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4.1 Abstract

Conservation translocations are increasingly used as a conservation tool, however reptiles, especially
prey species, are underrepresented in published literature. In addition, many reptilian prey species
are small and highly cryptic, especially squamates, leading to difficulties with post-release monitoring
and conservation management. In this chapter, we describe the planning process, translocation and
initial monitoring for a reintroduction of an endemic threatened lizard species, the lesser night gecko
(Nactus coindemirensis), to Round Island, Mauritius. Our release strategy was informed by interviews
with herpetofauna experts and aided in highlighting key risks to establishment, especially predation
and dispersal. Soft-release enclosures with predator proof fencing and intensive predator removal
prior to release were used to minimise these risks and post-release monitoring was carried out using
capture-recapture surveys. We use geometric removal models to estimate the proportion of
predators removed and Cormack-Jolly-Seber models to monitor survival in the seven months
following release. We calculated minimum convex polygons to measure dispersal of the populations
in each enclosure. We estimate we removed 67-75% of the most numerous predator in each
enclosure. Estimates of monthly survival probability varied between 0.747-0.897 for females and
0.792-0.918 for males, dependent on release enclosure. We had difficulties estimating dispersal due
to few individuals being recaptured within surveys. Our initial survival estimates, in addition to the
presence of gravid females and juveniles, indicate we have, at least partially, limited predation and
dispersal that may have otherwise prevented early persistence. We depend on continued monitoring
to further understand the dynamics of the population to inform future management and the next
stages of the release, and emphasize the importance of having a long-term post-release monitoring

plan in place to allow for accurate measures of success.

Key words: reintroduction; conservation translocation; soft-release; predation; dispersal; removal;

Mauritius; lesser night gecko; Nactus coindemirensis
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4.2 Introduction

Conservation translocations are defined as the intentional movement of organisms from one location
for release in another with the primary objective of improving the conservation status of the species
and/or restoring ecosystem function (Seddon 2010; IUCN/SSC, 2013). Translocations are increasingly
used as a valuable tool in the conservation of threatened species (Seddon et al. 2007; Seddon 2010;
Taylor et al. 2017). Reintroductions are defined as translocations where species are released within
their historic range with the aim to restore extirpated populations (Armstrong & Seddon 2008).
During the last two decades, publications on conservation translocations, in particular
reintroductions, have dramatically increased (Seddon et al. 2012) and may even underrepresent the
true number of translocations taking place due to practitioners not publishing their projects and to
publication bias towards successful actions (Fischer & Lindenmayer 2000; Bajomi et al. 2010).
Additionally, there have been taxonomic biases in the species translocated (Seddon et al. 2005), with
mammals and birds accounting for 93% of published animal translocation studies prior to 2000
(Fischer & Lindenmayer 2000) and continuing to be overrepresented in the literature (Bajomi et al.

2010; Bubac et al. 2019; Evans et al. 2023).

Reptiles are one of the groups underrepresented in the translocation literature (Bubac et al. 2019;
Evans et al. 2023) despite approximately 21% of reptile species being threatened (IUCN, 2022).
Historically, translocations of reptiles have had very low or unknown success rates (Germano &
Bishop 2009) and efforts have largely been focused on the most threatened orders: Testudines and
Crocodylia (Cox et al. 2022); 50% of case studies collated by the IUCN SSC Conservation Translocation
Specialist Group focused on translocations of species from these groups (Soorae 2008, 2010, 2011,
2013, 2016, 2018, 2021). Reintroductions of Squamata, the order including lizards and snakes, have
been undertaken but have rarely been published, which may be partly due to the presence of fewer
charismatic species within this order, leading to publication bias (Seddon et al. 2005) and many
species exhibiting highly cryptic behaviour (Bilby & Moseby 2022) making effective post release

monitoring more challenging. In particular, there is very limited information in the literature on
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translocations of species in the family Gekkonidae, with the majority of translocations being
undertaken in New Zealand for long lived species (Knox & Monks 2014; Flynn-Plummer & Monks
2021). Published reports for this taxon document the difficulties in tracking species due to their small

size and cryptic behaviours (Towns et al. 2016).

A key challenge with reptile reintroductions, especially when considering smaller cryptic species, is
that many reptiles are omnivorous and relatively low in the food chain, meaning predation pressure
must be considered. Predation is known to suppress prey populations, especially following severe
declines when population abundance is low (Sinclair et al. 1998). Therefore, establishing new
populations of prey species from small numbers of founders, as is often the case in reintroductions
of threatened species (Deredec & Courchamp 2007), is less likely to succeed when predators are
present (Tobajas et al. 2020). The presence of predators can increase stress and lead to post-release
dispersal away from release sites or ranging more widely (Dickens et al. 2010), causing fragmentation
of the release population, which is particularly concerning in squamate reptiles as those species with
the highest risk of extinction also tend to have the smallest home ranges (Bohm et al. 2016). This
scenario can lead to a lack of individuals with overlapping home ranges which in turn can lower
levels of reproduction and the ability of the population to establish (Bilby & Moseby 2023). In several
cases, suppression or removal of predators, most often carried out when predators were non-native,
has increased the chance of establishment (Sinclair et al. 1998; Tobajas et al. 2020). However, this
approach may not be possible in systems where predators are native and threatened. Furthermore,
the majority of reintroduction literature only reports the outcome of the translocation population,
with no reference to ecosystem level impacts (Taylor et al. 2017). This is particularly important in
systems where species that directly interact with the focal study species are also threatened, as
negative interactions could have broad implications for the release ecosystem (Amstrong & Seddon

2008; Taylor et al. 2017).
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Post-release monitoring can also be difficult to achieve for squamate reptiles, especially when higher
rates of post-release movement are coupled with cryptic behaviours and small body size. Post-
release monitoring is important because it allows for demographic parameters, such as survival,
population size and recruitment, to be estimated, which gives managers the ability to determine the
best possible actions to conserve the population. Additionally, monitoring of individuals’ health
following release allows managers to choose actions that maximize animal welfare. Monitoring and
estimation of demographic parameters and health frequently rely on individuals being uniquely
identifiable, especially for accurate measures of survival and population size (Pollock et al. 1990;
Schwarz & Arnason 1996). Some reptile species have unique markings, allowing for identification
(Bolger et al. 2012; Urian et al. 2015). For those that do not have these markings, a variety of internal
and external tagging can be employed including PIT tags, bead tagging, toe clipping, elastomer
implants, etc. (Ferner & Plummer 2016). However, for smaller reptile species, many internal tags are
too large or prohibitively expensive and for prey species, external markings may make them more
visible to predators and therefore less likely to establish following a reintroduction. In most cases,

monitoring of smaller species requires capture which can be very labour intensive.

A variety of release strategies can be applied when translocating animals, aimed to best support
initial establishment and ultimately improve success (Moseby et al. 2014). The terms hard-release
and soft-release indicate, respectively, releasing animals straight into the release site versus holding
the animals at the release site under controlled conditions (e.g., in pens or aviaries) to allow for
acclimatisation (Griffith et al. 1989; Armstrong & Seddon 2008). In addition to this, habitat
modifications, artificial refugia and supplementary feeding have been implemented in many cases
across many taxa (Armstrong & Seddon 2008; Moseby et al. 2014). Soft-release approaches have
been used to minimise both predation and dispersal when translocating prey species with mixed
results (de Milliano et al. 2016; Bilby & Moseby 2023), alongside habitat modification. There is
evidence from several translocations of one lizard species (Naultinus gemmeus; Knox & Monks 2014),
and one tortoise species (Gopherus polyphemus; Tuberville et al. 2005), that using a soft-release pen
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can help to anchor release animals to the site and reduce dispersal when compared to hard-release
of individuals (Knox & Monks 2014; Knox et al. 2017; Nafus et al. 2017; Flynn-Plummer & Monks
2021; Resende et al. 2021; Linhoff & Donnelly 2022). Importantly, there are very few additional
studies that provide comparisons between strategies, because the species being translocated are
usually threatened, so the risk of using methods which may not be successful may be perceived as
too high despite the potential gain in knowledge. This scenario therefore leads to high uncertainty
when planning a squamate translocation, meaning that scarce available literature usually must be

integrated with expert opinion (Runge et al. 2011).

In this chapter, we assessed the immediate post-release outcome of using soft-release enclosures to
support releases of a small, threatened prey species endemic to Mauritius, the lesser night gecko
Nactus coindemirensis. We translocated 120 geckos from a wild population on the island of Gunner’s
Quoin to four soft-release enclosures on Round Island. Our aim was to minimise predation and
dispersal of the release population and use the lesser night gecko as a model system for the
reintroduction of a prey species into a system with native predators, using expert surveys to inform
decision making where empirical data was not available. Following the IUCN conservation
translocation guidelines (IUCN/SSC 2013), the translocation process entailed removal of threatened
endemic predators and post-release monitoring. Our study reports initial analyses of survival and

dispersal in the seven months following release.
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4.3 Methods

4.3.1 Study species, source & destination sites

Lesser night geckos (Nactus coindemirensis) are the smallest of the three Nactus species endemic to
Mauritius and currently classified as Vulnerable on the IUCN red list (Cole et al. 2021). Lesser night
geckos are a cryptic, nocturnal gecko species with a snout-to-vent length of approximately 29 mm
and uniquely identifiable dorsal patterns (Bullock et al. 1985). The species was believed to be present
across Mauritius prior to human colonisation and before the introduction of invasive predators, such
as rats (Rattus rattus and R. norvegicus), cats (Felis domesticus) and mongoose (Herpestes javanicus),
and competitors, such as the Asian house gecko (Hemidactylus frenatus; Bullock et al. 1985; Cole et
al. 2005). There are currently three remnant populations of lesser night gecko, two on the northern
islands of Gunner’s Quoin and Pigeon House Rock, and one on the southeastern islet of llot Vacoas,

in addition to a reintroduced population on fle Marianne (Figure 4.1; Cole et al. 2021).

