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1. About this book

The Conservation Evidence project

The
1.

Conservation Evidence project has four main parts:
The synopses of the evidence captured for the conservation of particular species

groups or habitats, such as this synopsis. Synopses bring together the evidence
for each possible intervention. They are freely available online and, in some cases,
available to purchase in printed book form.

. An ever-expanding database of summaries of previously published scientific

papers, reports, reviews or systematic reviews that document the effects of
interventions. This resource comprises over 7,800 pieces of evidence, all available
in a searchable database on the website www.conservationevidence.com.

. What Works in Conservation, which is an assessment of the effectiveness of

interventions by expert panels, based on the collated evidence for each
intervention for each species group or habitat covered by our synopses. This is
available as part of the searchable database and is published as an updated book
edition each year (www.conservationevidence.com/content/page/79).

An online, open access journal Conservation Evidence publishes new pieces of
research on the effects of conservation management interventions. All our papers
are written by, or in conjunction with, those who carried out the conservation
work and include some monitoring of its effects
(www.conservationevidence.com/collection/view).

The purpose of Conservation Evidence synopses

Conservation Evidence synopses Conservation Evidence synopses do

do not

e Bring together scientific evidence e Include evidence on the basic
captured by the Conservation Evidence ecology of species or habitats, or
project (over 7,800 studies so far) on the threats to them
effects of interventions to conserve
biodiversity

e List all realistic interventions for the e Make any attempt to weight or
species group or habitat in question, prioritize interventions according
regardless of how much evidence for to their importance or the size of

their effects is available their effects
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e Describe each piece of evidence, e Weight or numerically evaluate
including methods, as clearly as possible, the evidence according to its
allowing readers to assess the quality of quality
evidence

e Work in partnership with conservation e Provide recommendations for
practitioners, policymakers and scientists conservation problems, but
to develop the list of interventions and instead provide scientific
ensure we have covered the most information to help with
important literature decision-making

Who this synopsis is for

If you are reading this, we hope you are someone who has to make decisions about
how best to support or conserve biodiversity. You might be a land manager, a
conservationist in the public or private sector, a farmer, a campaigner, an advisor or
consultant, a policymaker, a researcher or someone taking action to protect your own
local wildlife. Our synopses summarize scientific evidence relevant to your
conservation objectives and the actions you could take to achieve them.

We do not aim to make your decisions for you, but to support your decision-making
by telling you what evidence there is (or isn’t) about the effects that your planned
actions could have.

When decisions have to be made with particularly important consequences, we
recommend carrying out a systematic review, as the latter is likely to be more
comprehensive than the summary of evidence presented here. Guidance on how to
carry out systematic reviews can be found from the Centre for Evidence-Based
Conservation at the University of Bangor (www.cebc.bangor.ac.uk).

Background

At present, some 11,440 extant reptile species have been described on Earth and
several hundred new species have been described each year since 2008 (Uetz & Hosek
2018). As grazers, seed dispersers, predators, prey and commensal species, reptiles
perform crucial functions in ecosystems (Bohm et al. 2013).

Reptiles are a hugely diverse group of animals (Pincheira-Donoso et al. 2013) and are
adapted to live in a wide range of tropical, temperate and desert terrestrial habitats,
as well as freshwater and marine environments (Bohm et al. 2013). That said, reptile
species usually have narrower geographic distributions than other vertebrate
taxonomic groups (e.g. birds or mammals), and this coupled with particular life history
traits makes some reptile species particularly vulnerable to anthropogenic threats
(Bohm et al. 2013, Fitzgerald et al. 2018). For example, some turtle species are
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typically very long lived, take years to reach full maturity, produce small clutches and
have variable reproductive success, which means that they are vulnerable to loss of
adults and take many years to recover from declines (Congdon et al. 1994).

Multiple threats to reptile populations have been identified and are implicated in
species declines (Gibbons et al. 2000, Todd et al. 2010). These threats include habitat
modification, loss and fragmentation (Neilly et al. 2018, Todd et al. 2017),
environmental contamination (Sparling et al. 2010), potentially unsustainable
harvesting and/or collection (van Cao et al. 2014), invasive species (Fordham et al.
2006), climate change (Bickford et al. 2010, Sinervo et al. 2010) and disease and
parasitism (Seigel et al. 2003). Also, due to their physical characteristics, reputation
(warranted or otherwise) and in some cases venomous bites, some reptile species are
viewed with distaste, which leads to apathy around their conservation (Gibbons et al.
1988). According to the IUCN Red List, of 10,148 reptile species that have been
assessed, some 21% are considered to be threatened (IUCN 2021). Extinction risks are
particularly high in tropical regions, on oceanic islands and in freshwater environments
(Bohm et al. 2013), with some 59% of turtle species assessed at risk of extinction (van
Dijk et al. 2014). Reptiles with specialist habitat requirements and limited ranges that
are in areas accessible to humans are likely to face greater extinction risks (B6hm et
al. 2016). Many island reptile species are endemic and are therefore even more
vulnerable to extinction as a result of human disturbance (Fitzgerald et al. 2018). For
a comprehensive summary of threats to different families of reptiles see Fitzgerald et
al. (2018).

Evidence-based knowledge is key for planning successful conservation strategies and
for the cost-effective allocation of scarce conservation resources. To date, reptile
conservation efforts have involved a broad range of actions, including protection of
eggs, nests and nesting sites; protection from predation; translocations; captive
breeding, rearing and releasing; habitat protection, restoration and management; and
addressing the threats of accidental and intentional harvesting. However, most of the
evidence for the effectiveness of these interventions has not yet been synthesised
within a formal review and those that have could benefit from periodic updates in light
of new research.

Targeted reviews are labour-intensive and expensive. Furthermore, they are ill-suited
for subject areas where the data are scarce and patchy. Here, we use a subject-wide
evidence synthesis approach (Sutherland et al. 2019) to simultaneously summarize the
evidence for the wide range of interventions dedicated to the conservation of all
reptiles. By simultaneously targeting all interventions, we are able to review the
evidence for each intervention cost-effectively, and the resulting synopsis can be
updated periodically and efficiently. The synopsis is freely available at
www.conservationevidence.com and, alongside the Conservation Evidence online
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database, is a valuable asset to the toolkit of practitioners and policy makers seeking
sound information to support reptile conservation. We aim to periodically update the
synopsis to incorporate new research. The methods used to produce the Reptile
Conservation Synopsis are outlined below.

Scope of the Reptile Conservation synopsis

Review subject

This synthesis focuses on global evidence for the effectiveness of interventions for the
conservation of reptiles. This subject has not yet been covered using subject-wide
evidence synthesis. This is defined as a systematic method of reviewing and
synthesising evidence that covers broad subjects (in this case conservation of multiple
taxa) at once, including all closed review topics within that subject at a fine scale, and
analysing results through study summary and expert assessment, or through meta-
analysis. The term can also refer to any product arising from this process (Sutherland
et al. 2019). This global synthesis collates evidence for the effects of conservation
interventions on terrestrial, aquatic and semi-aquatic reptiles, including all reptile
orders, i.e. Crocodilia (alligators, crocodiles and gharials), Testudines (turtles and
tortoises), Squamata (snakes, lizards and amphisbaenians) and Rhynchocephalia
(tuatara). This synthesis covers evidence for the effects of conservation interventions
for wild reptiles (i.e. not in captivity). We have not included evidence from the
substantial literature on husbandry of marine and freshwater reptiles kept in zoos or
aquariums. However, where these interventions are relevant to the conservation of
wild declining or threatened species, they have been included, e.g. captive breeding
for the purpose of increasing population sizes (potentially for reintroductions) or gene
banking (for future release).

For this synthesis, conservation interventions include management measures or
interventions that aim to conserve wild reptile populations and reduce or remove the
negative effects of threats. The output of the project is an authoritative, transparent,
freely accessible evidence-base of summarized studies and expert assessment scores
that will support reptile management decisions and help to achieve conservation
outcomes.

Advisory board

An advisory board made up of international conservationists and academics with
expertise in terrestrial and aquatic reptile conservation was formed. These experts
inputted into the evidence synthesis at three key stages: a) identifying key sources of
evidence, b) developing a comprehensive list of conservation interventions for review
and c) reviewing the draft evidence synthesis. The advisory board is listed above.
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Creating the list of interventions

At the start of the project, a comprehensive list of interventions was developed by
searching the literature and in partnership with the advisory board. The list was also
checked by Conservation Evidence to ensure that it followed the standard structure.
The aim was to include all interventions that have been carried out or advised to
support populations or communities of wild reptiles, whether evidence for the
effectiveness of an intervention is available or not. During the synthesis process
further interventions were discovered and integrated into the synopsis structure. The
list of interventions is organized into categories based on the IUCN classifications of
direct threats (www.iucnredlist.org/resources/threat-classification-scheme) and

conservation actions (www.iucnredlist.org/resources/conservation-actions-

classification-scheme). For interventions with a large body of literature, the

intervention may be split into different methods of implementation (e.g. different
designs, implementation in different seasons, different methods for acclimatisation
before release etc.), different species/functional groups, or broad habitats, if relevant
to do so.

In total, we found 242 conservation and/or management interventions that could be
carried out to conserve marine and freshwater reptile populations. We found
evidence for the effects on terrestrial and aquatic reptile populations for 189 of these
interventions. The evidence was reported as 959 summaries from 676 relevant
publications found during our searches (see Methods below).

Methods

Literature searches

Literature was obtained from the Conservation Evidence discipline-wide literature
database, and from searches of additional subject specific literature sources (see
Appendices 1-2). The Conservation Evidence discipline-wide literature database is
compiled using systematic searches of journals (all titles and abstracts) and report
series (‘grey literature’); relevant publications describing studies of conservation
interventions for all species groups and habitats were saved from each and were
added to the database. Final lists of evidence sources searched for this synopsis are
published in this synopsis document (see Appendices 1-2), and the full list of journals
and report series is published online
(www.conservationevidence.com/journalsearcher/synopsis).

a) Global evidence

Evidence from all around the world was included.


file:///C:/Users/rebks/Downloads/www.iucnredlist.org/resources/threat-classification-scheme
http://www.iucnredlist.org/resources/conservation-actions-classification-scheme
http://www.iucnredlist.org/resources/conservation-actions-classification-scheme
http://www.conservationevidence.com/journalsearcher/synopsis
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b) Languages included

The following journals that included articles in German and Spanish were searched
and relevant papers extracted:

e Herpetozoa (1988-2018)
e Revista de Biologia Tropical (1976-2018)

All other journals searched are published in English or at least carry English summaries.
All relevant papers were added to the Conservation Evidence discipline-wide literature
database (see below).

c) Journals searched
i) From the Conservation Evidence discipline-wide literature database

All journals (and years) listed in Appendix 1b were searched, and relevant papers
added to the Conservation Evidence discipline-wide literature database. An asterisk
indicates the journals most relevant to this synopsis. Others are less likely to have
included papers relevant to this synopsis, but if they did, they were summarized.

ii) Update searches

Additional searches up to the end of 2018 were undertaken by the synopsis authors
for journals likely to yield studies for reptiles (see Appendix 1a, journals marked with
asterisks).

iii) New searches

In addition to those above, new focused searches of journals relevant to the
conservation of reptile populations were undertaken by the synopsis authors
(indicated in bold Appendix 1a). These journals were identified through expert
judgement by the project researchers and the advisory board and ranked in order of
relevance, to prioritise searches that were considered likely to yield higher numbers
of relevant studies.

e Asian Herpetological Research (2010-2018)

e Asiatic Herpetological Research (1993—-2008)

e Basic and Applied Herpetology (2011-2018)

e Bibliotheca Herpetologica (1999-2017)

e Bulletin of the Maryland Herpetological Society (1980-2015)

e Caribbean Herpetology (2010-2018)

e Chelonian Conservation and Biology (1993-1996 & 2005—-2018)

e Chelonian Research Monographs (1996-2017)

e Collinsorum (formerly Journal of Kansas Herpetology) (2002—2018)
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e Herpetological Review (1967-2018)

e Herpetology Notes (2008-2018)

e Herpetozoa (1988-2018)

e Journal of North American Herpetology (2014-2017)

e Kansas Herpetological Society Newsletter (1977, 1983, 1998 & 2001)
e Mesoamerican Herpetology (2014-2017)

e Phyllomedusa (2002—-2018)

e Testudo (1978-2017)

A number of journals were searched, but relevant studies not included in the synopsis
due to time constraints or access restrictions. These journals are:

e Biawak (2007-2017)

e Bulletin of the Chicago Herpetological Society (1990-2018)

e Journal of Herpetological Medicine and Surgery (2000-2018)
e Russian Journal of Herpetology (1996-2018)

e Salamandra (1980-2018)

d) Reports from specialist websites searched
i) From the Conservation Evidence discipline-wide literature database

All report series (and years) in Appendix 2b were searched for the Conservation
Evidence project. An asterisk indicates the report series most relevant to this synopsis.
Others are less likely to have included reports relevant to this synopsis, but if they did,
they were summarized.

ii) Update searches

Updated searches of report series already searched as part of the wider Conservation
Evidence project were not undertaken for this synopsis.

iii) New searches

New searches targeted specialist reports relevant to reptile conservation as listed in
Appendix 2a. These searches reviewed every report title and abstract or summary
within each report series (published before the end of 2018) and added any relevant
report to the project database.

A number of reptile report series were searched but the findings were not summarized
due to time constraints:

e African Sea Turtle Newsletter (2014-2018)

e Marine Turtle Newsletter (1976-2018)
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e Reptile Rap (1999-2016)

e) Other literature searches

The online database www.conservationevidence.com was searched for relevant

publications that have already been summarized.

Where a systematic review was found for an intervention, then only the systematic
review was summarized. Non-systematic reviews (or editorial, synthesis, preface,
introduction etc.) that provided new/collective data were included/summarized (but
the relevant publications referenced within it were not summarized individually).
Relevant publications cited in other publications summarized for the synopsis, were
not included/summarized (due to time constraints).

f) Supplementary literature identified by advisory board or relevant
stakeholders

Additional journal or specialist website searches, and relevant papers or reports
suggested by the advisory board or relevant stakeholders were also included, if
relevant.

g) Search record database

A database was created of all relevant publications found during searches. Reasons
for exclusion were recorded for all those included during screening that were not
summarized for the synopsis.

