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Littorina saxatilis is an ovoviviparous organism in which shelled embryos can be directly observed in nearly
all mature females captured in the wild. This characteristic has been used a number of times as an indirect
estimate for fecundity of natural populations. However, there is no experimental corroboration that the
number of embryos within a female brood pouch is actually related to the rate of hatching per unit of time, a
more realistic estimate of female fecundity. In order to make this corroboration we estimated the correlation
between the number of embryos in the brood pouch and the hatching rate of isolated females grown in the
laboratory. We also compared the hatching rates of females from two sympatric ecotypes (RB and SU) of this
species, which differ significantly in the number of embryos. We found a high agreement between hatching
rate and number of embryos, concluding that the latter is a good proxy for fecundity.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Littorina saxatilis (Olivi), a dioecious gastropod from intertidal North
Atlantic rocky shores, has low dispersal ability because of its internal
fertilization and direct development (Reid, 1996). A number of studies
have used the shelled embryos from inside the female brood pouch to
estimate indirectly the fecundity of the species in the wild (Cruz et al.,
1998, 2001; Cruz and García, 2001, 2003; Rolán-Alvarez et al., 2004), to
use them as possible bio indicators (Janson, 1985), or to infer indirectly
their effect on the phenotype based on the space occupied within the
mother's shell (Grahame and Mill, 1992). This latter approach has also
been used in different ovoviviparous fish species (Jones and Ugland,
2001; Veríssimo et al., 2003; Chatzispyrou and Megalofonou, 2005;
Abilhoa et al., 2007). The number of embryos present within the brood
pouch should be related with the overall female capability for producing
offspring and, therefore, it should be directly related with fecundity. This
has been the assumption made in most studies, where it was concluded,
for example, that fecundity was positively correlated with female size
(Fish and Sharp, 1985; Cruz et al., 1998, 2001; Cruz and García, 2001;
Jones and Ugland, 2001; Cruz and García, 2003; Rolán-Alvarez et al.,
2004; Chatzispyrou and Megalofonou, 2005). However, so far no
experimental work in L. saxatilis has evaluated the hatching rate,
which would be a more realistic estimate of fecundity (see Tripathi and
Singh, 1990; Ortega-salas and Reyes-Bustamante, 2006). Here we

provide an estimate of the hatching rate of females of L. saxatilis
grown in the laboratory and obtain estimates of its correlation with the
number of embryos within the brood pouch. We also compare the
hatching rate of two sympatric ecotypes of L. saxatilis known to differ in
the mean number of embryos within the brood pouch (Johannesson
et al., 1993; Cruz et al., 1998), and presumably involved in an ecological
process of reproductive isolation (Quesada et al., 2007; Rolán-Alvarez,
2007).

The two ecotypes are living preferentially at different vertical
levels of the exposed Galician rocky shores (NW Spain; Rolán-Alvarez,
2007), and differ in morphological characteristics associated with
their respective habitats. The ridged, banded and bigger form (RB) is
usually found on the upper shore dominated by barnacles, where an
intense predation by crabs and heat desiccation exist, while the
smooth, unbanded and smaller one (SU) is found on the lower shore
dominated by blue mussels, living in a high wave-action environment.
They meet and produce phenotypically intermediate hybrids in the
midshore. Genetic differences have been found between the ecotypes
for several fitness-related traits (including fecundity; reviewed in
Rolán-Alvarez, 2007). Thus, both ecotypes are exposed to intense
divergent selection favouring morphological differences in shell size
and shape to cope with different environmental factors (Johannesson
et al., 1993; Johannesson and Johannesson, 1996; Rolán-Alvarez et al.,
1997; Rolán-Alvarez, 2007). The two ecotypes show a considerable
difference in shell size, RB individuals (mean size 5.43±3.95 mm)
being much larger than SU ones (3.48±0.61) (Pérez-Figueroa et al.,
2005). The ecotypes also show different apparent fecundities, the
mean number of embryos in the brood pouch being significantly
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larger in the RB ecotype (119.4±9.23) than in the SU one (38.1±3.05)
(Cruz et al., 1998), possibly due to their differences in shell size.

2. Materials and methods

We evaluated the hatching rate of recently caught females
representative of the two ecotypes in three laboratory experiments
(1–3). Laboratory conditions were similar in all experiments. The
specimens were maintained in transparent metacrilate tubes (15 cm
long and 10 cm in diameter) closed on both sides by a net of 300 μm.
The containers were aerated and a 14/10 h cycle of day/night
respectively was disposed. However, experiments 1 and 2 were
carried out on a closed circulating system at a laboratory of the Biology
Faculty, where aeration was provided by air pumps and seawater
needed to be hand-replaced every 4 days, whereas experiment 3 was
done on the new marine station ECIMAT, having a circulating seawater
flow for the breeding system and a central system for aeration. In both
cases the food was naturally supplied by the seawater in the form of
diatoms and other microalgae. However, in experiments 1 and 2, a
supplementary food (tetramin) was added every 15 days, and in
experiment 3, Patella spp. dissected from the same shore and habitat

were supplied as an extra diatoms source (deposited on their surface).
Those from specimens 1 and 2 were maintained for only two months
because mortality rates were relatively high (about 10% per month).

