
THE QUARTERLY REVIEW

of Biology

COMMUNAL EGG-LAYING IN REPTILES AND AMPHIBIANS:
EVOLUTIONARY PATTERNS AND HYPOTHESES

J. Sean Doody
Applied Ecology Research Group, University of Canberra,

ACT 2601, Australia

e-mail: scott.doody@anu.edu.au

Steve Freedberg
Department of Biology, Science Center, St. Olaf College,

Northfield, MN 55057 USA

e-mail: freedber@stolaf.edu

J. Scott Keogh
School of Botany and Zoology, The Australian National University,

ACT 2000, Australia

e-mail: scott.keogh@anu.edu.au

keywords
conspecific cueing, oviposition site choice, game theory, evolutionary stable

strategy, egg aggregations

Many reptiles lay their eggs together in the most suitable sites, but it is difficult to account for the colonial nesting habit
. . . without assuming that the gravid females are in some way attracted by the eggs of their own species.

(Noble and Mason 1933:13)

abstract
Communal egg-laying is widespread among animals, occurring in insects, mollusks, fish, amphib-

ians, reptiles, and birds, just to name a few. While some benefits of communal egg-laying may be
pervasive (e.g., it saves time and energy and may ensure the survival of mothers and their offspring),
the remarkable diversity in the life histories of the animals that exhibit this behavior presents a great
challenge to discovering any general explanation. Reptiles and amphibians offer ideal systems for
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investigating communal egg-laying because they generally lack parental care—a simplification that
brings nest site choice behavior into sharp focus. We exhaustively reviewed the published literature for
data on communal egg-laying in reptiles and amphibians. Our analysis demonstrates that the
behavior is much more common than previously recognized (occurring in 481 spp.), especially among
lizards (N � 255 spp.), where the behavior has evolved multiple times. Our conceptual review strongly
suggests that different forces may be driving the evolution and maintenance of communal egg-laying
in different taxa. Using a game theory approach, we demonstrate how a stable equilibrium may occur
between solitary and communal layers, thus allowing both strategies to co-exist in some populations,
and we discuss factors that may influence these proportions. We conclude by outlining future research
directions for determining the proximate and ultimate causes of communal egg-laying.

ANIMAL AGGREGATIONS have been
the focus of a large body of scientific

literature since Allee’s (1927) early seminal
review, and considerable attention has been
focused on examining their adaptive value
(Hamilton 1971; Treisman 1975; Turner
and Pitcher 1986; Inman and Krebs 1987).
It is generally assumed that whether an
organism aggregates or not is dependent
upon associated fitness costs and benefits
as determined by natural selection, al-
though passive processes, such as a short-
age of environmental conditions, may re-
sult in inadvertent aggregations as well
(Wrona and Dixon 1991).

Animal egg aggregations have received
less attention and have generally been a
poorly understood form of social repro-
duction in vertebrates (Danchin and Wag-
ner 1997). The choice of egg-laying site
can be an important component of fitness,
especially in animals without parental care
(Howard 1978; Resetarits and Wilbur 1989;
Resetarits 1996). For example, oviposition
site choice can have a profound influence
on environmental conditions critical to
developing embryos and offspring phe-
notypes (Deeming and Ferguson 1991;
Resetarits 1996; Birchard 2004), and can
also influence the probability that eggs
may fall victim to predation (Howard
1978; Petranka and Fakhoury 1991). Ac-
cording to Resitarits (1996), what has
been largely missing from current life
history theory is the consideration of fe-
male oviposition site choice in the evolu-
tion of life histories.

Communal egg-laying (also referred to
as communal nesting, joint nesting, colo-
nial nesting, communal oviposition, or egg
dumping), whereby animals deposit their
eggs or young with those of conspecifics, is

taxonomically widespread among animals
(mammals: Hayes 2000; birds: Emlen 1982;
reptiles: Graves and Duvall 1995; frogs:
Howard 1980; salamanders: Harris and Gill
1980; fish: Huggins and Thompson 1970;
gastropods: Ilano et al. 2004; dragonflies:
Martens and Rehfeldt 1989; mayflies: Peck-
arsky et al. 2000; beetles: Damman and
Cappucino 1991; caddisflies: Hoffman and
Resh 2003; lacebugs: Loeb and Bell 2006;
treehoppers: Zink 2005; flies: Zwick and
Zwick 1990; bees: Myers and Loveless 1976;
butterflies: Godfray et al. 1991). The antiq-
uity and persistence of nesting aggrega-
tions is evident in their occurrence among
some dinosaurs (Horner 1982; Carpenter
et al. 1994; Carpenter 1999; Horner 2000).

Although hypotheses have been raised as
to why communal egg-laying occurs in some
groups (e.g., Ward and Kukuk 1998; Tallamy
2005), the adaptive value of this behavior in
the vast majority of cases remains unclear
(Danchin and Wagner 1997). The remark-
able diversity in the life histories of these
groups presents a great challenge to discov-
ering any generality for communal egg-
laying. For example, while communally nest-
ing birds might be expected to benefit from
assistance in provisioning offspring, this ben-
efit would not apply to animals whose moth-
ers generally abandon the nest shortly after
oviposition. In a more complex example, in
one communally egg-laying insect, mothers
are faced with balancing trade-offs, such as
leaving the nest to forage versus eating
the egg of a conspecific and then replacing
the eaten egg with one of their own (Ward
and Kukuk 1998). The selective regimes as-
sociated with communal egg-laying are thus
likely to differ among groups with diverse
attributes, such as parental care (e.g., mam-
mals, birds), brood parasitism (e.g., gastro-
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pods, hemipterans, coleopterans, bees, fish,
birds), communal spawning (e.g., fish), male
interference (e.g., dragonflies), and host
plant specificity (e.g., butterflies). Despite
this, some benefits of communal egg-laying
may be pervasive, such as a reduction in pre-
dation risk (Foster and Treherne 1981;
Sweeney and Vannote 1982) or a savings in
effort associated with egg-laying (Wiewandt
1982; Danforth 1991).

Reptiles and amphibians can serve as
models for investigating the causes, costs,
and benefits of communal egg-laying with-
out the confounding factors associated
with parental care. For example, parental
care occurs in only 20% of salamanders,
6% of frogs, 3% of snakes, and 1% of liz-
ards and turtles (Shine 1988; Iverson 1990;
Crump 1995). Other potentially confound-
ing factors, such as broadcast spawning,
male interference, and host plant specific-
ity, are also absent in reptiles and amphib-
ians. This simplifies our ability to deter-
mine the advantages that communal egg-
laying confers to mothers or offspring and
also focuses our attention on oviposition
site choice behavior. Although genetic vari-
ation in oviposition site choice behavior
has not been demonstrated for reptiles
and amphibians, there is evidence for its
heritability in insects, including additive
polygenic inheritance for communal lay-
ing in Drosophila (reviewed in Messina
1998). Reptiles offer a further advantage
because mating and oviposition are tem-
porally—and thus spatially—uncoupled,
thereby eliminating the confounding fac-
tor of mate choice on oviposition site se-
lection.

The prevalence of communal egg-laying
in reptiles and amphibians has not been
comprehensively reviewed. Graves and Du-
vall (1995), in an insightful review of ag-
gregation behavior in squamate reptiles,
found communal egg-laying in 60 lizard
spp. and 20 snake spp,. but these numbers
comprised � 1% of all species in both
groups. However, the eggs of these secre-
tive animals are often unknown because
they are difficult to find (Tinkle 1967;
Juterbock 1986; Shine 1988; Perry and
Dmi’el 1994; Andrade et al. 2006). This

almost certainly results in the underestima-
tion of the incidence of communal egg-
laying, and a more accurate analysis would
determine the number of known commu-
nal layers as a proportion of the total for
which the eggs or nests are known.