Publication screening and inclusion criteria

A summary of the total number of evidence sources and papers/reports screened is
presented in the diagram in Appendix 3.

a) Screening

To ensure consistency/accuracy when screening publications for inclusion in the
literature database, an initial test using the Conservation Evidence inclusion criteria
(provided below) and a consistent set of references was carried out by authors,
compared with the decisions of the experienced core Conservation Evidence team.
Results were analysed using Cohen’s Kappa test (Cohen 1960). Where initial results
did not show ‘substantial’ (K = 0.61-0.8) or ‘almost perfect’ agreement (K = 0.81-1.0),
authors were given further training. A second Kappa test was used to assess the
consistency/accuracy of article screening for the first two years of the first journal
searched by each author. Again, where results did not show ‘substantial’ (K = 0.61—
0.8) or ‘almost perfect’ agreement (K = 0.81-1.0), authors received further training
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before carrying out further searches. Authors of other synopses who have searched
journals and added relevant publications to the Conservation Evidence literature
database since 2018, and all other searchers since 2017 have undertaken the initial
paper inclusion test described above; searchers prior to that have not. Kappa tests of
the first two years searched have been carried out for all new searchers who have
contributed to the Conservation Evidence literature database since July 2018.

We acknowledge that the literature search and screening method used by
Conservation Evidence, as with any method, will result in gaps in the evidence. The
Conservation Evidence literature database currently includes relevant papers from
over 300 English language journals. Additional journals are frequently added to those
searched, and years searched are often updated. It is possible that searchers will have
missed relevant papers from those journals searched. Publication bias, where studies
reporting negative or non-significant findings are less likely to be written up and
published in journals (e.g. Dwan et al. 2013), was not taken into account, and it is likely
that additional biases will result from the evidence that is available, for example
geographic biases in study locations.

b) Inclusion criteria
The following Conservation Evidence inclusion criteria were used.

Criteria A: Conservation Evidence includes studies that measure the effect of an
intervention that might be done to conserve biodiversity

1. Does this study measure the effect of an intervention that is or was under the
control of humans, on wild taxa (including captives), habitats, or
invasive/problematic taxa? If yes, go to 3. If no, go to 2.

2. Does this study measure the effect of an intervention that is or was under the
control of humans, on human behaviour that is relevant to conserving
biodiversity? If yes, go to Criteria B. If no, the study will be excluded.

3. Could the intervention be put in place by a conservationist/decision maker to
protect, manage or restore wild taxa or habitats, reduce impacts of threats to
wild taxa or habitats, or control or mitigate the impact of an
invasive/problematic taxon on wild taxa or habitats? If yes, the study will be
included. If no, the study will be excluded.

Explanation:

1.a. Study must have a measured outcome on wild taxa, habitats or invasive species:
excludes studies on domestic/agricultural species, theoretical modelling or opinion
pieces. See Criteria B for interventions that have a measured outcome on human
behaviour only.



23

1.b. Intervention must be carried out by people: excludes impacts from natural
processes (e.g. wave action, natural storms), impacts from background variation (e.g.
sediment type, climate change), correlations with habitat types, where there is no test
of a specific intervention by humans, or pure ecology (e.g. movement, distribution of
species).

2. Study must test an intervention that could be put in place for conservation. This
excludes assessing impacts of threats (interventions which remove threats would be
included). The test may involve comparisons between sites/factors not originally put
in place or modified for conservation, but which could be (e.g. fished vs unfished sites,
dredged vs undredged sites —where the removal of fishing/dredging is as you would
do for conservation, even if that was not the original intention in the study).

If the title and/or abstract are suggestive of fulfilling our criteria, but there is not
sufficient information to judge whether the intervention was under human control,
the intervention could be applied by a conservationist/decision maker or whether
there are data quantifying the outcome, then the study will be included. If the article
has no abstract, but the title is suggestive, then a study will be included.

We sort articles into folders by which taxon/habitat they have an outcome on. If the
title/abstract does not specify which species/taxa/habitats are impacted, then the full
article will be searched and then assigned to folders accordingly.

The outcome for wild taxa/habitats can be negative, neutral or positive, does not have
to be statistically significant but must be quantified (if hard to judge from abstract,
then it will be included). It could be any outcome that has implications for the health
of individuals, populations, species, communities or habitats, including, but not
limited to the following:

¢ Individual health, condition or behaviour, including in captivity: e.g., growth,
size, weight, stress, disease levels or immune function, movement, use of
natural/artificial habitat/structure, range, or predatory or nuisance behaviour
that could lead to retaliatory action by humans

e Breeding: egg/sperm production, sperm motility/viability after freezing,
artificial fertilization success, mating success, birth rate, litter size, offspring
condition, ‘overall recruitment’

e Genetics: genetic diversity, genetic suitability (e.g. adaptation to local
conditions, use of correct routes for migratory species, etc.)

e Life history: age/size at (sexual) maturity, survival, mortality

e Population measures: number, abundance, density, presence/absence,
biomass, movement, cover, age-structure, species distributions (only in
response to a human action), disease prevalence, sex ratio
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e Community/habitat measures: species richness, diversity measures (including
trait/functional diversity), community composition, community structure (e.g.
trophic structure), area covered (e.g. by different habitat types), physical
habitat structure (e.g. rugosity, height, basal area)

Interventions within the scope of Conservation Evidence include:

e (Clear management interventions: e.g. closing an area to fishing, modifying
fishing gear to reduce bycatch, controlling invasive species, creating or
restoring habitats

e International or national policies

e Reintroductions or management of wild species in captivity

e Interventions that reduce human-wildlife conflict

e Interventions that change human behaviour, resulting in an impact on wild
taxa or habitats

See https://www.conservationevidence.com/data/index for more examples of

interventions.
Note on study types:

Literature reviews, systematic reviews, meta-analyses or short notes that review
studies that fulfil these criteria will be included.

Theoretical modelling studies will be excluded, as no intervention has been taken.
However, studies that use models to analyse real-world data, or compare models to
real-world situations will be included (if they otherwise fulfil these criteria).

Criteria B: Conservation Evidence includes studies that measure the effect of an
intervention that might be done to change human behaviour for the benefit of
biodiversity

1. Does this study measure the effect of an intervention that is or was under
human control on human behaviour (actual or intentional) which is likely to
protect, manage or restore wild taxa or habitats, or reduce threats to wild taxa
or habitats? If yes, go to 2. If no, the study will be excluded.

2. Could the intervention be put in place by a conservationist, manager or
decision maker to change human behaviour? If yes, the study will be included.
If no, the study will be excluded.

Explanation:


https://www.conservationevidence.com/data/index
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1.a. Study must have a measured outcome on actual or intentional human behaviour

including self-reported behaviours: excludes outcomes on human psychology
(tolerance, knowledge, awareness, attitude, perceptions or beliefs).

1.b. Change in human behaviour must be linked to outcomes for wild taxa and
habitats, excludes changes in behaviour linked to outcomes for human benefit, even
if these occurred under a conservation program (e.g. we would exclude a study
demonstrating increased school attendance in villages under a community based
conservation program).

1.c. Intervention must be under human control: excludes impacts from climatic or
other natural events.

2. Study must test an intervention that could be put in place for conservation: excludes
studies with no intervention, e.g. correlating human personality traits with likelihood
of conservation-related behaviours.

The human behaviour outcome of the study can be negative, neutral or positive, does
not have to be statistically significant but must be quantified (if hard to judge from
abstract, then it will be included). It could be any behaviour that is likely to have an
outcome on wild taxa and habitats (including mitigating the impact of an
invasive/problematic taxon on wild taxa or habitats).

Interventions include, but are not limited to the following:

e Change in adverse behaviours (which directly threaten biodiversity) e.g.
unsustainable fishing (industrial, artisanal or recreational), urban
encroachment, creating noise, entering sensitive areas, polluting or dumping
waste, clearing or habitat destruction, introducing invasive species

e Change in positive behaviours e.g. uptake of alternative/sustainable
livelihoods, number of households adopting sustainable practices, donations

e Change in policy or conservation methods e.g. designation of protected areas,
protection of key habitats/species

e Change in consumer or market behaviour e.g. purchasing, consuming, buying,
willingness to pay, selling, illegal trading, advertising, consumer fraud

e Behavioural intentions to do any of the above

Interventions which are particularly likely to have a behaviour change outcome
include, but are not limited to the following:

e Enforcement: closed seasons, size limits, fishing gear/hunting restrictions,
auditable/traceable reporting requirements, market inspections, increase
number of rangers, patrols or frequency of patrols in, around or within
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protected areas, improved fencing/physical barriers, improved signage,
improve equipment/technology used by guards

e Behaviour change: promote alternative/sustainable livelihoods, payment for
ecosystem  services, ecotourism, poverty reduction, debunking
misinformation, altering or re-enforcing local taboos, financial incentives

e Governance: protect or reward whistle-blowers, increase government
transparency, ensure independence of judiciary, provide legal aid

e Market regulation: trade bans, taxation, supply chain transparency laws,
annual harvest/export quotas

e Consumer demand reduction: fear appeals (negative association with
undesirable product), benefit appeal (positive association with desirable
behaviour), worldview framing, moral framing, employing decision defaults,
providing decision support tools, simplifying advice to consumers, promoting
desirable social norms, legislative prohibition

e Sustainable alternatives: certification schemes, captive bred or artificial
alternatives, sustainable alternatives

e New policies for conservation/protection

We allocate studies to folders by their outcome. All studies under Criteria B go in the
‘Behaviour change’ folder. They are additionally duplicated into a taxon/habitat folder
if there is a specific intended final outcome of the behaviour change (if none
mentioned, they will be filed only in Behaviour change).

c) Relevant subject

Studies relevant to the synopsis subject include those focused on the conservation of
wild, native, reptiles (Crocodilia, Testudines, Squamata, Rhynchocephalia).

d) Relevant types of intervention

An intervention has to be one that could be put in place by a manager, conservationist,
policy maker, advisor, consultant or scientific authority to protect, manage or restore
wild, native reptiles or reduce the impacts of threats to them. Alternatively,
interventions may aim to change human behaviour (actual or intentional), which is
likely to protect, manage or restore wild, native reptiles or reduce threats to them.
See inclusion criteria above for further details.

If the following two criteria were met, a combined intervention was created within the
synopsis, rather than duplicating evidence under all the separate interventions: a)
there were five or more publications that used the same well-defined combination of
interventions, with a clear description of what they were, without separating the
effects of each individual intervention, and b) the combined set of interventions is a
commonly used conservation strategy.
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e) Relevant types of comparator

To determine the effectiveness of interventions, studies must include a comparison,
i.e. monitoring change over time (typically before and after the intervention was
implemented), or for example at treatment and control sites. Alternatively, a study
could compare one specific intervention (or implementation method) against another.
For example, this could be comparing the abundance of a turtle species before and
after the closure of an area to fishing activities, or the reduction in reptile bycatch
using different types of fishing gear. Exceptions, which may not have a control but
were still included, are for example the effectiveness of captive breeding or
rehabilitation programmes.

f) Relevant types of outcome

Below we provide a list of anticipated metrics; others were included if reported within
relevant studies.

e Community response
o Community composition
o Richness/diversity
e Population response
o Abundance: number, density, presence/absence
o Reproductive success: egg/sperm production, artificial fertilization
success, mating success, birth rate, hatchling quality/condition, overall
recruitment, age/size at maturity
Survival: survival rates, mortality
Condition: growth, size, weight, condition factors, biochemical ratios,
stress, energetics, disease levels or immune function, genetic diversity
e Behaviour
o Use of natural/artificial habitat/structure
o Behaviour change: movement, range, timing (e.g. of migration,
foraging period)

e Other
Reduction in entanglements/unwanted catch (‘bycatch’)
o Change in human behaviour
o Human wildlife conflict
o Offspring sex ratio

g) Relevant types of study design
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The table below lists the study designs included. The strongest evidence comes from
replicated, randomized, controlled trials with paired sites and before-and-after
monitoring.

Table 1. Study designs

Term Meaning

Replicated The intervention was repeated on more than one individual or site. In
conservation and ecology, the number of replicates is much smaller than it would
be for medical trials (when thousands of individuals are often tested). If the
replicates are sites, pragmatism dictates that between five and ten replicates is
a reasonable amount of replication, although more would be preferable. We
provide the number of replicates wherever possible. Replicates should reflect
the number of times an intervention has been independently carried out, from
the perspective of the study subject. For example, 10 plots within a mown field
might be independent replicates from the perspective of plants with limited
dispersal, but not independent replicates for larger motile animals such as birds.
In the case of translocations/release of captive bred animals, replicates should
be sites, not individuals. In the case of captive-breeding programmes, studies
were considered to be replicated when at least 5 breeding females were
included.

Randomized The intervention was allocated randomly to individuals or sites. This means that
the initial condition of those given the intervention is less likely to bias the
outcome.

Paired sites Sites are considered in pairs, within which one was treated with the intervention
and the other was not. Pairs, or blocks, of sites are selected with similar
environmental conditions, such as water quality or adjacent land use. This
approach aims to reduce environmental variation and make it easier to detect a
true effect of the intervention.

Controlled* Individuals or sites treated with the intervention are compared with control
individuals or sites not treated with the intervention. (The treatment is usually
allocated by the investigators (randomly or not), such that the treatment or
control groups/sites could have received the treatment).

Before-and-after | Monitoring of effects was carried out before and after the intervention was

imposed.
Site A study that considers the effects of interventions by comparing sites that
comparison* historically had different interventions (e.g. intervention vs no intervention) or

levels of intervention. Unlike controlled studies, it is not clear how the
interventions were allocated to sites (i.e. the investigators did not allocate the
treatment to some of the sites).

Review A conventional review of literature. Generally, these have not used an agreed
search protocol or quantitative assessment of the evidence.
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Systematic A systematic review follows structured, predefined methods to comprehensively
review collate and synthesise existing evidence. It must weight or evaluate studies, in
some way, according to the strength of evidence they offer (e.g. sample size and
rigour of design). Environmental systematic reviews are available at:
www.environmentalevidence.org/index.htm

Study If none of the above apply, for example a study measuring change over time in
only one site or only after an intervention. Or a study measuring use of nest

boxes at one site.

