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Abstract

Although social behavior in vertebrates spans a continuum from solitary to

highly social, taxa are often dichotomized as either ‘social’ or ‘non-social’. We

argue that this social dichotomy is overly simplistic, neglects the diversity of

vertebrate social systems, impedes our understanding of the evolution of social

behavior, and perpetuates the erroneous belief that one group—the reptiles—
is primarily ‘non-social’. This perspective essay highlights the diversity and

complexity of reptile social systems, briefly reviews reasons for their historical

neglect in research, and indicates how reptiles can contribute to our under-

standing of the evolution of vertebrate social behavior. Although a robust

review of social behavior across vertebrates is lacking, the repeated evolution

of social systems in multiple independent lineages enables investigation of the

factors that promote shifts in vertebrate social behavior and the paraphyly of

reptiles reinforces the need to understand reptile social behavior.

Social behavior broadly refers to any interaction

between two or more members of the same species

(Allaby 2009). Virtually all individual animals will

interact with conspecifics at some stage of their lives;

therefore, it should be expected that each species will

possess some inherent capacity for social interaction.

The study of social behavior in vertebrates has high-

lighted extensive variation among species in both the

complexity and frequency of social interactions, with

each species positioned somewhere along the spec-

trum between predominately solitary and highly

social (Tinbergen 1953; Alexander 1974). Such a uni-

variate spectrum ignores the many different modes of

social organization and sociality found among ani-

mals. Are polygamous species more social than

monogamous ones, dominance hierarchies more

social than territoriality, large herding species more

social than their group hunting predators? Simple

metrics are hard to apply across disparate taxa.

Regardless, birds, mammals, and to a lesser extent

fishes are widely recognized as the most social verte-

brate lineages due to the widespread incidence of large,

stable aggregations, the complexity of the interactions

within these social groupings, the prevalence of pro-

longed parental care of neonates, and the high level of

social deception in some groups (Tinbergen 1953; Wil-

son 1975; Bennett & Owens 2002; Krause & Ruxton

2002). Similarly, amphibians are renowned for having

complex acoustic communication systems and social

systems that involve breeding aggregations, parental

care, and pair bonds (Heatwole & Sullivan 1995). In

contrast, reptiles are often stereotyped as solitary and

aggressive, lacking parental care or stable social aggre-

gations, with little diversity to their social behavior

beyond territoriality and dominance hierarchies (Wil-

son 1975;MacLean 1990;Wilkinson et al. 2010a). This

perspective has dominated, despite the view by some

ethologists that reptiles have an important role in

social behavior research (Brattstrom 1974; Burghardt

1977; Carpenter & Ferguson 1977; Fox et al. 2003).

The documented prevalence of different kinds of

social behavior and social interactions does differ

among vertebrate lineages. For example, the propor-

tion of species that provide parental care to their eggs

or young is highest in mammals and birds and is lower

in fishes, amphibians, and reptiles (Fig. 1). Despite

this pattern and the fact that each vertebrate group

includes species that have varying levels of sociality

Ethology 119 (2013) 1–9 © 2012 Blackwell Verlag GmbH 1

Ethology



and parental care, researchers have often dichoto-

mized social behavior in vertebrates by labeling spe-

cies as either ‘social’ or ‘non-social’ (Sharp et al.

2005; Belleman & Swenson 2006; Honer et al. 2007),

with reptiles regularly labeled as ‘non-social’ (Wilkin-

son et al. 2010a; Wilkinson & Huber 2012). We con-

tend that this social dichotomy is simplistic,

scientifically misleading, neglects the diversity of

social systems that is evident within genera, families,

and vertebrate classes, and thus impedes our under-

standing of social behavior in reptiles and its evolu-

tion across vertebrates. For example, spatial and

temporal variation in the social organization of sev-

eral vertebrate species (Layhausen 1965; Lott 1991)

presents challenges when assigning species to particu-

lar categories. Conversely, regarding reptiles as ‘non-

social’ ignores their diverse and often complex social

behaviors. This perspective ultimately results in rep-

tiles being overlooked by researchers examining ver-

tebrate social behavior, limits the scope of the reptile

social behavior studies, and creates the impression

that reptile species provide little opportunity for

studying the mechanisms underlying the evolution of

complex social behavior. In reality, the types and

extent of sociality differ within all of the classes of ver-

tebrates, including reptiles. The effects of this dis-

missal of reptiles as having complex social behavior,

emotions, and even play have been ensconced in the

literature by leading neuroscientists based on brain

structures (e.g., MacLean 1985, 1990). However,

recent comparative neuroscience is documenting the

ancient evolutionary origins of neural structures

underlying complex social behavior (e.g. Bass &

Chagnaud 2012).

