
455

© 2019 Universities Federation for Animal Welfare
The Old School, Brewhouse Hill, Wheathampstead,
Hertfordshire AL4 8AN, UK
www.ufaw.org.uk

Animal Welfare 2019, 28: 455-464
ISSN 0962-7286

doi: 10.7120/09627286.28.4.455

The effect of cage size on stress levels in captive green anole 
(Anolis carolinensis)

G Borgmans*†‡, R Palme§, A Sannen#, H Vervaecke# and R Van Damme†

† Department of Biology, University of Antwerp, Universiteitsplein 1, 2610 Antwerp, Belgium
‡ Centre for Research and Conservation, Royal Zoological Society of Antwerp, Antwerp, Belgium
§ Unit of Physiology, Pathophysiology and Experimental Endocrinology, Department of Biomedical Sciences, University of Veterinary
Medicine, Veterinärplatz 1,1210 Vienna, Austria
# Ethology & Animal Welfare, Agro- & Biotechnology, HUB-ODISEE University college, Hospitaalstraat, 21, 9100 Sint-Niklaas, Belgium
* Contact for correspondence: glenn.borgmans@uantwerpen.be 

Abstract

Reptiles are often used as model species in scientific research and are popular in the pet trade, yet how they cope with captive condi-
tions has not been well studied. Stress caused by captivity could affect the endocrinology, physiology and behaviour of animals,
resulting in a general decrease in welfare and could confound the results of scientific experiments. One of the factors that could
influence stress in a captive environment is the size of the cage. However, the effect of cage size on stress has rarely been investi-
gated in reptiles. In this study, the effect of cage size on the behaviour, morphology and physiology of the green anole (Anolis caro-
linensis) was quantified. We were unable to find an effect of cage dimensions (range 0.05 to 0.2 m3) on body mass, tail-base width,
heterophil to lymphocyte ratios (H/L ratios), behaviour and faecal corticosterone metabolite (FCM) levels. 
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Introduction
Reptiles are popular in the pet trade and as model species in
laboratory studies (eg Waters et al 2005; Lailvaux &
Irschick 2007; Merchant 2008; Montuelle 2008; Stellar &
White 2010). In the period between 1975 and 2014,
152 million reptiles were traded worldwide, compared to
79.8 million invertebrates, 24.1 million birds, 13 million
mammals and 12.8 million fish (Harfoot et al 2018). In
many animals, captivity is known to induce stress, espe-
cially when aspects of the captive housing conditions depart
from the natural habitat (as they almost inevitably do:
Morgan & Tromborg 2007). This stress is reflected in the
endocrinology, physiology and behaviour of the subjects
and may lead to a general decrease in welfare (Morgan &
Tromberg 2007). It may also confound the results of scien-
tific experiments or observations (Garner 2005). 
Given the variation in natural history among species, the
stress of limited locomotion due to enclosure size is
expected to have varying degrees of impact (Clubb &
Mason 2007). Generally, it is assumed that a small cage size
would have a negative effect on animals given the disparity
between the size of the cage in captivity and their natural
home range. An argument that is often used in this context,
is that a small cage size would not allow an animal to
perform its full range of natural behaviours. 