*Note that “controlled” is mutually exclusive from “site comparison”. A comparison cannot be both
controlled and a site comparison. However, one study might contain both controlled and site
comparison aspects, e.g. study of bycatch by fishers using modified nets (e.g. with a smaller mesh size)
and unmodified nets (controlled), and fishers using an alternative net modification, e.g. stiffened nets
(site comparison).

Study quality assessment & critical appraisal

We did not quantitatively assess the evidence from each publication or weight it
according to quality. However, to allow interpretation of the evidence, we made the
size and design of each study we reported clear. We critically appraised each
potentially relevant study and excluded those that did not provide data for a
comparison to the treatment, did not statistically analyse the results (or if included
this was stated in the summary paragraph) or had obvious errors in their design or
analysis. A record of the reason for excluding any of the publications was included
during screening and kept within the synopsis database.

Data extraction

Data on the effectiveness of the relevant intervention (e.g. mean species abundance
inside or outside a protected area; reduction in bycatch after installation of a bycatch
reduction device) was extracted from and summarized for publications that included
the relevant subject, types of intervention, comparator and outcomes outlined above.
A summary of the total number of evidence sources and papers/reports searched and
the total number of publications included following data extraction is presented in
Appendix 3.

In addition to ensuring consistency/accuracy when screening publications for inclusion
in the discipline-wide literature database (see above), when authors first began
summarising, the first 10 publications were sent to Conservation Evidence for editing.
Further to this, relevant data were extracted by a member of the core Conservation
Evidence team for a set of publications as well as the synopsis author to ensure
agreement on the correct data and interpretation of the results for inclusion in the
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synopsis. In addition, summaries were also swapped between authors on a semi-
regular basis to quality control the paragraphs that were being written.

Evidence synthesis
a) Summary protocol

Each publication usually has just one paragraph for each intervention it tests
describing the study in (usually) no more than 150 words using plain English, though
more complex studies required longer summaries. Each summary is in the following
format:

A [TYPE OF STUDY] in [YEARS X-Y] in [HOW MANY SITES] in/of [HABITAT] in
[REGION and COUNTRY] [REFERENCE] found that [INTERVENTION] [SUMMARY
OF ALL KEY RESULTS] for [SPECIES/HABITAT TYPE]. [DETAILS OF KEY RESULTS,
INCLUDING DATA]. In addition, [EXTRA RESULTS, IMPLEMENTATION OPTIONS,
CONFLICTING RESULTS]. The [DETAILS OF EXPERIMENTAL DESIGN,
INTERVENTION METHODS and KEY DETAILS OF SITE CONTEXT]. Data was
collected in [DETAILS OF SAMPLING METHODS].

Type of study -use terms and order in Table 1.

Site context -for the sake of brevity, only nuances essential to the interpretation of the results are
included. The reader is always encouraged to read the original source to get a full understanding of the
study site (e.g. history of management, physical conditions, landscape context etc.).

For example:

A replicated, controlled study in 2004-2011, along 100 km of sandy beach
in Rio de Janeiro State, Brazil (1) found that relocating loggerhead turtles Caretta
caretta nests to nearby locations on the beach resulted in lower hatching success
compared to nests left in situ. Hatching success was lower for relocated nests than
for nests left in situ in six of seven seasons (relocated: 57-69%; in situ: 73-81%).
In addition, hatching success was also lower for nests relocated to an on-beach
hatchery in six of seven seasons (61-66%) compared to in situ nests. In the nesting
seasons of 2004-2011 beaches were patrolled daily, and nests were transferred
to a safe location on the beach (24-172 nests/season); moved to an on-beach
hatchery (231-1,015 nests/season); or left in situ (8-316 nests/season). Those
nests not taken to the hatchery were covered with a wire mesh screen. After
hatchling emergence, nests were excavated to assess hatching success.

(1) LimaE.P.E., Wanderlinde J., de Almeida D.T., Lopez G. & Goldberg D.W. (2012) Nesting ecology

and conservation of the loggerhead sea turtle (Caretta caretta) in Rio de Janeiro, Brazil.
Chelonian Conservation and Biology, 11, 249-254.

A replicated, controlled study in 2004-2008 in pelagic waters in the south-
western Atlantic Ocean in Brazil (2) found that using circle hooks reduced
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unwanted catch of sea turtles compared to J-hooks in a longline fishery. Unwanted
catch of loggerhead Caretta caretta and leatherback Dermochelys coriacea were
reduced when circle hooks were used (loggerhead: 0.8 turtles/1,000 hooks,
leatherback: 0.7) compared to ]J-hooks (loggerhead: 1.9, leatherback: 1.6). Fewer
loggerhead turtles swallowed hooks when circle hooks were used (6%) compared
to J-hooks (25%). However, on average, circle hooks caughtlarger loggerheads (61
cm average carapace length) than J-hooks (58 cm). Catch rates of most target fish
species was increased when circle hooks were used, with the exception of
swordfish Xiphius gladius (see paper for details). Catch rates of 10° offset 18/0
circle hooks (2.8-2.2 cm gape width) were compared to traditional 9/0 0° offset J-
hooks (2.9 cm gape width). Twenty-seven trips totalling 229 fishing trips were
undertaken. A total of 145,828 baited hooks were tested by alternating hooks
along sections of the mainline.

(2) Sales G., Giffoni B.B., Fiedler F.N., Azevedo V.G., Kotas ].E., Swimmer Y. & Bugoni L. (2010)
Circle hook effectiveness for the mitigation of sea turtle bycatch and capture of target species
in a Brazilian pelagic longline fishery. Aquatic Conservation: Marine and Freshwater
Ecosystems, 20, 428-436.

b) Terminology used to describe the evidence

Unless specifically stated otherwise, results reflect statistical tests performed on the
data, i.e. we only state that there was a difference if it was supported by the statistical
test used, and otherwise state that there was no difference or that outcomes were
similar. If there was a good reason to report differences between treatments and
controls that were not tested for statistical significance, it was made clear within the
summary that statistical tests were not carried out. Table 1 above defines the terms
used to describe the study designs.

c) Dealing with multiple interventions within a publication

When separate results were provided for the effects of each of the different
interventions tested, separate summaries were written under each intervention
heading. However, when several interventions were carried out at the same time and
only the combined effect reported, the result was described with a similar paragraph
under all relevant interventions. In these circumstances, we clearly communicated
within the summary paragraph where multiple interventions were used in
combination. For example, the first sentence would articulate that a combination of
interventions were carried out, i.e. ‘...(REF) found that [x intervention], along with [y]
and [z interventions] resulted in [describe effects]’.

d) Dealing with multiple publications reporting the same results and reviews

If two publications described results from the same intervention implemented in the
same space and at the same time, we only included the most stringently peer-
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reviewed publication (i.e. journal of the highest impact factor). If one included initial
results (e.g. after year one) of another (e.g. after 1-3 years), we only included the
publication covering the longest time span. If two publications described at least
partially different results, we included both but made clear they were from the same
project in the paragraph, e.g. ‘A controlled study... (Gallagher et al. 1999; same
experimental set-up as Oasis et al. 2001)...".

e) Taxonomy

Taxonomy was not updated but follows that used in the original publication. Where
possible, common names and scientific names were both given the first time each
species was mentioned within each summary.

f) Key messages

Each intervention has a set of concise, bulleted key messages at the top, written once
all the literature had been summarized. These include information such as the
number, design and location of studies included. The first bullet point describes the
total number of studies that tested the intervention and the locations of the studies,
followed by key information on the relevant metrics presented under the headings
and sub-headings shown below (with number of relevant studies in parentheses for
each).

e X studies examined the effects of [INTERVENTION] on [TARGET POPULATION]. Y studies were
in [LOCATION 1]"2and Z studies were in [LOCATION 2]J34.
Locations will usually be countries, ordered based on chronological order of studies rather than
alphabetically, i.e. ‘the USA', Australia’ rather than ‘Australia?, the USA"’. However, when more
than 4-5 separate countries, they may be grouped into regions to make it clearer e.g. Europe, North
America. The distribution of studies amongst habitat types may also be added here if relevant.

COMMUNITY RESPONSE (x STUDIES)
e Community composition (x studies):
¢ Richness/diversity (x studies):

POPULATION RESPONSE (x STUDIES)
Abundance (x studies):
Reproductive success (x studies):
Survival (x studies):

Condition (x studies):

BEHAVIOUR (x STUDIES)
e Use (x studies):
e Behaviour change (x studies):
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OTHER (x STUDIES) (Included only for interventions/chapters where relevant)
e [Sub-heading(s) for the metric(s) reported will be created] (x studies):

If no suitable studies are found for an intervention, the following text was added in
place of the key messages above:

e We found no studies that evaluated the effects of [INTERVENTION] on [TARGET
POPULATION].

'We found no studies' means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

g) Background information

Background information for an intervention is provided to describe the intervention
and where we feel recent knowledge is required to interpret the evidence. This is
presented after the key messages and relevant references are included in a reference
list at the end of the Background section. In some cases, where a body of literature
has strong implications for reptile conservation, but does not directly test
interventions for their effects, we may also refer the reader to this literature in the
background sections.

Dissemination/communication of evidence synthesis
The information from this evidence synthesis is available in three ways:

e A synopsis pdf, downloadable from www.conservationevidence.com, contains
the study summaries, key messages and background information on each
intervention.

e The searchable database at www.conservationevidence.com contains all the

summarized information from the synopsis, along with expert assessment
scores.

e A chapter in What Works in Conservation, available as a pdf to download and
a book from www.conservationevidence.com/content/page/79, contains the

key messages from the synopsis as well as expert assessment scores on the
effectiveness and certainty of the synopsis, with links to the online database.

How you can help to change conservation practice

If you know of evidence relating to reptile conservation that is not included in this
synopsis, we invite you to contact us via our website www.conservationevidence.com.
If you have new, unpublished evidence, you can submit a paper to the Conservation


http://www.conservationevidence.com/
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Evidence journal (https://conservationevidencejournal.com/). We particularly
welcome papers submitted by conservation practitioners.
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2. Threat: Residential and commercial development

Background

The three greatest threats to reptile persistence from development are related to
direct threats of habitat destruction and/or fragmentation, and indirect threats of
associated pollution and impacts of transportation and service corridors (Gibbons
et al. 2000). Interventions in response to these threats are described in the
following chapters: Habitat protection, Habitat restoration and creation, Threat:
Pollution and Threat: Transportation and service corridors.

The interventions that are more specific to development, including development
of recreational facilities, are discussed in this section.

Residential development can result in an increase in populations of domestic cats
Felis catus and dogs Canis lupus familiaris, which can prey on wildlife including
reptiles. For interventions that aim to reduce predation by cats and dogs in
residential areas, see Threat: Invasive alien and other problematic species - Use
collar-mounted devices to reduce predation by domestic animals; Keep domestic cats
indoors at times when reptiles are most active and Leash or restrict domestic dog
movements in reptile habitats.

For studies that examine the effects of translocating reptiles away from threats,
including development activity, see Species Management - Mitigation
translocations.

Gibbons J.W,, Scott D.E., Ryan T.]., Buhlmann K.A., Tuberville T.D., Metts B.S., Greene ].L., Mills T.,
Leiden Y., Poppy S. & Winne, C.T. (2000) The global decline of reptiles, déja vu amphibians.
BioScience, 50, 653-666.

2.1. Protect greenfield sites or undeveloped land in urban
areas

e We found no studies that evaluated the effects of protecting greenfield sites or
undeveloped land in urban areas on reptile populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
‘Greenfield sites’ are areas of previously undeveloped land within urban areas,
such as agricultural and amenity land, forests, parks and gardens. Such sites may
provide important habitat for wildlife and act as wildlife corridors. However,
greenfield sites are frequently built upon with the growing pressure for urban
development.
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2.2. Protect brownfield or ex-industrial sites in urban
areas

e One study evaluated the effects of protecting brownfield or ex-industrial sites in urban
areas. This study was in the UK™.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (1 STUDY)

e Use (1 study): One study in the UK" reported that an ex-industrial site that was protected
was occupied by up to four species of reptiles.

Background

Brownfield sites include land that was once used for industrial or other human
activity but is then left disused or partially used, for example disused quarries or
mines, demolished or derelict factory sites, derelict farm buildings, derelict
railways or contaminated land. Natural recolonization of these sites can result in
valuable habitats for wildlife and provide migration corridors in built-up or
disturbed areas.

A study in 2005 in an area of mixed ponds, grassland and scrub in
Peterborough, UK (1) found that following protection of an ex-industrial site, the
area was occupied by grass snakes Natrix helvetica and common lizards Zootoca
vivipara. A total of 87 grass snakes and 76 common lizards were recorded at the
site. Authors reported that adders Vipera berus and slow worms Anguis fragilis
were also present at the site (no data provided). In the 1940s to the late 1990s, the
area was used for clay extraction for brick making, resulting in a landscape
characterised by a series of ridges and furrows. In 1995, part of the site was
designated as a Site of Special Scientific Interest, and in 2005 it was designated as
a Special Area of Conservation. Authors reported that a range of habitat and
species management activities were carried out on the site, including controlling
scrub, construction of artificial refuges and releases of grass snakes and common
lizards. In 2005, reptile surveys were conducted by placing 90 corrugated iron
refugia (1 m2) throughout vegetated locations on the site. Refugia were visited 22
times (roughly weekly visits) and all reptiles were counted.

(1) Langton T. (2006) Western periphery road stages 2 & 3, Hampton, Peterborough. Herpetofauna
Consultants International Ltd.

2.3. Plant native species for reptile habitat in urban areas
e We found no studies that evaluated the effects of planting native species for reptile
habitat in urban areas on reptile populations.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
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Planting native species is commonly used in urban settings as a means to improve
biodiversity (McMahan 2006) and to improve habitat for wildlife. For studies
focused on other methods of improving habitat, see Habitat restoration and

creation.
McMahan L.R. (2006) Understanding cultural reasons for the increase in both restoration efforts
and gardening with native plants. Native Plants Journal, 7, 31-34.