The Gunner’s Quoin population is the largest and most stable population (following the eradication,
in 1995, of rats which had suppressed the population; Cole et al. 2005), consisting of approximately
12000-14000 individuals (Cole et al. 2007). The 1le Marianne population was the result of a
combined translocation of wild individuals from Tlot Vacoas and captive reared individuals from
lersey Zoo, in April 2011 (Bickerton et al. 2023). Both the southeastern islets are small with limited
resources and population size estimates of approximately 400-600, which are likely approaching
carrying capacity. Despite all of the islands being closed to the public, they are easily accessible from
the main island so regularly trespassed (with the exception of Pigeon House Rock, which is difficult to
access and therefore not regularly monitored), increasing the risk of incursions by invasive species.
Lesser night geckos for the translocation were sourced from Gunner’s Quoin, due to its stability and

proximity to Round Island.
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Figure 4.1: Map of Mauritius and outlying islands on which relict or reintroduced populations of
lesser night gecko Nactus coindemirensis are present. The source island for the reintroduction,

Gunner’s Quoin, and release island, Round Island, are indicated.

Round Island is the only closed island nature reserve in Mauritius with a constant presence of
wardens, which prevents trespassing and increases the chance of invasive species being detected
and prevented from spreading. Although lesser night geckos are not present on Round island, it is
believed they would have been previously as suitable habitat is present and their sister species,
Nactus durrellorum, is present, which fills a similar niche but is of larger size. Lesser night geckos are
thought to have gone extinct from Round island due to the presence of goats and rabbits which
reduced vegetation coverage (Bullock et al. 2002), destroying key refugia leading to higher predation.
Round island is also home to the only near intact reptile community in Mauritius (Bullock 1986).

Restoration of the island began in the 1970s, greatly improving vegetation coverage and allowing
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populations of reptiles present to increase. Restoration is now guided by the Round Island
Management Plan (Round Island Management Plan 2019-2025), a 100-year plan, split into 5-year
subsections, which encompasses all aspects of restoration and includes restoring the wider reptile

community, especially prey species such as the lesser night gecko.

4.3.2 Translocation method & site selection

All field and social science methods were ethically approved by the University of Kent’s School of
Anthropology and Conservation Research Ethics Committee (#20221664877579172, approved 4t
October 2022). To obtain an initial assessment of the most optimal reintroduction strategy for lesser
night gecko on Round Island, we carried out a semi-structured interview with herpetofauna experts
at the 9" World Congress for Herpetology 2020 in New Zealand. As a large proportion of
conservation translocations of reptiles have been carried out in New Zealand and the world congress
was taking place in New Zealand, in addition be being the largest meeting for herpetologists globally,
we selected experts from those attending the conference. Experts were defined as those with
knowledge of threatened reptile translocations from practical experience. They were selected from
the conference attendees using three criteria: those who had published on reptile translocations;
those who were presenting research on reptile translocations; and those who attended the
symposium on translocations and volunteered their expertise following a call for interviewees during
the symposium. Interviewees from the first two criteria were contacted prior to the conference by
email to ask if they would be willing to contribute. All respondents had experience in translocation of
threatened species, with 24 working on reptiles. Just over half of the experts (n=14) were
professional ecologists working as consultants or scientific advisors in public and private sectors. The
remaining 12 held academic positions at universities or research institutes. A total of 26 experts were

interviewed, from 20 different organisations across Europe, North America and Oceania.

All interviews were conducted individually in person at the conference (with the exception of one

that was unable to attend and was carried out via Skype after the conference). Interviewees were
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provided with an information pack about the study species and source and destination sites (4.6.1
Supplementary Information: Figure S4.1). The questions were formulated from our short-term
objective for the translocation: to minimise the loss of translocated individuals to predation at the
release site. Following the results of the survey, minimising dispersal also became a key part of our
objectives. Our interview consisted of two key parts. Firstly, what method would experts use to
undertake the translocation; secondly, what risks they thought would be associated with these
methods (4.6.1 Supplementary Information: Figure S4.2). Following evaluation of the results of the
interviews, we decided to use soft-release enclosures with predator proof fencing and artificial
refugia to enhance the available habitat. We had planned to carry out a more formal expert
elicitation process using the Delphi method (Burgman et al. 2011), to elicit quantitative estimates of
survival under different release scenarios following these interviews however this was not possible
due to the uncertainty surrounding whether the translocation would occur (due to the Covid-19

pandemic) during the time constraints of the project.

Four release enclosures (each 10x15 m) were selected based on habitat suitability and ability to
construct predator proof fence (Table 4.1; Figure 4.2). The fences for each enclosure were
constructed from galvanised 1-m steel posts, placed approximately 1 m apart, and galvanised steel
mesh. The outside of the fences was covered with heavy duty black plastic from the ground (where
30 cm were buried under soil) to 70 cm high. The buried parts were weighted with rocks to prevent
predators from burrowing under the plastic and climbing the inside of the fence. The plastic was
used to deter Telfair’s and Bojer’s skinks (Leiolopisma telfairii and Gongylomorphus bojerii) and keel-
scaled boas (Casarea dussumieri), as these predators struggle to climb slippery surfaces. On the
inside of the fence, plastic was used to cover the bottom 30 cm of the fence and again buried at the
base, to prevent the lesser night geckos from climbing out. The top 10 cm of both sides of the fences
were coated in lithium grease to prevent geckos from climbing over, as their toe pads are unable to
adhere to greased surfaces. Artificial refugia were created by coating large cardboard egg trays in
cement, stacking 7-8 trays at slight angles to create multiple microclimates within each stack, then
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weighting them with a rock. These type of artificial refugia had previously been used with lesser
night geckos in captivity and were easy to transport across the island. We used these to bridge gaps
between patches of high-quality habitat in each enclosure, using 5-10 stacks per enclosure
dependent on enclosure size (4.6.2 Supplementary Information: Figure S4.3). Lesser night geckos are
rarely observed more than 1m from suitable refugia (Cole 2005) therefore it was important to
provide refugia in areas of open habitat where natural refugia was limited. The selected sites
predominantly contained continuous habitat however in the dry season, a lack of vegetation led to

gaps between suitable habitat, in which we used the artificial refugia as bridges.

Figure 4.2: Locations of lesser night gecko Nactus coindemirensis release enclosures and field station
on Round Island, Mauritius. Fenced areas shown on the right, square points on the outline indicate
fence posts, spaced at approximately 1 m, and dotted lines indicate the grid system used to monitor
animal movements (grid markers were placed along fences only to prevent disturbance to habitat

within the enclosures).
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Table 4.1: Selection criteria for lesser night gecko release enclosures on Round Island.

Criteria Description
Rocky outcrops with crevices of between 1-2cm in width and at least 30cm
in depth (Chapter 5, Cole 2005), long grasses and leaf litter. As vegetation
Refugia cover varies seasonally, areas were selected in December at the end of the

dry season when vegetation cover is very low, and checked again for
suitability in April, near the end of the wet season when vegetation cover is
high.

Food availability

Lesser night geckos are insectivorous and have a similar diet to the Durrell’s
night gecko, taking smaller instars of the same prey species (Chapter 5, Cole
2005). Little work has been carried out on the insects of Round Island
therefore we used the presence of Durrell’s night gecko with good body
condition as a proxy for food availability. Individuals were captured in
December 2022 and April 2023, weighed and measured and their body
conditions compared to average body conditions of the population.

Low predator
density

Selection of areas of the island where lower densities of predators had been
recorded, the main predators being the keel-scaled boa Casarea dussumieri,
Telfair’s skink Leiolopisma telfairii and Gunther’s gecko Phelsuma guentheri.
We avoided the palm rich forests where the highest predator densities were
recorded and focused on the rock-slab and summit areas where predator
densities were lowest (Figure 4.2; Cole et al. 2018c). Juveniles of these
predators also of high risk to lesser night geckos so we aimed to avoid areas
where they may lay their eggs. Gunther’s geckos are mainly arboreal, so
minimising palms within sites was important and high rock ledges close to
palms (Carpenter et al. 2003). Telfairs skinks and Keel-Scaled boas are more
likely to use soil which is particularly scarce in both slab and summit
habitats. Bojer’s skinks Gongylomorphus bojerii are widespread across the
island but are less likely to predate lesser night geckos as they are diurnal.

Connectivity

Although there is high predator density in the palm rich areas of Round
Island (Figure 4.2), the highest density of Durrell’s night geckos are present
here (Cole et al. 2018c) and likely the highest density of prey therefore we
looked for sites close to palm rich areas.

Level terrain

The terrain on Round Island is very uneven with large steps in the rock
therefore we aimed to find areas with suitable rock outcrops and a
perimeter with steps of less than 30cm, so that we could prevent gaps in the
fence that predators could enter through.

Water run-off

In the wet season, heavy rains can lead to run-off in specific areas of the
island, potentially washing away loose refugia. The surveys in April enabled
us to identify these areas and avoid them where possible.

Tortoise activity

Aldabra giant tortoises have been present on Round Island since their
introduction in 2000 (Griffiths et al. 2010) and are now widespread across all
habitats. Other experimental fenced areas have been damaged by tortoises,
so we aim to avoid areas of high activity (such as the artificial wallows on the
island, Figure 4.2) and use an opaque covering on the fences so any
potential food items within the enclosures are not visible.

Seabird activity

Round Island is an important breeding site for several species of threatened
seabirds, therefore we avoided breeding areas to prevent disturbance.