The effect of differences in enclosure size has received
considerable attention in mammals (Hite et al 1977; Horton
et al 1991; Pearce & Patterson 1993; Saito et al 1996;
Kaufman et al 2004; Whitaker et al 2007), birds (Adams &
Jackson 1970; Sefton 1976; Nicol 1987; Buchwalder &
Huber-Eicher 2004; Jalal et al 2006) and fish (Kilambi et al
1977; Teng & Chua 1978; McGinty 1991; Rowland et al
2006), and while many aspects of the effect of captivity on
reptiles (for a review, see Burghardt 2013; Michaels &
Campbell-Palmer 2014) have been investigated, the conse-
quences of changes in enclosure size on reptiles is rarely
studied. Research on loggerhead turtles (Caretta caretta:
Gregory et al 1996) and tuataras (Sphenodon punctatus:
Tyrrell & Cree 1998) showed that also in reptiles, enforced
confinement can lead to an acute stress response and the
study by Wheler and Fa (1995) is a rare example investi-
gating the effect of enclosure size in reptiles. They found that
in Round Island geckos (Phelsuma guentheri) enclosure size
does not appear to influence activity cycles, but large enclo-
sures may encourage greater use of available space. 
A problem that arises when conducting stress research in
reptiles is that previous studies used a wide variety of ways
to gauge captive stress, including: behavioural observations;
resting and stereotypic behaviour (Therrien et al 2007);
social behaviour (Phillips et al 2011); heterophil to lympho-
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cyte ratio (Case et al 2005); level of faecal corticosterone
metabolites (Case et al 2005; Kalliokoski et al 2012);
survival (Rosier & Langkilde 2011a); body mass (Case et al
2005); to duration of tonic immobility (Hennig & Dunlap
1978). Because most studies have focused on one or two of
these indicators, comparing results among studies, and
different methodologies is difficult. Therefore, in the current
study, we use an approach combining multiple variables.
In this study, we quantify the impact of cage size on the
physiology and behaviour of the green anole (Anolis caroli-
nensis), a small lizard of the Polychrotidae family. It is most
commonly found in the south-eastern United States and on
some of the Caribbean islands. The males are territorial and
have a home range of 32–69 m2 (32–44 m2: Gordon 1956;
65.9 m2: Schoener & Schoener 1982; 69 m2: Jenssen &
Nunez 1998), while females have a home range of 8 m2

(Jenssen & Nunez 1998). This species is commonly kept as
a pet, especially in North America, and used as a model
species for scientific studies in a laboratory setting across a
range of research fields, including behavioural studies,
physiology, and morphology (eg Waters et al 2005;
Merchant et al 2008; Montuelle et al 2008; Stellar & White
2010). Despite its popularity in the pet trade and in research,
guidelines on housing conditions for A. carolinensis vary
considerably (see Table S1 in the supplementary material to
papers published in Animal Welfare:
https://www.ufaw.org.uk/the-ufaw-journal/supplementary-
material), the arbitrariness probably reflecting a lack of
objective information. 
When looking into online care-sheets (specifically on A.
carolinensis), 26 were found (Table S1;
https://www.ufaw.org.uk/the-ufaw-journal/supplementary-
material), out of this non-exhaustive list of 26, 15 suggest a
10-gallon tank (0.038 m3) as the minimal cage size for one
individual. Two recommended smaller dimensions
(0.019 m3), five recommended larger dimensions (range:
0.057–0.22 m3) and four did not suggest any particular cage
size. Home cage dimensions used in scientific studies on A.
carolinensis varied from 0.019 to 0.11 m3 (eg Plavicki et al
2004; Waters et al 2005; Irschick et al 2006; Merchant et al
2008; Montuelle et al 2008; Stellar & White 2010). None of
the care sheets or research studies provide any scientific
references indicating that the cage size used would be
appropriate for housing A. carolinensis lizards. Even the
review study on the use of A. carolinensis as a model for
laboratory studies by Lovern et al (2004) does not provide
references for the suggested cage size. Government guide-
lines on the housing of pet or laboratory animals from ten
countries (Australia, Austria, Canada, Germany, India, New
Zealand, Norway, Switzerland, UK, USA) contained no
recommendations on reptile housing dimensions. This
variety in suggested sizes and lack of legislation on housing
indicates that fundamental research looking solely at the
effect of cage size on stress levels is needed.
The dimensions of cages recommended and actually used to
house A. carolinensis in captivity are obviously only a
fraction of their natural home range. We used an integrative

approach by combining different behavioural and physio-
logical measurements to obtain a broader view of the
response to variation in cage sizes. We hypothesised that a
small cage size would lead to a chronic increase in stress
and concordant changes in behavioural and physiological
indices, in addition we hypothesised that a decrease in stress
would be found for a large cage size.