Why do some reptiles and amphibians
lay communally? While some researchers
have suggested that communal egg-laying
may result from a shortage of nest sites
(Vitt 1993; reviewed in Graves and Duvall
1995), a growing body of evidence indi-
cates that communal egg-laying may serve
some type of adaptive function, and this is
based on two important observations: (1)
communal clutches are frequently ob-
served in areas with an apparent abun-
dance of nest sites (Graves and Duvall
1995; Doody 2006), and (2) conspecific
cueing has been demonstrated in the lab-
oratory for nesting snakes and lizards
(Plummer 1981; Brown and Shine 2005;
Radder and Shine 2007) and in the field
for ovipositing frogs (Howard 1980; but see
Seale 1982). Thus, it is essential to consider
adaptive explanations and to identify the
benefits, costs, causes, and correlates of
communal egg-laying. For instance, most
species exhibiting communal egg-laying
are also known to lay eggs in isolation, and
this dichotomy often occurs within the
same population (Vitt et al. 1997; Herreid
and Kinney 1967). Do some individuals in-
variably lay communally while others al-
ways lay in isolation, or is communal egg-
laying context-dependent? Under what
context would these individuals lay com-
munally? How might communal egg-laying
persist in populations in which the chances
of discovering the nest of a conspecific are
limited?

In this review, we address these ques-
tions by reviewing communal egg-laying
behavior in reptiles and amphibians and by
evaluating the evidence for the hypotheses
generated to explain its evolution. We give
particular attention to lizards, where the
behavior is most common. Using a game
theory model, we demonstrate how both
solitary and communal egg-layers can co-
exist in certain populations at any given
time, and also how to predict the fre-

September 2009 231COMMUNAL EGG-LAYING



quency of communal layers within a popu-
lation. Finally, using conceptual models,
we suggest directions for future studies
that would ultimately determine the signif-
icance of communal egg-laying in reptiles
and amphibians, as well as in other animals
lacking parental care.

Scope of the Review: What
Constitutes Communal Egg-Laying in

Reptiles and Amphibians?
“Communal nesting” is often used to de-

scribe different phenomena. In higher ver-
tebrates, the term often refers to multiple
individuals rearing young in a single nest
(Manning et al. 1995; Hayes 2000). How-
ever, in mammals, the term often includes
winter aggregations or “huddling groups”
that apparently reflect behavioral thermo-
regulation (Layne and Raymond 1994).
For reptiles and amphibians, we define this
phenomenon as a clumped distribution of
egg clutches at a scale visible to an ob-
server, whereby it is highly likely that moth-
ers would have detected the presence of
conspecific eggs or conspecific mothers
during oviposition site choice. We chose to
use “communal egg-laying” rather than
“communal nesting” because reptiles and
amphibians often do not construct nests
(Zug et al. 2001; Pough et al. 2004). We
recognize a continuum of nesting effort,
with species at one end expending consid-
erable time and energy in the actual nest
excavation (Burger and Zappalorti 1991;
Mora 1989), while those at the other end
simply add their eggs to existing eggs with-
out any nest construction (Wells 1977;
Roberts 1994). Also, our definition is not
restricted to simultaneous laying by con-
specific mothers, despite the terminology.

In reptiles, two basic types of communal
egg-laying are often distinguished, based
upon scale. Following the guidelines set
forth by Espinoza and Lobo (1996), “com-
munal nesting” refers to mothers laying
their eggs with those of conspecifics under
or within structures such as rocks, logs,
bark, vegetation, or crevices, whereas “co-
lonial nesting” involves mothers utilizing
common nesting areas, but, in this case,
the eggs are often buried and generally not

visible to conspecifics. It is sometimes im-
portant to distinguish between these two
forms of communal egg-laying because co-
lonial nesters often dig up the eggs of con-
specifics (Wiewandt 1982; Rand and Du-
gan 1983; Mora 1989). We are careful to
distinguish between the two forms in our
review of the incidence of communal egg-
laying because the latter can incur a
unique cost associated with the destruction
of previously laid eggs, but, in our concep-
tual review, we refer to both forms simply
as “communal egg-laying” because similar
processes likely unite them, and also be-
cause we do not deal directly with measur-
ing the costs of communal egg-laying. In
our discussion of amphibians, we use the
terms communal oviposition, communal
nesting, and joint nesting (e.g., Waldman
1982; Zina 2006; Harris 2008).

Some reptiles and amphibians are vivip-
arous, and the causes, cues, and advantages
associated with “communal gestation” in
viviparous species could be similar to those
associated with communal egg-laying in
oviparous species. However, this behavior
is apparently less common than communal
nesting in oviparous species and may re-
quire synchronicity of mothers in one
place, whereas communal egg-laying does
not (Graves and Duvall 1995). We there-
fore restrict our review to oviparous species
but acknowledge that similar processes
may be at work in viviparous species. Fi-
nally, while parental care in reptiles and
amphibians is rare, it nevertheless occurs
among some species in each group (Reyn-
olds et al. 2002), and such parental care is
typically limited to egg attendance or egg
guarding in these instances (Zug et al.
2001; Pough et al. 2004). Our review indi-
cates that communal egg-laying may be
seen in some species with attending moth-
ers (Harris and Gill 1980; Cooper et al.
1983; Ovaska et al. 1998), thus indicating
that the two are not always mutually exclu-
sive. We have included those cases in our
review, and we discuss how they might dif-
fer from the more typical communal egg-
laying cases in species lacking parental care
(see Harris 2008 for a comprehensive treat-
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ment of the behavior in an attending sala-
mander).

We conducted an extensive review of the
relevant published literature, including
primary journals and regional herpetolog-
ical journals, for reports of communal
egg-laying. In addition, we exhaustively
searched all issues of regional herpetolog-
ical journals that were not indexed in zoo-
logical databases or that were not available
online, although acquiring regional, non-
English language journals was not always
possible. In total, our assembled database
was gathered from 290 different sources,
including 176 different scientific journals,
72 books or book chapters, 29 unpublished
reports, and 13 unpublished theses. We
also have included a number of reliable
personal communications from herpetolo-
gists. Despite this, our database will un-
doubtedly underestimate the incidence of
communal egg-laying in reptiles and am-
phibians. The results of our review are pro-
vided in a single table in the Supplemen-
tary Online Materials, hereafter referred to
as the SO Table (available online at The
Quarterly Review of Biology homepage, www
.journals.uchicago.edu/QRB). The table
includes the species, the type of communal
egg-laying that occurs, and the reference(s)
for each.

Taxonomic Distribution of Communal
Egg-laying in Reptiles and

Amphibians
We documented communal egg-laying

in 481 species of reptiles and amphibians
(SO Table), and our analysis indicates
that communal egg-laying is much more
common than generally recognized (see
Graves and Duvall [1995] for a review in
squamate reptiles). Our database also
shows that communal egg-laying may be
more common in reptiles (N � 345) than
in amphibians (N � 136). Although the
proportion of communally laying species is
modest for each group (Table 1), the pro-
portion of species known to lay commu-
nally may greatly underestimate the preva-
lence of communal egg-laying among
those groups, as the eggs or nests are un-
known in many species (Test and Heatwole

1962; Juterbock 1986; Shine 1991; Perry
and Dmi’el 1994). Although the difficulty
in locating nests hampers our ability to
determine the actual frequency of commu-
nal egg-laying among species, we can bet-
ter estimate this proportion by dividing the
number of known communally egg-laying
species by the total number of species, ex-
cluding those for which eggs have not been
found. We conducted such a calculation for
the three families of Australian lizards
known to include multiple communally egg-
laying species—Gekkonidae, Pygopodidae,
and Scincidae—as gleaned from the Ency-
clopedia of Australian Reptiles database
(Greer 2004). Proportions of these lizard
families known to lay communally were
4–9%, but, when we exclude species for
which nests are not known, these values rise
dramatically to 73–100% (Table 2). For a
breakdown of the prevalence of communal
egg-laying within reptiles and amphibians, as
well as a discussion of the factors (ecological,
morphological, physiological) that contrib-
ute to the taxonomic distribution of this be-
havior, see the Supplementary Online Mate-
rials.

macroevolution of communal
egg-laying in lizards

In order to gain a better understanding
of those situations under which communal
egg-laying might evolve, it is helpful to ex-
amine the macroevolution of this trait us-
ing a phylogenetically-based comparative
study. Unfortunately, such a comparison is
made difficult by our inability to confi-
dently assign “no communal laying” to a
large proportion of species in which the
eggs or nests are unknown. Despite this lim-
itation, it is feasible to track the evolution of
communal egg-laying in a particular group
(1) if the eggs or nests are known in several
closely-related species, or (2) if higher-order
comparisons are made (e.g., family level
comparisons). The latter comparison has
not been attempted, but Jockusch and
Mahoney (1997) mapped the presence/
absence of communal nesting in a small
group of plethodontid salamanders. They
concluded that the evolution of communal
nesting was an old event in the history of the
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TABLE 1
Family-level proportions of reptiles and amphibians known to lay communally