Proximity to field
station

Due to the difficulty in accessing parts of the island, especially in the wet
season, we chose sites on the south side of the island to allow for easier
access during the build, release and post-release monitoring.
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After construction, any predators found within the enclosures were removed by hand. We aimed to
remove all Telfair’s skinks, Gunther’s geckos (Phelsuma guentheri) and keel-scaled boas, and to
reduce the Bojer’s skink population. Bojer’s skinks are smaller and more difficult to catch, therefore
complete removal would not have been possible without compromising refugia for the lesser night
geckos. Removal of Bojer’s skinks was carried out by 1-3 experienced surveyors with the aim to
capture and remove as many as possible with minimal damage to the release enclosures. Surveys
were carried out during peak activity times for Bojer’s skinks (8:00-12:00 and 15:00-18:00; Cole &
Payne 2022) for approximately 45 minutes, with a minimum of a 15-minute break between surveys.
Each individual captured was recorded, photographed for later recognition (Bojer’s skinks have
unique dorsal patterns), and sexed, then released within 10 m of the enclosure. Although abundant
on Round Island, Bojer’s skinks are classified as Critically Endangered on the IUCN Red List (Cole &
Payne 2022); and because they exhibit territorial behaviour, releasing them further than 10 m from
the enclosure may have led to increased competition and reduced body condition. All enclosures
were surveyed as many times as feasible (3-9 surveys) in the two weeks before the translocation, to
ensure as many individual captures as possible (4.6.3 Supplementary Information: Table S4.1). There
were some additional removals outside of the targeted surveys, which will be referred to as
incidental removals. Following the surveys, the photo identification software “hotspotter” (Crall et al.
2013) was used to check for multiple captures of the same individual which would indicate the
fences were not secure. Removal of Telfair’s skinks, Gunther’s geckos and keel-scaled boas occurred
whenever individuals were encountered due to their variety of life histories (including if encountered
during Bojer’s skink removal surveys), and their distinctive markings were recorded (4.6.3
Supplementary Information: Table S4.2). There were no recaptures following removal therefore we

were not able to assess if there had been any impact on predator body condition following removal.
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4.3.3 Translocation procedure

Geckos were collected from across Gunner’s Quoin to maximise genetic variation in our release

population. Healthy adults, ideally with intact tails and toes, were selected, as the translocation

process would likely be too stressful for juveniles. Gravid females were only selected if they were in

the early stages of gravidity, as those in later stages were likely to be more easily stressed. Each

individual captured was processed (sexed, weighed, snout-to-vent length and tail length measured,

and photographed) then placed in individual, labelled cloth reptile bags for transportation. Geckos

were translocated by helicopter or boat either the morning or two mornings after capture (Table

4.2). On arrival, the plastic box containing the individually bagged geckos was taken directly to the

qguarantine facility and checked for biological material. Bags were not opened prior to release to

minimise stress. The geckos remained in the reptile bags in a shaded area of the quarantine room

until the release in the evening. All captures and translocations took place between 30 October and 4

November 2022 (Table 4.2).

Table 4.2: Number of lesser night geckos captured on Gunner’s Quoin and translocated to Round

Island, captures all take place between 19:00 and 02:00 on the date of capture and release starting

at 19:30 on the date of release. Individuals released in different enclosures were transported in

separate containers.

Date No. Individuals
Transport Enclosure
Capture ULt Male Female Total HIHEEE
Release
30/10/2023 | 31/10/2023 15 15 30 Helicopter A
15 15 30 B
1/11/202 2/11/202 B

01/11/2023 | 02/11/2023 3 0 3 oat D
02/11/2023 3 > 8 ¢
04/11/2023 11 16 27 Helicopter D

03/11/2023 11 11 22 C
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Releases were carried out on three nights between 31 October and 4 November (Table 4.2). Geckos
were released in male-female pairs at preselected locations, equally spaced within the most suitable
habitat in each soft-release enclosure (Table 4.1). We aimed to release 30 geckos per enclosure to
replicate the density found in the wild, and to not heavily impact the source population, with our
harvest being <1% of the total population. Before release, each pair were removed from their bags
and placed in a container lined with damp paper towel for 5 minutes to allow them to rehydrate,
then released from the container with minimal contact to prevent stress. Releases started once
completely dark, at approximately 19:00. A team of three field staff carried out each release with
two people inside the enclosure and one outside ensuring predators did not enter via the access
ladders. Location of release for each individual was recorded in addition to time of release and
environmental conditions. To allow for accurate monitoring of release location and dispersal, each
enclosure was divided into approximately 1-m? grid squares with a unique alphanumeric code. GPS
coordinates were taken for the corners of each enclosure and averaged for accuracy (as the GPS units
available were only accurate to 3 m), then coordinates of the centre of each grid square were

calculated.

4.3.4 Post-release monitoring

To minimise stress and allow the released animals to acclimatise, enclosures were left undisturbed
the night following release, then monitored externally for four subsequent nights. Monitoring
consisted of looking for individuals within enclosures, recording locations and photographing where
possible for identification. Predator checks were also carried out and enclosures entered only if a
Telfair’s skink or keel-scaled boa was spotted. After 5 nights, each enclosure was surveyed once
internally, geckos seen were recorded and photographed but not captured to prevent stress, and any
predators detected were removed. The enclosures were left undisturbed for two weeks to allow the
geckos to habituate without the additional stress of surveys. During this period, predator checks

were carried out, but an effort was made to minimize disturbance.
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Mark-recapture surveys were carried out within the enclosures, with four surveys per enclosure over
a survey trip of 2-3 weeks (weather dependent as enclosures are unsafe to access during and post
heavy rains). Five survey trips were carried out between November 2022 and May 2023, with 3-4
weeks between trips (4.6.3 Supplementary Information: Table S4.3). All surveys were carried out by
1-2 members of staff, starting at least 30 minutes after dusk with the same survey route used around
each enclosure (4.6.3 Supplementary Information: Figure S4.4), walked once to prevent recaptures of
the same individual. The first 3 surveys were carried out by experienced surveyors and the 3™ survey
was used to train a new surveyor who carried out the 4™ and 5% surveys. Captures were attempted
for all geckos sighted and upon capture, individuals were sexed, snout-to-vent length and tail length
measured, weighed, checked for injuries, and photographed for identification, then released back to
the sight of capture. Location of capture, using the grid system, was recorded and environmental
variables measured (air temperature, substrate temperature, moon phase and visibility, cloud cover,
wind and substrate type; 4.6.4 Supplementary Information: Table $4.5). Following surveys, we used
Hotspotter was used to identify individuals from their unique dorsal pattern. As with earlier surveys,
predators found within enclosures were removed and point of entry identified and sealed (see 4.6.2

Supplementary Information for full survey protocol).

4.3.5 Data analyses: removal

To assess the efficacy of our removal surveys, we modelled the Bojer’s skink removals between 24
October and 4 November 2023 using a closed geometric removal model which accounted for
variation in detection over time (Matechou et al. 2016). We used survey effort as a covariate,
calculated as a scaled product of the number of surveyors and length of survey and obtained 95%
confidence intervals for all parameters using a non-parametric bootstrap procedure (DiCiccio & Efron
1996). We chose to use a closed population model as none of the skinks were recaptured, therefore
we assumed that once removed, they were unlikely to re-enter the enclosures. Incidental removals
were not included as 85% of removals occurred during targeted surveys. We calculated the

proportion of each population removed using the estimated total population and the number of
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individuals removed. The removals for each enclosure were modelled separately, as opposed to using
an integrated approach (Zhou et al. 2019), as survey length, time of day, effort and frequency varied

(4.6.3 Supplementary Information Table S4.1).

4.3.6 Data analyses: survival

To monitor population demographics, we used Cormack-Jolly-Seber (CJS) models (Cormack 1964;
Jolly 1965; Seber 1965) to estimate survival ¢ and detection probability p. Although the population is
open as juveniles were recorded, the use of CJS models is justified because at the time of our surveys
there would have been no entries into the adult population. This allows us to infer the population
size without the use of the Jolly-Seber model which requires modification for use with translocated
populations (Bickerton et al. 2023). Capture histories were constructed by grouping all captures for
each survey trip as individuals were rarely caught multiple times during the same trip, 1 was used to
denote a capture and 0 to denote no capture. We assessed variation in ¢ and p with sex and release
enclosure as group effects, and time as survey occasion. For ¢ we also considered the impact of
cyclone Freddy which passed by Mauritius on 20 February 2023, between the third and fourth
capture-recapture survey. This was modelled as a binary effect with the environmental state being 1
between the February and March surveys, and 0 for the remaining surveys. We assessed variation in
p over time with survey effort, defined as the number of surveys per trip, surveyor, averaged
environmental variables recorded during the surveys (air temperature, substrate temperature, moon
phase, moon visibility, cloud cover and a qualitative measure of wind) and averaged environmental
variables recorded by the weather station on the island (air temperature, wind speed, humidity and
rainfall). Full covariate details in 4.6.4 Supplementary Information Table S4.5. All covariates were
modelled using a logit link and rescaling estimates to account for uneven time intervals between
survey trips. We build a model for each possible combination of covariates, and ranked models using
Akaike’s Information Criterion corrected for small sample size (AlCc). We checked suitability of the

highest ranked CJS model with our data using the 2.ct goodness of fit test from the R package
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“R2ucare” (Gimenez et al. 2018), which was non-significant (y? = 7.420,p = 0.060) indicating the

model is suitable. Test 3.SR could not be computed due to all individuals being included at time 1.

