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Abstract. Parental care in terrestrial gastropods includes the preparation of oviposition sites, production of large, 
heavily-yolked eggs supplied with calcium carbonate, provisioning of hatchlings with eggs in species with 
facultative sibling cannibalism, egg retention, and ovoviviparity. Evidence for true viviparity is scarce in terrestrial 
gastropods, as it is for postlaying care of eggs, though external egg carrying on the shell occurs in a few species. 
Care of young has not been observed in any terrestrial gastropod species. Provisioning of eggs with nutrients and 
calcium carbonate might be the most common form of parental investment. Ovoviviparity allows terrestrial 
gastropods to persist in habitats otherwise unsuitable for oviparous species (e.g. exposed rock walls). An 
interspecific comparison demonstrates that egg-retaining and ovoviviparous species produce smaller clutches than 
oviparous species and suggests a cost of parental care. 
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Introduction 

Parental care has been defined as 'any form of parental 
behaviour that appears likely to increase the fitness of 
a parent's offspring '34. This descriptive term carries no 
implications about costs in terms of energy or fitness. 
In its broadest sense, parental care includes the prepa- 
ration of oviposition sites, the production of large, 
heavily-yolked eggs and unfertilized nurse eggs, the 
care of eggs or young inside or outside the parent's 
body, and the provisioning of young before and after 
birth. In its narrowest sense, it refers only to the care 
of eggs or young when they are detached from the 
parent's body 34. Parental investment measures the costs 
of parental behaviour to any component of the par- 
ent's fitness. 
Parental care has evolved numerous times in animals. 
Clutton-Brock 34 has compiled an extensive review and 
critique on the origin and evolution of parental care. 
He applied evidence to current theory, and in doing so 
he uncovered huge gaps both in theory and empirical 
studies. Empirical studies on parental care have dealt 
mostly with vertebrates; in many other taxonomical 
groups not even the basic features of parental care are 
known. 
Gastropods (snails and slugs) constitute by far the 
largest and most diverse class of Mollusca, with an 
estimated 40,000 marine, 3,000 freshwater and 24,000 
terrestrial species 96. Different forms of parental care in 
marine gastropods have been described by Fretter and 
Graham 51, Purchon s6 and Fretter 5~ This review exam- 
ines parental care in terrestrial gastropods, a group of 

invertebrates whose behavioural ecology is not well 
known. The purposes of this review are 1) to describe 
different forms of parental care that occur in terrestrial 
gastropods, 2) to compare terrestrial and marine gas- 
tropods in their forms and frequencies of parental care, 
and 3) to evaluate the principle costs and benefits of 
parental care in terrestrial gastropods. Detailed infor- 
mation on parental care in terrestrial gastropods is 
sparse and often a by-product of studies with other 
aims. By compiling the existing information, this re- 
view should stimulate future studies on parental care in 
terrestrial gastropods. 

Adaptation to terrestrial life 

The pulmonates and prosobranchs are the two groups 
of gastropods that migrated onto land. Little 63'64 re- 
viewed potential evolutionary routes from water to 
land. The changes in physical and chemical characters 
of the environment are immense for animal lines mov- 
ing from aquatic to terrestrial environments. These 
changes affect all possible life processes, from respira- 
tion and excretion to methods of movement, the func- 
tioning of sense organs, and reproduction. Because 
gametes rapidly desiccate in air, internal fertilization is 
a prerequisite for a truly terrestrial existence. Gas- 
tropod eggs that are laid in an aquatic environment 
have direct access to water, calcium and trace elements. 
The majority of the land snail eggs are cleidoic; they 
contain all the nutrients and trace elements needed for 
a successful embryonic life ~1~ Thus, in comparison to 
eggs of aquatic gastropod species, eggs of terrestrial 
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species are in general supplied with all nutrients and 
trace elements required for a successful embryonic de- 
velopment. While indirect development with veliger lar- 
vae occurs in many marine gastropod species, with few 
exceptions all eggs of terrestrial gastropods have direct 
embryonic development s~ 5~, ~ .  