Specimens were randomly chosen from the locality of Silleiro at
different shore levels and years. Specimens from experiments 1 and 2
were captured at three different shore levels (lower, mid and upper
shore), and in two consecutive years (June, 1998 for experiment 1 and
June, 1999 for experiment 2). At lower and upper shores only SU or RB
specimens are available, respectively, whereas at the mid shore both
types and a variable percentage of hybrids are present. RB and SU
specimens were sexed following Johannesson et al. (1993), and 6 females
of each ecotype, shore level and year (24 in each experiment) were
isolated. Specimens from experiment 3 were randomly chosen on
November 2007 exclusively from upper (11 RB) and lower shore (6 SU)
habitats. Each isolated female was inspected fortnightly (experiments 1
and 2) or weekly (experiment 3) to detect recently hatched juveniles over
a period of two months, and those remaining alive were counted under a
binocular microscope LEICA MZ12. At the end of the period, the shell size
of every female was measured with a caliper following De Wolf et al.
(2001), and the number of embryos in the brood pouch was counted.

The rate of hatched juveniles (either raw or corrected for female
shell volume) was analysed by a two-way ANOVA with the fixed
factors ecotype (RB and SU) and distribution (Upper/Lower and Mid
shore) in experiments 1–2, and by a one-way ANOVA with the fixed
factor ecotype (RB and SU) in experiment 3. Correction for an
approximate estimate of shell volume was carried out by dividing
the number of hatched juveniles by the (female) shell height to the
third power. For experiment 3 (where estimates of shell width were
available) an additional correction was made by using the volume of a
sphere whose diameter is the female shell width. Heteroscedasticity
among treatments was checked by the Levene test (Nie et al., 1975),
and it was not detected. The normality of the dependent variable was
not checked but the F test in ANOVA is extremely robust about
normality violations in the dependent variable (Scheffe, 1959). All the
analyses were accomplished by the SPSS/PC ver 12.0 software (Nie
et al., 1975).

3. Results

Estimates of hatching rate were significantly correlated with the
number of embryos of the brood pouch after the dissection of the
females in experiment 2 (r=0.42, df=22; p=0.040) and 3 (r=0.72,
df=15; p=0.001), although not significant in experiment 1 (p=0.874).
The rate of hatching (uncorrected for female volume) was significantly
different between ecotypes (greater for RB females than SU ones) in
the three experiments (Table 1; Fig. 1), in agreement with previous
fecundity estimates obtained through the number of embryos in the
brood pouch. In experiments 1 and 2 neither the distribution nor the
interaction factors were significant. A positive correlation was found
between the size of the mothers and her rate of hatching in the three

Table 1
Analysis of variance for rate of hatching in the three experiments

Experiment Variable Source df MS F

1 (1998) Rate of hatching Ecotype 1 4108.2 9.2⁎⁎
Distribution 1 294.0 0.7ns

Interaction 1 840.2 1.9ns

Error 20 444.2
Rate of hatching/volumea Ecotype 1 0 0.133ns

Distribution 1 0.025 7.56⁎
Interaction 1 0.012 3.66ns

Error 20 0.003
2 (1999) Rate of hatching Ecotype 1 8816.7 30.4⁎⁎⁎

Distribution 1 130.7 0.4ns

Interaction 1 620.2 2.1ns

Error 20 289.9
Rate of hatching/volumea Ecotype 1 0.002 0.201ns

Distribution 1 0.002 0.207ns

Interaction 1 0.008 0.863ns

Error 20 0.009
3 (2007) Rate of hatching Ecotype 1 27960.1 33.8⁎⁎⁎

Error 15 827.1
Rate of hatching/volumea Ecotype 1 0.013 0.96ns

Error 15 0.013
Error 15 827.1

Rate of hatching/volumeb Ecotype 1 0.015 1.33ns

Error 15 0.011

In experiments 1 and 2 the fixed factors are Ecotype (RB and SU) and Distribution
(allopatric and sympatric) in a two-way ANOVA. In experiment 3, the fixed factor is
Ecotype (RB and SU) in a one-way ANOVA.
⁎⁎⁎pb0.001; ⁎⁎ pb0.01; ⁎ pb0.05; ns is non-significant.

a Volume estimated as shell height to the third power.
b Volume of a sphere whose diameter is the female shell width.

