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intrasexual Aggression in tuatara: males and females  
respond differently to Same-Sex intruders
 Intrasexual aggression patterns may reflect sex-specific strat-
egies for maximizing fitness. Studies of aggression have typically 
focused on males because their behavior is often more dramatic 
and their morphology often more conspicuous than those of 
females (Andersson 1994). However, female intrasexual aggres-
sion is widespread and can serve several functions, including (1) 
competition for male parental care (e.g., preventing mates from 
courting and attracting other females; Slagsvold 1993; Slagsvold 
and Lifjeld 1994), (2) defending resources in a territory from 
other females (Berglund et al. 1993; Schofield et al. 2007), and 
(3) defending nests from females attempting to destroy them or 
deposit their own eggs (Bensch and Hasselquist 1994; McPhee 
and Quinn 1998).
 Tuatara (Sphenodon spp.) are the last living representatives 
of the reptilian order Rhynchocephalia; they are endemic to New 
Zealand, sexually dimorphic, and highly territorial (Daugherty 
and Cree 1990). Tuatara are polygynous and polyandrous, and 
clutches can be multiply sired (Moore et al. 2008). Aggression 
has been documented in both sexes, but experimental studies 
of intrasexual aggression have only been conducted with male 
tuatara (Gillingham et al. 1995).
 Aggressive behaviors among tuatara include erect and alert 
body posturing, inflation of the gular (throat) region, dorsal and 
nuchal crest erection, mouth gaping, lateral head shaking, chas-
ing, and physical attack (Gillingham et al. 1995). Physical attacks 
can last for hours and sometimes end in serious injury. Male and 
female tuatara display nearly the same suite of aggressive be-
haviours. However, only males display pronounced dorsal and 
nuchal crest erection and lateral head shaking. In addition, fe-
males exhibit a head nodding behavior that may indicate their 
sex to other tuatara and thus promote the initiation of male 
courtship and help females avoid attack by aggressive males dur-
ing the mating season (Gillingham et al. 1995).
 Aggressive encounters between male tuatara follow a stereo-
typed pattern, beginning with alert posturing, body inflation and 
crest erection, followed by reciprocal mouth gaping and eventu-
ally biting and physical combat (Gillingham et al. 1995). Aggres-
sive encounters among males take place throughout the year but 
are particularly frequent during mating season when testosterone 
levels peak (March; Cree et al. 1992).  Larger males are more effec-
tive at monopolizing and guarding mates and territories by win-
ning aggressive encounters with other males (Moore et al. 2009)
 The extent of female-female aggression during mating sea-
son is unknown.  However, female tuatara aggressively defend 

their nest sites from excavation by other females during nest-
ing season (November; Refsnider et al. 2009).  Females tuatara 
display nest-site fidelity, returning to the same communal rook-
eries outside of their home ranges to oviposit every 2–4 years 
(Refsnider et al. 2009). A study of intrasexual aggression, during 
mating season and in both sexes, is necessary for understand-
ing the mating system of tuatara, and previous findings for males 
cannot be assumed to be true for females. Here we investigate 
(1) whether female-female aggression occurs during the mating 
season (8–10 months before nesting; Cree et al. 1992) and (2) if 
the form and pattern of aggression differs between the sexes.
 Methods.—We assessed intrasexual aggression through a se-
ries of trials conducted during mating season in March 2007 on 
Stephens Island in Cook Strait, New Zealand, where the largest 
and most dense population of tuatara (Sphenodon punctatus) 
occurs (~2700 tuatara per ha; Moore et al. 2009). Tuatara occupy 
extensive, dense burrow systems. Although nocturnal foragers, 
tuatara emerge from their burrows during the day to thermoreg-
ulate and defend against intruders.
 Resident male and female tuatara were presented with a 
non-moving model tuatara representing a same-sex territorial 
intruder (Fig. 1). Models were carefully placed by hand within 
territories approximately 1–1.5 m from individual tuatara bask-
ing near burrow entrances.  Responses of tuatara to the models 
were either recorded on digital video (19 male trials, 11 female 
trials) or directly observed when a camera was unavailable (10 
female trials). The camera or observer was within view of the 
focal animal but stationary for the duration of the trial; in very 
few instances did this process appear to alter the focal animal’s 
immediate behavior. Trials were scored by one of two observers 
who similarly identified the suite of behaviors under study.
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 Both abstract and realistic models for each sex were used 
in trials to increase the visual cues offered to the tuatara and 
maximise the possibility of eliciting a response. Realistic mod-
els were created from molds of deceased tuatara, while abstract 
models represented only the basic profile and shape of tuatara 
(Fig. 1). Models approximated the size and shape of adult tuatara 
and were similarly sized within sex.
 A total of 40 tuatara (19 males and 21 females) were presented 
with models. Individual tuatara were used in only one trial and 
were captured when possible after the trial to measure total body 
length (tip of snout to tip of tail) and snout–vent length (SVL). Tri-
als were conducted between 1100 h and 1800 h; more than 41 h 

of observation were conducted in total. Encounters between tua-
tara and models were discreet but varied in duration. Therefore, 
we did not equalize observation time among trials, but included 
only trials where the full encounter (tuatara first notices model or 
emerges from burrow until displaying or attack ceased) was ob-
served (range 30–95 min, mean = 62 min). Data were summarized 
as counts of response and non-response trials and the frequency 
in which each behavior was observed (head raise/nod, body in-
flation, mouth gape, bite) in response trials. Differences in behav-
ior between sexes and model types were assessed with chi square 
analyses and differences in mean body size between responding 
and non-responding tuatara were assessed with a two-tailed t-
test; significance was assessed at αa = 0.05.
 Results.—Body size was recorded for 14 of 19 male and 18 of 
21 female tuatara used in trials. Total body length of the models 
(male: realistic = 520 mm, abstract = 415 mm; female: realistic = 
310 mm, abstract = 370 mm) was within the body size range of 
captured male (range 373–593 mm, mean = 480.4 mm + 33.0 95% 
CI) and female (range 257–427 mm, mean = 364.2 mm + 20.7 95% 
CI) tuatara, and mean SVL did not differ between tuatara that did 
and did not respond to the models (males: t