Materials and methods

Study animals and housing
All procedures were carried out with the approval of the
University of Antwerp’s Ethical Committee for Animal
Experiments (Ethische Commissie Dierproeven, ECD, file nr,
2013-70). Thirty-four adult A. carolinensis lizards (21 males,
13 females) were originally obtained from a licensed commer-
cial supplier in Belgium. During the experiments, two males
and one female died of natural causes, resulting in a sample
size of 31 (19 males, 12 females). The animals had been
caught in the field in Florida, USA, less than one week before
being sent by air to Belgium. In the laboratory, lizards were
placed into individual glass terraria (40 × 30 × 70 cm;
length × width × height; 0.08 m3). Full spectrum halogen
reflector light bulbs with a 30° light arc (40 W) were provided
and placed in the roof of the cages. The lamps were switched
on during daytime (0600–2000h), providing a shallow ther-
mogradient (air temperatures between 20 and 30°C) within the
cages. The maximum temperature of 30°C falls within the
range of mean preferred temperature (MPT) of A. carolinensis
(Licht 1968) and corresponds to mean body temperatures
found in the field (Lailvaux & Irschick 2007). At night,
ambient temperature was never below 20°C. Relative
humidity was monitored with a hygrometer (TH50 hygrom-
eter, Hama, Germany) and kept constant at around 60% by
misting the terraria when necessary. The walls of adjacent
cages were lined with white paper to preclude visual contact
between individual lizards. The bottom of the cages was
covered with white paper towels to facilitate the detection and
collection of faecal pellets. Each cage contained a diagonally
placed wooden perch of 40 × 2 cm (length × diameter) (2 cm
being the preferred perch diameter for A. carolinensis: Gilman
& Irshick 2013) and two banana leaves (on average
20 × 10 cm; length × width) under which lizards could hide.
Animals were provided with ad libitum water and fed twice a
week with common house crickets (Acheta domesticus) and
once a week with wax moth larvae (Galleria mellonella).
Also, once a week, crickets were dusted with an ultrafine
calcium carbonate supplement containing vitamin D3 (Repti
Calcium, Zoo Med Europe, USA).

Experimental design
The lizards remained under the conditions described above
for three weeks after their arrival in the laboratory. This time
interval will hereafter be referred to as the ‘acclimatisation’
period. The data from this period are also utilised in two
other experiments (Borgmans et al 2018, submitted). At the
end of this period, measurements were carried out as
described below with animals randomly assigned to one of
two treatments. As this experiment was part of a larger set
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of experiments, the ‘acclimatisation’ period was not directly
followed by the two experimental treatments. There was a
gap of approximately 12 weeks between the ‘acclimatisa-
tion’ period and the experimental treatments. This 12-week
period consisted of two other experiments, one investi-
gating the effect of handling frequency (Borgmans et al
submitted) and one investigating the effect of environ-
mental provisioning (Borgmans et al 2018). Individuals
allocated to the ‘small cage first’ group (eight males, seven
females) were kept in glass cages of 30 × 30 × 50 cm
(0.05 m3) for three weeks and subsequently moved to the
‘large’ glass cages (50 × 40 × 100 cm; 0.2 m3) for a further
three weeks. Individuals of the ‘large cage first’ condition
(eleven males, five females) received a reversed order of
treatment. This crossover design allowed us to control for
an effect of order of treatments. The level of enrichment
(length of the diagonal perches and size of the leaves) in the
experimental cages was scaled to match the cage dimen-
sions (80 cm perches and 40 × 20 cm leaves for the large
cages; 20 cm perches and 10 × 5 cm leaves for the small
cages). All terraria were cleaned between treatments to
prevent an effect of previous occupancy. 