4.3.7 Data analyses: dispersal

To monitor dispersal of populations within each enclosure, we used an approximately 1 m? grid
system within each enclosure (Figure 4.2). The grid square reference of release and each subsequent
capture or sighting of known individuals was recorded and the straight-line distances between the
centre of each grid square calculated. For each individual, cumulative distance moved was
calculated, assuming movements were between the centre of each grid square. Due to low sample
size, we were unable to analyse this data statistically. To monitor temporal variation in the extent of
population distribution, we calculated minimum convex polygons (MCPs; Seaman et al. 1999) for
each survey occasion for each enclosure. As number of captures was lower in the final two surveys,
MCPs were scaled by the number of captures per survey. A general linear model was used to

investigate the relationship between release enclosure area and total distance moved.
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4.4 Results

4.4.1 Expert recommendations

Half of the 26 experts interviewed recommended using a soft-release enclosure and a further 27%
recommended an experimental approach where soft- and hard-release methods were compared
(Figure 4.3), as their first choice of release strategy. Soft-release enclosures were suggested, because
they provide physical barriers to predators and can also limit post-release dispersal which may
prevent reproduction given the lesser night geckos’ small home range. A variety of enclosure types
were suggested, including solid fences designed to prevent movement to and from enclosures, and
“leaky” fences where small holes allow translocated animals to disperse from enclosures but prevent
larger predators from entering. We chose to combine these suggestions, installing a solid fence for
the initial post-release period, then planning to make the fence leaky once juveniles were sighted
and dispersal had reduced. The experimental approach recommended by 27% of interviewees was
intended to maximise the knowledge gained from the translocation. We chose not to use this
approach due to the high risk of predation of the hard-released population, especially as lesser night
geckos are threatened and the number we were permitted to move was limited (which would have
also limited our ability to infer differences between methods). Artificial refugia were chosen by two
experts as their first choice of release strategy, and by five experts as their second or third choice.
The types of refugia suggested by the experts varied included building rock piles, filling natural
crevices with small rocks to prevent predation, stacking roofing tiles and other artificial materials
with holes drilled to small sizes to minimise predation, and placing the refuge within the range of the
source population, then transferring the whole refuge to reduce stress. The later suggestion was not
possible due to biosecurity concerns; however, all remaining suggestions were taken into account

when designing our artificial refugia.
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Release Strategy

Predator Exclusion F ence
(Soft-Release)

Experimental Re lease
(Soft vs. Hard)

Hard-Release
Artificial Refugia

No Translocation

Hard Release with
Supplementary Feeding

Figure 4.3: Recommended release strategy for the lesser night gecko translocation indicated as first

choice by each of the 26 experts interviewed at the 9" World Congress of Herpetology.

The second part of our interview addressed the risks associated with the recommended release
strategy and more broadly relating to the translocation. Of the 24 risks identified, the most common
were dispersal (directly following the release due to stress), post-release monitoring (specifically
relating to low detection probability of the species and the availability of funding for long-term
monitoring), predation and disease (risks to both the translocated population and the reptile species
present at the release enclosures). Measures were taken during the release to mitigate these risks,
with our choice of release strategy aiming to minimise dispersal and predation. Post-release
monitoring was carried out by experienced surveyors and timed for optimal detection. To prevent
transfer of disease or parasites, only healthy geckos with high body condition scores were selected.
Healthy geckos were defined as those with their original tail or no recent tail breaks, intact toes, no
scarring and a mass to length ratio of above 0.02g/mm. All geckos were stored in individual cloth
bags for one night before release and any excrement or organic matter found within them was

disposed of safely.
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4.4.2 Removal

Across the four release enclosures, we removed 220 Bojer’s skinks, 26 Telfair’s skinks and 2 Gunther’s
geckos; no keel-scaled boas were located. Our models estimated that we removed over 67% of the
Bojer’s skink population in each enclosure (Figure 4.4) and no individuals were recaptured, providing
confidence that our enclosure fences were secure. The highest number of Bojer’s skinks (99) were
captured in our largest enclosure (C) where our removal model gave an estimated 75% reduction in
population. Enclosure D was only surveyed three times due to time constraints however the
reduction in capture rate between the 2" and 3 survey was large allowing for confidence that the
majority of Bojer’s skinks had been removed. Although we did not capture enough Telfair’s skinks to
run a statistical analysis, they are much larger in size and have a higher capture probability, therefore
we are confident a minimum of 75% of Telfair’s skinks would have also been removed. The survey
effort covariate was positively correlated with captures in all models, with increased length of survey

and number of surveyors increasing chances of capture.
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Figure 4.4: Number of Bojer’s skinks removed from each release enclosure prior to the translocation.
Grey bars represent the number of skinks captured for each survey and blue lines show the
geometric removal model estimates of animals removed, with 95% confidence intervals given by the

blue shaded areas around the line. Survey numbers account for the number of removal occasions for

each enclosure.
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4.4.3 Survival

Estimates of monthly survival ¢ varied most by release enclosure and sex, with our largest enclosure,
enclosure C, having the highest ¢ (maximum likelihood estimate MLE: female = 0.897, male = 0.918)
and the remaining enclosures having lower values (MLE: f = 0.747-0.780, m = 0.792-0.820; Figure
4.5). Male ¢ was higher than female in all enclosures, by approximately 0.06 on average (Figure 4.5).
The highest ranked model for p was p~effort + substrate temperature + site + sex. The
estimates of p were highest for enclosures A and D, lowest for enclosure C, and consistently higher
for females (Figure 4.6). However, there were 38 models within 2 AlCc of the top model, across
which all environmental variables used were present in addition to enclosure and sex. To account for
this model uncertainty, we used model averaging (Buckland et al. 1997) and compared the estimates
to those from our highest ranked model (4.6.4 Supplementary Information: Table S4.4). In addition,
some of the top ranked models ¢ were time dependent, but gave boundary estimates due to small
numbers of observed individuals. Estimates of parameters were robust to model choice — we
compared estimates from the averaged models, averaged models without those that gave boundary
estimates and our top ranked model and found no appreciable difference between estimates
(Figures 4.7-4.8). Confidence intervals were substantially larger than those for the top model when
including the averaged models with boundary estimates but very similar when those were excluded.
This implies that although ¢ consistently varies with enclosure and sex, p is likely due to a
combination of environmental variables, in addition to enclosure and sex, which is too complex to

explain with our current covariates.
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Figure 4.7: Comparison of estimates of survival probability for each enclosure from the top ranking
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represent 95% confidence intervals and grey bars at the bottom show survey periods.
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4.4.4 Dispersal

The scaled MCP values show an initial increase in population distribution between release and the
first survey in all enclosures, especially in the largest enclosure, C (Figure 4.9). The change in scaled
area use then varies between enclosures, decreasing consistently in enclosure C. In enclosure A, the
smallest enclosure, it remains constant then decrease at the final survey. Enclosures B and D show
greater variability in area use relative to the number of captures. However, MCPs are only sensitive
to the outermost boundaries of a species range therefore may not be a true representation of

changes in dispersal.
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Figure 4.9: Temporal variation in minimum convex polygon area for each lesser night gecko release

enclosure over the seven months between release and the fifth capture-recapture survey, scaled by

number of captures per survey.

Cumulative distance travelled by each individual, in the cases where individuals were caught more
than 3 times, varied in pattern. In some cases, greater distances were moved initially, then became

more sedentary as predicted, variation in distance travelled showed no temporal trend. Although we
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do not have enough captures to test this statistically, there appears to be no difference between
male and female dispersal (4.6.5 Supplementary Information Figures S4.5-54.8). Total distance

travelled by each individual was slightly higher in larger enclosures but not significantly (ANOVA: F =

1.11, p = 0.296).
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4.5 Discussion

Seven months after release of lesser night geckos to Round Island, our results indicate that the use of
soft-release enclosures for the reintroduction of lesser night geckos has been successful in reducing
predation and dispersal. Our estimates of survival give a monthly probability of 0.75-0.92, indicating
the majority of the translocated animals have survived, suggesting that both the removal,
suppression and exclusion of predators was at least partly successful. Although low recapture rates
do not allow further statistical analysis, enclosures also likely reduced post-release dispersal, as
individuals in all enclosures were observed moving across the entirety of the enclosure, which could

have resulted in a movement further from the release enclosures if the fences had not been in place.

In our initial planning review, we found that translocations of reptile species that are prey items for a
native species remain uncommon and rarely published, but in New Zealand there have been several
reptile translocations where invasive predators are present (Lettink et al. 2010; Bogisch et al. 2016;
Romijn & Hartley 2016). We therefore found value in formally collecting expert opinion, in addition
to published literature on a more diverse range of taxa, to inform our planning. Expert elicitation has
been used in the conservation of many taxa to inform decisions where data is insufficient to support
decision making or to quantify uncertainty (Runge et al. 2011; Martin et al. 2012; Bolam et al. 2019).
The recommendations from the experts echoed literature from other reintroductions of prey species
where soft-release enclosures increased success rates, especially with reptiles (Tetzlaff et al. 2019;
Resende et al. 2021), and raised concerns that may not be represented in the published literature,
due to the bias against publication of failure. Soft-release enclosures are also recommended from a
welfare perspective and are thought to reduce stress induced by predation (Teixeira et al. 2007).
Given uncertainty in the literature and expert recommendations, ideally we would have used an
experimental approach for the reintroduction, comparing a hard and soft approach to maximise
learning. However, having identified predation and dispersal as major risks to success, releasing a

cryptic threatened species into a predator rich environment with few natural barriers raised ethical
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and logistic issues. This risk is likely common elsewhere in endangered species management,

particularly when working with risk-averse stakeholders (Tulloch et al. 2015; Canessa et al. 2020).