Reproductive strategies in terrestrial gastropods 

Among terrestrial gastropods, all pulmonates are 
hermaphroditic, whereas the majority of prosobranchs 
are gonochoristic 58. Hence, no sex-specific pattern of 
reproductive behaviour and parental care can be ex- 
pected in pulmonates (most of the terrestrial gastropods 
belong to this subclass). 
The majority of land snails are oviparous with eggs laid 
singly or in batches; embryogenesis occurs after oviposi- 
tion. All oviparous land snails thus far examined de- 
posit individual eggs (i.e. each ovum is surrounded by 
its own egg shell or distinct jelly layer) and not egg 
masses or capsules, such as occur in the freshwater 
pulmonates and in most marine prosobranchs ~~ 
As a modification of simple oviparity, the eggs may be 
retained for periods of different length within the female 
reproductive tract, resulting in a shorter time from 
laying to hatching (hereafter called egg retention). In 
ovoviviparous species, eggs are retained within the fe- 
male reproductive tract for the entire embryonic period. 
Hatching may occur just after oviposition, or young 
may hatch from the egg inside the female reproductive 
tract followed by birth. In viviparous species there is a 
transfer of nutritional material from the parent to the 
developing embryo, which is retained in the female 
reproductive tract until extrusion as free living young. 
Variations in pattern of egg retention and development 
are virtually continuous, but a division into oviparous 
species, species with egg retention, ovoviviparous and 
viviparous species is generally accepted 95. 

Forms of parental care in terrestrial gastropods 

Egg protection in oviparous snails 
Numerous oviparous snail species deposit their eggs in 
excavations which they dig in moist soil ~ .  In Helix 
pomatia, nest digging takes about 1 h at a site suitable 
for egg laying 8~. The cavity is lined with mucus (most 
probably to protect the eggs against bacteria and fungi). 
Egg laying lasts 35 h for a 70-egg clutch. After oviposi- 
tion the nest is covered by soil and abandoned. Snails 
search actively for suitable oviposition sites. Not all 
nesting excavations that are initiated will be successfully 
filled with eggs; many holes are abandoned before one is 
finally considered suitable. In several populations H. 
pomatia makes seasonal migrations of up to 50 m from 
hibernating locations to sites that have soft soil and 
thus are suitable for egg laying 39'62'84. Apart from suit- 
able soil structure, soil moisture content is important 

for the choice of the oviposition site as indicated by 
choice experiments with Arianta arbustorum 9. The 
desert snail Sphincterochila boissieri digs a 3-4 cm deep 
hole and lays its eggs in a mucid saccule which hangs in 
the cavity without touching the wall ~s. Most probably 
the mucid saccule decreases the risk of egg desiccation. 
The tropical snail Archachatina ( Calachatina) marginata 
digs the 10 15 cm deep cavity for oviposition in the 
course of one night 82. Sometimes it takes two nights to 
complete the preparation of the oviposition site and egg 
laying, most probably due to the hardness of the soil or 
to disturbance by other snails. 
Individuals of the West African tree snail Pseudachatina 
downesii and those of other arboreal species lay their 
eggs in the axils of branches of the tree upon which they 
live ~~ Several species of tree-living snails lay their eggs 
in brood chambers made by leaves. In Celebes, snails of 
the genus Cochlostyla deposit their eggs in leaves rolled 
up into a cornucopia, stuck together with nmcus and 
lined with mucus s9. The Javan tree snail Amphidromus 
purus also forms nests for their eggs by plastering leaves 
together 7s. Nest preparation and oviposition lasts 4 8 
days in this species. Having finished egg-laying (up to 
234 eggs of 3 mm diameter are put in one nest), the 
envelope is sealed with mucus and the snail drops from 
the tree. 
The survival prospects of eggs may depend not only on 
the suitability of the oviposition site chosen and on 
protective cover, but also on the spatial pattern in 
which the eggs were deposited. For example, the preda- 
tory snail Zonitoides arboreus typically lays single eggs 
scattered in maple and beech leaf litter 59. This egg-lay- 
ing strategy might have evolved to minimize cannibal- 
ism among offspring in this predatory species. 