Measurements
All measurements were carried out in the last seven days of
each three-week period (‘acclimatisation’, first treatment,
second treatment). If day 1 is considered the first day of a
three-week period, then faecal samples were collected on
days 14–16 and behavioural observations carried out on
day 19. Blood samples were collected on day 20 and
morphological measurements were taken on day 21.
Morphometrics

Snout-vent length (SVL) and tail width (at the base of the
tail, which is considered to be an indicator of fat deposition
and hence condition: Bauwens 1985) were measured using
digital calipers (smallest increment = 0.1 mm, Absolute,
Digimatic, Mitotoyo, USA) and body mass using an elec-
tronic balance (smallest increment = 0.01 g, Scout Pro,
Ohaus, USA). Tail-width measurements were corrected for
SVL by using the residuals from a linear regression of tail
width against SVL in the analysis.
Heterophil to lymphocyte (H/L) ratio

Heterophils and lymphocytes are two types of white blood
cells that play a role in the reptile immune system.
Heterophils (neutrophils in mammals and amphibians) are
part of the innate immune system, while lymphocytes are
part of the acquired immune system. High ratios of
heterophils to lymphocytes in blood samples are considered
an indication of high glucocorticoid and stress values in all
vertebrate taxa (for a review, see Davis & Maerz 2008),
including reptiles (Saad & Elridi 1988; Morici et al 1997;
Lance & Elsey 1999; Case et al 2005; Chen et al 2007). 
Blood samples (max 60 µl) were obtained from the post-
orbital sinus by inserting a capillary tube (length: 75 mm,
maximum volume: 60 µl) between the eye and the eyelid
(MacLean et al 1973). Animals were held by hand to immo-
bilise them to facilitate drawing blood. The use of post-

orbital sinus sampling has been shown to cause acute stress,
leading to a number of long-term effects in rodents
(Balcombe et al 2004). Collecting blood from the post-
orbital sinus also induces an acute stress response in lizards
and plasma corticosterone concentrations were found to
return to baseline levels after 2 h (Langkilde & Shine 2006).
Our laboratory has extensive experience using this technique
on lizards and no animals suffered long-term negative effects
or died from this treatment. Blood smears were made
following Walberg (2001). Air-dried smears were fixed in
90% ethanol for 15 min and stained with Hemacolor®
(Merck Millipore, Germany). The numbers of heterophils
and lymphocytes visible in ten fields (magnification:
40 × 10, field size: 0.2 × 0.2 mm, WILD Heerbrugg M20,
Switzerland) were counted and used to calculate H/L ratios. 
Behavioural observations

The behaviour of the lizards in their home cage was
observed, from a distance of 3 m in a darkened room, using
continuous focal animal sampling with observation
software (JWatcher v1.0: Blumstein et al 2006).
Observation via camera was not possible since none were
available. All observations were performed live by the
same observer (GB). The duration of the following behav-
iours was noted over 10-min observation periods (see
Table S2, in the supplementary material to papers
published in Animal Welfare: https://www.ufaw.org.uk/the-
ufaw-journal/supplementary-material): ‘sitting’, ‘hiding’,
‘basking’, ‘walking’, ‘climbing’, ‘foraging’ and ‘licking’.
In addition, the number of lateral head movements, dewlap
extensions, push-ups, head nods and yawning were
recorded. All observations were carried out between 0900
and 1700h, when the lizards were fully active (G
Borgmans, personal observation 2014). The order of the
observations was randomised within this active period. 
Faecal corticosterone metabolites (FCM)