Fig. 1. Rate of hatching after two months for the two ecotypes in the three experiments carried out (allopatric and sympatric samples are averaged for experiments 1 and 2).
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experiments (r=0.64, p=0.001; r=0.57, p=0.004; r=0.83, pb0.001,
respectively). In fact, differences in hatching rate between the
ecotypes disappeared when this was corrected by female volume
(Table 1).

4. Discussion

Our results confirm that the estimates of fecundity based on the
number of embryos within the brood pouch and those based on the
rate of hatching per unit of time during the first two months of
isolation were highly positively correlated in at least two of the three
experiments. The highest correlation observed (r=0.72, df=15;
p=0.001) was achieved in experiment 3, performed in a the new
marine station ECIMAT, where a circulating seawater flow for the
breeding system and a central system for aeration was available.
Experimental conditions for this experiment were thus considerably
improved relative to those for experiments 1 and 2, carried out on a
closed circulating system, where aeration was provided by air pumps
and seawater needed to be hand-replaced. Additionally, the biological
patterns observed for the number of embryos within the brood pouch,
i.e. a positive fecundity–size relationship and significant differences
between ecotypes (Cruz et al., 1998, 2001; Cruz and García, 2001,
2003; Rolán-Alvarez et al., 2004) were analogously observed for the
hatching rate. These results suggest that both approaches can be used
as an estimate of fecundity, although counting the number of embryos
within the brood pouch is much simpler to obtain. A similar result
found with sharks revealed that fecundity estimates based on ova
counts from the ovary or on embryos from the uterus were equally
valid (Chatzispyrou and Megalofonou, 2005). We did not evaluate the
hatching rate for more than two months as the relatively high
mortality rates observed in laboratory conditions would make them
little representative of the actual values. However, we think that the
period used is a realistic one, as it should be rare that females could be
isolated from other males for longer periods in a species which usually
lives at mid to high densities in the wild (Reid, 1996).

The fecundity differences observed between ecotypes (based both
on hatching rates or counted embryos) can be explained just by the
existing size differences between ecotypes, at least if the relationship
between fecundity and size is cubic. This is interesting since these two
ecotypes show a strong pre-mating sexual isolation when they meet at
the mid shore (Rolán-Alvarez, 2007), and it has been postulated that
such phenomena could be a side effect of the size differences existing
between them (Conde-Padín et al., in 2008). In fact, these size
differences are assumed to be a consequence of adaptation to distinct
habitats and conditions, the small size of the SU being necessary to
protect them from the strong wave impacts, whereas the largest size
in the RB is characteristic of those populations being heavily predated
by crabs (Johannesson and Johannesson,1996; Rolán-Alvarez, 2007). It
seems that disruptive selection for size in the sympatric populations
of this species may have a deep impact on many other life history
characteristics (fecundity and sexual isolation). The specimen typical/
maximum size should be a key trait to predict the success of a
particular population to a particular habitat, and this could explain the
high heritability observed in this species (Conde-Padín et al., 2007).

Acknowledgements

We thank the ECIMAT Institution for providing laboratory facilities,
toTeresa Muiños for technical help during sampling and maintenance of
specimens, to Jeffrey G. Beasley for English corrections, and to the
following institutions for general funding: Ministerio de Educación y

Ciencia and Fondos Feder (CGL2004-03920/BOS), and Xunta de Galicia
(PGIDT02PXIC30101PM).

References

Abilhoa, V., Bornatowski, H., Oliveira Freitas, M., 2007. Some information on
reproduction and embryonic development of the lesser guitarfish Zapteryx
brevirostris in Southern Brazil. Acta Adriatica 48, 185–190.

Chatzispyrou, A., Megalofonou, P., 2005. Sexual maturity, fecundity and embryonic
development of the spiny dogfish, Squalus acanthias, in the eastern Mediterranean
Sea. Journal of the Marine Biological Association of the United Kingdom 85,
1155–1161.

Conde-Padín, P., Carvajal-Rodríguez, A., Carballo, M., Caballero, A., Rolán-Alvarez, E.,
2007. Genetic variation for shell traits in a direct-developing marine snail involved
in a putative sympatric ecological speciation process. Evolutionary Ecology 21,
635–650.

Conde-Padín, P., Cruz, R, Hollander, J., Rolán-Alvarez, E., 2008. Revealing the
mechanisms of sexual isolation in a case of sympatric and parallel ecological
divergence. Biological Journal of the Linnean Society 94, 513–526.

Cruz, R., García, C., 2001. Disruptive selection on female reproductive characters in a
hybrid zone of Littorina saxatilis. Evolutionary Ecology 15, 167–182.