Egg provisioning 
The majority of land snails produce eggs that vary little 
in size within species. The species vary mostly in clutch 
size and in the number of clutches 23, 3o, 5a, v2, 77.1~ 3, ~4. The 
among-species variation in egg size ranges from 0.5 mm 
to 50 mm in maximum diameter. The largest eggs be- 
long to Strophocheilus (Borus)popelairianus, a snail with 
a shell length of 15 23 cm that occurs in Colombia and 
Ecuador; their oval, hard-shelled eggs are up to 51 mm 
long and 28 35 m m  w i d e  27. The litter-dwelling Punctum 
pygmaeum with a shell diameter of 1.5 mm produces the 
smallest eggs with an average size of 0.41 x 0.50 mm 6, ~3 
In Arianta arbustorum, hatchling size is positively corre- 
lated with egg size 2~. Thus, a larger investment of a 
parent snail in single eggs results in larger hatchlings. 
Large hatchlings, in turn, may enjoy an enhanced sur- 
vival compared to small hatchlings. For example, large 
hatchlings of Strophocheilus oblongus more frequently 
survived immediate posthatching starvation than small 
ones kept under identical conditions ~11. However, 
hatchlings of A. arbustorum emerging from larger eggs 
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have also a longer developmental period than those 
from smaller eggs 29. 
Snail eggs are rich in energy and nutrients (proteins, 
mucopolysaccharides, calcium) 3S'~l~ For example, the 
protein concentration in freshly-laid eggs of Helix po- 
matia averages 14.2% of their dry weight 2, 26.7% in 
Trochoidea (Xerocrassa) seetzenil~5, 38.8% in Sphincte- 
rochila boissieri 115, and 25.6% in Arianta arbustorum (A. 
Baur, unpublished data). In A. arbustorum, the concen- 
trations of energy and nutrients vary little among eggs 
of single batches (A. Baur, unpublished data). In addi- 
tion to the provisioning of energy and nutrients to the 
embryo, terrestrial gastropods deposit calcium carbon- 
ate in the eggs. This calcium is used for the calcification 
of the embryonic shell (hatchlings have a well calcified 
shell) and for the deposition of calcium reserves in the 
first calcium cells which differentiate during the embry- 
onic life 48' 110 The calcium requirements for embryonic 
life explain the considerable amount of calcium that the 
adult gastropod loses during the oviposition period 48. 
For example, Anguispira alternata mobilizes 10 25 mg 
of calcium for one egg batch in less than a day 1~ and 
the slug Deroceras reticulatum looses 65% of the total 
calcium measured in the whole animal just before the 
egg-laying period to produce a batch of 100 eggs 4S. In 
several species of terrestrial gastropods, a significant 
amount of calcium carbonate in embedded in the egg 
shell. Some species have partly calcified eggs, with dis- 
crete crystals of calcium carbonate in a jelly matrix (e.g. 
H. pomatia, A. arbustorum). Other species produce 
heavily calcified eggs, with an outer shell consisting of a 
layer of fused calcium carbonate crystals, making the 
egg shell hard and brittle like a bird's egg (e.g. Cepaea 
nemoralis)24, lo7. The developing embryos resorb calcium 
from their egg shells 1~ and in some species the hatch- 
ing young eat their own egg shell 17. Egg shells contain- 
ing calcium carbonate occur in at least 36 of the 
approximately 80 families 28'42 of stylommatophoran 
land snails ~~ 
The snails' shell growth and reproductive output are 
affected by the availability of calcium. For example, egg 
production of Helix aspersa exposed to acid soils was 
doubled when calcium carbonate was supplied during 
the experiment 37. 
Many terrestrial and amphibious prosobranchs, such as 
Cochlostoma septemspirale and Pomatia elegans, cover 
their eggs with soil particles 36, 60.85. Attaching soil to the 
egg surface protects the egg against predators and desic- 
cation and, most important, allows the uptake of cal- 
cium carbonate from the soil, which is crucial for the 
development of the embryo (compared with eggs of 
terrestrial pulmonates those of prosobranchs do not 
contain calcium carbonate~l~ Indeed, embryos of P. 
elegans develop when the eggs are kept in water with a 
high concentration of calcium carbonate, but not in 
distilled or tap water 36. Species such as P. elegans lay 

their eggs singly in order to coat each one with soil 
(calcium). If the animals deposited their eggs in batches, 
most of the eggs would not be in direct contact with the 
soil calcium, especially in large batches. In C. septemspi- 
rale, a snail of 7 mm shell height living on soil with a 
high calcium carbonate content, a special method of egg 
calcification has evolved. This snail ingests large 
amounts of soil and forms chalky faecal pellets. At egg 
laying, the mother holds each egg by the foot while 
using her mouth to transfer and fix the calcium rich 
faecal pellets to the surface of each egg sS. 

Trophic eggs and egg cannibalism 
Apart from increasing egg size, maternal nutrition can 
be enhanced by providing hatchlings with food. Alexan- 
der 1 suggested that if parents are unable to increase 
their investment in young through increasing egg size, 
an alternative strategy is to increase clutch size and 
allow some siblings to consume others (the icebox 
effect). The optimum clutch size can be found by calcu- 
lating the clutch size leading to maximum brood pro- 
ductivity, taking into account the effects of sibling 
cannibalism and possible trade-oils. 
Maternal provision of trophic eggs of different types to 
hatchlings is widespread among marine gastropods. Nu- 
merous species of prosobranch snails normally produce 
trophic eggs, which serve as the first food for their 
progeny44 46,92 The consumption of trophic eggs can be 
facultative (may not occur in all egg capsules of a 
species) or obligate. In several species the larvae con- 
sume still unhatched embryos as well as 'abnormally' 
developing embryos. Furthermore, cannibalism among 
embryos (siblings) within an egg capsule occurs both in 
species with trophic eggs and in species without. 
Embryos only have access to nurse eggs that occur in 
the same egg capsule. Nurse eggs, initially indistinguish- 
able in size from normally-developing eggs, can occur in 
large numbers. For example, the eggs of the marine 
prosobranch Colus islandicus are 200-210 ~tm in diame- 
ter, but of 7,350 in a capsule only 1-5 hatch ~~ When a 
species provides trophic eggs to its offspring, some 
embryos typically reach much larger sizes than others. 
For example, hatchling size ranges from 0.54 to 
1.83 mm in Murex virgineus 69 and from 0.66 to 1.84 mm 
in Murex brandaris 44. An interspecific comparison indi- 
cates that hatchling size in prosobranch species with 
trophic eggs is more variable than in species without 
trophic eggs, and that shell length of hatching snails is 
positively correlated with the average trophic-egg sup- 
ply for each embryo 44,45. 
A similar form of food provision has evolved in terres- 
trial gastropods. Hatchlings of various species of her- 
bivorous land snails cannibalize sibling eggs 1~ 

