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Ecological interactions between Cepaea 
nemoralis and Cepaea hortensis: competition, 
invasion but no niche displacement 

R. H. COWIE* and J. S. JONES 
Department of Genetics and Biometry, 
University College London, 4 Stephenson Way, 
London NW1 2HE, UK 

Abstract. The importance of coevolution in shap- 
ing communities is not clear. Experiments with 
shells marked with a paint which fades in the sun 
show that the land snail Cepaea hortensis (Mull.) 
is more exposed to daylight than is Cepaea nemo- 
ralis (L.), but that there is no change in this 
behaviour when snails are placed in mixed or 
single species populations and no evidence of an 
interspecific interaction that might be a precursor 
of coevolution and character displacement for this 
niche dimension. C. hortensis on the Marlborough 
Downs has invaded many C. nemoralis colonies 
and replaced others during the past 25 years, a 
range expansion that may reflect the competition 
between the two that has been observed in the 
laboratory. If the lack of interaction for the niche 
dimension studied here is typical, the relative 
abundance of C. hortensis and C. nemoralis may 
reflect a balance between invasion and extinction 
rather than coevolution. 
Key-words: Competition, invasion, niche displacement, 
coevolution, behavioural thermoregulation, community 
structure, land snail, Cepaea 

Introduction 

The disjunct geographical distributions of the land 
snails Cepaea nemoralis (L.) and Cepaea hortensis 
(Mull.) were among the first to be cited as evid- 
ence for interspecific competition in nature 
(Boycott, 1934; Diver, 1940). It is often claimed 
that such competition leads to coevolution and 
that the ensuing niche divergence is important in 
structuring biological communities. However, the 
evolutionary significance of competition is still 

* Present address: Tropical Development and Research 
Institute, College House, Wright's Lane, London W8 5SJ, 
UK. 

not clear (Connell, 1983; Roughgarden, 1983; 
Strong et al., 1984) and it is particularly uncertain 
whether it can lead to character displacement, a 
genetic response by one species to the presence of 
another (Arthur, 1982a). Differences in the niche 
dimensions of coexisting species in a community 
(e.g. Fenchel, 1975; Schluter, Price & Grant, 1985; 
Roughgarden, 1979) might equally reflect repeated 
invasion and extinction, rather than coevolution 
(Harvey et al, 1983; Roughgarden, 1983). Exper- 
iments on natural populations are essential before 
differences in the habitat preference of closely 
related and coexisting species can safely be 
ascribed to character displacement (Connell, 1980, 
1983). Competition will not lead to displacement 
unless it is strong enough to overcome other 
evolutionary forces but sufficiently weak to allow 
the two species to coexist (Taper & Case, 1985); 
and unless the species differ in allopatric popu- 
lations in any character liable to diverge, they 
interact in sympatry and the character is heritable 
(Slatkin, 1980). 

Cepaea nemoralis and C. hortensis have many of 
these attributes. There is competition between 
them in the laboratory (Cameron & Carter, 1979), 
they differ in habitat preference in unmixed popu- 
lations (Cameron, Carter & Palles-Clark, 1980; 
Harvey, 1973, 1974) and sometimes diverge for 
heritable shell patterns when present together 
(Clarke, 1962; Arthur, 1982b). C. hortensis extends 
further north than does C. nemoralis, prefers 
cooler habitats and is more active at low tem- 
peratures in the laboratory (Cameron, 1970a, b, c). 
The frequencies of some genes in each species are 
also influenced by thermal stress (Jones, Leith & 
Rawlings, 1977). On sunny days, C. nemoralis 
escapes from the layer of hotter air near the ground 
by climbing (Jaremovic & Rollo, 1979) and there 
are differences in the behaviour of various shell 
morphs of this species in sunlight (Jones, 1982). In 
other poikilotherms, thermoregulatory behaviour 
may be modified by interspecific competition 
(Huey, 1982). Differences in behaviour in 
sunshine between C. nemoralis and C. hortensis 
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92 might therefore be useful as a tool for investigating 
R. H. Cowie & habitat partitioning and niche displacement. 
J. S. Jones Here we investigate the interaction of C. nemo- 

ralis and C. hortensis by marking snails in field 
population cages containing one or both species 
with spots of a paint which fades at a known rate 
when exposed to the sun. In addition we examine 
temporal changes in their relative distribution. 