Taxa with known
communal nesting

Number of
species

Number of
oviparous species

Number known to nest
communally (% of oviparous)

Reptilia
Sauria

Agamidae 381 375 3 (�1%)
Anguidae 112 34 1 (3%)
Chameleonidae 161 134 1 (1%)
Cordylidae 54 15 2 (13%)
Gekkonidae 1076 1057 129 (12%)
Gerrhosauridae 32 32 2 (6%)
Gymnophthalmidae 193 193 11 (6%)
Iguanidae 36 36 13 (36%)
Lacertidae 279 278 9 (3%)
Phrynosomatidae 125 125 5 (4%)
Polychrotidae 393 393 15 (4%)
Pygopodidae 36 36 4 (11%)
Scincidae 1305 �744 41 (6%)
Teiidae 121 121 7 (6%)
Tropiduridae 309 224 12 (5%)

Total lizards 4232 3422 255 (7%)

Serpentes
Colubridae 1827 �1663 40 (2%)
Elapidae 138 137 6 (4%)
Hydrophiidae 177 53 2 (4%)
Leptotyphlopidae 93 93 3 (3%)
Pythonidae 74 35 1 (3%)

Total snakes 2309 1981 52 (3%)

Chelonia
Carettochelydidae 1 1 1 (100%)
Cheloniidae 6 6 6 (100%)
Chelydridae 2 2 1 (50%)
Dermochelydae 1 1 1 (100%)
Emydidae 41 41 10 (5%)
Geoemydidae 69 69 3 (4%)
Kinosternidae 25 25 2 (4%)
Podocnemididae 8 8 4 (38%)
Trionychidae 30 30 2 (7%)

Total turtles 183 183 30 (16%)

Crocodylia
Alligatoridae 9 9 1 (11%)
Crocodylidae 13 13 4 (31%)
Gavialidae 1 1 1 (100%)

Total crocodilians 23 23 6 (26%)

continued
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clade and that it has thus persisted under a
variety of ecological conditions (see also
Nussbaum 2003).

We used a well-accepted phylogeny of
squamate reptiles (Townsend et al. 2004)
as the basis for a simple comparative anal-
ysis of the evolution of communal egg-
laying at the family level in lizards. We
produced a conservative summary of phy-
logenetic relationships using their most

highly-resolved phylogeny (Figure 9b in
Townsend et al. 2004), and recognized
several missing iguanid families based on
another published phylogeny (Schulte et
al. 2003). We then mapped the presence
or absence of communal egg-laying in
each lizard family on the phylogeny (Fig-
ure 1). The clear result is that communal
egg-laying is widely distributed among liz-
ard families and appears to have evolved

TABLE 1
(continued)

Taxa with known
communal nesting

Number of
species

Number of
oviparous species

Number known to nest
communally (% of oviparous)

Rynchocephalia
Sphenodontidae 2 2 2 (100%)

Total tuataras 2 2 2 (100%)
Total reptiles 6747 5609 333 (6%)

Amphibia
Anura

Ascaphidae 1 1 1 (n/a)
Bufonidae �455 �451 14 (3%)
Centrolenidae �135 �135 1 (1%)
Dendrobatidae �205 �205 1 (�1%)
Discoglossidae 10 10 2 (20%)
Hylidae �835 �835 11 (1%)
Leptodactylidae �122 �121 11 (9%)
Myobatrachidae 124 124 11 (9%)
Pelobatidae 11 11 3 (27%)
Ranidae �600 �600 24 (4%)
Rhacophoridae �300 �300 4 (1%)

Total frogs 2798 2794 83 (3%)

Caudata
Ambystomatidae 30 30 7 (23%)
Cryptobranchidae 3 3 1 (33%)
Hynobiidae 43 43 8 (19%)
Plethodontidae �360 �360 25 (7%)
Proteidae 6 6 1 (17%)
Ryacotritonidae 6 6 3 (50%)
Salamandridae 62 57 7 (12%)
Sirenidae 4 4 1 (25%)

Total salamanders 514 509 53 (10%)
Total amphibians 3312 3303 136 (4%)

Total species 10059 8912 481 (5%)

Data are gleaned from the table in the Online Supplementary Materials (available online at The Quarterly Review of Biology
homepage, www.journals.uchicago.edu/QRB).
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independently multiple times (Figure 1).
This result persists regardless of the phy-
logeny used (see Townsend et al. 2004

for various topologies). While it is virtu-
ally impossible to adequately reconstruct
ancestral character states for these data
because there is so much missing in-
formation, we can definitively ascertain
that communal egg-laying is widespread
across the phylogeny with multiple in-
dependent origins—and possibly rever-
sals— of communal egg-laying (Figure
1). This is consistent with many of the
hypotheses we present below.

hypotheses for why reptiles and
amphibians lay communally

There are two types of hypotheses that
may explain communal egg-laying in rep-
tiles and amphibians: “by-product” hypoth-
eses, based on the scarcity of egg-laying
sites or other factors causing coincidental
aggregations of nesting mothers, and
“adaptive” hypotheses, involving benefits
to mothers, eggs, or hatchlings. We discuss
these separately, as follows.

By-Product Hypotheses
Saturated Habitat Hypothesis

The scarcity of suitable nest sites is com-
monly evoked as an explanation for why
reptiles and amphibians lay communally
(Rand 1967; Graves and Duvall 1995). This
is a variation of the saturated habitat hy-
pothesis offered to explain communal
breeding in birds (Koford et al. 1986;
Brown 1987). Indeed, communal egg-
laying in other animals is sometimes attrib-
uted to patchy resources or few available
nest sites (Michener 1974; Stamps 1980;

TABLE 2
Prevalence of communal egg-laying among three Australian lizard families

Group (N)
Proportion known

to lay communally (N)
Proportion known to lay communally,

excluding species in which nests are unknown (N)

Gekkonidae (111) 9% (10) 100% (10)
Pygopodidae (38) 8% (3) 100% (3)
Scincidae (262) 4% (11) 73% (15)

Total (411) 6% (24) 86% (28)

Communal egg-laying is much more prevalent than previously recognized, as evident among three Australian lizard families.
Proportions of species known to lay communally in each family range from 4–9%, but when species for which nests are not
known are excluded, these values rise to 73–100%. N � number of species.

Figure 1. Distribution of Communal Egg-
Laying across Lizard Families

The phylogeny is based mainly on the most highly-
resolved squamate reptile tree presented in Figure 9b of
Townsend et al. (2004). We also included several igua-
nid families that were missing from Townsend et al.
(2004); their relationships are based on another pub-
lished hypothesis (Schulte et al. 2003). Families that
include species that display communal egg-laying are
featured in bold typeface, and the known proportion of
species that display this behavior is noted (see Table 1
for full details).
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Danchin and Wagner 1997; Hayes 2000).
That is, communal egg-laying may result
from mutual attraction to restricted nest
sites of superior quality, as several authors
have suggested for reptiles (Graves and
Duvall 1995; Pleguezuelos et al. 2004), and
mothers may choose rare egg-laying sites
based on attributes such as cover, struc-
ture, temperature, moisture, or, as in some
amphibians, the presence of small breed-
ing pools (e.g., Roberts 1994).

Remarkably, only one study has tested
this hypothesis in reptiles or amphibians
in nature, despite the relative ease of
quantifying the aforementioned attributes
between the communal egg-laying sites
and potential sites accessible to mothers
(Graves and Duvall 1995). Harris et al.
(1995) manipulated the population den-
sity of female salamanders and found that
it had no effect on the frequency of com-
munal nesting, noting that communal
nesting was common at low densities where
nesting habitat saturation was unlikely.
However, two additional lines of evidence
indicate that, in many cases, habitat satura-
tion cannot explain communal egg-laying
in reptiles and amphibians. First, it is not
uncommon for communal egg-laying sites
to be surrounded by potential sites with
identical or similar attributes (Rand and
Dugan 1983; Magnusson and Lima 1984;
Mora 1989; Burger and Zappalorti 1991;
Brown and Duffey 1992; Hayes et al. 2004;
Doody 2006), and, relatedly, the eggs laid
are often spatially clumped under or
within the cover object, despite apparent
homogeneous conditions under the ob-
ject. Radder and Shine (2007) predicted
that if nest sites were limited, more com-
munal clutches would be found under
larger cover objects. They found no corre-
lation between the size of the cover object
and the number of lizard eggs beneath it,
and they cited this as evidence against the
saturated habitat hypothesis. Second, ex-
periments were conducted in both the lab-
oratory and the field in which communal
egg-laying was elicited in snakes, lizards,
and frogs. In one laboratory experiment,
snake mothers nested communally in an
enclosure with abundant and equivalent

nest sites (Plummer 1981), while in an-
other experiment, snakes preferentially
nested in artificial nest sites that contained
conspecific eggshells over sites with no egg-
shells (Brown and Shine 1995). Similarly,
lizards preferred to nest with dummy eggs
(eggshells filled with cotton wool) rather
than with controls (Radder and Shine
2007). In the field, Howard (1980) stimu-
lated communal egg-laying in a frog by
introducing clutches to a suboptimal area
of a breeding pond (but see also Seale
1982).