We successfully suppressed the population of Bojer’s skinks within the release enclosures through
our targeted removal surveys. We likely suppressed the populations of Telfair’s skink, Gunther’s
gecko and keel-scaled boa to at least the same level as the Bojer’s skink. Telfair’s skinks have a higher
detection probability (Cole et al. 2018c) than both Bojer’s skinks and lesser night geckos, as they are
larger in size (Pernetta et al. 2005) and generally curious of human activity. Gunther’s geckos,
although more elusive than Telfair’s skinks, are still much larger than Bojer’s skinks and are
predominantly arboreal; the habitat within the enclosures is likely not optimal for these species, as
there was only one suitable palm in one of the four enclosures (in which we found the only adult
Gunther’s gecko detected). The other Gunther’s gecko removal was a juvenile found on the fence of
enclosure C, in which there was no suitable habitat, suggesting this individual might have been
moving between habitat patches, not remaining in the enclosure regularly. There is greater
uncertainty about whether the keel-scaled boas were removed, as they are present in all habitats on
Round Island; however, night surveys were undertaken at least every other night for each enclosure
in the two weeks prior to translocation and none were detected inside of the enclosures or within a
5-m radius of any enclosure. Once fences are made leaky (adding holes to allow dispersal of lesser
night geckos away from the enclosure) it is possible Bojer’s skinks and juvenile predatory reptiles will
re-enter the enclosures. However, by providing a predator-free environment for the initial post-
release period, lesser night geckos may have had enough time to find suitable refugia and to begin
breeding, making the populations larger and less vulnerable to predation. This has been
demonstrated in the conservation of Oligosoma maccanni in New Zealand, where the exclusion of
non-native predators using an exclusion fence increased survival relative to a control site (Lettink et

al. 2010).
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The estimates of survival probability (0.75-0.92) from our CJS models indicate that the enclosures
have allowed the majority of lesser night gecko individuals to persist following the translocation. It is
likely that survival of the translocated animals was improved by the enclosures due to a decreased
predation rate following the initial removal of predators and the exclusion of them throughout the
early stages of post-release establishment. This has been demonstrated in reptilian prey species,
although most commonly with non-native predators (Lettink et al. 2010; Smith et al. 2013; Knox &
Monks 2014; Tanentzap & Lloyd 2017; Stokeld et al. 2018). Survival was highest in the largest
enclosure C and decreased with enclosure size, possibly because greater resource availability
reduced competition between translocated animals for food or refugia, or due to variation in habitat
suitability across four enclosures. Enclosure C also had the most variable habitat due to the large size
therefore the heterogeneity could have allowed for higher true survival or more variability in
individual capture probabilities between individuals, depending on where they chose to settle within
enclosures, which violates the assumption of equal capture rates and may have artificially inflated
the survival probability. Estimates of male survival were higher when compared to females, likely due
to their smaller size allowing them to use refugia which is inaccessible to most predators. Conversely,
females had a higher detection probability, likely due to their larger size (Bullock et al. 1985).
Additionally, many females translocated were gravid or became gravid shortly after release which
also increased the likelihood of detection due to their increased size and slower movements.
Detection probability of the released animals was initially higher than in the initial post-release
period of the lle Marianne population (see Chapter 2). This could be due to post-release stress and
competition for resources causing individuals to move more around enclosures (Dickens et al. 2010),
leaving them more exposed to capture. This is supported by our capture-recapture data, where a
proportion of geckos are caught around the edges of the enclosures, on soil or loose rocks, in the
first three months post-release, whereas no individuals were caught or sighted on soil and very few
on loose rocks during later surveys. Environmental factors, as demonstrated by our CJS models, play

a role in detection probability but are too interlinked to be able to determine the exact combination
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of environmental factors explaining the detection probability estimates. The decrease in detection
probability with time is potentially due to a change in surveyor, with less experience, for the 4™ and
5% surveys and a seasonal increase in vegetation cover for the final two surveys, although it may also

reflect behavioural changes following the establishment of home ranges.

The lower numbers of captures in the March and May surveys, along with few individuals being
recaptured in each survey period, reduced our ability to carry out quantitative analysis of post-
release dispersal within the enclosures. However, we were at least able to demonstrate an increase
in range for the total population between release and following two surveys. The occurrence of
individual movements across the entire width of the enclosures suggests that the fences are limiting
dispersal, as if individuals were able to disperse the same distance outside of enclosures, it is less
likely that, once established, home ranges would overlap, leading to lower rates of reproduction and
a reduced chance of population persistence, as was demonstrated in jewelled geckos (Knox & Monks,
2014). Additionally, with the enclosures being left in place for seven months, the chances of home
ranges establishing within or close to the release enclosures is more likely (de Milliano et al. 2016,
Knox et al. 2017; Jensen et al. 2021), which will aid persistence as lesser night geckos have home
ranges of approximately 3 m? so the initial population must be within a small area to enable
reproduction. In future, we plan to apply kernel-based methods for estimating dispersal as this has
been shown to be more robust at low sample sizes than minimum convex polygons (Bérger et al.
2006). Additionally, we plan to analyse the data collected on displacement from release location
using net squared displacement modelling (Borger & Fryxell et al. 2012), however both analyses
were outside the scope of this study given the time constraints and data available at the time of

analysis.

Short-term estimates of survival during the establishment phase often differ from long-term survival
trends, especially in longer lived and slow to mature reptile species (Bertolero et al. 2018). Therefore,

continued long-term monitoring is key to assessing the success of reintroductions (Germano &
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Bishop 2009; Bubac et al. 2019) and to obtaining estimates of survival for use in long-term projection
models that can guide ongoing and future management. The results for our removal, survival and
dispersal analyses all illustrate the difficulties in monitoring cryptic threatened prey species. Both
lesser night gecko and Bojer’s skink typically have low capture probabilities leading to small sample
sizes of data, especially over short survey periods. This scenario leads to greater uncertainty in
estimates of demographic parameters and therefore less certainty of success which is historically less
likely with smaller release populations (Germano & Bishop 2009). Furthermore, there are inherent
difficulties associated with small populations, which can be unavoidable when translocating
threatened species, such as Allee effects and genetic drift (Germano & Bishop 2009). Lastly, post-
release stress can lead to changes in behaviour and difficulty finding mates, decreasing reproductive
output (Dickens et al. 2010). With the combination of these factors, as well as risks of predation and
dispersal, the lesser night gecko translocation presented many challenges. However, the data
collected so far, and the presence of gravid females and juveniles, suggests we can be confident of at
least partial success of the initial establishment stage. The next stages of management, making
fences leaky then removing them completely (detailed plan in 4.6.6 Supplementary Information), are
likely to increase predation and dispersal, which could be mitigated by use of additional artificial
refugia to connect the release enclosures with patches of high quality habitat. These factors may
pose risks to a small population, but are also natural dynamics of a healthy population, which is the
ultimate goal of the reintroduction. Through continued intensive monitoring we will seek to capture
such population dynamics, and to make informed decisions about needs for future management,

including additional releases where necessary.
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4.6 Supplementary Information

4.6.1 Survey design

Lesser Night Gecka Translacatian

What is the prablem?

The lesser night gecka (hereafter LNG) is ane af many
threatened endemic reptiles faund in Mauritius,
classified as “Vulnerable” by the IUCN RedList. The LNG
was prabably widespread acrass Mauritius, but invasive
mammals and reptiles have caused severe declines.
The LNG is naw faund anly an faur autlying islands
(see map belaw), three af which are smaller than 2 ha.
Strict biasecurity measures are in place but the risk af
invasian is still high. Extending the range af the species
by translacatian ta ather invasive-free islands is key ta
its persistence.

Lesser night gecka (Nactus caindemirensis)

Round [slond
Pigeon House Rock e Ronde)
o & What da we need ta decide?

.

We plan ta translacate individuals fram the largest
LNG papulatian (-18000 individuals an Gunner’s
Quain)ta the neighbauring Raund Island. Raund
Island has been the subject af a lang-term
restaratian praject. Its habitat and biatic cammunity
are similar ta Gunner’s Quain. Hawever, Raund
Island alsa cantains three native predatars - the
Raund Island baa, Telfair's skink and Guenther’s
gecka. Translacating LNG inta an abundant predatar
system affects aur chaice af release methad. We
are uncertain abaut the behaviaur af bath LNG and
predatars, and abaut the averall ecasystem effects.

Gurner's Quoin
(Coin de Mire) ‘\q

Round Island Boa
Casarea dussumieri

max. 150cm

Round Island to Gunner's
Quoin Translocation 2012

ile Morianne

Hot Vacoos

Guenther's Gecko g\;’ﬁ;
Phelsuma guentheri )\

max. 28cm

Wha is invalved?

Translacatian specialists within the Durrell Wildlife
Canservatian Trust, Mauritian Wildlife Faundatian

and Mauritian Gavernment will develap a canservatian
translacatian plan, in assaciatian with the Zaalagical

Telfair's Skink \/,
Al
Leiolopisma telfairii :}ﬁf/\(

max. 30-40cm
Round Island to Gunner's

Saciety af Landan and the University af Kent, UK.

A range af appraaches and prajected autcames
will be presented ta the Mauritian Gavernment in
April 2020, and a plan agreed, with an aim ta carry
aut the first translacatian by September 2020.

Quoin Translocation 2007

Nactus coindemirensis

max. 6cm

Gunner's Quoin to Round Island
Translocation planned 2020

Lesser Night Gecko 4 )

Objective

Minimise the lass af translacated individuals ta
predatian at the release site.

Phata credits: Dr Nik Cale

ZSL University of ( MAURITIAN f\ R | E S Natural
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F
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Figure $4.1: Study system information provided to interviewees before surveys commenced at the

9™ World Congress of Herpetology.
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Name:
Organisation:
Contact details:

Translocation Experience: Conservation Mitigation Both

1) Assuming there are no other concerns, what release options would you propose for the
project?

2) Could you rank these options (if more than one given)?

3) What are the associated risks with these methods, and are there any more general
constraints we should consider during the planning process?

4) Would you be happy to be contacted again in the future regarding this project?
Yeso NonO

5) Do we have your permission to include your name on a list of experts consulted in a
brainstorming exercise aimed at generating a list of possible release options to, not
specifically linked to your answers, when presenting our plan to the National Parks and
Conservation Service in Mauritius?

Yeso Noo

Figure $4.2: Questionnaire used for expert interviews at the 9™ World Congress of Herpetology.
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4.6.2 Survey protocol & release enclosure habitat maps
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Figure 54.3: Schematic map of each release enclosure, with grid reference system and key points

marked. Each gecko represents the individual released with ID number, (male: blue, female: pink).
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Lesser Night Gecko Survey Protocol:

Capture-mark-recapture surveys commenced at the end of November 2022, approximately 3 weeks
after release into the enclosures. Two sets of surveys were carried out (one in November and one in
December) by Katie Bickerton with assistance from the Round Island wardens and Durrell MIRI

interns. Surveys are to be continued at 4-6 week intervals, with a full set of surveys consisting of 3-4

surveys of each enclosure over a 2 week period (weather dependent).