Materials and methods 

The fading paint consists of the photolabile dye 
Benzyl Blue (Bayer Dyestuffs - Special BR Blue 
FFR 200) dissolved in monoethyleneglycol mono- 
ethylether and mixed with a yellow polyurethane 
paint (International Paint Group, series 101; 
Yellow 109) to give a green paint that fades to 
yellow as the blue dye loses its colour (Jones, 
1982). A spot of paint was placed at the midline of 
the shell just behind the lip. Fading was measured 
by comparison with a scale produced from serial 
3:1 dilutions of the green mixture with the yellow 
base paint. 

The experiment was carried out in 60 cages in an 
open field in Oxford University's Wytham Wood 
Estate. Each cage was a covered cylinder 90 cm 
high and 90cm in diameter, made of 6 4-mm 
'Weldmesh' (British Reinforced Concrete Eng- 
ineering Company, Stafford, UK). Cages were 
planted with nettles, Urtica dioica L., grasses and 
other plants growing naturally around the cages 
such as red and white dead nettle, Lamium pur- 
pureum L. and Lamium album L., thistle, Cirsium 
arvense (L.), groundsel, Senecio vulgaris L. and 
goosegrass, Galium aparine L. They developed a 
diverse flora that resembled that of habitats often 
occupied by Cepaea. Samples of 375 snails from 
each of four populations of pure C. nemoralis and 
four of pure C. hortensis were collected from 
paired locations (Fig. 1) on the Marlborough 
Downs in southern England on 26-30 May 1985. 
Shells were painted grey since this removes the 
behavioural differences that result from differ- 
ences in the thermal relations of animals of 
different colour and banding pattern (Jones & 
Cowie, in preparation). Fifteen cages were estab- 
lished for each of the four pairs of populations, five 
containing 50 C. nemoralis alone, five with 50 C. 
hortensis, and five with 25 of each, and assigned 
within the array at random. Snails were placed in 
the cages on 7 June 1985 and removed 93 days 
later. More than 90% of them were found alive. 

From 1983-85 we studied the distribution of 
Cepaea on the Marlborough Downs, a region of 

rolling chalk downland, woods and arable land. 
We have compared our results with those from a 
survey carried out in 1960 and 1961 by Cain & 
Currey (1963). 

Results 

Cage experiments 

Paint-fading scores (full details of which can be 
obtained from the authors on request; and which 
are summarized in Fig. 2) were analysed by 
three-way analysis of variance with replication 
(Sokal & Rohlf, 1981), using species (C. nemoralis 
or C. hortensis), cage type (single- or mixed- 
species) and population pair (A, B, C or D) as the 
three factors and with five replicates for each 
combination of these. Only 'species' made a signi- 
ficant contribution to the variance (P < 0 001) and 
there were no significant first- or second-order 
interactions (Table 1). Because of the lack of 
independence of the mean scores for the two 
species in the mixed-species cages (r = 0861; P < 
0 001), a two-way analysis of variance was per- 
formed on the scores from single-species cages 
only, using species and population pair as the two 
factors and with five replicates of each combin- 
ation. Again, only 'species' had a significant effect 
(P < 0 01; Table 2). 

Paired comparisons of the scores for the two 
species in mixed-species cages show that in all 20 
cages the mean fading score for C. nemoralis was 
lower than that for C. hortensis (sign test P < 
0 001). The mean fading score over all 60 cages for 
C. nemoralis was 6225 ? 0128 and for C. horten- 
sis 7017 ? 0240. Hence, the two species showed 
marked divergence in niche components that 
manifest themselves through exposure to 
sunshine. 