2.4. Create suitable habitats to offset habitat lost within
development footprint

e We found no studies that evaluated the effects of creating suitable habitats to offset
habitat lost within a development footprint on reptile populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Development activity may be accompanied by a biodiversity ‘offsetting’ strategy
that aims to compensate for the loss of existing habitat and associated species by
protecting other sites or creating new sites of equal value to the lost habitat (e.g.
Bull et al. 2014, Ives & Bekessy 2015). Offsetting may be ‘in-kind’, whereby new
habitat is similar to that lost (for example creating ponds to replace ponds lost
elsewhere), or ‘out-of-kind', whereby the new habitat is different (for example
creating rock outcrops to replace lost grasslands elsewhere). Existing green
spaces such as golf courses — known to support substantial wildlife numbers,
especially urban-adapted species (Hodgkison et al. 2007) — have been proposed
as potential sites for biodiversity offsets (Burgin & Wotherspoon 2009). Studies
describing habitat restoration that is not compensatory for urban development or
is carried out retrospectively rather than planned alongside the development, are

summarized under Habitat restoration and creation.

Bull J.W., Gordon A., Law E.A,, Suttle K.B. & Milner-Gulland E.J. (2014) Importance of baseline
specification in evaluating conservation interventions and achieving no net loss of biodiversity.
Conservation Biology, 28, 799-809.

Burgin S. & Wotherspoon D. (2009) The potential for golf courses to support restoration of
biodiversity for BioBanking offsets. Urban Ecosystems, 12, 145-155.

Hodgkison S.C., Hero J.-M. & Warnken J. (2007) The conservation value of suburban golf courses in
arapidly urbanising region of Australia. Landscape and Urban Planning, 79, 323-337.

Ives C.D. & Bekessy S.A. (2015) The ethics of offsetting nature. Frontiers in Ecology and the
Environment, 13, 568-573.

Maron M., Hobbs R.J., Moilanen A., Matthews ].W.,, Christie K., Gardner T.A., Keith D.A., Lindenmayer
D.B. & McAlpine C.A. (2012) Faustian bargains? Restoration realities in the context of
biodiversity offset policies. Biological Conservation, 155, 141-148.

Suding K.N. (2011) Toward an era of restoration in ecology: successes, failures, and opportunities
ahead. Annual Review of Ecology, Evolution, and Systematics, 42, 465-487.

2.5. Erect fencing to exclude reptiles from construction
zones

e We found no studies that evaluated the effects on reptile populations of erecting fencing
to exclude reptiles from construction zones.
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‘We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Adding temporary fencing around construction sites may help to prevent reptiles
from entering (or re-entering where individuals have been moved out of the site)
such sites. Fencing might also border or surround important reptile habitat and
habitat features (e.g. wetlands, nesting sites, talus slopes, areas of woody debris)
adjacent to or within construction sites, thereby providing protection during
construction periods.

2.6. Avoid carrying out construction work during
sensitive periods

e We found no studies that evaluated the effects of avoiding carrying out construction work
during sensitive periods on reptile populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Ceasing or delaying construction activity during breeding, nesting or seasonal
migration periods in areas used by reptiles may reduce the impacts of
development activities.

2.7. Remove invasive plant species to improve habitat
within development footprints

e We found no studies that evaluated the effects on reptile populations of removing
invasive plant species to improve habitat within development footprints.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Greenfield, brownfield and urban areas are often invaded by weedy species. These
potentially valuable habitat areas are subject to disturbances such as introduced
exotic species (both plants and animals), fire and accumulation of rubbish. For
studies relating to management of invasive plant species, see Threat: Invasive alien
and other problematic species and Habitat restoration and creation.
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2.8. Provide training for construction workers on the
potential risks to reptiles and how to mitigate
disturbance during works

e We found no studies that evaluated the effects on reptile populations of providing training
for construction workers on the potential risks to reptiles and how to mitigate disturbance
during works.

‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Training construction workers to recognise potential risks to wildlife during the
construction process (e.g. which areas may be important habitat within and
adjacent to construction sites) and best practices to mitigate disturbance during
construction (e.g. minimising compacting or disturbing the ground within the
construction area) or enhance habitat during construction (e.g. taking advantage
of surplus woody debris, rocks, gravel and displaced soil to optimise available

habitat) may reduce the impacts of development activities (Ovaska et al. 2014).

Ovaska K., Sopuck L., Engelstoft C., Matthias L., Wind E. & MacGarvie ]. (2014) Guidelines for
Amphibian and Reptile Conservation during Urban and Rural Land Development in British
Columbia. B.C. Government.
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3. Threat: Agriculture and Aquaculture

Background

In many parts of the world, much of the conservation effort is directed at
reducing the impacts of agricultural intensification on biodiversity on farmland
and in the wider countryside. This chapter covers those interventions that seek
to reduce the impact of both agriculture and aquaculture, and interventions are
organised under three sections: terrestrial habitat management; aquatic
habitat management; and marine and freshwater aquaculture. Further
substantial threats from agriculture include loss of habitat and pollution (e.g.
from fertilizer and pesticide use). Interventions in response to these threats
are described in the following chapters: Habitat restoration and creation,
Threat: Natural system modifications and Threat: Pollution.

3.1. Engage landowners and volunteers to manage land
for reptiles

e We found no studies that evaluated the effects on reptile populations of engaging
landowners and volunteers to manage land for reptiles.
‘We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Only around 15% of land and 4% of oceans are protected worldwide (UNEP
WCMC & IUCN 2016), which means that it is vital to engage effectively with
landowners so that they manage their land in ways that help to maintain reptile
populations. Volunteers can also make a valuable contribution to the management
of habitats for reptiles, on private and public land. In some cases, the long-term
success of habitat management can depend on the involvement of local people.
As well as the direct effects from habitat restoration, volunteer programmes help
raise awareness about reptiles and the threats that they face. For example, a study
found that participants with high levels of engagement in conservation projects
learned more (Evely et al. 2011). For interventions that involve engaging
volunteers to help manage or monitor reptile populations see the chapter on

Education and awareness raising.

UNEP-WCMC (United Nations Environment - World Conservation Monitoring Centre) & IUCN
(International Union for the Conservation of Nature) (2016) Protected Planet Report 2016.
UNEP-WCMC, Cambridge, United Kingdom.

Evely A.C,, Pinard M., Reed M.S. & Fazey L. (2011) High levels of participation in conservation
projects enhance learning. Conservation Letters, 4, 116-126.

3.2. Pay farmers to cover the costs of conservation
measures

e One study evaluated the effects of paying farmers to cover the costs of conservation
measures on reptiles. This study was in Australia’.
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COMMUNITY RESPONSE (1 STUDY)

¢ Richness/diversity (1 study): One replicated, site comparison study in Australia' found
that sites managed under agri-environment schemes had similar reptile species richness
compared to sites that were managed purely for livestock production or areas of
unmanaged woodland.

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, site comparison study in Australia’ found that
sites managed under agri-environment schemes had similar reptile abundances
compared to sites that were managed purely for livestock production or areas of
unmanaged woodland.

BEHAVIOUR (0 STUDIES)

Background

Financial incentives to undertake specific management actions with the aim of
increasing biodiversity on farmland may be provided by government or non-
governmental organisations. For example, agri-environment schemes are
government or inter-governmental schemes designed to compensate farmers
financially for changing agricultural practices to be more favourable to
biodiversity and the landscape. Agri-environment schemes include many different
specific interventions relevant to conservation. Where a study describes a specific
intervention, e.g. Create uncultivated margins around arable or pasture fields, it is
summarized under that specific action. Here we include studies that describe the
effectiveness of payments such as those included in agri-environment policies
where specific actions are not clearly defined.

A replicated, site comparison in 2007-2010 in farmed temperate woodlands
in New South Wales, Australia (1) found that agri-environment schemes did not
increase reptile species richness or abundance after one-three or six-eight years
of conservation management compared to areas managed purely for livestock
production and areas of unmanaged woodland. Overall reptile species richness
and abundance was similar in sites with one-three years of agri-environment
scheme management (2-3 species/site, 11-19 individuals/site) and six-eight
years of agri-environment scheme management (2-4, 13-23). Sites with agri-
environment schemes were also similar compared to sites managed purely for
livestock production (3-4, 12-20) and sites of unmanaged woodland (2-3, 18-
29). See paper for details of individual species abundances. In 2007, one hundred
and five >2 ha woodland sites (of four different vegetation types) on 53 farms were
established, which had been managed in one of four ways: short-term agri-
environment schemes (removing or reducing livestock grazing, revegetation and
control of introduced plants and animals since 2007; 16 sites); long-term agri-
environment schemes (managed for biodiversity outcomes since before 2003; 32
sites); managed purely for livestock production (grazed with higher stocking
densities and occasional fertilizer application; 40 sites), or unmanaged woodland
(woodlands established 150 years prior, vegetation not cleared and rarely grazed,
17 sites). During October 2008, August 2009 and August 2010, reptiles were
monitored in each site using 30-minute active searches under artificial refuges
(four 1.2 m railway sleepers, four roof tiles and 1 m? pile of corrugated steel) along
one 200 x 50 m transect/site.
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(1) Michael D.R,, Wood ].T., Crane M., Montague-Drake R. & Lindenmayer D.B. (2014) How
effective are agri-environment schemes for protecting and improving herpetofaunal
diversity in Australian endangered woodland ecosystems? Journal of Applied Ecology, 51,
494-504.

Terrestrial habitat management

3.3. Manage tillage practices

e We found no studies that evaluated the effects of managing tillage practices on reptile
populations.

‘We found no studies' means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Conventional ploughing or tilling disturbs the soil to about 25-35 cm (Tebriigge &

Diiring 1999). Ploughing can impact reptiles when individuals are buried by

ploughing activity (Saumure et al. 2007), or when ploughing destroys nesting sites

(Hodar et al. 2000). A number of methods can be used to reduce the depth or

intensity of ploughing such as layered cultivation, non-inversion tillage and

conservation tillage. Such practices have been found to be beneficial for some
farmland biodiversity (Holland & Luff 2000). ‘Conservation agriculture’ attempts
to alter the soil profile as little as possible by direct sowing and/or leaving the soil

protected with plant residues (Garcia-Torres et al. 2002).

Garcia-Torres L. Martinez-Vilela A. Holgado-Cabrera A. & Goénzalez-Sadnchez E. (2002)
Conservation agriculture, environmental and economic benefits. Summary of the Workshop on
Soil Protection and Sustainable Agriculture, Soria, Spain, 15-17 May 2002, European
Conservation Agriculture Federation.

Hédar J.A., Pleguezuelos .M. & Poveda ].C. (2000) Habitat selection of the common chameleon
(Chamaeleo chamaeleon) (L.) in an area under development in southern Spain: implications for
conservation. Biological Conservation, 94, 63-68.

Holland J.M. & Luff M.L. (2000) The effects of agricultural practices on Carabidae in temperate
agroecosystems. Integrated Pest Management Reviews, 5, 109-129.

Saumure R.A,, Herman T.B. & Titman R.D. (2007) Effects of haying and agricultural practices on a
declining species: The North American wood turtle Glyptemys insculpta. Biological
Conservation, 135, 565-575.

Tebriigge F. & Diiring R.-A. (1999) Reducing tillage intensity—a review of results from a long-term
study in Germany. Soil and Tillage Research, 53, 15-28.

3.4. Manage crop diversity
e We found no studies that evaluated the effects of managing crop diversity on reptile
populations.

‘We found no studies' means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
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Some heterogeneity in farmland is thought to be key in determining on-farm
biodiversity (Benton et al. 2003). Therefore, increasing the range of different

crops grown in a given year may increase the biological value of a farm.
Benton T.G., Vickery J.A. & Wilson ].D. (2003) Farmland biodiversity: is habitat heterogeneity the
key? Trends in Ecology & Evolution, 18, 182-188.

3.5. Modify grazing regime

Background

Grazing by livestock changes habitats by reducing vegetation height and ground
cover, altering plant abundance and diversity, creating openings for seed growth
and preventing reed or shrub growth. While heavy grazing by some wild grazers
can have detrimental effects on reptile populations (Howland et al. 2014), the
result of different grazing regimes on reptiles will likely depend on the reptile
species, grazing intensity and the timing of grazing activity. Studies included in
this intervention measure the impacts of varying intensities of grazing or different
types of grazing regimes on reptiles. Studies that just compare the effect of
stopping all grazing to continued grazing are included under the intervention
Cease livestock grazing.

Due to the number of studies found, this action has been split by habitat type.

For interventions that aim to reduce the detrimental effects of grazing by wild
herbivores see Threat: Invasive or problematic species - Remove or control invasive

or problem herbivores and seed eaters.

Howland B., Stojanovic D., Gordon L], Manning A.D., Fletcher D. & Lindenmayer D.B. (2014) Eaten
out of house and home: impacts of grazing on ground-dwelling reptiles in Australian
grasslands and grassy woodlands. PLoS One, 9, e105966.

Grassland & shrubland

e Four studies evaluated the effects of modifying grazing regimes in grassland and
shrubland on reptile populations. Three studies were in the USA'24 and one was in
Australia3.

COMMUNITY RESPONSE (3 STUDIES)

e Richness/diversity (3 studies): One replicated site comparison study in the USA'
found that sites with different grazing intensities had similar reptile diversity. One
replicated, site-comparison, paired sites study in Australia3 found no clear effects of
modifying grazing intensities on reptile species richness. One replicated, controlled,
before-and-after study in the USA* found that areas that were lightly grazed or
unmanaged had lower reptile species richness than areas that were heavily grazed in
combination with burning.

POPULATION RESPONSE (3 STUDIES)

e Abundance (2 studies): One of two replicated studies (including one site comparison,
paired sites study) in the USA' and Australia3 found that plots with lighter grazing had
higher lizard abundance than those with heavier grazing in four of five vegetation types'.
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The other study? found that the abundance of individual reptile species or species groups
remained similar at different grazing intensities.

e Survival (1 study): One site comparison study in the USAZ found that survival of Texas
horned lizards was higher in moderately grazed than heavily grazed sites.

BEHAVIOUR (1 STUDY)

e Use (1 study): One replicated, controlled, before-and-after study in the USA# found that
light grazing or heavy grazing and burning had mixed effects on the reptile species that
used those areas.

