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The enigma of mud snail shell growth: asymmetrical competition 
or character displacement? 
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The growth rate and survival of Hyclrobirr i2nrrroscl and H. ~rlcrre from naturally 
co-existing populations were investigated when kept together and separately in cagcs 
settled in an intertidal pool. Population density ranged from 2800 to 22000 ind.;n~'. 
Density dependent mortality was not found. No influence of rclatcd spccics o n  
mortality was observed. However, growth variation of snails suggcstcd strong 
interspecific competition. Despite large diKerenccs in size of H. lrlrae and young H. 
nentrosa used in the experiments (initial size ratio 1.8; final 1.4), the erect of 
interspecific competition was significant. Moreover, interspecific competition was 
asymmetrical. At population densities of 7000-14000 ind. m' with H. ulcuc. prcscnt. 
H. centrose1 grew slower than in single-species populations. In contrast, H. 1111,rlc 
under tht: same conditions increased growth rate in comparison to single-species 
populations. The competition coe1Iicient (a), as a function of population density 
based on growth rate individuals, was calculated. The proportion of inter- to 
intraspecific competition in their joint influence on Hycfrobitr growth rate depends on 
population density. This correlation was non-linear. With population density closc to 
natural, H. u l ~ ~ r r  growth is limited by intraspecific competi t io~~.  H. verrtrosu growth is 
limited by interspecific competition. It may be supposed that stable coexistence of 
these two species is possible only in populatiolls dominated by H. aetltro.su. More- 
over, the larger the proportion of H. uentro.tu, the higher should be the growth rate. 
In contrast, the correlation between growth rate of H. ulrac. and proportion of this 
species should be negative. 
The population density and presence of congeners have a great impact on shell size 
as can be shown after only three months of cage experiments. The growth rate of the 
mud snails varies within the wide range of the norm response on food availability. 
This contradicts the opinion of the hel-editary nature of character displacement of H. 
ulnae and H. centrosu when they co-exist and allows the adoption of an environment- 
based explanation of the phenomenon. 
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Hydrobiid snails belong to the most important deposit 
feeding invertebrates of North European estuaries. In 
Scandinavian waters, four species are found: Pota- 
mopyrgus jenkinsi, and three Hydrobirr spp.: H. uerztrosa 
Montagu, H .  neglecta Muus and H .  ulcclr (Pennant) 
(Muus 1967). In the White Sea only two species occur: 
H. ulvue and H. ventrosa (Gorbushin 1992). The species 
are ecologically and morphologically very similar 
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(Muus 1963, 1967, Cherrill and James 1985. Gorbushin 
1992). Field observations and laboratory experiments 
( Fenchel 1975b, Fenchel and Kofoed 1976, Cherrill and 
Janles 1987b) indicate that where more than one species 
occur together in the same habitat they compete. a n d  

evidence for three potential effects of such interspecific 
colnpetition exists. Fenchel (1975a, b) had shown t h a t  
morphological differences (shell size) between Hl.rlrohia 

Copyright O OIKOS 1996 
ISSN 0030-1 299 
Printed in Ireland - all rights reserved 



species in the Limfjord, Denmark are larger in coexist- open parts does not exceed 27'%,11 and in bays and 
ing populations than in single-species ones. The mud lagoons it is usually lower because of significant fresh 
snails feed upon microorganisms associated with sedi- 
ment particles (Lopez and Levinton 1978). Fenchel 
(1975b) and Fenchel and Kofoed (1976) suppose that 
competitive interactions relate to the size of particles 
ingested and have led to the evolution of larger H. ulvae 
in sympatry than allopatry and, conversely, smaller H. 
ventrosa in sympatry than allopatry. They suggested 
that character displacement with regard to body size 
was a result of co-evolution of competitors, thereby 
permitting H. ventrosa and H. uluae to co-exist by 
utilising different parts of a common resource (most 
probably food). However, character displacement as a 
result of co-evolution is notoriously easier to postulate 
than to demonstrate conclusively (Levinton 1982). 
Hylleberg (1986) and Cherrill and James (1987a) failed 
to find any evidence for the hereditary nature of the 
phenomenon in other mixed Danish populations or in 
East Anglia. Cherrill and James (1987a) believe that 
differences in character states attributed to the process 
of character displacement may result from a number of 
other causes. Environmental conditions at sympatric 
and allopatric sites may act differentially on the size of 
H. ulvae and H. ventrosa. The conditions that prevail at 
sites supporting both H. ulvae and H. ventrosa appear 
to lead to increased body size of H. ulvae irrespective of 
the presence of H. ventrosa. This assumption is con- 
firmed by the results of Saloniemi's (1993) study at the 
Finnish Baltic coast. The results give an environment- 
based explanation for the character displacement pat- 
tern and shows the need for a critical evaluation of the 
evidence for character displacement in Hydvobia snails 
in other populations as well. 