However, there is no evidence that this niche 
dimension in either species was significantly 
affected by the presence of the other. Mean fading 
for C. nemoralis is 6199 (?0.357) in mixed popu- 
lations, compared to 6250 (?0.259) in unmixed; 
and for C. hortensis 7140 (?0.331) in mixed 
populations compared to 6893 (?0.347) in those 
containing this species alone (Fig. 2). A similar 
analysis of the variances of fading scores from each 
cage revealed no significant differences between 
'species', 'cage type' or 'population pair' and there 
was no significant correlation between the 
variances for C. nemoralis and those for C. horten- 
sis in mixed-species cages. This validates the use 
of analysis of variance on the mean scores. 
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93 Table 1. Three-way analysis of variance on the mean fading scores. 

Ecological 
interactions in Source of variation df SS MS F P 

Cepaea Pair 3 1 135 0 378 0 641 NS 
Species 1 12 483 12 483 21158 <0 001 
Cagetype 1 0 195 0 195 0 331 NS 
Pair x species 3 0 095 0 032 0 054 NS 
Pair x cage type 3 2 859 0 953 1 615 NS 
Species x cage type 1 0-439 0 439 0 744 NS 
Pair x species x cage type 3 0 158 0 053 0 090 NS 
Within subgroups (error) 64 37 745 0 590 

Total 79 55-109 

Table 2. Two-way analysis of variance on the mean fading scores for single-species cages. 

Source of variation df SS MS F P 

Pair 3 1 157 0 386 0 710 NS 
Species 1 4 115 4 115 7 564 <0 01 
Pair x species 3 0 016 0 005 0.010 NS 
Within subgroups (error) 32 17 420 0 544 

Total 39 22 708 

Distribution 

C. hortensis has greatly expanded its range on the 
Marlborough Downs at the expense of C. nemora- 
lis (Fig. 1). Three sites that previously contained 
only C. nemoralis now contain only C. hortensis 
and 28 C. nemoralis sites now contain both 
species. Five of the 12 sites that were previously 
mixed now contain only C. hortensis. No sites 
have gained C. nemoralis at the expense of C. 
hortensis and the proportion of C. hortensis has 
increased in six of the seven sites containing both 
species on both sampling occasions. The main 
result to emerge from these observations is that, in 
spite of a marked interspecific divergence for a 
niche component and an invasion of the range of C. 
nemoralis by its sibling species, there is no evid- 
ence of any interaction between C. nemoralis and 
C. hortensis for this aspect of their niche when 
they are experimentally mixed. 

Discussion 

The range of expansion of C. hortensis on the 
Downs has been accompanied by the dis- 
appearance of its sibling. There are a few deposits 
of fossil Cepaea in southern England and these 
show that there have been earlier phases of expan- 
sion of C. hortensis in this region during the past 
several thousand years (Currey & Cain, 1968; Cain, 
1971). In contrast, C. nemoralis has increased its 

range in comparison to that of C. hortensis in the 
Rhone valley since the last glaciation (Favre, 
1927). The two species may fluctuate in relative 
range. Some of these fluctuations may be related to 
climate since C. hortensis is generally found in 
cooler places than is C. nemoralis. However, there 
has been no consistent trend in temperature on the 
Downs over the past 25 years; the mean tem- 
perature at Marlborough from May to October (the 
months during which Cepaea is active) in 1960 
was 13 20C, in 1965 12 10C, in 1970 13 50C, in 
1975 13 40C, in 1980 12 60C and in 1985 12 70C 
(Meteorological Office, unpublished). Much 
downland is now lost to Cepaea because of 
ploughing and parts of the Downs have become 
overgrown since the disappearance of rabbits after 
myxomatosis. This may favour C. hortensis, since 
it prefers longer and damper vegetation than that 
favoured by its sibling (Cameron, Carter & Palles- 
Clark, 1980). There has been a great decrease in the 
extent of predation in our samples compared to 
those of Cain & Currey (Cain, personal communi- 
cation), but it is not clear why this should confer an 
advantage upon C. hortensis. The changes in the 
relative range of the two species might also reflect 
competition between them. 

