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Effects of miniature transponders on physiological stress, locomotor
activity, growth and survival in small lizards

Jean-Francois Le Galliard">*, Matthieu Paquet', Zorica Pantelic’, Samuel Perret?

Abstract. The marking of small animals for long-term ecological studies requires unambiguous and permanent techniques
that cause minimal harm. Toe-clipping is frequently used to identify small lizards in the field, but it has been suggested that
passive integrated transponders (PIT tags) should be preferred. Here, we evaluate the costs and benefits of new miniature
PIT tags to mark the common lizard (Zootoca vivipara). Our protocol enables permanent marking of lizards as small as
1.3 grams with maximal implantation success in the abdominal cavity. Tag injection caused no observable increase in plasma
corticosterone levels over five days and no negative effects on long-term growth and survival. However, tag injection had
negative effects on locomotor activity during at least 7 days, possibly implying pain. Continuous research to improve tag
implantation is needed because negative effects may be caused by anaesthesia and injection rather the tag retention itself.
This study demonstrates the utility of combining physiological, behavioural and life history measurements to assess marking
stress and pain in animals.

Keywords: corticosterone, locomotion, pain, permanent marking, physiological stress.

Introduction graphic identification, painting, or bead-tagging
(e.g., Perera and Perez-Mellado, 2004; John-
son, 2005). Unfortunately, these techniques do
not meet some of the requirements of long-term
ecological studies: tags can be lost and identifi-
cation is usually impossible after a moult, the
number of individuals that can be marked is

Individual based data are crucial to assess the
population characteristics of wild vertebrates
(Dunham et al., 1988). In small species of rep-
tiles and amphibians and most juvenile forms,
the best methods to permanently mark individu-
als are still controversial (e.g., Funk et al., 2005;
Langkilde and Shine, 2006; Parris et al., 2010).
In particular, because of their small size, many
lizard species are difficult to mark permanently
using techniques that (i) avoid undue pain and
stress, (ii) have no effect on survivorship or
growth, (iii) allow fast and error-free individual
identification and (iv) produce marks that are
not easily lost (reviewed in Ferner, 2007). Small
lizards can be identified individually by non-
or weakly invasive techniques such as photo-

lower than the requirements of long-term stud-
ies, and colour marks may increase conspicu-
ousness to predators (Ferner, 2007).

These difficulties explain why, at present,
more invasive methods (scale clipping, heat
branding and toe clipping) are considered as
the most practical and reliable techniques for
marking most lizard species (reviewed in Dun-
ham et al., 1988; Ferner, 2007). Being preferred
for its efficiency and practicality with the small-
est species, toe-clipping has been the subject of
some experiments to evaluate its negative ef-
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Meyer, 2000) and cause minimal physiological
stress (Langkilde and Shine, 2006), while two
studies found significant negative effects in ar-
boreal and climbing species (Rodda et al., 1998;
Bloch and Irschick, 2005). Despite these re-
sults, animal ethic committees suggest that pas-
sive integrated transponders (PIT tags) should
be preferred to toe clipping on grounds that
this technique is more humane, less harmful,
and more reliable (Camper and Dixon, 1988;
Langkilde and Shine, 2006). In general, prefer-
ence should go towards marking methods that
combine maximal efficiency and minimal suf-
fering (HACC, 2004). In lizards, PIT tags can
be injected subcutaneously or intracoelomically
(i.e., in the body cavity), and they usually have a
high implantation success, a low rate of reading
mistakes, and a good durability (Camper and
Dixon, 1988; Germano and Williams, 1993).
However, PIT tags are difficult to inject in small
individuals. Furthermore, one recent laboratory
study demonstrated that PIT tag injection can
induce a prolonged elevation of physiological
stress in small lizards (Langkilde and Shine,
2006). Thus, the question of the long-term neg-
ative effects of this technique remains to be in-
vestigated prior to a more widespread use.