Emerging Arianta arbustorum first eat their own egg 
shells and then the eggs of unhatched siblings, including 
those with fully developed embryos 2~. Under natural 
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conditions hatchlings were also observed to cannibalize 
eggs from neighbouring batches 7. Thus, in stylomma- 
tophoran land snails, egg cannibalism occurs within and 
between clutches, in contrast to marine prosobranch 
gastropods, in which the consumption of trophic eggs 
and cannibalism are restricted to embryos within a 
capsule. 
In A. arbustorum, egg cannibalism occurs exclusively 
during the hatchling stage (due to an age-specific occur- 
rence of digestive enzymes), juvenile and adult snails 
being herbivorous 8. Cannibalistic hatchlings eat only 
conspecific eggs 11 and do not discriminate between sib 
and non-sib eggs (i.e. eggs from neighbouring batches7). 
Furthermore, newly-hatched snails discriminate neither 
between fertilized and unfertilized conspecific eggs nor 
between eggs with well-developed embryos and eggs 
with less advanced embryos 19. However, cannibalistic 
hatchlings preferentially eat large conspecific eggs 19. 
Significant benefits accrue to cannibalistic hatchlings of 
A. arbustorum. Laboratory experiments demonstrated 
that newly-hatched snails fed a cannibalistic diet during 
their first 10 days of life increased in wet weight 2.6 
times as much as siblings fed on lettuce Is. In this exper- 
iment, egg consumption within 10 days ranged from 0.7 
to 4.0 eggs per individual and weight increase of canni- 
balistic hatchlings was positively correlated with the 
number of eggs consumed. Diet did not affect hatchling 
survival during the first 10 days, but it did influence 
future survival: 66.6% of the individuals initially fed on 
eggs attained adulthood compared to 38.0% of those 
fed on lettuce. Cannibalistic hatchlings tended to com- 
plete shell growth more rapidly and thus became sexu- 
ally mature earlier than non-cannibalistic ones, but the 
two groups did not differ in adult shell size. Thus, a 
cannibalistic diet during the hatchling stage will give 
accelerated growth and higher survival. 
The extent of within-batch egg cannibalism depends 
primarily on the hatching asynchrony of the eggs and 
on the hatchlings' propensity for cannibalism 2~ 
Within populations, the extent of cannibalism is not 
influenced by clutch size 21. Snails that emerged from 
relatively small eggs of a lowland population exhibited a 
higher propensity for cannibalism than hatchlings from 
relatively large eggs of mountain populations 2~ The 
great variation between populations in propensity for 
cannibalism suggest different costs and benefits of egg 
cannibalism in different situations. Under natural con- 
ditions, the hatching asynchrony and, as a result, the 
extent of egg cannibalism will depend also upon the 
type of oviposition (batches or scattered eggs), on the 
spatial heterogeneity of egg-laying sites and on climatic 
conditions. For example, in egg batches of the terres- 
trial slug Deroceras agreste the hatching asynchrony 
increases as the temperature decreases 31,32. 
Selection may favour egg cannibalism if the potential 
reduction of the mother snail's total fecundity due to 