In spite of an overlap in food preference between 
C. nemoralis and C. hortensis there is no indi- 
cation of interspecific resource competition 
(Carter, Jeffery & Williamson, 1979). However, 
there is strong evidence for interference compe- 
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Fig. 1. The distribution of Cepaea nemoralis and Cepaea hortensis on the Marlborough Downs: (a) in 1960-61 (data 
from Cain & Currey, 1963) and (b) collected by ourselves in 1983-85. Our samples consisted of 179 collections, 107 of 
which were recollections of sites first sampled in the 1960s and located to within 50m. We collected over 11000 snails. 
Fewer than 200 of these had been broken by predators. The dark segment in each pie diagram represents the proportion 
of C. nemoralis; the continuous line is the 700 foot (225m) contour. Pairs of samples, A, B, C and D were the donor 

tition. In populations of C. nemoralis in field 
enclosures, an increase in population density 
decreases growth rate, adult size, longevity, clutch 
size and hatching success (Oosterhoff, 1977) and 
in natural populations an increase in density leads 
to a decrease in shell size and fecundity (William- 
son, Cameron & Carter, 1977). Many of these 
effects are mediated by slime-trail pheromones, 
whose inhibitory action is almost as great between 
the two species as within each of them (Cameron & 
Carter, 1979). Also, in field population cages C. 
nemoralis and C. hortensis greatly influence each 
other's mortality (Tilling, 1985). 

A snail's exposure to daylight is influenced by 

time of activity and by the position taken up 
during the day. Temporal changes in activity are 
usually important in maintaining an optimal tem- 
perature in poikilotherms and may be comple- 
mented by choice of an appropriate position 
(Stevenson, 1985). In lizards, for example, inter- 
specific partitioning of the thermal niche usually 
involves differences in time and position of 
occupation of a favourable habitat (Roughgarden, 
1979; Huey, 1982). The same is true in Cepaea. In 
field cages, C. hortensis chooses a higher aesti- 
vation site and is more diurnal than is C. nemoralis 
(Tilling, 1986). Both these behaviours accord with 
the relatively greater paint fading in the former. 

This content downloaded from 158.135.136.72 on Wed, 17 Sep 2014 12:07:27 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


95(b 
Ecological 
interactions in 
Cepaea A B 

0 

75 

70~~~~~~ 

0 

10 15 

populations for the cages. Grid references and sampling areas: C. nemoralis A =SU 148764,20 x 30 m; B =171764,100 
x 50m; C = 154740,30 x 15m; D = 136706, 300 x 80m: C. hortensisA = 145775,55 x 20m; B = 176780,40 x 5m; C = 
196725, 80 x 10in, D = 158690, 25 x 3 m. Numbers on axes represent grid references. Sample locations and scores can 
be obtained from the authors on request. 

Such niche separation is often a direct indicator of 
interspecific competition. Some coexisting 
species of anoline lizards which partition their 
habitat by perching at different heights increase 
this niche difference in sympatry compared to 
allopatry (Roughgarden, Pacala & Rummel, 1984). 
In mixed populations of these species in 
enclosures, one of them perches higher, eats less, 
grows more slowly and lays fewer eggs than when 
it is the only species present. This is due primarily 
to interference between animals competing for a 
thermally optimal niche. 

Although there is competition and habitat 
separation in Cepaea, we found no evidence of an 

interspecific interaction in experimentally mixed 
populations of C. nemoralis and C. hortensis for 
components of behaviour manifest in paint fading 
that might precede the evolution of an increased 
divergence of this niche dimension in sympatry. It 
is probably not true that our experiment was too 
small to detect such an effect, as it involved a study 
of the behaviour of nearly 3000 individuals. Of 
course, competitive displacement might influence 
niche components that we have not identified and 
it is also possible that niche displacement takes 
place on occasions not encompassed by our exper- 
iment or in places or populations other than those 
used here (for example, see the work of Dunham 
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Fig. 2. Distribution of paint fading scores in experimental populations of Cepaea nemoralis and Cepaea hortensis. (a) C. 
nemoralis in single-species and mixed populations; (b) C. hortensis in single-species and mixed populations. The 
arrows show the mean fading score for each category. 

