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Associated costs of mitigation-driven translocation in small lizards

Rafael Barrientos!****** Rodrigo Megfa-Palma?3-*##***

Abstract. Mitigation-driven translocations represent an increasingly common management solution to reduce animal
mortality and habitat loss caused by human development. Although they currently outnumber other translocation types,
there is a lack of scientific approaches to evaluate the outcome of this management tool. We designed an experimental
translocation with two groups of translocated males and two of control males of a small (6-14 g) lizard (totaling 120
individuals). Our results suggest that translocated individuals covered longer distances (53 vs. 18 m) from their respective
release points in one month (on average), although this distance diminished over time. Displacing longer distances was
associated with a body condition impoverishment and an increase in parasitization by ectoparasites. To the best of our
knowledge, this is the first study that finds a positive relationship between covering longer distances and an increase in
the number of mites. This was also explained by the initial mite load that lizards had, suggesting that controlling the
infestation by mites is energetically demanding for lizards, being traded by locomotor activity. At least for those individuals
in poorer body condition, we recommend the implementation of soft release (gradually accustoming individuals to their new
environment by previously releasing them into controlled conditions) and deparasitization before accomplishing a mitigation-
driven translocation.

Keywords: corrective measures, environmental impact, habitat loss, homing behaviour, human development, Psammodromus
algirus, road ecology, translocation.

Introduction 2018). Infrastructures can impact wildlife in
many ways, like increasing accessibility to nat-
ural areas, triggering urban development, and
causing direct mortality or barrier effects (For-
man et al., 2003; van der Ree, Smith and Grilo,
2015).

Mitigation-driven translocations (i.e., mov-
ing animals away from the path of development
projects; also called short-distance transloca-
tions) attempt to reduce animal mortality and
to compensate habitat loss caused by human
activities as individuals are moved to new,
undisturbed areas (Germano et al., 2015). They
1 - Road Ecology Lab, Department of Biodiversity, Ecol- can involve species of any conservation sta-

ogy and Evolution, Faculty of Biology, Complutense tus (Germano et al., 2015). These projects

University of Madrid, Madrid, Spain

2 - Universidad de Alcald (UAH), School of Pharmacy,
Department of Biomedicine and Biotechnology, Parasi-
tology Area, A.P. 20 Campus Universitario, Alcald de more funding than purely conservation-driven
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Human activities like overexploitation, agricul-
tural development, urban expansion or infras-
tructure building currently threaten the survival
of three quarters of the 82 000 species assessed
by the International Union for Conservation
of Nature (Maxwell et al., 2016). The human
footprint will continue growing in the com-
ing decades, as global infrastructure network is
expected to continue its expansion in the com-
ing years (Laurance et al., 2014; Meijer et al.,

have traditionally responded to management
needs, and currently outnumber and receive

ever, the success of mitigation-driven translo-
cations is rarely monitored (but see Reinert
and Rupert, 1999; Sullivan, Kwiatkowski and
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2015). Experimental approaches allow practi-
tioners to evaluate different aspects of translo-
cations in a scientifically rigorous manner (Tet-
zlaff, Sperry and DeGregorio, 2019), but only
a small set of carefully-designed studies have
allowed progress in evidence-based conserva-
tion (Germano and Bishop, 2009; Germano
et al., 2015; Taylor et al., 2017; Tetzlaff et
al., 2019). More studies focused on gaining
the knowledge needed to improve the success
of future translocations are needed to achieve
true evidence-based conservation (Tuberville et
al., 2005; Taylor et al., 2017). These studies
should incorporate experimental designs includ-
ing the use of controls, a priori hypothesis test-
ing or exploring advantages and disadvantages
of potential alternatives (e.g., Tuberville et al.,
2005; Taylor et al., 2017). One of the main dif-
ficulties that practitioners face before carrying
out a translocation, which is common to all taxa,
is precisely the lack of baseline information
on the parameters that determine establishment
success (Berger-Tal, Blumstein and Swaisgoo,
2020).

We assessed the impact of translocation on
males of a common Mediterranean lizard com-
pared to controls. We expected that transloca-
tion drives males to search for a new territory
in their novel habitat, while control individuals
remain in the same place where they were cap-
tured (and released). Consequently, we expect
that (i) translocated individuals move farther
distances from the release point than non-
translocated ones (Reinert and Rupert, 1999;
Sullivan et al., 2004; Tuberville et al., 2005;
Brown et al., 2009). This active search for
an empty territory will entail costs: (ii) a
short-term impoverishment of body condition
(Matthews, 2003); and, (iii) an increase in par-
asitization intensity by mites either by encoun-
tering more infested lizards during their search,
or by increasing their exposure to the mites that
are present on the ground and vegetation, and/or
by reduction of available energy resources to
fight parasite infestations because of increased
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movement (Wu et al., 2019; Wieczorek et al.,
2020).