Sexual Selection Hypothesis
Communal egg-laying could be an arti-

fact of mate choice in animals that mate at
the oviposition site. Polygamy is common
in amphibians, and attending males are
often associated with egg clutches of sev-
eral females (Duellman and Trueb 1986).
In such cases, communal clutches may be
directly due to a female’s choice of males,
rather than her choice of oviposition site.
In an exceptional example, males of the
frog genus Alytes simultaneously carry up to
four clutches on their backs, although the
number of females involved is unknown
(Marquez and Verrell 1991; Reading and
Clarke 1988). In a sense, males become the
limiting resource, and thus, theoretically,
there is no direct benefit of communal egg-
laying. More generally, data are needed on
whether or not the communal oviposition
site is chosen by the mother or the male. In
at least one species, mothers carry amplexing
males to the growing communal mass
(Howard 1980; Seale 1982).

Relatedly, in a hypothesis applicable
only to frogs (due to external fertilization),
Herreid and Kinney (1967) suggested that
fertilization success may be increased if
communal egg masses are associated with
intensive mating and, thus, surplus sperm.
Indeed, multiple paternity in a commu-
nally egg-laying ranid frog was attributed to
free-swimming sperm in the water pro-
duced by non-amplectant males (Laurila
and Seppa 1998). However, this may have
been the result of “pirate” males clasping
and fertilizing egg masses already fertilized
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by amplexed males rather than surplus
sperm (Vieites et al. 2004).

Artifact of Aggregation for Other Reasons
Communal egg-laying could be an arti-

fact of other behaviors. For example, it
may result from social behavior among
mothers, as, in some cases, social interac-
tions occur at communal egg-laying sites
(Graves and Duvall 1995). Although social
interactions are generally less complex in
reptiles and amphibians than in other tet-
rapods (Wilson 1975), they nevertheless
occur in many species (Brattstrom 1974).
In particular, social aggregations occur in
several species of geckos (Greenberg 1943;
Cooper et al. 1985; Kearney et al. 2001;
Lopez-Ortiz and Lewis 2002), which, as a
group, possess the highest incidence of
communal egg-laying among lizards (SO
Table; Table 1). Indeed, at least one spe-
cies of gecko is known to communally nest
(SO Table) (Kearney et al. 2001). In an-
other example, gravid iguanas exhibit ter-
ritorial displays in nesting areas, but not in
nearby non-nesting aggregations (Carpen-
ter 1966; Rand 1968; Rand and Rand 1976;
Rand and Rand 1978).

The kin selection hypothesis suggests
that relatives contribute to communal
clutches (Tallamy 1985). Specifically, moth-
ers from the same maternal lineage are
expected to gravitate to the same egg-
laying area, causing an aggregation of re-
lated females. The resulting communal
nesting is not an adaptation in itself, be-
cause mothers may not directly benefit
from laying with conspecifics. Graves and
Duvall (1995) suggested that communal
egg-laying in squamate reptiles may result
from perennial nesting due to natal hom-
ing (Rand and Dugan 1983; Mora 1989;
Burger and Zappalorti 1992). No study has
addressed this possibility in reptiles or am-
phibians, but there is evidence for such
relatedness in birds (Koenig and Stacey
1990). The behavior could be particularly
relevant when there are multiple brooders
(Tallamy 1985), but multiple brooders are
rare in reptiles and amphibians (Harris et
al. 1995; but see McDiarmid and Gorzula
1989); however, molecular data suggest

that natal homing produces aggregates of
closely-related nesting females in several
turtle species (Meylan et al. 1990; Allard et
al. 1994; Freedberg et al. 2005).

Adaptive Hypotheses
Animals often make critical decisions by

copying the choices of conspecifics (Pruett-
Jones 1992; Danchin and Wagner 1997), and
social acquisition of information has been
well-documented in a variety of animal sys-
tems (Giraldeau 1997; Galef and Giraldeau
2001). These non-independent choices are
believed to benefit “copiers” or “freeloaders”
by offering a savings in time, energy expen-
diture, or survival, relative to independent
choices (Giraldeau et al. 2002). Assuming
these benefits outweigh associated costs, we
might expect to find copying behavior in
populations or species where it is free to
evolve. A mother with the task of searching
for a place to lay her eggs could realize such
benefits by copying the oviposition site
choice of conspecifics. Alternatively, her off-
spring could benefit.

Attack Abatement Hypothesis
Attack abatement (sensu Turner and

Pitcher 1986) has two theoretical compo-
nents: an encounter probability and a di-
lution effect (Wrona and Dixon 1991). For
communal egg-laying, the encounter prob-
ability predicts that a predator is less likely
to find a single group of many eggs than
many scattered smaller groups of eggs. By
laying with conspecifics, the dilution effect
predicts that the number of eggs in a site
would increase, potentially reducing the
probability of predation of each mother,
egg, or neonate through predator satura-
tion or satiation (Robinson and Bider
1988; Eckrich and Owens 1995; Harris
et al. 1995; Spencer 2002; Doody et al.
2003a). Graves and Duvall (1995) pointed
out that this would be particularly plausi-
ble if temporal synchrony of nesting oc-
curs, as is known in communally nesting
iguanas (Wiewandt 1982; see also McMil-
lan 2000 for evidence in dragonflies).
Other authors have suggested that such
benefits may be realized in reptile mothers
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(Wiewandt 1982; Burger and Zappalorti
1992), eggs (Fitch 1954; Shine 1979; but see
Robinson and Bider 1988) or neonates
(Burghardt 1977; Burghardt et al. 1977).

Evidence for these benefits in reptiles
and amphibians is scarce. In the only pub-
lished study comparing predation rates be-
tween communal and solitary reptile nests,
Brown and Duffy (1992) found no differ-
ences in predation rates or hatching suc-
cess in a gecko. However, more predatory
leeches were found on solitary egg masses
than in communal masses of a frog (Ha-
kansson and Loman 2004), possibly indi-
cating a dilution effect. Carreno and Har-
ris (1998) proposed that nest care in a
salamander was consistent with the preda-
tor dilution hypothesis, and predators, in
this case, included beetles, centipedes, and
newts. More generally, few studies have
tested the influence of spatial and tempo-
ral distributions of nests on the probability
of predation in reptiles (reviewed in Burke
et al. 1998; Doody et al. 2003b), and still
fewer have found an effect (but see Drum-
mond 1983; Robinson and Bider 1988).

The implication of predator satiation as an
adaptive mechanism for communal egg-
laying would depend on the relative sizes of
the eggs and predators. Large predators of
lizard, snake, turtle, and frog eggs are known
to consume an entire clutch (Carter 1992;
Donnelly and Guyer 1994; Warkentin 2000;
Doody et al. 2003b) and would be difficult to
satiate. Medium-sized predators are known
to take partial clutches in lizards and frogs
(e.g., Bogert 1940; Hayes 1983) and thus
could be satiated by communal efforts. How-
ever, in theory, the predator could return in
a few days to consume the remainder of the
eggs, at least in species in which develop-
ment is prolonged. Furthermore, in many
animals (i.e., turtles), consumption of just
one egg can doom the entire clutch, since
the integrity of the nest cavity would be
destroyed. Perhaps even better candidates
for predator dilution are the invertebrates,
which generally take fewer eggs (Villa et al.
1982; Downie et al. 1995) and are less likely
to damage the nest cavity structure. Inver-
tebrate predators of reptile eggs include
ants, snails, and beetles (Andrews 1982;

1988; Allen et al. 1997; Blouin-Demers and
Weatherhead 2000; Smith et al. 2007). Am-
phibian eggs may attract a larger suite of
invertebrate predators, including ants, spi-
ders, beetles, crickets, wasps, fly larvae, and
leeches (Bokermann 1957; Howard 1978;
Hayes 1983; Duellman and Trueb 1986;
Barreto and Andrade 1995; Warkentin
2000; Giaretta and Menin 2004; Hakansson
and Loman 2004). Finally, any advantages
of communal nesting with respect to pre-
dation would be influenced by the palat-
ability of eggs. Eggs of some frogs and
salamanders, for instance, are unpalatable
to invertebrate and vertebrate predators
(Hess and Harris 2000).