We studied PIT-tag efficiency and negative
effects in the common lizard, Zootoca vivipara,
a ground dwelling European species subject
to ecological studies where we routinely use
toe-clipping to mark individuals (e.g., Le Gal-
liard et al., 2010). During this experiment,
we compared experimental groups of male
lizards injected subcutaneously in the belly or
intracoelomically with control, unmanipulated
lizards. We evaluated tag loss and consequences
of marking for plasma corticosterone levels and
locomotor behaviour during less than a week,
and for growth and survival until 300 days after
the injection. To cope with the small size (40-
60 mm snout-vent length) and mass (1-5 g) of
our study animals, we used miniature chips (6
by 1 mm) that are smaller than most PIT tags
available on the market (Gibbons, 2004).
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Following on the terminology and frame-
work of Carstens and Moberg (2000), we com-
bined physiological, behavioural and life his-
tory approaches to assess marking stress (de-
fined as the physiological response to cope with
a marking protocol), pain (defined as an un-
pleasant emotional state due to marking) and
distress (a more severe stress situation where
an animal’s growth, reproduction and survival
is challenged), respectively. First, we measured
plasma levels of a glucocorticoid (corticos-
terone) before and after the implantation. An
increase in corticosterone levels is clearly as-
sociated with stress in most vertebrates, in-
cluding the common lizard (Dauphin-Villemant
and Xavier, 1987; Wingfield and Ramenofsky,
1999). We measured corticosterone five days
after implantation to evaluate sustained stress
like in a previous study by Langkilde and Shine
(2006) rather than immediate responses to im-
plantation and handling. Second, we investi-
gated effects of implantation on activity and lo-
comotion behaviours within a week after im-
plantation. A previous study of the common
lizard has shown that a corticosterone increase
can be associated with less basking and resting
activities, and more walking and scratching be-
haviours (de Fraipont et al., 2000). Thus, if tag
implantation causes a prolonged physiological
stress, we expect significant increases in loco-
motor activity after marking. On the other hand,
if marking causes only pain, animals should be
less mobile and active after implantation. In-
deed reduced activity is often associated with
suffering in laboratory animals (Carstens and
Moberg, 2000). Third, we tested for differences
in mass changes and survival until almost a year
after the tag implantation.

Animals and methods
Study animals and data collection

Experiments were conducted from July 2008 to April 2009
with 23 yearling and adult male common lizards maintained
in a breeding facility in ad libitum conditions (see Le Gal-
liard et al., 2003 for more information). Animals were accli-
mated to captivity for more than a month and had therefore
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low basal levels of corticosterone before starting the experi-
ment (see below). Lizards were selected to cover a range of
variation in body mass (range = 1.30-4.90 g) but yearlings
less than 1g and newborns (mass = 200-300 mg) were ex-
cluded. These animals could not be reasonably fit with our
PIT tag due to their small size (pers. obs.). All study an-
imals had been marked in previous years by toe-clipping,
thus enabling their unambiguous identification even after a
tag loss. At day O (July 29, 2008), individuals were weighed
to the nearest mg. In addition, we recorded the behavioural
activity of each individual using a neutral arena test. The
neutral arena consisted of a wood box (50 cm x 18 cm)
littered with clean sand and warmed at two edges with a
bulb (25 W) to create an optimal thermal gradient inside
the box (25-35°C). Lizards were filmed from above dur-
ing 20 min after an acclimation period of 20 min; there-
fore, the neutral arena test does not measure exploration
per se since the lizard is acclimated prior to the recordings.
We checked each trial for abnormal behaviours (shivering,
irregular breathing, or severely reduced locomotor ability)
and scored each individual for total distance travelled dur-
ing the trial and mean movement speed using ImageJ soft-
ware (http://rsbweb.nih.gov/ij/). We also analysed each trial
for the duration of four behaviours (walking on the ground,
basking below a bulb, resting on the ground and scratching
the walls in an apparent attempt to escape) using the soft-
ware EthoLog (Ottoni, 2000). Distance travelled during the
trial is correlated with the proportion of time spent walk-
ing on the ground and is highly repeatable (Le Galliard and
Paquet, unpub. data).

At day 1 and prior to manipulation, all animals weighing
more than 2 g were blood sampled for analyses of plasma
corticosterone levels (n = 18). Blood samples (40-80 ul
whole blood) were collected from the post-orbital sinus us-
ing 50 ul microhematocrit tubes. All samples were col-
lected within 3 min of removal of an animal from its home
cage and between 10:00 and 12:00 h in order to avoid a
handling-induced increase and reduce variability due to di-
urnal rhythms in the secretion of corticosterone (Dauphin-
Villemant and Xavier, 1987). Blood samples were cen-
trifuged and harvested plasma was stored at —20°C. After
all blood samplings were completed and a rest period of 3-4
hours, lizards were allocated randomly in each of three ex-
perimental groups: a control group of animals was not ma-
nipulated and received no transponder injection (hereafter
called CONT group, n = 7), a treatment group of animals
was injected with transponders subcutaneously (SUB group,
n = 8), and a treatment group of animals was injected intra-
coelomically with transponders (INT group, n = 8). There
were no initial differences in size, mass or behaviour be-
tween treatments (ANOVA, all p > 0.05). Transponders
were injected from 13:00 to 15:00 following a standard pro-
cedure (see next section). Control animals were not manip-
ulated when other animals were injected with transponders
to measure total effects of our protocol, which includes han-
dling, cold anaesthesia, implantation, and tag retention.

