Chapter 6), and the processes involved 

tend to be obscured. For instance, by presenting da ta on a particula r 

juvenile size-class as a percentage of the total catch, a change in 

this percentage over two consecutive months can only indicate a change 

in numbers relative to the other size classes. It cannot indicate 
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whether an absolute chanc e in number3 in that size class h~s occurred. 

These difficulties of data analysis are compounded for those size­

classes which a t all times constitute a r e l utively small pro portion of 

the total popula tion. 

5. 4. 4 Lupin-s t em aggregations. 

;\ggrega tions of e.Jt iva ting snails on lupin .;terns were 

frequently observed in the field in ar e :.is of he ;c:.vy infest ~ttion. 

ih thin an aggregation there was frequently a degree of physical 

contact bet1·1een individua ls, \\' i th many bein~ att a ched to the shells of 

others , r a ther than to the stem, (e. g . s ee fronti sp iece). The me ·~su re­

ment s of lupin-stem d ispersion were simply an a ttempt to quantify this 

obse rved t endency to aggregate . 

Aggregat ion was found to occur in sever a l cases (Table IX) 

pa rticula rly on s tems with higher mean densities of snail s (Fi5. 9). 
The rel a t ionship of mean to aggre5ation and to the index of dispersion 

ha s already been di scus s ed. 

I deally, a medsure of ag5regation tha t is more s ensitive to 

inter-individual attr~ction than the index of disper s ion i s re~uired 

for the t ype of dispersion displayed by e3tiv ~ting and hibernating 

H. aspersa. Lloyd (1967) developed the concept of me an crowding, 

measured as "the mean number per individua l of other individuals in the 

same quadrat". This measure is only interested in those quadr a ts which 

cont a in animals and not those with zero counts. The aim is to measure 

the degree of inter-individual intera ction in the population, and 

theref ore the quadra t s ize is chosen so as to approximate to the ambit 

of an average individual. Division of the me an crowding ( ~) by the 

mean density ( m) gives an index of the species' dispersion which Lloyd 

called patchiness. It ca n be s een that if mea n crowding is reduced for 

an aggrega tive species due to a decrease in mean density, this is taken 

into account by the measure of patchiness. Patchiness is smaller than, 

equal to, or larger thP.n unity in uniform, random or clumped 

distributions, respectively, (Lloyd, 1967; Iwao and Kuno, 1971). 

Possibly some type of nearest-neighbour method, where the 

di :::; t ance between two individua ls is of primary importance, would be 

even more suitable in the present context. (See Southwood, 1966). 
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· .. i th the variance : mean r ..:.tio method the f act that two sn.ai ls were 

present in a 10 cm sampling unit does not indic :.te whether they were 

9 cm a part or whether one was atta ched to the other , as w.!.S often tile 

c:.ise. This inforrn,1.tion is the basis of the nearest- neiGhbour method . 

Unfortunately, use of either of the.;e a l ti..~rn; .. tive methods , and 

p~rticularly that of Lloyd , ~re r estricted by requirements for habita ts 

that a re l arger and more suitable for s nmplin5 tha n short l en ;ths of 

l upin stem, a nd consider ably more homog0neous than the sand dune 

environment . 

5. 4.5 Possible beh:vioura l base3 for aggreG~tion. 

The types of behaviour which lead to aggregation in snails 

fo r hiberna tion <:t.nd estiv .ition may 1.ell be related to those which a llow 

many species of gastropod to "home", i. e . to return to a particular 

spot on many consecutive occasions in order to enter a resting phase 

such as estiv..ttion or hiberna t i on. Indeed , Potts ( 1975) sho1·1ed that 

H. aspersa itself has t hi s homing ability. He found th3.t individuals 

inva riabl.:,· r eturned to the same area to es ti vate , so t hat different 

"populations'' of est i vatin.; snailu Gould be distinguished on the basis 

of the a rea chosen. Individuals from different popul ations mingled 

uuring fe edine and oth~r activities at night, but always returned to 

their particular area. Within the estivation area, ind ividuals did 

not show a homing response to one particular position. Taylor (1907-
14) , on the other hand , cites cases where this has occurred . 

The same t ype of homing res~onse is found in a number of 

species of aqu~tic gastropods , notably limpets. In these s pecies it 

i s considered to be l a rgely due to the ability of individual s to 

sense and follow the slime trails they deposit i n moving to anJ from 

t~eir resting point , a lthouGh spa tial memory is considered to be 

important in some species (Cook et al, 1969; Cook, 1969 ; Hells aml 

Buckley 1972) . 

\Je l ls and Buckley have shown that the freshwater pulmonate , 

Physa acuta also f ollows trails which it has pr eviously laid down as 

it journeys to the water surfa ce to r eplenish i t s air supply. Snails 

would a l s o f ol l ow trails of conspeci f i cs , and i f they happened upon 

such a t rail within about 30 minut es of i t having been laid, they would 
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usually follow ilt in the dire ction t ake n by the animal lay in.:; th e tra il. 

Apparently some t ype of t empora r y polarisation w3.s to be found in the 

freshly-laid trail. Physa was found not to follow the tra ils of other 

pulmonate species. Simila r respons es, including those indicating t he 

occurrence of t empora ry trail-polariz~tion, we r e found in another 

freshwa ter pulmona te, Biomphalaria gl ab r ata by Townsend (1 974). 

Pollard (1975) found th -J.t individua ls of Helix poma tia from 

some populations showed a tendency to move to a particul a r area for 

hibernation during winter, returning to more f avourable f eed ing a reas 

in the summer. He found a lso that individuals moved from a particular 

feeding site showed a tendency to return to tha t s ite , but this ability 

was lo s t for distances in exce ss of about 20 m. Edelstam and Palmer 

(1950) also stud ied the homing re ~~onse in Helix pomatia and concluded 

tha t some a ccura cy in homing was iemons tra.ted over d i stances of 40 m 

or more. They f elt that this re sponse owed much to a well-developed 

spati al memory aided by directional cues provided by f am iliar odours 

from the "home" a rea. Certainly, in some of the evidence provided by 

these t wo studies, tra il-following ivould be insuffi cient to expl a in 

observed phenomena. 

The possibility r emains, nowever, tha t individuals of 

terrestrial snail species may follow the slime trails laid down by 

thems elves and other conspecifics. Slime trails appear to be rea son­

ably persistent in terrestrial environment s , drying out in warm 

weat he r but becoming slimy to the touch aga in when wet. In the case 

of H. a spersa evidence that the information ne ces s ary f or tra il­

following may exist in the trail is given by McLauchlan ( 1949) who 

found that two carnivorous snail species, the J!.luropean Hellicella 

virga t a and the Austr . .llian 3tranges ta capillacea follow newly laid 

trails of H. asv~ rsa in order to cap ture and eat them. These 

observa tions were unfortun-ltely not ·.:ruantified and the experiments 

were carried out in fairly confined conditions so that the possibility 

that other senses also played a part in detection of the prey cannot be 

discounted. 

Initial labora tory tests on tra il-following in H. aspersa 

appear to indica te a significant tendency for individuals to follow 

their own trails in a choice situation (Dr D. \! . Fountain, 2ers. com.). 
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Homing ability is a r~ther more difficult phenomenon to 

explain in terms of trail-following than aggregation. The ability to 

home accurately without being misled b..,- the tra ils of other animals 

suggests either that individua ls ca n detect their own tra ils amongst 

others, or tha t some type of spati a l memory is in fact the major 

f a ctor. Furthe :-more, homing fo r estivation may be synonymous to 

some extent with ag5reg,.i.tion if a number of individua ls a ll home to 

the same place. 

Homing ability is presumably adaptive to animals with 

limited mobility as it imparts a degree of familiarization with the 

habita t, allowin; more direct movement to a specific site , with a 

minimum of tria l-and-error. 

;, co:nmon fe a ture of aggre(5:.:t ti ons of H. aspersa which has 

already been mentioned and is worthy of further consideration is the 

tendency for individua ls to atta ch them~elve s to the shells of others 

in order to hibernate or estiva te. This indica tes a t ::i,ctile response 

to othe r individuals which may be part of the ::.ggrega tin6 behaviour, 

or wh ich may simply be a n adaptive response in tha t the she l l of 

~nother indiv i du a l probabl./ provide s the best f it of ::. ny obj e c t in the 

environment to the shell aperture, thus providing J. very effective 

seal . 

Testing experimenta lly for tra il-following ability in 

H. a spersa is beset by a number of problems . g. aspersa 

characteristically r eacts to disturbance s such as handling, 

particularly when in a r esting sta te, by becoming ver;/ active. In 

such a state it is possible tha t a snail will not respond to stimuli, 

such as a slime trail, to which it normally would respond in some 

manner. Furthermore, r~ sponse to such a stimulus may only occur in 

particul a r circums t ancc: s anyivay. Hes pons e to trails laid by other 

individuals may only occur when an animal is responding to a 

physiologica l need to estiva te , hiberna te, or reproduce . It is 

possible tha t trail-folloi•ing phenomena would best be studied in 

individuals that had been isolated from others f or some time. 
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5.4.6 Adaptiveness of a~~regation. 

Perhaps the most obvious adaptive function of ~ggregative 

behaviour prior to estiva tion or hibern~tion is the f a ci l ita tion of 

reproduction. Animals are brought together a t the beginning of an 

unfavourable period , so tha t ma t es are i mrned i a t ely ava ilable when 

a ctivity r esu 1:-1es in favour~ble conditions. ·r :.i is could be particularly 

important for animals with limit eu mobility when popul ation d ens ity in 

an area is low. This possible function is not neg~ted by the f a ct 

tha t hiberna tion cea ses u~ to four months prior to the first appea r <lnce 

of emergent young, as many species, including H. aspersa, have the 

ability to retard eJ g development after copulation for a considerable 

pe r iod of time, until conditions are suitable for oviposi tion (:-lard, 

1879 ; Mead, 1361; Herzberg and Herzber,:; , 1962a) . 

The implica tions of a66regat ion may go beyond simply the 

f a cilitat ion of reproduction. \·i ,ynne-Edwar d s ( 1962 ) sugges ts tha t it 

may have an e.i)ideictic function. The occurrence of acgreg ..:,. tions a t 

particular times of the year may allow regu lation anJ a.ijustment of 

the popul a tion through density-dependent feedback proce sses involving 

inter-ind ividual behaviour. Involved in this coul d b ~ the synchro niz a­

tion of po pulation processes through behavioura l intera ctions. \·lynne­

Ed·.-rnrds sugges ts further that if such a function is involved in 

aggrega tion, tha t it has probably become secondarily 2.ssocia ted with 

the independent phenomena of winter hiberna tion and summer estiv.;ction. 



C H A P T E R 6 

POPUL . .{TION PROCESSES OVEH T!C SAJ.:PLING P.2:RIOD. 

6. 1 Introduction 

The main a im of t he sampline progr am describeJ in Chapter 

3 was to observe and interpret popul~tion change~ over the course 

of a year. 

Sampling began in area 1 in April 1976 and ;ns discontinued 

in J anuary 1977. Over this time, population density appea r ed to have 

decreased somewha t, and sampling was abandoned when it became obvious 

tha t insufficient information was bein5 obtained for the amount of 

time involved. 

Intere3t was shifted to area 3 which had previously been 

pointed out by Forest Service staff a s an a rea of heavy snail 

infestat ion. ;,_ccess to this area in wi nter and spring of 1976 was 

re3tricted to f our-wheel-drive vehicles due to the r emarkably high 

wa ter t ables in the dunes that year. ?.n initia l sampling of the 

area was therefore not made until December 1976 . Af ter thi s quadra t 

sampling was abandoned due to the exces .::> ive time re ;uired and because 

sampling error was extremely high from the effects of the patchily 

distributed live lupin on snail distribution. At this stage , inform&.tion 

was sought mainly on the f a t e of large juveniles and it was considered 

t hat the altern~te sampling method employed would yield this 

information. 

To add to the informa tion obta ined from sampling , ageing 

of s ome snails was attem~ted on the basis of shell characteristics. 

Al so, an expe riment was performed aimed at determining the possible 

hazardous effects of the physica l nature of the sand substrate. 

6. 2 Methods 

6. 2. 1 Sampling 

Details of sampling methods used in areas 1, 2 a nd 3 were 

given in Chapter 4, section 4,3,1,1. Shell heights of a nimals were 

measured using vernier calipers. For s ome samples adult animals were 

counted but their shell heights not measured. 
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In are t1s 1 and. 2, a record was kept during the winter months 

of all snails found hiberna ting (i.e. complete -. i th hiberna ting 

epiphragm ), and of the situa tions in which these individua ls were found. 

Nonthly wea ther da t a for the study period were obt a ined from 

records produced by the meteorolot;ica l off ice of the R. N. L . ,\ .F. base 

a t Ohakeo. 1 about 16 km southeast of the northern S<:tntoft area . 

6.2.2 Ageing methods using shell cha r acteristics. 

6.2.2.1 Juvenile ages 

Over t he cours e of a year juvenile sna ils cea se growth for 

va r y ing periods due to adverse clim.·..:. t ic conditions, namely summer 

droughts and winter cold. It seems rea sonable to expect th '-l.t such 

growth checks, which would be a ssocia ted with cessation of shell growth, 

might result in some visible mark or break in the growing shell. 

Di scontinuities in shell deposition, usually a s socia ted with a break or 

change in the shell's colour pattern, have long been k nown to occur in 

many helicid species, including II . asper sa (Taylor, 1394-1900, 1907-1 4). 

It has usually been assumed t hat they occur only as a r esul t of the 

prolonged winter growth break. Furthermore, they give only a minimum 

estima te of the number of winters undergone as a juvenile as they do 

not a l ways occur (Potts, 1975). 

Polla rd et al. (1977) made a close study of this phenomenon 

in Helix oomatia and found that the number of sep~rate periods of shel l 

growth indicated by the pattern of growth checks in the shells of adults 

corresponded with a previously estimated two to five year age at 

maturity in their study a rea. They ther efore concluded that growth 

breaks did not occur as a result of periods of prolonged su11uner 

es ti v e:. tion. 

In view of these findings, an a ttempt was made to use shell 

gr owth-che cks to more accuratel,y assess juvenile age at m3.turi ty. 

The September 1977 snail c2.tch from area 3 was used to obta in 

growth-check da ta. The animals were submerged in hot water for a few 

seconds and the bodies r emoved from the shells with a needle. Shells 

were then dried and examined under a binocular dissecting microscope 

for any apparent growth checks. 



62 

6.2.2 Adult ages. 

Many landsnail species, including !h_aspersa, continue to 

thicken the shell internally a.fte r ceasing growth on atta~ning adult­

hood. As with juvenile shell growth this proces s cea s es over the 

hiberna tion period. Pollard (1973, 1975) and Pollard et al. (1977) 
found in H. pomatia th a t this re sulted in the appe ~rance of di s tinct 

separ ate layers of shell deposition on the rim of the a perture lip, 

ea ch of which could be inter pr e t ed a s 2 s i ngle i:;rowing 3ea son. In 

f a ct it was found witt anirr.als t ha t had been captured, ma r ked and 

released previously tha t the older the snail 1-;as, the more li ke ly 

that the number of ridge3 on the aperture lip would. t end to under­

es timate the number of yea r s spent a s an aJ.ul t. Adult s with as man;'/ 

as ei5ht aperture lip ridges were found . 

The adult animals of the September 1977 sample from area 3 
were examined under a binocula r d issecting microscope for tra ces of 

aperture lip ridges. 

Rela tive indica tions of the age of :::.n animal can someti rr.es 

be obta ined by a s ses s::. ng the degre e of ' 'wear :...:.n:: t ea r" suffered by some 

hard permanent body fea ture, characteristic of the speci es , from 

contact with the environment (Southwood, 1966). The shells of many 

adult snails showed various signs of "wear and tea r" su ch a s 

irregula ritie s where breakages had obviously occurred. Breakages are 

repaired by the sna il which can, if necessary, mobilize calcium from 

other parts of the shell (W agge, 1952). 

However, the most notable sign of shell-wear ing wa s the 

progressive remova l of the very thin periostra cum, the pigmented, 

organic outer layer of the shell. The removal of t his layer gives 

the shell a bleached appe a rance, with a more or less white to light 

grey ground colour with darker grey to brownish bandin5. The 

beginnings of this condition were often in evidence on l a rge and even 

some medium juveniles, and very few adults were entirely free of it. 

~hile wearing of the periostracum did not add directly to 

knowledge of individual ages, it was a useful aid when used in 

conjunction with the growth-check analyses • . 
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6.2.3 Desiccation and hea t mortality on bare sand. 

An important cha racteristic of the s and dune environment to 

the snail population is the physica l nature of the substrate itself. 

Because of the particular method of locomotion utilized by s nails dry 

sand r ep r esents a virtually insurmountable ba rrier. :Mucus produced 

by gl ands on the foot is laid out in a tra il over wh ich the animal 

moves. On dry sand the sand particl es adhe r e to a nd are lifted up 

in t he mucus, >·ihich remains on the a nimal's foot. im a nima l caugh t 

in such a situation can usuallJ only withdrLLw into it s shell and wait 

for r ain or dew to moist en the sand s o tha.t movement c :_m be r esumed . 

The moisture co ating the wet sand particles causes them to s tick 

together, pr esenting a more solid sub s tr&te tha n dry sand. 

During late summer, drought periods of considerable duration 

cause virtuall,J· the entire snail popul a tion to enter estiva tion. The 

occurrence of summer rain showers after a week or more of drought with 

li tt le evening dewfall has the effect of stimulating to a ctivity a lmost 

the entire populat ion, r egardless of whe t he r it is day or ni;;;ht. .H 

such t i mes l a rge numbers of s nai ls may be seen s1·1arminz over vegeta tion 

and we t, ba re s and a like. .H t hi s t i me of ,/ ea r a heavy shower may end 

soon after it began and if this occurs, e s pecially during the da,y , 

consequent wind and/or clea ring of the sky can cause the sand to dry 

out a~ain ra~idly. Snails caught in thi s way a r e vulne r able to both 

desiccation and the intense hea ting of the s a nd 1-.rhich occurs on clear 

days. 

In area 3, a 30 m s tre tch of bare s and vehicle track was 

cleared of a ll snails and shells during a dry period in early }>)arch 

1977. The cleared area was approxima tely 2.5 m wide. Along one side 

was dense ma rram and a l a rge stand of live lupin, while the other side 

had isolated pa tches of dense marram and other species, with some 

lupin further back , as well as a considerable portion of bare sand 

which was continuous v: i th the tra ck. 

Light rain s howers were be5inning to fall as the track-clearin~ 

neared completion in the late afternoon. Intermittent light showers 

with a cloud cover continued until dusk. The following day was fine 

and very hot, and the sand had dried out completely. Stranded snails 

were collected off the cleared section of track at about midday. The 

animals were measured for shell size. 
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6. 3 Results. 

6. 3.1 Population sampling. 

The popula tion sampling results for ~re~s 1, c and 3 are 

presented in Fi gs . 10, 1 1 and 12. 'rhe animal s are divided into ad.ul ts 

and the various juvenile size-classes , and each group is presented as 

a percentage of the t ot a l catch. Lar ge juveniles showin;; the be~inr. ings 

of adult lip formation we r e sometimes captured, and these were counted 

as adu l ts . However, wher e shell size dat a was collected for adults , t he 

sizes of thes e individuals we r e not included. 

From t he area 1 data , mean density is plotted aga inst time 

for adul ts , for the juveniles of the 1975-76 cohort, a nd f or large 

juvenile s (classes F and G) . (Fig . 13). 

Hibe rna tion da t a from areas 1 and 2 ar e pr esented in Fi g. 14 

for adults alone , and f or adults and l arge juveniles combi ned. 

\·Jeather dat a a r e plotted agai nst t i me in .F' i g. 15. The data 

re corded are r a infall (total monthly rainfall; number of days on which 

r ain fell) and temper atur e (mean daily maxima and mini ma fo r e ach month; 

absolute monthly minimum t empera ture) . 

6. 3. 2 Individual ages from shell charact eristics. 

6. 3. 2. 1 Juvenile growt h- checks. 

In order to count the number of juvenile growth-checks on a 

shell it wa~ found to be necessa ry t o make a decision on just what 

constituted a wi nter growth- check. Pollard et al. ( 1977) stud i ed 

growth-checks under t he mi croscope and found tha t where a cessation 

of shell gr owth had occurred, s ubsequent shell deposition resumed 

from undernea t h the old shell. This r esulted in a di stinct dis continuity 

in shell deposition. Ea ch dis continuity found on a shell was therefore 

considered to be a single growth-check. Potts (1975) does not indicat e 

whe ther the growth-checks he refers to in his study of H. aspersa are 

the actual shell deposition dis continuities or the break in shell 

colour pattern that usually accom~anies the growth-che ck. 

In the present study it was frequently found t hat a n apparent 

growth-check, visible a s a break in colour pat~ern, proved on microscopic 
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examination to be associa.ted \Ji th up -qo four deposition discontinui t­

ies, all situated v~ry close together. Sometimes a series of 

discontinuities would be found to occur without a ny obvious break 

in the colour pattern. It was assumed that where such a group of 

discontinuities existed, they represented a single break between 

two consecutive growing seasons. The alternative was to assume that 

almost no growth had occurred over each of two or three consecutive 

growing seasons (see Plate 2). 