We contend that (1) ‘social’ and ‘non-social’ should

be used to describe behaviors or contexts, rather than

taxa, and (2) the diversity and complexity of social

behavior in reptiles have been underestimated (Doody

2011; Clark et al. 2012). Here, we (1) briefly address

researchers’ apparent neglect of social behavior in rep-

tiles and (2) highlight the impressive diversity and

complexity of social systems that exist in reptiles,

within the broader vertebrate context. We, thus, want

to bring to a wider audience some of the remarkable

(and not always recent) findings that indicate how

reptiles can contribute to our understanding of the

evolution of social behavior in vertebrates. In this brief

review, we consider the paraphyletic group of non-

avian reptiles and hope that it will prompt an exhaus-

tive review of social behavior that incorporates the

monophyletic reptiles + birds clade when analyzing

the evolution of social behavior across all vertebrates.

How and why has Reptile Social behavior been

Neglected?

Research effort is not evenly distributed among the

vertebrate groups, with reptiles receiving far less

attention compared to birds, mammals, and fishes

(Gaston & May 1992; Bonnet et al. 2002; Pawar

2003). For example, a survey of 1,000 scientific arti-

cles revealed that although species richness is greater

in reptiles than in mammals, the behavioral literature

contains four times as many articles on mammals

(Bonnet et al. 2002). There is also a particularly

strong bias toward birds (44% of all journal articles on

vertebrates) despite birds representing only 20% of

the world’s vertebrate diversity (Bonnet et al. 2002).

The neglect of reptile social behavior may simply be a

consequence of the broader bias against research on

reptiles, but the appearance, life history, ecology, or

behavior of reptiles might also contribute (Kellert

1993; Pawar 2003). Humans exhibit less affinity with

‘scaly’ reptiles compared to ‘cute and cuddly’ birds

and mammals, and many people fear and actively

avoid reptiles, especially snakes and crocodilians (e.g.,

Kellert 1993). Reptiles lack the facial expressions used

by many mammals, and do not use vocal signals as

often as birds do. Squamate reptiles, in particular,

communicate using chemosensory cues that are not

detectable by the human senses (Burghardt 1970;

Pianka & Vitt 2003). This may lead researchers to

focus on vertebrate groups (e.g., birds, mammals, and

amphibians) whose communication systems (e.g.,

visual, auditory) are more salient to human sensory

perceptions (see a discussion of this bias in Rivas &

Burghardt 2002).

Fig. 1: Relative occurrence of parental care (after birth or hatching)

across vertebrates. Numbers above bars indicate approximate species

richness for that group.
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The reproductive behavior of birds and mammals is

generally more conspicuous compared to that of non-

avian reptiles, and this has consequences for the rela-

tive contribution of vertebrate groups to theory in

behavioral ecology. Highlighting the disparity in the

extent of our knowledge of the breeding behavior of

birds and reptiles is the existence of quite complete

field guides to the identification of birds’ eggs and nests

from at least three continents, yet we do not even

know where most reptiles lay their eggs and thus how

many lay communally (reviewed in Doody et al.

2009). In an illuminating example, the proportion of

Australian lizards known to nest communally rises

from 0.06 to 0.86 when species for which nests have

not been discovered are excluded (Doody et al. 2009),

suggesting that communal breeding (and possibly

other social behaviors) has been vastly underestimated

in reptiles due to the inconspicuousness of their nests.

The perceived absence of such social behaviors in rep-

tiles may generate a feedback loop that acts to perpetu-

ate the bias toward studying social behavior in birds,

mammals, and fishes, rather than in reptiles.

There are several additional obstacles that may inhi-

bit the completion and publication of studies on rep-

tile social behavior. For instance, it is often more

difficult to obtain funding for reptile research com-

pared to studies on birds and mammals (Czech et al.

1998). In addition, ‘taxonomic chauvinism’ may

occur among referees for scientific journals and pre-

sumably also the referees for funding bodies, which

leads to reptile researchers using more space in the

introduction of their articles ‘justifying’ how their

study makes a contribution to the field (Bonnet et al.

2002). As a consequence, the majority of studies on

reptile social behavior are published in taxon-specific

journals (e.g., herpetology journals) rather than

broader journals in the fields of behavioral ecology

and evolutionary biology. Perhaps relatedly, texts on

animal behavior, behavioral ecology, the evolution of

behavior, comparative cognition and the like largely

ignore the scientific literature on reptiles. Thus, we

believe that many behavioral researchers are unaware

of the complexity and diversity of social systems in

reptiles (Lott 1991) and of the opportunities that rep-

tiles provide for examining evolutionary hypotheses

in vertebrate social behavior (While et al. 2009a;

Davis et al. 2011).