Material and methods
Study species and study area

Psammodromus algirus (Linnaeus, 1758) is a medium-sized
(snout-vent length, SVL, 60-80 mm; 6-14 g), short-lived (5
years) lizard, widespread in shrub and woodland Mediter-
ranean habitats from the Iberian Peninsula (Salvador, 2015).
It is considered an active forager with a territorial behav-
ior that tends to increase with age in males (Belliure et al.,
1996; Martin and Lépez, 1999). Our study was located at
‘El Pardo’ (Spain; 40°31’N, 03°47'W; 650 m elevation),
a typical shrub-woodland Mediterranean area, where our
study species reaches high densities (up to 178 individ-
uals/ha, Salvador, 2015). During the breeding season of
2018 we sampled lizards in two separate areas >200 m
from each other, which is above the homing distance of
medium-sized lacertids (see Strijbosch, van Rooy and Voe-
senek, 1983). We focused on males to remove the likely
confounding effects of sex in the use of the space, which
is known to differ between males and females in lacertids
(e.g., Lewis and Saliva, 1987; Wieczorek et al., 2020). In
total, we sampled 120 adult males, 60 per area, that were
divided in 4 groups of 30 males. Two of these groups,
one per area, were translocated and reciprocally released
into the opposite area (i.e., ‘treatment’), and the remain-
ing two groups (also one per area), were released in their
original location (i.e., ‘control’). One of these areas was
adjacent (0-150 m) to a road (9,050 vehicles per day). We
captured (including recaptures) lizards during 18 sampling
days, between 24th of April and 27th of June. We extended
the recapture effort in 5 more sampling days until 6th of
July.

Sampling protocol

Lizards were collected by using a rod with a noose that
tightens around the neck of the lizards, a technique widely
used to catch lizards unharmed (e.g., Alvarez-Ruiz et al.,
2018). Males were carried to the lab in individual cotton
bags to collect additional data under controlled conditions.
Lizards were weighed with a digital balance to the nearest
centigram. The SVL of the lizards was measured with a ruler
to the nearest millimetre as a value of body size. The lizards
were toe-clipped and assigned an individual code. Being
fully aware that this is an invasive tagging, it is the one that,
in small lizards, produces less stress in the medium and long
term as evidenced by the methodological work of Langkilde
and Shine (2006). These authors concluded that the levels
of stress produced by toe-clipping in lizards would not be
different from those suffered by lizards in the wild due to
predation attempts (Langkilde and Shine, 2006). Because
P. algirus is a non-arboreal species, this marking does not
imply a reduction in its habitual behaviour, and it agrees
with the ethical premises of animal experimentation (Perry
et al., 2011), when necessary to carry out scientific studies
(Buchanan et al., 2012).
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Distance moved

We measured the ‘distance moved’ as the Euclidean dis-
tance between the point where the individual was released
and the point where it was recaptured by using geo-
graphic information system. Recaptures in the first 14
days after the release were not included in our analy-
ses.

Body condition

We calculated a ‘body condition’ index as the residu-
als of the regression between log-transformed values of
both body mass and body size (e.g., Dunlap and Mathies,
1993). We included the length of the tail in the regres-
sion because 61% of the lizards in our sample had regen-
erated tails and this fact can bias the relation between
body size and mass. Positive values of the body condition
index correspond to lizards being fatter than the sample
mean, and negative values are thinner lizards than aver-
age.

Quantification of mite parasitization

We counted ‘mites’ (ectoparasites) in the field immediately
after the lizards were captured (and recaptured) with a
magnifying (x10) glass (Alvarez-Ruiz et al., 2018). We
searched for parasites at the base of the tail because it is
the place where they concentrate the most (Alvarez-Ruiz et
al., 2018).