\·/he re two or more discontinuities were more widely separated, 

each was assumed to be a separa te gro•·!th-check. In a number of cases 

it was difficult to decide i.;hether two consecutive discontinuities were 

sepa r ated by a sea son in which only a little growth had occured or 

whether the two should be considered together as the end of a single 

gro 1·1th season. In these cases the decision was made following examin­

ation for a ssocia.ted changes in colour and banding pattern and in s~el l 

wear, especially the remova l, by abra sion, o~ the thin, pigmented 

periostra cum. 

Some shells were found to h <lVE: fe a ture s which coul ::l.. not 

posi ti vel;y be identified as growth-checks. These may conceivably 

have been old shell-damage repairs or abnorm<J. lities in the shell 

deposition, arnl were discounted. 

Table X 

Number of 

Numbers of juvenile grov1th-checks on the shells 
of adult and sub-adult animals (September sample 
area 3). Sub-adults a re those juveniles 
beginninJ to develop ad.ult shell characteristics. 

growth-checks 
Adults Sub-adults 

0 8 0 

36 5 
2 45 6 

3 18 5 

4 3 1 

110 17 



i'l o. t e 2. Growth-checks on adult and l a rge juvenile 
sna ils from area 3. 

Positions of shell deposition discontinuities 
a re indica ted on the photogr aphs . Note the 
progressive wearing of the darker perio stracum 
from the older portion of s he lls 

The animo. l on the lower ri gh t had three 
discontinuities cl ose to;_;e ther i.l t t he top of 
the shell. These we r e a s sumed to be from 
a single growth -check . 
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The shells were divided into adults, juveniles whose 

fea tures suggested the onGet of adul t shell ch~racteristics (sub­

adults), and juveniles. Juvenile shells below ~ height of 0.60 cm 

were not examined, ~s the majority of these were too fragile to 

attempt body extraction without breaking them. The maj ority of 

small juvenile shells do not appear to have any obvious growth­

checks. 

Tables X and XI give the results of the juvenile growth­

check analysis for these groups . 

Number of 
growth­
checks 

0 

2 

3 

4 

6.3. 2. 2 

Table XI 

0.60-
0.69 

5 

Numbers of juvenile growth-checks on the 
shells of juveniles (September sample, 
area 3.) 

0.70- 0. 80-
0.79 0. 89 

Shell he i ght 
o. 90- 1. 00-
o. 99 1. 09 

(cm) 
1. 10-

1. 19 
1. 20-

1. 29 
1.30-
1. 39 

3 3 2 5 7 

6 4 8 6 5 2 1 

4 4 2 

3 2 

Total = 77 anima ls 

Adult growth layers. 

While there was evidence supporting the existence of a 

layerin6 effect on the aperture lip of adult H. aspersa, in the 

majority of cases ridges were not sufficiently distinct for shells 

1.40-
1. 49 

to be scored with a reasonable degree of accura cy. This could be due 

to the abrasive action of sand on the shell. Hhere individual shells 

did have more distinct layering at least one was found to have as many 

as four ridges, and there were several \·Ii th two or three. 

Many adults had the periostra cwn almost completely worn away, 

and there was a tendency for shells with no apparent ridging of the 

aperture lip to show less wear of this shell layer. 
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6.3. 3 Sand- stranainG mortality. 

~total of 1,186 anim~ls were collected off the section of 

tra ck that had been previously clea red . ·rhe size di stribution of these 

animals is shown in 'fable XII. Of nine adults , five were still a live, 

as was the '3ingle size G juvenile, alt:iough this one showed signs of a 

cons iderable degree of desicca tion a long the po8terior portion of the 

foot. Tht: desiccated parts of the animal were <:.p1>arently insensitive 

to stimuli as prodding them with a sharp stic~ brou~ht no r esponse 

from the animal. Prodding the non-Jesicco::.ted parts of the :~nimal , 

further in the shell, brou.sht some response but the a nir:ial was 

obviously no longer a ble to withd raw its body into the shell . These 

observ :::.tions a re sir:i ilar to those of !iichardson ( 197 4) who studied the 

same phenomenon in dune popu l u.tions .)f Cepaea nemoralis . 

Tabl e XII Age/size distr i bution of 1,186 snails 
stranJed on a 30 m section of bare sand 
tra cks which had been previously cleared 
of all shells . 

A I . ge1 size class A B c D E F G Adult 

Number 528 47 2 149 20 4 3 9 

' /•' 44. 5 39. 8 12. 6 1. 7 0. 3 0. 3 0. 1 o. 8 

Of the r emaining juv eniles, fewer than 50 individuals s howed 

signs o f li:e between coll ection in the f i eld. and sorting in the 

l abora tory. 1.1any of them were f ound sea led to small fragments of 

vegetat ion lying on the t r ack or to the shells of other ind ividuals by 

their estiv~tion epiphragms. 

6.4 Discussion 

6. 4. 1 Juvenile gro~·1th and density. 

From the are~s 1 and 3 sampling r esults (Figs . 10 and 12) it 

appear s that juvenile emergance r eaches a peak a round l a te J anuary and 

that minimal ~rowth and development occurs from then until July. This 

may be due l a rgely to the effects of clim~te over this period (Fi g . 15) . 
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The rising temperatunes of the December-It'ebruary period 

coincide with a g~ neral ~ecline in rainfall which r eaches its lowest 

point in Feoruary or l·1arch, g i ving r i se t o drought per i ods of two 

weeks or more. At such times the majori ty of snails either estiv ~te 

or maintain a very l ow leve l of a ctivity in the most shelter ed places 

during the day. Some nocturnal activity wi ll occur if there is 

sufficient dew . 

Apri l is probabl y ·-::ui t e fo.vourable to growth as rai nfall 

incre~ses ag~in , but temperatures s oon beGin to decline and by the 

end of May the majori ty of adu l ts and large juveniles are found to be 

hiber nating (Fi g. 14) . This continues through to August , and one 

individual in area 1 was found hibern'.itin,; in September. 

J.:any sm'-'tll juveni les were found to be hibern<..1.ting during 

the winter months, wi th their shell apertur~s closed by a hi bernating 

epi phragm, but more frequently they were found to be withdrawn into 

the shell with no epi phragm i n evidence . All small juveniles usually 

bec&ne active soon after dis turbance (e . g . bein5 handled) and it is 

l ikely that some may become active briefly during the: milder winter 

daJ·s . It is poss ibl e then that lo;; level ::.; of .srm;th ma.r continue even 

over this period. 

Assumin5 then t hat the majori ty of juvenil es emerge in 

January , in their first six months they have only about two- and- a - half 

to three months of condi tions opt i m a l for gr o1-vth . 

Because they are less affected by cold weather t han the large 

animals , the smal l juveniles become active sooner and b,y the middle of 

August , when many of the larger animals a r e sti l l hi bernating, 

sienifi cant growth ha s a l ready taken pl a ce. Gro,·ith appears to be 

maxi mal in the period between August and January. 

Over the course of tLis first year of development , a h i gh 

mortal i ty reduces the numbers of this cohort to a very smal l proport i on 

of thei r or i g i nal number . This mort~lity appear s f r om t he area 1 data 

(Fi g. 13) to be particul a r ly high over t he Kay- August period. The 

r esult of t hi s r eduction in number s i s t hat t hese appr oximatel y one year 

old juveniles r ep resent only a smal l proporti on of the total populat i on, 

with relat ivel y f ew captur es , and their f ate af ter this time is uncl ear. 



It i s likely that a number of these juveniles become adult 

before their se cond winter , probablJ a round .'.J.pril . It is more clee.r 

that a substant i a l number, perhaps the ma jority, spend at l eas t one 

more winter as juveniles before becoming adult. This is part i cularl y 

sugge~ted by the r euults from a r ea 2. 

The quedion of the age att<J.ined b,y juv~niles before becoming 

adult is found to be consider3.bly more complex when the r esults for 

ageing u s ing juveni l e g rowth-checks a r e cor.siuer ed (T'1bles X and XI) . 

Of 32 juvenile shells between 0. 60 and 1. 00 cm in he i ght, 

13 hacl no appar ent growth-checks while 19 had one each. All of these 

a nim2.ls had just been through a winter and ther efo r e a period of little 

or no growth. As the sarr._;:i l e wa.u t .:.i.ken in Jept8rnber, it is unlikely that 

those with no visible gr owth- checks had not begun the second season' s 

g rowth. The r edu ced need to undergo a l ong hibern~tion period 

d ispl ayed by small juveniles may explain the l ack of v isible shell­

deposi tion d i scontinuities i n the shell . It is ap~a rent , then, th~t 

shel l ages esti mat eu in this way are minimal. 

I t is cle2.r from the 5ro,1ti1-check dat~ th2. t a sub~t '1ntial 

number of individu a l s in a r ea 3 have undergone L:. minimum of two or 

three \·!inters as juv eni les before becoming adu l t , by which time they 

were up to three or f our j'ears of age. This trenJ was found to be 

continuing in juveniles captur ed in the Sept ember s ample. 

Tha t these lar ge juveni le deve l opment trends a r e not apparent 

in the populat ion sampling da t a is due in part to the shortcomings of 

using a s i r.i}> l e linear measurement t o measure s hel l size , and the 

mdthod of divi s i on of the total juvenile s i ze range , \·;hich bulked data 

for the l arger juveniles. For exampl e , an a nima l whose shell height 

increases from 1. 25 to 1. 45 cm over one 6rowing s eason remains i n one 

size- class (G) in spite of c. larg~ increase in vo l ume ; a mu ch l a rger 

vo l ume incr ease than t ha t for a smaller a nima l increo.3ing its height 

by the same amount. The smaller a nimal would a l so undoubted l y cha nge 

from one size-class to another in the course of such a n incr e ase . 

Thi s means that a n animal att a ini ng size- cl a s s F or G in one 

seas on will not necessari l y become adul t the f ollowing se~son, but may 

in f act take another t wo or so year s t o do so . I t is likely t ha t such 

a devel opment pattern would r emain obscur ed no ma tter how the s ize 

da t a were div ided up , as the numbers of l a r ge adu l ts taken were a lway s 
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only a small proportion of the tota l catch. 'i'he only way to get this 

information accurately from a field study under these circumstance s 

would be to initia t e a large mark-recaptur0 program, and r e loc ;.ting 

mar ked anirr.als in the t ype of veget · ~ti on e ncountered i n thi s study 

would involve extensive se ·.irchi.ng. 

No compar~ble growth- check data were collected f~om a rea 1 

ani:.1<J.ll=> , so conclus ions must be res tricted to the ar ea 3 popul .::i.tion. 

In the next chapter , evidence i s given which sug_.-;ests that development 

times may have ac t ually been more r apid in area 1. 

Finally , it must be noted t hat growth-rate~ over consecutive 

growing seasons as i ndica ted b" the distance~ between consecutive 

t;rowth-checks display considerable va ria tion both between individuals 

a nd betwe en consecutive seasons on a s ingl e si1e l l (Pla~e 2. ) . 

The density da t a for large juveniles in ar ea 1 show a 

r a ther curious a nomal y in the 3eptember sample (Fig. 13). Ti1ere i s a 

sharp incre~se in density of these unimals durin6 t nis month and thi s 

is associated with an increase in the proportion of these animals in 

t he to t a l populat ion for this month (Fig. 10). In the October s am?le , 

the density has f a.llen to its former leve l. 

The possibi l ity that this change is due to recruitment from 

the 1975-76 cohort is not supported by the popul~tion s ize- composition 

results, a nd t he October decrease in ciensity of large juve niles is not 

correlated \·:i th u.n increase in tlt:nsi ty of t he adul t population. 

The most significant change to occur between the August and 

Sept ember samples which may have a bearing on this anoma ly wa s the 

shifti ng of the area 1 sampl in3 area about 30 m north from wher e it 

was previously located. J ignificant chan~es in the size-composition 

of a popula tion have been found to occur over rela tively small 

distances (see Chapter 7), and this could explain the abruptness of the 

change . 

Furthermore, plotting the positions in which these animals 

were captured shows that they tended to be concentra ted a t the eastern 

end of the new study area (Fig. 16). This degree of clumping is 

suggestive of hibernation and it was found that one of three large 

juveniles found in a single qu'1drat with three adults was, in f act , 

hibernating. In the August sample of area 1, two of only three l a r ge 
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juveniles captured were hibernating as were two of s even adults. 

It is suggested then that these anima ls had aggrega.ted in 

this particular area for hibernri.tion J.nd had become a ctive again not 

long before the September sampli ng. The reduction in density found in 

the October sample sugsests a d ispersal of these animals ba ck to a 

more norma l non-hibe rna tion distribution, which ivould undoubtedly t ake 

a number of th~m out o f the sam,Jling :]..rea . 

These results along with the hiberna tion da ta (Fig . 14) 

sugges t the possibility the:.t large juveniles may hibermde for a 

longer period than adults. 

An increas e in the proportion of large juveniles in the 

total popul a tion is a lso found to occur in the 0eptember sample 

result s from a r ea 3, witn a subsequent decrease in the October sample 

(Fig. 12). Unfortuna t e ly no density d~ta are available for this 

popul a.tion, so that whether this incre2.se in proportion is due to an 

increase in density of the se ani ma.l s c ·-nnot be determined. However, 

it is felt th<-J.t these observ.itions can be adequa tely explained in this 

cas e by a number of circums t ances . 

Firs t, it wa s found lat ~ r i n the course of the study tha t 

populat ion size-composition can va ry consider ably ov2r a small distance 

within a s i ngle sample area , and the sampling procedure used in a rea 3 

would be particularly prone t o this ty~e of va riation (see Chapter 7). 
This in itself could explain the changes in proportion of large juveniles 

between the August a nd 3eptember samples and between the September and 

October samples. 

An increase in proportion of one group in a popula tion can 

also be due to a decrea se in density of the othe:- groups comprising the 

population and t his occurred to some extent in the populations of both 

of the main stutly areas. In area 1, a large decline in density of the 

anima ls of the 1975-76 cohort occurred and this resulted in an increa se 

in the relative proportions of adults and large juveniles that is 

visible in the August sample. It is believed that a similar high 

mortality of small juveniles occurred in area 3. Furthermore, there 

appeared to be a marked decrease in adult numbers in area 3 over the 

late winter/early spring period, and this coincides with observa tions 

made in this area at this time. 
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Large numbers of dead adults were found over the August­

September period , generally l ying on the grounJ at the base of 

vegetation but not buried under litter or soil. They generally 

consisted of the shell bea ring no signs of pr edation, containing a 

semi-liquid mass of decomposed snail tissue . In some case s the 

contents had l a rgely dried out, but in ;;.11 cases it appeared that 

death had only r ecently occu rred . As the majority of adul ts had 

eme!'ged from hibern::.tion a t this time it could be a ssumed that t hese 

dead individuals had be come active, if only to a limi ted extent , 

before death. Ther e were no signs of hibernating epiphragms in the 

majority of cases . 

Apart from the possibility of disease, the most likely 

explanation for thes e deaths would be the f r 0st s which occur over this 

period . Frosts were particularly severe in August and September of 

1977, and t emperatures over this period genera lly remained much cooler 

than usual (Fig. 15). \fold.a (1972) suggested tha t frosts were a likely 

cause o f death in adult Cepaea nemora lis whi ch died leaving an intact 

snell , and he pointed out thc.t those individuals which become active on 

t he milder winter days , leavin~ hibern•'ltion t empora rily, would be 

pa rt i cularly prone to subsequent fro s t s . 

If frosts a r e a significant mo1·tali ty factor a t this time , it 

does not explain why adults should be a ffected more than l a rge pre­

adult juveniles. Poss ibly the older, more senescent adults are the 

most a ffected by frosts and co l d wea ther generally, and these would 

therefore contribute most to adult morta lity at this time. Also, if 

the suggestion made earlier that l arge juveniles may hiberna te longer 

than adu l ts is correct , this would make large juveniles less vulnerable 

to frost. 

A simila r adult morta lity was observed to have o ccurred during 

the August sampling in a rea 1 but the incidence of dead individuals was 

much sma ller, and no s i gnifi ca nt decre~ses in adult density occurred. 

6.4.2 Adult longevity . 

In area 3, the population composition histograms for December 

1976 and October 1977 (Fig. 12), together with the long maturat ion times 

suggested by growth-check data , indicate that adult recruitment for 

each of those years was very low. This means that many of the adults 
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encountered in sampling must have rea ched adulthood two years or ·more 

previously, and this fi gure would be even higher if low recruitm8nt 

rates had always been the norm in this population. 

Comfort (1957) gives three records of maximum longevity for 

Helix aspersa in captivity, as observed by three different authors. 

These a re five to six years, five-and-a-half years and eicht to ten 

years. Presumably these a r e tota l ages , from ha tching to dea tn, a nd 

there is no indication of juvenile development times. All of these 

observations were made in captive conditions. 

The a ttempt to age adults by counting aperture lip ridges at 

leas t indicates tha t some sna ils in a rea 3 in Jeptember had lived for 

up to three or four years after atta ining maximum size. It is possible 

that absolute longevity depends on the amount of time spent in such 

re s ting phases as estiva tion and hibern6tion. 

~\ren though no density data are ava ilable from area 3, 

observa tions over the period of study gave the strong impression tha t 

a significant r eduction in adult numbers had occurred, particularly 

after the winter/spring mortality. The low adult r ecruitment over thi s 

ye a r failed to make up f or this morta lity. In view of this it seems 

probable thclt adult recruitment has been greater in t nis populat ion in 

the past a nd. tha t the low recruitment over the studJr period represents 

a particular phase in population growth . In this r espect it is of 

interes t tha t juvenile production per adult appears to have been greater 

in area 1 than area 3. 

The question of long-term populat ion ch~nges is considered 

again in section 6.4.5. and in detail in Chapter 7. 

6. 4. 3. J1Jortali ty from environmental hazards. 

The densitJ' d a ta for the 1975-76 juvenile cohort of area 1 

indicate a high mortality in this ,:sroup over the May-August period. 

The large decrea se in numbers between the July and August samples was 

particularly evident in the field. The source of this mortality is 

unknown, but given the tendency for small juveniles to become active 

sooner after cold weather, it is possible that early spring frosts may 

have had a significant effect. It is also possible that a t this time 
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juvenile snails may be K>ne of ·the fe\i sources of f uod ava ilable to 

predd.tors. However, the possible signific m ce of fros t as a morta lity 

factor in dune popul a tions of H. as persa cannot be di scounted. 

The other obv ious time of year for morta lities due to 

environmental hazards to occur is the late sum~er ~eriod 1 when a r ea s 

of bare sand can dry out r apidly, st r c.nding snai ls attempting to cross 

them. On hot sunny days the surfa ce temper a ture of the sand can r each 

very high levels, and Richa rdson (1974) found tha t i ndividuals of 

Cepaea nemora lis were killed by this hea t. Pomeroy (1968) found tha t 

Hell icella virgata in Australia climbed poles to height s in excess of 

two metres to es tiva t e in order to avoid the considerably higher 

temper a tures a t and nea r ground l evel. 

The r esul ts of the experiment on t he bare s and tra ck indica te 

t ha t stranding on dry sand and subs equent he a t-deaths may be a significant 

source of mortality to young juveniles over the su~ner period. Extra­

pol ating from thG popula tion d ·lta for the a rea , the ma in juvenile cl asses 

appea r to be pr esent in a p_;:i roxima tely the r a tios they would have formed 

i n the population at th -:i.t time. Adults, a nd po s s ib l ~,: l a r g .:: juveniles, 

appear to be les ;:, prone to t his t J pe of str2.ndins 1 .:i.lthough there are 

a l ways considerable numbers of t hese ;'ound l y ing on tracks in the a r ea . 

Possibly these larger anim~ls a r e more rapi dl y able to seek shelter a s 

t 11e sand begins to dry. 

The results of this experiment a re r~ther surpri sing in one 

respe ct in that area 1 sampling r esult s indica t ed that small juveniles 

tended to rem~in r e l a tivel y ag~regated in d i s tribution for s ome time 

after emerg~nce , where . .:.s newly emerged juveniles a r e the most highly 

represented size-class of t hose animals found s tri.:i.nded. J.1any of these 

anima.ls -v; ould have had to have travelled a considerable di s t ance from 

thei r emergence site s to be caught on the tra ck. The rea son may well 

be that juveniles which have emerged in an a rea of dense veget .;.tion 

may be able to move a considerab le dista nce over a lupin s tem or marram 

plant without actually achieving much horizonta l distance from the 

emergence site. The large sample unit used would not detect this 

movement. 
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The l arger anim<.lls 2.p,:iea r to be more r es i stant to heat than 

the smaller ones . This is likely to be due entirely to their greater 

volume and thicker s hells . 