[1980] on salamanders; and Hairston [1983] on 
lizards). 

Interspecific interaction leading to character 
displacement is often invoked as a general 
mechanism that shapes natural communities. Our 
work on niche partitioning in C. nemoralis and C. 
hortensis began in the hope of studying character 
displacement in sympatric and allopatric popu- 
lations. In the event we have found no evidence 
even of a response of one species to the other for 
the niche dimension studied. Hence, there is little 
opportunity for coevolution of the two species to 
promote their joint exploitation of the thermal 
environment. It is notoriously difficult to identify 
the 'ghost of competition past' (Connell, 1980). 
Nevertheless, Harvey & Ralls (1985) suggest that 
character displacement is now more or less bereft 
of reliable examples. The structure of many 
communities may be shaped as much by the 
invasion of competitors rendered more successful 
because of ecological change as by coevolution 
(Strong, 1983). 

Acknowledgments 

Work at Wytham was carried out with the 
generous cooperation of the University of Oxford. 
We thank numerous Galtonians for their help in 
the field. This research was supported by grants 

from the Science and Engineering Research 
Council and from the Central Research Fund of 
London University. Professor A. J. Cain made his 
records available and commented on the manu- 
script. We thank Dr N. H. Barton for statistical 
advice and Drs W. Arthur, M. Begon, R. A. D. 
Cameron and M. Slatkin for comments. 

References 

Arthur, W. (1982a) The evolutionary consequences of 
interspecific competition. Advances in Ecological 
Research, 12, 127-187. 

Arthur, W. (1982b) A critical evaluation of the case for 
competitive selection in Cepaea. Heredity, 48, 407- 
419. 

Boycott, A.E. (1934) The habitats of land Mollusca in 
Britain. Journal of Ecology, 22, 1-38. 

Cain, A.J. (1971) Colour and banding morphs in subfossil 
samples of the snail Cepaea. In Ecological Genetics 
and Evolution (ed. R. Creed), pp. 65-92. Blackwell 
Scientific Publications, Oxford. 

Cain, A.J. & Currey, J.D. (1963) Area effects in Cepaea. 
Philosophical Transactions of the Royal Society of 
London, series B, 246, 1-81. 

Cameron, R.A.D. (1970a) Differences in the distributions 
of three species of helicid snail in the limestone 
district of Derbyshire. Proceedings of the Royal 
Society of London, series B, 176, 131-159. 

Cameron, R.A.D. (1970b) The survival, weight-loss and 
behaviour of three species of land snail in conditions 
of low humidity. Journal of Zoology, 160, 143-157. 

This content downloaded from 158.135.136.72 on Wed, 17 Sep 2014 12:07:27 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


97 
Ecological 
interactions in 
Cepaea 

Cameron, R.A.D. (1970c) The effect of temperature on the 
activity of three species of land snail (Mollusca: 
Gastropoda). Journal of Zoology, 162, 303-315. 

Cameron, R.A.D. & Carter, M.A. (1979) Intra- and inter- 
specific effects of population density on growth and 
activity in some helicid snails (Gastropoda: Pulmo- 
nata). Journal of Animal Ecology, 48, 237-246. 

Cameron, R.A.D., Carter, M.A. & Palles-Clark, M.A. 
(1980) Cepaea on Salisbury Plain: patterns of 
variation, landscape history and habitat stability. 
Biological Journal of the Linnean Society of London, 
14,335-358. 

Carter, M.A., Jeffery, R.C.V. & Williamson, P. (1979) Food 
overlap in coexisting populations of the land snails 
Cepaea nemoralis (L.) and Cepaea hortensis (Mull.). 
Biological Journal of the Linnean Society of London, 
11,169-176. 