The character used to measure displacement in Hy- 
drohia species is difference in shell size. However, there 
have been no studies of Hydrobia growth in connection 
with this problem. Information, however, exists (Roth- 
schild and Rothschild 1939) that shell growth (at least 
in H. ulvae) is a very sensitive process which is strongly 
dependent, for example, on environmental conditions 
and parasitic sterilisation by trematodes. In this paper I 
present data on the influence of different population 
densities and presence of congeners on growth rate and 
survival of H. ventrosa and H. ulvae in cages established 
at a site at which the species coexist. 

Materials and methods 

The investigations were carried out in the estuary of the 
Keret river (Chupa Bay region of the Kandalaksha 
shore at the White Sea). The Kandalaksha shore mainly 
consists of rock and gravel. Large silt or sand beaches 
and salt marshes are very rare and usually exist in the 
innermost parts of bays and lagoons. The salinity in the 

water flow from the shore. This region is characterised 
by seasonal changes of temperature, salinity and light. 
The intertidal zone is covered by ice for almost half the 
year (from the first half of November to second half of 
May). Ice melting in spring leads to a significant salin- 
ity decrease of the upper water layers, and as a result, 
biological summer in the intertidal zone often begins 
only in the first part of June. Autumn frosts are possi- 
ble already in early September. This brief description 
gives an impression of the severe conditions at the 
marginal part of both the H. ventrosa and H. ulvae 
distribution areas. 

The snails were kept in cages placed in the intertidal 
zone at the south-east end of Malyi Gorelyi Island. The 
study site supports natural populations of H. ulvae and 
H. ventrosa. The tidal amplitude is 1.9 m. The salinity 
depends on tidal state and season and ranges from 3 to 
159611. The overall Hydvohia density in 1991-1992 was 
5000-7000 ind./m2. The sediment is muddy and anoxic 
below 1.0-1.5 cm. 

The intensity of interspecific and intraspecific compe- 
tition of H. uluae and H. ventrosa was obtained by 
measuring shell growth and survival parameters during 
the experiment using enclosed populations. Experimen- 
tal animals were collected by sieving natural sediment 
through sieves which retain snails larger than 0.3 mm. 
These were sorted according to species and size in the 
laboratory. Equal-sized snails from the more numerous 
age group were taken for the experiment. The diameter 
of the last shell whorl was used as a size parameter. For 
experiments in 1991 H. ventrosh. and H. ulvae with shell 
diameters of 1.56 mm (s.d. 0.21) and 1.88 mm (s.d. 
0.16), respectively, were used. The snails of both species 
have survived one winter and their age at the start of 
the experiments was around 8-10 months. In similar 
experiments in 1992, two age groups of H. ventrosa 
were used: snails that had survived one winter (8 
months old) with a last whorl diameter of 1.10 mm (s.d. 
0.15) and snails that had survived 2 winters (22 months 
old) with a whorl diameter of 1.88 mm (s.d. 0.16); H. 
ulvae snails in the 1992 experiment had overwintered 
once and had a shell whorl diameter of 1.96 mm (s.d. 
0.13) (10 months old). 