A replicated, site comparison study in 1978-1979 in grass and scrubland in
western Arizona, USA (1) found that overall lizard abundance but not diversity
was higher under lighter grazing regimes in four of five vegetation types compared
to heavier grazing. Lighter grazed plots had higher abundances of lizards
compared to heavier grazing in chaparral (light: 1.7 individuals/trap group/night;
heavy: 1.2), desert grassland (light: 0.8; heavy: 0.6), mixed riparian scrub (light:
1.2; heavy: 0.7) and cottonwood-willow (light: 1.1; heavy: 0.6). Relative
abundances were similar in Sonoran desertscrub regardless of grazing regime
(light: 1.0; heavy: 1.1). Species diversity was statistically similar between lightly
and heavily grazed sites across all vegetation sites (reported as Shannon-Weaver
diversity index). See paper for details of results for individual species. Seven
lightly grazed and seven heavily grazed plots were established in five different
vegetation communities: chaparral, desert grassland, mixed riparian scrub,
riparian cottonwood-willow and Sonoran desertscrub (70 total plots). Lightly
grazed sites were characterised by a lack of livestock and good habitat condition.
Heavily grazed sites were characterised by existence of cattle trails, presence of
livestock and poor habitat condition. Abundance and diversity were estimated
using drift fences with four pitfall traps in March-June and September-November
1978 and March-October 1979.

A site comparison study in 1998-2001 in an area of thornscrub in southern
Texas, USA (2) found Texas horned lizard Phrynosoma cornutum survival was
higher under moderate grazing than heavy grazing, but highest in ungrazed sites.
Survival of Texas horned lizards over four-months periods was higher in
moderately-grazed sites (54%) than in heavily-grazed sites (33%) but lower than
in ungrazed sites (77%). Lizard survival was monitored in a wildlife management
area (6,500 ha) in three sites (50-60 ha), each with a different grazing regime: the
ungrazed site had not been grazed since 1976, the moderately-grazed site was
stocked at 30-50 steers/ha/day and the heavily-grazed site had 75-100
steers/ha/day. Lizards were captured by searching roads, chance encounters and
drift fences with pitfall traps. Lizards were marked with a PIT tag and toe clips and
fitted with a radio transmitter (ungrazed: 20 lizards, moderately grazed: 43
lizards, heavily grazed: 44 lizards). Lizards were located at least once every 24
hours for four months from mid-April to mid-August in 1998-2001.

A replicated, paired sites, site comparison study in 1993-1996 and 2007 in
chenopod scrubland in South Australia, Australia (3) found overall reptile species
richness and abundances did not show a clear response to different grazing
intensities. Overall reptile species richness was 9 species/site in light and medium
grazing sites and 10 species/site in heavy grazing sites (numbers taken from
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figure 6). Of 38 species recorded, no individual species or species group (agamid
lizards, skinks, geckos) abundances changed in response to different grazing
intensities alone (results reported as model outputs, see paper for other factors
affecting individual abundances). However, gecko capture rates may have been
lower in light grazing sites (8 individuals/site) compared to medium grazing (13
individuals/site), but similar to heavy grazing (8 individuals/site; number taken
from figure 6). Four paired sites of differing grazing pressure were set out in 1993
(low intensity grazing: <12 cattle dung/ha; medium: 12-100; high: >120). Reptiles
were sampled for 10 days in summer from 1993-1996 and again in 2007 using
300 mm long flymesh drift fences with 13 unbaited pitfall traps (500 mm deep x
150 mm wide, 8 m apart).

A replicated, controlled, before-and-after study in 2011-2012 in four riparian
grasslands in Missouri, USA (4) found that light grazing resulted in lower reptile
species richness compared to heavy grazing after prescribed burning, but similar
richness compared to ungrazed areas. The effects of heavy grazing and burning
cannot be separated and all results reported as statistical model outputs. Reptile
species richness was slightly lower in lightly grazed plots and ungrazed plots
compared to heavily grazed and burned plots. Turtle presence was associated
with taller grass heights linked with light grazing, lizards were associated with
burned and heavily grazed plots, and snakes were associated with 70-100% grass
cover habitat that occurred the year following burning. Patches of four watersheds
(10-54 ha) were treated with light grazing (May-July 2011 or 2012), burning
followed by heavy grazing (May-July after April burning in 2011 or 2012), or
unmanaged during the preceding five years. Reptile monitoring took place 2-3
times/month in March-May 2011-2012 using coverboards and visual encounter
surveys.

(1) Jones K.B. (1981) Effects of grazing on lizard abundance and diversity in Western Arizona.
The Southwestern Naturalist, 26, 107-15.

(2) Hellgren E.C. Burrow A.L., Kazmaier R.T. & Ruthven III D.C. (2010) The effects of winter
burning and grazing on resources and survival of Texas horned lizards in a thornscrub
ecosystem. Journal of Wildlife Management, 74, 300-309.

(3) Read].L. & Cunningham R. (2010) Relative impacts of cattle grazing and feral animals on an
Australian arid zone reptile and small mammal assemblage. Austral Ecology, 35, 314-324.

(4) Larson D. (2014) Grassland fire and cattle grazing regulate reptile and amphibian assembly
among patches. Environmental Management, 54, 1434-1444.

Forest, open woodland & savanna

e Seven studies evaluated the effects of managing grazing regimes in forest, open
woodland and savanna on reptile populations. Six studies were in Australia2” and one
was in the USA".

COMMUNITY RESPONSE (3 STUDIES)

e Richness/diversity (3 studies): One replicated site comparison study in the USA?
found that sites with different grazing intensities had similar reptile diversity. One
replicated, paired, site comparison study in Australia® found that farms with rotational
grazing did not have higher reptile species richness than farms with continuous grazing.
One replicated, site comparison study in Australia® found that following replanting of



47

native vegetation, ungrazed or occasionally grazed plots had higher reptile species
richness than plots that were continuously grazed.

POPULATION RESPONSE (6 STUDIES)

e Abundance (5 studies): One of three replicated studies (including one randomized,
before-and-after study) in the USA' and Australia®7 found that areas with lighter grazing
had higher lizard abundance than those with heavier grazing'. The other two studies®7
found that different grazing regimes had mixed effects on the abundance of lizards® and
four-clawed geckos and inland snake-eyed skinks’. Two paired, site comparison studies
(including one replicated study) in Australia2 found that sites with rotational grazing had
similar reptile abundance as sites with continuous grazing.

e Occupancy/range (1 study): One replicated, site comparison study in Australia4 found
that different grazing regimes had mixed effects on local colonization and extinction
events of six lizard species.

BEHAVIOUR (1 STUDY)

e Use (1 study): One replicated, paired, site comparison study in Australia® found that
jacky dragons were found in sheep-grazed paddocks more frequently than in cattle-
grazed paddocks.

A replicated, site comparison study in 1978-1979 in broadleaf forest in
western Arizona, USA (1) found overall lizard abundance but not diversity was
higher under lighter compared to heavier grazing regimes. Lighter grazed plots
had higher abundances of lizards compared to heavier grazing in cottonwood-
willow (Light grazing: 1.1 individuals/trap group/night; heavy grazing: 0.6).
Species diversity was statistically similar between lightly and heavily grazed sites
across all vegetation sites (result presented as diversity index). See paper for
details of individual species abundances. Seven lightly grazed and seven heavily
grazed plots were established in areas of cottonwood-willow. Lightly grazed sites
were characterised by a lack of livestock and good habitat condition. Heavily
grazed sites were characterised by cattle trails, presence of livestock and poor
habitat condition. Abundance and diversity (Shannon-Wiener Index) were
estimated using drift fences with four pitfall traps in March-June and September-
November 1978 and March-October 1979.

A paired, site comparison study in 2006-2007 in grassy woodland and
agricultural land in south eastern Australia (2) found that rotational grazing did
not increase reptile abundance compared to continuous grazing. Reptile
abundance was similar in rotationally grazed plots (2.0 reptiles/ha) compared to
continuously grazed plots (1.7 reptiles/ha), but greater in grazed plot with trees
(3.6 reptiles/ha) than in grazed native pasture plots (1.4 reptiles/ha) regardless
of grazing system. Twelve pairs of farms of with either rotational or continuous
grazing (cattle or sheep) on native pastures were selected. Rotational grazing
systems (four or more paddocks grazed for <56 days at a time followed by at least
21 days of rest with more rest time than grazing time) had operated for at least
five years. Paddocks on continuous grazing farms were stocked for >6 months a
year. Reptiles were surveyed in two 1 ha plots/farm (one in treed and one in
cleared pastureland, 48 plots in total) using coverboards and active searches in
December 2006, March 2007 and October 2007.
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A replicated, randomized, before-and-after study in 1999-2004 in open
eucalyptus savanna in north-eastern Queensland, Australia (3) found that
different cattle stocking regimes had mixed effects on reptile abundance
depending on the species. All results presented as model outputs. At medium
stocking rates, dubious gecko Gehyra dubia and shaded-litter rainbow skink Carlia
munda abundances increased over time. At high cattle stocking rates, terrestrial
gecko Diplodactylus conspicillatus and north-eastern firetail skink Morethia
taeniopleura abundances decreased over time. At medium and high stocking rates,
Binoe’s prickly gecko Heteronotia binoei abundance increased, but decreased in
variable/rotational stocking over time. Some species’ abundances varied
depending on vegetation type (see paper for details). Sixteen 1 ha plots were
established (>500 m apart) in a commercial livestock station (1,041 ha). Plots
were grazed at moderate stocking (4 plots), heavy stocking (4 plots), or
rotational/variable stocking rates (8 plots, see paper for details). Ground cover
was either mainly silverleaf ironbark Eucalyptus melanophloia (8 plots) or reid
river box Eucalyptus brownii (8 plots). Reptiles were surveyed in November-April
and May-October in 1999-2000 and 2003-2004 using drift fences with pitfall
traps and visual encounter surveys. All plots were prescribed burned in 1999 and
a second fire took place in the ironbark-dominated rotational/variable stocking
plots in November 2001.

A replicated, site comparison study in 2011-2013 of 29 farms in south-
eastern Australia (4) found that different grazing treatments had varying effects
on the colonisation and extinction probabilities of three of six lizard species.
Results are reported as statistical model outputs. Two lizard species (Boulenger’s
snake-eyed skink Morethia boulengeri and southern rainbow-skink Carlia
tetradactyla) were more likely to colonize patches with modified low or high
rotational grazing than prolonged high rotational or continuous grazing. The
opposite was true for straight-browed ctenotus Ctenotus spaldingi, which was
more likely to become extinct in patches with modified high and low rotational
grazing. Colonisation and extinction probabilities for three other lizard species
(ragged snake-eye skink Cryptoblepharus pannosus, Victoria three-toed earless
skink Hemiergis talbingoensis, marbled geckos Christinus marmoratus) were not
significantly affected by the grazing treatments. A total of 97 sites were surveyed
on 29 farms (2-4 sites/farm with different grazing treatments) within a grazing-
dominated landscape. Each site used one of four grazing treatments: modified low
rotational grazing (<5 years of long-duration rotational grazing following previous
continuous grazing); modified high rotational grazing (<5 years of high intensity
short-duration grazing following previous continuous grazing); prolonged high
rotational grazing (high-intensity short-duration grazing for >10 years);
continuous grazing for >10 years. Grazing was mainly by sheep Ovis aries and
cattle Bos taurus. Searches were carried out for reptiles in natural habitat and
artificial refuges in two plots (0.4 ha) within each site in September 2011, 2012
and 2013.

A replicated, paired, site comparison study in 2014-2015 in 12 pastures
adjacent to open grassy woodland in New South Wales, Australia (5) found that
rotational grazing did not increase reptile abundance or species richness
compared to continuous grazing. Over one year, farms with rotational grazing did
not have higher reptile abundance or species richness than farms with continuous



49

grazing (data not provided). One lizard species, Amphibolurus muricatus (common
name Jacky dragon not given in study) was more likely to be present in sheep-
grazed rather than cattle-grazed paddocks (results presented as statistical model
outputs, see paper for details). Reptiles caught were mostly skinks (Scincidae
spp-). In January 2014-March 2015, reptiles were surveyed in 12 farms grazed by
sheep Ovis aries or cattle Bos taurus in paddocks directly adjacent to remnants of
native open grassy woodland. Five farms had a rotational grazing regime
(livestock moved between paddocks every few days and not returning to the same
place for weeks or months), and seven had a continuous grazing regime (livestock
left in same paddock for extended periods). Surveys were carried out using drift
fences, pitfall traps and funnel traps set at 20, 50 and 80 m intervals along 180 m
transects that extended from the native woodland into the grazing pasture.
Surveys took place for 5 days at a time in austral spring-summer.

A replicated, site comparison study in 2013 in restored eucalypt woodland on
25 farms in New South Wales, Australia (6) found that in replanted native
vegetation, areas with occasional livestock grazing or no grazing had higher
reptile species richness than areas with continuous grazing. Results all reported
as model outputs. The authors reported that reptile species richness was higher
where the amount of leaf litter was greater and that leaf litter was reduced in plots
that were continuously grazed. Fifteen reptile species were recorded. In austral
spring 2013, sixty-one plots of replanted native vegetation on 25 farms were
surveyed in a 150 x 120 km agricultural area in the South Western Slopes (time
since replanting: 6-61 years). Ten plots each were either occasionally grazed or
continuously grazed by cattle Bos taurus or sheep Ovies aries (20 plots total) and
a further 41 plots were never grazed. Reptiles were surveyed in each plot using 20
minute active searches and groups of artificial refuges (corrugated steel, railway
sleepers and concrete roof tiles, two groups/plot).

A replicated, site comparison study in 2015 in eucalyptus woodland in
Queensland, Australia (7) found that decreasing cattle grazing intensity decreased
dubious four-clawed geckos Gehyra dubia abundance but did not change inland
snake-eyed skink Cryptoblepharus australis abundance. Four-clawed gecko
abundance was generally lower at lower grazing intensity compared to higher
grazing intensity (moderate stocking: 5 geckos/plot; rotational stocking regime: 6
geckos/plot; variable stocking: 12 geckos/plot; heavy stocking: 10 geckos/plot).
Inland snake-eyed skink abundance was similar at all grazing intensities
(moderate stocking: 3 lizards/plot; rotational stocking: 4 lizards/plot; variable
stocking: 5 lizards/plot; heavy stocking regime: 5 lizards/plot;). Data was
collected in eight 100 ha paddocks each with one of four grazing regimes (two
replicates of each). The grazing regimes increased in intensity from moderate to
rotational to variable to heavy stocking rates (see original paper for details). Each
paddock contained three sampling sites. Lizards were monitored during seven
days in February 2015 using arboreal coverboards and spotlighting. Faecal
samples were collected from lizards captured by hand.