Statistical analyses

We compared the differences in elapsed days between cap-
ture and recapture between control and translocated individ-
uals with a two-way ANOVA where the interaction between
treatment and area was also considered. Distance moved
by the lizards was right skewed (most were small to me-
dium values) and best fitted a Gaussian model after its
logy-transformation. The rest of response variables did
fit well to Gaussian models without any transformation.
The parametric assumptions of normality, homoscedastic-
ity, skewness, and kurtosis were checked on the residual
errors of all the models. We carried out three analyses:
(i) ‘Distance moved’ (between the point where the indi-
vidual was released and the point where it was recap-
tured). We included as continuous explanatory predictors
‘body size’, ‘body condition’ and intensity of parasitiza-
tion by ‘mites’ at capture, ‘date’ of capture, and ‘elapsed
days’ between capture and recapture. As categorical pre-
dictors we included the treatment (control vs. translocated),
the area and their interaction; (ii) ‘Change in body con-
dition’ (the value at recapture minus the value at cap-
ture, corrected by tail size). We included as continuous
explanatory predictors ‘body size’, ‘initial body condition’
and intensity of parasitization by ‘mites’ at capture, ‘date’
of capture, ‘elapsed days’ between capture and recapture,
and ‘distance moved’ (logjg transformed). We included
the same categorical predictors and their interaction as
above; (iii) ‘Change in parasitization by mites’ (the value
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at recapture minus the value at capture). We included as
continuous explanatory predictors ‘body size’, ‘body con-
dition’ and intensity of parasitization by ‘mites’ at cap-
ture, ‘date’ of capture, ‘elapsed days’ between capture and
recapture, and ‘distance moved’. We included the same
categorical predictors and their interaction as above. We
checked the multicollinearity of all the models by means
of the variance inflation factor (VIF), and also confirmed
the normality and the homoscedasticity of the model resid-
uals.

We applied a multimodel inference approach using the
R-package ‘MuMIn’ (Barton, 2013). For this, we consid-
ered sufficiently informative all the models with AAICc
< 4 (Burnham and Anderson, 2004). We used model
averaging to obtain a final model and calculate the rela-
tive importance of each predictor. Only the models that
included the effect (i.e., conditional average) were con-
sidered to calculate the significance (@ < 0.05) of the
predictors and their z-standardized B coefficient £ stan-
dard error. The resulting final models were cross-validated
using a k-fold split of 3 in the R-package ‘DAAG’
(Maindonald, Braun and Braun, 2015). Finally, we cal-
culated the percentage of the variance explained by each
significant predictor by means of their sum of squares.
Mean values =+ their standard errors are presented here-
after.

Results
Distance moved

We recaptured 40 lizards (20 controls, 20
translocated). The elapsed days between capture
and recapture were 29.30 £ 1.38, not differing
between treatment groups (F; 3¢ = 0.02, P =
0.87) or areas (F; 356 = 0.26, P = 0.61), thus
confirming that sampling effort and likelihood
of recapture were similar between sampling
areas. Lizards moved between 3 and 325 meters
(mean + SE = 3541 4+ 8.46 m). The multi-
model inference approach produced 16 likely
models for the distance moved (supplementary
table S1). The most important predictors were
the treatment (importance = 0.96, 3 = —0.15 £+
0.05; z = 2.70, P = 0.007), and the number
of elapsed days between capture and recapture
(importance = 0.89, = 0.02 £ 6%1073; z =
2.39, P = 0.017). Thus, translocated lizards
moved longer distances shortly after release
(fig. 1a). Our results suggested a similar effect
of the experiment between areas (importance =
0.09, 3 =—0.043 £0.054; z=0.76, P = 0.44)
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(supplementary fig. S1). The cross-validation of
the final model reaffirmed the significant predic-
tors that had been suggested by the multimodel
inference approach (table 1).
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Figure 1. Plots according to model averaging and cross-
validation (see table 1) showing the significant effect of the
translocation experiment on (a) the distance moved (Fy, 37
= 8.53, P = 0.006) and (b) the change in body condition
(F1,36 =4.16, P = 0.048) of the males of Psammodromus
algirus. Box shows mean £ SE and whisker confidence
intervals (95%).
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Change in body condition