The cages were made of a nylon net with a mesh size 
of 0.3 mm which was taut on a wire frame with a 
vertical side of 6 cm and a square base with sides of 25, 
16, 12 or 10 cm. The basal areas were 1/16, 1/39, 1/69 
or 1/100 m2, respectively. In the 1991 experiment three 
snail densities were tested: 3200, 7800 and 20000 ind./ 
m2, i.e. each cage with base square of 1/16, 1/40 and 
1/100 m2 contained 200 snails. In the 1992 experiments 
four population densities were tested: 2880, 7800, 13880 
and 22000 ind./m2, i.e. in the cages with base square of 
1/16, 1/39, 1/69 and 1/100 m2 180, 200, 200 and 220 
snails were placed, respectively. 



Table 1.  Density and proportion of species in cage populations 
during the experiments of 199 1. 

Density (ind./m2) Proportion of species in 
cage population 

D,  Dz D,, H. ulcae H. renrrosu 

Thus for experiments in 1991 9 cages were used 
(Table I). In 1992 12 cages were used (Table 2). 

The cages were placed on the bottom of an intertidal 
pool (with depth 4-5 cm) at the mid-tidal zone. Each 
cage was pushed I cm into the sediment. The silt was 
sieved through the upper side of the cage (roof) so that 
the sediment level inside the cages was equal to the 
surrounding sediment level. During the experiments 
visual control of cages' contents was carried out at 
regular intervals through transparent net walls. The 
experiment started at the beginning of the snails' 
growth season (Table 3). The line of winter growth 
interruption served as a natural mark of the start of 
experiment. 

At the end of the growth experiments snails were 
taken from the cages and fixed in 70'1/;, ethanol. 

The following measurements were taken from the 
experimental snails (Fig. 1): shell diameter at the level 
of the last winter growth interruption line (d,); shell 
diameter at the end of experiment (d); and shell angle 
gain (Acp) from the last winter interruption line (Gor- 
bushin 1993) to the rim of the shell aperture. All 
measurements were taken under the stereo n~icroscope 
using a standard micrometer and ocular angle meter 
(originally constructed by the author). For angle 
growth measurements the shell was vertically oriented 
so that the collumelar axis was perpendicular to the 
plane of measurements. The error of diameter measure- 
ment did not exceed 0.05 mm; the angle gain was 
measured with ~ / 1 2  accuracy. After the measurements 
each snail was examined for trematode infection. In the 
following study infected snails were not included in the 
analysis because they differ in growth rate from unin- 
fected (phenomenon of gigantism described by Roth- 

Table 2. Density and proportion of species in cage populations 
during the experiments of 1992. 

Density (ind./m2) Proportion of species in 
cage population 

D; Di D; Di H. ~rlrai, H. rentrosa 
adult young 

Table 3. Duration of experiments. 

Start Finish Duration (d) 

1991 7 June 23 September 109 
1992 28 May 14 September I I I 

schild and Rothschild 1939; pers. obs.). The rate of 
infection did not exceed 20'%,. In the following compar- 
ative analysis of snails' growth we have used only shell 
angle gain due to  the great sensibility of this parameter. 
The average shell angle gains of both species in the 
single species and co-existent cages were subjected to 
comparative analyses using Student's t-test. The con- 
fidence intervals for percent surviving in each cage were 
computed on arcsine transformed data. 

The quantitative assessment of mutual effects of 
intra- and interspecific competition was done using the 
competition coefficient (a). The basic idea of the co- 
efficient describing the ration of intra- to interspecies 
competition was stated in the Lotka-Volterra model 
(Begon et al. 1989). For the purposes of the present 
investigation the calculation of the coefficient was 
modified, therefore it makes sense to dwell on it. First 
of all, as the parameter reflecting effect of competition 
I used the average growth rate of individuals and not 
the growth rate of the population. Further, contrary to 
the primary source for calculation I used the valuation 
of the population density in the cages and not popula- 
tion number. 

Fig. 1. Diagram of shell measurements (see text). 

