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ABSTRACT

Context. Understanding both the short- and long-term consequences of live animal capture is
desirable to limit potential data biases or compromise animal welfare. The short-term elevation
of glucocorticoid hormones in animals is an expected short-term stress consequence of trapping
and restraint experiences. However, because these hormones also influence behaviour and
memory, they may provide a physiological basis through which individuals vary in their
recapture responses to subsequent trapping episodes. Aims. This objective of this study was to
evaluate the interplay among trapping method, corticosterone responsiveness and recapture
likelihood in a lizard, the lace monitor (Varanus varius). The first aim compared how different
capture methods and associated restraint durations influenced plasma corticosterone of lace
monitors. The second aim evaluated the relationship between capture methodology, corticosterone
response and annual recapture frequency. The third aim measured yearly estimates for the
probability of lace monitor recapture. Methods. Lace monitors were cage-trapped or noose-
captured at 76 sampling sites across three annual sampling periods to measure capture
experience, obtain blood samples and estimate recapture probabilities. Results. As expected, an
increased restraint time and exposure to different capture methods significantly influenced
corticosterone concentrations in lace monitors. Lace monitor recapture rates were meagre,
suggesting that irrespective of the capture method, restraint duration and corticosterone levels,
any form of initial capture experience typically leads to long-lasting aversive behaviour.
Conclusions. Although plasma corticosterone concentrations may be tell-tale of a lace
monitor’s duration to short-term capture and restraint, they were not associated with the
recapture likelihood in subsequent trapping events. Implications. Rapid and seemingly long-
lasting trap aversion has apparent implications for the design of population monitoring programs
used to study lace monitor population ecology.
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The capture of individuals through trapping and short-term restraint is often needed to gain 
essential knowledge of wild animals (Williams et al. 2002; Laver et al. 2012; Purwandana 
et al. 2014; Molyneux et al. 2017). Such practices may provide the only means to gain 
insights into an individual’s health or phenotypic condition and, through recapture of 
marked animals, permit longer-term estimates of individual, population or community-
level processes (Andrews 1982; Madsen and Shine 1996; Pike et al. 2008; Bickford et al. 
2010; Nimmo et al. 2012; Stokeld et al. 2018). Given that methods of trapping and 
restraint vary considerably among individuals and species, they can potentially offer 
different regimes of physiological or psychological stress (Wingfield and Romero 2001; 
Moore and Jessop 2003; Jessop and Hamann 2005; Langkilde and Shine 2006; Anson 
et al. 2013). The duration of time spent in traps or restraint means that individuals can 
face exposure to the elements, be deprived of food and water, and endure fear, anxiety 
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or physiological stress (Broom et al. 1993). Because animals 
are often exposed to novel stressors during the capture 
process, they can face short- and potentially longer-term 
consequences (Lynn et al. 2003; Wikelski and Michael 
Romero 2003; Arnemo et al. 2006; Breed et al. 2019). 

Short-term effects associated with the capture and restraint 
of animals typically include inducing a physiological-stress 
response (Wingfield and Romero 2001; Romero 2004). In 
response to stressors, reptiles activate the hypothalamic– 
pituitary–adrenal/interrenal (HPA) axis. This neuroendocrine 
pathway results in the release of glucocorticoids 
(corticosterone) from the inter-renal tissue (Moore and 
Jessop 2003). Glucocorticoids have system-wide effects on 
behaviour and physiology; therefore, trapping methods that 
elevate glucocorticoids could lead to short- and long-term 
phenotypic changes. For example, glucocorticoids have well 
known effects on intermediary metabolism (Romero 2004). 
However, they are also expected to influence cognition 
and memory consolidation and affect fear conditioning 
associated with noxious stimuli (i.e. trapping and restraint; 
Roozendaal 2000; Rodrigues et al. 2009). In general, 
glucocorticoids act on long-term fear memory consolidation 
in a dose–response relationship (de Kloet et al. 1999). In 
mammals such as humans and rodents, glucocorticoid 
concentrations appear to influence memory consolidation 
and learning in a concave up relationship (i.e. memory is 
most affected at low and high hormone concentrations; de 
Kloet et al. 1999; Diamond et al. 2007; Salehi et al. 2010). 
In particular, at low and high plasma concentrations, 
glucocorticoids have inhibitory effects on memory consoli-
dation, whereas moderate doses produce positive effects. 
Mammalian studies indicate that glucocorticoids modulate 
memory consolidation via binding to receptors in multiple 
brain regions, especially the amygdala, a temporal brain 
structure associated with emotion and fear (reviewed in 
McGaugh 2004; Diamond et al. 2007; Schwabe et al. 2012). 
Indeed, evidence from the neurobiological literature 
suggests that trapping animals (a procedure that is likely to 
elicit both a stress and fear response) could have sustained 
effects on learning and memory and affect an individual’s 
responses to a repeated exposure to adverse stimuli (Schwabe 
et al. 2012). Furthermore, correlations between stress respon-
siveness and personality type may influence how individuals 
experience and learn from novel stressors. For example, 
individuals with bold personalities are expected to have 
low-glucocorticoid stress responsiveness that promotes 
engagement with novel stimuli and reduces aversive learning 
if such stimuli are generally considered threatening (Cockrem 
2007, 2013). 