Maternal Benefits Hypothesis
Communal egg-laying may provide ma-

ternal benefits, such as a savings in energy
and time or increasing the likelihood of
survival. First, by adding their eggs to those
of conspecifics, mothers could reduce en-
ergetic costs associated with searching for
an egg-laying site, assessing potential egg-
laying site characteristics, and, in some
cases, carrying out nest excavation. Exper-
imental evidence for such benefits is lim-
ited, but it has been demonstrated in com-
munally laying insects that save time and
energy by ovipositing into host fruits with
conspecific bore holes, despite the poten-
tial costs to offspring in increased compe-
tition and, consequently, survival (Papaj et
al. 1992; Lalonde and Mangel 1994). In
extreme cases, the time and energy in-
volved in solitary nest excavation can be
prohibitive, as in some bee species (Dan-
forth 1991). Nesting migrations can be
substantial in reptiles such as sea turtles or
some iguanas (Bjorndal 1982; reviewed in
Hayes et al. 2004), thereby placing consid-
erable energetic strains on those animals
that may ultimately lead to selection for
minimizing energy expenditure once the
nesting areas are reached (Bjorndal 1982;
Bull and Shine 1979; Werner 1983; but see
Congdon and Gatten 1989). At least some
species of iguanas, tuataras, and snakes
take several days to complete nesting
(Rand 1968; Hayes et al. 2004; N. Nelson,
personal communication; Burger and Zap-
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palorti 1992). Soils are extremely hard or
compact at some nesting sites, and, as a
result, nesting burrow excavation requires
considerable time and energy. Mothers of
these species are known to deposit their
eggs in the chambers of conspecifics (ref-
erences above), and may save considerable
energy and time, or ensure their survival,
by doing so (Bock and Rand 1989; Mora
1989; Burger and Zappalorti 1991; Rand
and Dugan 1983; Wiewandt 1982). The
commonness of mothers excavating previ-
ous nesting burrows to save on excavation
costs at communal nest sites is manifested
in vigorous nest defense against conspecif-
ics in some iguana species and in tuataras
(Rauch 1988; N. Nelson, unpublished data).

Second, in addition to energetic costs,
these tasks could involve allocating consid-
erable time that could otherwise be spent
foraging or performing other important
activities such as feeding or thermoregula-
tion. Third, communal egg-laying may be
the result of predator avoidance if the
landscape of predation is patchy. In at least
some animal systems, mothers are espe-
cially vulnerable to predation during egg-
laying. Dragonflies, for instance, have been
known to reduce their vulnerability to pre-
dation by ovipositing communally in frog-
free areas of ponds (McMillan 2000). Evi-
dence is lacking in reptiles and amphibians
(although frogs preferentially oviposited in
predator-free experimental ponds [Resi-
tarits and Wilbur 1989]), but communal
egg-laying in complex burrow systems may
allow lizard mothers to reduce their acces-
sibility to predators during nesting (Rand
and Dugan 1983).

Reproductive Success-Based Hypothesis
Mothers may use specific fitness compo-

nents as cues for communal egg-laying
(Danchin and Wagner 1997). A number of
reports of communal egg-laying in reptiles
included evidence of the repeated use of a
nest site, either over the course of years or
among clutches within a year (Werner
1986). Our review indicated that over one-
third of the papers on reptile communal
egg-laying described eggshells in the egg-
laying sites from previous clutches or years.

In the laboratory, a snake preferentially
oviposited in sites with conspecific egg-
shells over shell-free sites, prompting the
authors to invoke successful hatching as a
cue for nesting mothers (Brown and Shine
2005). However, it is inconclusive whether
mothers evaluated eggshells as evidence of
successful hatching, or simply as evidence
that conspecific egg-laying had occurred.
Experiments using both hatched and un-
hatched eggshells as stimuli are needed.

Egg Insulation Hypothesis
Communal egg-laying may confer a ther-

mal advantage in ectotherms, and this has
been used to explain the evolution of this
behavior in some temperate aquatic frogs.
In several ranid frogs from North America,
Europe, and Asia (SO Table), up to hun-
dreds of egg masses are deposited into
communal clusters in breeding ponds. In
three frog species, eggs in the centre of a
communal mass averaged temperatures
1–7°C warmer than those of either solitary
egg masses or egg masses on the periphery
of the communal mass or surrounding
water (Guyetant 1966; Howard 1980; Wald-
man 1982; Waldman and Ryan 1983;
Hakansson and Loman 2004). Resulting
increased temperatures are said to be
adaptive in preventing freezing and in re-
ducing incubation times (Seale 1982;
Waldman 1982; Waldman and Ryan 1983).
In one species, developmental time was re-
duced by 1–3 days in the centre of commu-
nal masses relative to solitary masses
(Hakansson and Loman 2004). A key bio-
geographical pattern underlying this hy-
pothesis is that these species breed either
in cold climates or during the winter in
milder climates (Caldwell 1986; Doody and
Young 1995). In reptiles, Blouin-Demers et
al. (2004) suggested that communal nest-
ing incurred a thermal advantage to em-
bryos in a population of snakes � 20 km
from a cold climate range margin. Com-
munal egg masses were nearly 5°C warmer
on average than isolated masses, and the
authors used incubation experiments to
suggest that the warmer temperatures of-
fered by communal masses would result in
faster hatching and longer, faster, and less

240 Volume 84THE QUARTERLY REVIEW OF BIOLOGY



aggressive neonates than those from iso-
lated nests. In contrast, the thermal envi-
ronment did not differ between communal
and isolated nests in a lizard at a cold cli-
mate extreme (Radder and Shine 2007).
However, in the laboratory, eggs in groups
took up less water, resulting in hatchlings
that were also larger and faster.

Contrary to predictions of this hypothe-
sis, many tropical species of both amphib-
ians and reptiles exhibit communal egg-
laying behavior (SO Table). Although this
number is lower than that of temperate
species, such a pattern would be expected
due to the “boreal bias” (Platnick 1991).
An analysis is needed of the breakdown of
the incidence of communal egg-layers
across different climates, using only species
for which the eggs in nature are known.
However, in aquatic amphibians, such
analysis would need to consider the con-
founding temperature constraint on oxy-
gen transport in egg aggregations (Sey-
mour 1995; Strathmann and Strathmann
1995).

A related hypothesis, suggested for and
possibly restricted to amphibian eggs, in-
volves resistance to desiccation rather than
extreme temperatures (Ryan 1985). Frog
egg masses centrally located within com-
munal masses withstood up to 14 days of
terrestrial stranding (Forester and Lykens
1988; but see Paton et al. 2003). In support
of this, experimental communal frog nests
desiccated more slowly than isolated nests,
and embryos survived longer as a conse-
quence (Zina 2006). Finally, communal
egg masses may insulate against environ-
mental factors other than temperature and
moisture. Karn (1992) found evidence that
large numbers of communal egg masses
modify the local chemical environment of
developing eggs, thus ameliorating the ef-
fects of toxic bog water (low pH).