OIKOS 77 1 (1996) 87 







instance. bv secretion of substances which make the . - 
food unsuitable for another species). However, in my 
opinion, there is another possible explanation. The 
limits of the realised niche can apparently change with 
changing environmental factors. However, the changing 
of the realised niche can take place only within the space 
of possible realisation of niche (SPRN) which is limited 
on the one hand by the fundamental niche limits and on 
the other hand by the habitat peculiarities (the necessity 
to introduce this conception becomes clear if we admit 
that the realised niche in a locality fluctuates depending 
on environmental changes). The availability of resources 
at different points inside this space (SPRN) is not even. 
The consumption of abundant resources is assumed to 
be near the optimal point. Once resource deficiency 
occurs, consumption moves to less available regions 
within the SPRN. It is assumed that the SPRN of H. 
ventrosa in the food resource aspect (1) is smaller than 
that of H. ulvae and (2) is absolutely (in adults) or 
mostly (in juvenile snails) included within the SPRN of 
H. ulvae. As this takes place the SPRN of H. ulvae 
overlaps the optimal point of the SPRN of H. ventrosa 
(Fig. 5). Such a relationship can explain (1) the signifi- 
cant asymmetry of competition; (2) the absence of 
interspecific competition at low population densities, 
when intraspecific competition is noticeable and (3) 
equal effects of both kinds of competition when popula- 
tion densities are very high and very low. 

What are the mechanisms that ensure the stable 
existence of H. ventrosa in coexistent populations with 
the competitive dominant H. ulvae. Firstly, it is possible 
that even in "robbing" competition, H. ventrosa never- 
theless has sufficient resources left for effective revro- 
duction as a result of energy relocation from somatic 
growth to reproduction. It is obvious that a change in 

different regions of the shared lagoon or. occupy differ- 
ent microhabitats. A very similar situation has been 
described in the White Sea (Gorbushin 1992). 

It is known that by means of character displacement, 
interspecific competition may be relaxed in nature. 
Having shown that when coexisting the mean size of H. 
ulvae becomes larger and H. ventrosa smaller, Fenchel 
(1975b) assumed that by feeding on food particles of 
different diameter these species avoid competition and 
are able, therefore, to form stable coexistent popula- 
tions. However, as was pointed out by Hylleberg (1976) 
"there is an unsolved problem in this system based on 
particle sizes". A stable population means a stable 
size-age structure of a population, in which young (and 

somatic growth rate of competitors only indicates some 
degree of competitive overlap and not in the final result 
of competition on the population level. This view is 
indirectly confirmed by the fact that during experiments 
no density dependent mortality of H. ventrosa occurred. 

Another possible mechanism is an asymmetrical pro- 
portion of two species in a coexistent population. The 
smaller the proportion of H. ulvae in a population, the 
higher is the probability of stable coexistence. It is 
likely that this occurred in the coexistent hydrobiid 
populations studied by Fenchel (1975a). The analysis of 
his data had shown that in 76% of coexistent H. ulvae 
and H. ventrosa populations studied the latter species 
dominates in number. Cherrill and James (1985) found 
in 6 studied populations H. ventrosa density to be larger 
while it was equal to H. ulvae density in 1 population. 
In my study area H. ulvae constituted only 34% of the 
coexistent population. 

A third possible mechanism is sharing of habitat 
space. Barnes (1991) reports that in most of the East 
Anglia lagoons with more than one mud snail species, 
for example, the different species are either found in 

Fig. 5. Space of possible realization of niche (SPRN) of H. 
uluae (U) and H. ventrosa (V). A) the combination of adult H. 
ventrosa and H. ulvae, B) the combination of juvenile H. 
ventrosa and H. ulvae. 0 - realized niche of H. ventrosa, - 

realized niche of H. ulvae. 1) low population density. Resource 
consumption takes place in the optimum area. Interspecific 
competition impact is smaller than that of intraspecific compe- 
tition or interspecific competition influence is absent. 2) 
medium (natural) population density. Realized niches overlap, 
interspecific competition impact is more significant that the 
impact of interspecific competition. The realized niche of H. 
ulvae is overlapping the optimal point of H. ventrosa's con- 
sumption. 3 )  high population density. SPRN is exhausted. 
Interspecific competition effect is equal to intraspecific compe- 
tition effect in the case of the H. ulvae and juvenile H. ventrosa 
combination (B) .  The first effect is higher for the combination 
of H. ulvae and adult H. ventrosa (A). 
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