(1) Jones K.B. (1981) Effects of grazing on lizard abundance and diversity in Western Arizona.
The Southwestern Naturalist, 26, 107-15.

(2) Dorrough J., Mcintyre S., Brown G., Stol ]., Barrett G., & Brown A. (2012) Differential
responses of plants, reptiles and birds to grazing management, fertilizer and tree clearing.
Austral Ecology, 37, 569-582.
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(3) KuttA.S., Vanderduys E.P. & O’Reagain P. (2012) Spatial and temporal effects of grazing
management and rainfall on the vertebrate fauna of a tropical savanna. Rangeland Journal,
34,173-182.

(4) Kay G.M., Mortelliti A., Tulloch A., Barton P., Florance D., Cunningham S.A. & Lindenmayer
D.B. (2017) Effects of past and present livestock grazing on herpetofauna in a landscape-
scale experiment. Conservation Biology, 31, 446-458

(5) Pulsford S.A., Driscoll D.A.,, Barton P.S. & Lindenmayer D.B. (2017) Remnant vegetation,
plantings and fences are beneficial for reptiles in agricultural landscapes. Journal of Applied
Ecology, 54,1710-1719.

(6) Lindenmayer D.B., Blanchard W., Crane M., Michael D. & Sato C. (2018) Biodiversity benefits
of vegetation restoration are undermined by livestock grazing. Restoration Ecology, 26,
1157-1164.

(7) Nordberg E.J.,, Murray P., Alford R. & Schwarzkopf L. (2018) Abundance, diet and prey
selection of arboreal lizards in a grazed tropical woodland. Austral Ecology, 43, 328-338.

Wetland

e One study evaluated the effects of managing grazing regimes in wetlands on reptile
populations. This study was in France!.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One controlled before-and-after study in France' found that
moderate density autumn—winter grazing and autumn—spring marsh flooding resulted in
higher abundance of European pond turtles than high density spring—summer grazing
and winter-spring marsh flooding or low year-round grazing and flooding.

e Condition (1 study): One controlled before-and-after study in France! found that high-
density spring—summer grazing resulted in fewer incidences of trampling compared to
moderate-density autumn—winter grazing or low-density year-round grazing.

BEHAVIOUR (0 STUDIES)

A controlled, before-and-after study in 1997-2013 in two marshes with canals
in Camargue, France (1) found that autumn-winter grazing and autumn-spring
flooding increased European pond turtle Emys orbicularis abundance compared to
high density spring-summer grazing and winter-spring marsh flooding. European
pond turtle abundance was greater with moderate density autumn-winter
grazing and autumn-spring marsh flooding (192-436 individuals), compared to
high density spring-summer grazing and winter-spring marsh flooding (107-182
individuals) or low year-round grazing and flooding (182-227 individuals). In a
nearby site with moderate year-round grazing and flooding, European pond turtle
abundance was stable over the same time period (29-153 individuals). Incidences
of trampling by grazing animals were higher with moderate-density autumn-
winter grazing (10 individuals) or low-density year-round grazing (13
individuals) compared to high-density spring-summer grazing (4 individuals;
results were not statistically tested). In 1997-2001, two sites (100-250 ha, 1.5 km
apart) were flooded and grazed year-round at low-moderate stocking density. In
one site, in 2002-2006, water levels were modified to create a dry period in
summer-autumn, with natural flooding in winter-spring and grazing was changed



o1

to high density stocking in spring-summer (see original paper for details). In the
same site, in 2007-2013, the flooding period was extended so that autumn-spring
were flooded and only summer was dry, and moderate density grazing took place
in autumn-winter. In April-August 1997-2013, turtles were live-trapped at both
sites (7,059 total captures of 963 individuals).

(1) FicheuxS., Olivier A, Fay R., Crivelli A., Besnard A. & Bechet A. (2014) Rapid response of a
long-lived species to improved water and grazing management: The case of the European
pond turtle (Emys orbicularis) in the Camargue, France. Journal for Nature Conservation, 22,
342-348.

3.6. Cease livestock grazing

Background

Grazing by livestock reduces vegetation height and ground cover, alters plant
abundance and diversity, creating openings for seed growth and preventing reed
or shrub growth. These changes can have beneficial (Tesauro & Ehrenfeld 2007)
or detrimental effects (Howland et al. 2014) on reptile populations depending on
the reptile species, grazing intensity, timing and conjunction with burning
regimes. Studies included in this intervention measure the impact of ceasing
grazing on reptiles. Studies that compare the effects of varying intensities of
grazing or different types of grazing regimes on reptiles are included under the
intervention Modify grazing regime.

Due to the number of studies found, this action has been split by habitat type.

For interventions that aim to reduce the detrimental effects of grazing by wild
herbivores see Threat: Invasive or problematic species - Remove or control invasive

or problem herbivores and seed eaters.

Howland B., Stojanovic D., Gordon 1.J.,, Manning A.D., Fletcher D. & Lindenmayer D.B. (2014) Eaten
out of house and home: impacts of grazing on ground-dwelling reptiles in Australian grasslands
and grassy woodlands. PLoS One, 9, e105966.

Tesauro J. & Ehrenfeld D. (2007) The effects of livestock grazing on the bog turtle [Glyptemys
(=Clemmys) muhlenbergii]. Herpetologica, 63, 293-300.

Grassland & shrubland

o Fifteen studies evaluated the effects of ceasing livestock grazing in grassland and
shrubland on reptile populations. Eight studies were in the USA'.24-69.11.12 three were in
Australia’.10.15 two were in the UK'3.14 and one was in each of New Zealand3 and Egypt.

COMMUNITY RESPONSE (6 STUDIES)

¢ Richnessl/diversity (6 studies): Four of six studies (including one replicated, controlled,
before-and-after study) in the USA'462 and Australia’-15 found that ungrazed and grazed
areas had similar reptile species richness’9, combined reptile and amphibian® or reptile
and small mammal species richness'®. One study’ found that ungrazed sites had higher
species richness than grazed sites. The other study* found that fencing areas to exclude
grazers had mixed effects on lizard species richness.

POPULATION RESPONSE (15 STUDIES)
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e Abundance (15 studies): Seven of 14 studies (including one replicated, controlled,
before-and-after study) in the USA'24569.11 New Zealand?, Australia”10.15, Egypté and
the UK"3.14 found that ceasing grazing (in one case after eradicating invasive mice3 and
in one case after burning') had mixed effects on reptile®9.10.14 or lizard34 abundance.
Four studies'28.13 found that ungrazed areas had a higher abundance of lizards'.28 or
smooth snakes' than grazed areas. The other three studies®7'> found that ungrazed
and grazed areas had a similar abundance of reptiles’, reptiles and small mammals*® or
Texas tortoises®. One replicated, randomized, site comparison study in the USA'2 found
that areas with fencing that excluded both grazing and recreational vehicle use had more
Agassiz’s desert tortoises than areas with less restrictions on grazing or vehicle use.

e Survival (2 studies): One of two replicated studies (including one controlled study) in
the USA512 found that areas with fencing that excluded grazing and recreational vehicle
use had lower death rates of Agassiz’s desert tortoises than areas with less restrictions
on grazing or vehicle use'2. The other study® found that in areas where grazing was
ceased and where grazing was rotational, survival of Texas tortoises was similar.

e Condition (1 study): One replicated, controlled study in the USAS found that in areas
where grazing was ceased and where grazing was rotational, size and growth of Texas
tortoises was similar.

BEHAVIOUR (1 STUDY)

e Behaviour change (1 study): One site comparison study in Egypt® found that in areas
protected from grazing with fences, Be'er Sheva fringe-fingered lizards spent less time
moving and were observed further away from the nearest vegetation compared to in
areas with grazing and low-impact watermelon farming.

A site comparison study (year not provided) in the Mojave Desert California,
USA (1) found that an ungrazed site had twice the number of lizards and two more
species compared to a grazed site. Results were not statistically tested. In total, 36
lizards from five species were recorded in an ungrazed site (4 desert horned
lizards Phrynosoma platyrhinos, 6 zebra-tailed lizards Callisaurus draconoides, 3
long-nosed leopard lizards Gambelia wislizenii, 11 common side-blotched lizards
Uta stansburiana, 12 western whiptails Aspidoscelis tigris) compared to 17 lizards
from three species in a grazed site (11 zebra-tailed lizards, 5 common side-
blotched lizards, 1 western whiptail). Lizard surveys were carried out in May in a
100 x 100 m plot in one site with no grazing and in one site heavily grazed by
sheep.

A site comparison study in 1989 in semi-arid grassland and oak savanna in
Arizona, USA (2) found bunchgrass lizard Sceloporus scalaris slevini abundance
was higher in ungrazed areas compared to grazed areas. In nine hours of searching
ungrazed grassland, 41 lizards were observed compared to three lizards in nine
hours of searching in grazed grassland. The ungrazed area (in a 3,160 ha ranch
sanctuary) had not been grazed by livestock since 1967. The adjacent grazed area
had been grazed for over a century. Abundance was determined by active searches
counting the numbers of lizards over nine days in August 1989.

A before-and-after study in 1986-1993 on Mana Island, New Zealand (3)
found that following removal of cattle (and cessation of grazing), and subsequent
eradication of an invasive mouse Mus musculus the abundance of one of four lizard
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species decreased, two remained stable, and one increased. Before-and-after
comparisons were not statistically tested. Fewer copper skinks Cyclodina aenea
were caught after grazing stopped (1-4 captures/100 trap nights) compared to
before (9 captures/100 trap nights). In the four years following mouse eradication
(when grazers were still absent), the number of McGregor's skinks Cyclodina
macgregori increased from 1 to 10 captures/100 trap nights, though numbers
were similar during grazing and in the first two years after grazing stopped (6-8
captures/100 trap nights). More common geckos Hoplodactylus maculatus were
caught when there was no grazing and mice had been eradicated (35-70
captures/100 trap nights) compared to before eradication (15 captures/100 trap
nights) and during grazing (5 captures/100 trap nights). A similar number of
common skinks Leiolopisma nigriplantare polychrome were captured after grazing
ceased (after: 6-21 captures/100 trap nights) compared to before (12
captures/100 trap nights). Cattle were removed from the island in 1986-1987,
and the mouse population was eradicated using poison baits in 1989-1990. In
1985-1993, lizards were trapped annually (3-8 sessions/year; 2-4 days
trapping/session) using pitfall traps (582-4,066 trap nights/session) that were
deployed across 27 trapping stations around the island.

A replicated, site comparison study in 1994-1996 in desert shrub and
grassland in south-central California, USA (4) found that lizard abundance and
species richness was higher or similar inside a protected area fenced to prevent
sheep grazing, compared to grazed areas outside of the fenceline, depending on
survey month and site. Lizard abundance was higher in three of six survey
comparisons inside a fenced protected area without sheep grazing (4-10
lizards/transect) compared to outside of it (2-4 lizards/transect) but similar in
the remaining three comparisons (inside: 2-5 lizards/transect; outside: 1-3
lizards/transect; see original paper for details). Lizard species richness was higher
in one of six comparisons inside the protected area (2 species/transect) compared
to outside of it (1 species/transect) but similar in the remaining five comparisons
(inside: 2-3 species/transect; outside: 1-3 species/transect; see original paper for
details). In 1994, two sites were selected near the north-eastern and southern
boundary of the Desert Tortoise Research Natural Area (where off-road vehicles
were prohibited from 1973, sheep grazing prohibited from 1978 and the
boundary was fenced in 1980). Two 2.25 ha plots were established/site: one
>400m inside the boundary and one outside the boundary (used by off-road
vehicles until 1980 and grazed by sheep until 1994). In each plot, lizards were
surveyed using 1.25 km transects in July 1994 and May and July 1995 (six
surveys/site).

A replicated, controlled study in 1994-1997 in four pastures in chaparral
shrubland in Texas, USA (5) found that excluding grazing from pastures resulted
in similar abundance, survival and size of Texas tortoises Gopherus berlandieri
compared to pastures with rotational grazing. The abundance of tortoises was
similar in ungrazed (4 tortoises/100 km and 3 tortoises/10 hours) and grazed
pastures (5 tortoises/100 km and 4 tortoises/10 hours). Annual survival of radio
tracked individuals was similar in ungrazed (70-83%) and grazed pastures (73-
84%), and size and growth were also similar (see paper for details). Two pastures
each were ungrazed and grazed. Grazing was rotational (October-May) and
stocking densities varied (0.2-0.6 animal units/ha; animal unit = 2 steers), though
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impacts on herbaceous vegetation were similar. Tortoises were counted by
driving along tracks (recording the distance and time travelled) throughout the
pastures between 7 April 1994 and 12 October 1997. Search effort was equal
across months and time of day, and between grazed and ungrazed pastures. Forty-
seven tortoises were also radiotracked.

A replicated, randomized, controlled study in 1998-1999 in streams through
pasture and associated riparian areas on farms in Pennsylvania, USA (6) found
that excluding livestock grazing did not increase combined reptile and amphibian
species richness or abundance within 1-3 years. Overall reptile and amphibian
species richness and abundance, and overall snake and turtle abundances were
similar between sites fenced to exclude livestock and unfenced grazed sites
(results reported as statistical tests). Of three snake species detected, abundances
were higher in fenced compared to unfenced sites for northern queen Regina
septemvittata (fenced: 6 individuals/site; unfenced: 2) and eastern garter snake
Thamnophis sirtalis (fenced: 5; unfenced: 2) and similar for northern water snake
Nerodia sipedon (fenced: 5; unfenced: 4). Ten fenced and ungrazed and 10
unfenced and grazed streams and riparian areas (100 mlong, 10-15 m wide) were
compared on private farms. All ungrazed sites had been grazed until they were
fenced to exclude livestock 1-2 years prior to 1998 (4-strand electric fence).
Unfenced stream sites and surrounding pastures were grazed continuously with
an average stocking rate of 0.4 animals/ha. Reptiles were monitored using drift
fences with pitfall traps set perpendicular to streams, coverboards and
opportunistically using hand captures. Traps were checked 3-4 times a week from
April-July 1998 and 1999.