Social behavior in Reptiles

In 1977, a handful of researchers held the first ever

symposium on the social behavior in reptiles, at the

64th annual meeting of the American Society of

Zoologists, now the Society for Integrative and Com-

parative Biology (Greenberg & Crews 1977). Surpris-

ingly, after more than three decades, there remains

no detailed review of social behavior in reptiles or in

vertebrates more generally. Herein, we highlight

social behavior in reptiles, emphasizing a recent

surge in the number of studies of reptilian social

behavior.

Somewhat remarkably, social behavior can start in

the egg. A recent symposium on ‘environmentally

cued hatching in animals’ revealed a diversity of social

interactions not only between embryos and parents,

but also between embryos within a clutch (Doody

2011; Spencer & Janzen 2011; Warkentin 2011). For

example, recent experiments demonstrated that some

turtle embryos can use sibling vibrations as a cue to

expedite hatching and increase survival during immi-

nent nest flooding (Doody et al. 2012). In another

example, turtle embryos positioned deeper in subter-

ranean nests develop slower than their clutchmates

due to thermal gradients, but at least two species can

‘catch up’ and achieve synchronous hatching by

increasing heart rate or metabolic rate (McGlashan

et al. 2011; Spencer & Janzen 2011). The vocaliza-

tions of crocodilian embryos fine-tune hatching syn-

chrony and also stimulate mothers to open the nest to

free hatchlings and carry them to water (Vergne et al.

2009). Similarly, hatching-competent turtle embryos

of at least one species vocalize (Ferrara et al. in press).

Although mothers do not excavate hatchlings, a social

function is likely; juveniles and adults also vocalize

underwater (Ferrara et al. in press). Collectively,

these social behaviors facilitate adaptive shifts in tim-

ing of hatching and parallel the complexity found in

oviparous fish, amphibians, and birds (Warkentin &

Caldwell 2009; Warkentin 2011).

Parental care in reptiles is less common and usually

less complex, with the exception of crocodilians, than

in other vertebrates. For example, around 97% of all

reptile species abandon their eggs soon after laying

(Fig. 1), although egg attendance ranges from days to

weeks in tuataras and some iguanas and to the entire

incubation period in other lizards, snakes, and crocod-

ilians (Shine 1988; Somma 2003; Whitaker 2007). It

should be noted, however, that parental care may

occur in turtles (Ferrara et al. in press) and that until

recently, it was claimed that no snakes had postnatal

parental care (Clark et al. 2012). On the other hand,

all crocodilians have some parental care. Cooperative

breeding, which is common in birds, mammals, and

fish (Solomon & French 1996; Stacey & Koenig 1990;

Wong & Balshine 2011), is not yet documented in

reptiles. However, female broad-snouted caimans take
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turns guarding multi-parental cr�eches (Pinheiro

1996). This advanced form of cooperative offspring

care might eventually be found in other crocodilians

as well, because juveniles of other caiman and alliga-

tor species frequently form multi-parental cr�eches,

which are protected by more than one female (Vladimir

Dinets pers. obs., J. Thorbjarnarson pers. comm.).

More generally, crocodilians display a remarkable cas-

cade of maternal care behavior for their eggs and

hatchlings, including vocal communication, excava-

tion, carrying hatchlings and eggs to water from the

nest, breaking of the eggshell to facilitate hatching,

and feeding and protection of the cr�eche (Pooley

1977; Magnussen 1980; Whitaker 2007; Verne et al.

2009; Brueggen 2010). Biparental care, which is the

norm in birds, canids, cichlids, a few amphibian lin-

eages, and some other vertebrates, has only recently

been demonstrated in crocodilians (Whitaker 2007;

Brueggen 2010). In squamates, parental care is mater-

nal and generally restricted to the egg stage (but see

Clark et al. 2012), but there is considerable variation

across groups (Fig. 2), and a diversity of strategies

exists, including brooding, attendance, guarding, and

direct care (Shine 1988; Somma 2003).