Clarke, B.C. (1962) Natural selection in mixed popu- 
lations of two polymorphic snails. Heredity, 17, 319- 
345. 

Connell, J.H. (1980) Diversity and the coevolution of 
competitors, or the ghost of competition past. Oikos, 
35,131-138. 

Connell, J.H. (1983) On the prevalence and relative 
importance of interspecific competition - evidence 
from field experiments. American Naturalist, 122, 
661-696. 

Currey, J.D. & Cain, A.J. (1968) Studies on Cepaea. IV. 
Climate and selection of banding morphs in Cepaea 
from the climatic optimum to the present day. Philo- 
sophical Transactions of the Royal Society of London, 
series B, 253, 483-498. 

Diver, C. (1940) The problem of closely related species 
living in the same area. In The New Systematics (ed. J. 
Huxley), pp. 302-328. Oxford University Press, 
Oxford. 

Dunham, A.E. (1980) An experimental study of inter- 
specific competition between the iguanid lizards Sce- 
loporus merriami and Urosaurus ornatus. Ecological 
Monographs, 50, 309-330. 

Favre, J. (1927) Les mollusques post-glaciares et actuels 
du bassin de Geneve. Memoires de la Societe Physi- 
que et d'Histoire Naturelles de Geneve, 40, 171-434. 

Fenchel, T. (1975) Character displacement and co- 
existence in mud snails (Hydrobiidae). Oecologia, 20, 
19-32. 

Hairston, N.G. (1983) Alpha selection in competing 
salamanders: experimental verification of an a priori 
hypothesis. American Naturalist, 122, 105-113. 

Harvey, P.H. (1973) The distribution of three species of 
helicid snail in East Yorkshire. I. General survey. 
Proceedings of the Malacological Society of London, 
40,523-530. 

Harvey, P.H. (1974) The distribution of three species of 
helicid snail in East Yorkshire. II. Intensive survey. 
Proceedings of the Malacological Society of London, 
41, 57-64. 

Harvey, P.H., Colwell, R.K., Silvertown, J.W. & May, R.M. 
(1983) Null models in ecology. Annual Review of 
Ecology and Systematics, 14, 189-211. 

Harvey, P.H. & Ralls, K. (1985) Homage to the null 
weasel. In Evolution: Essays in Honour of J. Maynard- 
Smith (ed. P.J. Greenwood, P.H. Harvey & M. Slatkin), 
pp. 155-171. Cambridge University Press, Cambridge. 

Huey, R.B. (1982) Temperature, physiology and the 

ecology of reptiles. In Biology of the Reptilia (ed. C. 
Gans & F.H. Pough), pp. 25-91. Academic Press, 
London. 

Jaremovic, R. & Rollo, C.D. (1979) Tree climbing by the 
snail Cepaea nemoralis - a possible method for 
regulating temperature and hydration. Canadian Jour- 
nal of Zoology, 57, 1010-1014. 

Jones, J.S. (1982) Genetic differences in individual 
behaviour associated with shell polymorphism in the 
snail Cepaea nemoralis. Nature, 298, 749-750. 

Jones, J.S., Leith, B.H. & Rawlings, P. (1977) Polymor- 
phism in Cepaea: a problem with too many solutions? 
Annual Review of Ecology and Systematics, 8, 109- 
143. 

Oosterhoff, L.M. (1977) Variation in growth rate as an 
ecological factor in the landsnail Cepaea nemoralis 
(L.). Netherlands Journal of Zoology, 27, 1-132. 

Roughgarden, J. (1979) Theory of Population Genetics 
and Ecology: an Introduction. Macmillan, London. 

Roughgarden, J. (1983) Coevolution between competi- 
tors. In Coevolution (ed. D.J. Futuyma & M. Slatkin), 
pp. 383-403. Sinauer Associates, Sunderland, Massa- 
chusetts. 

Roughgarden, J., Pacala, S. & Rummel, J. (1984) Strong 
present-day competition between the Anolis lizard 
populations of St. Maarten (Netherlands Antilles). 
Symposia of the British Ecological Society, 23, 203- 
220. 