If trapping-induced stress and fear influence an 
individual’s learning and memory to affect their recapture 
likelihood in future trapping events, it can have significant 
implications for field studies of wild animals. Whereby 
differences in HPA axis output promote aversive learning as 
a result of the initial trapping experience, then sampling 

biases may arise if only animals with lower stress responses 
are recaptured (Biro and Dingemanse 2009; Camacho 
et al. 2017). For example, in willow warblers (Phylloscopus 
trochilus) captured by mist-netting, researchers found that 
the male birds could memorise the first capture event 
conditions, which caused them to avoid a subsequent 
recapture by recognising similar conditions and modifying 
their behaviour (Linhart et al. 2012). Thus, addressing the 
relationship between capture-induced stress and behaviour 
is essential to avoid confounding data in longer-term field 
studies (Fowler et al. 2013). Indeed, the assumption that 
individuals demonstrate similar capture probabilities 
underpins many analytical or statistical techniques used in 
wildlife ecology (Williams et al. 2002; Zuur et al. 2009). 
Thus, the propensity for animals to develop trap-wariness can 
make it difficult to reliably estimate population parameters 
(e.g. abundance, dispersal or survival) in long-term wildlife 
studies (Williams et al. 2002; Goni˜ et al. 2003; Purwandana 
et al. 2015; Jessop et al. 2018). 

Although there may be potential for corticosterone to 
mediate individual heterogeneity in subsequent capture-
related behaviour, there is broad recognition that animals 
may develop more general patterns of recapture behaviour 
or other responses (Cubaynes et al. 2010; Pradel and Sanz-
Aguilar 2012). For example, many studies have reported 
that wild animal populations, via learning, can develop 
neophillic (i.e. trappy happy) or neophobic responses (e.g. 
aversion/trap shyness; Brehm and Mortelliti 2018). These 
broad-scale responses demonstrate that many animals within 
a population can rapidly learn to adjust their behaviour 
to future trapping events (Stryjek et al. 2019). Additionally, 
exposure to trapping may lead aminals to suffer from 
capture-related mortality. For example, individuals of 
some species suffer from rapid capture-related mortality 
(e.g. capture myopathy; Breed et al. 2019). Here, if indivi-
duals undertake intense physical activity associated with 
the capture process, they may induce metabolic acidosis that 
causes myocyte necrosis, which can be lethal if sufficiently 
severe (Paterson 2007). 

The objective of this study was to address three aims. The 
first aim evaluated the effect of noose and cage trap-related 
capture methods and associated restraint times on plasma 
corticosterone concentrations in a large monitor lizard, the 
lace monitor (Varanus varius). 

Like most reptiles, it would be predicted that both the 
method of capture and the associated duration of restraint 
time would increase plasma corticosterone concentrations 
of lace monitors (Moore and Jessop 2003; Hamann et al. 
2007; Lancaster et al. 2010; Payne et al. 2012; Jessop 
et al. 2015). 

For the second aim, I evaluated the associations between 
an individual’s first capture experience and corticosterone 
response at release to see whether it was related to their 
recapture likelihood in subsequent trapping events. Here, 
individuals with the most stressful capture experiences and 
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associated higher corticosterone responses are expected to 
increase aversive learning and memory consolidation and 
limit an individual’s recapture in subsequent trapping events 
(Thaker et al. 2010). Hence, those individuals who produce 
greater corticosterone responses at the initial capture are 
predicted to have a lower likelihood of recapture than have 
lace monitors that have smaller responses. 