sibling cannibalism is compensated for by the increased 
survival of her cannibalistic progeny. In A. arbustorum, 
not all eggs within a batch hatch; indeed, some eggs are 
not fertilized and in others the embryos die during 
development. Under natural conditions, eggs that fail to 
hatch can serve as trophic eggs. The proportion of 
fertilized eggs within batches in A. arbustorum decreases 
towards the end of the reproductive season 16, which 
means enhanced opportunities of egg cannibalism for 
newly hatched snails. Due to the short time until first 
hibernation, snails hatching late in autumn have the 
lowest propects of survival and, consequently, cannibal- 
ism may be most profitable for these hatchlings. It is 
not known, however, whether an ovipositing snail is 
indeed able to manipulate the proportion of fertilized 
eggs within a batch or whether the lower hatching 
success observed at the end of the breeding season is 
simply a result of various environmental factors. 
Cannibalism among offspring can also be influenced by 
parental manipulation 1,4~ A mother snail could 
manipulate the extent of within-batch cannibalism by 
altering the degree of hatching asynchrony in the batch, 
for example, by her choice of the oviposition site. An 
oviposition site that provides equal humidity and tem- 
perature conditions for all eggs in the batch synchro- 
nizes hatching 25. In choice experiments, A. arbustorum 
prefers to oviposit in soil of higher moisture content 
and thus reduces the risk of later egg desiccation 9. Both 
the type and spatial distribution of oviposition sites in 
natural populations suggest that abiotic factors, such as 
permanent moisture, exert a strong influence on the 
choice of the oviposition site. 
Sibling cannibalism directly affects the fitness of both 
the cannibal and the victim 4~ 83. Natural selection will 
favour cannibalistic behaviour if (cost to victim) x r~ 
(benefit to cannibal) < 1, where r is the degree of relat- 
edness 57. The selective advantage to cannibalism will 
increase either as the benefit of the cannibal increases or 
the cost to the victim and/or relatedness decreases. 
Thus, cannibalism will be favoured by natural selection 
when it increases an individual's fitness through direct, 
immediate gains. Due to multiple mating and sperm 
storage, batches of A. arbustorum mainly consist of 
half-siblings (B. Baur, unpublished data). Calculations 
based on survival from egg to maturity recorded in 
natural populations 3 and potential benefits to the canni- 
bals (see above) indicate that egg cannibalism in A. 
arbustorum is adaptive among half-sibs and under harsh 
environmental conditions even among full-sibs 7. 
Multiple mating has been observed in several species 
of land snails including Theba pisana, Helix aperta, 
Helix pomatia, Cepaea nemoralis and Arianta arbusto- 
rum ~8.55.6~.6v Repeated mating in simultaneously 
hermaphroditic gastropods is adaptive both for male 
function to inseminate several 'females' and for female 
function to increase fertility and fecundity (the latter by 
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stimulating egg production via hormones) and serving 
as a hedge against sterile mates 12'22's3. Multiple mating 
with different partners might also provide genetic 
benefits for the female function of  a hermaphrodite. 
Using sperm from more than one mate will result in 
genetically more diverse offspring. Moreover, multiple 
mating by females may promote sperm competition in 
certain situations 76. Multiple paternity has been demon- 
strated in clutches of  multiply mated C. nemoralis 67 and 
A. arbustorum (B. Baur, unpublished data). 

Egg retention and ovoviviparity 
Egg-retaining snails can keep their eggs for any (longer) 
period of time in the female reproductive tract after 
they are formed, If  the conditions for oviposition be- 
come favourable (e.g. the soil is moist or soft enough to 
allow a hole to be excavated for a nest), then the snails 
release their eggs immediately, as any oviparous snails 
would do. For example, Limicolaria martensiana retains 
its eggs when it aestivates during the dry season in 
central Africa TM. At the beginning of the rainy season, 
eggs and young are immediately deposited, ensuring 
them the best prospects of survival. Thus, parental care 
of  young by retaining them in the reproductive tract 
occurs when the environmental conditions are unfa- 
vourable for eggs and juveniles 74. 
Egg-retaining snails can also hibernate while gravid (e.g. 
Pupa muscorum111). They can deposit their eggs with 
partly-developed embryos early in the reproductive sea- 
son, providing the emerging young with a prolonged 
period of  growth compared to those of oviparous species 
living in the same habitat. Thus, egg retention allows a 
successful reproduction in harsh environments such as 
alpine and subarctic regions, where the reproductive 
season is short and often interrupted by unfavourable 
weather. In temperate regions, egg-retaining snails may 
be able to produce an additional brood each year 11~. 
However, besides these advantages, egg retention might 
bear significant costs to the parent snail (see below). 
In ovoviviparous species the eggs are arranged in suc- 
cession in the reproductive tract. The egg shell becomes 
resorbed by the parent or is consumed by the embryo, 
which uses the calcium carbonate to build up its own 
shell. Thus, ovoviviparity is an extreme form of egg 
retention (the young hatch in the reproductive tract). In 
some species, reproduction can be oviparous, egg-re- 
taining or ovoviviparous 73,74,77. For example, individu- 
als of Lacinaria biplicata are usually ovoviviparous, but 
under favourable environmental conditions they lay 
eggs with well-developed embryos 43. Similarly, the 
South African snail Achatina (Cochlitoma) zebra can be 
oviparous or ovoviviparous 65. Partulidae are ovo- 
viviparous snails that occur on the Society Islands. In 
these snails the egg shell is resorbed by the parent before 
birth 68. Gravid animals contain anything from 1 to 10 
(usually 2 3) eggs or juveniles in the brood pouch 35. 