A replicated, controlled, before-and-after study in 1994-1997 in three sites of
chenopod scrubland in South Australia, Australia (7), found that overall reptile
species richness and capture rates were similar at ungrazed sites compared to
those under short-term intensive grazing, but that capture rates of one species
increased one year after intensive grazing. Overall reptile captures and species
richness were similar in an ungrazed area and in paddocks with short-term
intensive grazing, both immediately before and after grazing, and one year after
grazing (results reported as statistical model outputs). Central netted dragon
Ctenophorus nuchalis capture rates remained similar in the ungrazed area (0.5-
0.6 individuals/plot) and grazed areas immediately before and after grazing
(before: 0.3-0.6 individuals/plot, after 0.5-0.5), but were lower one year later in
the ungrazed area (0.4) than in the grazed area (1.1-1.5). See paper for details of
other species capture rates. Reptiles were surveyed in three sites: an ungrazed
area and two adjacent short-term intensively grazed paddocks (20 ha each).
Intensive grazing consisted of releasing 70-80 cattle into each paddock for 6-18
days in winter and summer 1995. Reptile surveys took place twice before, twice
immediately after, and twice one year after grazing using drift fences with pitfall
traps open for 10 days at a time (18 fence-trap plots in grazed and in 12 in
ungrazed paddocks). Captured lizards were marked with unique toe clips.

A site comparison study in 1999-2000 in grazed and cultivated semi-stable
sand dunes in Zaranik Protected Area in North Sinai, Egypt (8) found that
excluding livestock grazing increased Be’er Sheva fringe-fingered lizard
Acanthodactylus longipes abundance. Fringe-fingered lizards were more than
three times as abundant in ungrazed fenced (29 individuals/site) compared to
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unfenced grazed sites (9 individuals/site). Lizards spent less time moving and
were observed further away from the nearest vegetation in ungrazed fenced
compared to unfenced grazed sites (60 vs 38 seconds, 105 vs 55 cm). Lizards were
sampled in three sites protected by fences in a protected area and three unfenced
sites subject to grazing and low-impact watermelon farming. All sites were 50 m x
50 m. Sites were sampled two to four times monthly, between September 1999
and September 2000. Lizards were visually observed for three minutes and
captured for measurement and marking when possible.

A paired sites, controlled study in 2002-2003 of semi-desert shrub and
grassland, south-eastern Arizona, USA (9) found that lizard species richness was
similar in ungrazed and grazed sites, but that some species abundances were
higher in ungrazed sites, depending on the vegetation type. Species richness was
the same in ungrazed and grazed sites (both 7-8 species). In tarbrush-dominated
vegetation, two species were more abundant in ungrazed (eastern fence lizards
Sceloporus undulatus: 17 individuals; common side-blotched lizards Uta
stansburiana: 21) than grazed land (eastern fence: 2; side-blotched: 1), one species
was less abundant (round-tailed horned lizards Phrynosoma modestum ungrazed:
3, grazed: 13) and one species had similar abundances (western whiptail
Cnemidophorus tigris: 31, 37). For three species sample sizes were too small for
analysis (desert spiny Sceloporus magister: 0, 1; ornate tree Urosaurus ornatus: 2,
1; grassland whiptail lizards Cnemidophorus uniparens: 7, 3). In creosote-
dominated vegetation, four of eight lizard species abundances were similar in
ungrazed and grazed land (eastern fence 26, 17; side-blotched 34, 29; round-tailed
horned: 10, 11; western whiptail: 85, 82). For four species, sample sizes were too
small for analysis (desert spiny lizard: 2, 3; ornate tree lizard: 3, 4; western banded
gecko Coleonyx variegatus: 1, 1; grassland whiptail: 8, 2). A 9 ha area was fenced
(post and barbed wire) to exclude livestock in 1958. Grazing continued outside of
the enclosure. Lizards were monitored using pitfall traps along 12-13 transects
(3-5 traps/transect) that extended from outside to inside the enclosure (60-100
m each side of the enclosure, 20-250 m apart) in August 2002 (728 trap nights)
and May-August 2003 (4,620 trap nights). Transects included two vegetation
types: tarbrush (1,428 trap nights) and creosote (3,920 trap nights). All lizards,
other than western banded geckos, were individually marked with toe clips. Only
adults were included in the analysis.

A paired sites, controlled, before-and-after study in 1993-1996 and 2007 in
chenopod scrubland in South Australia, Australia (10) found that the effect of
ceasing grazing on abundance varied depending on the species. After fencing to
exclude livestock, one gecko species increased (knob-tailed gecko Nephrurus levis
after fencing: 3.3 individuals/plot; before fencing: 0.3-0.5 individuals/plot) and
two geckos decreased (tessellated gecko Diplodactylus tessellatus after fencing:
0.0; before fencing: 1.2-1.7; variable fat-tailed gecko Diplodactylus conspicullatus
after fencing: 0.4; before fencing: 1.5-1.9) in abundance compared to beforehand
when the same plots were grazed. The abundance of five other species remained
similar after grazers were excluded (see paper for details). Four paired sites of
differing grazing pressure were set out in 1993 (low intensity grazing: <12 cattle
dung/ha; medium: 12-100; high: >120). After four years, three of the eight grazing
pressure sites were fenced to exclude cattle and predators. Reptiles were sampled
for 10 days in summer from 1993-1996 and 2007 using 300 mm long flymesh
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drift fences with 13 unbaited pitfall traps (500 mm deep x 150 mm wide, 8 m
apart).

A replicated, controlled study in 1997-2006 in scrub and grassland in central
California, USA (11) found the abundances of one of three reptiles increased more
slowly in ungrazed plots compared to grazed plots following burning (natural and
prescribed). The abundance of blunt-nosed leopard lizards Gambelia sila
increased at a slower rate in ungrazed plots (1 extra individuals/year) compared
to grazed plots (7 extra individuals/year). The change in abundances of two other
species (western whiptail lizards Aspidoscelis tigris and side-blotched lizards Uta
stansburiana), and the overall abundances of all three species did not differ
between ungrazed and grazed plots (see original paper for details). Four 3 km?
areas in a single site were established and grazed from December-April in 1998-
2001 and 2005-2006. Grazing intensity varied between years and the whole site
had been burned (natural and prescribed fire) in 1997. Within each area, a 25 ha
plot was fenced to exclude livestock (ungrazed). Day-active lizards were surveyed
visually within a 9 ha grid in each grazed and ungrazed area on 10 days in May-
July in 1997-2006 (800 survey days).

A replicated, randomized, site comparison study in 2011 in desert shrub and
grassland in the western Mojave Desert, California, USA (12) found that Agassiz’s
desert tortoises Gopherus agassizii were more abundant and had a lower mortality
rate in a protected area fenced to exclude livestock grazing and recreational
vehicle use. Desert tortoise densities were approximately six-times higher in the
most protected area, the Tortoise Natural Area (15 tortoises/km?2) than in
designated tortoise critical habitat (2 tortoises/km?) and four-times higher than
on private lands (4 tortoises/km?). Tortoise annual death rates over the preceding
four years were estimated as lowest in the Tortoise Natural Area (3%/year)
compared to private lands (6%/year) or in critical habitat (20%/year, results not
statistically compared). Tortoises were surveyed in 240 1 ha plots across three
different management areas (80 plots/area): Tortoise Natural Area (1973: closed
to recreational vehicles; 1980: fully enclosed and closed to mining and livestock
grazing, 2010: 12 km of fencing extended to prevent tortoises leaving), tortoise
critical habitat areas (1994: recreational vehicle use restricted but not enforced
with some annual closures, 1990: closed to sheep grazing) and private lands
(unregulated sheep grazing, intensive recreational vehicle use, hunting and
rubbish dumping). In April-May 2011 plots were surveyed on foot twice in a day
for live or dead tortoises and field signs.

A controlled, before-and-after study in 1997-2013 in an area of mixed dry and
wet heathland in Dorset, UK (13, same experimental set-up as 14) found that an
area where grazing cattle were excluded with a fence had more smooth snakes
Coronella austriaca compared to an area where grazing continued. Over four years
after grazing cattle were excluded, more smooth snakes were found in the
ungrazed area (28 snakes) compared to the grazed area (16 snakes). During the
previous 13 years when the whole area was grazed, the number of snakes caught
in each area was similar during 12 of 13 years (3-8 snakes/year). In February
2010, a fence was erected to exclude cattle from a 6 ha area of heathland that had
been grazed by cattle Bos taurus during May-September since 1997 (0.1-0.3
cows/ha). The remaining 4 ha continued to be grazed after the fence was erected.
In 1997-2013, annual surveys for reptiles were conducted (21 surveys/year,



S7

though only 18 in 1997 and three in 2002) by randomly placing groups of 37
artificial refuges (corrugated steel sheets) in a hexagonal pattern (5-7 groups of
refuges in the ungrazed area; four groups in the grazed area). All refuges were
checked for reptiles, and smooth snakes were individually marked using PIT tags.

A controlled study in 2010-2013 in an area of mixed dry and wet heathland
in Dorset, UK (14, same experimental set-up as 13) found that three of four reptile
species were more abundant in ungrazed compared to grazed areas, and the
fourth species occurred at similar numbers in both areas. The ungrazed area
contained more grass snakes Natrix natrix (2/plot), slow worms Anguis fragilis
(67 /plot) and common lizards Zootoca vivipara (13/plot) than the grazed area
(grass snakes: 1/plot; slow worms: 29/plot; common lizards: 6/plot), whereas a
similar number of sand lizards Lacerta agilis were found in the ungrazed (3/plot)
and grazed (6/plot) areas. In February 2010, a fence was erected to exclude cattle
from a 6 ha area of heathland that had been grazed by cattle Bos taurus. The
remaining 4 ha continued to be grazed after the fence was erected. In 2010-2013,
annual surveys for reptiles were conducted (21 surveys/year) by randomly
placing 11 groups of 37 artificial refuges (407 refuges in total) during April-
October (seven groups of refuges in the ungrazed area; four groups in the grazed
area). The number of reptiles of each species was recorded at each visit.

A replicated, site-comparison study in 1997-2007 in shrub and woodland in
south eastern Australia, Australia (15) found that ungrazed and grazed sites had
similar combined reptile and small mammal species richness. Over 11 years,
reptile and small mammal species richness remained similar in ungrazed (0.03
species/100 trap nights/year) and grazed shrubland (0.04 species/100 trap
nights/year). Over the same time period, livestock removal did not affect the
change in overall reptile and small mammal abundance over time in shrubland (no
livestock: 0.02 individuals/100 trap nights/year; with livestock: 0.11) In 1997-
2007, reptiles and small mammals were surveyed in two shrubland sites
(degraded chenopod shrubland dominated by A. victoriae.) with historical but no
current domestic livestock grazing and two sites with livestock (sheep and/or
cattle) grazing. Reptiles were surveyed using pitfall traps one-three times/year
(22 surveys).

(1) Busack S.D. & Bury R.B. (1974) Some effects of off-road vehicles and sheep grazing on lizard
populations in the Mojave Desert. Biological Conservation, 6, 179-183.
(2) Bock C.E., Smith H.M. & Bock J.H. (1990) The effect of livestock grazing upon abundance of

the lizard, Sceloporus scalaris, in southeastern Arizona. Journal of Herpetology, 24, 445-446.

(3) Newman D.G. (1994) Effects of a mouse, Mus musculus, eradication programme and habitat
change on lizard populations of Mana Island, New Zealand, with special reference to
McGregor's skink, Cyclodina macgregori. New Zealand journal of zoology, 21, 443-456.

(4) Brooks M. (1999) Effects of protective fencing on birds, lizards, and black-tailed hares in the
western Mojave Desert. Environmental Management, 23, 387-400.

(5) Kazmaier R.T., Hellgren E.C., Ruthven III D.C. & Synatzske D.R. (2001) Effects of grazing on
the demography and growth of the Texas tortoise. Conservation Biology, 15, 1091-1101.

(6) Homyack ].D. & Giuliano W.M. (2002) Effect of streambank fencing on herpetofauna in
pasture stream zones. Wildlife Society Bulletin, 361-369.

(7) Read].L. (2002) Experimental trial of Australian arid zone reptiles as early warning
indicators of overgrazing in cattle. Austral Ecology, 27, 55-66.

(8) Attum 0O.A. & Eason P.K. (2006) Effects of vegetation loss on a sand dune Lizard. Journal of
Wildlife Management 70, 27-30.
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desert vertebrates in California. The Journal of Wildlife Management, 76, 670-682.

(12) Berry K.H,, Lyren L.M,, Yee ].L. & Bailey T.Y. (2014) Protection benefits desert tortoise
(Gopherus agassizii) abundance: the influence of three management strategies on a
threatened species. Herpetological Monographs, 28, 66-92.

(13) Reading C.J. & Jofré G.M. (2015) Habitat use by smooth snakes on lowland heath managed
using 'conservation grazing'. The Herpetological Journal, 25, 225-231.

(14) Reading C.J. & Jofré G.M. (2016) Habitat use by grass snakes and three sympatric lizard
species on lowland heath managed using 'conservation grazing'. The Herpetological Journal,
26,131-138.

(15) Haby N.A. & Brandle R. (2018) Passive recovery of small vertebrates following livestock
removal in the Australian rangelands. Restoration Ecology, 26, 174-182.

Forest, open woodland & savanna

o Five studies evaluated the effects of ceasing livestock grazing in forest, open woodland
and savanna on reptile populations. Two studies were in each of Argentina24 and
Australiad® and one was in Mexico'.

COMMUNITY RESPONSE (4 STUDIES)

e Richness/diversity (4 studies): Three of four studies (including two replicated, site-
comparison studies) in Mexico', Argentina2# and Australia® found that ungrazed and
grazed areas, in one case with burning4, had similar reptile species richness'# and
diversity24. The other study® found that in areas where livestock grazing was stopped,
combined reptile and small mammal species richness increased more than in areas with
grazing.

POPULATION RESPONSE (5 STUDIES)

e Abundance (5 studies): Two of five studies (including three replicated, site comparison
studies) in Mexico!, Argentina24 and Australia®® found that ungrazed areas had a higher
abundance of reptiles® and lizards' than grazed areas. Two studies*® found that
ungrazed areas, in one case with burning®, had similar overall reptile* or reptile and small
mammal® abundance compared to grazed areas. The other study? found that grazing
had mixed effects on reptile abundance.