For the third aim, in recognition that wild animals may 
develop distinct patterns of recapture behaviour different 
from those predicted by their corticosterone responses 
alone (Cubaynes et al. 2010; Pradel and Sanz-Aguilar 2012; 
Stryjek et al. 2019), I assessed the ratio of recaptured to 
newly captured lace monitors across three annual trapping 
events to estimate the yearly recapture probability. If the 
proportion of recaptured to newly captured lace monitor 
remains low in the second and third trapping events, it 
could suggest that lace monitors develop aversion (e.g. 
neophobia or trap shyness) to subsequent annual trapping 
events. Alternatively, if the proportion of recaptured to newly 
captured lace monitors disproportionately increases in the 
second and third yearly trapping events, it could suggest that 
lace monitors develop a neophilic response to subsequent 
capture events. 

Methods

Study species

The lace monitor is a semi-arboreal diurnal reptile that hunts 
on the ground and in trees (Jessop et al. 2010). It is widely 
distributed in non-arid areas of eastern Australia, and 
weighing up to 14 kg, it functions as a large native predator 
(Weavers 1988; Guarino 2001; Smissen et al. 2013). It is a 
generalist predator, and, in southern Australia, its activity is 
seasonal, with it being predominantly active in warmer 
months and inactive in winter (Guarino 2002; Jessop et al. 
2012; Jessop et al. 2013a). 

Study area

The study was conducted in the Cape Conran Coastal Park and 
adjacent Murrungowar State Forest in East Gippsland, 
Victoria, Australia (37°48 0S, 148°52 0E). The study area 
comprised coastal forests covering 42 000 ha of two common 
vegetation types, namely (1) coastal woodland dominated by 
Banksia serrata and B. integrifolia; and (2) lowland forest 
dominated by Eucalyptus sieberi and E. globoidea. Here, 
76 fixed trapping sites were located within the study area, 
and a 2-km interval separated each trapping locality. The 
capture of lace monitors was conducted over three annual 
trapping events in the summers of December 2007–January 
2008, December 2008–January 2009 and December 2009– 
January 2010. These summer periods of capture coincided 

with higher seasonal temperatures favourable to optimising 
the trapping effort of lace monitors (Jessop et al. 2013a). 

Lace monitor capture methods

Lace monitors were captured either by using traps or noose 
capture. These capture methods are described as below. 

Traps
Aluminium box traps (2 m × 0.3 m × 0.3 m) were used to 

capture lace monitors (N = 17; mean SVL = 56.67 cm; mean 
body mass = 3.37 kg; 12 males, 5 females). These traps were 
purpose-built for lace monitor capture, and the trap design 
was down-sized from that used for Komodo dragons 
(Ariefiandy et al. 2014). The trap had solid walls of 
aluminium sheeting, and a single row of ventilation holes 
was present on each wall of the trap. This design provided 
a trapped lace monitor with a largely enclosed and darkened 
internal space. There were no other structures (e.g. hide) 
inside the trap to provide additional shelter. These traps 
were positioned randomly within each of the 76 sites. Traps 
were baited with beef infused with tuna emulsion oil and 
located 50–100 m off the adjacent forest management 
track. Traps were always placed in shaded areas (e.g. under 
tree cover) to limit the risk of overheating to lace monitors. 
For lace monitors captured in traps, it was impossible to 
measure the specific capture duration. However, the duration 
that individuals were exposed to this procedure is likely hours 
(up to ~4 h) because traps were opened during daylight hours 
(08:00 am to 06:00 pm) and checked twice daily in the mid- to 
late morning (09:00 am to 11:45 am) and again mid- to late 
afternoon (03:00 pm to 06:00 pm). Lace monitors were not 
confined and could move about inside the trap. Again after 
capture, each lace monitor was removed from a trap and 
restrained with electrical tape to close the mouth shut and 
secure the fore and hind limbs. Post-restraint, trap-captured 
lace monitors were then immediately blood-sampled, had 
morphological measures taken and released at their points 
of capture. The effective trapping effort for each annual 
survey amounted to ~760 trapping hours per year. 