After manipulation at day 1, lizards were checked visu-
ally for recovery from the manipulation (including signs of
inflammation, wounding and infection), weighed at days 3,
5,7 and 9, and recorded for their behavioural activity at days
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2 and 7. The same lizards blood sampled on day 1 were also
sampled on day 5. We did not sample blood immediately
after tag implantation because we already know than han-
dling increases corticosterone levels within hours (Dauphin-
Villemant and Xavier, 1987; Langkilde and Shine, 2006)
and we wanted to evaluate sustained stress levels like in the
previous study by Langkilde and Shine (2006). At day 9,
animals were released by groups of 2 individuals in each
of 12 outdoor cages. Outdoor cages consisted of a natural
habitat (2 x 1 x 0.5 m, L x W x D) enclosed with plastic
walls buried deep into the ground and protected on top by a
lizard-proof net to avoid potential escapes and avian preda-
tion. Outdoor cages were provisioned with wood and rocks
as shelter and permanent access to water. Prior to the winter,
animals were recaptured, checked visually for healing from
tag implantation and weighed at day 19 (July 18) and day
40 (September 8). After overwintering, animals were recap-
tured, checked for survival and measured for body mass at
day 259 (April 9, 2009) and day 285 (May 5, 2009).

Tag technology and injection

We used the miniature RFID tag manufactured by
Nonatec™ (NXP MFO0 IC Ull, 6 by 1 mm, www.nonatec.
net) and operating at a frequency of 13.56 Mhz. We chose
to inject all animals around the left posterior ventral part of
the abdominal cavity (Germano and Williams, 1993). Prior
to injection, all equipment was disinfected and animals were
cold anesthetised by storing them during approximately 1 h
in a freezer kept at 3-5°C. The injection site was cleaned
with a diluted solution of betadine and the animal was posi-
tioned dorsally. The tag was injected below a ventral scale
with a syringe (diameter 1.2 mm, 18 gauge). The syringe
was inserted sub-cutaneously in the SUB group where the
tag was forced below the skin. The syringe was used to in-
cise the skin in the INT group and the tag was then manu-
ally injected inside the abdominal cavity with forceps. Af-
ter the tag was inserted, we applied a gentle compression
around the injection site to avoid bleeding and kept the ma-
nipulated lizard in a clean terrarium from 15:00 to 18:00.
Animals were then treated with a topical application of an
antiseptic spray on the implantation site (chlorexidine 2%,
RONT® production, France) and returned to their terraria.

Corticosterone assays

We measured plasma corticosterone concentrations (CORT)
in each blood sample using Enzyme ImmunoAssay (EIA)
kit (AC-14F1, IDS, Boldon, UK) following the manufac-
turer’s protocol. Given the range of variation in CORT ob-
served in the common lizard (Meylan et al., 2003), all
plasma samples were diluted 1:10 with assay dilutant and
standard curves were calibrated with standard samples rang-
ing from 0.01 ng/ml to 188 ng/ml equivalent CORT. Intra-
assay repeatability for the standard samples was very strong
(intra-class correlation coefficient of absorbance data, r =
0.99).



180

Results

Handling of animals and laboratory equipments
as well as injections of miniature tags proved
feasible for two experienced persons. Despite
the modest anaesthesia resulting from exposure
to cold, animals were calm during injection,
which lasted between 2 to 5 min. Bleeding was
observed in 7 out of the 16 treated animals
but it stopped following a compression or af-
ter less than an hour of rest. Localised wound-
ing (necrosis of tissue and scales) was also ob-
served around the injection site for 9 animals
out the 16 treated lizards, but wounding was
very restricted (<1 mm) in 7 animals and only
obvious in 2 animals (corresponding to 3-4 ven-
tral scales). No animal showed signs of post-
manipulation infection or severe inflammation.
All animals retained their tags from day 1 to day
7 but 3 animals from the SUB group lost their
tags at day 19 following a moult. New tags were
gently reinserted in the same subcutaneous po-
sition and no tag was subsequently lost during
the study. Note that this replacement would not
be feasible in the field.