12
 = 0.036, p = 0.97; 

females: t
16

 = -0.490, p = 0.63).
 Aggressive responses to the models were recorded in 35% of 
trials (8 of 19 male tuatara or 42%, 6 of 21 female tuatara or 29%) 
and male and female tuatara were equally likely to respond ag-
gressively to the models overall (χc2

1
 = 0.80, p = 0.37). Female tua-

tara did not respond to the abstract model while male tuatara 
responded similarly to both abstract and realistic models (males: 
χc2

1
 = 0.28, p = 0.60; Fig. 2).  Where a response was observed, males 

and females differed in their type of response (χc2
3
 = 8.98, p = 0.03; 

Fig. 2). Males tended to engage in head raises and body inflation; 
in no trial did a male tuatara mouth-gape at or physically attack 
a model (Fig. 2). Female tuatara showed similar body inflation 
to males, but engaged in fewer head nods than males and also 
mouth-gaped at the models and, in two trials, bit them on the 
head (Fig. 2).
 Discussion.—Our study suggests that both male and female 
tuatara are aggressive toward same-sex intruders during the 
mating season, but that physical attack is more likely among fe-
male than male tuatara. This may indicate that the fitness cost of 
fighting (e.g., risk of injury, lost energy or courting time, tail loss) 
is lower, or the cost of intrusion is higher, among female than 
male tuatara.
 In many birds, females are aggressive toward other females 
being courted by their mates, which functions to ensure pater-
nal care (Liker and Szekely 1997; Slagsvold 1993; Slagsvold and 
Lifjeld 1994). Tuatara do not exhibit extensive parental care and 
do not show pair-bonding. Therefore, female-female aggression 
in tuatara during the mating season more likely functions as a 
way to defend individual burrows (i.e., retreat sites) or basking 
sites, while male-male aggression functions to establish domi-
nance and defend mates. The extremely high density of tuatara 
in our study population suggests that there could be intense 
competition for burrows and basking sites.
 Intrasexual aggression among female tuatara may have 
evolved in the context of nest defense. Male tuatara have evolved 
a stereotyped, reciprocal display that only rarely escalates to 
physical combat (Gillingham et al. 1995).  However, female tuat-
ara do not appear to have evolved a similar passive threat display 
(e.g., like that observed in female Loggerhead Sea Turtles Caretta 
caretta; Schofield et al. 2007). Outside of nesting, females may 
rarely come into direct contact because they occupy temporally 

Fig. 1. Realistic (A) and abstract (B) models of male and female 
(smaller) tuatara. Realistic models were based on molds of deceased 
tuatara. Abstract models represent only the basic profile and shape 
of tuatara.

Fig. 2. Frequency of aggressive behavioral responses of tuatara to 
non-moving, same-sex models. Trials (total number conducted) 
were male tuatara presented with a realistic model (αR), male tuatara 
presented with an abstract model (αA), and female tuatara presented 
with a realistic model (αR); data are the number of times each be-
haviour was observed divided by the total number of trials.  Female 
tuatara showed no aggressive behavior toward abstract same-sex 
models.
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stable territories (Moore et al. 2009). However, females are in di-
rect and sometimes aggressive contact when nesting at commu-
nal rookeries, and frequently excavate each others’ nests (Refs-
nider et al. 2009). Thus, high fitness costs related to nest loss may 
promote immediate physical combat among nesting females 
rather than an escalating series of reciprocal displays.  This could 
result in selection for aggression in females generally that is then 
evident during mating season.
 Our observations of head nods in females and a similar, 
but much slower, behavior in males (here called a head raise) 
suggests that head raises and nods may be aggressive and not 
courtship behaviors as previously suggested by Gillingham et al. 
(1995). This is because both sexes performed this behaviour to-
ward same sex intruders in their territory and head raises were 
typically the first step in the repertoire of escalating aggressive 
behavior among males. The behavior was so slow in males that 
we were often only able to observe it when viewing trial video at 
high speed, but otherwise closely resembled the head nod that 
has been previously observed in females.
 Appropriate reciprocal movement may be necessary to 
elicit full attacks from male tuatara. Tuatara are cold adapted 
and largely sedentary reptiles (Daugherty and Cree 1990), and 
movement is an important cue used in detection of prey, mates, 
and competitors (Dawbin 1962; Gillingham et al. 1995; Meyer-
Rochow and Teh 1991; Walls 1981). We suspect that movement is 
key in eliciting aggressive behavior in tuatara, and that reciprocal 
display may be necessary for aggressive encounters to escalate 
to physical combat among males. Future studies of intrasexual 
aggression in tuatara should consider using models that can be 
manipulated to move in response to aggressive behavioral cues 
from their same-sex rivals.  The present study, however, indi-
cates that movement is not required to elicit highly aggressive 
responses in female tuatara.
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