Noose capture
During the twice-daily checking of traps, lace monitors 

were detected using visual search methods along forest 
management tracks (i.e. used to travel between trap localities) 
and when walking off the management track to inspect each 
trap. Once sighted, I approached and attempted to capture 
each lizard by using a long pole fitted with a noose rope. 
The noose was placed over the lizard’s head and pulled taut 
to secure the animal. Restraint was initiated by removing 
each lizard from the noose and binding the mouth and limbs 
with electrical tape. The combined time for approaching, 
capturing, and restraining individuals ranged between 90 
and 150 s. In the first annual capture event, noose-caught 
lace monitors (N = 36 individuals; mean SVL = 55.46 cm 
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mean body mass = 3.22 kg; 25 males, 11 females) were then 
held for three randomly assigned restraint periods consisting 
of 3 (N = 12), 45 (N = 12) or 90 (N = 12) min durations to 
enable comparison of the effect of capture and different 
restraint periods on plasma corticosterone responses. Lace 
monitors assigned to the 3 min restraint period were 
manually restrained, whereas individuals assigned for the 
45 and 90 min restraint periods were secured inside an 
individual hessian sack. 

Lace monitor blood sampling

In the first year of study (December 2008–January 2009), 
each lace monitor (N = 53) after its designated trap-capture 
or post-noose restraint period had a ~1 mL blood sample 
taken from its ventral caudal vein with a 21-gauge needle 
and a 3 mL syringe. Blood samples were then placed into 
individually labelled lithium heparin containers (BD 
Microtainer™ Tubes, BD Vacutainer Systems, Franklin 
Lakes, NJ, USA) and stored on ice. Once back at the camp 
(~3 h), samples were centrifuged (2100g for 5 min at room 
temperature) and the plasma was removed and stored at 
−20°C until the corticosterone assay was performed (Jessop 
et al. 2012; Smissen et al. 2013). These first-year captures 
provided an initial sample of marked individuals to evaluate 
the effect of an individual’s corticosterone concentration on 
their recapture likelihood in the two subsequent annual 
trapping events. 

Lace monitor identification, measurements and
sex determination

Across the three annual trapping events, all lace monitors 
were individually identified with a passive integrated 
transponder to identify individuals beyond their first 
capture (Scheelings and Jessop 2011; Jessop et al. 2012). A 
sterile needle and applicator were used to insert the PIT tag 
laterally between the dermis and the muscle of each 
individual’s upper left hind leg. The PIT-tag insertion site 
was sealed with surgical glue (Vetbond Tissue Adhesive, 
3M, USA). In addition, I recorded each individual’s snout to 
vent length (SVL), measured as the distance between the 
ventral tip of the snout and the most posterior opening of 
the cloacal slit. The body mass of each individual was 
recorded using a digital scale. The sex of individuals was 
subsequently determined using polymerase chain reaction 
(PCR) primers that amplified sex-specific alleles from 
genomic DNA obtained from blood (Jessop et al. 2012). On 
completion of the different capture and restraint durations, 
lace monitors were released at their capture point. 

Corticosterone radioimmunoassay

Total corticosterone in lace monitor plasma was measured 
using radioimmunoassay (RIA) techniques identical to those 

used elsewhere (Jessop et al. 2015). Plasma samples 
(100 μL) were extracted for corticosterone concentrations 
by using a Corticosterone 3H Kit (MP Biomedicals, LLC). 
Final steroid concentrations were calculated from standard 
curves and corrected for individual sample recovery, indivi-
dual plasma volume and the addition of tritiated steroid. 
Average (±s.e.m.) sample recovery was 75.7% ±0.028, 
with an intra-assay CV of 7.6% and an inter-assay CV of 
13.04%. As reported by the manufacturer, the antibody 
had 100% cross-reactivity with corticosterone, 11% with 
11-dehydrocorticosterone, 7% with 11-deoxycorticosterone, 
and <1% with the following steroids: progesterone, cortisol, 
aldosterone, testosterone, pregnenolone and 5α-DHT. 

Data analyses

For Aim 1, a generalised linear mixed model (GLMM) was 
used to evaluate the effects of different capture methods 
and their associated restraint time (and blood sampling) on 
lizard plasma corticosterone concentrations. I also included 
the effects of sex and body size (SVL) in the model to test 
whether these predictor variables were associated with signi-
ficant differences in plasma corticosterone concentrations. 
The location of an individual’s capture was used as a 
random effect in the model to account for any spatial 
autocorrelation in plasma corticosterone concentrations 
related to the proximity of individuals. This model was fitted 
with a Gaussian distribution and an identity canonical link. 
For Aim 2, a GLM (with a Poisson distribution and logit 
link) was used to test for the effects of the capture method, 
corticosterone and their interaction on the number of 
captures acquired for each tagged lizard across the study. 
Post hoc tests were conducted to determine where statistical 
significance was obtained within the main effects. Statistics 
were performed using SPSS V.22 (IBM). 