We did not observe abnormal behaviour
(shivering, irregular breathing, or severe re-
duction of locomotor ability) during the be-
havioural tests but the treatments induced a
significant change in locomotor activity com-
pared to pre-manipulation levels. These changes
were evident both for total distance travelled
(ANOVA of treatment effects for change from
before to after manipulation, day 2: Fry =
4.16, p = 0.03, day 7: F» 20 = 4.46, p = 0.02)
and movement speed at day 2 (ANOVA of treat-
ment effects for change from before to after ma-
nipulation, day 2: F>5y = 6.49, p = 0.007,
day 7: Fr20 = 2.71, p = 0.09; see fig. 1A).
Movement distance travelled on day 2 was sig-
nificantly reduced in the INT group compared
to the CONT group (r = —2.83,df = 20, p =
0.01) but only marginally reduced in the SUB
group (t = —2.00, df = 20, p = 0.06). On
day 7, i.e., six days following the manipulation,
movement distance was significantly reduced in
both the INT and SUB groups compared to the

J.-F. Le Galliard et al.
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Figure 1. Change in locomotor activity from before to after
the manipulation period in control (CONT), sub-cutaneous
(SUB) and intra-abdominal (INT) groups. Data show mean
(£ SE) change of measurements done 2 days and 7 days
after the manipulation for total distance travelled during the
behavioural trial (A) and movement speed (B). See text for
statistical details.

CONT group (respectively, t = —2.8, df = 20,
p =0.01;¢r =-2.37,df = 20, p = 0.03). Sim-
ilar qualitative results were obtained for move-
ment speed (see fig. 1B). The other behaviours
(resting, scratching, and basking) did not differ
between treatment and control groups (ANOVA
of treatment effects for change from before to
after manipulation, all p > 0.05).

The CORT levels ranged for all lizards from
4.74 ng/ml to 86.51 ng/ml (mean = 25.22 +
2.87 SE ng/ml). Changes in CORT from be-
fore to five days after manipulation were not
affected by the treatment (F, 14 = 1.66, p =
0.22; CONT: +4.40 ng/ml + 6.17 SE, SUB:
+5.05 ng/ml + 6.70 SE, INT: —8.99 ng/ml +
5.50 SE). CORT levels were significantly cor-
related between measurements (Pearson’s prod-
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uct moment correlation, r = 0.62, p =
0.006). The treatment also had no effect on mass
change prior to the winter (change from pre-
manipulation levels to late summer, F 19 =
0.42, p = 0.66, n = 22), mass change during
the winter and early spring (change from late
summer to post-wintering levels, F, ;5 = 2.59,
p = 0.11, n = 18) and mass change during
spring (change from to post-wintering to late
May, F; 10 = 0.02, p = 098, n = 13). A re-
peated measure analysis of variance including
all observations of body mass yielded a simi-
lar result (not shown). Summer and overwinter
mortality was low (5§ dead animals out of 23 re-
leased animals) and some additional mortality
was observed during spring (5 additional dead
animals). Survival from the start to the end of
the experiment was not influenced by treatment
(Fisher exact test, p = 0.33; CONT: 4 survivors
out of 7 lizards, SUB: 3 out of 8, INT: 6 out
of 8).

Discussion

Our experiment evaluates the efficiency and
negative effects of a marking method involv-
ing handling, cold anaesthesia, and injection
of miniature PIT-tags (6 by 1 mm) designed
for small lizards of a minimum body size of
ca. 40 to 50 mm snout-vent length and a min-
imum weight of ca. 1 to 2 grams. Previous
studies had used larger tags (>12 by 2 mm)
that could not be reasonably fitted to these an-
imals. Thus, our miniature tags extend impor-
tantly the range of body size and therefore the
number of lizard species that can be marked
with passive integrated transponders. All tags
were injected in a ventral position, but we found
more implantation success following injection
in the intra-abdominal cavity (success rate =
100%) than with a subcutaneous injection (suc-
cess rate = 62%). Tag loss from subcutaneous
injection was associated with a moult occur-
ring approximately 19 days after implantation.
These results are in line with those of a study of
the lizard Gambelia sila involving a much larger
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sample size (Germano and Williams, 1993) and
suggest that intra-abdominal injection should be
preferred in lizards. Application of a surgical
glue around the injection site is sometimes ad-
vocated to favour healing and decrease tag loss
(HACC, 2004). However, we have found this to
instead slow down healing in some pilot studies
(pers. obs.).