Most reptiles are highly precocial to independent

upon birth or hatching, often dispersing and setting

up home ranges as juveniles, and this may have pro-

found consequences for their cognitive abilities by

removing the period of protected juvenile life (Burg-

hardt, 1988). However, desert skinks cooperatively

construct a long-term home for family members

(McAlpin et al. 2011). Without parental protection,

hatchling iguanas engage in group vigilance when

emerging from the nest (Burghardt 1977; Burghardt

et al. 1977). Conspicuous territoriality is evident in

the signaling, posturing and combat between males of

snakes, lizards, turtles, and crocodilians defending

access to mates and other resources, and in large ani-

mals like crocodiles and king cobras guarding their

nests (Shine 1988, 1989). Large, stable social groups

are widespread among lizards (Gardner et al. 2001;

Chapple 2003; Davis et al. 2011). Social behavior in

the lizard genus Egernia includes kin-based social

groups, kin recognition, inbreeding avoidance mecha-

nisms, parental care, group antipredator behaviors,

and long-term social and genetic monogamy of up to

20 yr (Lanham & Bull 2004; Bull 2000; Cahan et al.

2002; Gardner et al. 2002; Stow & Sunnucks 2004;

O’Connor & Shine 2006; Sinn et al. 2008). Such

social systems are currently known in less than 1% of

lizard species (Davis et al. 2011), but this is almost

certainly an underestimation because intensive

research using molecular techniques has only com-

menced during the last decade, and the taxonomic

breadth of the research has been limited. Social group

structure in lizards can vary within and among species

(e.g., While et al. 2009b), with the presence of social

aggregations in populations or species being affected

by both life history (e.g., viviparity, delayed dispersal,

longevity; Davis et al. 2011) and ecological (e.g., habi-

tat limitation; Michael et al. 2010) factors (Chapple

2003). Even in snakes, considered the least social of

reptiles, aggregations based on social cues (Burghardt

1977) and social recognition based on prior competi-

tive encounters occur (Yeager & Burghardt 1991),

and recent research demonstrated that pregnant

females and juveniles preferentially aggregate with

kin (Clark et al. 2012).

The advanced behavior of cooperative hunting may

be common in crocodilians and sea snakes, where it

receives regular attention from documentary film

crews, but remains mostly undescribed (but see

Dinets 2010). Rare observations indicate that coopera-

tive hunting by at least four crocodilian species some-

times involves role partitioning (Mikloukho-Maklay

1892; Vladimir Dinets unpubl. data). Such partition-

ing is extremely rare in vertebrates (Gazda et al.

2005), known from only a few mammal and bird spe-

cies and two species of fish (Bednarz 1988; Leonardi

1999; Bowman 2003; Gazda et al. 2005; Bshary et al.

2006; Yosef & Yosef 2010).

Courtship and mating are difficult to observe in nat-

ure, but the advent of molecular ecology has largely

removed this impediment for determining patterns in

mating systems (Sugg et al. 1996; Uller & Olsson

2008). The mating systems of reptiles are complex,

including a high level of polygyny and polyandry, but
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Fig. 2: Relative occurrence of parental care (after birth or hatching)

across reptiles. Numbers above bars indicate approximate species rich-

ness for that group.
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monogamy and parthenogenesis also occur (Bull

2000; Rivas & Burghardt 2005; Uller and Olsson 2008;

Lance et al. 2009; Booth et al. 2011). Only recently,

has it become clear that alternative mating strategies

occur in virtually all animal lineages (Zamudio &

Sinervo 2003). The culprit here for reptiles is probably

their cryptic behavior, but in some cases, the secretive

nature of reptiles cannot explain our lack of under-

standing of courtship behavior (see Rivas & Burghardt

2005). For example, the American Alligator, the larg-

est non-marine predator in North America, is argu-

ably the world’s most studied reptile (Brisbin et al.

1986). However, one of the most striking features of

its natural history, the courtship ‘dances’ involving up

to a hundred animals, has only recently been

described (Dinets 2010), even though this remarkable

spectacle is routinely observed by tourists in the Flor-

ida Everglades. Other mating behaviors such as male

mate guarding have been documented in some lizards

and may be much more common than we realize

(Hasegawa 2003). Revealing reptilian courtship behaviors

can spawn research that significantly advances our

understanding of social behavior and its evolution in

vertebrates. For example, recent research quantifying

mating success in lekking marine iguanas revealed

that the strong male mating skew was variable among

individuals across years, and thus, head-bobbing

behavior in any year did not indicate good genes

(Vitousek et al. 2008).

Reptile signaling, an essential part of social behav-

ior, is receiving renewed attention. Perhaps, most

exciting is the discovery that at least two species of

unrelated turtles can vocalize underwater (Giles et al.