The traditional technique of measuring plasma levels of
corticosterone to assess physiological stress in vertebrates
has been criticised because acute rises in corticosterone,
associated with blood sampling, may mask more subtle
variation due to mild, prolonged stress. Instead, faecal corti-
costerone metabolites (FCM) can be measured with
minimal disturbance to the animal and may reflect average
levels of stress over longer time-periods (Möstl & Palme
2002; Palme et al 2005). This alternative technique has
recently been used in a large variety of vertebrates,
including reptiles (Rittenhouse et al 2005; Kalliokoski et al
2012), details on the use and validation of FCM can be
found in the literature review by Palme et al (2005), Keay
et al (2006) and Palme (2019) 
Cages were checked three times daily (0900, 1200 and
1500h) for three days and all faecal pellets found were
collected using tweezers. The pellets were stored in small
plastic bags and frozen at –21°C immediately following
collection. Tweezers were cleaned with 90% ethanol
between consecutive collections to avoid contamination and
faecal data weighted per mg of faeces. When pellets
weighed less than 10 mg (Sartorius CPA223S, 0.001 g,
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Sartorius, Germany), they were pooled with samples of the
same individual of the same day within the same treatment.
A minimum 10 mg sample is required for accurate steroid
measurement (R Palme, personal observation 2014). To
extract FCM, 0.5 ml of a 60% methanol solution (60:40,
methanol: water) was added to each sample (Palme et al
2013). Samples were then mixed for 2 min using a vortex
and centrifuged (at 2,500 g) for 5 min. An aliquot of 0.1 ml
from each mixture was stored at –21°C until analysis.
Extracts were analysed using a 5α-pregnane-3ß,11ß,21-
triol-20-one enzyme immunoassay (EIA). The results of a
previously carried out validation experiment, which were
reported in Borgmans et al (2018), showed that this EIA
was most suitable for measuring FCM levels in A. caroli-
nensis. Details of the EIA, including cross-reactions of the
antibody can be found in Touma et al (2003).
Colour

Spectrophotometry was initially also included as a measure
for stress as body colour has been shown to change in
response to different stressors in reptiles (Summers &
Greenberg 1994). However, our measurements yielded
inconclusive results and we are not convinced that body
colour is valid as a tool for measuring chronic stress in A.
carolinensis lizards. Therefore, information on the body
colour measurements will not be included in this manu-
script. The full methods and results of the body colour
measurements (including Table S3 showing the component
matrix of the colour PCA analysis and Figure S1 showing
the average reflection of the skin of the head, the flanks and
the dewlap for males and females in the different treat-
ments) can be found in the supplementary material to papers
published in Animal Welfare: https://www.ufaw.org.uk/the-
ufaw-journal/supplementary-material.

Statistical analysis
Statistical analyses were carried out with SPSS (IBM SPSS
statistics v22). All measured variables were analysed for
effects of treatment, sex and for an interaction between
treatments and sex. The assumption of normality was tested
with a Shapiro-Wilk test. H/L ratio and FCM data were
log10-transformed to ensure normality. When Mauchly’s test
of sphericity was violated, a Greenhouse-Geisser correction
was applied to the corresponding degrees of freedom. One-
way repeated measures ANOVAs with situation as a within-
subject factor and order (in which order animals received
different treatments as explained in Experimental design) as
a between-subject factor were used to test for differences
between the treatments for body mass, tail width, H/L ratio
and FCM level. No significant effect of order or the interac-
tion between order and situation was found. Therefore, data
were lumped to increase sample size. Whenever a repeated
measures ANOVA found a statistical difference, a post hoc
analysis with Bonferroni adjustment was carried out to
investigate pair-wise differences. Some of the behavioural
variables (Table S2: https://www.ufaw.org.uk/the-ufaw-
journal/supplementary-material.) did not occur during the
observations. The only behaviours to be observed were
walking, climbing, sitting, hiding, basking and head
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Figure 1

Showing (a) body mass (n = 19 for males; n = 12 for females) and
(b) tail width (n = 19 for males; n = 12 for females) for
Anolis carolinensis lizards in the ‘acclimatisation’ period, the small and
the large cage treatments. Indicated are means and standard errors
for females (black bars) and males (grey bars)
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movements. The combination of all the ‘passive’ sitting
behaviours (sitting, hiding and basking) can be considered
the inverse of the more ‘active’ state behaviours (walking
and climbing). These ‘passive’ behaviours would yield
similar results as the ‘active’ behaviours when analysed.
Therefore, only total time spent moving (combination of
walking and climbing) and number of head movements
were analysed using generalised linear model (GzLM).
Total time spent moving was modelled with a linear distri-
bution and identity as the link function. Number of head
movements was modelled with a Poisson distribution and
log as the link function.