For Aim 3, I used a Cormack–Jolly–Seber (CJS) model in 
the program MARK to estimate the annual lace monitor 
probability of capture (i.e. the proportion of recaptures within 
the total samples of lace monitors captured in the second and 
third yearly trapping events; Brownie et al. 1993; Nichols and 
Kendall 1995). This model simultaneously estimates apparent 
survival (Φ) and capture probability (P) for marked indivi-
duals (White and Burnham 1999). A candidate set of four 
models was assessed to evaluate capture probability in 
lace monitors. These models considered temporal and non-
temporal variation in Φ and P. Models were ranked using 
the AICc value. The individual model weights (wi) were  
estimated to measure relative model support further 
(Burnham and Anderson 2003). 

Ethical standards

This research abided by the journal’s guidelines on ethical 
standards. The study was conducted under the Department 
of Sustainability and Environment and a National Parks Act 
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Results

Effects of trapping method and restraint duration
on plasma corticosterone

Capture method and restraint duration significantly influenced 
lace monitor plasma corticosterone concentrations (GLMM, 
F3,53 = 8.99, P < 0.001; Fig. 1). Plasma corticosterone 
increased across the three post-noosing restraint intervals 
(i.e. 3, 45 and 90 min). Pairwise post hoc tests for 
individuals captured by noosing indicated that the plasma 
corticosterone concentrations measured after 90 min of 
restraint were significantly higher than those reported after 
3 (P < 0.001)  and 45 (P = 0.044) min of restraint. Lizards 
captured in traps and held for multiple hours before blood 
sampling also exhibited high corticosterone concentrations. 
These were significantly greater than those exposed to the 3 
(P < 0.001) and 45 (P = 0.035) min restraint periods after 
noosing. However, there was no significant (P = 0.717) 
difference between the plasma corticosterone concentrations 
of individuals captured in traps and those of individuals 
exposed to 90 min of restraint post-noosing. There was no 
significant effect of sex (GLMM, F1,54 = 0.17, P = 0.685) or 
body size (GLMM, F1,54 = 0.13, P = 0.72) on lace monitor 
plasma corticosterone concentrations. 
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Effects of capture and plasma corticosterone on
lace monitor recapture rates

Variation in the number of recaptures for each lizard across 
the 3-year study duration was not significantly influenced 
by an individual’s corticosterone concentration on release 
at first capture (GLM, Wald χ2 = 0.126, P = 0.723). 
This non-significant relationship between an individual’s 
corticosterone concentration and its number of captures 
was defined by a nearly flat slope (β = 0.003 ± 0.002) and 
a low coefficient of variation (R2 = 0.01). A power test 
estimated that a minimum R2 of 0.23 would be needed 
with the current sample size. Similarly, neither trapping 
method (GLM, Wald χ2 = 0.024, P = 0.952) nor the interac-
tion between these two effects (GLM, Wald χ2 = 0.012, 
P = 0.915; Fig. 2) influenced the number of lace monitor 
recaptures. These results reflected that just 3 of the 53 
individuals captured in the first year of the study were 
recaptured again in the two subsequent annual sampling 
events (mean captures = 1.08 ± 0.001 per individual). Two 
of the three recaptured individuals comprised two large 
adult males (SVL = 61.45 and 69.55 cm) noosed at their 
first capture event and caught by trap in the second year 
of study. The third recapture was a subadult female 
(SVL = 48.90) captured by a trap in her first capture event 
and then recaptured by a noose in the third year of study. 

Annual estimates of lace monitor recapture
probability

I captured 152 lace monitors, including 53, 48, and 51 
individuals in the summers of December 2007–January 2008, 
December 2008–January 2009 and December 2009–January 

Capture experience 

Fig. 1. The relationships between trapping method and restraint
duration on lace monitor plasma corticosterone. Bars and error bars
represent the mean and standard error of plasma corticosterone
measured within each category. The superscript letters denote
significant post hoc differences among groups.