2009; Ferrara et al. in press). The complex multi-

modal long-distance signaling systems of crocodilians,

first described in the late 1970s (Garrick & Lang 1977;

Garrick et al. 1978), have been virtually ignored for

almost 30 yr, with just a handful of studies (Vliet

1989). Only very recently, has there been some

renewal of research interest, with the first overview

of long-distance signaling in extant crocodilians

finally completed (Dinets 2011). Non-signals can also

be recognized by conspecifics; recent experiments

with tortoises demonstrated for the first time that rep-

tiles are able to follow the gaze of conspecifics (Wil-

kinson et al. 2010b) as well as possible predators

(Burghardt & Greene 1988). Play, including social

play, considered non-existent in reptiles till recently

(e.g., MacLean 1985, 1990) has been documented in

turtles, lizards, and crocodilians (Kramer & Burghardt

1998; Burghardt 2005).

Underlying much of the above social behavior is

one of the most important conceptual advances in

biological research in the last 25 yr: conspecific attrac-

tion (Stamps 1988). Conspecific attraction, a little

known concept in the 1980s, paved the way for mod-

ern behavioral research to reveal the complexities of

animal interactions and how those interactions affect

decisions, other biological phenomena, and fitness

(e.g., Allee effect). The demonstration of conspecific

attraction in reptiles has generally lagged behind that

in other taxa (but see Burghardt 1977; 1983; Stamps

1987) but considerable laboratory and field data are

now available that are changing our underlying view

of reptile social aggregations from ‘artifacts of a com-

mon physical resource’ to one that is based on conspe-

cific attraction that provides mutual benefits (for

examples see Doody et al. 2009; Clark et al. 2012).

A novel finding of social behavior in reptiles brings

home our main point about the misleading nature of

repeated uses of the non-social label. Researchers

recently demonstrated social learning in a ‘non-social’

tortoise (Wilkinson et al. 2010a) and concluded that

their finding overturns the current evolutionary para-

digm that ‘social living’ preceded social learning (Honer

et al. 2007; Wilkinson & Huber 2012). However, their

‘non-social’ label for tortoises is based on limited field

observations, and evidence for social behavior in tur-

tles is now rapidly accumulating (Wendland et al.

2010; Wilkinson et al. 2010b; Davis & Burghardt

2011; Doody et al. 2011). In particular, Davis & Burg-

hardt (2011) recently demonstrated social learning in

an aquatic turtle that often lives alongside conspecif-

ics. Thus, the findings of Wilkinson et al. (2010a)

actually support the idea that tortoises can be social,

undermining their claim of a paradigm shift in the

evolution of social learning. As their mistake has

received considerable publicity, we think that the

authors’ misinterpretation of their species as ‘non-

social’, accepted uncritically, would confuse and

impede our understanding of both the evolution of

social learning in animals and of the social behavior

repertoire of tortoises.

Conclusions and Future Directions

The apparent neglect of reptilian social behavior by

researchers has recently been offset by a surge in stud-

ies using reptiles as subjects. But, is more research

attention to social behavior in reptiles really needed

and, if so, why? First, the social repertoire of reptiles is

diverse, and fresh perspectives and methodological

advances are increasingly facilitating paradigm-shift-

ing discoveries in these secretive animals. Second,

there have been multiple independent origins of

social behavior within vertebrates, and numerous
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transitions or shifts along the social continuum (e.g.,

solitary ? social or social ? solitary) within taxo-

nomic groups (Cahan et al. 2002). Thus, reptilian

groups offer opportunities to test putative factors in

independent radiations. Concentrating research effort

on particular taxonomic groups may limit or bias our

understanding of vertebrate social behavior, while

studying social behavior in lineages that differ in key

aspects of their biology is likely to enhance our

knowledge of the factors that drive the origin and per-

sistence of social behavior. Despite their often secre-

tive nature, reptiles also hold advantages for the study

of social behavior, such as their low vagility and thus

high site fidelity relative to other vertebrates (Fox

et al. 2003; Clark et al. 2012). The often-large clutch

and litter sizes, along with limited parental care, make

genetic and common garden experiments potentially

more powerful. Some groups such as diurnal lizards

occupy small conspicuous territories and are indiffer-

ent to human observers (Fox et al. 2003), which is

rare with small mammals or those with large home

ranges. Thus, combining studies of conspicuous spe-

cies with innovative approaches for detecting social

behavior in secretive species will contribute to our

understanding of social behavior in vertebrates. A rig-

orous review of social behavior is still lacking, both

among reptiles and among vertebrates in general.

Including reptiles in such reviews should generate

insights into the evolutionary drivers of social behav-

ior, provided that a continuum approach is used,

rather than a dichotomous framework.
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