Al though the bare sand track may repre sent a particularly 

severe trap in dry concli tions , especiall;1 with its wheel ruts at either 

side (ulthough the contours of thece a r e little more tha n eentle slopes 

in dry Hec.. ther ) , l a rge and small b·,r c sand pa~ches a r c nonetheless a 

significant fea ture of th e.: dur.e habit:.t . Bare sar.d are -ts at Santoft 

a lmost a l ways contai n large numbers of bl eacJ-.ed , unbroken snail shells 

which a r e likel y to be the r emai ns of previous d ry-sa nd strandings. 
c.r~ 

The hazards of bare sand areas~further enhanced.by the activity 

of rabbits which di g small holes in the sand up t o 10 or 12 cm deep , 

apparently in search of pl ant roots . Habbits were numerous in al l 

study a reas and tneir scra tchin0s were frequentl,:,r observed to act as 

pitfall traps for snails . The holes a r e generally s t eep-sided and 

onl y stable enough for a l arge . snai l to exit under very moist 

conditions . The ulti mate fate of many of the snails cau~ht in this 

way as the s and dried was to b e buried when the sides of the holes 

collapsed. 

6. 4. 4 Hibernation . 

During winter sanplin0 in a r eas 1 a nd 2 at no time wer e all 

of the adults fou nd to be hiberna ting , a lthou gh those not hibernati ng 

durin:_; the col dest periods were usually found to be in a resting state ; 

withdrawn into the shell and in a sheltered position. The hibernat ion 

trends of the F and G j uveniles ap~eared to b e l a rgely the same a s 

those of the o.dults , although the possibil i ty that they might hibernate 

for a longer period has been mentioned. Informa tion on the E juveniles 

was limited by the f act that they are poorly represented in t he 

popul at ion at that time of yea r . Of nine E juveniles found in either 

area during May and June , three were found t o be hibernating. 

Of the A, B, C and D juveniles , the majority of i ndividuals 

during the June- July period were f ound secreted under litter or dense 

vegetat ion in a r el at i vel y i na ctive state. A number were found to have 

hibernating epiphragms , but the majority did not. In a number of 

ins t ances however , individuals or small groups were found buried under 

about one centimetr e of soil , wi th or without epiphraGJlls . 



There ap~)eared t o be a d i stinct t endency for j uvt.;ni l es t o 

aggr egat e t o a gr eat er extent Juring the peak hiber nati on peri od of 

July i n area 1. The l ar ge increa~e i n the index of d i spersi on f r om 

J une t o July for the 1975-76 cohort (Fi J . 7, Chapt er 5) i s i ndependent 

of the mean w:.ich rer~aincd :::table (Fig. 1.3 ; T·1ble VI, Ch ·lpter 5) . 

The effect of hi berna tion on adul t disper~; i on and t he possibl e 

s i gnifi cance of this was discussed in Chapter 5. 

Positions favoured for hi bernation by adults and large 

juvenil es were at the base of dense vegetati on such as marram , beneat h 

dead. vege t a tion and litter , or buried in t he s oil. Those not buried 

i n t he soi l we r e frequent l y atta ched to the v ege t at i on or litter under 

whi ch t hey we r e secreted , or t o ano t her s nail. A number wer e fou nd 

unatta ched benea th li tter in sliGht depress i ons i n t he soi l, usually 

with the apertur e facing up. Over half of those buried in t he soi l 

were found with the aper tur e facing up towards t he sur f a ce . 

Hi ber nation is a usefu l method for long- lived poikilot her ms 

t o sur vi ve per iods of lo~ temper~ture which would either ki l l them or 

reduce their metabol ism to a point ~-;here effecti ve functioning was 

impossible . Hibernat i on sites obvi ously serve the double purpose of 

i nsulation against low temperatures and protection from easy detection 

by predators . 

6. 4. 5 Compa r i sons of popul 8.tions from a r e q,s 1 and .3 . 

I n the cour se of studying the short- term population dynami cs 

and pr ocesses in ar eas 1 and .3 , some obvious d i ffe r ences bet ween the t wo 

populat i ons have come to light . 

Ar ea is an :J.r ea of r e l atively low atlul t snail dens i t y, 

appar entl y the r emnant of a once dense populat i on whi ch existed when 

t he lupi n or i gi nally pl anted i n the a r ea was f l ourishing. Area .3 i s 

a n ar ea with a compar a tive ly high adult density , the population 

appe aring t o be "top- heavy" . This popu lati on appears to have a lower 

r a t e of j uvenile produ ction per adult s nai l than that in ar ea 11 and 

both appear to have only limited adult r ecruitment. 

Obvious l y a significant f actor in the ecology of these 

populations has been the r ole of lupi n . In e a ch case , a l a rge 

infesta tion of snails has ap~arently been coincident with a dens e , 

mat ur e lupin crop. In area 11 this crop ha s since undergone a 



conside rable die-~ack, apparent l y as a r~sult of the snail infes t a tion 

a nd only a few isol atcJ patches of lupins , which would have been seeded 

by the origind.l cr op , remain. Presumably, l upi n dieback is correl ated 

with snail population decrease , explaining the low snai l density 

presently found in area 1. The r emaining lupin patches probably still 

exert some influence on loc~l sn~il populations . In a r ea 3, the 

population i s , perhaps , in the process of J.ecre.:<s ing at present , with 

lupin die back now compl ete over a l arge a r ea. Hoi·:ever, it must be 

noted that the portion of area 3 in which most o f the s amplinf, t ook 

pla ce still retains a ppr eciable quantities of live lupin. 

In view of this ap)ar ent importa nce of lupi n to II. as2ersa 

ecology, it is neces sary to consider the possible benefi cial effects 

to the snails of t he introduction of lupi n t o the dune environment . 

'I'he most obvious role of lupin i s as a f ooci- source . .:inails 

a re strongly a ttra cted to lupin , pro~ably by smell, ~nd they f ind it 

highl y palatable (see Chapt er 9). Other f actors which may a lso be 

signific ~nt here ~re the nutritiona l va l ue and assimilability of the 

lupin. 

The physical e ffect of l upin on the snails ' envi r onment i s 

also quite considerable , and ma;;· enhance snail surviva l . At its 

peak, three to four years after seeding , the lupin crop is a s ingle 

cohtinuous cover of dense f oliage , giving a considerable degree of 

shelter f rom such e le::ients as wind , sunlight , f r osts and possibly 

even some predators . ;t'or example , snails climbing and feeding or 

estiv.lting on lu;iin a.t night will be safer from hedgehogs and other 

ground- dwelling pr eda tors than those in non-lupin area s whi ch cannot 

c limb subs t antia lly above ground leve l . Also , uuring t he spring a 

phase of r ap i d growth of the lupin occurs during which many f ast 

g rowing and heavil,y foli ated shoots appear off t he older branches 

(Lush , 1948 ). At this t i me , the l upin may present a barrier to the 

songthrush (Turdus philomel os) which preys on H. asper sa. Lu9i n 

bushes growing in areas of otheI'\·lise ba r e sand may reduce the haza rds 

of these area s to snails by shading the sand f r om direct sunlight and 

depositing a subs t antial layer of litter over the sand surface . Also , 

with much contact occurring be tween the shoots and branches of 

adj a cent bus hes, animals . coul d theoretically move considerable 

distances without having t o r eturn to t he ground. 
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The pre s ence of lupin i n an area effectively increases the 

amount of s pace ava ilable to anima ls per unit of habi t a t, by making 

the existinc habitat more 3-dimensional. This would reduce the degree 

of crowding of the animals . 

Jhile the i ncrease in food suppl y is likely to be the most 

significan t f actor influencinG snail popula tion increase, it is 

apparent that the ~hys ical effects of lu? in in enhancing snail mobility 

a nd survival cannot be die>counted. 

Whatever the rea sons, it is obvious that the occurrence of 

heavy snail infestations in lupin ~reas within about three to four 

years of the seeding of the lupin means t iat j uvenile survival and/or 

juvenile production must be cons iderably greater at the popula tion 

build- up stage than t ha t found in ei. ther of the main study are =i.s . 

It appears that the eventual d ieback of l upin , r esulting 

from the activities of the snail s (see Chapter 9) , brin~s about a 

decrease in the snail popula tion also . However , the evidence 

ava il able from area 3 suggests tha t snail population decrease may 

occur in advance of lup in dieba ck to some ext ent . 

These longer t e r m populat ion processes are studied more 

fully in the follo1·1ing chapter. 

6 . 4. 6 Area 2. 

The snail population in area 2 differs in some respects from 

each of the other two popula tions. The sample area included an area 

of lupin whi ch had a heavy snail infestation about four months prior to 

sa.In~ling. This lupin was virtually all dead by the beginnin~ of 

sampling, and the snail population appeared to have dissipa ted to some 

extent, but l arge numbers of animals were sti ll to be f ound in the 

dense marram of the lupin pa tch. This lupin p;1tch was mainly limited 

to a more open area of forest wher e the five to six year old pines had 

not grown as tall or as bushy as the surrounding trees . In most other 

parts of the sample area , dense pine tree J rowth appeared to be in the 

process of modifying the forest f loor vegetation. 

It ap~e~rs then, that the area 2 population \·1as the r emnant 

of a heavy snail infestation at a time when the lupin was more wide-

spread i n the a rea. This whole region (block 10 1) contained s i6ns of 
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a large snail popul a tion 1n che past in t he form of old empty shel l s 

and the r er:iains of long- abandoneci thruah " anvil" s i tes . 

n.du l t density in a rea 2 r <mged from 1. 4 to 1. 8 anima l s/m 
2 

over the thr ee samples. Tnis density i s considerably higher tha n 

that in area 1 but not as hi ~h as that of area 3. Preaumably, dens ity 

had decreased \·: i th the d i e- back of virtually all o-;_~ the lupin in the 

area. Al so, thrush predation may have been :.::. s i gni f ic .nt f actor here . 

(See Chapte r 8). 

One anomalous feature of the a rea 2 re sults waG the l a r ge 

proportion of large juvenile a nimals in the popula tion. These gave 

the i mpression of hiz;h adul t r ecruitment in th i s area , yet :1.t the same 

time , young j uvenile production appear ed to be much lower pe r adult 

than in a re as 1 and 3. vlhy this should have be en so is not certa in. 



C H A P T E R 7 

LONG-Tt;ill:J POPULi1'rION PROCBS3ES 

7. 1 Introduction 

,\s the stud.}' in area .3 progressed , it becarne obv ious tha t a 

more complete picture of the lon,;-t erm populc.t ion ecology of Helix 

aspersa i n the disturbed dune ecOSJS t em would onlJ be obta ined by 

studying a reas in other st ages of infest a tion, especially those in 

wh ich the species was increasing in density in response to the avail­

ability of lupin. This would, in turn, r a ise the question of the source 

of snail infest it ions: do sna il::; mov e into a block with dense lupin from 

another are~ of infestat ion, or have they a lways be en there in small 

numbe r s , increusing in density in r esponse to l u_J in .~roHth? 1''urtherrnore, 

what is the ever.tua l f a te of a ll sna il popuL.c tions under the r a.pidl;y 

growing pine fore .:> t, with it s as socia ted modification of the environment? 

,"t t the beginning of Fovernber, 1977, ?orest Service stc. ff pointed 

ou t an area of lupin in block 8.3, not ~ l ant ed with trees at tha t stage, 

which had been noticed for the first time to have an exceptiona lly dense 

snail infesta tion. This a rea (urea 4) was briefly described in Chapter 

.3, (3ection J. 2. 4). It was visited and sampled on November 8 th and again 

on the 29th of th~t month . 

:"-.. second area of interest was also f ounJ near a rea J . About 

400 m southeast of a rea .3, alongside the approa ch track, was a large 

a rea of live lupin, s tretching a cons ider~ble distance back into block 

122 (Fig. 17). Although this lupin had a l ways been observed to have 

snails on it, they were not noticed in as large numbers as in a rea J. 

Also, in spite of a heavy infestation of Kowhai moth larvae on the lupin 

in this a rea durin5 the summer of 197 6-77, the bushes r emained in 

reasonable condition a nd did not appe::.ir to have suffe red greatly from 

the presence of the snails . Towa r Js the end of the study, the snail 

density appeared to have increased consider~bly. 

In ea rly December samples were t ~ken from area .3, from the 

lupin patch in block 12 2, a nd from lupins about the same dista nce north 

of area J. A second sampling was undertaken in early I~ebruary, 1978, 



with samples being t aken fro m a series of lupin bushes a nd pat ches a t 

intervals from a rea 3 to the lu~in a rea in block 122. 

The a i m of s~mpling the new a r eas was to lea rn about the snail 

population composition of these a r eas and t o compi1.r e their compositions 

a nd densities wi th t hose of the other study areas . 

7. 2 r•:e t hods 

7. 2.1 Sampl ing and s ample sites 

7. 2.1.1 Area 4. 

Area 4 was fi r st visited during showery we :i.ther in early 

November jus t after a short dry spell, and the snail popul -'1.tion wa s 

rapidly becoming active . La rge numbers of snails were feeding on live 

lupins alongs i de the vehicle track. A large branch w~s removed from one 

lupin bush to assess the amount of snail damage, and all of the animals 

on it were r emoved and t aken as a sample (Sample 1). 

The a rea was visited again near the end of J·:ovember when most 

of the population was estivdting during a period of dry wea ther. On 

this occa sion the lupin-stem sample f or snail d isper s ion was t a ken, the 

details of which are in Chapter 5 (Section 5. 2.2). The snail s collected 

in the process of this sample were also u sed a s the populat ion composit­

ion sample (Sample 2). 

All animals from both samples were scored as adult or 

juvenile and measured for shell hei5ht. 

7. 2. 1. 2 Area 3 a nd adjacent areas 

Samples in these a reas were taken i n the same manner a s those 

during the main a rea 3 study. All animals were r emoved from one or 

more lupin bushes and from the ground and veget ~tion beneath those bushes. 

In this ca se, s ampling was mainly rest ricted to single lupins or groups 

of lupins r a ther than being spread over several s ites. 

On the first occasion (8 .1 2.77) samples were t aken from: a 

portion of a small lupin patch in area 3 (Sample A1); 

a single lupin in the block 122 lupin area , isolated from 

surrounding bushes by bare s and (Sample A2); 
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three lupi ns severCJ.l metres :apart i.n blo ck 128 near ·the 

northern bounda ry of the forest , and adjacent to f a rmland (Sample A3) . 

The state of the lupin in thi s area was similar to that in a rea 3. 

The positionG of these three site3 are shown in Fig. 17 . 

On the second o ~ c,csion ( 2. 2. 78), samples were t .... ken from 

three different loc .i.tions in areu 31 from two bushe:.; about 15 cm ap:.;.rt 

in the block 122 lu,)in a r ea (one of the.;e w • .i.s the bush sampl ed 

previously from this area) , and from two loc.;.tions b~t·,;eer. a rea 3 and 

the block 122 lupins. Ea ch of these sam~les (D1 - B7) involved a 

singl e lupin bush or a portion of a small ~roup of lupi~s . These 

loc~tions are a lso shown in Fig. 17 . 

~11 anim J.ls were scored as adult or juvenile and ;:;hel l 

neights were measureu. In addit ion, the shells of the adult .;nails 

from sam_.:iles B1 - B7 were ex -..mined under a stereo cli s sectin;; microsco;Je 

and the number of juvenile growth- checks on each shell counted . 

7.2. 2 Data analysis 

The juvenile shell height data :;'rom each .;ampl e po :-mla~ ion 

was d ivided into the juv l]nile size-cL.sses so tha t popul".:.tion 

compositions of the different samples could be co~parej with each other 

and 1·:i th s ize- composit ions of the populations of the main study areas . 

The growth-check data was used to compare m'1tur i tion times in the 

different sa.rnple areas. 

In addition to this , the results of the earli er studies 

indicated that adult size , as measured by shell height, varied between 

different areas. Mean hei.;hts of adults were determined for areas 1 1 2 

and 3 usin5 the data collected durin.s the stu .. lies in these areas . 

These were then compared with each other and with the mean heiJhts of 

adults in the samples described above . 

7. 3 Results 

The sampl ing results from area 4 are presented in Fig. 18. 

The number of animals in each s ize-division are expressed as a 

percentage of t~e total catch. As the second sample in this area 

consisted of two subsamples from two lupin bushes about 150 m apart , 

the results are presented both combined anJ separately for each bush. 
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Of interes t in area 4 was thcit the l upin bush from which 

the first sampl e was taken and a number of surrounding bushes, all of 

which appeared to be well folLded and hea l thy a t that time , ¥1ere dead 

two-and-a- ha lf weeks l Ctter when the second sar.iple was t aken. This 

appeared to be clue to the heavy snail infestat ions found on them . 

The popula tion composition~ of samples A1 - A3 a re presented 

in Fig . 19, and those of sar~pl es B1 - B7 arc presented in Fi 6. 20. 

Gro1• th-check results for the adult si1Clls from areas B 1 B7 

are presented in Table XIII. 'I'he results for samples B2 and B3 are 

combined as the shells involved 1·1ere inadvertently mixed in the 

laboratory. 

Table XIII 

Number of 
Growth-
checks B1 

0 

14 

2 11 

3 4 

4 

rotal 
animals 29 

Grm1th- check numbers on the shells of 
adult snails in samples B1 - B7 . (2. 2. 78 ) 

:..iample 

B2 and B3 B4 B5 B6 B7 

,,. 
0 5 3 4 22 

45 13 24 4 

33 3 

15 2 

3 

102 21 30 5 26 

Adult shell-hei ght data from areas 1, 2 and 3, collected 

over th e course of the study, are presented in histogr am form in 

Fig. 21. ,.dult heights from samples A1 and B1 - B3 were included 

in the a r ea 3 dat a . 

Means and standard. deviations for adult shell hei ghts 

are given in T ~ble XIV for areas 11 2 and 3; for samples 1 and 2 

of area 4 , combined and separa tely; and for samples A1 - A3 and 

B1 - B7 , with the data from B6 and B7 combined as only five adults 

were found in sample B6. Also , mean and standar d devia tion results 

are gi ven for the combined da t a of all samples taken from the block 

122 lupin area (A2 , B6 , B7) . 
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Tabl e XIV Kean adu l t shell he i c;h ts. 

Area/Sampl e :X (cm) 
Number of 

s adul ts 

Area 1. 564 0 . 103 109 

Area 2 1. 496 o. 104 100 

Area 3 : Total 1. 490 0. 098 635 

Sample A1 1. 511 0.082 55 
Sample B1 1. 460 o. 117 28 
Sampl e B2 1. 482 0.090 36 
Sam;:il e B3 1. 464 0. 090 59 

Sample B4 1. 486 0. 082 19 

Sample BS 1. 501 o. 107 31 

Sample A3 1. 520 o. 079 46 

Block 122 Lupin 
pat ch Total 1. 566 0 . 097 53 

Sampl e A2 1. 60 1 o. 079 30 
Samples B6 and B7 1. 521 o. 101 23 

Area 4 : Tota l 1. 568 0 . 08} 55 

Sample 1. 578 0. 097 21 
Sample 2 1. 561 0. 086 34 

7. 4 Discussion 

7. 4.1 Population density increase . 

The popul~t ion size- composi tions of urea 4 and the lupin a rea 

in block 122 stand out immedi ate l y from those previously found for 

areas 1 and 3 by the high proportions of l a rge juveniles in comparison 

to adults . Assuming that many of these a nimals will survive to 

maturity, thi s will mean a consider ab l e increase in t he ad.ult popula t ions 

of both areas. Adult r ecruitment in these populations i s ohviously 

well in excess of the other a r eas s tudied . 

Not only a re the populations in these area s increasing but 

they are doing so at a much greater rate t han woul d be expect ed from 

the j uvenile growth- check data obta ined from the Sept ember sampl e of 

ar ea 3. The growth-check results from ad.ult shell s obta ined from bl ock 

122 ( Sam~les B6 a nd B7 ) indica t e tha t juveniles are maturing a t a 
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considerabl y yourl0er · age in this ~rca than those of ne~rby area 3. 

Possible reasons for thi~ are discussed later. 

These results demonscrute th~t major increases in popul ution 

density of H. asoersa can take ~lace within a few years , and th~t 

these occur in the dunes in response t o lupin establ i shment . 'rhis 

sugciests tha t non-lupin areas restrict adult-recruitment processes , 

presumably as a result of factors rel~ted to diet . ~his could operate 

at severa l levels in the recruitment process , such as egJ production 

or juveni l e development <ml survival. 

7. 4. 2 The origin of snail infesta tions . 

Area 3 is reporte~ by Forest Service staff to have had a 

high sna il popul~tion density for ~ number of ye~rs , wherea s the 

lupin a rea in block 122 has only r ecently ac~uired a comparable 

density. In view of the fc.ct tiv..1.t lupin seeding took pl c:.ce at about 

the same time in e~ch of these areas , an explanation i s required a s to 

why snail popula tion csrowth was delayeJ. in block 122. 

The mos t protabl e explana tion is th~ t there were no snails 

in the block 122 area prior to lupin seeding anl that e~tablishment of 

a snail population by individuals dispersing from surrounding are~s 

was a s low process . nefore the pl anting of marram and lupin occurred, 

bare sand areas and other habita ts unsuitable to snails were more 

widespread than at present , and the distribution of snails would have 

been correspondingly patchier. Probably, quite large a reas would have 

been entirely free of snails . A combination of limited mobility and a 

homing tendency (Potts , 1975) would ensure tha t movement into an area 

that had since become more f avour:.ible would occur slowly. 