Survey Protocol

Surveys should be carried out once completely dark and preferable avoiding weeks where there is a
full moon. While enclosures remain closed, two enclosures should be surveyed each night (ideally
enclosures A and C followed by enclosures B and D) and alternated until 3-4 surveys of each
enclosure have been carried out. Each enclosure should be searched once following the pathways
shown in Figure S4.4 — these are specific to habitat within each enclosure and can be modified
slightly where more than one person is monitoring. Each survey should take between 40 minutes —1

hour dependent on how many geckos are found.

Before leaving the field station, the most recent version of the data sheet should be downloaded and

saved on the field phone with the days date. Ensure you have all items of field kit for the surveys:

- Field Phone (charged with most recent datasheet downloaded)

- Headtorch & spare batteries

- Callipers

- Scales

- Plastic reptile bags

- Camera

- Cloth reptile bag and notebook (for photo background)

- Utility belt (useful for carrying instruments when surveying alone)

- Radio
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- First Aid Kit

- GPS (once holes are added to fences)

Once near the enclosure, record the date, species, island, enclosure, survey type, number of
experienced staff, staff initials and initials of staff responsible. Also record the air temperature, cloud
cover, moon phase, whether the moon is visible, wind and rain. Weigh an empty plastic reptile bag
and record at the end of the data sheet. Details of all classifications are in the “Lists” tab of the data
sheet. Ensure you have plastic reptile bags, callipers, scales, camera, white reptile bag for photos,

thermometer and a radio.

When ready, set up the ladders, all habitat should be checked thoroughly before placing the ladder
inside the enclosure at the access point in case of geckos close to that point, and the ladder should
be tied to the fence using two ropes per ladder. Record the start time in the data sheet. Proceed
along the survey path for the enclosure (Figure S4.4) checking around you before continuing and
holding on to the fence where needed for stability, parts of the enclosures can be very slippery. Try
not to shine your headtorch on to parts of the enclosure which have not been searched. When a
gecko is seen, capture by hand, ensuring the animal is caught be the body not the tail. Once
captured, immediately place the animal in the plastic reptile bag for processing. Record the substrate
temperature, substrate type, whether the animal was moving when first seen and grid reference

(using the maps saved on the data phone).
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Figure $4.4: Survey routes for release enclosures A-D.

To process the gecko:

1. Sexand if female, check to see if it’s gravid.

2. Check for scars, tail breaks and missing toes or claws (there should be 5 toes on each foot).

3. Weigh the gecko inside the bag and weigh the bag after if not done previously (the data
sheet will calculate the weight for you).

4. Remove the gecko from the bag and measure the svl (snout-to-vent length) and tail length
using the callipers.

5. Photograph the gecko by placing on a white background and pinning the back leg, all photos
should be taken with flash, landscape with the head on the left and the body and tail
straight. Each individual should be photographed twice.

6. Record number of photos taken and photo references.

7. Check all data has been recorded then release the gecko back to where it was caught.
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4.6.3 Survey data

Table $4.1: Number of Bojer’s skinks removed during targeted predator removal surveys for each

enclosure, with details of number of staff and length of survey.

Enclosure | Date (am or pm) Survey Length Number of Staff Number
(minutes) Removed
24 Oct (pm) 20 1 3
28 Oct (am) 70 2 8
29 Oct (am) 60 2 3
A 30 Oct (am) 35 3 4
30 Oct (pm) 30 3 2
31 Oct (am) 60 2 1
31 Oct (pm) 60 2 4
24 Oct (pm) 30 1 1
25 Oct (am) 60 2 6
28 Oct (pm) 45 3 12
29 Oct (am) 30 2 6
B 29 Oct (pm) 55 2 7
30 Oct (am) 90 3 22
30 Oct (pm) 30 3 3
01 Nov (am) 70 3 3
02 Nov (am) 25 1 3
25 Oct (am) 60 2 6
01 Nov (pm) 105 3 42
C 03 Nov (pm) 102 3 30
04 Nov (am) 155 2 13
04 Nov (pm) 105 2 8
26 Oct (pm) 75 2 11
D 02 Nov (pm) 140 3 15
03 Nov (am) 60 3 3

Table $4.2: Number of predators removed from each release enclosure before the lesser night gecko

translocation.

Species Number Removed from Enclosure

A B C D Total
Telfair’s Skink 9 9 7 1 26
Bojer’s Skink 25 63 99 33 220
Gunther’s Gecko 0 1 1 0 2
Keel-Scaled Boa 0 0 0 0 0
Total 34 73 107 34 248

110



Table $4.3: Mark-recapture surveys per enclosure for each survey trip and lead surveyor (either Katie

Bickerton, Rouben Mootoocurpen or Alex Ferguson).

Trip Trip Dates Surveys per Enclosure Lead
Start End A B C D Surveyor
Nov 22 | 20-11-2022 | 29-11-2022 4 4 4 3 Katie
Dec 22 15-12-2022 | 26-12-2022 4 4 4 5 Katie
Feb23 | 09-02-2023 | 17-02-2023 4 3 4 3 Rouben
Mar 23 | 13-03-2023 | 29-03-2023 4 3 3 3 Alex
May 23 | 26-04-2023 | 16-05-2023 4 3 3 4 Alex
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4.6.4 Survival model selection & covariate information

Table 54.4: Top ranked CJS models by within 2 AAICc of the top ranked model from the survival
analysis with survival and capture probability covariates listed, where n is the number of model
parameters. Models marked with * were excluded from the second model averaging method due to
boundary estimates. Bottom 3 models (with constant or time dependent survival and capture are

included for completeness and were not used in the model averaging process).

Survival Capture n AlCc AAICc weight

enclosure + sex effort + substrate temperature + 12 | 1786.22 | 0.000 0.031
enclosure + sex

*enclosure + sex + | effort + humidity + cloud cover + 17 | 1786.30 | 0.074 0.030

time enclosure + sex

*enclosure + sex + | surveyor + moon visibility + cloud 17 | 1786.31 | 0.083 0.030

time cover + enclosure + sex

*enclosure + sex + | effort + moon visibility + cloud 17 | 1786.33 | 0.111 0.029

time cover + enclosure + sex

*enclosure + sex + | moon visibility + humidity + cloud 17 | 1786.39 | 0.164 0.028

time cover + enclosure + sex

*enclosure + sex + | moon phase + wind presence + 17 | 1786.55 | 0.326 0.026

time cloud cover + enclosure + sex

*enclosure + sex + | substrate temperature + moon 17 | 1786.56 | 0.334 0.026

time visibility + cloud cover + enclosure
+ sex

*enclosure + sex + | wind speed + rainfall + cloud cover | 17 | 1786.58 | 0.360 0.026

time + enclosure + sex

enclosure effort + substrate temperature + 11 | 1786.67 | 0.445 0.025
enclosure + sex

*enclosure + sex + | substrate temperature + humidity | 17 | 1786.67 | 0.448 0.025

time + cloud cover + enclosure + sex

*enclosure + sex + | surveyor + humidity + cloud cover 17 | 1786.77 | 0.550 0.023

time + enclosure + sex

enclosure + sex substrate temperature + humidity | 12  1786.87 | 0.643 0.022
+ enclosure + sex

*enclosure + sex + | effort + substrate temperature + 16 | 1786.92 | 0.702 0.022

time enclosure + sex

enclosure substrate temperature + humidity | 11 | 1787.04 | 0.816 0.021
+ enclosure + sex

enclosure + sex effort + humidity + cloud cover + 13 | 1787.05 | 0.831 0.020
enclosure + sex

enclosure + sex wind speed + rainfall + cloud cover | 13 | 1787.06 | 0.841 0.020
+ enclosure + sex

enclosure + sex effort + moon visibility + cloud 13 | 1787.07 | 0.851 0.020
cover + enclosure + sex

enclosure + sex moon visibility + humidity + cloud 13 | 1787.11 | 0.886 0.020

cover + enclosure + sex
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enclosure + sex

enclosure + sex

enclosure + sex
enclosure
enclosure
*enclosure + sex +
time

enclosure
enclosure

enclosure

*enclosure + sex +
time

enclosure

enclosure
enclosure + sex
enclosure + sex
enclosure
*enclosure + sex +
time

enclosure + sex
enclosure + sex +

cyclone
enclosure

time

surveyor + moon visibility + cloud
cover + enclosure + sex

substrate temperature + moon
visibility + cloud cover + enclosure
+ sex

substrate temperature + humidity
+ cloud cover + enclosure + sex
effort + humidity + cloud cover +
enclosure + sex

wind speed + rainfall + cloud cover
+ enclosure + sex

effort + substrate temperature +
cloud cover + enclosure + sex
surveyor + moon visibility + cloud
cover + enclosure + sex

effort + moon visibility + cloud
cover + enclosure + sex

moon visibility + humidity + cloud
cover + enclosure + sex

substrate temperature + moon
phase + cloud cover + enclosure +
sex

substrate temperature + moon
visibility + cloud cover + enclosure
+ sex

substrate temperature + humidity
+ cloud cover + enclosure + sex
surveyor + humidity + cloud cover
+ enclosure + sex

moon phase + wind presence +
cloud cover + enclosure + sex
surveyor + humidity + cloud cover
+ enclosure + sex

wind speed + enclosure + sex

effort + substrate temperature +
cloud cover + enclosure + sex
effort + substrate temperature +
enclosure + sex

moon phase + wind presence +
cloud cover + enclosure + sex
time

1

1

13

13

13

12

12

17

12

12

12

17

12

12

13

13

12

15

13

13

12

1787.12

1787.24

1787.35

1787.39

1787.39

1787.40

1787.42

1787.43

1787.47

1787.49

1787.63

1787.76

1787.78

1787.98

1788.04

1788.13

1788.18

1788.20

1788.20

1819.76
1844.44
1908.80

0.894

1.016

1.131

1.169

1.172

1.179

1.200

1.203

1.251

1.269

1.409

1.540

1.562

1.756

1.819

1.906

1.956

1.976

1.981

33.532
56.555
58.214

0.020

0.019

0.018

0.017

0.017

0.017

0.017

0.017

0.017

0.016

0.015

0.014

0.014

0.013

0.012

0.012

0.012

0.012

0.011

0.000
0.000
0.000
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Table $4.5: Description of the time varying covariates used in the survival models, with the units

used and range of values. All values were scaled for use in survival models.