Plasma corticosterone (ng/mL) 

Fig. 2. The relationships among lace monitor plasma corticosterone
recorded at first capture, trappingmethod and an individual’s total number
of captures across three annual trapping events. The trend line shows the
predicted regression and the associated 95% confidence intervals between
corticosterone and individual lace monitor capture rates.
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total number of captures, with two tagged individuals 
captured in the second and third annual trapping events 
(Fig. 3). The four recaptured lace monitors included the 
three aforementioned individuals recaptured from the first 
trapping event. The fourth recapture was an adult male 
(SVL = 64.58 cm), first captured by a trap in the second 
trapping event and then retrapped in the third trapping event. 
The annual recapture probability estimates of previously 
tagged lace monitors relative to new captures for the second 
and third annual capture events were 0.039 ± 0.027 and 
0.019 ± 0.013% respectively (Fig. 3). That top-ranked 
Cormack–Jolly–Seber model indicated that there was not 
sufficient evidence of annual differences in the lace monitor 
probability of recapture for tagged individuals (Table 1). 

Discussion

Lace monitors responded to variation in capture method 
and the associated restraint duration by increasing plasma 
corticosterone concentration. This observation validates 
that field trapping methods activated a physiological stress 
response in this species (Scheelings and Jessop 2011). 
Typically, the HPA/I axis can rapidly up-regulate to stressors, 
causing increased glucocorticoid secretion into the blood 
plasma within 3–5 min (Romero and Reed 2005). The plasma 
corticosterone response increased over multiple hours of 
capture or restraint for lace monitors. Similar, slowly induced 
capture-related corticosterone responses are consistent with 
results found in other large reptiles (Lance and Elsey 1986; 
Jessop 2001; Moore and Jessop 2003; Jessop et al. 2004, 
2013c). The duration of capture and restraint, as stressful 
stimuli, are expected to trigger a commensurate increase 
in glucocorticoids to enable individuals to activate 

Table 1. Cormack–Jolly–Seber models were used to estimate
capture probability for lace monitors.

Model AICc ΔAICc wi K DEV

Φ(.) p(.) 41.07 0.00 0.50 2 0.47

Φ(.) p(t) 43.80 1.73 0.21 3 0.08

Φ(t) p(.) 43.80 1.73 0.21 3 0.08

Φ(t) p(t) 44.97 3.90 0.07 4 0.08

Models are ranked from most to least supported, with the best model in bold.
AICc, Akaike information criterion corrected for small sample size; ΔAICc, the
difference in value between AICc of this model and the most parsimonious
model; AICc weights (wi) ranking models by relative support; K, number of
estimated parameters; DEV, deviance; Φ, survival probability; p, recapture
probability; (.), constant; (t), time dependence.

physiological and behavioural responses to cope with capture 
experiences (Wingfield et al. 1998; Romero 2004). 

Further research that can better assess the actual duration 
of lace monitor restraint within cage traps is needed to 
discount the effect of the trapping method on this species’ 
corticosterone responses. Other studies comparing different 
trapping methods have suggested that capture methodology 
can lead to differences in individuals’ acute stress response at 
similar restraint durations (Lakušić et al. 2020). Importantly, 
for individual lace monitors, given the short duration of the 
overall trapping event (i.e. acute exposure), it would be 
expected that any increase in plasma corticosterone would 
confer short-term benefits rather than pathological or other 
negative fitness-related consequences typical of either 
exposure to pervasive acute or chronic stress responses 
(Jessop et al. 2013b; Narayan et al. 2015). 

The second aim evaluated the correlation between a lace 
monitor’s corticosterone concentration measured at their first 
capture and the number of recaptures in subsequent annual 
trapping events. It was evident that differences in trapping 
method, restraint time, and post-release corticosterone concen-
tration did not influence an individual subsequent recapture 
rate. This result arose because almost all lace monitors 
captured in the first year were never recaptured again. 
However, there is also mixed evidence that experimentally 
increased plasma corticosterone concentrations can elevate 
the propensity for aversive, neophobia or fear-related learning 
behaviours in wild animals (Thaker et al. 2010; de Bruijn 
and Romero 2020). Additionally, other endocrine processes, 
besides glucocorticoids, are well recognised to influence 
aversive learning and memory consolidation in vertebrates 
exposed to stress (Joëls et al. 2006; Schwabe et al. 2012). Of 
course, stressful stimuli will also activate the autonomic 
nervous system to increase catecholamine production, 
such as norepinephrine (NE), which will rapidly bind to 