Bstablishment of lupin in these areas occurred not more than 

six yea rs prior to t he begin~inb of sampling in area 3. It is therefore 

likely tha t small numbers of H. aspersa occupied area 3 before Forest 

Jervice ope rations began, and that their numbers increased in response 

to the g rowth of l upin. 

The pa tchy distribution of snails and their uneven popula tion 

build-up over an area was demonstrated by the pattern of lupin die-back 

observed in ar ea 4. Are~s of almost completely dead lupin, 20 t o 50 m 

in diameter , were found to be more or less surrounded by live lupin. 



Large numbers of snail::; were found on .both the dead anc: live pl.s.nt::; . 

It is likely that this die-back pat tern is due to a locc...l populn.tion 

increas inc to a hig!1 density ~n::l. gradu.:i.lly dispersing into surr·our.ding 

area s . 

The strong homing ten,l.encies of H. aspersa observed by 

Potts ( 1975) would hav e an i r.1port:mt effect in slOivine d ispe rsal into 

new area s , and mainta ining initially p~tchy jistributions. In t his 

respect it i s of interest to note the popul1tion size- compocition 

d.ifferences \1hich can exist b e tHeer1 lupin bushes which are only a few 

metres apart . Examples are the t ·.10 sample site s cor.1prising 3ample 2 

of area 4 ; samples B1 - B3 t <::ken from sites within area 3; u.nd 

samples D6 a nd B7 from two lupin bushes in block 122. These sites 

differed from each other with respect to the relat ive proportions 

of adults a nd juveniles, and the di s tribution o: juve niles in the 

v a rious size-classes . However the ovurall populat ion trends are still 

visible in e2ch site of ;~ particula r area. It is possible t hat the 

popula tions of the d ifferent s ites function independently of e s.ch other 

to a certain extent QS a result of limited mob ility a nd homing 

t ender:ci es . In Potts ' ( 1975) study s t r ong hor.iin,s beh;;.v i our H::.s the 

singl e f actor causing m<.!. rked ci.el ine ,. tion of popuL .. tiofis of H. e:.soersa 

which mingled a t ni~ht during fee~ ing ~nd. other activit i es . This 

phenomenon wa.:> not inve3tigated i n the pre3ent study . 

"dhatever the causes , v arie:,tions in popula t i on size-

composi tion bet\·:een sites in one ares. 1·: ill affect sampling programs 

such a s the one adopted in area 3, in »ihich only one or two sites were 

sampled on most occ;.;.sions . This is the most likely explanation for 

the anomillies •·:hi ch someti1~es occurred between results of consecutive 

mont!~ly samples. 

7. 4. 3 The origin of snails in the sand dunes . 

I t ap]ea red t o be the genera l belief 3.mongst the Ji'orest 

Service staff at Santoft that their a ctivities i n the dunes had resulted 

in the introduction of H. aspersa. Pi ne tree seedlings , marr am gra ss , 

and a number of other p l ant species bein~; tested for s t abilization of 

t he foredune , ·<lre all grown in ?orst Service nurseries before being 

t ransplant ed into the dunes . I t ~us believed that snai ls or their eggs 
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were introduced \\'i th these plants and thereby bec:.i.me est ...1.blished in 

the dunes, especially in lupin areas . 

While it i s quite possibl e tha t snails have been, and still 

a r e , introduced into the dunes in this way, there is evidence to 

sugc est that snails were present in ~t l east some re~ions prior to 

ljlorest 0e rvice activity . Ifr C. \l . S. van Kraayenoord (pers. com.) 

found that snai l s wer\3 ~resent in dune <..:.rea s south of the 'l'urakina 

river mouth , and about 2 - J km north1·1est of a r ea 3, during the late 

1950' s . LarJe numbers of bleo. ched snail shells were in evidence, 

scattere,.;. over a reas of bare sand . 'I'he Ministry of Works were 

experimenting •:1 i th Lotus sp;:> . in this area, a nd heavy snail i nfesta t ­

ions were occurr-ing in tri a l plots two yea rs after the ir est '.lblishment . 

Snails have a lso bee n found in dune country in the Him:.... t a ngi 

area abou-t 5 km south of the Ran;sitikei river mouth, sor.Je distance frora 

the nearest Porest ..;ervice activity. 

There is no doubt th:::..t lupin stronglJ attracts snails and 

tha t snails disperse into lupin <..:.re .cs from surr oumling re<_Sions. 

However , this occurs on a scal e r ·..ither smaller than that involving 

whole forest blocks of up to 100 hectar es . The speed of snail 

popula tion density bui l d-up over large area s in response to l u;:>in 

growth , and wi thin only two or three years of lupin seeding, sug6ests 

t ha t low density snail populati ons inhabited these areas prior to 

Forest Serv;ice activity . Areas such as the block 122 l upin area we r e 

probably devoid of sna ils initially, so that infestation was de l a:,.·ed 

consi derabl y compared to the surr ounding a r eas . On the other hand , 

blo ck 128 , a portion of whi ch was included in area s 3, as well as 

the eastern portion of block 129 all d isplay the s ame level of lupin 

d i eback, suggestin5 tha t all of these a rea s were infested at much the 

same tir:ie. This is supported also by the r esults of sampl e AJ which 

h~s a similar populat i on composition to the area 3 sampl es . 

The initial introduction of snails to dune areas is ther~fore 

open to speculation. It is possible that it may have occur red during 

early use of these areas by f a rmers, before the Waitarere dune-building 

phase ( Sowie, 1963) beg~n. 

MASS!iY UNIVERSITY 
LI BRAR'( 
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7.4.4 Density effects in s nail popul~tions . 

1r he compari sun o f mo ..... n adult height..; from the Ll i fferent 

s tudy areas show that adults in :.irea s 2 and 3 a r e smaller on <iverage 

than those of area s 1 a nd 4 and the lupi ll a rea of block 122 (P <. 0. 001) . 

I t would appe:.ir , therefore , tha t .J.nir:;a l s in popul ations the:.t have 

exhibited a high Je(;'r ee of adult density for some time do not 0 row as 

l a r ge as animals in popul :.i.tions Hi th low dens ity or h'hich ar0 in the 

process of a tta ining hig h dcnsi t i es . 'I'h i s sugg~sts the existence of 

s ome type of ciens i ty-dependent L1.cto r havin;; a n inhib i tor y effect on 

growth. 

~'ven mo r e strikini:; a r e the r e:.ml t ::o of growth- check ;ina l ysis 

of the adult anim~ls t a ken uuring th8 sample of 2 . 2. 78 in the a r ea 3 -

block 122 r e0ion. Sampl es B1 and B3 , a ll 1·:i thin a rea 3 , gav e s i milar 

g ro111th- check ana lysis r esults to the Jeptvmber sarnplin6 of this a r ea. 

The majority had one or two gr owth- checks , with a substa nt i a l nu mbe r 

having t hree , c.nd only :.i f ew having zero or f our. On the other hand , 

the comb i ned r esults of s ampl es B6 a nd B7 from block 122 show that 2 

of 31 ani mals had no g ro;·vth- checks , the r ern<:.i n i ng five havin~ one each. 

Sampl es f r om the arc .t s in between these (B4 a nd B5 ) a re a lso intermedi a te 

i n respect of growth-check numbe r . 

It would appear that j uvenile s na il s in a reas with incr easing 

adult population density grow much faster than those in a rea s with 

high adul t density. The former reach adulthood as much as t wo year s 

befo r e the latter. Thi s interpreb.tion is supported by the f act t hat 

a ll but one o f the B6 a nd B7 adults d i splayed v e r y l it tle weP.rin..:; of 

the periostracum , whereas at lea.s t half of the a.rea 3 c.uiul t..; would have 

had 4~~ or more of this layer worn off. An i n t a ct periostra cwn wa s 

also characteri st i c of snails from a rea 4. Once aga in, some type of 

density-dependent inhibition in high density popula tions i s suggested. 

Herzberg ( 1965) found tha t crowding under experiment3.l 

conditions adver sely affected g rowth and r eproduction i n H. aspersa. 

Even when the animal s were not crowded , the cont .::.:.i ner s housine them 

h ad to be c l eaned out thoroue hly a t r egul ar interva ls t o pr ev ent them 

being ~ir:iil arly affected. Both cro;-:ding a nd f a ilure to clea n containe rs 

hous ing uncrowded animal s re ::iul ted in the a nim:1ls being less act i ve , 

r eproducing les s f requent l y , a nd g rowing irregularly, with some ceasing 

growth entire ly. Under optima l conditions (no crowding and regula r 
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cleaning of cont~iners) crowth antl reproduct i on resu l ts were 

relative l y consistent . Herzbert; consiuered th:...t excretory pro:iuct .:> 

were irn:;::il i c<lted i n thl"! observed i nhi bition. 

Effects of cro""ding on growth have also been observed in 

natural popul at i ons of Cepaea ncmoralis . Hill i aiYJ30n et al . ( 1976) 

found that denser popul...:.tions had a :::;rn~ller avera~e adult shell s ize ; 

shel 1 diameter clecre<..t.sint.S by 6 - 9i~ c.;.s atlul t densi tJ increo.seJ from 
2 

O. 5 to 5. 5/m • Thi s dia:neter decrea..;e corr.:: l a ted 1:i th body wei;;ht 

decreases of as much as 24~~ (".ii ll i arr.son , 1976) . It was found that 

preferred food s peci es were present all year rou nd and tha t calcium 

rese rves were adequate , and i t Has therefore concluded tha t snail- snail 

interactions (chemica l or behavioura l) were responsibl e , through their 

effects on juvenile gro·.-< t:'1 . Initia l labor-.1,orj' studies indic~icd th ::.t 

the presence of mucus trails of other sna ils inhibited snail activity 

(i'lill i am::>on et a l., 1976) . 

A notable anomaly in the adult shell height d ,t a in Tabl e 

XIV is the large decrease in me ::i.n hei ';ht beh1een the t\"lO samples , A2 

and B6, B7 , t aken two months :i.part from the l upin ar ea in block 122. 

'dilliamson ( 1976 ) fot:.nd that t her e was a reC.uction in s ize of adult 

Cepaea nemora lis maturing later in the season , and he assi..:.med t~1t 

this wa8 due to t he increas ing density of l arge ani~al s over t he season. 

This explan.~tion may :iol:i in the present ca se a l.so . ffost of the adults 

of the f irs t sample i·:ould have reached maturity either the previous year 

or before that and they would therefore have grown e:.t a time of 

relatively lov.- snail denui ty. The second sarnple undoubtedly included 

animals which had matured in t:ie intervenin(; two months and these 

animals 11ould have been exposed to density effects not only from the 

adul t s bu t from o t her members of their own cohort . The greater r ange 

of adul t s i zes proJuced by this situ~tion is reflect ed in the l arger 

standard. deviation and variance of tht~ s econi sample. 

ilolda and Kr eul en (1 973) observed that i n a r api dl y expanding 

popul a tion of C. nemor a lis , 25?b of t he juveniles wh i ch survived t o 

adul t hood di d s o in their f i rs t year. In another study , on a decl i ning 

popul at i on (:fol da, 1963 ), there was no evidence of such f ast- gr owi ng 

juveniles. 
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·,/hi le density- dependent processes may ·explain differences 

in matur~ tion times and adult size between popula tions , the :r-e still 

rema ins the question of juvenile surv ival (adult recrui tment) . 'rhe 

lm" juveni l e surviva l in area 1 has been su.;Je;; ted to be r e l Jte l in 

s ome way to the paucity of lupin in this area. HoHever , r a tes of 

juvenile survival in area 3 appea red to be even lower in spite of 

the fac t th2.t consider .. :.ble quanti ti cs of live l upi n still r ema ined 

i n parts of the ar ea and most of the samples were t ;.;.ken f rom these . 

Holda and Kreul en ( 197 3) cor:ipareJ. t he results of studies 

on a declining population Cepaea nemor alis (llolda, 196.3) and .:;,n expand­

ing one (ifolda and Kreulen , 1973). They founcl th<.tt egg production per 

snail in the expanding population wa:3 more th tn twice th . .tt in the 

declininG" one . -~gg ;;urviva l was also 25/o higher , s o that j uvenile 

production per adu l t wa s about three times hi ghe r in the expanding 

populat ion. However , the main difference bet·.1een the two was in the 

surviv~l of young juvenile s . In the expanding population , 46% of the 

juveniles h~tched 1·;ere ~till a live after one year , compared Hi th 2. 3% 

in the de clinin.::; population. ~fo ld<.. and Kreulen ( 197 3) su~gested that 

the m:.:.jor f ·..: ctors affecting juvenile survival we r <.: probably drougnt 

a nd predat ion and tha t the declining population happened to be a ffected 

by these to a f a r greater extent a t the time of study than the 

expanding population 11hen it was s tud ied . ::fowever they were uncertain 

on this point as in the gre :-1t ma jority of c . .:.ses the c<.luses of j uveni le 

dea th could not be establ i shed. They considered that while some 

dens ity governing processes were probably acting , their influence on 

popula tion size was ne ;li gible. 

Williamson et a l . ( 1977) made a six- year stu~y of a natura l 

popula tion of C. nemora lis in grassland and found th~t the mos t 

successful year for juveniles wa s produced when adult popul a t ion dens ity 

was rela tively low 1 while the least successful ye.:-~rs occurr ed when 

adult densities were high. They considered th .lt the study provided 

circumst antial evidence for s ome type of density-dependent control of 

Cepaea popula tions affecting juvenile survival . They agreed with Wolda 

and Kreulen (1 97 3) tha t adult recruitment f rom juveniles wa s the mos t 

i mportant f actor determining adult population s ize . 

In the present study there is some evidence for a considerably 

lower r a te of juvenile production per adult in a rea 3 t han in area 1. 
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This may be a direct rerml t of the lower mean adult size in a rea 3. 

;~dul t size has been found to affect eg~ production in Cepaea nemora lis , 

smaller adults beinti found to p r oduce smal ler eg; clutches than 

larger adults (Holda, 1963 , 1967 ; Wolda and Kreulen , 197 3). However, 

the d a ta provided for Cepae~ would be insufficient to explain the 

diffe r ences observed in this study. 

-.lhile there is no data avc..ilable on eg-J production a nd 

juvenile survival in a rea 4 a nd the block 122 lupin a rea , the 

population compositions of these areas at t he tir:.e o:.' sa:-1plins suggent 

tha t the ma jor factor a ffecting adult density in June popula.tions of 

II . aspersa is a lso juvenile survival to adulthood . ~~o study of 

juvenile morta lity was made in the course of this work , so th3. t 

factors which might be res.t)onsible fo r the differences in juve nile 

survival d i s played by different populn.tions ~re unknown. Ho1·1ever , 

the effects of drought and other enviror.menta l ha zards can presumably 

be ruled out as these wi ll be similar in all area-: . Al so , the 

ava ilability of lupin as a food source wa s not .J. limiting facto r in 

a r ea 31 which showed ve r y low juvenile survival r ates . 

The r emaininJ obvious possibility is pr ed .tion , ani ~his is 

an unknown fac tor. If differences in r.~tes of ,;Jr ed.J. tion a r e signi ficant , 

this 1·1ould mean a considerable change in predc1.tion r a t es over the 

distance of 400 m separa tinci a rea 3 a nd the block 122 lupi r.s . 

llhile the poss ible effect s o f preda tion on young juveniles 

cannot be ove rlooked, it is sugges t ed t ha t circum~tantial evidence , 

at least, inuicates that some type of direct density- dependent control 

of juvenile sur·Jival may be implicQ.ted in H. aspersa popul a tions . 

Obviously, this point 1.;i ll only be settled by furthe r 

intensi ve popul~tion s t udies , particularly into the sources of mortality 

of youn~ juveniles in natura l populations . Some of the d iff icul ties 

inher ent in such a study were briefly mentioned. by \·: illiamson et al. 

( 1977) . They include the need for careful handl intS of v ery smal l 

juveniles and the impossibility of markin .:s them to make them individually 

r ecognisable. Also , an intensive sampling program , pa rticula rly in the 

dune environment , would be i mpossible without widespread. destructive 

s ampling of ti1e vegeta.tion for &.nima ls. 
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La ck (1954) pointed out t h:..: t fe cundity falls und l c..rva l 

1r.orta li ty rise s with increa sed de nsity in labora tory insect 

popul~t i ~ ns , but t hat these occurrences a r e dire ctly r e l a ted to f ood 

shortage. In these circumGt a nces in na tur;~l popul2-tions adults woul d 

t end to move el sewhe re to l ay their eg::;s. He sugc;es t s t ha t t he :nain 

density-dependent effe ct in rn.;.ture is probably mov(:ment. In a 

t erres tri :1. l s na il s pe cie ::; , hm1ever, the amount of mov ement may be 

limited by both the animals' mo bility and the type of t e r ra in over 

which movement may have to occur. In this ca se it i s pos s ible tha t 

dire ct density-dependent control of recruitment, in the form of 

r educed fecundity and juvenile survival, etc. may be a ne cessa ry 

alternu.tive. 

7. 4.5 The patterns of snail popu l at ion growt h an~ decline in the 

dunes. 

It appea r s tha t H. a spersa has been i ntroduced into the sa nd 

dune country in the pas t as a re sult of human a ctivity. It s initia l 

d i s tribution was probably limited by t he l a rge extents of b~re s a nd wh i ch 

exi s ted a t t h.:i.t t i me . The ir. troduction of marram ~.ncl lupin into t his 

environment has re sulted in r apid popul2.t ion dens ity increases , 

pr esumably a s a re sult of the lupin being a hi t;hly nutritious food 

plant. Increases in adult popul o.t ion dens ity ev entua lly a ppea.r to 

ceas e due to a significa nt decrease in adult re cruitment. 'rh is 

aiJpea rs to be correla ted partly with de cre .:.;. sed production of young 

juveniles but to a gre a ter extent with incre2sed juvenile morta lity. 

It is pos s ible tha t both of these phenomena are affected by adult 

dens ity. l•!ore certa inly, adult clens i ty has a n effect on both the 

matur~tion times of juveniles, and the size they atta in Qt adulthood, 

the former incre;J.sing and the latter decreas ing in more dense 

popul i.!.tions. 

When the population reaches this stage, recruitment appears 

unable to balance adult mortality and density decreases. It is 

probable that this allows some increase in juvenile production and 

adult recruitment, a nd this appears to be occurring in some of the 

sites sa~pled in and around area 3 on 2.2.78. Presumably, the 

population eventually decrea ses to a much lower density when lupin 

die-back, which has been progressing rapidly up to this point, is completed. 
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~reas of marram with little •r no rema ini ng lupin , such ~s 

area 11 appear unabl e to su,.Jport lar ge snail populi.!tions. /1dul t 

r e cruitment ag. ~in appears to be the cri tic::;. l fdctor, but this time 

it is presumably i r: flucnccd more by factor.; such as available f ood or 

f >0d quality r ::.ther than adult Jensities • . t this s t age , ri.ni mals 

a re attaining a larger size a t adul t!iood <J-G'tin. iievelopment rates , a s 

determined by shell g ro11th checks , were not obt~ine:i fo r the a r ea 1 

popula tion. 

The po:;ml<:.. ti on of area 2 1 in t e rms of stage of gro~1th , 

probably lies between area s 3 and 1. It has re~cheJ and. pas:.>eU. its 

peak of adul t densi t./ a nd i s wel l into the decline period. However, 

the situation here ma,y be somewha t complicJ. ted by the .;r e.:;. te r age of 

the pines in this are~ than in ~rea 1. At the time of th8 8tudy in 

this area, the shading caused by the densely foliat ed young pines 

a lready appea red to be having a significant effect on the undergrowth 

over large are~s. 

The a r ea 2 adults , many of which showeJ. signs of bein_; r a t he r 

old (apertur·.;- lip ridges , wear c.n;l t ea.r), r .:im..:. ined of a smal l <:.verase 

size. 'rhe relativel.J' l a rge numbers of lar3c JUVeniles f ound may be 

associ ated with the decreased densities . 3urprisingly few small 

juveniles were found , and these mai nly from only one or two quad r ·1ts 

in each sampl e . Thi s may have been uue in part to the r e cent die-ba ck 

of most of the remaining live lupi n , which could have mea nt that the 

adult population was too dense for the av~ilable f~od. It may also 

have been a r esult of the effects of pine Jro~th on the under6r owth , 

and therefore the other food i terns of t he J.nin:als in some a reas . 

Ho;vever, no e ntirel y s~tisfactory ex,Jlan J.tion could be f ound for these 

observations . 

The ultimate fate of snai l populations in the U.une- forest 

ecosystem is probably an eventual demise under the rapidly growi ng 

Pi nus. As the t r ees grow, t he under Growth species gral ually die ba ck 

unt i l t here a re fei·1, i f any, l eft . In one ilrea of 14- ;rear-ol d pi nes , 

a sear ch for live snails f a iled to reveal ...i.ny t r a ces , in spite of the 

fact that large numbers of spindly, eti ~ lated lupi n bushes had grown 

under the trees . There was virtually no nether undergrowth. 'ri1ere 

had apparent l y been a snail popu lati on in the area a t one t i me , as 
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large numbers of highly wea thered s nail shells were fou nd under the 

pin0- needl0 li t t er a nd in the soil . 