We did not quantify post-manipulation pain
and trauma within minutes or hours of implanta-
tion, but we found some effects on male behav-
iour within days after the manipulation. Males
injected with a PIT-tag intracoelomically or sub-
cutaneously displayed less locomotor behav-
iours and moved more slowly for periods rang-
ing at least from 2 to 7 days after the manipu-
lation. These changes were more obvious after
2 days for animals injected intracoelomically
though the two treatment groups did not differ
significantly in their behaviours (see fig. 1). Pre-
vious studies indicated that an increase in loco-
motor activity is associated with physiological
stress in the common lizard (de Fraipont et al.,
2000), but our experiment found no effects of
marking on plasma corticosterone levels. Hor-
monal levels of male common lizards (mean =
25 ng/ml) were low compared to typical stress
levels in the laboratory (e.g., 90 ng/ml, see
Dauphin-Villemant and Xavier, 1987) and were
also consistent across measurements within the
same individual. These results differ from those
of Langkilde and Shine (2006) who found that
tag injection causes a prolonged elevation of
plasma corcicosterone levels after 14 days in
the Australian scincid, Eulamprus heatwolei. In
this study, physiological changes were obvious
in female scincids but male corticosterone lev-
els did not change with the manipulation. We
did not investigate the impact of tag implan-
tation on female Z. vivipara and this should
be examined in future studies. The study of
Langkilde and Shine (2006) and ours empha-
size the complex relationships between hor-
monal stress and marking stress. Such varia-
tion in hormonal stress responses has already
been observed across species, within species be-
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tween age and sex classes, and also within the
same individual across seasons (Wingfield and
Ramenofsky, 1999; Moore and Jessops, 2003).
Therefore, studies that focus only on physio-
logical measurements to assess marking stress
should be considered with some caution.

The lower locomotor activity of lizards in-
jected with a transponder could result from a
post-injection trauma and/or from a constraint
due to tag retention, and is therefore prob-
ably indicative of a pain response (Carstens
and Moberg, 2000). Alternative procedures than
cold anaesthesia are available to provide ani-
mals with sedation and surgical anaesthesia and
therefore to diminish the pain caused by tag in-
jection. Such techniques certainly warrant fur-
ther investigations, but are less feasible to mark
animals in the field. Recently, our group has
tested a variety of injectable and inhalant anaes-
thetic, and found that isoflurane (Forene, Ab-
bott) is the most successful for adults (Mey-
lan and Bleu, pers. comm.). Irrespective of their
causes, the observed behavioural changes could
lead to some negative effects on mass growth
and survival because foraging is tightly linked
with locomotor behaviour in actively foraging
lizards (e.g., Lorenzon et al., 1999). Yet, we
found no effects of tag injection for mass growth
and annual survival. This result must be inter-
preted with some caution because the low sam-
ple size of this study leads to a small statis-
tical power and any small effects would not
be detected. No other study had tested for ef-
fects of transponder injection on growth and
survival in lizards, but Keck (1994) and Jemi-
son et al. (1995) also found no effect on growth
and recapture rates for snakes. Generally, there
appears to be only mild effects of transponder
injection for condition, growth, survival and re-
production of animals (Gibbons, 2004), but fu-
ture studies with larger sample sizes are needed.

In conclusion, our study demonstrates the ap-
plicability of miniature transponder technology
to mark lizards as small as 1-2 grams. Tag in-
jection decreased the locomotor activity of an-
imals during at least a week, but had no sig-
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nificant effects on physiological stress after five
days and did not impair mass growth and an-
nual survival. However, this technique is more
time consuming, more expensive, and more dif-
ficult to perform than toe clipping, and tag loss
can occur if the tag is not injected in the ab-
dominal cavity. Also, marking smaller individ-
uals, especially newborns, is clearly not feasi-
ble. Continuous research to improve implanta-
tion of transponders in small animals is needed.
In general, the evaluation of stress and pain is a
complex issue, and our study demonstrates the
utility of combining physiological, behavioural
and life history measurements to assess marking
stress in lizards. Indeed, evaluations of effects
based on behavioural data provided a different
picture than standard physiological and life his-
tory tests.
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