Covariate

Description

Units

Range

Effort

Mean number of surveys carried out per
enclosure within each survey period.

No. of
surveys

3.25-4

Surveyor

A scaled variable used to indicate who was
surveying the enclosure (three options within
the survey period, 4.6.3 Supplementary
Information Table S4.3).

NA

Substrate
temperature

Temperature of the substrate where the
individual was first sighted, averaged across all
captures.

°C

245-27.6

Moon phase

Moon phase expressed as a proportion of moon
visible, where a new moon = 0 and a full moon =
1. Waxing and waning were not taken into
account.

NA

0.20-0.51

Moon visibility

Visibility of moon at the time of survey, where
not visible = 0, partially visible = 0.5 and fully
visible = 1, averaged across all surveys.

NA

0-0.33

Wind presence

A qualitative measure of wind as a true measure
of wind speed was not available for each
enclosure, where no wind = 0, mild (that could
be felt on the skin) = 0.5, windy (where clothes
moved) = 1.

NA

0.23-0.75

Wind speed

Mean wind speed during each survey period,
from the weather station at the field station.

m/s

3.07-4.09

Humidity

Mean relative humidity recorded during the
survey period from the weather station at the
field station.

%

78.9-87.4

Rainfall

Mean rainfall during the survey period
measured by the weather station at the field
station.

0-0.018

Cloud cover

Mean cloud cover during each survey period,
estimated by surveyor to the nearest 10%.

20.5-41.0

Cyclone

A binary covariate used to measure the impact
of a cyclone between the February and March
surveys on survival, where 1 was used to
represent the cyclone.

0-1
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4.6.5

Individual dispersal figures
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Figure $4.5: Movements of individual geckos in enclosure A shown as cumulative distance moved, in

meters, from release location in the days since release. Points mark capture events, red: female,

blue: male. Individuals that have not been captured since release are not shown.
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Figure 54.6: Movements of individual geckos in enclosure B shown as cumulative distance moved, in

meters, from release location in the days since release. Points mark capture events, red: female,

blue: male. Individuals that have not been captured since release are not shown.
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Figure 54.7: Movements of individual geckos in enclosure C shown as cumulative distance moved, in

meters, from release location in the days since release. Points mark capture events, red: female,

blue: male. Individuals that have not been captured since release are not shown.
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Figure 54.8: Movements of individual geckos in enclosure D shown as cumulative distance moved, in
meters, from release location in the days since release. Points mark capture events, red: female,

blue: male. Individuals that have not been captured since release are not shown.
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4.6.6 Fence Removal Protocol

Fence Removal Plan

Fence removal will be determined by two factors: presence of juveniles and reduced dispersal. Once

juveniles are present in the enclosure and as long as dispersal has reduced, the inner plastic can be

removed — cut at ground level to prevent disturbing the rocks holding down the plastic which geckos

may be using as refugia. The outer plastic should have holes about 1cmx0.5cm in size at ground level,

approximately every 50cm (approx. 2-3 per fence panel). Following this, mark recapture monitoring

should be extended to a 25m radius around each enclosure (Figure 7) in addition to within the

enclosures. When full removal of plastic will occur is still yet to be decided but will be dependent on

the success of the initial removal phase.

0
I

Figure S4.9: Extended survey areas.

25
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5 Discussion

5.1 Summary of key findings

In this thesis, | explore the value of using bespoke capture-recapture models to understand the
ecology and demographics of translocated reptile populations and to directly inform conservation
decision-making. Reptiles are one of the most underrepresented vertebrate groups in the
translocation literature (Germano & Bishop 2009; Bubac et al. 2019), therefore taxon-specific
guidance for translocation planning is very limited. Furthermore, many reptile species exhibit highly
cryptic behaviour (Towns et al. 2016; Bilby & Moseby 2023), limiting the species-specific ecological
knowledge that is available for effective conservation planning, and complicating (re)capture after
translocation. These challenges in turn make it difficult to determine success, especially in the initial

establishment phase (Armstrong & Seddon 2008; IUCN/SSC 2013).

One of the most common methods of post-release monitoring are capture-recapture surveys
(Dieterman et al. 2010; Dolny et al. 2018; Moseby et al. 2018; Aguirre et al. 2019), which enable
surveyors to estimate key demographic parameters, such as population size, survival probability and
probability of new entrants, which are often used to assess translocation success. Jolly-Seber (JS)
models are frequently used to estimate these parameters; however, estimates often have high
uncertainty in the early establishment phase prior to new entrants joining the population, providing
limited insight for conservation management. In Chapter 2, | developed a novel modification to the
POPAN formulation of the JS model to account for translocated individuals and the post-translocation
delay in entry of new individuals to the population. Using a simulation study, | demonstrated that the
modified model increased accuracy of parameter estimates in the initial post-release phase,
especially in populations with low detection probability, and reduced the risk of overestimating
abundance in these populations compared to using a standard JS model. | then fitted the modified
model to a dataset from a reintroduction of a highly cryptic species of gecko, the lesser night gecko

(Nactus coindemirensis), to lle Marianne, Mauritius. The results of this analysis confirmed insights
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from our simulation: the modified JS model is more accurate (having smaller confidence intervals)

than the standard JS model, despite a very low number of recaptures in initial surveys.

In July 2020, the MV Wakashio ran aground on a reef 1.1 km from the coast of Mauritius, leaking into
the surrounding reef system an estimated 1000 tonnes of oil, which then washed across several low-
lying islands. Four of these islands, one of which was ile Marianne, host relict populations of two
endemic Mauritian reptiles: lesser night geckos and Bojer’s skinks (Gongylomorphus bojerii). This
incident was an environmental disaster, however its timing during my PhD also presented an
opportunity to address the important issue of what impact this catastrophe subsequently had on the
endemic herpetofauna. Therefore, in Chapter 3, | examined the impact of the oil spill on the survival
and body condition of the lesser night gecko and Bojer’s skink across the four islands, using the
modified JS model for the translocated populations and the standard POPAN formulation of the JS
model for the non-translocated populations. Results suggested lower survival after the spill in the Tle
Marianne lesser night gecko population, although we cannot attribute this to the oil spill with
certainty, due to large time periods between the surveys before and after the oil spill, as annual
surveys (usually carried out in March or April) were cancelled in 2020 due to the Covid-19 pandemic.
The other populations showed little variation in survival pre- and post-spill, likely because they were
surveyed less often than the Tle Marianne population, and therefore had smaller sample sizes.
Decreases in body condition were detected in the fle Marianne lesser night gecko population and the
Bojer’s skink populations on Ile aux Fouquets and lle de la Passe; however, due to the timing of the
surveys, lower body condition could also be due to seasonal variation. The findings in this chapter
emphasized the importance of baseline survey data and the difficulties faced in conservation

decision making following an environmental disaster.

In Chapter 4, | undertook a translocation of lesser night geckos to Round Island, Mauritius. | carried
out a semi-structured interview with experts in herpetofauna translocations to inform the initial

planning of the translocation release and identify key risks. Following expert recommendations, |
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used soft-release enclosures to exclude predators and minimize dispersal of released animals. Prior
to release, populations of the most numerous predators (including three species of lizards) were
suppressed by an estimated 67-75%, assessed using geometric removal models accounting for time-
varying detection probability using covariates of survey effort. Following release, capture-recapture
surveys were used to monitor monthly survival probability for the first seven months post-release,
which was estimated between 0.75-0.92 using a Cormack-Jolly-Seber model (the modified JS model
described in Chapter 1 is not yet appropriate for the population as we do not have any new entrants
into the adult population). The relatively high survival rate, presence of juveniles and considerable
movement within enclosures, suggest that predation and dispersal have been reduced by the chosen

release strategy.

In summary, the three data chapters give insights into the challenges faced when monitoring small
populations of cryptic species and combine novel and existing statistical methods with ecological

knowledge to improve conservation decision-making.

5.2 Comparison of ile Marianne and Round Island translocations — planning, release,
monitoring & key findings
The planning, execution and outcomes of two translocations of lesser night geckos are discussed in
this thesis: the fle Marianne translocation in 2011 and the Round Island translocation in 2022. The Tle
Marianne translocation of 75 individuals used a hard-release strategy (releasing animals directly into
the release site). Hard-release was chosen because the island is small in area and has no predators,
thus avoiding two key concerns for the Round Island translocation. Survival probabilities were
broadly similar in the initial seven months of both translocations, with mean monthly survival across
the seven-month post-release survey period estimated between 0.75-0.92 for Round Island
(dependent on release site) and 0.94 for lle Marianne across the 10-year survey period. Detection
probability was much higher on Round Island (mean 0.56 compared to 0.08 over the first seven

months post-release), likely because released individuals were constrained to the release enclosures,
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reducing the survey area. Habitat also varies between the two islands, with more vegetation present

on lle Marianne, providing more refugia that could decrease detection.