Results

Morphometrics
Lizards in both the ‘small cage’ and ‘large cage’ treatments
had a significantly higher body mass compared to the ‘accli-
matisation’ period (Figure 1[a], treatment effect:
F1.313,38.08 = 13.95; P < 0.001). This difference was slightly
more pronounced in females (sex × treatment-effect:
F1.313,38.08 = 4.40; P < 0.05), and males had an overall higher
body mass (sex-effect: F1,29 = 37.59; P < 0.001). However,
cage size (‘small cage’ versus ‘large cage’ treatments) did
not affect body mass change (P = 1.0).
Tail width (corrected for SVL) exhibited a similar effect of
treatment (Figure 1[b], F2,58 = 13.46; P < 0.001), with high
values in the small and large cage situations compared to the
‘acclimatisation’ period. The difference was similar for
males and females (treatment × sex effect: F2,58 = 1.27;
P = 0.29) and there was no difference in tail width between
males and females (sex-effect: F1,29 = 0.001; P = 0.98). The
difference in tail width between animals in the ‘small cage’
and ‘large cage’ treatments was not significant (P = 0.12).

Physiological traits
The H/L ratios were high in the initial ‘acclimatisation’
period and equally low in the other two treatments
(Figure 2[a], treatment effect: F2,50 = 20.89; P < 0.001). The
same pattern was observed in males and females (sex-effect:
F1,25 = 0.84; P = 0.37, sex × treatment effect: F2,50 = 0.60;
P = 0.55). Lizards in the ‘small cage’ and ‘large cage’ treat-
ments exhibited highly similar ratios (P = 1.0).
Male FCM levels did not differ among treatments
(Figure 3[b], F2,12 = 1,65; P = 0.23). 

Behavioural traits
The total time spent moving (walking and climbing) did not
differ among treatments (GzLM, treatment-effect: Wald
χ2

2 = 0.15; P = 0.93; Figure 3[a] nor between sexes
(treatment × sex interaction effect: Wald χ2

2 = 4.01;
P = 0.13, sex-effect: Wald χ2

2 = 0.07; P = 0.79). 
Head movements followed a similar pattern. There was no
significant difference in number of head movements among
treatments (GzLM, treatment-effect: Wald χ2

2 = 0.857;
P = 0.65; Figure 3[b]) nor between sexes (treatment × sex
interaction effect: Wald χ2

2 = 4.84; P = 0.09, sex-effect:
Wald χ2

2 = 1.1; P = 0.29).
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Figure 2