Other Adaptive Hypotheses
A few other adaptive hypotheses for com-

munal egg-laying have been offered, but
these are restricted to animals exhibiting pa-
rental care, and, thus, have limited applica-
bility with regard to our review (�2% of the
species in our review are known to brood

their eggs). These include the aggressive
usurpation (AU) hypothesis, the intraspe-
cific brood parasitism (IBP) hypothesis,
and the multiple defenders (MD) hypoth-
esis. The AU hypothesis involves later-
nesting mothers displacing earlier-nesting
mothers, thus allowing them to secure a
nest site and possibly eat the conspecific’s
eggs (Vehrencamp 1978; Koford et al.
1990). The IBP hypothesis involves a
mother laying her eggs with those of a
conspecific and then deserting them, leav-
ing the indiscriminant conspecific mother
to brood (reviewed in Zink 2000; 2001;
2005). The MD hypothesis posits that com-
munal egg-laying may have evolved as a
result of increased nest defense from pred-
ators in species that brood their eggs
(McGowan and Woolfenden 1989; Pilastro
1992). These three hypotheses were pro-
posed and later rejected as explanations
for communal egg-laying in a brooding sal-
amander (Harris and Gill 1980; Harris et
al. 1995), as communal egg-laying in that
species may be maintained by the transmis-
sion of antifungal bacteria. Compared to
solitary nests, communal nests were more
likely to be associated with cutaneous anti-
fungal bacteria, and experienced higher
embryonic survival and lower nest failure
accordingly (Banning et al. 2008; Harris
2008).

Mixed Models and Evaluation of the
Evidence

Adaptive hypotheses for communal egg-
laying involve conspecific cueing (Danchin
and Wagner 1997), and, as such, need not
reflect a shortage or patchiness of egg-
laying sites. However, longer-term scarcity
of nest sites would, in theory, increase the
average cost of searching for an egg-laying
site, which could select for communal egg-
laying. Thus, demonstrating egg-laying site
rarity does not necessarily undermine
adaptive explanations, and limited nest
sites could favor the maternal benefits hy-
pothesis. Moreover, the adaptive models
are not mutually exclusive of one another.

Can any of these hypotheses serve as a
general explanation for communal egg-
laying in reptiles and amphibians? No
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study has comprehensively attempted to
determine the significance of communal
egg-laying among these groups of animals
(but see Harris et al. 1995 for a thorough
attempt at determining the causes in a sal-
amander). The mostly anecdotal evidence
reviewed here strongly suggests that differ-
ent forces may be driving the evolution
and maintenance of communal egg-laying
in different taxa. Regardless, the habitat
saturation hypothesis is inadequate to ex-
plain communal egg-laying in many cases,
and conspecific cueing in both the labora-
tory and the field offers strong indirect
evidence for an adaptive function. Never-
theless, experiments are needed to conclu-
sively demonstrate that communal egg-
laying is not due to limited nest sites and to
determine the relative explanatory value of
the adaptive models.

an ESS maternal benefits model for
the frequency of communal egg-

laying in animals without parental
care

Any adaptive model for communal egg-
laying needs to be able to explain why sol-
itary clutches and communal clutches gen-
erally co-exist in a given population. For
example, communal egg-laying apparently
occurs only at high densities in some spe-
cies (e.g., Knapp and Hudson 2004; but see
Harris et al. 1995), and so the behavior is
likely to be context-dependent in these
groups (see Ward and Kukuk 1998 for an
example in invertebrates with parental
care). While we have identified several sce-
narios that favor communal egg-laying, the
maternal benefits model, in particular, is
likely to apply to a wide range of taxa. In
these systems, the incidence of communal
egg-laying is probably determined by fac-
tors dictating the cost-benefits associated
with choosing an egg-laying site versus
finding an egg-laying site of a conspecific
(freeloading). It follows that, in many
cases, finding the clutch of a conspecific
might either be unlikely or energetically
costly, especially at low population densi-
ties. How would communal egg-laying per-
sist in populations with low densities in

which the chances of a mother discovering
the nest of a conspecific are limited?

The Model
We consider a population with two ovi-

positing strategies. “Choosers” (C) physi-
cally search for egg-laying sites and exca-
vate nests, while “freeloaders” (F) deposit
their eggs in nests constructed by choosers.
We assume that freeloading is a purely
commensal behavior; choosers suffer no
fitness detriment by being copied. Let l be
the fitness gained through each clutch of
offspring. Choosers also suffer a fitness
cost, k, associated with searching for a suit-
able egg-laying site (and possibly with car-
rying out nest construction) that freeload-
ers do not. Several factors contribute to k,
including predation risks and energy ex-
penditure associated with assessing incuba-
tion conditions and constructing nests.
Freeloading females do not suffer these
costs. Generally, females are predicted to
benefit from nesting successfully despite
these costs, and thus k � l.

If freeloaders successfully locate an ex-
isting nest, the fitness change is l (as op-
posed to l � k for choosers), since freeload-
ers do suffer the costs associated with
assessing incubation conditions. In the ab-
sence of finding a chooser’s conspecific
egg clutch, however, freeloaders will even-
tually search out their own egg-laying sites
(and possibly construct their own nests)
and will suffer the cost of finding an egg-
laying site, k. In addition, because freeload-
ers will have already spent time futilely
searching for conspecific clutches, they will
suffer an additional fitness cost, s, associ-
ated with compromised nest quality result-
ing from having less time and energy to
utilize, as compared to choosers, in finding
a suitable egg-laying site and constructing a
nest. Our approach is similar to that of
game theoretical approaches to model-
ling mate choice behavior (Pruett-Jones
1992).

Let p equal the proportion of choosers
in the population, and let (1 � p) equal
the proportion of freeloaders. Further-
more, the probability that a freeloader will
find a conspecific egg clutch will be depen-
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dent upon the frequency of choosers. For
the sake of simplification, we will assume
for now that the probability of finding a
conspecific egg clutch is equal to p, the
proportion of choosers in the population.
Thus, if the population consists of 60%
choosers, each freeloader will have a 60%
chance of finding a conspecific clutch and
a 40% chance of being forced to find their
own suitable egg-laying site (and possibly
construct a nest).

The total fitness, W, of choosers will be
equal to W(C) � l – k, while the fitness of
freeloaders will be equal to W(F) � p*l �
(1 � p)(l � k � s). At equilibrium, the
fitness of the two strategies must be equal
(Maynard Smith 1982). Thus:

l � k � p�l � �1 � p��l � k � s� (1)

which simplifies to:

p � s/�s � k�. (2)

Because s and k are both bound by 0 and 1,
we can deduce that 0 � p � 1 and, conse-
quently, 0 � (1 � p) � 1. Therefore, at
equilibrium, the freeloading and choosing
strategies will co-exist as long as there are
non-zero costs associated with finding or
constructing a suitable egg-laying site and
with failed attempts at freeloading. Unless
the frequency of choosers is very low, it is
unlikely that all chooser nests will be dis-
covered by freeloading females, and, there-
fore, some nests will remain solitary while
others will become communal.

To elucidate the finding in (2) even fur-
ther, we can suppose that instead of suffer-
ing a cost, s, females that attempt to free-
load and cannot locate a conspecific egg
clutch will not lay at all. Our equation then
becomes:

l � k � p�l � �1 � p��0� (3)

which simplifies to:

p � �l � k�/l. (4)

Because l � k and both must be greater
than 0, we can again see that 0 � p � 1
and, consequently, 0 � (1�p) � 1.

This qualitative result—that a polymor-
phism of choosing and freeloading will re-
main in the population at equilibrium—is

robust to our simplifying assumption that
the probability of finding a conspecific egg
clutch is exactly equal to p, the proportion
of choosers in the population. If the prob-
ability of finding a chooser’s nest is greater
than p, such that we can say it is pr, where 0
� r � 1, and therefore the probability of
failing to find a nest is (1 – pr), the equi-
librium proportion of nesters is now equal
to

p � �s/�s � k��1/r. (5)

Given that (1 � r � 0), p must still be
bound by 0 and 1 at equilibrium, and both
strategies will coexist, with freeloading be-
ing more common than in (2).

We can alternatively assume that the
probability of finding a conspecific nest is
lower than p. If the probability of a free-
loader finding a conspecific nest is again pr,
where r is now greater than 1, both strate-
gies will still be maintained at some level in
the population, although freeloading will
be rarer than in (2).