S E C T I 0 N III 

p R ::; ~ ) I \ 'I' I 0 N B y T H E S 0 l1 G T H R U S H 

C H A P T E H 8 

PllZDAl'IOY ON H. "up:.:;~t .:3 .A 3 Y TH.: smJG T:-UUSH 

( 'I'U ILlU3 PJ !ILOJ:_;L0.3) II ~ :'.l.rIBA 2 

8.1 Introduction 

Preda tion on sna il s by song t hrushes, Turd~s philomelos Br., 

and t he ir u se of ha r d- surfa ced "anvils" on which to br eak t he s hells 

open i s c:.. well-kno1·m phenome nor.. (Taylor, 1907-1 4) . 'l'he v.-~ri ou s t ,ypes 

of beh aviour i nvolved , a nJ. t hC! t yp i ca l darn- cge c 2.u sed t o t he shel l have 

been de8cri bed by Nor ri s ( 1954). Seasonal char..ges i n t he s na il 

preda tion activities of thru ~h e s hav e been s tud ied i n diff e r ent are rn 

by Go odhart ( 1958 ), Davi es and Snow ( 1965) J.n l C:3 meron ( 1969 ). Oth er 

u seful ob s e r va t ions on t hi s subject have be en made as .;. r esult of many 

s tut.i i e s of the e f f ects of preda ti on on the f re tuencies of the geneti ca lly 

baseu solour and b<:m:::. i n_:;- pa t te r n mo r.:Jhs of the l anclsr:a il Cepaea 

~rali s ( e . g. Cain anJ Sheppa r d , 1950 ; vne;:ipa. d , 1951; Ri ch.:.;.rdson, 

197 4). 

Thrush preda tion in the s tudy ar eas appe :::.r ed to be irre ;~ l ar 

in occurrence from one a rea to another. Frequently there was ample 

evidence of pr evious a ctivity in the f orm of many old , we~thered s hells 

strewn about anvil site s 1 but with little or no current a ctivity 

appar ent. Thi s was t he cas e espe cia lly in ar eas 1 and 3. 

Area 2 (Blo ck 101), however, ap) ea red to have rea s onab l y h igh 

level s of current pred;ition, judgin6 from t he numbers of unwea t he red 

s hells encounter ed on anvil sites du rin6 s ampling. Ob jects chos en for 

anvils included the ba ses of pine trees, f a llen pine cones or branches, 

and the ha rd woody part s of f a llen lupin stems. In other pLi. ces, use 

was frequently made of stones a nd rocks a long the edges of Forest Service 

tracks. 

The part of area 2 around which t hr us h a ctivity appea red to be 

particularly concent r a ted was a more or lesd continuou s series of pa tches 

of live and staniing , dead lupin, ma inly in dense marr am, where the pine 

trees tended to be s maller in size t han those nearby. These area s were 
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more open to sunl i~ht t han the su~~ounlin~ fore~tJ It wa3 on this 

lupin th~t heavy snail infestatio~s were noted in J ecember 1975. 
r.:ost of the lupins which at that time had been a live and he <J.vily 

infested with snails \·/ere dead in J.:arch , anJ the sn-.;il populaLion 

1·:3.s no loni_Ser ~s evident as it r1.'.ld been. It ap!)e·-:.red th<lt the sn2.il 

densi t;:,1 h<ld decren.secl to some extent . 

In J.:ay 1975 1 the ~~crest .Jervice com1nenceJ some pruninG 

operations in block 101 . These were m.'.linly confined to ~ swa~py 

area where tree gro ~:th was more rapicl th:m on the higher ground . rrhe 

operations extended as far as , and. incl uJed most of, the lupin area 

described. !:any of the unpruned trees were not thinned ou t at t his 

time. In spite of this disturbance , thrush preda tion continued to 

occur judging from the shells building up around anvils under the 

unpruncd trees east of the lupins. 

At this stage it was understooJ.. thci.t further oper.,.tions woul d 

not be t aking place in this area unti l some t ime into the following 

ye;_,,r , anJ the thru!Sh predation study ;.:as therefore commenced . 

Unfortunately full pruning and thin!-,ing operations recommenced in 

early December. !<any of the anvi l sites were covered by fallen 

branches and trees and ~s the disturbance and the rad.ic~l alterdtion 

of the habitat would have had a major effect on the birds , the study 

was abandoned at thi s stage . 

A note on no.mencl a tu re ,n though many authors still refer to the 

song thrush as 'furdus er~ cetorum ('!Urton) , in this study the more 

recent tendency to use the name T. philomelos is followed. 

8. 2 t.~ethods 

8 . 2. 1 The thrush anvil study. 

8 . 2.1 . 1 Anvi l si t e l oca tions . 

An i n i t i a l assessment of thrush predation on snails was begun 

during :March 1976 when a rock was placed near the base of a pine tree 

where damaged snail shell s had been appearing. The site was cleared of 

a l l shells , and further shells wer e collect ed from around the rock a t 

regular interval s . Further s tudy did not get under way until June, when 
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sar:1pllin..; in -ar ea 2 ce :.i.sed 1 rna.kinu more time av""ilable. 

The a rea of unpruned trees alon~ the eastern s i de of the lupin 

a reas was searched arnl over a period of o.bout one month , e i ght nc.i.turul 

anvil sites were located. In each case a ll existing shell s were 

cleCJ.red from the s i te and. a l a rge rock placed beside the existin& anvil. 

It was hoped that the birds mi~ht concentr~tc sm'1shin~ o~en of shells 

f r om that locality on the rock provided , r a ther thnn using several 

na tura l anvi l sites whicl1 wa:;:; likely to have been occurr ing (.r.:orri s , 

1954) . The rock also served to mark the site loca tion as visibility 

amongst the young, unpruned trees was very restricted in most pl aces 

and there were few readily identif i able l andmarks. Re loca ting a 

natural anvil site which had not been used since the previous r emoval 

of shells could have proven r a ther difficul t . A p::i.inted stick wa s 

pla ced a f ew yards ;;.1.;ay from most of the anvils as a further aid to 

relocation. 

In each c:cse , the birds used the rock~> provided in preference 

to the origina l anvil. This was probably due to the ha rdness and 

rigi dity of the r ocks in relat i on to the ava ilabl e natural ~nvils . It 

coul~ not be es t ablished ~ith certuinty whet~er or ~ot other natura l 

anvils in the locality were also bein0 used. 

8. 2.1. 2 3hell collection and analysis. 

All shells were collected from each anvi l at approximately two­

week intervals . .-...,; thrushes sometimes carry empty snells to anvils 

(I.Jorris , 1954 ) a nd as old broken shel ls ar e somet i mes unea rthed by 

wind or r~bbit activity, unbroken shells a nd ~ny s nells displaying 

weathering or dullin6 of the inner, shiny n:;;. creous l ayer were rejecteJ. . 

Some shells t ended to be broken up more completely th~n the others , and. 

in order not to count the same shell twice, only fragments which 

i ncluded over half of the aperture lip were counted. 

Aperture l ip characteristics were used to divi de shells into 

adults and juveniles. Juvenil e shell heL;hts were measured when this 

was possible. ~!hen the damage sustained by the shell made mea surement 

i mposs ible, an estimate of hei ght was made based on other dimensi ons 

such a s aperture size. Not a ll juvenile shells could successful ly be 

estim~ted for haight. 

:UUring the wi nt er months, the number of shell s with remains of 
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hibcrna tin(5 e p i ph r agms were noted . 

8 . 2.1. 3 Predat ion mort~lity in r e lation t o snail d enc ity. 

It was des ir .ible to a ttempt to r e l a te the observed 1) r edation 

mort:lli t y of sna ils to thuir J ensi ty in th.~ environment . !·'.orris ( 1954) 

found frorn markin& studies that r\~leased sn2.ils a h :ays reappeared as 

broken s h e lls in the s · rne &enr~ y-;~ l 20' x 20' ( 6 m x 61.1 ) · .. re0 in '..' h ich 

they were re le~sed . In th i s case however , . serie~ of concrete paths 

provided a lmost unlimited anvil s ites s o t h ·.i.t it \·1as unnecessary 

fo r birds to move v e ry f a r between ca plurc and consumption of s n :.. il s . 

Sheppa rd ( 1951) sir.iilarly releD.sed rr.arked snails in i"! ood l and lo c·!li ti es 

and found tha t a nvils 30 yards outs i de the a r ea in which the sn.:iil s 

wer e r e leased n ever had ma r ked ind ividuals broken on t hem. Furt her 

evidence s howed thc.t thrushes in th J.t study a r e·1 '.·:ere neve r ca r rying 

sna ils more tha n ?O ya rds and usua lly less ~han this . 

I t \·1as found during the study that na turc..l anvils tern.led to be 

loca ted in patches of bare s a nd OY' ~t le1st in pla ces ~here v ege t at ion 

was either s pa r :5e or dead a nd f l a ttened . J~o a nvil .::>i tes -.·1ere found , 

for exa.:np l E: , in dense , lon;; rnarra r:. . Presum c:.b l y avo i dance of a nvi l 

sites enclosed by dense ve~etation makes the birds l ess vulnerab le to 

preda tors while usin6 t l1e a nvils . Sui t J.ble si t es we r e co:r.mon in a r ea 2, 

especial l y where pine tree growth wus adv =.nced and dense , a s much o f t he 

uncle r~ro·.-1 th, Hhere the r e was any , consisted of speci es \·1 i th a low or 

spa r s e growth h abit. Ther e s een!ed t o be no short ag8 of su itable s ticks 

and other objects for anvils , qui te apar t from the tree trunks. It 

~as the r efore considered that the u i s t ance mov ed by a thrush from the 

p l ace of capture of a snail to a suita ble a nvil s ite would t end to be 

minimal . 

In view of this, a pproxima t e '' a re :is of activity " of thru::;hes 

a round each anvil wer e calcuh.ted assuming maximum activity r a dii of 

10 m ancl 20 m. :ihere thi s meant tha t a.ctivi ty :::tre«s around u iffere nt 

anvils overlapped, the combined a rea wa s calcula ted and considered a s 

a sin&le unit of thrush activity. 

The rela tive posi tiom; of the a.nvils within the study area were 

establ ished using t a pemeasure a nd compass . The low unhindered vis ibility 

under the young pineG a nd the gener~lly unev en na ture of the ground mean 

that there is a degree of ina ccuracy in the r esulting map. 
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8 . 2. 2 Predation on juvenile ~nails · 

As col l ect i on of shells frorn the 2.nv ils proccede::l it bec'2.me 

obvious tha t no juvenile ~hells belo;v a cert .in s i ze were appe:..:.ring. 

This coulc!. be due to , 1. a l <-ck of smilll juvenile:.; in the popul at ion; 

2. onl.1· l <.i. r ,;e anim'""l s bein..; t ·tken ; 3. shells of sm·,ll juvenile~ being 

zuf:~icientl:,• fru..:;ile that the . ~nimt:~l:J were consumed complete with shell 

or the ..;i1ells were r~rnoveJ. 2. t the p l a c ·::? of c;"pture :rnd the .-~nirnals then 

consur:ied. 

Although sampling d ata revea l ed that small juveni l es were 

considerably less comrnon than in othe r sampling areu.s i t was felt tha t 

they \1ere present in suf 'icient numbers that the thrushe:.; would be 

preying on them if they took them at a l l . An a tt empt was there fore 

rn-?..de to s ee wheti1er t h i s was actually occuring . 

Lobb a nd \.'ood ( 1971) u sed 5i"' KOH to break d01,•n starling fae c e..; 

in order to collect the r esist a nt chi tinized pa rts o!' the birds ' food 

speci.:;s , which could then be i dentified . ,ts the r a U.ul.:i a nd ma ndible 

of snails arc a l so chitinized , it was decided to u se a s imila r techni111e 

to break down thrush faeces. 

The standard method for preparation of snail r adulae involves 

boilin3 the head o f the animal in a 10/~ KOH solution for ;:!, fe1·; minu t ez 

(Mahoney , 1973) . I n view of this , this treatment was given to the 

thrush faeces to e nsure a s complete a breakdown of extra neous matter 

a s possible. 

8. 2.2 . 1 Collection of faeces and extraction of r adul ae . 

Bird faeces were frequently found on the 5round or on tree 

branches nea r to anvils. These -...rere assumed to be thrush f aeces , and 

they were collected whenever found from July om1ard. The amounts of 

faeces found in this way were rather sma ll , so that t hey were al l 

bulked for analysis. This materia l was insufficient and too irregular l y 

ava ilable for a r ealistic monthly analysis for snail r adulae. The 

faeces were collected in u r..stoppered bottles and allm..-ed to dry out. 

They were stored in the labor-~~tory to await a nalysis . 

Fo r radulae extraction, the f aec es were placed in an aqueous 

solution of 1afa KOH and boiled for five to ten minutes . The solution 

was then allowed to cool and the excess KOH decanted. The remai nder 
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of the solution, containing a ll of the resist .nt solids, was diluted 

with water a nd t he n si eved through a standard kitchen si eve, diameter 

12. 5 cm, v;i th a me.;h size slightly in excess of 1 mm . This was sirn;il;/ 

to divide the solids into l arge and small particle sizes to f a cili t a.te 

sea rching . 3 oth fractions were searched under a binocular di ssecting 

micro scope for radula fraQTJents, which were collected into 7Cf/b ethanol. 

8.2. 2.2 Prepa r at ion of standa rd r adu l ae for comparison. 

Radulae from juveniles of known size were prepured for 

comparison by excising the heads of the extended snails and boiling 

them in 1 O,~ KOH. The individua l radulae , with mandible att a ched, were 

r emoved with forceps and placed in 7\Jf'.> ethanol. 

8. 2. 2.3 3t a ining and mounting of r 3.l1ul ae. 

Stai nine- a nd mounting of the radulae was performed us ·j ng the 

second method described by J'.]ahoney ( 1973). Radulae were staine ~i in a 

concentr~ted solution of chlorazol black E in 70-p ethanol for 10 - 15 

minutes, differentia ted in terpineol for 20 minute 3 1 then dehydr 3ted 

in absolute alcohol f or a further 20 minutes . 

The curved na ture of the r adulae, especia ll,/ the st'i.nd :i.rds, 

made them diff icult to mount whole, so that they were cut with a 

sca l pe l into three or four fra01I1ents before being mounted in eupa r a l. 

8.2.2.4 Description a nd measurement of the r adulae. 

The r adula of H. a s oersa is described in detail by Taylor 

(1 894 - 1900; 1907 14). It consists of a series of transverse rows 

of teeth attached to a basal membrane. The median tooth of each row 

is symmetrical, with a large central cusp or cutting edge (mesocone) 

and a small latera l cusp (ectocone) at each side. The median tooth is 

attached to the basal membrane by a basal plate. The latera l teeth, on 

either side of the median tooth, are assymetrical, with the lateral 

cusp nearest the median tooth (endocone) being considerably smaller 

than ~he outer latera l cusp or ectocone. Similarly, the basal plate 01· 

the latera l tooth is assymetrical (see Pla te 3 ). 

In adult and large juvenile H. aspe~, there are 20 lateral 

teeth on either side of the median tooth in a single transverse row. 



Pl r.::. te 3. Snail radulae prepared from thrush faeces . 

a . adult or large juve~ile 

b . small juvenile 
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The l atera ls becorne incre.::.s i ::e;ly :-, ssymetrical the further they 4·e f r om· 

the median t oo t h . The ect ocone i s completely lost , t he endocone 

becomes 1ui t e l i.l.rge and prominent , and the mesocone of the outer 

later~ls begin to bi furca te . 

Beyond the latera l teeth of ea ch row a re the marginal t eeth or 

uncini , occupyi ng the longitudinal outer a reas of the radula r membrane . 

On these the mesocone i s increas i ng bifi d and the endocone a l so be comes 

strongl:,r bi f i d . The unci ni vary in number but there may be in excess 

of 20 on each s ide of ea ch tr~nsverse row . They become progressively 

smaller to~ards the outside of the row . 

In smal l er juveniles the l a teral t eeth a nd u nci ni are both 

fewer in number in each row tha.n in the large juveni les and adults . 

Also , the individual teeth a re smal ler in size . Estim2tes of sn~il 

s ize from radulae coul d the r efore be based either on tooth size or on 

the numbers of lateral teeth in each row . In pra ctice , distinguishing 

the endmos t latera l teeth from the fi r s t of the m2.rgindls wa::> often 

difficult a s it wa s necessary to ob t a in a clear view of the cusps on 

ec.ch tooth . These t ended to be obs cured by the b Ls al pla tes which 

ap_tJei.l.r ed to ..; tain more readily. It was the re f or e decided to use size 

as the criterion , basing t he mea surement on the ba sa l pl ates . 

The measur ements chosen were : 1, the widt h across the central 

tooth and the two adjacent l ate r als , measuring from the outermos t point 

of the anterior portion of the ba sa l pla t e of ea ch l ateral , and 2 , 

the tota l length of the ba sal pl ates of three consecutive median t eeth 

(see Fi g. 22) . 

Mea surements were made under a bi no cul ar micros cope with 40x 

objective and 10x ocul a r s , using a mi crometer eyepi ece (1 00 divisions) . 

The measurements were t aken from the fla tter central and pos t erior 

portions of the r adu l ae r ather than the strongly curved anterior part . 

Where possible three separate length and width measurements were t aken 

from ea ch radu l a and the result s averaged. 

8. 3 Results 

8 .3. 1 Anvi l study. 

A map of the study area with anvi l locat i ons and other r elev ant 

fe atures noted is given i n Fi g. 23. The first of the rock anvils to be 
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___ _,,_ ___ BASAL PLATES 

OF MEDIAN TEETH 

L 

Fig. 22. Kethod of obt·:ining snail radula measurements 

L-L Length of 3 consecutive median teeth . 

\:l-',~ Hid th of med i i-in tooth ·. nd adjacent l a tera ls 
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placeu is referred to a:;; anvil "R". (This was the one pl<.1.ced in Jl]._irch). 

The eight anvil rocks which were pla ced during July ure numbered one to 

ei5ht in order of their t imes of placing. 

'roward3 the end of the study, shells began to appear around a 

na tura l anvil site (a short pine branch from the initial pruning) 

only ei6ht metres from anvi l R. The site was cleared of shell s a nd 

regular collections of shells were be6-un in October (anvil "N"). No 

further shells were found around anvil R after the collection on 

November 17th. This ap;ieared to be due to r apid growth of r.:elilotus 

indica a nd other plant speci es on the site. By the time of the 

December collection, the anvi l was virtually overgrown. Anvil N 

continued to be used. 

All of the oth <; r a nvils were in continual use for the dura tion 

of the study, with the ex.ception of anvil 7 which accurnul~ted no shells 

between 24th of August a nd 8th of September. 

The rrurnbers of juvenile and adult s !1ells t a.ken from ea ch anvil 

over the course of the study a.re 3iven in 'rt:.ble XV . 

The tota l ca tch per day fo r the intervals between consecutive 

clearings of the anvil sites are pre:sented in histog~·am form for each 

anvil, and bulked for anvils 1 - 8 for the time over which t hey were 

all operating (Fig. 24). 

Allowing for a 10 m r adius of thrush activity around each 

anvil in use, overlap of "activity areas" pla ces the anvils into several 

groups; anvils 1 and 2; anvil 3; anvils 4, 6 and 8; and anvils 5 and 7 

(Fig. 23) . 

Anvil R also represents one such group over the period preceding 

shell collection from anvil N. rtfter this the two jointly form a 

g roup. 

Allowing for a 20 m radius of activity placed anvils 1 - 8 in 

a single group (Fig . 25) . 

The size of the are~s of activity associated with each group 

of anvils was calcula ted mathematical ly where possible , and by a 

combination of mathematical and graphica l methods where more than two 

circles intersected in one pla ce . 
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Totals : 

Table X:V Catch per anvi l over the study period . 
Date of Fina l co l lection : 2/1 ~ . 
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Date from which Days of Catch collect ion 
be__;an operation Juvenile Adult To t a l 

4/3 26 1 36 879 915 

6/10 57 16 147 163 

1/7 154 49 384 433 

1/7 154 11 6 722 838 

1/7 154 118 1,1 93 1, 31 1 

12/7 143 40 593 633 

12/7 143 28 315 3.D 

26/7 129 76 645 7 21 

27/7 128 22 271 293 

5/8 11 9 128 1,004 1, 132 

1, 442 629 6, 153 6 , 782 

'I'ota l / 
day 

3. 51 

2. 86 

2.81 

5 . 44 

G. 5 1 

4.43 

2. 40 

5 . 59 

2. 29 

9. 51 

'* 4. 70 

*Number of snai ls per anvil per day. 

Table XVI Anvil ca tches as a functi on of a 10 r.1 radius 
of t hrus h activity a round each anvi l. 