Lizards tended to lose weight during the breed-
ing season as the mean value of change in
body condition (residual value) was negative
(—0.00008 £ 0.004). In terms of body mass
(grams), lizards lose in average 0.09 £ 0.10
grams (mean 0.92% of the initial weight). The
multimodel inference approach produced 13
likely models (supplementary table S2) and sug-
gested that the translocation had a significant
effect on the change in body condition of the
lizards (importance = 0.77, B = 7.25%107° £
3.39%1073;z=2.07, P = 0.038). Thus, control
lizards improved their body condition (0.009 +
0.005), whereas translocated ones impoverished
it (—0.009 % 0.004) (fig. 1b). Indeed, the max-
imum weight lost by a lizard was 1.82 grams
(19.7% of its initial weight) in an individual
translocated close to the road. As well as in the
previous variable, the effect of the treatment was
independent of the area (importance = 0.03,
B=—1.87%10"3 £ 3.15%¥107%, 2 = 0.57, P =
0.57) (supplementary fig. S1). Important predic-
tors for the change in body condition were the
number of elapsed days between capture and
recapture (importance = 0.96, B = 1.12¥1073 £
4.08%107%; z = 2.67, P = 0.008), and the dis-
tance covered by the individuals (importance =
0.69, B = —1.37%¥107* &+ 6.87%1075; z = 1.94,

0.053). The farther a lizard travelled,

Table 1. Cross-validation (k-fold = 3) of the final model obtained by multimodel inference for log;(-distance moved, change
in mite intensity, and change in body condition. Significant predictors are shown in bold (¢ = 0.05). Sum of squares (SS) are

also shown.

Distance moved df F-value P-value SS % variance
Treatment 1 8.53 0.006 0.96 16.5
Elapsed days 1 5.94 0.019 0.67 11.5
Residuals 37 4.18 71.9
Change in body condition

Treatment 1 4.16 0.048 0.001 7.4
Elapsed days 1 8.05 0.007 0.003 14.2
Distance moved 1 8.23 0.007 0.003 14.6
Residuals 36 0.128 63.8
Change in parasitization by mites

Distance moved 1 7.54 0.009 1695 9.8
Mites_initial 1 32.38 <0.001 7281 42.1
Residuals 37 8318 48.1
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Figure 2. Regression plots showing the relationship
between the distance moved by the lizards and the change
in (a) body condition, and (b) intensity of mite infestation
between capture and recapture.

the worse its body condition became (fig. 2a),
but the body condition improved over time.
The cross-validation of a model including these
three variables confirmed their significance as
predictors for the change in body condition
(table 1).

Change in parasitization by mites

The prevalence of haematophagus mites in
males of P. algirus from El Pardo was 95%
(114/120) at capture. The initial number of
mites was 19.94 + 1.34 per infested lizard. The
change in mite load ranged from —31 to 59
between captures. In general lizards tended to
increase their mite load since the mean change
was positive (10.12 &£ 3.33). The model averag-
ing approach produced 12 likely models (sup-
plementary table S3). The initial intensity of
mites was the best predictor for the change in
mite intensity (importance = 1.00, 6 = —1.10 &
0.24;z=4.37, P = 0.001), followed by the dis-
tance travelled (importance = 0.95, 3 = 18.9 £+
7.01;z=2.60, P = 0.009). Cross-validation of
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a final model that included these two predictors
showed that lizards increased their mite inten-
sity when they moved longer distances (Fig-
ure 2b), but this increase was lower if they had
a higher number of mites at the beginning of the
treatment.