Schluter, D., Price, T.D. & Grant, P.R. (1985) Ecological 
character displacement in Darwin's finches. Science, 
227, 1056-1059. 

Slatkin, M. (1980) Ecological character displacement. 
Ecology, 61, 163-177. 

Sokal, R.R. & Rohlf, F.J. (1981) Biometry. Second edition. 
W.H. Freeman, San Francisco. 

Stevenson, R.D. (1985) The relative importance of behav- 
ioural and physiological adjustments controlling body 
temperature in terrestrial ectotherms. American Natu- 
ralist, 126, 362-386. 

Strong, D.R. (1983) Natural variability and the manifold 
mechanisms of natural communities. American Natu- 
ralist, 122, 636-660. 

Strong, D.R., Simberloff, D., Abele, L.G. & Thistle, A.B. 
(eds) (1984) Ecological Communities: Conceptual 
Issues and the Evidence. Princeton University Press, 
Princeton. 

Taper, M.L. & Case, T.J. (1985) Quantitative genetic 
models for the evolution of character displacement. 
Ecology, 66, 355-371. 

Tilling, S.M. (1985) The effects of density and inter- 
specific interaction on mortality in experimental 
populations of adult Cepaea (Held). Biological Journal 
of the Linnean Society of London, 24, 61-70. 

Tilling, S.M. (1986) Activity and climbing behaviour: a 
comparison between two closely related landsnail 
species, Cepaea nemoralis (L.) and C. hortensis 
(Mull.). Journal of Molluscan Studies, 52, 1-5. 

Williamson, P., Cameron, R.A.D. & Carter, M.A. (1977) 
Population dynamics of the land snail Cepaea nemo- 
ralis L.: a six-year study. Journal of Animal Ecology, 
46, 181-194. 

Received 13 November 1986; revised 12 February 1987; 
accepted 17 February 1987 

This content downloaded from 158.135.136.72 on Wed, 17 Sep 2014 12:07:27 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 91
	p. 92
	p. 93
	p. 94
	p. 95
	p. 96
	p. 97

	Issue Table of Contents
	Functional Ecology, Vol. 1, No. 2 (1987), pp. 73-167
	Front Matter [pp. ]
	On Optimal Defence in Plants [pp. 73-81]
	Allocations to Pollen, Seeds and Pollination Mechanisms in Self-Fertilizing Plants [pp. 83-89]
	Ecological Interactions between Cepaea nemoralis and Cepaea hortensis: Competition, Invasion but no Niche Displacement [pp. 91-97]
	Grazing by Mayorella sp. (Protozoa: Sarcodina) on Cyanobacteria [pp. 99-104]
	The Intraspecific Relationship of Parental Investment to Female Body Weight [pp. 105-107]
	Effect of Ration on Energy Allocation in a Carabid Beetle [pp. 109-116]
	Root Dynamics of Bouteloua gracilis During Short-Term Recovery from Drought [pp. 117-124]
	Water Costs and Water Revenues for Established and Rain-Induced Roots of Agave deserti [pp. 125-129]
	Water Budget in Some Populations of the European Common Lizard, Lacerta vivipara Jacquin [pp. 131-138]
	Effects of CO<sub>2</sub> Enrichment on Four Great Basin Grasses [pp. 139-143]
	Interaction of Age and Competition Under CO<sub>2</sub> Enrichment [pp. 145-149]
	Technical Report
	Characterizing the Development of Homeothermy by Rate of Body Cooling [pp. 151-157]

	Forum
	Basal Rate and Phylogeny [pp. 159-160]
	In Defence of the Comparative Method [pp. 160-161]
	Conflicting Predictions Concerning Clonal Reproduction? [pp. 161-163]
	Conditions Favouring Mictic and Amictic Reproduction [pp. 163-165]
	An Alternative to Migration in Agricultural Insects? [pp. 165-167]

	Back Matter [pp. ]