Anvil Area of Opera tion Ca tch Ca tch/m2 

Group activity period Days J.dul ts Total Adults Total 
(m2) 

and 2 530 1/7 - 2/12 154 1, 106 1, 271 2.09 2.40 

3 314 1/7 - 2/12 154 1, 193 1, 311 3. 80 4.1 8 

4, 6 and 8 678 12/8 - 2/12 11 2 1, 806 2, 010 2. 66 2.96 

5 and 7 417 26/7 - 2/12 129 570 620 1. 37 1. 49 

R 314 4/3 - 6/ 10 216 770 796 2. 45 2. 54 

R and N 395 6/10- 2/12 57 256 282 0. 65 o. 71 

The " aci;ivity area" of each anvi l group based on a 10 m radius 

of activity i s given in Table X:VI, along with the total number of 

shells t aken and the tota l per unit a r ea. The number of days for 

which shel ls were col l ected from each a r ea is al ~o stated . Tabl e 

XVII gives these dat a for the groups involving anvils 1 - 8 for the 
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period from 12th Augus t to 2nd De :e1:iber I( 11 2 days) during which all 

of these anvils were oper ating . 

Table XVII 

Anvil Group 

and 2 

3 

4, 6 and 8 

5 and 1 

Total 

Table XVIII 

Anvil catches a s a funct ion of a 10 m 
Qctivity r adius a round each anvil for the 
period 12/8 - 2/ 12 ( 11 2 days) . 

Ar2a Catch Catch/m
2 

(m ) Adult Total Adult •rot al 

530 964 1' 11 2 1. 82 2. 10 

314 988 1, 093 3. 15 3. 48 

678 1, 806 2, 010 2. 66 2. 96 

417 531 578 1. 27 1. 39 

1, 939 4, 289 4, 793 2. 21 2. 47 

Catch as a funct ion of a 20 m activi ty 
radius around each anvil for the period 
12/0 - 2/12 (Anvils 1 - 8) 

Days of 
Opera tion 

Approx. a r ea 
of ac2i vity 

(m ) 

Catch 
Adult Total 

2 
Ca tch/m 

Adult Total 

11 2 . 5 , 500 4 , 289 4, 793 0. 87 

Table XVIII presents da t a for the period from 12th August to 

2nd December based on a 20 m activity r adius , whi ch includes anvi l s 

1 - 8 as a s ingl e group. 

The proportion of the total adult catch bearin6 s i gns of a 

thick epiphrau~ f or the period 15th April to 8th September i s given 

in Table XIX. 

Table XX g ives the proportion of juveniles in the tota l catch 

over the period of study. The only f i gures given for the period 

during whi ch anvi l R was the only one oper ating are t hose for which 

the total ca tch i s in excess of 100 shell s , as the proportion of 
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juveniles was genera lly low and they were not represented in the 

smaller catches. 

Table X.XI g i ves t he he i ght di stributions of the juvenile 

shells . 

8. 3. 2 Thrush faeces analysis. 

Juveni l e he i ght is plotted agai nst each of the two radula 

measur ements in Fi g . 26. The tuo measurem-::mts a r e a l s o plotted against 

each other in FiG• 27 . 

The measur ements of all radulae found in t he thrush f ae ces a r e 

given in Tabl e X.XII . This includes some estim .1.tes of number s of 

l a t eral tee t h on one side of a t r ansverse roH , a s the last two rudulae 

examined were stained for too long a nd basal pl ate measur ements were 

i mposs ible. 

Table XIX Percentage of tota l adult ca tch bea rinJ the 
remains of ~ thick (hibernat ion type) epiphragm 
for ea ch col lec t ion from 15/4 to 8/9. 

-------
Ti me .period .mvils i'otal adu l ts Adults with ~oage with 

epiphr agm epipnragm 

15/ 4 - 21/ 4 H 35 3 8. 6 
- 14/5 R 145 5 3. 4 
- 20/5 R 25 2 8. 0 

- 27/5 R 27 16 59. 3 
9/6 R 10 4 40. 0 

1/7 R 18 14 77 . 8 

- 12/7 R, 3 113 6·1 54. 0 

- 26/7 R, 5 366 233 63. 7 

- 12/8 R, 1 8 445 81 18. 2 

24/8 R, 1 8 415 4 1. 0 

8/9 R, 1 8 392 4 1. 0 
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Table XX Proportion of juveniles in anvil catche s. 

Time period 
Anvils 

Total ca tch Juveniles %age juveniles 
Operating in Tota l 

4/3 - 16/3 R 172 6 3.5 

21/ 4 - 14/5 R 15 2 7 4.6 

1/7 - 12/7 R, - 3 120 7 5.8 

- 26/7 R, - 5 384 18 4.7 

- 12/8 R, 1 - 8 494 49 9.9 

- 24/8 R, - 8 486 71 14. 6 

- 8/9 R, - 8 430 38 8.8 

- 22/9 R, - 8 344 49 14.2 

6/10 R, - 8 579 67 11. 6 

- 21/10 R, - 8, N 379 49 12. 9 

3/11 R, - 8, N 626 64 10.2 

- 17/11 R, - 8, N 1, 007 95 9.4 

2/12 R, - 8, N 1, 389 104 7.5 

Total ca tch from all anvils 
over the study period. 6,782 629 9. 2/~ 

Table XXI Hei~ht distributions of juvenile shells from 
anvils. Shells too damaged for height 
estimation are omitted. 

Heights (cm) o. 71 0.81 0.91 1. 01 1. 11 1. 20 Total -0. 80 -0.90 -1. 00 -1. 10 -1. 20 

Number of shells 0 8 32 72 108 400 620 

% 0 1. 3 5.2 11. 6 17 .4 64.5 
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Table X.XI I f·{easurements of radulae from thrush f aeces . 

Lencth of 3 ilidth of basal plates -"i->proximate numbe r 
median tooth basal of the median tooth of l a tera l teeth on 

plates. and the 2 adjacent one side of a 
(1..icromet er uni ts) laterals (micrometer transv erse row 

units) ( ~ot estima t ed in 
a ll c-1ses) . 

50. 0 35. 0 

56.0 36. 0 

59. 0 41 . 0 
58. 0 41. 0 

55. 0 38.0 

05. 0 42. 0 

58. 0 30. 5 

68 . 5 42 . 5 
61. 0 42 . 5 
61 . 0 42. 0 

60. 0 

58. 0 37 . 5 20 

59. 0 38. 0 20 

54. 0 40. 5 20 

56. 0 44. 5 20 

55. 0 40. 0 20 

60.0 42.0 20 

55. 0 39.5 20 

58.0 37 . 0 20 

46 . 5 30. 0 13 

50. 0 36. 0 17 
64. 0 42. 5 20 

63.0 41 . 5 20 

52. 0 35. 5 18 

49. 0 36. 0 20 

35. 0 23. 0 11 

49. 0 33. 5 17 

46 . 0 31 . 0 
16 

14 
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8.4 Discussion 

8.4.1 Accumulation of shells on anvils. 

The pa tterns of shell accumul~tion a t each anvil display 

considerable va r a tion. While certain trends in accur:mlation ar e co mmon 

to severa l anvils, there is no single pattern common to a ll of them. 

}";any factors may have a bearing on the va ri a tions in the r c.. te s of shell 

accumula tion. 

Davies and ....inow (1965) found that thrushes became increasingly 

territori a l during winter in preparation for the breeding season. 

However territories were not occupied regularly or consistently at this 

time, · with individua ls moving over conniderable di s t ances in s earch of 

food. Territorial behaviour were found t o be in abeyance over spring 

and autumn. 

It appears, then, tha t territoria l behaviour would have 

been increas ingly preva lent over the course of this study. It is 

unknown whether a ll or any part of the ::; tudy a rea was in the territory 

of any bi rd or bird .:; , however it i s l L<:e l y tha t this would have been 

so a s the dense forest presented ideal nesting conditions. The number 

of birds fe eding in the area , and t he possibility that any one bird 

would feed only in a particular part of the a rea , could affect shell 

accumulation at the different anvils. 

For example, if a singl e bird was preying on s nails in 

a particular ar ea, it is possible tha t preda tion might be concentra ted 

in a particular part of that area with a high prey density and accessibil­

ity and then shift to another part a s prey numbers in the first declined. 

Such a situation would mean a shift in predation peaks from one anvil 

to another with time. 

Other aspects of thrush behaviour and biology may also be 

important. Morris (1954) foundthat a thrush would not take snails from 

within the im1ne:iiate vicinity of its nest, even though they were 

abundant there. Capture an:i breaking open of snails did not usually 

occur within a radius of 10 m around the nest. On the other hand it is 

likely that predation in areas beyond the immediate vicinity of the 

nest would increase with the production of nestlings. 
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Ri char dson ( 1975 a) found that pred·i.tion on a 1dune popul ati on 
I 

of snails by thrushes was confi ned. to winter. He considered tha t the 

absence of su mr.ier pr edation wau due to the study area being a cor.~ ider­

able di s t ::mce from suitable nesting s i tes. This would sug~est an 

i ncrease in predation within the genera l vicinity of the nesting s ites 

(excluding a reas within 10 m of nes ts) . 

The r e l ative pal atabi lity of H. a s persa to T. ohi l ernelos 

may a l s o be significant. Goodhart (1958) and Davies and Snow (1965) 
cons i dered that predat ion on various snail speci es by thrushes reached 

a peak only at t hose tir.ie s when more palatable foods were scar ce . 

The ease of location and capture of prey will presumably 

affect the number s taken. Hiberna ting s nails are more di fficult to 

loca t e than estivati ng or act ive snails , and this will pr esumably 

affect wi nt er preda tion r ates. Furthermore , snail density i n t he area 

a r ound a particular anvil will affect the absolute number of shells 

accumula ting a round it . Dens ity has a lready been shown to va ry 

considerably over a s hort d i stance . 

The combined shell accumulat ion data for ~nvils 1 - 8 show 

that pred~t ion on s nails in thi s a rea incre~sed r apidly from October 

onwards . Thi s is probably due to the produ ction of nest lings which 

woul d both increase the re~uirements for food and, according to 

Richa rdson (1975 a) , limi t t he distance travelled by the birds to 

obta i n food . 

Goodhart (1 958 ), Davies a nd Snow (1965) and Cameron (1969) 
all found wint er and su mmer peaks in pr edation of sna ils by thrushes . 

In the former two s tudi es it was su g5ested that theue were the t i mes 

of year when alterna~ive food sources were l a rge ly unavailabl e . The 

r esults of the present study sugges t that there may have been a small 

winter peak, but unfortunately data for the June and early July period 

a re limited. Anvils 3 - 8 a ll displayed considerable increases in 

shel l a ccumul ation over the October-December period , which were 

presumably building up to a SU!Tlfner peak. Several of the anvils also 

showed a small i sol a ted peak a t the end of September/beginning of 

October. 
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,I t i s fe lt that the results from anvil Rover the period 

f rom Jfarch to ,\ugust are i nade'IUa te on the i r own to show general trends 

in snail shel l accumulati on as the August to December results are quite 

d i fferent to those of the other anvils . This anvi l was situ~ted near 

to some lupins in which heavy predat i on had a lready taken place before 

the study began , judging f r om the l a r ge number s of broken shells 

beneath them . I t is possibl e th:i,t snail density in this area may have 

decreased considerably before the main anvil study began , and this 

woul d affect the numbers of furthe r s hells accumulating. 

8 . 4. 2 Catch as a function of area. 

No accura te estima te i s availabl e of snail density in the 

area. of live and dead. lupi ns where the main thru sh activity is 

presumed to have occurred. The portion of this are~ tha t lay withi n 

sampl i ng ar ea 2 was onl y a small part of the l atter , and few quad.rats 

wer e taken in it . I t i s consi de r ed from observations made after 

sampling in Qr ea 2 had cea sed that the lupin area had a higher density 

of snails than area 2 overall . Adult densities in area 2 from the three 

sampl es ran~ed from 1. 4 to 1. 8 anima ls/m
2

. 

For the 11 2 days during which anvils - 8 were all i n opera t -
2 

ion, the number of adults taken averaged 2. 21/ m for a 10 m radius of 

thrush activi ty and o. 78/m
2 

for a 20 m r adius of activi ty. The f irst 

estima te exceeds the area 2 adul t density, while the second is equal 

to half of i t. The period over whi ch thi s ca t ch was t aken was less 

than one- thi rd of the ,year ( 12/8 - 2/ 12) , a l though how impor tant this 

i s depends on pr eda t i on l evel s during the peri ods when the shell 

accumul a ,i on was not being measured. 

From thi s it woul d seem that thrush pr edation may hav e been 

a h i ghly s i gni f i cant mor t ality f actor i n the adult snail populati on in 

t hi s a rea . A search in thi s a r ea aft e r t he cessati on of the anvil s tudy 

d is closed v ery few s nails and i t was obvious t hat a dr a s tic r educt i on 

in s nail density had occurred. Ther e appeared t o be f ewer adul t s in 

t hi s r e,;-ion t han in ar ea 1. I t is unknown what other f actors may have 

been involved i n this d ecrease in dens ity but it appear s that t hrus h 

pr edat i on may have pl ayed a majo r part. 

Wolda (1 972 ) f ound t ha t t hrush pr eda tion was the most i mporta nt 

source of adult mortali t y i n an experiment a l population of Ceoaea 

nemora l i s . 
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As juvenile snail production t he previ ous summer appear ed 

to be very low in area 2 generally, it i s likely that t he hi;h mort a lity 

of l a rge :..;.nimals due t o thrush preda t i on would have a major effect on 

the populat ion in this a rea. 

This possibl J useful effect of thrush pred• tion appears to 

be a r <lther isol a t ed circumst a.nce . Obser vations in other areas of 

hi gh snai l density (not abl y ar ea 3), show that thrush predation does 

not al ways occur to a signifi c·mt ext ent in such ar eas. Al though newl y 

broken shells near natural anvils we r e occas i onally f ound in a rea 3, 

predation was irre_;u l a r i n occurr ence and ins i gnificant in r elation 

to s nail dens ity. This difference between a reas 2 and 3 may be related 

to the age ~nd size of the ?i ne trees i n the f ormer ar ea, making it 

considerabl y more suitable for nestinG si t es . It mu st be r emember ed 

also tha t the major lupi n di eback had a lready t~ken place in a r ea 2. 

Forest Servi ce operations occurr ing in such an area in 

ea rly sumr.1er as was the case in a r ea 21 are likely to hav e had a major 

ef fect on the thrush population and would probably have c~used a hi gh 

egg or nestlin6 ~ortality. 

8. 4. J Preda tion on hibernating snails. 

:Davies and Snow ( 1965) claim that thrushes, unlike black­

birds , do not sift through leaf litte r to search for prey and ther efor e 

do not find _hibernating anima l s buried in litter or soil . However , 

Richar dson (1974) f ound that pr edation by thrushes on one sand dune 

popul ation of Cepaea nemor a lis only occurred in winter on buried, 

hi bernating animals. In the present s t udy, a l arge proportion of 

ani mal s t aken ove r the winter had t i1e r emains of hiberna ting epi phr agms 

a tta ched to their shell apertures. 

It was found during snail population samplin~ that most 

snails hibernating a t or above the soil surfa ce a tta ched themselves 

to vecietation or litter bJ the out er hibern~ting epiphragm. In these 

animals t his epiphr agm is u sua lly formed a t the aperture rim. In 

unattached animals buried in the soil , t he epiphragm is usually formed 

a little d i stance in from the aperture rim. A number of the shells 

collected during winter had epiphragms inset in this way, with a single 

hole in them where the thrush had thrust in its mandible in order to 
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pick the shell up. From this it would s eem that some snails buried 

in the soil were taken by thrushes . '! i r tually a ll hibern:ctine ·-'-nim.il s 

t aken would have been buried to s ome extent under litter a t l east . 

On two occasions pairs of shells were collected from anvils 

in which on0 shell was firmly sealed to the other by a hibernution 

epiphragm . In each cdse, both shells had been broken open a nd the 

contents r emoved witi out the shells cominG apart . 

Shells with t hick epiphragrns found in April and early J.:ay 

;!ere prob~bly not those of hiberna ting animals. Sstiv~tion epiphragms 

were frequently found to vary in thi ckness from extremely thin 

trans pa rent membra nces t o quite subst~ntial s tructures . A tendency for 

snails to produce thicker epiphra6l!ls for estivation as the col d weather 

approa ched was observed . 

8.4.4 Preda tion on juveniles. 

8. 4. 4. 1 La rge juveniles. 

Population sampling in a r ea 2 protluced 63 juveniles in size­

classe s F and G compared with 98 adult sna ils, a r :::i.tio of approximei.tely 

2 : 3. Of the shells collected on anvils Juring the entire study, only 

approximately 600 F and G juveniles were found , compared with 6,782 

adults , a r a tio of less than 1 : 10. Juvenile shells a re considerably 

thinner and more fracile than t hose of adults and a l arger proportion 

of them woul d tend to be broken up completely durin.; the proces s of 

smashing on the anvil . Thi s would not , howeve r, explain such a large 

difference in the proportion of juvenile shells found . 

The possibility that the l arge juveniles found in the 

popula tion sampling all matured r apidly soon after sampling is rejected 

on the grounds that the majority of them were hibernating \·1hen 

s ampling ceased so that large proportions of juveniles : adults should 

be present in the anvil shells at least up until August or September, 

and this is not seen to occur. 

It is possible tha t a behavioura l difference between adults 

and l ar ge juveniles may result in the former being more prone to 

predation than the latter. Lomnicki (1969) noted individual differences 

in behaviour amongst adults in a population of Helix pomatia, which 
caused some of these animal s to become more prone to p r edation. Sub-
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sequently, Poll<.?.rd (1975) found that these indi vi duals wer e . ctually 

the old.e r adults in the popula tion a ml he sug_;ested that the behaviour 

might have a genetica l basi s which is only expr essed in olde r animals . 

Wolda (1972) stated that a similar phenomenon appe~red to occur in 

Cepaea nemora lis. 

The most likely expl anat i on, however , would appear to be 

that the population composition of snails in the l upin area was 

d ifferent to tha t fo r a rea 2 in general. The lar ge juveniles found 

in sampling would have mainly ha tched at leas t one- and- a- half years 

before sampling. At this stage the lupins in the lupin are;i :.Yould 

have all been ~live , ~nd thi s area would probabl y have had a very 

h i gh snail density. The other parts of a r ea 2, however , appear to 

have had no live lupins fo r some time , ~nu it i s possible t hat 

popul ation densities in these areas would have been lower. Under these 

conditions, from the apparent ef fec t s of high sn~il dens i ty on juvenile 

production and survival (Chapter?), it i s possible tha t l a rg;;: juvenile 

product ion may have been cons i de r ably lower in the lupin .:.ir ea than the 

surrounding a r eas. 

Small juveniles 

The hei~ht di stribution of juvenile shel l s taken f rom the 

anvils (Table XXI) displays a rapid drop-off in numbers of s he lls 

below a heieht o f about 1.00 cm, wi th none smaller than 0 . 80 cm. It 

was hoped that t he analysis of thrush faece s would show whether or not 

signific~nt preda t ion on smaller juveniles occurred. 

From the results of the f aecal analysis , it can be safely 

assumed tha t the faeces collected were those from thrushes . The 

radulae f ound were sometimes not whole but in most cases a major 

portion was present . Two small fragments found and measured may have 

been parts of the same r adula, and/or they may have broken from some 

of the larger fragments measured. Generally, radulae appe~red to survive 

passage t hrough the bird's a limentary canal r ather well . 

Of the 30 r adulae and fragments from f aeces f ound and mea sured, 

only one definitely comes from a juvenile below the size r ange of 

shells on thrush anvils . The size of this individual appears to have 

been a round 0 . 30 t o 0.50 cm he i ght. Sever~l other r adulae would have 

come from s nails in the vicinity of 0 . 80 cm. 



133 

I t would appear , then, tha t small juveniles may be ea t Gn by I 
t hrushes . I t is unknown whether the ap~)arently low occurrence of small 

snails in the d i et of thrushes in this case was due to selection by t he 

thrush or whether i t reflects the av~ilability or density of small 

snails in thG environment. Ifore exLensivc f ;.ecal analyses from an c;.rea 

with a known popula tion composition woul d be necessary t o elucidu t c 

this point . 
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F E E D I N G S T U D I E S 

C H A P T E R 9 

TH;;; POOD OF mms POPULaTIONS OF H. ASP~RSA 

Afrn THZ EFFECTS OF FEBDH'G ot: LUPINUS ARBOREUS 

9.1 Introduction 

In Chapters 6 and 7 it was assumed that the main signific~nce 

of lupin to H. asJersa is as a food source. Furthermore , observa tions 

of l arge- scal e lupin dieback were linked with greatly incre~sed s nail 

densities . To substanti a t e these assumptions it 1vas desired to show 

that lupin i s, in f act , a major diet constituent in areas in which it 

is present , and to elu ci date the possible causes of plant death . In 

vi ew of the possible significance of lu pin as a source of nitrogen in 

dune forestry , it was also desiri:i.b le to t es t for a.ny effects of snail 

attack on nitrogen fixation in living plants . 

As snails are also found to inhabit non- lupi n areas , a l though 

at a considerably lower density, i t was of interest to obta in a n 

indica tion of the plant species t aken a s food in these areas . A number 

of feeding studi es have been undert aken on the banded l andsnail, Cepaea 

nemor a lis (Grime e t a l., 1970; ifo l da et al. , 1971 ; Richardson, 1975 b; 

Willic:.mson and Cameron, 1976) and t hese have generally shown t hat t hi s 

speci es pr efers senescent or dead f oliage t o fresh gr een f oliage of most 

food speci es. 