Showing (a) heterophil-lymphocyte ratios (H/L, n = 17 for males;
n = 10 for females) and (b) faecal corticosterone metabolite levels
(FCM, n = 7 for males; n = 2 for females) in Anolis carolinensis lizards
during the ‘acclimatisation’ period, and in the small and large cage
treatments. Indicated are means and standard errors for females
(black bars) and males (grey bars). The two females in the FCM
graph (b) are represented by the black circles and triangles.
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Discussion
Our results show no effect of cage size on a series of
variables that have been used as proxies of stress level.
Individuals of A. carolinensis that were kept for three
weeks in a 0.05 m3 cage exhibited comparable changes in
general condition (as indicated by body mass and tail-base
width), leukocyte profiles (H/L ratios), levels of faecal
corticosterone metabolites and behaviour as did individ-
uals residing in 0.2 m3 cages. A question that arises is why
we found these negative results.
First of all, a possible explanation is that differences in cage
size of the magnitude used in our study were within a range
that did not have an effect on stress levels in A. carolinensis.
It could be that animals did not experience the limited cage
size, as such, and that it therefore did not lead to a clear
increase in stress levels. This could, in part, be explained by
the fact that A. carolinensis are a generalist species that are
known to easily adapt to changing circumstances, also in
captivity. Lovern et al (2004) discuss this in greater detail in
their review on the use of A. carolinensis in laboratory
studies. It is possible that species with a more specialised
ecology experience a larger effect of changing environ-
mental factors, such as a change in cage size. This could be
investigated by undergoing research assessing the effect of
changes in cage size in more specialised species.
Furthermore, it is difficult to compare our results on the
effect of cage size to previous studies on reptiles. As
mentioned in the Introduction, some research has shown an
effect of enforced confinement in, for example,: tuatara and
loggerhead turtles (Gregory et al 1996; Tyrrell & Cree
1998) and Wheler and Fa (1995) provide a rare example of
a study that looked at the effect of cage size on reptiles. To
our knowledge, no other research has been carried out
investigating solely the effect of cage size on stress levels in
lizards. The range of cage sizes used in our experiments is
comparable to the array of dimensions typically found in
husbandry recommendations or housing descriptions of
scientific reports, making our results very relevant in this
respect. However, an option for future research could be to
investigate the effect of cage sizes smaller and larger than
those described in the current study. 
An aspect of cage size that is also worth noting is the
shape of the cages. When animals are provided with a
cage that has a shape that does not conform to their
ecological needs, it could negatively impact their stress
levels. For example, when A. carolinensis (a well-known
arboreal species) are provided with a cage that is more
long than it is high, it could be expected for this to have a
negative effect on their stress levels since they are limited
in carrying out aspects of their natural behaviour. Table 1
(https://www.ufaw.org.uk/the-ufaw-journal/supplemen-
tary-material) shows that only 58% (15 out of 26) of
consulted care-sheets mentioned that cages should be
taller than long or wide for A. carolinensis lizards. This is
an important point to consider when evaluating cage
sizes, ie not only volume needs to be taken into account
but also the shape of the cage. However, this point might
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Figure 3

Showing (a) the time spent moving (walking or climbing, n = 19
for males; n = 12 for females) and (b) the number of head movements
(n = 19 for males; n = 12 for females) exhibited by Anolis carolinensis
lizards during the ‘acclimatisation’ period, and in the small and large
cage treatments. Indicated are means and standard errors for females
(black bars) and males (grey bars).
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become irrelevant when lizards are housed in very large
cages (eg a few cubic meters) which cannot be compared
to the range of normal commercial cage sizes.
Another possible reason could be that the experimental
period used was not long enough to elicit a clear response in
the animals. Due to strict timing of the experiments we were
limited to a three-week period. However, multiple studies
have used a comparable experimental period to ours to
investigate behavioural and physiological response in a
similar set-up as in our study (Hennig & Dunlap 1978: 13-
day period, tonic immobility; Moore et al 1991: three-week
period, plasma CORT level; Case et al 2005: 1-month
period, H/L ratio and behaviour; Phillips et al 2011: 2-week
period, body mass and behaviour; Kalliokoski et al 2012: 8-
day period, FCM and behaviour) showing that the length of
our experimental period should be adequate. Despite this, it
seems reasonable that, in general, a longer period would be
beneficial when testing effects of chronic stressors. This
could be studied by conducting similar experiments with a
longer experimental period. Further research is needed to
investigate these possibilities.
As mentioned in the Introduction, when we compare the
home range of A. carolinensis to what is suggested/used in
both care-sheets and literature, we see that the recom-
mended cage sizes are but a fraction of the natural home
range size. An extra factor here is that males use more space
during certain periods of the year, as was shown by Jenssen
et al (1998) where they found that breeding males had a
home range of 174 m2. This could potentially increase the
effects of small cage sizes. However, it is unlikely that this
had an effect in our study as the onset of the breeding season
in this species is a period of decreased temperature and day
length (Licht 1971) and the temperature and light cycle in
our set-up was kept constant throughout the entire experi-
mental period, prohibiting the onset of the breeding season.
Female home range size is much smaller than that of the
males, which could indicate that females would experience
less effect of the differences in cage size. However, our
results did not show any differences between males and
females in their reaction to the differences in cage sizes. 
Lastly, it could be that differences in cage size did have an
effect on stress levels, but that we were not able to measure
it. It could have been that our instruments were not precise
enough to measure differences. This seems unlikely seeing
as the instruments and techniques we used are all validated
in previous research. It could also have been that we did not
measure the appropriate variables. However, this also seems
unlikely since the variables we used have all been linked to
stress responses in previous research and we did find differ-
ences between the ‘acclimatisation’ period and the ‘small
cage’ and ‘large cage’ treatments. Body mass and tail width
were lower and H/L ratio was higher in the ‘acclimatisation’
period, indicating a higher stress level.
No differences in FCM levels and behaviour were found
between the ‘acclimatisation’ and experimental situa-
tions. Although FCM has been presumed by many to be