Cruz, R., García, C., 2003. Using environmental effects on fecundity to compare the
adaptive characteristics of the morphs in a hybrid zone of Littorina saxatilis.
Evolutionary Ecology 17, 157–173.

Cruz, R., Rolán-Alvarez, E., García, C., 1998. Natural selection on a vertical environmental
gradient in Littorina saxatilis: analysis of fecundity. Hydrobiologia 378, 89–94.

Cruz, R., Rolán-Alvarez, E., García, C., 2001. Sexual selection on phenotypic traits in a
hybrid zone of Littorina saxatilis. Journal of Evolutionary Biology 14, 773–785.

De Wolf, H., De Coen, W., Backeljau, T., Blust, R., 2001. Intersex and sterility in the
periwinkle Littorina littorea (Mollusca: Gastropoda) along the Western Scheldt
estuary, the Netherlands. Marine Environmental Research 52, 249–255.

Fish, J.D., Sharp, L., 1985. The ecology of the periwinkle Littorina neglecta Bean. In:
Moore, P.G., Seed, R. (Eds.), The Ecology of Rocky Coasts. Hodder & Stoughton,
London, pp. 143–156.

Grahame, J., Mill, P.J., 1992. Local and regional variation in shell shape of rough
periwinkles in southern Britain. In: Grahame, J., Mill, P.J., Reid, D.G. (Eds.),
Proceedings of the Third International Symposium on Littorinid Biology. The
Malacological Society of London, London, pp. 99–106.

Janson, K., 1985. Variation in the occurrence of abnormal embryos in females of the
intertidal gastropod Littorina saxatilis Olivi. Journal of Molluscan Studies 51, 64–68.

Johannesson, B., Johannesson, K., 1996. Population differences in behaviour and
morphology in the snail Littorina saxatilis: phenotypic plasticity or genetic
differentiation? Journal of Zoology 240, 475–493.

Johannesson, K., Johannesson, B., Rolán-Alvarez, E., 1993. Morphological differentiation
and genetic cohesiveness over a microenvironmental gradient in the marine snail
Littorina saxatilis. Evolution 47, 1770–1787.

Jones, T.S., Ugland, K.I., 2001. Reproduction of female spiny dogfish, Squalus acanthias, in
the Oslofjord. Fishery Bulletin 99, 685–690.

Nie, N.H., Hull, C.H., Jenkins, J.G., Steinberger, K., Bent, D.H., 1975. Statistical Package for
the Social Sciences (SPSS). McGraw-Hill, New York.

Ortega-salas, A.A., Reyes-Bustamante, H., 2006. Fecundity, survival, and growth of the
seashore Hippocampus ingens (Piscis: Syngnathidae) under semi-controlled condi-
tions. Revista de Biología Tropical 54, 1099–1102.

Pérez-Figueroa, A., Cruz, F., Carvajal-Rodríguez, A., Rolán-Alvarez, E., Caballero, A., 2005.
The evolutionary forces maintaining a wild polymorphism of Littorina saxatilis:
model selection by computer simulations. Journal of Evolutionary Biology 18,
191–202.

Quesada, H., Posada, D., Caballero, A., Morán, P., Rolán-Alvarez, E., 2007. Phylogenetic
evidence for multiple sympatric ecological diversification in a marine snail.
Evolution 61, 1600–1612.

Reid, D.G., 1996. Systematics and Evolution of Littorina. Number 164 loaf the series. The
Ray Society. Dorset Press, Dorcherster.

Rolán-Alvarez, E., 2007. Sympatric speciation as a by-product of ecological adaptation in
the galician Littorina saxatilis hybrid zone. Journal of Molluscan Studies 73, 1–10.

Rolán-Alvarez, E., Johannesson, K., Erlandsson, J., 1997. The maintenance of a cline in the
marine snail Littorina saxatili—the role of home site advantage and hybrid fitness.
Evolution 51, 1838–1847.

Rolán-Alvarez, E., Carballo, M., Galindo, J., Morán, P., Fernández, B., Caballero, A., Cruz, R.,
Boulding, E.G., Johannesson, K., 2004. Nonallopatric and parallel origin of local
reproductive barriers between two snail ecotypes. Molecular Ecology 13,
3415–3424.

Scheffe, H., 1959. The Analysis of Variance. John Wiley & Sons, New York.
Tripathi, R.N., Singh, R., 1990. Fecundity, reproductive rate, longevity, and intrinsic rate

of increase of an aphidiid parasitoid Lysiphlebia mirzai. BioControl 35, 601–610.
Veríssimo, A., Gordo, L., Figueiredo, I., 2003. Reproductive biology and embryonic

development of Centroscymnus coelolepis in Portuguese mainland waters. ICES
Journal of Marine Science 60, 1335–1341.

225P. Conde-Padín et al. / Journal of Sea Research 60 (2008) 223–225