Discussion

We found increased movements in translocated
individuals, likely related to exploratory move-
ments in the search for a new territory. Our
results are consistent with telemetry-based stud-
ies of mitigation-driven translocations (e.g.,
Reinert and Rupert, 1999; Sullivan et al., 2004;
Tuberville et al., 2005; Brown et al., 2009).
This higher motor activity may imply costs
for translocated lizards, since they reduced
their body condition compared to controls. Fur-
thermore, we demonstrated for the first time
that mitigation-driven translocations increase
the intensity of parasitization by ectoparasites
(mites, in our case). The idea that the ectopar-
asite load might increase as a cost associated
with increased mobility has been frequently
suggested (e.g., Salvador et al., 1996; Wu
et al., 2019), and only recently demonstrated
with ticks (Wieczorek et al., 2020). How-
ever, whether ectoparasite load increases in the
lizards as a function of encounter rate between
lizards and ectoparasites provoked by the trav-
els of the host within their home range, or
if contrarily, ectoparasites can replicate within
the host as a direct trade-off between immune
and motor functions remains obscure. The first
seems likely for the case of hard ticks (i.e.,
fam. Ixodidae), which usually are heteroxe-
nous parasites that require infesting different
host taxa to complete their reproductive cycle
(Eisen et al., 2004). However, haematophagous
mites that infest P. algirus in El Pardo (Megfa-
Palma, unpubl. data), are homoxenous, com-
pleting their whole reproductive cycle on the
lizards (Reichenow, 1920). Thus, the second
scenario of a mite load increase as a function
of energetic trade-offs in the host is more likely.
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Translocated animals may face a more stress-
ful environment than controls (reviewed in Teix-
eira et al., 2007). In vertebrates, the activation
of the hypothalamic-pituitary axis in response
to stress increases both the mobilization of fat
reserves and the activity of the individual as a
survival response (Cote et al., 2006). Neverthe-
less, if food is not accessed because translocated
individuals still do not know the resource dis-
tribution in their new habitat or the individual
is facing a long-term stress, the allocation of
body fats to motor activity may be traded by the
energy allocated to immune defense (French et
al., 2007). In this sense, our data support that
the initial mite load was an important predictor
of mite load increase at recapture. This suggests
that mites may not increase in the lizards as the
encounter rate between lizards and new mites
increases, but instead as a function of the repli-
cation rate of mites on the lizards’ body. In sup-
port of this hypothesis, our preliminary experi-
ments of mites reared in captivity demonstrate
that new cohorts of mites hatch within only 3-4
days after the mother mites complete a blood-
meal (Megia-Palma, pers. obs.). This can multi-
ply mite loads on the lizards in only few days,
supporting our hypothesis and making biolog-
ical sense of the statistical results achieved in
this study. The important aspect of these obser-
vations is that the results of our translocation
experiment suggest that containing mite infes-
tation is energetically demanding for P. algirus
as their body condition decreases with the dis-
tance travelled, while mite load increases. Thus,
energy invested in exploration seems to be
traded by immune defense against mites. Our
results would, thus, suggest that translocated
lizards should be disinfested, as ectoparasite
infestation may entail costs for hosts as they
transmit hematic parasites and produce wounds
in the skin surface, which can also be associated
with mass loss (Smith et al., 2017; Megfa-Palma
et al., 2020). Other effects of severe ectopara-
sitic infestations in small to mid-sized lizards
include alteration of the host’s thermoregulatory
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behaviour (Megia-Palma et al., 2020), although
the latter was not tested in our study

The lack of differences in the average number
of days between capture and recapture both for
treatments and areas is consistent with the idea
that it was equally difficult to find and recap-
ture control or translocated males, and that there
were no differences between areas. It is possi-
ble that translocation effects are stronger due to
reduced survival, but we have no data in this
sense. However, given the symmetry in both
the time invested in re-sampling effort between
areas, and recapture ratio between treatment
groups, a differential survivorship due to the
soft translocation treatment is unlikely in the
short time. Whereas we found a negative influ-
ence of the number of elapsed days between
captures on distance covered, the former vari-
able was positively related to the change in
body condition. This is in line with the idea
that translocated lizards increased their motor
activity shortly after release, decreasing it after-
wards, when they found a new territory to set-
tle (Reinert and Rupert, 1999; Tuberville et
al., 2005). Consequently, whereas mass loss
is found in the short-term (Matthews, 2003),
when translocated individuals find a new terri-
tory, they manage to increase their body mass in
similar rates to control individuals (Reinert and
Rupert, 1999; Brown et al., 2009). Although we
are aware that we have not tested the survivor-
ship of lizards after soft translocation, based
on the results achieved, we recommend that
individuals with below-average body condition
should not be directly released in mitigation-
driven translocations, especially in short-lived
species, in which short-term body condition
impoverishment may have greater impact. Our
data are consistent with previous studies show-
ing that male lizards, in average, loss weight
during the reproductive season at low to mod-
erate rates (Abell, 2000). Alternatively, we sug-
gest that the implementation of soft releases
(which allow the animals a period to acclimate
to their new environment), at least for those
individuals in poorer body condition, could
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minimize the costs of this management prac-
tice (e.g., Tuberville et al., 2005; Germano and
Bishop, 2009). This pre-release management is
designed so that animals in worse conditions
can gain body mass.

In summary, although translocation protocols
should be tailored to the target species and
their habitats, being based on a thorough under-
standing of the species’ biology and behaviour,
including a long-term post-translocation moni-
toring (Tuberville et al., 2005; Germano et al.,
2015), our study provides evidence that simu-
lated mitigation-driven translocations result in
increased exploratory behavior, decreased body
condition, and increased parasite loads in a
common lizard. If these issues are not taken
into account, the success of mitigation-driven
translocations may be compromised.
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