In general, the number of  eggs held by egg-retaining 
and ovoviviparous snails is variable. The most common 
cases involve the retention of  2 - 6  eggs in the reproduc- 
tive tract ~~ However, several species produce a single 
egg at a time (e.g. Punctum pygmaeum 13). 

Viviparity 
One of the most sophisticated forms of  parental care in 
gastropods is viviparity. In viviparous species nutrients 
are passed from the mother to the developing embryo. 
This reproductive strategy can be found in various 
families of  marine and freshwater gastropods 5~ 51,86 but 
there are relatively few reports on viviparity in terres- 
trial gastropods. In the pulmonate land snail Tekoulina 
pricei, that occurs in the Cook Islands, 5 -7  embryos of 
increasing size were found in the uterine oviduct 95. The 
size increment from the smallest to the largest embryo 
was 55-70 times. Similarly, based on size differences of  
embryos in the female reproductive tract, the two 
African snails Pseudoveronicella zootoca and P. pauliani 
are considered as viviparous 47, but details on the mech- 
anism of nutrition are unknown. In Achatinella, the 
largest embryo found in the female reproductive tract 
was 92 times the size of a fertilized egg and 11 times that 
of  the smallest embryo, suggesting a form of supple- 
ment nutritive transfer 95. 

Postlaying care of eggs 
In contrast to marine prosobranchs (see below 'Distribu- 
tion of  parental care'), postlaying care of  eggs might not 
be highly developed in terrestrial gastropods. Exceptions 
are several Endodontid species, which exhibit a most- 
sophisticated form of parental care. On Polynesian is- 
lands, Libera Jkatercula and its congeners brood 4 6 
eggs in the umbilicus of the shell, which forms a pouch- 
like cavity 97'1~ In some species of  this genus eggs and 
newly-hatched snails are retained by a temporary shell 
plate, which partly covers the umbilicus. This plate is 
broken away or absorbed by the mother to release the 
young under favourable environmental conditions. 
A kind of egg grooming was described in Vallonia 
pulchella, a small snail with an adult shell diameter of  
2 2.5 mm living in grasslands 56. Adult snails moved 
with their head and radula over the surface of  an egg as 
they were feeding. Gugler assumed that the snails re- 
moved fungi from the surface of  the egg shells. How- 
ever, such a grooming behaviour could only evolve if 
the snails are able to recognize their own eggs. So far, 
no evidence for an ability to recognize own eggs is 
available in terrestrial gastropods 9. The observed be- 
haviour could be a result of  overcrowding in the breed- 
ing container and thus needs experimental evaluation. 

Distribution and frequency of parental care 

The existing information suggests that sophisticated 
forms of preparation of  egg-laying sites in terrestrial 
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gastropods are restricted to arboreal species and to a 
few families of ground-dwelling species. The majority of 
terrestrial gastropods lay their eggs at presumably suit- 
able sites and abandon them without providing any 
further care. 
Egg provisioning could be considered as the most com- 
mon form of parental care in terrestrial gastropods. In 
comparison to aquatic species, terrestrial gastropods 
produce in general larger but fewer eggs. However, the 
provisioning of nutrients and calcium carbonate to the 
eggs is a prerequisite for terrestrial life (see above 'Adap- 
tation to terrestrial life'), and therefore may have evolved 
independently of selection for enhanced juvenile survival 
through parental care. However, this does not explain 
the enormous interspecific variation in egg size observed 
in terrestrial gastropods, which may be related to differ- 
ent levels of parental investment (see 'Discussion'): 
Food provisioning in the form of nurse eggs and egg 
cannibalism is widespread among prosobranch marine 
snails44 46,92. In terrestrial gastropods, facultative egg 
cannibalism has so far been recorded in 15 species 
belonging to 6 families 17. Present evidence suggests that 
egg cannibalism tends to occur in terrestrial gastropod 
species that have multiple paternity in their broods, 
produce small eggs in relation to their shell size, and 
have hatchlings that eat their own calcified eggshells w. 
Available information on parental care in marine gas- 
tropods suggests that food provisioning in form of 
nurse eggs (see above 'Trophic eggs') and postlaying 
care in form of external egg carrying are more common 
in marine 5~ than in terrestrial gastropods. For ex- 
ample, the marine prosobranch Clanculus bertheloti has 
a shell which is ornamented with spiral grooves within 
which the eggs are deposited and covered with a thin 
layer of mucus 8C'. Eggs are deposited on the shells of 
both females and males. The young snails develop in the 
grooves of the parental shell and with the protective veil 
of mucus which covers most of the shell. The whelk 
Neptunea despecta often attaches clusters of egg cap- 
sules to its own shell, and carries them about, although 
it may alternatively deposit them on the substratum 86. 
The proximate reason for the switching between these 
two reproductive strategies is unknown. Terrestrial gas- 
tropods aestivate during periods of drought, often ex- 
posed to wind and insolation. In these species eggs 
carried on the shell would desiccate 8s. In terrestrial 
habitats, the low moisture content of the air may select 
against egg carrying behaviour. Instead it may select for 
strategies protecting eggs such as egg retention and 
ovoviviparity. Although most pulmonate land snails are 
oviparous, in 30 of the approximately 80 families 28,42 
there is at least one species with egg retention or ovo- 
viviparity~09 Tompa~O~.~09 suggested that egg retention 
and ovoviviparity have evolved independently several 
times in terrestrial gastropods. In the basomma- 
tophoran pulmonates (mainly freshwater snails) and in 