A combinat i on of fie l d observations and l abor atory experiments 

was used to i nvesti gate some of the f oods taken by H. aspersa, and the 

effect s on l upin of snail feeding. It was not intended that a compl e te 

f eeding s tudy be undertaken, as thi s could be a major project in i tself. 

9.2 Methods 

Field observations of snails feeding we r e made during wet 

weather, pa rticularly over the spring and summer periods , when snails 

wer e active during the day. It wa s necessary to ensure t hat f eeding was 

actually taking place during observation, as snails are frequently found 
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on plants which fori .1 little or no part of their l iet in the f i e l d (Gri me
7 

et al. , 1970; ·,/old.a et al., 1971). A not e was made of all foods be ing 

ea ten. 

9.2. 1 Cuticle anal ysi s 

A l a r ge amount of the plant mate r ial in the f a eces of IL aspe rs c.: 

collected in the f i e ld wa~ f ound t o consist of quite l~rge , distinct 

pieces of vege t a tion. I J enti f ica tion of tnis mat erial was a~ tempted 

using the cuticle analysis method. 

'rhe thin, non-living cuticle coveri ng the epiderm~l l ayer 

of plant l eaves and s t ems is composed of a waxy substance iih ich has a 

high r esistance to certain chemicals. Acidic di ges tion of the living 

tissues l e~ve s the cut i cl e inta ct and bearing the shapes and i mpressions 

of t he epidermal cells and nairs whi ch it co c: ted. Cuticles prepared 

from the stems and l eaves of known pl ant speci es can be compa r ed to 

cuticles similarl y pr epared from the pl ant mat eri a l in the anima l s ' 

faeces. Ce rtain f ea tu r es 7 su ch as the numbe r and arrangement of 

stom~t a in r e l a tion to t he epidermal cells, and the shapes of s t em and 

leaf hairs 7 a re particu l arly u sefu l in i dentific<7'. tion. 

Snail faeces were col lected in the course of popul a tion 

sampl ings . They were allowed to dry a t ro om t empe r a ture and were then 

broken up by light grinding with a mortar and pestle. The f aeces were 

then tra nsferred to a watchglass and a solution consisting of a 50/50 
mixture of 2N Nitric acid a nd concentra ted chromic acid (a s a tura ted 

solution of chromium trioxide in water) was added. Di gestion of the 

dead plant ti ssue was allowed to proceed for 30 - 40 minutes, with 

occasional stirring with a needle to ensure that materia l which flo ated 

to the top did not escape the process. The contents of the watchglass 

were then washed into a glass f ilter funne l with a n excess of water to 

prevent the a cid from attacking and breaking down the filter paper. 

The filtrate, consisting of cuticles and other resistant material was 

washed to remove traces of the acid and then transferred to a stoppered 

bottle containing F.A.A. solution (70'jb ethanol : 90 parts; Formalin, 5 

pa rts; Glacial acetic a cid, 5 parts). 

Cuticles of known plants were prepared by cutting up the 

leaves and stems into fragments, generally of about 3 x 3 mm in size. 

Jize varied depending on the size and shape of the particular leaf or 

stem. The outer margins of leaves were cut away so that the up~er and 
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lower cuticles would not be a tta ched to each other. l St ems \·;ere slit 

a long their length a t least once, depending on the ir size, so that fl a t 

pieces of cuticle could be obt a ined. The pi e ces of l eaf or 3t em were 

pla ced in wa tch-gl as s es and the chromic acid/nitric a cid mixture added. 

~: hen d i gestion of the ti ssue s was compl ete, cuticles were picked out 

with a need. le or forceps a nd pla ced in a bottle of F. A. i'1 . Di ges tion 

times \-i ere usually 20 - 30 minutes, but va ried from spe cie s to s pecie s . 

Some , su ch as t he wo od ier l upin s t ems, t ook considerably longer t han 

thi s , and the hairy i nner surfa ce of the curled marram l eaf had to be 

left for about 16 hours f or prepa r a tion of a suitable cuticle. 

Cu ticle s '.v er e exami ned under a compound mi croscope with 10 x 

oculars and genera lls u s ing the 10 x ob j e ctive. Cu t icle s f rom the 

fae ces were compar ed 1.- i t h t he s t anda rds . Some photo-mi cro graphs were 

made of s t andard cuticles to faci l it~t e t his proce ss. 

9. 2. 2 Palatability tri a ls 

Pal a t ability tri als were pe rformed in the labora tory as 

another method of test i n~ for t he suitability of various speci es as 

f ood i t erns . In the s e t ri a l s i nt e r es t wa:..> mainly on t he pal a t :l.bili tie s 

of f r esh Gr e; en foli a,_;e. The te s t s were not quantita tive a s onl y an 

indica tion of pala t ability was required. The procedure was bas ed on 

tha t of Grime et al., (1970). 

Adult animals that were being maintained in the labora tory 

were pl a ced singly into 1 pint Agee preserving jars with a little water 

but no food for 24 hours preceedin;.s t he experiment. A piece of clear 

pla stic held in pl a ce by a rubber band prevented escape from each j a r. 

Over this period and during the experiment, the jars were kept in a 

constant t empera ture cabinet mainta ined at 20°C a nd with an artificial 

day-length approximately equal to that at the time of the experiment. 

After the 24 hour f ast, a piece of plant materia l from the 

species being te s ted was introduced into each jar. Pieces of leaf from 

large-leaved herbs were presented a s leaf discs, with a diameter of 

1.5 cm. Smaller leaves were presented whole, and leaves or stems of 

grasses and sedges were cut into lengths of about 3.0 cm. Flower 

petals which were too delica te for disc-cutting were presented. whole. 

All plant material was collected in the field and stored in a refrigerator 

for not more than 24 hours before use. 
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A disc of filter paper (1. 5 cm diameter) was also placed 

in each j a r. Paper is r eadily consumed by snails and filter paper 

a~pears to be particularly pal~table. This acted a~ a control in the 

experiments. If both : ilte r ?aper and plant mat erial were untouched 

a t the end of the experi..1ent the ~mimal had not fed . If only the 

filter paper had been consumed , ~he plant 1~ :derial coul d be assumed to 

be unpalatable . 

In the ini ti u.l ~xperiments , t en repli c~~es we r e set up fo r 

each tes t m~terial . Lat er onl y six replicates were used as usually 

not more than one or two in every ten r epl i cates l acked al l signs of 

feeding activity at the conclusion of the experiment . 

After introduction of the f ilter paper and te3t mat eri a l a 

l ittle water was sprinkled into t he jars and they we r e replaced in the 

constant t empe r u.ture cabinet and lef t overni ;ht . 'I'hey wer.: r emoved 

16 hours after the begi nning of the experiment , .nd the amount of food 

eat en was assessed. 

Under the same conditions , individual anima l s were found to 

consume three or four :'il t er paper di s cs , so t hat the food av<tilable 

duri ng each experiment could be assumed to be l ess than that which the 

anima l was capable of eating. 

9. 2. 3 Stru ctura l damage to lupin caused by snail feeding. 

It became obvious early i n the study that feeding on lupins 

by snai l s was directed at the stems r a tner than t he leaves of the p l ants. 

A branch from a lupin pl ant in a r ea 4 that was heavi ly i nfested with 

snails was removed and examined in the l abo r a tory. Damaged s t ems were 

se ctioned and examined under the microscope to invest i gate the extent 

of the damage to the tissues. 

9. 2. 4 The effects of feeding by snails on nitrogen fixation in lupins . 

The amount of nitrogen fixation occurring in the root 

nodules of leguminous plants has been shown to be greatly affected by 

the supply of photosynthetic products to the nodules from the l eaves of 

the plant. ~nergy for the fixation process is supplied to the nol ule 

ba cteroids in the form of sugars , mainl y sucrose , which have been 

manufactured during photosynthesis (Evans and Barber , 1977) . 



138 

Alterations in this supply will alter the rate of nitrogen fixation. 

The supply of sugars may be altered by any changes in the environment 

of the pl ant which affect the rate of photosynthesis (including de­

folia tion by a herbivore ), or by diversion of the su5ars for use in 

other energy- consuming processes in the plant, such as seed formation 

(Sinclair, 1973; Lawn and Brun, 1974) . 

As snail attack on l upin appears t o be confined mainly to the 

stems , rather thd.n the leaves of the plant , it was of interest to 

determine whether this had an effect on nitro i en fixation r a tes . 

9 . 2. 4. 1 Experi mental procedure 

About 30 lu;) ins were grown fr::im se ed in early spring , 1976. 

The test of each seed was chipped \·r i th pliers to ensure even ger rninc.. tion 

a nd the seeds were then planted in sand that had been heat-sterilized 

to kill any plant:-par:~si tic organisms that may have been present. Once 

most of the seedlings had. api)eared , the ten largest were each transf­

erred to individual five inch (1 2. 7 cm) pots , also containing sterile 

sand. J\ culture of Rhizobium lu oini , provided by J.J r . l•i . Greenwood , 

was suspended in water , and a portion of the sus ,;?ension was added t o 

the soil in each pot . 

The seed lint;s were fed a nitrogen- free nutrient solution 

(see A.Jpend ix ) once a week and water ed whenever necessary. They 

were kept in the greenhouse for about three months , and then they were 

pla ced on the ground out in the open. It was necessary to take 

particular care over water re:ruirements durint; summer dr y periods, a s 

the sand could dry out rapidl y . 

The plants were ready for ex~erimental use during November 

and December of the following year. By this time the older , thicker 

stems were becoming quite woody. J',fter some prelimin:.ry trials , four 

plants were chosen f or the experimental ana lyses, mainly because of 

their generally healthy appearance and their apparently high rates of 

nitrogen fixation. Two of these plants were used as controls and two 

as experimental plants . The rate of nitrogen- fixation was measured for 

each plant prior t o experimentation using the acetylene reduction method. 

(See section 9. 2. 4. 2). 

For the experiment , a wire frame measuring 1. 2 Y 1.2 m a nd 

standing 0. 6 m hi gh was covered with wire nett i ng of half-inch( 1. 2 cm) 
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mesh. Another pi e ce of nettinr; diviided this cage into two separate 

enclosures of 1.2 x 0.6 x 0.6 m. The experimental pl ants were placed 

into one of the se enclosures and the control s in the other . Si ghty 

adult snai ls were introduced into the experimenta l enclosure. _,;xtra 

pots f i l led with sand were placed in ea ch enclosure to brace the pots 

containing the plants against being blown over . In the experimental 

enclosure the s e pots a lso served to provid e extra est iva t ion sites 

for the sna ils. 

The pl ~nts were watered each evenin0 to ensure that some 

snail act ivity took pla ce. After three weeks, the r ates of nitrogen 

f i xat i on were r e-measured . 

9.2.4.2 Measur ement o f nitrogen fixation 

The acetylene r eduction technique for the measurement of 

nitrogen fixation has been used in i so l a t ed l eGUme nodules for s ome 

time, and it has a l s o been adapted for use with living, potted plants 

(Sincla ir, 1973). The t e chnique involves incuba ting the plant in an 

a tmosphere conta ining acetylene gas . fh e acetyl ene competes with 

a tmospheric nitrogen for bindi ng s ites on t he enzymes which catal yse 

the reduction of nitrogen to ~nmonia. The a c et y lene is reduced to 

ethylene and comparison of the amounts of acetylene and ethylene in 

the a tmosphere at the end of a given period of incuba tion gives an 

assessment of enzyme a ctivi ty. 

It was mentioned previously that environmental factors 

which altered rates of photosynthesis would thereby alter nitrogen 

fixation rates also. For this reason it is necessary to control the 

environments of the plants as completely as possible prior to and 

during the incubation period if reproducible r esults are to be obtained. 

In the present study, the pl ants were placed in a constant temperature 
0 

room held at 15 C for two days prior to incuba tion. Even lighting was 

provided by a rack of fluorescent lights i mmediately above the plants. 

The room had a constant day-length period, approximately equal to the 

actual length of daylight at the time. Incubation with acetylene took 

place in the constant temperature room on the third day. 

After addition of the acetylene to the atmosphere around the 

plants, infiltration of the nitrogen-fixing system of the nodules by 

the gas takes a little time. Over this period, the r a te of production 
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of ethylene increases until the a cetyl ene attains a ccess to all sites 

of enzyme activi ty, after l'ihich the conversion of acetylene t o ethyl ene 

ta~es place at a steady rate . The time required to re .ch t his 

equilibrium is estim~ted by removing gas s ampl es at r egular inter vals 

for analys is and plottin5 the proportion of ethyl ene to ace tylene against 

time . '.!hen the points fall in a straight line , equilibrium has been 

r eached . 

Analysis of nit rogen fixation should be based on assays made 

after t hi s equilibrium phase has been attained and suosequent ana lyses 

must invol ve exactly the same period of incuba tion , in order to achi eve 

reproducible results . In the present study, equi librium was a chieved 

aft er littl e more than a n hour of i ncuba tion and the exparimental 

incubat ion period wa s set a t two hours . 

Kitrogen :ixat1on a lso fluctua te3 wi th the pl ants ' diurnal 

r :1ythm1 so t hat incuba tion for the assay must occur <-t t he same t i me of 

day on ea ch occas i on. 

For incuba tion, ea ch pl ant wa s pl a ced in a glass cab i net 

measurins 20 x 20 x 35 cm (see Pla te 4 ) , and ;;i th a volume of 14 1. 

_\ fl a t gl ass lid wa s pl a ced on t op o r~ th~ conta ine r and. made a ir- t i 6ht 

by smea rin.; petrol eum jelly bet\veen the lid a nd the cont.:i.iner. 

A rubber injection port in the side or lid of the incuba tion 

chamber allowed the removal of 50 cm3 of a i r with a syringe , and 

i njection of 50 cm3 of a cetylene. A hand- operated metal propel l e r was 

rotat ed for a few seconds to promote diffus i on of the gas . The insertion 

point of this propeller was a l so made ai r-ti ght \·I i th petroleum jelly . 

After i ncuba tion fo r two hours , the propeller was again rotated briefly 

before gas samples were r emoved f or analysis . Three samples of 

approximately 1 cm3 were taken from each chamber for analysis. 

Analysis of the gas samples was perfonned using a Pye series 

104, model 64 gas chromatograph. The glass column, s lightly in excess 

of 60 cm in length and ~v i th a diameter of .3. 2 mm, was filled with 

Poropak T, 80 - 100 mesh. The column t emperature was 100°c . The flow 

r a te of the carrier gas (N2) was 45 cm3/ minute. A Servoscribe chart 

recorder was fitted to t he machine. 

Gas s amples of up to 1. 0 cm3 were injected for analysis. Once 

two samples from a plant had been .successful ly a nal ysed s amples f rom 

another pl ant were analysed. 



Pla te 4. I ncubation chamber for acetylene reduction 
assay. 

p propeller 

injection port 





To obtain a direc t me ..:. sure of the fu ll nitrogen fixat ion 

potential of a pl ant , its roots must be incub~ted i n an atmosphe r e of 

10 - 20jo a cetylene (Dr W. Sut ton , ~erG . com.). In the pre~ent ins t dnce 

t h i s would have required very l a rge amounts of uce t ylene, du e to the 

size of the incubat ion ch~mbers . However , even at lo;,r concentrat ions 

a cety lene is a powerful competit ive inhibitor of nit rogen fi xati on 

and the re~u lt s of ace tylene reduction would ~iv e a sufficiently 

reliable indica tion of the r~t e of nitroGen fixation that chan~es in 

t nis r a te could be detected . 

9. 3 ~esul ts 

9.3.1 Cuticle analysis 

Faeces col lected from snails i n lupin areas were predominantly 

g r een in co lour, indic ::.i.tine; thc.. t mainly live , i..:;- r een plant rna tter had 

been consumed . Faeces from snails i n non- lupin areas tended t o be brown 

in colour , indic~ting a 5reater proporti on of senescent or dead plant 

m2teri a l in the diet . 

Cuticle ana lysis showed tha t lupin was by f a r the most 

predominant food consumed in area s in which it w 1~ preaent . The 

cuticles obta ined were of lupin stems r ather than l eaves . Lupin lea f 

cuticles were in fact found to be very diff icult to obta in from fresh 

l eaves . They appeared to be r a t her fragile and tended to crumple and 

break so a s to be unrecognizable, and th i s may happen to lupin lea f 

cuticles i n the faeces. However observat ions in the field indicat ed 

tha t lupin stems vTe re st ro ngly favoured . 

of lupins were attacked . 

Even the older woody stems 

Cuticle pr epar a tions gener a lly conta ined a reasonable amount 

of extraneous matter, s ome of which may :1ave been woody in na ture. This 

type of matter was more noticeable in preparations from faeces collected 

in non-lupin a reas. All preparations contained reasonable quantities 

of sand. 

Cuticles identified in faeces from non-lupin areas included 

marram, Oenothera biennis, Hypochaeris radica ta and Erigeron canadensis. 

None of these were strikingly common in occurrence. A number of 

cuticles could not be identified, including some that were apparently 
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from monocot plantst J.iarram was not present in the quantiti e ::; tha t 

would have been expect~d if plant selection v/ aS ent irely r a ndom. It 

was noticeable a lso that the sm:)oth outer cuticle of the curled. rnarram 

lea f w::ts considerably more common in occurrence than the densely ha iry 

inner cuticle. 

Cuticles of a number of spe cies were , like tha t of the lupin 

leaf, dif~icult to obta in. These includeci cuticles of Leontodon 

t a r axa coide s , Sonchus olera ceus and S. asper. 

Cuticles in faeces collected on and around tree lucernes, 

Cytisus proliferus, s nowed t ha t fe eding on this species was a s 

extens ive a s tha t on lupi r: . Once a6ain, stems appea red to be the 

most ext ensively eat en part of t !1e plant, but 2. reasonable proportion 

of l eave s were al s o consumed. Cytisus l eaf cuticl es were easily 

obt a ined. 

9.3.2 Pala t ability tri a ls 

Green lea f ma t eria l t e sted in the labor~tory for palatabilitJ 

wa s scored as palatabl e or non-pal a t ab le. Non-p ~latab le s pecies r emained 

virtua lly untouched in all r eplica tes, while palatable species were 

largely or wholly consumed. Table XXIII gives the results for those 

species tested. 

Table XXIII Pal a t abilities of green leaf material 
from different plant species. 

Pala table Unpalatable 

Erigeron canadensis Oenothera biennis 

Cenecio elegans Calystegia soldanella 

Sonchusoleraceus Leptocarpus simplex 

Sonchus asper Scirpus nodosus 

Cytisus proliferus Ammophila arenaria 

:t.1elilotus indi ca 

Of those species listed as palatable, Nelilotus indica 

appeared to be less palatable than the others . 
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Also te s ted for pala t ab ility were mature lu) in seed pods , 

r abbit f a eces and f lowe r pe t a ls of Oenothera biennis. All of these 

had been observed t o be t ake n in the f ield , and they we r e all i.igh ly 

pal at able. 

Field observations showed tha t Oenothera peta l s were t aken in 

fr esh condition by snails climbing up the f lower stalks, and as fallen, 

discoloured flowers on the ground. Flower petals of Leont odo n 

t a r axacoides and Cenecio e l e c<~ans a l so appear ed to have been taken. 

Rabbit droppin,:;s Here readily consumed and in we t wea ther , 

a ctive an i ma l s could usually be induced to feed by pl ac ing r abbit 

f aeces in their path a s they moved a lon; t he g round. Cattle f aece s , 

which were a lso f ound in some a r ea s , d i d not e li cit this response. 

Snails were frequently found to be feedint:S on lupin seed pods, 

particularly when the s e had m::..tured anJ. were about t o dehisce or had 

already cione so. Feeding wa s conf ined to the bla ck , ha iry, fibrous 

mc.t eria l comprising the outer l aye r of t he pod , ;-1hi le the smoother 

fawn inner l ayer d i d not appear to be touched. There was no e vidence 

tha t th i s feedin~ p~ rticularly i ffipaired dehiscence . 

Finally, on one occao ion a snail was obse rved to be eatin6 the 

remains of another snail. The dead animal had appa r ently just been 

killed by be ing squashed, e ither by a vehicle or through being trodden 

on. If cannibal i sm i s restricted to freshly-killed, non-decomposin~ 

animals, it would be a r a re phenomenon in na tur3.l popula tions. 

9.3.3 Structural damage to lupin stems cau sed by the fe eding activities 

of snails. 

Feeding on lupin s t ems resulted in r emoval of the outer stem 

tissues, usually as far in as the xylem. Usually most or all of the 

phloem would be removed where damage occurred. Feeding occurrea. as 

the animals movea. a long the stems, so that long strips of material 

t ended to be r emovea.. Frequently, small to mea.ium diameter stems were 

found to nave the phloem and outer tissues removed around their entirt:: 

circumference, while s mall stems were occa oionally eaten through. Eveii 

~he old~r thick, woody stems were attacked, with removal of tissues 

again extending to the xylem. 
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.jections through damaged stems are a:1owre in Plates 5 and 
, 
u • 

9. 3. 4 Effe cts on nitroben fixation. 