Fig. 3. The composite bar graph shows the lace monitor total

adrenoreceptors on vagal afferents to stimulate the prefrontal 
cortex, amygdala and hippocampus (Schwabe et al. 2012). 

captures and recaptures (red bar) and the scatter and line graph Similar to glucocorticoids, the stimulatory actions of NE can 
shows the annual recapture probability. enhance the encoding and processing of stressful stimuli to 
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consolidate memories, to allow learning of aversive stimuli 
(Joëls et al. 2006). Thus, catecholamines or other stress-
related neurotransmitters (e.g. CRF) may help explain the 
physiological basis to why lace monitors demonstrate 
extensive recapture aversion (de Bruijn and Romero 2020). 
Further study is now required to identify physiological 
mechanisms, so as to explain what causes this response but 
also to explain why rapid-onset capture-induced aversion 
appears so conserved within this lace monitor population. 

The third aim confirmed that the annual recapture 
probability of lace monitors was low (i.e. <5% per year) 
and similar between the second and third trapping events. 
This result contrasts with the expectation that increased 
trapping effort and ongoing tagging of individuals will 
increase the proportion of recaptures to new captures over 
time, unless there are mitigating circumstances (Williams 
et al. 2002). For example, high annual recapture probabilities 
are obtained using similar methods in other lace monitor 
populations and the congeneric Komodo dragon (Varanus 
komodoensis). Indeed populations of Komodo dragons can 
obtain annual recapture probabilities greater than 70% after 
three-yearly trapping events (Laver et al. 2012; Ariefiandy 
et al. 2013, 2014; Purwandana et al. 2014; Lei and Booth 
2018). The extremely low annual lace monitor recapture 
rate suggests that when this population is exposed to 
different capture or restraint protocols, they predominantly 
develop long-term aversive behaviour unrelated to plasma 
corticosterone responses. Other lizards have shown similar 
broad-scale and rapid aversion responses to capture or novel 
stressors (Marcellini and Jenssen 1991; Thaker et al. 2010). 

Could low annual recapture rates indicate acute or longer-
term capture-related consequences such as deferred capture-
related mortality? Several reasons suggest this outcome to be 
unlikely. First, capture myopathy, a potential cause of acute 
mortality, typically arises when individuals exhibit intense 
physical activity during capture, confinement or restraint 
associated with the trapping procedure (Breed et al. 2019). 
Common clinical symptoms of capture myopathy preceding 
death include lethargy, loss of coordination and impaired 
movement (Paterson 2007). All lace monitors released in 
this study exhibited typical escape behaviour (i.e. fleeing 
or tree climbing) independent of restraint time, capture 
methods or corticosterone concentrations, suggesting no 
apparent short-term pathological consequences. Second, in 
a concurrent study using externally marked lace monitors 
also captured via trap and noose (i.e. from the same 
population), who exhibited restricted movement owing to 
their reliance on anthropogenic food subsidies, it was 
evident that through repeated resightings, these individuals 
survived over several weeks, suggesting an absence of long-
term lethal trapping consequences (Jessop et al. 2012). 
Thus, most tagged individuals would be expected to persist 
throughout the study duration to permit recapture. Similarly, 
the concurrent use of non-invasive trapping methods 
(e.g. camera-traps and track counts) to measure population 

indices in lace monitors over the study duration indicated 
no evidence of rapid population decline to imply broad-
scale mortality as a result of trapping or other environmental 
processes (Anson et al. 2014; Hu et al. 2019). 

In conclusion, despite the vast amount of literature that 
posits that increased glucocorticoid concentrations following 
exposure to stressors can exert a wide variety of behavioural 
and physiological effects that influence animal performance 
and fitness (Wingfield and Romero 2001; Romero 2004), the 
present study indicated that even with increased expo-
sures to lizard-trapping protocols that lead to proportional 
increases in the plasma glucocorticoid responses, it has little 
influence on lizard recapture behaviour. Thus, because capture 
and restraint are often perceived by animals as stressful, using 
plasma corticosterone as a putative physiological measure of an 
individual’s capture exposure may not correlate well with 
many short- or longer-term stress-related consequences. 
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