terrestrial slugs egg retention and ovoviviparity are ab- 
selat54,109. 

Brooding of eggs is also common in marine habi- 
tats 5~ Many marine gastropods protect the egg 
capsules by retaining them within the mantle cavity or in 
the pallial oviduct until they hatch. Some sedentary 
marine prosobranch (Mesogastropoda) attach their eggs 
to the inner side of the shell, as in the Vermetidae, and 
the young emerge at the crawling stage. In Pyxipoma, 
there is a special brood chamber which opens to the 
exterior just below the right margin of the foot and this 
may contain 100 to 150 small embryos 66. In the Iranian 
Gulf, the embryos of Planaxis sulcatus break out of the 
egg membrane, but remain in the pallial oviduct where 
they feed on other developing eggs and finally emerge as 
young crawling snails at a much greater size than from 
the egg 1~ In New Caledonia, the same species was 
observed to produce free swimming veliger larvae, which 
is probably the original condition. 
Viviparity appears to be rare in terrestrial gastropods. In 
contrast, viviparity has been reported in several species 
of freshwater prosobranchs (e.g, Viviparus ater~3,s7). 

Costs and benefits of parental care 

Evidence for costs and benefits of parental care in 
terrestrial gastropods is indirect. Nest digging may rep- 
resent a form of parental investment. Compared to 
snails that deposit their eggs beneath leaf litter or in 
moss, individuals that dig a nest for oviposition need 
significantly more time during which they are suscepti- 
ble to predation and exposed to severe water loss. In 
natural populations of Arianta arbustorum in Sweden, 
egg batches were deposited in decaying grass, in moss, 
under leaf litter or buried in the soil 9. It is, however, 
unknown whether the eggs of the latter group enjoyed 
increased survival as a result of parental investment. In 
a laboratory experiment, buried eggs of A. arbustorum 
were less affected by inter-clutch cannibalism than eggs 
deposited in decaying grass and moss, indicating a 
benefit of nest digging (B. Baur, unpublished data). 
The search for suitable oviposition sites may signify an 
increased risk of predation and desiccation for the par- 
ent snail. However, no empirical data concerning poten- 
tial costs and benefits for this behaviour are available 
for terrestrial gastropods. 

The energetic costs of egg production are substantial 
in terrestrial gastropods. For example, the reproductive 
investment per year in A. arbustorum (measured as total 
dry weight of the eggs produced in a field cage experi- 
ment) was 1.6 times as large as the dry weight of the 
snail's soft body 23. Assuming 3 -4  reproductive seasons 
as the average lifetime of a snail 23, the reproductive 
allocation of an individual is 5 -6  times as large as 
its body weight in this species. In the terrestrial slug 
Deroceras reticulaturn, the hermaphrodite gland shows a 
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200%-decrease between the mature-unmated and the 
senescent stage 98, 99. An adult gastropod invests consider- 
able calcium carbonate in the production of an egg batch 
(see above 'Egg provisioning'). 
The main benefit of egg retention and ovoviviparity 
might be a minimization of potential egg mortality 
caused by drought and predators. In fact, ovoviviparity 
is common in species living in habitats with extreme 
environmental conditions such as exposed rock-walls or 
stone walls which provide no suitable oviposition sites 
(e.g. Pyramidula rupestris, Balea perversa 4) and in spe- 
cies living in tropical regions 73, 74.77. For example, desic- 
cation of eggs causes most of the mortality in the tropical 
snail Limicolaria martensiana 74. In this case ovovivipar- 
ity could have evolved in response to selection pressures 
such as irregular starts of the rainy s e a s o n  77. 