The nitrogen fixa t ion c~p~city of a plant is measured as the 

r a tio of ethylene to acetyle~e at the end of the incubation period. 

This r a tio is d irectly proportional to thu. t of the peak hei ,;hts for 

the two 15aaes as recorded by the 5'?.::; chrorn.:.J.togr aph. 

In the pres ent study, only a sma ll proportion of the 

incubation a tmosi)here was occupied by acetylene so that the re :.ml ts 

provided an indica tion of the nitrogen- fixing activity r~ther than 

an absolute measure . Because of this , and the fact that interest i s 

on changes in this activity r a t her than the quantifica tion of the 

activity, result~ are presented simply a a the ratios of the peak 

he i 6hts recorded for the ga.ses. /,s acetyl~ne is present in a 

concentra. tion far in excess of the ethyl ene , the recording device had 

to be set at differ ent attenua t ions (sensitivities) to r e cord the two 

~eaks. rhe peax hei ; hts had therefore to be set to the s ame sca le to 

obta in t he r a tio . 

The li .;ht intensity in the constant temperature room \TaS 

considerably lower thc..n normal daylight. As L. arboreus prefers a 

high liGht- intensity situa tion , it was foun~ that nitrogen fixation 

l evels i n the plants continued to decl ine slowly in the constant 

temperature room even after a period of three days . These conditions 

were therefore not ideal for this experiment , but no more suitable 

set- up was availabl e . 

It was found a lso that the return to normal nitrogen-

fixation l evels after the plants were returned to the enclosures took 

up to two weeks . Until t his was realized , it was a source of consider­

able diff i culty in conducting the experiment , as assays fo r r eproduci ble 

results were bein5 attempted only one week apart . Eventually only two 

experiment al assays were performed; one before and one after the 

introduction of the s nails on to the experimental plants. Time did not 

permit further assays. 

The r esults of the assays are presented in Table XXIV . 



Pla te 5 dnail damage to lupin stems. 

a . Portion of damaged woody stem. 

o. Section through pa rt of stem. 

3tem d iameter: 1.1 cm 

p Phloem tissue 

x Xylem 





Plate 6. Snail- damaged l upin s t ems . 

Stem diameters : 

p phloem 

x xyl em 

a . o. s crn 

b.0. 2c rn 





Table XXIV Ethylene/ Acetylene peak-heiJht r a tios . 

Plant Assay 1 Assay 2 11.ssay 2/Assay 1 
(11.11.77) (1 2.1 2.77) 

A 4.02 x 10-3 3.49 x 10-3 0.87 

B 7. 87 x 10-3 7.29 x 10-3 0.93 

c 10.26 x 10-3 3.45 x 10- 3 0.34 

D 6. 02 x 10-3 2.81 x 10-3 0.47 

A and B are the controls; C and D are the experimentals. 

The snails were introduced into the enclosure on 18 .11.77. 

It is obvious from the s e re sults tha t a considerabl e drop 

in the nitrogen- fixin;; activity of the experirnent c::.l pl ants has occurred. 

Snail feeding activities on the experimental plants caused a 

certain amount of leaf-fall. Leaves and leaflets were broken off 

directly by snails moving over them, and a lso by snails eatin~ through 

leaf sta lks while fe edin~ on st ems . Althou3h leaf-f~ll explains some 

of the observed decrease in nitrogen fixati on, it was not suff iciently 

heavy to explain the full decrease . It must be noted a lso that leaf­

fall was heavie3t on those stems most severely atta ckeJ. b,}' the snails . 

It is bel ieved that the major portion of the nitrogen-fixation de crease 

displayed by the experimenta l pl ants was due to the disruption of phloem 

tissues by feeding snails , v1hich thereby dis rupted the supply of 

phot osynthetic nutrients to the roots. 

9.4 Discussion 

9.4.1 Food of H. aspersa 

While the consumption of large amounts of lupin and tree 

lucerne in the areas where they occur is indicative of the pala tability 

of these pl ants to snails, it probably also indic~tes hi gh nutritive 

value in comparison to other readily available food species . · If this 

is s o it would explain the large snail population increases which occur 

in lupin areas. t.lead (1961) found that leguminous crops were 

particularly favoured by the giant African snail, Achatina fulica. 
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The brown colour of most of the ~n~il f~ece~ collect ed from 

non-lupin a reas indicc.ted that mainl:,' s~nescent or dead pl ant foods 

were bein.; t aken. 'I'he renul t s of the paL..1. t abi li ty tria ls sugge~t tha t 

the Oenothera and marra m cuticles found i n f aecGs would not have come 

from sreen foli age. 

Pal<.t tability tes ts show tha t a numb~r of plants appear to be 

p<ilatabl e in green and fresh cor.di tion , but this does not inciic~te 

th:l.t they a r e more palatable this way than when they are s enescent. 

J)ot all of the plants found to be pala t able would be avai l able with 

gr een foliage throughout those times of the year when s nai l s are a ctive. 

In particul ar , Melilotus indi ca ha s only a very short gro1-.ring se.::tson 

over l ate sprin~ and earl y su~mer , before seeding and dy i ng. Al so , many 

of these species ar e err~t ic .lly distributed in the Junes a ni not 

available in sufficient quantities to be a m~jor part of the food 

su;iply. Perhaps the only species t ested to \·ihich neither of these 

limita tions particularly apply is i!:rigeron ca nadensis. 

There a r e ::.>ome pi ti'alls i nherent in the interpreb.tion of 

pala t abili ty data. Grine et a l. found th:.. t pa l c..tabili ty of .3ome plants 

to Cepaea nemo r alis de pended more on the na ture of the leaf surLtce of 

the pl ant than on t aste. 3ome pa rticularly ha iry 3pecies were not taken 

by the animal s but extra cts from them, soaked int o f ilte r paper discs , 

were palat abl e . 1U so , l eaf discs a r e a n unna tural form in wnich to 

present food , an~ some of the natur~l defences of a plant agains t 

feeding by snails may be circumvented by r emoving pi eces of leaf in 

this 1:ay. 

Furthermore , pa l atabil ity tria l s have in some cases yielded 

r esults which were entirel y opposite to those of r el ated field studies . 

Holda et al . (1971) found tha t one plant speci es which appeered to be 

actively avoided in the fie l d i::i.nd which wa s a s certai ned to be very 

r ar el y eaten, gave the highest r esults ~or palatability in labora tory 

tes ts which included species f avoured in the field . This anoma ly 

could not be expla ined by the authors . 

Rabbit f aeces are present in l arge quant i ties t hroughout the 

~ ear in the dunes , and they may be a s i gnificant food source in non­

lupin areas. The f act that r abbits are somet i r:ies known to practice 

coprophagy ~ith their own droppings su ggests that the re must be 

s i gnificant amounts of nutrient reta ined in them. On a practica l l ev e l , 
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eating of r abbit faeces by snails may be ~ source of error in cuticle 

~nalysis of snail faeces. 

The ability of snails to derive nutrient from dead pl ant 

mat erials , r abbit r aeces , paper and the outer layer of mature lupin 

pod~ is unJoubtedl y gr eatly enhanced by the anim~ls ' possession of 

l arge numbers of carbohyclroses , includin; cellul oses , in the gu.stro­

inte..:;t ina l tract (Hol den e t a l. 19)0 ; Ho l clen .:.;.nc.i Tr<-.ccy, 19)0; Myer s 

and Jforthcote , 195~) . The celluloses a r e produced by the ammals 

t hemselves , r a ther t han oy symbiotic m1 cro- or0c.!nisms t.3trasdine and 

.. hi taker , 1963) . 

3and ~ppeared to be present in the faeces of H. asper sa in 

greater quantiti es t~an coul d readily be explained by p~rticles 

adhering to the moist f ae ces when they were i ni t ially deposited . 

This sucgested that some ingeGtion of sand had occurred. ;-/illiamson 

and Cameron (1 976) found that soil and humus were ineested i n s i gni f icant 

quantities by Cepaea ncmoralis , particularly small j uveniles , and in 

some cases t he faeces 1·1ere occupied viholly by this materia l. 'I'hey 

GU~6ested th:;.t ingestion of soil could su,:>pl y nutrient in the f orm of 

mi crobes or that it could be a source of minerals . Crowel l (1973) 

shoHed th~t H. as;>ersa obtained cc.lcium from the i ngestion of noil. 

Storey (1970) showed th~t minera l particles were necessa r y in the diet 

of the aquatic snail Limnaea pereger for the breaking up of ingested 

foods for efficient assimilation. 

Ri chardson (1 975 b) could find no evidence to sug~est t hat 

Cepaea nemora lis selected certa in food s 3.nd avoiled others in his s tudy 

of a dune population of these snails . He found that the dead parts of 

the co~~oner pl~nto, such as marram , were ea t en most frequen t ly. 

However , Grir~e et a l. (1 970) , ilolda et al. (197 1) and \l il l i .J11son and 

Cameron (1976) found tha t natura l popula tions of thi s species displayed 

cons i der able choice in sel ection of food speci es. Certain species we r e 

sou6ht out while others appeared to be (!.Ctive ly avoided. rhe results 

of the present study indica te tha t this is true a l s o of H. a spersa. 

Lupi n and t ree lucerne are particularl y f avoured as food species at 

Santoft , whi le even in non- lupin areas , marrnm cuticles were not present 

i n f a <:; ces to t he extent that •.vould be expect ed if pl ant speci es were 

ea t en a t r a ndom. 
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9. 4. 2 ~ffects on l upin of snail feeding 

It apl)ears that the major dama5e to lul>ins fror:i the feeding 

activities of snail~ is the stri~pin6 of the outer tissues from the 

sten1s of tht: plants . Considerable damage to the phloem occurs and 

this would disrupt the movement of photosynthet i c products and other 

substances around the µl a nt . ,'\ degree of defoliat ion a l so occurs, but 

this is probably l ar .;ely incident al , v:i ti1 many le1ves be inc; broken off 

r J ther than ingested . 

This combination ~f defoliation &nd damage to the phloem has 

a significant effect on nitrogen fixation in lupin as W'~S seen in the 

dcetylene-reduction analyses . 

The potted plants used in t nis experiment were probably 

growing unde r grea ter physiological stress than those growing in the 

dunes . For instance , the plantG i deally required re- potting into 

l arger pots to give more room to their root-sys tems but t his could 

not be done a s larger pots would not have fitted into the incubation 

chambers . :lowever, i n spite of these dr::..w-ba cks in tcchni :i_ue , it is 

f~lt tha t the results remain va lid. The cr.Jount of dCJJnige c~usud to the 

experimental plants by the snails over the three week period hu.s been 

seen to occur within a f ew days in areas of heavy i nfestation a t 

Jantoft . Heavy damage may be sustained by l upins for several months 

a t a time . 

The period of heavi est snail attack appears to be spring and 

early summer. This is the main r eproductive period and activity after 

this time is more restricted by the longer dry spells. Over this period 

the water tables in the dunes a r e dropping and plants are like l y to be 

under i ncreased water stress . The ultimate death of the plants could 

be the result of a combination of these factors. 

Lupin death is prob~bly not due directly to the decredse in 

nitro6en fixation as there are usually no signs of leaf yellowing i n 

the plants prior to death. However the general disrupti on of trans­

location in the plants that occurs with damage to the phloem tissues 

is likel y to be important . Decrease in nitrogen f i xation is symptomatic 

of this disruption. 
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COI~CLUDD!G DI3CUSSI01l AND COi o/1ENTS 

10.1 Issues for further investigation 

10.1. 1 Popul~tion ecology 

\; illi <.:. rnson and Cameron ( 1976) sug_;e::;ted that nettle (Urtica 

dioica) appears to be able to SU?port great er populations of the snail 

C. nemoralis t han do other f ood species. ~ imilarly, tree lupin 

(Lupinus a rboreus) can support unusually dense populations of H. aspersa . 

The f~ ctors which may be responsible f or this remain open to inve::; ti g~t­

ion a nd include the r e l at ive ass imil ability of lupin, and its nu tri ent 

v i lue and miner~l content in r el a t ion t o other fo od s~eci es . It seems 

signific<lnt tha t another legume , Cytisus proliferus appear~3 to have the 

same effect . 

In area~ where populations of H. aspe r sa have attained hiGh 

densities in re 3ponse to lupin ,;ro\-! th, there: i s stronG evi dence that 

dens i ty-de;iendent inhiti i t i on of juvenile 5ro v1 Gh occur . .; , prollucinG .;.:, 

decrease in the 5rowth r a t es of juveniles and the s ize tnat they attain 

a t maturity. I t is sugges ted ~lso that this s ame f~ctor may be the 

cause of the hiGh juvenile mortality observed in these areas. The 

observu,tions of Herzberg ( 1965) and lhlliamson et al. ( 1976) su ,~gest 

that the inhibition is effected by the build-up of slime tr.~'1.ils in the 

environment. Further investiga tion of this phenomenon is obviously 

r equired . The caus e of t he hi.;h mort ;.ility of sma ll juveniles in thes e 

a reas is of particul ar interest, whether it is density-related or not , 

as this may be the key to pos s ible biologica l control methods for this 

species. The difficulties of a ttempting to research juvenile mortality 

and its causes have a lread;y be en mentioned. A r ather more experimental 

approach to this subject seems desirable . 

Juvenile gro ·.-J th-check da ta were unfortunately not collected 

for the area 1 adults . It would have been of interest to compare 

juvenile development rates in this population with those of the block 

122 lupin area to see whether the positive effect of lupin on juveni le 

survivc.. l and popula tion growth was par<i lleled by a positive effect on 
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ini.l ividua l gro .. 1th r ates.t Thoma s and Benj-.i.min ( 1974) and Thomas e t a l. 

( 197 4) found. tha t increa sing t he popu lc1t ion d ensity of the f r eshv:a ter 

pulmona te Biomphalaria g l abra t a from a low l eve l ini ti a ll.)' had an 

enhan cing effect on na t a li t .)' and growth r ::i.tes. This was believed to be 

du e to t he pos itive effects of both the release of certa in chemica ls 

into the medium from pl ant s in jured by snail feedi ng , .:~nd snail-s nail 

interactions of a ch~mic~ l nature . 

For ·.mimals livin:; in low density popula tions, the ability to 

find a mc;. te f or r eproduction i s a pri mJ. ry concern, especially when the 

an imals' mobi lity is limited. 11any insects have been shown to rely on 

air-borne pheromones to overcome this probl em . The possibili ty tha t 

H. aspersa a nd other t errest ri al snail speci e3 may have the ability to 

follow the trai ls of conspecifi cs re ·1uires much close r inve3tigation. 

That s ome spe cie s of aqua tic snails do possess such an ability is well 

established (\-Tells and Buckley, 1972; Townsend, 197 4) . Of spe cia l 

interes t in these ca ses i s that the trails exhibit some deeree of 

t empora ry polarisation, allowing anima ls to f ollow the trail in the 

dire ction t aken by the individua l tha t laid it. The chemica l bas is 

for this polarisat ion appear s to be uni<nown a::; yet . 

Possibly r e l ated to tra il-following i s the marked tendency 

for adult and large juvenile H. aspe rsa to aggregat e for hibern~tion. 

Suggestions were made in Chap ter 5 as to the possible adaptiveness of 

this phenomenon to the animal, but once again the need for further 

resea rch is indica ted. 

10.1.2 Economic significance: friend or foe? 

In most areas of snail population build-up a t Santoft, lupin 

d ieba ck is l a r gely complete by the time of tree-planting . Although 

Gadgil (1971 a) states th =-:.. t it is "impossible to establish young (pine) 

trees" without the shelter of lupins, tree establishment in these areas 

at Santoft appears to t ake place without d ifficulty. It is likely tha t 

the generalJy dense marram, which has prob ~bly benefited from the 

nitrogen inputs from lupins , provides sufficient, shelter. 

Soon after tree-planting the lupins are normally sprayed with 

a herbicide to relea se the young pines from competition. This process 

has a pparently been unnecessary in newly planted areas at Santoft for 
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the past four or five years, due to the activities of t he s na ils (H.G.J. 

Sutton, pers. com.), and this means a saving on the co s t of the 

herbicide and its applica tion. On the other hand , however, the lupins 

in some of the s e areas do not survive t h rough their fourth year from 

seedinJ , when nitrogen a ccumula tion in the biomass re a ches its peak 

(G adgil, 1971 c) and therefore considerab le potential fo r nitrogen 

fixation i s lo s t. \\T h e th ET or not H. aspersa is to be r egarded a s a 

pest depends on how necess ary thi s extra production of nitro ~en i s '.;o 

tree growth. 

On mo s t s ites it is li ke l y that the soil conta ins sufficient 

nitrogen t o meet the r equirements of t he pine tree crop. However, 

~adgil (1971 a ) mentions tha t on some sites t he r e is a r apid de cline in 

tree growth r a t e from 2.ge 10 to 12 onwards , a nd tha t this i s l ssociated 

with symp toms suge;esting a deficiency of nitrogen. This cond ition w:J.s 

found to be r elieved by heavy thinning which not only r educed inter­

tree competition, but also st imulated r ap i d lupin gro .:th under the tr~ es. 

It is in t :'1is t s pe of situation tha t pr ema tur e die-back of t he initia l 

crop of lupin, caused by snail at t ack , may aggrav.-ct e the problem. In 

such an a r ea, r ap i d. lupin r egro'.: th af"t e r the :~ irst tree-thinning (at 

five or six years) may be espe ci a l ly import ~nt, and a t t hi s stage, a s 

some sna il s a re still pr esent, another snail popula tion increase would 

probably a lso occur. I t would be of interest to know whether this 

remnant of the sna il popul a tion had a s i gnific2.nt ef!'ec"t in prev enting 

lupin regrowth by consuming seedlings. Some pre liminary tri a l s indeed 

sug~ested tha t lupin seedlings were ea ten. 

At Santof't , the occurrence of ;::i i tes on which "tree growth is 

sub-optimal appe a rs to be fre ~ently rel a tea. to a coarser tex"ture or 

the sana on these sites in compari son to surrounding sites . It is 

noticeable tha t on many of these sites initial estab lishment of marram 

and lupin ha s also met with little success. In these ca ses the tree­

growth problems oea r no r el a tion to snail attack on lupins. 

It would appear, then, tha t "the que st ion of whe ther or not 

H. asper~a can oe considered a pest of economic importa nce in coastal 

dune forestry must await further assessment of all the f a ctors affecting 

tree growth a t particular sites. 
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Control of H. as~ersa in these conditions usinG ~he methods 

av~ilable could not be t;U~rantced to be succe~sful . Control methods 

usually involve attraction of a ctive snail3 to a poisonous bait which 

is then consumed. If the animals a r e , however , in the position of bein_s 

surrounded by a highly pala t able food speci es (lupin) the ~ttractiveness 

of t he bait as an alternative food sour ce will be dimini shed . Also, the 

logistics and cost of spreadine:; bait prep:..trations over tracts of land 

the size of a forestry block m~y well be prohibitive . rrhe need for 

investigation into u. l terna tive control meti1ods is indic:..i.ted . 

10. 2 Comments on the study 

Studies of the population ecology of terre s trial snail S)ecies 

u.re few in number , ~nd very little ·.vork of thi.; sort has been urnle ~'taken 

on ii . as:?ersa. Por this reason, consi de r able di f :'i cul t,y was experienced 

in finding suitable methods of ap~roac!1 to the present study. l'he 

difficulties were tv:o fold : Those posed by the heterogeneous nature 

of the Ll.une-country terra in and ve6eta tion, whi ch greatly affected 

sampling methods ; and those posed by the biological characteristics of 

the ani r.io. l itself. The: :1 i5!.ly c..dv::.nced ::?.nalytical techniques of t he 

insect ecolo;;is t .:;.r e of little use in 3tuLl.ying an i nvertebrate whi ch has 

a tota l life span fre ~uentlJ in excess of five years , which lacks any 

cle~rly defined developmental atages apart from t he distinction between 

adult and juvenile , and whose juvenile grov:th r~~te cun v1ry markedly 

within and between popula tions. 

In the event th8 initi al a ims of the study, to provide an 

insi:;ht into the ecology of H. aspersa in the dune environment with 

particula r interest in the ro l e of lupin, were achieved , and possible 

lines of further research have been pointed out. It is likely, however , 

that further progress will re1Uire an a~proach that is less descriptive 

and consi derably more anal ytica l and experimental tha n tha t fol lowed in 

thi s study. 
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Formula for nitrogen-free li {uid pl ant nui;rient 

Chemical Stock solution Amount of ::;tock 

molarity 
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gm/l water to maKe 

nu"tri cnt solution 

246.4 2 ( cm3 ) 

2.)2 200 

87.2 80 

1. 72 800 

4 

4 

Amounts aa.ded to 1 1 water 
for stock solution 

1. 8 1 g 

2.86 g 

0. 22 g 

0.08 g 

0.09 g 

Na
2
FeEDTA 1.643 g/50 ml for stock solution. 

pH of the final solution adjusted to 5.0 - 6.0 with 0.1N HCl 

or O. 1 N KOH. 
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