one of the most accurate measurements to which the
other variables could be compared, the results did not
show a similar outcome to those for the other variables.
No difference between the ‘acclimatisation’ and the
experimental treatments was observed. This difference
might be explained by the fact that due to technical limi-
tations (samples under a weight of 10 mg are too small
to be accurately analysed via EIA) sample size was
greatly reduced. This small sample size could have
resulted in inaccurate results for the FCM measure-
ments. A possible solution for the low weights could be
to pool samples from an individual per treatment.
However, given that FCM analyses are relatively recent
in reptiles, it is not known yet whether pooling of
samples has an effect on results. An experiment that
could test this would be to divide different samples and
analyse them both individually and pooled. Another
solution could be to collect samples over a longer period
of time. However, when the period in which samples are
being collected gets longer, it is possible that the effect
of a stressor differs between a sample that is collected in
the beginning of the experimental period and one that is
collected at the end. Although further studies are
necessary, the use of FCM might be difficult for reptilian
species that produce scant faeces.
The behavioural observations also did not show similar
results to those found for the other variables. No differ-
ences were found between the treatments for the
observed behaviours, making it impossible to draw any
conclusions on the effect of the stressor on behaviour. We
acknowledge that the behavioural observations could
have been improved by the use of video monitoring
instead of live observations. However, due to practical
limitations, we were not able to use video monitoring.
The darkened observation room did not allow for the use
of camera observations. The 10-min observation periods
might also not have been long enough to obtain a true
representation of their behaviour in captivity. However,
due to strict timing, all behavioural observations had to
be carried out on the same day and given the 8-h period
(0900–1700h) when animals were considered fully
active, 10-min observations were the longest that could
practically be performed. A longer observational period
could address this issue for future research.
Our results showed that animals had higher stress levels for
most of the measured variables in the ‘acclimatisation’
period. This finding has been discussed in detail in
Borgmans et al (2018) as that study utilised the same ‘accli-
matisation’ period as the current study. Even when we take
into account that the high levels of stress found in the ‘accli-
matisation’ period are most likely an artefact remaining
from the scenarios animals found themselves in prior to our
experiments, the fact still remains that we found no differ-
ences between the experimental situations.
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Animal welfare implications
The major findings of this study are that differences in cage
sizes, with regard to the specific dimensions used in this
study, do not have an effect on stress in A. carolinensis. This,
however, does not mean that other factors do not play a role
in improving a captive situation. Different factors (for
example, providing a thermal gradient, appropriate humidity,
appropriate social grouping or providing live prey) probably
play an important role in the welfare of captive lizards. Our
results do suggest that decisions on maintaining reptiles in
captivity based on the perception of their needs might not be
ideal as a guide and that species-specific research into
different aspects of captivity is required.

Conclusion
Our results suggest there to be no effect of differences in cage
size across the range (with regard to the specific dimensions)
we have investigated on stress levels in A. carolinensis.
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