Egg-retention and ovoviviparity also represent costs to 
the animals. Clutch size and hatchling size scale allomet- 
rically with shell size in land snails from northwestern and 
central Europe 2~'. When the potentially confounding 
effects of shell size are removed (by considering the 
residuals from clutch size-shell volume and hatchling 
size-shell volume regressions), egg-retaining and ovo- 
viviparous species produce significantly smaller clutches 
than oviparous species (fig.). On the other hand, hatch- 
ling size did not differ between egg-retaining/ovo- 
viviparous and oviparous species (t = 0.79, d.f. = 36, 
p = 0.43). This indicates a cost of retaining eggs or young 
in the reproductive tract in terms of a reduced fecundity. 

Discussion 

The present review indicates that the majority of terres- 
trial gastropods provide no form of parental care in its 
narrow sense. Instead they rely on other strategies to 
maximize their reproductive success. Many marine pro- 
sobranchs produce huge numbers of small eggs or 
provide nurse eggs to embryos 5~ Compared with 
marine snails, terrestrial snails often specialize in quality 
rather than quantity of the eggs they produce. The 
majority of the extant land snails produce during their 
lifetime 100-500 relatively large eggs (B. Baur, unpub- 
lished data). In small-sized land snail species the lifetime 
reproductive output is even smaller, ranging from 5-30 
eggs 13. 

Several models have been developed to explain the 
evolution of egg size under parental c a r e  91'93'1~ The 
'safe-harbour' hypothesis suggests that, all other things 
being equal, natural selection is expected to maximize 
the amount of time that developing organisms spend in 
the safest stages of development and minimize time 
spent in those where the instantaneous rate of mortality 
is h i g h e s t  7~176 For example, when mortality of 
eggs is high and that of juveniles is low, selection should 
minimize the time spent in the egg and maximize the 
proportion of developmental time spent as juvenile. 
According to the safe-harbour hypothesis, egg size is 
likely to increase with increasing quality of parental 
care. However, the safe-harbour hypothesis does not 
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al low us to dist inguish whether  increased egg size results 

f rom selection pressures o ther  than  parental  care. 

In A r i a n t a  a r b u s t o r u m ,  egg size increases and clutch size 

decreases in popula t ions  living in harsh env i ronments  

with short  reproduct ive  per iods 5. Individuals  o f  A.  a r -  

b u s t o r u m  l iving at an alt i tude of  2600 m in the Swiss 

Alps  p roduce  eggs that  are (in relat ion to their  mo the r ' s  

soft body  weight) 1.7 t imes as heavy as those f rom 

snails l iving under  more  benign condi t ions  in the valley 

at 1220m 23. This  suggests that  in A .  a r b u s t o r u m  the 

level o f  parenta l  investment  per offspring increases in 

physically harsh  environments .  In o ther  extreme envi- 

ronments ,  egg re tent ion and ovoviv ipar i ty  may  have 

evolved as an increased level of  parenta l  care. 

Apa r t  f rom parenta l  care, diil 'erent behav ioura l  strate- 

gies of  the paren t  snails may  enhance  the survival  o f  their  

offspring. Little is known concerning physical  and chem- 

ical defense mechanisms  that  might  have evolved in eggs 

and juveni les  o f  terrestrial gastropods.  Aposemat i c  eggs 

have been described in p rosobranch  apple snails that  are 

amphib ious  94. In Flor ida,  P o m a c e a  p a l u d o s a  deposits  

eggs on a stem of  emergent  aquat ic  vegeta t ion  or  on 

the t runk  of  a cypress. The  eggs are very conspicuous  
(pale orange) and unpala tab le  for many  predators  94. 

M a n y  mar ine  gas t ropods  enclose their  eggs in protect ive  
capsulesTS,79, too.~o~ Perron ~~ determined the physical  

s t rength and energetic cost o f  egg capsules belonging to 

10 species of  Hawa i i an  Conus .  Protect ive capsules ac- 

counted  for up to 50% of  the total  reproduct ive  energy 

devoted  to ova  and capsules. S t rong capsules p roduced  

by species with large ova  may  have evolved as a result  

o f  selection for improved  pro tec t ion  of  embryos  f rom 

preda t ion  and physical stress. N o  similar  in format ion  is 

avai lable  for eggs of  terrestrial  gas t ropods.  

As in m a n y  o ther  animal  groups,  there is a need for 

exper imenta l  studies on different aspects of  parental  

care in terrestrial  gastropods.  Several snail species m a y  

be well-suited for these kinds o f  studies (e.g. species in 

which bo th  ovipar i ty  and ovoviv ipar i ty  occur), but  their  

potent ia l  as exper imenta l  organisms has no t  yet begun 

to be exploi ted by evo lu t ionary  biologists.  
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