Although non-equilibrium conditions
may also affect the frequency of these two
strategies, we can see that, outside of such
disturbances, there are plausible condi-
tions that lead to the stable coexistence of
these strategies. It is interesting to ask why
the coexistence of these strategies is not
more common. In short, any costs associ-
ated with attempting to freeload may pre-
vent the invasion of a freeloading strategy.
Such costs can be incorporated into the
model by adding a fitness penalty—an ad-
ditional negative value—to W(F), and do-
ing so can allow choosing to spread to fix-
ation, depending on the size of the
penalty. We outline the nature of these
costs in the next section.

costs of communal egg-laying
The seemingly ubiquitous occurrence of

non-communal clutches in communally
laying populations suggests that the latter
is likely to incur costs as well as benefits. In
the simplest example, if nest densities are
low in communal layers (i.e., due to low
population density), the costs associated
with finding the eggs of conspecifics may
be higher than those associated with find-
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ing one’s own egg-laying site, thus favoring
more solitary nesters (as quantified above).
In colonial nesters with high nesting den-
sities, another cost is the destruction of
eggs by conspecific females (Graves and
Duvall 1995). For example, Alonso et al.
(2002) showed that nearly 20% of croco-
dile nests were destroyed by conspecific
nesting females over an 11 year period.
Also, excavated reptile eggs usually desic-
cate, or they are eaten by the excavating
mother, conspecifics, or other animals
(e.g., Sexton 1975).

A cost associated with group living is in-
creased disease transmission (Alexander
1974; Brown and Brown 1996), and this
could be extended to egg aggregations.
For example, frogs that oviposit commu-
nally may suffer higher egg mortality
caused by fungal infection (Blaustein et al.
1994; Kiesecker and Blaustein 1997; but
see Banning et al. 2008). Similarly, parasi-
toid beetles appear to exploit snake eggs in
communal nests more readily than eggs in
solitary nests (Blouin-Demers et al. 2004).
Another potential cost of communal egg-
laying is that concentrations of adults,
eggs, or mothers could attract predators
(Christian and Tracy 1981; Graves and
Duvall 1995)—an opposite supposition to
the predator dilution hypothesis. Finally,
Marco et al. (2004) discussed the possibil-
ity that eggs in communal lizard nests ex-
perience increased competition for soil wa-
ter, relative to solitary egg nests (but see
Blouin-Demers et al. 2004; Radder and
Shine 2007).

Summary and Recommendations for
Further Research

Our analysis of the prevalence of com-
munal egg-laying (SO section) has two im-
portant implications. First, it indicates that
communal egg-laying in reptiles and am-
phibians is much more common than pre-
viously recognized. For example, in an ex-
ceptional treatment of the biology of
lizards, Pianka and Vitt (2003) scarcely
mention communal egg-laying and gener-
ally dismiss the behavior as an artifact of a
shortage of nest sites. Second, the present
review highlights our inadequate knowl-

edge of the nests and/or eggs of reptiles.
For instance, the eggs or nests are known
in only 7% of Australian lizards of the
three families that commonly lay commu-
nally (N � 411 oviparous spp.) (Greer
2004). The extent of this knowledge for
Australian lizards is probably similar to that
for reptile eggs on other continents, par-
ticularly South America, Africa, and Asia,
where the reproductive habits of reptiles
are poorly known. This is in stark contrast
to other vertebrates such as birds, for
which complete field guides to the eggs
and nests are available for several conti-
nents (Harrison 1975; Beruldsen 1980;
Baicich and Harrison 1997). The eggs of
amphibians are generally better known be-
cause calling males tend to draw observers
to breeding sites (Duellman and Trueb
1986).

From a broader perspective, our review
informs both behavioral and evolutionary
ecology. For example, a considerable body of
theory predicts that because conspecifics are
competitors, individual fitness should de-
crease with increasing density (Rosenzweig
1991; Sutherland 1996), and there is indeed
evidence for conspecific avoidance at ovipo-
sition sites (Resitarits and Wilbur 1989;
Crump 1991). However, recent research sug-
gests the opposite: conspecific attraction has
been experimentally demonstrated in ovi-
positing animals (Downie et al. 2001; Brown
and Shine 2005; Rudolf and Rodel 2005;
Radder and Shine 2007). Conspecific attrac-
tion and conspecific cueing are not new
ideas (e.g., see Stamps 1988). However, our
review, along with these experimental stud-
ies, indicates that conspecific attraction can
be adaptive for ovipositing mothers, and
thus its benefits can offset disadvantages in-
curred by offspring (e.g., competition). We
hope our review will stimulate more research
in this fertile area. The relatively simple sys-
tems typical of most communally laying rep-
tiles and amphibians can facilitate advances
in our understanding of egg aggregations by
bringing nest site choice and its associated
costs and benefits into sharp focus. In this
way, these organisms provide a means for
narrowing the gap between evolutionary the-
ory and the supporting empirical data by
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offering ideal systems for understanding
both fundamental adaptive advantages for
animal egg aggregations and their attendant
behavioral mechanisms, as well as contribut-
ing to a better understanding of conspecific
attraction in animals.

How should future research into com-
munal egg-laying proceed? What direction
should we follow in further exploring this
behavior? Although we argued above that
the saturated habitat hypothesis cannot, in
many cases, explain communal egg-laying,
it may be the most parsimonious explana-
tion for why a particular species lays com-
munally, and it should therefore be inves-
tigated. The great number of species
known to lay communally may simply re-
flect concentrations of available or success-
ful nest sites. Support for this hypothesis
would include demonstrating that the en-
vironment (i.e., temperature, moisture)
encompassing the eggs does not exist im-
mediately beyond them or in nearby areas
accessible by nesting mothers. Focal obser-
vations of the movements associated with
nesting, in conjunction with the above mi-
crohabitat analysis, would offer a more di-
rect test. In another approach, the success-
ful elicitation of communal egg-laying
using eggs or eggshells as stimuli would
disprove the saturated habitat hypothesis
(Howard 1980; Plummer 1981; Brown and
Shine 2005; Radder and Shine 2007).

An appropriate framework for investigat-
ing the adaptive value of communal egg-
laying would involve quantifying the asso-
ciated costs and benefits to both mothers
and offspring. Parent-offspring conflict
(sensu Hamilton 1964; Trivers 1974) could
even occur in populations of communally
laying species when the payoff for mothers
(a savings of time and energy or increased
likelihood of survival) offsets or exceeds
the costs incurred by the offspring (e.g.,
competition, survival) (Takasu and Hirose
1992; Lalonde and Mangel 1994). Using
this framework, we would predict commu-
nal egg-laying to occur in species or popu-
lations with relatively high costs to ovipos-
iting mothers, compared to those incurred
by their offspring. Thus, quantifying survival-
and fitness-related traits in mothers and off-

spring could elucidate potential factors re-
sponsible for the evolution and maintenance
of communal egg-laying (see also Harris
2008).

The egg-laying system of lizards is ideal
for testing adaptive hypotheses for commu-
nal nesting in both the laboratory and in
the field. First, in addition to the general
lack of parental care exhibited by these
animals, we note that, in reptiles, mating is
generally uncoupled from the oviposition
site. Second, the cue for communal egg-
laying is likely to be the presence of eggs/
eggshells, and these are often easily manip-
ulated. Pheremones could also play a role
in conspecific cueing, and these are also
readily manipulated (see Papaj et al. 1992
for an example in insects). Maintaining a
breeding colony of small lizards, such as
skinks or geckos, is also straightforward.
Manipulations in laboratory or field enclo-
sures could determine: (1) whether con-
specific cueing is occurring, and thus
whether communal egg-laying is adaptive;
(2) the influence of the availability of egg-
laying sites on the propensity to lay com-
munally; (3) the relative cues offered by
eggs vs. eggshells (i.e., do eggshells signal
nest sites of superior quality because eggs
hatched successfully there? [Brown and
Shine 2005]); (4) the existence of a dilu-
tion effect; (5) the relative amount of time
and energy expended by communal layers
vs. solitary layers; (6) the extent to which
mothers would trade-off nest site quality to
achieve communal nesting, given the ap-
parent benefits; (7) the role of experience
in the propensity to lay communally; (8)
the influence of the energetic state of
mothers on their propensity to lay commu-
nally (Harris 2008); (9) whether natal
homing is occurring; and (10) behavior
associated with communal egg-laying (e.g.,
movements and social interactions).