The only environmental variable collected consistently across the 10-year survey period on fle
Marianne was air temperature, whereas we consistently collected a range of environmental variables
(including air temperature) on Round Island, in addition to having access to the island weather
station. It is therefore unlikely the environmental factors influencing detection can be compared
between the two islands, although temperature did affect detection in both populations. Despite
differences in aims and metrics of success, the information from the fle Marianne translocation was
useful in planning the Round Island translocation. For example, several individuals on 1le Marianne
were observed to move distances >80 m, whereas individuals born on the island were usually found
within the same 5 m. This new information reinforced the initial assessment by experts of post-
release dispersal as a risk to translocation success. The outcomes of the two translocations presented
in this thesis demonstrate the variation between and within populations of the same species,
demonstrating that previous translocations can be used to inform future translocations however

difference in objectives, release strategies and release site habitat can limit transferability.

5.3 Contributions to the field: Statistics

Methods for statistical analysis increasingly focus on “big data” (Hampton et al. 2013; Farley et al.
2018; Niu et al. 2020; McCleery et al. 2023). However, conservation biologists working with
threatened species are often faced with a very different situation of sparse and uncertain data from
which to make management decisions (Todman et al. 2023). Conservation translocations often
involve the movement of small numbers of individuals, of typically understudied species, and even
data gained from post-release monitoring may remain sparse for a long time before the translocated
population establishes and grows. This reduces the suitability of many population models, for which
small sample sizes can lead to very high uncertainty, and in turn to incorrect management decisions

(Armstrong & Seddon 2008). In Chapter 2, | provided a bespoke capture-recapture model for

123



translocated populations (Bickerton et al. 2023) that gives more accurate estimates of key population
parameters despite limited data. The new model separates the likelihoods for the translocated and
non-translocated individuals within the population, constraining the standard JS model to account
for the smaller population size and the delay in new entrants joining the population. In the
simulation study | illustrated the risk of using non-specific models, showing how the JS model can
overestimate population size in the initial establishment phase. This phase is one of the most
important for successfully establishing a translocated population: overestimating abundance can bias
perception of success and therefore misguide or stop management action when it may be most

needed.

5.4 Contributions to the field: Conservation

One of the key drivers for the development of the modified JS model in Chapter 2 and the use of
expert judgement to plan the translocation in Chapter 4, was the lack of literature on translocations
of prey species, especially reptiles (Bubac et al. 2019), into systems where predators are present,
especially native predators. This evidence base is further reduced by a publication bias towards
successful translocations, as reptile translocations have historically high failure rates (Germano &
Bishop 2009). In order to better inform conservation decision making, it is vital to make use of all
information available including expert judgement. In Chapter 4, | present an example of combining
available data with semi-structured interviews with experts to inform a translocation and improve
chances of success. Many of the studies the experts had been involved with, and which they referred

to in expressing their judgement, were reported in inaccessible grey literature.

The results presented in this thesis reinforce the message that planning monitoring schemes which
target clearly defined measures of success is vital for appropriate conservation management.
Monitoring should be designed to collect data that can be used to calculate metrics of success, as
opposed to many cases where data is collected before deciding on an analytical approach, meaning

data may prove irrelevant, inadequate, or even violate key assumptions of models. All the chapters in
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this thesis focus on species whose cryptic behaviour leads to sparse data, often regardless of
monitoring protocols. Where present, this challenge needs to be acknowledged and appropriate
methods used or developed, as opposed to using methods that are readily available but not
appropriate for the data and as such risk misinforming management decisions (such as the standard
JS model in Chapter 2). The monitoring and analysis presented in Chapter 3, demonstrated the value
of regular long-term monitoring schemes in order to establish a baseline understanding of a
population. This then allows for detection of population dynamics that could jeopardize the
persistence of the species, particularly for vulnerable populations of small size and therefore limited

resilience.

5.5 Limitations

There are two main factors that limited this study: the Covid-19 pandemic and the availability of
resources and data. Outside of the effects of the pandemic on the progress of the project (see Covid
Impact Statement), Covid-19 disrupted the standard baseline monitoring carried out by the
Mauritian Wildlife Foundation. In the five years prior to the pandemic, and longer in some cases,
annual surveys were carried out across all populations mentioned in this thesis. Due to the pandemic
and associated restrictions implemented by the Mauritian government, none of the standard surveys
were undertaken in 2020. Therefore, when the MV Wakashio oil spill occurred, there was limited
recent data to detect impacts and inform urgently needed management decisions. Restrictions also
delayed surveys following the oil spill, leading to a 4-month gap between the initial spill and the first
surveys; this delay also meant that those first surveys were carried out at the end of the dry season,
when resources are most limited and at a different time of year to all previous surveys, preventing
accurate comparisons of body condition and health of individuals. Catastrophic events, such as oil
spills, extreme weather events and pandemics, are difficult to predict, but their frequency is likely to
increase with global change (Meehl et al. 2000; Khasnis & Nettleman 2005; Jentsch & Beierkuhnlein
2008). For heavily managed populations of threatened species, contingency plans for rapid response

should become standard practice.
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Resource limitations and therefore limited data availability are common in conservation.
Experimental approaches are often proposed to increase knowledge of a best management strategy,
however limited resource availability further reduces statistical power in systems with already small
numbers of available individuals. In many cases learning is therefore abandoned in favour of single
assumed best strategies (Taylor et al. 2017) a pattern accentuated by managers’ risk aversion to
allocating individuals to treatment groups that may perform worse (e.g. Canessa et al. 2020).
Conversely, if a single strategy is clearly superior to other strategies, risking an experimental
approach may not be optimal. Incorporating learning where needed is key to improving project
success as well as informing future projects focusing on the same or other species. To help overcome
our Round Island translocation resource constraint we developed an alternative way to justify our
single strategy approach, though in future a more formal expert elicitation process would be

beneficial.

As previously mentioned, data is likely to be limited when working with cryptic threatened species,
so gaining insight into systems can be challenging. A specific example of this is in the dispersal
monitoring following the lesser night gecko translocation to Round Island. As found with capture-
recapture models, there are few methods to analyse sparse data without high levels of uncertainty
(Armstrong & McCarthy 2007), however, collecting greater quantities of data is not always possible.
In the case of lesser night geckos, collecting more data would have required more intensive
monitoring or the use of more sophisticated tracking technology. The intensity of monitoring was
mostly limited by the behavioural ecology of the species which are very small, nocturnal, well
camouflaged and inhabit crevices within rocky outcrops that are inaccessible without damaging the

habitat.

5.6 Future directions: Statistics

Throughout this thesis, a common theme has been limitation in available data due to: low sample

sizes in threatened species; difficulties in monitoring cryptic behaviours; and reduced sampling

126



ability due to a lack of resources. This is likely a common scenario in many species recovery
programmes. Therefore, it is vital that the development of bespoke methods for small data continue.
The use and availability of these tools, such as the model described in Chapter 2, enables decision
makers to better understand and predict the outcomes of conservation actions. Bespoke approaches,
although technically more challenging, can increase accuracy in parameter estimates and outcomes.
This is particularly important when working with multiple stakeholders as increased confidence in
potential outcomes of a management action can reassure those that are particularly risk averse
(Tulloch et al. 2015; Canessa et al. 2020). However, the development of bespoke code is more time
consuming than using existing R packages and can limit uptake of new approaches, therefore
integrating the model described in Chapter 2 into a more standard framework may be beneficial for

future use.

Future investigations could be carried out to investigate the potential impacts of removal on the
source population for the Round Island translocation, or impacts of the translocations on other
species on Round Island, such as reduced predation pressure on other prey species or changes in
population sizes due to increase in prey abundance for predators. These analyses would improve
understanding of the interactions between translocated and native species, allowing for an

assessment of the translocation at an ecosystem level.

5.7 Future directions: Conservation

Due to the Covid-19 related delay in the lesser night gecko translocation to Round Island, described
in Chapter 4, only the first seven months of post-release monitoring could be assessed in this thesis.
During this time, there were no new entrants to the adult population, only juveniles, therefore use of
the modified JS model was not appropriate. Once new adults are observed, use of the modified JS
model to estimate population size and survival is recommended. Once the fences are made leaky,

then completely open, the model will still be appropriate assuming all individuals are treated as one
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population and eventually confirm whether this translocation has successfully established (entered a

growth then regulation phase; Armstrong & Seddon 2008; IUCN/SSC 2013).

The continued management and monitoring of the reptile populations on islands impacted by the
MV Wakashio oil is recommended but unlikely to give rise to further understanding of population
dynamics due to the lack of monitoring during the Covid-19 pandemic. However, the analysis of
genetic samples collected both before and after the oil spill is close to completion. The combination
of this information with the existing knowledge of the system may improve understanding of the
long-term impacts of the oil spill and uncover individual level changes that could not be established

using population level models.

The translocation example provided in this thesis adds to the limited body of literature on
translocations of reptile prey species. On a local scale, the findings can be used to adaptively manage
the lesser night gecko population on Round Island, and plan future translocations of other cryptic
prey species in Mauritius, such as the Durrell’s night gecko (Nactus durrellorum) which is currently
restricted to Round Island. On a global scale, the initial findings from the Round Island translocation
can be used to provide guidance on translocations of species occupying a similar niche. The
translocation planning process gives an integrated approach, using literature and expert knowledge
to decide on the most suitable release strategy in a scenario with limited information, resources and
high uncertainty. Furthermore, analysis of the dispersal data using kernel-based methods and net
squared displacement modelling could provide a valuable insight into post-release movements and
the efficacy of the soft-release enclosures. The insights from the oil spill study demonstrate the
importance of collecting baseline data for populations at with limited resilience to change (e.g.
populations with low abundances and species that are slow to mature or reproduce) to enable the
detection of deviation in population dynamics. Both of these examples demonstrate the importance
of integrating monitoring with management goals, including planning appropriate survey methods to

collect the data required to understand if management goals have been met.

128



To conclude, this thesis provides guidance on the monitoring of threatened cryptic reptile species,
following translocations and environmental disasters, to best estimate accurate demographic

parameters to enable good management decisions.
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