Field studies would also be useful in ex-
plaining communal egg-laying. For exam-
ple, the costs of nesting are generally not
known for reptiles and amphibians (but
see Werner 1983; Congdon and Gatten
1989). What are the energetic and time
costs associated with migration to an egg-
laying site (Werner 1983; Congdon and
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Gatten 1989; Burghardt 2004), assessment
of egg-laying sites, and nest excavation
(Wiewandt 1982)? How do these costs dif-
fer between communal and solitary layers?
Studies of the relative proportion of com-
munal vs. solitary layers would be particu-
larly useful in species in which eggs are
more easily located, especially in a compar-
ative context. For instance, comparison of
survival and other costs between two pop-
ulations with differing proportions of com-
munal layers might elucidate ultimate
factors underpinning those proportions.
Another potentially fruitful area of re-
search would be the testing of the predator
dilution hypothesis. Would a predator that
is satiated by eating part of a communal
clutch not return to consume the rest of
the nest later? Identifying key egg preda-
tors could be invaluable in determining
the proximate and ultimate causes of com-
munal egg-laying in reptiles and amphibi-
ans.
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Ryan M. J. 1985. The Túngara Frog: A Study in Sexual
Selection and Communication. Chicago (IL): Univer-
sity of Chicago Press.

Schulte J. A., II, Valladares J. P., Larson A. 2003.
Phylogenetic relationships within Iguanidae using
molecular and morphological data and a phyloge-
netic taxonomy of iguanian lizards. Herpetologica
59:399–419.

Seale D. B. 1982. Physical factors influencing oviposi-

tion by the wood frog, Rana sylvatica, in Pennsyl-
vania. Copeia 1982:627–635.

Sexton O. J. 1975. Black vultures feeding on iguana
eggs in Panama. American Midland Naturalist
93(2):463–468.

Seymour R. S. 1995. Oxygen uptake by embryos in
gelatinous egg masses of Rana sylvatica: the roles
of diffusion and convection. Copeia 1995:626–635.

Shine R. 1979. Activity patterns in Australian elapid
snakes (Squamata: Serpentes: Elapidae). Herpeto-
logica 35:1–11.

Shine R. 1988. Parental care in reptiles. Pages 275–
329 in Biology of the Reptilia, Ecology B: Defense and
Life History, Volume 16, edited by C. Gans and R. B.
Huey. New York: Alan R. Liss Inc.

Shine R. 1991. Strangers in a strange land: ecology of
the Australian colubrid snakes. Copeia 1991(1):
120–131.

Smith G., Trumbo S. T., Sikes D. S., Scott M. P., Smith
R. L. 2007. Host shift by the burying beetle, Nicro-
phorus pustulatus, a parasitoid of snake eggs. Jour-
nal of Evolutionary Biology 20(6):2389–2399.

Spencer R. J. 2002. Experimentally testing nest site
selection: fitness tradeoffs and predation risk in
turtles. Ecology 83(8):2136–2144.

Stamps J. A. 1988. Conspecific attraction and aggre-
gation in territorial species. American Naturalist
131(3):329–347.

Stamps N. E. 1980. Egg deposition patterns in butter-
flies: Why do some species cluster their eggs
rather than deposit them singly? American Natural-
ist 115(3):367–380.

Strathmann R. R., Strathmann M. E. 1995. Oxygen
supply and limits on aggregation of embryos. Jour-
nal of the Marine Biology Association of the United
Kingdom 75:413–428.

Sutherland W. J. 1996. From Individual Behavior to Pop-
ulation Ecology. New York: Oxford University Press.

Sweeney B. W., Vannote R. L. 1982. Population syn-
chrony in mayflies: a predator satiation hypothe-
sis. Evolution 36:810–821.

Tallamy D. W. 1985. ‘Egg dumping’ in lace bugs
(Gargaphia solani, Hemiptera: Tingidae). Behav-
ioral Ecology and Sociobiology 17(4):357–362.

Tallamy D. W. 2005. Egg dumping in insects. Annual
Review of Entomology 50:347–370.

Test F. H., Heatwole H. 1962. Nesting sites of the
red-backed salamander, Plethodon cinereus, in
Michigan. Copeia 1962:206–207.

Tinkle D. W. 1967. The life and demography of the
side-blotched lizard, Uta stansburiana. Miscellaneous
Publications of the Museum of Zooology, University of
Michigan 132:1–182.

Townsend T. M., Larson A., Louis E., Macey J. R.
2004. Molecular phylogenetics of Squamata: the
position of snakes, Amphisbaenians and Dibam-

September 2009 251COMMUNAL EGG-LAYING



ids, and the root of the Squamate tree. Systematic
Biology 53(5):735–757.

Treisman M. 1975. Predation and the evolution of
gregariousness: I. Models for concealment and
evasion. Animal Behaviour 23(4):779–800.

Trivers R. L. 1974. Parent-offspring conflict. American
Zoologist 14(1):249–264.

Turner G. F., Pitcher T. J. 1986. Attack abatement: a
model for group protection by combined avoid-
ance and dilution. American Naturalist 128(2):228–
240

Vehrencamp S. L. 1978. The adaptive significance of
communal nesting in groove-billed anis (Croto-
phaga sulcirostris). Behavioral Ecology and Sociobiology
4(1):1–33.

Vieites D. R., Nieto-Roman S., Barluenga M., Palanca
A., Vinces M., Meyer A. 2004. Post-mating clutch
piracy in an amphibian. Nature 431(7006):305–
308.

Villa J., McDiarmid R. W., Gallardo J. M. 1982. Arthro-
pod predators of leptodactylid frog foam nests.
Brenesia 19–20:577–589.

Vitt L. J. 1993. Ecology of isolated open-formation
Tropidurus (Reptilia: Tropiduridae) in Amazonian
lowland rain forest. Canadian Journal of Zoology
71:2370–2390.

Vitt L. J, Zani P. A., Monteiro De Barros A. A. 1997.
Ecological variation among populations of the
gekkonid lizard Gonatodes humeralis in the Amazon
basin. Copeia 1997(1):32–43.

Waldman B. 1982. Adaptive significance of commu-
nal oviposition in wood frogs (Rana sylvatica). Be-
havioral Ecology and Sociobiology 10(3):169–174.

Waldman B., Ryan M. J. 1983. Thermal advantages of
communal egg mass deposition in wood frogs
(Rana sylvatica). Journal of Herpetology 17:70–72.

Ward S. A., Kukuk P. F. 1998. Context-dependent
behaviour and the benefits of communal nesting.
American Naturalist 152(2):249–263.

Warkentin K. M. 2000. Wasp predation and wasp-
induced hatching of red-eyed treefrog eggs. Ani-
mal Behaviour 60(4):503–510.

Wells K. D. 1977. The social behaviour of anuran
amphibians. Animal Behaviour 25(3):666–693.

Werner D. I. 1983. Reproduction in the iguana
Conolophus subcristatus on Fernandina Island, Ga-
lapagos: clutch size and migration costs. American
Naturalist 121(6):757–775.

Werner Y. L. 1986. Ecology of eggs and laying sites of
Ptyodactylus geckos. Pages 441–444 in Studies in
Herpetology: Proceedings of the European Herpetological
Meeting, edited by Z. Rocek. Prague (Czech Re-
public): Charles University Press.

Wiewandt T. A. 1982. Evolution of nesting patterns in
iguanine lizards. Pages 119–141 in Iguanas of the
World: Their Behavior, Ecology, and Conservation, ed-
ited by G. M. Burghardt and A. S. Rand. Park
Ridge (NJ): Noyes Publications.

Wilson E. O. 1975. Sociobiology: The New Synthesis. Cam-
bridge (MA): Belknap Press of Harvard University
Press.

Wrona F. J., Dixon R. W. J. 1991. Group size and
predation risk: a field analysis of encounter and
dilution effects. American Naturalist 137(2):186–
201.

Zina J. 2006. Communal nests in Physalaemus pustulo-
sus (Amphibia: Leptodactylidae): experimental
evidence for female oviposition preferences and
protection against desiccation. Amphibia-Reptilia
27(1):148–150.

Zink A. G. 2000. The evolution of intraspecific brood
parasitism in birds and insects. American Naturalist
155(3):395–405.

Zink A. G. 2001. The optimal degree of parental care
asymmetry among communal breeders. Animal Be-
haviour 61(2):439–446.

Zink A. G. 2005. The dynamics of brood desertion
among communally breeding females in the tree-
hopper, Publilia concava. Behavioral Ecology and So-
ciobiology 58(5):466–473.

Zwick H., Zwick P. 1990. Terrestrial mass-oviposition of
Prosimulium species (Diptera: Simuliidae). Aquatic In-
sects 12(1):33–46.

Zug G. R., Vitt L. J., Caldwell J. P. 1991. Herpetology: An
Introductory Biology of Amphibians and Reptiles. San
Diego (CA): Academic Press.

252 Volume 84THE QUARTERLY REVIEW OF BIOLOGY