BEHAVIOUR (0 STUDIES)

A paired, controlled study in 1991 of tropical deciduous forest ranchland in
Baja California Sur, Mexico (1) found that lizard abundances tended to be higher
in ungrazed sites compared to grazed sites. Results were not statistically tested.
Thirty-two lizards were observed in ungrazed sites and seven in grazed sites. Five
species were observed in both ungrazed and grazed sites: spiny lizard Sceloporus
hunsakeri (ungrazed: 6 individuals, grazed: 2), Baja California brush lizard
Urosaurus nigricaudus (16, 2), orange-throated whiptail Aspidoscelis hyperythrus
hyperythrus (7, 1), spiny lizard Sceloporus licki (2, 1), and Baja blue rock lizard
Petrosaurus thalassinus thalassinus (1, 1). Five 25 x 5 m transects at 5 m intervals
were established in a 2,400 m? exclosure with no grazing since 1989. The same
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survey set up was established in a grazed area 35 m outside the exclosure on a
livestock ranch. Lizard abundance was measured by counting the number of
lizards observed/time spent looking.

A replicated, site comparison study in 1994-1998 in woodland savanna near
Santo Domingo, Argentina (2) found that 25 years after cattle were excluded,
overall snake and lizard abundances and diversity tended to be similar to adjacent
grazed ranchland. A total of 82 snakes of 15 species and 136 lizards of 12 species
were captured in ungrazed land compared to 71 snakes of 16 species and 182
lizards of 10 species in grazed land (results were not statistically tested). Species
diversity was similar between ungrazed restored and grazed land (Shannon
Wiener Diversity index of snakes ungrazed: 2.4, grazed: 2.4; lizards: 1.7, 1.6). One
lizard and one snake species were more abundant in ungrazed land, and two
lizards and one snake species were more abundant in grazed land (see paper for
details). Reptiles were monitored in an area fenced in 1976 to exclude cattle and
allow woodland regeneration (10,000 ha) and an adjacent overgrazed ranchland
(7,500 ha). Surveys were carried out in six plots of each habitat type (>7 km apart)
using drift fences with funnel traps (‘arrays’, 6 traps/array, one array/plot) in
March 1994-March 1998 (152 non-consecutive days).

A replicated, site comparison study in 2001 in savanna woodland in
Queensland, Australia (3) found that overall reptile abundance and the abundance
of five of 18 species was higher in ungrazed than grazed plots. Overall reptile
abundance was higher in ungrazed (18.5-19.6 individuals/plot) than grazed plots
(12.3-14.0), regardless of fire history. Of 32 reptile species observed, 18 were
included in analysis (appeared in high enough numbers). Five species abundances
were higher in ungrazed than grazed plots (eastern bearded dragons Pogona
barbata ungrazed: 0.6-0.7 individuals/plot vs grazed: 0-0.1; variable fat-tailed
geckoes Diplodactylus conspicillatus: 0.8-1.0 vs. 0.1-0.2; stout ctenotus Ctenotus
hebetior: 2.6-4.3 vs. 2.0-2.3; leopard ctenotus Ctenotus pantherinus: 1.4-4.4 vs. 0-
1.3, red-earth ctenotus Ctenotus rosarium: 1.9-2.0 vs. 1.0-1.3). Dwarf skink
Menetia greyii abundance was lower in ungrazed (0-0.3) than grazed plots (1.0-
1.3). The abundance of the remaining 12 species was similar in ungrazed and
grazed plots. In January 2001, reptiles were monitored on three cattle stations
(>20,000 ha each) in 29 one-ha plots that were either ungrazed (paddocks where
cattle were excluded) or grazed (4-8 cattle/ha). Plots were also either recently
burned (within 2 years) or unburned (last burnt >2 years ago). Reptiles were
sampled using cage traps and pitfalls supplemented by day and night log rolling
and litter raking.

A site comparison study in 2006 of cattle pasture in Corrientes, Argentina (4)
found that overall reptile diversity, species richness and abundance were similar
in ungrazed sites (with annual fires or no fire for three or 11 years) and grazed
sites with annual prescribed fires. Overall reptile species richness, abundance and
diversity were similar in ungrazed sites that had either annual fires or no fires for
three or 11 years (richness: 3-4; abundance: 22-44, Shannon diversity index: 0.8-
1.1) compared to grazed sites with annual prescribed fires (richness: 4;
abundance: 17, Shannon diversity index: 1.1). Species composition was most
similar in sites that were ungrazed with annual fires and sites that were grazed
with annual fires (result reported as similarity index). Four areas (= 400 ha) were
monitored: ungrazed and no fires for three years; no grazing or fires for 11 years;
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ungrazed with annual fires (August-September); grazed (3 ha/cattle unit) with
annual fires. Monitoring was undertaken using drift-fencing with pitfall traps in
January-April 2006 (80 survey days).

A replicated, site comparison study in 1997-2007 in open woodland in south
eastern Australia, Australia (5) found that following removal of domestic
livestock, combined reptile and small mammal species richness, but not
abundance, increased. Over 11 years, overall reptile and small mammal species
richness increased after livestock removal in woodland (0.04 species/100 trap
nights/year) compared to areas with livestock (0.01 species/100 trap
nights/year). Over the same time period, livestock removal did not affect the
change in overall reptile and small mammal abundance over time (no livestock:
-0.40 individuals/100 trap nights/year; with livestock: -0.31). In 1997-2007,
reptiles and small mammals were surveyed in two woodland sites (open mulga
Acacia aneura woodland) with historical but no current domestic livestock grazing
and two sites with livestock (sheep and/or cattle) grazing in the Flinders Ranges.
Reptiles were surveyed using pitfall traps one-three times/year (23 surveys).

(1) Romero-Schmidt H., Ortega-Rubio A., Arguelles-Méndez C., Coria-Benet R. & Solis-Marin F.
(1994) The effect of two years of livestock grazing exclosure upon abundance in a lizard
community in Baja California Sur, Mexico. Bulletin of the Chicago Herpetological Society, 29,
245-248.

(2) Leynaud G.C. & Bucher E.H. (2005) Restoration of degraded Chaco woodlands: effects on
reptile assemblages. Forest Ecology and Management, 213, 384-390.

(3) Kutt A.S. & Woinarski J.C.Z. (2007) The effects of grazing and fire on vegetation and the
vertebrate assemblage in a tropical savannah woodland in north-eastern Australia. Journal
of Tropical Ecology, 23, 95-106.

(4) Cano P.D. & Leynaud G.C. (2010) Effects of fire and cattle grazing on amphibians and lizards
in northeastern Argentina (Humid Chaco). European Journal of Wildlife Research, 56, 411-
420.

(5) Haby N.A. & Brandle R. (2018) Passive recovery of small vertebrates following livestock
removal in the Australian rangelands. Restoration Ecology, 26, 174-182.

Wetland

e Two studies evaluated the effects of ceasing livestock grazing in wetlands on reptile
populations. One study was in the USA' and one was in Australia2.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (2 STUDIES)

e Abundance (2 studies): One replicated, site comparison study in the USA' found that
ungrazed sites had fewer bog turtles than grazed sites. One replicated, randomized,
controlled study in Australia? found that ungrazed areas had similar overall reptile and
amphibian abundance compared to that were grazed, burned or grazed and burned (to
remove invasive non-native para grass). The study? also found that unmanaged areas
(no grazing or burning) had a higher abundance of one skink species than areas with
grazing and/or burning.

e Occupancy/range (1 study): One replicated, site comparison study in the USA* found
that juvenile box turtles were present less frequently in ungrazed sites compared to
grazed sites.

BEHAVIOUR (0 STUDIES)
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Areplicated, site comparison study in 2000-2001 in wet meadow or fen areas
on farmlands in New Jersey, USA (1) found that ungrazed areas had fewer bog
turtle Glyptemys muhlenbergii captures and densities and lower occurrence of
juvenile turtles compared to grazed sites. Overall bog turtle captures and density
in formerly grazed sites (captures: 3 individuals/site; density: 8 turtles/ha) was
lower than in currently grazed sites (6, 25). Juvenile turtles were found less
frequently in formerly sites (33%) compared to currently grazed sites (75%). Each
hectare of 12 formerly grazed (no livestock for at least 10 years) and 12 grazed
(under constant grazing for >50 years; 11 grazed by cattle, one by horses) sites
were visually searched for a total of 15 hours over at least three visits in April-
September 2000-2001. All captured turtles were sexed, measured, marked by
notching shells and released at site of capture.

A replicated, randomized, controlled study in 2004-2006 in a seasonal
wetland in Queensland, Australia (2) found that overall reptile and amphibian
abundances were similar in ungrazed areas compared to areas that were grazed,
burned or grazed and burned (to control invasive para grass Urochloa mutica), but
that abundance of one skink species Lampropholis delicata was reduced in areas
with grazing and/or burning. Overall reptile and amphibian abundance was
similar in ungrazed areas compared to areas that were grazed, burned or grazed
and burned (results presented as statistical model outputs). However, abundance
of Lampropholis delicata was higher in ungrazed plots with no burning (14
skinks/plot) compared to plots with grazing and/or burning (grazed: 4
skinks/plot; burned: 3 skinks/plot; grazed and burned: 1 skink/plot). Para-grass
dominated habitat in a conservation park (3,245 ha) was divided into 12 plots
(200 x 300 m each) and each plot was either left unmanaged (no grazing or
burning), grazed, burned, or grazed and burned (3 plots/management type).
Burning took place in August 2004, September 2005 and November 2006. Cattle
Bos indicus grazing took place after burning in September-December 2004,
October-December 2005 and November—December 2006. Livestock levels were
calculated to consume 50% of the grass biomass present/plot. Reptile and frog
communities were sampled four times between 2005-2007 using three
pitfall/funnel trap arrays/plot (see original paper for details). Reptiles were
individually marked by toe clipping prior to release.

(1) Tesauro ]. & Ehrenfeld D. (2007) The effects of livestock grazing on the bog turtle [Glyptemys

(=Clemmys) muhlenbergii]. Herpetologica, 63, 293-300.

(2) Bower D.S,, Valentine L.E., Grice A.C., Hodgson L. & Schwarzkopf L. (2014) A trade-off in

conservation: Weed management decreases the abundance of common reptile and frog
species while restoring an invaded floodplain. Biological Conservation, 179, 123-128.

3.7. Raise mowing height

e One study evaluated the effects of raising mowing height on reptile populations. This
study was in Australia®.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (1 STUDY)
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e Behaviour change (1 study): One replicated, site comparison study in Australia' found
that in long-sward pastures or crops marbled geckos did not navigate directly towards a
tree, whereas in short-sward pastures they did.

Background

Vegetation height is important in determining the value of cropland and grassland
to wildlife. High vegetation can provide more complex environments and more
habitats, while short vegetation may increase the risk of predation. Cutting of
crops or pasture can Kill or maim reptiles causing mutilations, crushing, and other
lethal injuries. It is possible that mortalities and injuries could be reduced by

raising the height of cutting machinery above the soil (Saumure et al. 2007).

Saumure, R.A., Herman, T.B., & Titman, R.D. (2007) Effects of haying and agricultural practices on
a declining species: The North American wood turtle Glyptemys insculpta. Biological
Conservation, 135, 565-575.

A replicated, site comparison study in 2014 in mixed crop and pastureland in
south-eastern Australia (1) found that marbled geckos Christinus marmoratus did
not navigate directly towards trees in tall-sward pastures, but did in shorter sward
pasture. In long native or exotic pastures or in wheat Triticum vulgare or canola
Brassica napus crops, marbled geckos did not orient directly towards a target tree,
but did in short native or exotic pasture (results reported as statistical model
outputs, see original paper for details). Individual wild arboreal geckos were
released into fields with an isolated tree surrounded by different pasture or crop
fields and direction of travel was recorded. The field types included long (average
sward height >20 cm) and short (average sward height <10 cm) pastures
dominated by either native or exotic plants, or one of two cereal crops (wheat or
canola; 6 total field types). Lizards were released in three fields/type (>2 km
apart; 18 total fields). Geckos were caught from the same landscape but >5 km
away from the study site. Individual animals were marked with fluorescent
powder and tracked for 6 hours after release.

(1) Kay G.M,, Driscoll D.A,, Lindenmayer D.B., Pulsford S.A & Mortelliti A. (2016) Pasture height
and crop direction influence reptile movement in an agricultural matrix. Agriculture,
Ecosystems and Environment, 235, 164-171.

3.8. Create uncultivated margins around arable or
pasture fields

e Two studies evaluated the effects of creating uncultivated margins around arable or
pasture fields on reptile populations. One study was in Australia’ and one was in the UK?2

COMMUNITY RESPONSE (1 STUDY)

e Richness/diversity (1 study): One replicated, site comparison study in Australia* found
that revegetated linear strips had similar reptile species richness compared to cleared
and remnant strips. The study! also found that revegetated strips and patches had similar
reptile species richness.

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, site comparison study in Australia’ found that
revegetated linear strips had similar reptile abundance compared to cleared and remnant
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strips. The study also found that revegetated strips and patches had similar reptile
abundance.

BEHAVIOUR (1 STUDY)

e Use (1 study): One replicated study in the UK2 found that uncultivated field margins
were used by slow worms, common lizards and grass snakes, but not by adders.

Background

Creating margins around agricultural fields may provide important habitat for a
range of reptile species. This intervention includes both cases where field margin
vegetation is allowed to regenerate naturally, as well as cases where margins are
planted /sown with desirable plant species.

This action does not cover hedgerows, which are included in Provide or maintain
hedgerows on farmland. See also Provide or retain set-aside areas on farmland.

For studies on the effect of different actions for managing existing vegetation, see
Raise mowing height; Habitat restoration and creation - Manage vegetation using
herbicides; Manage vegetation by cutting or mowing; Manage vegetation by hand
and Manage vegetation using livestock grazing.

A replicated, site comparison study in 2008-2009 on agricultural land in
Victoria, Australia (1) found that revegetating linear habitat strips did not increase
reptile species richness and abundance compared to cleared or remnant strips of
habitat, nor was there a difference between revegetating in strips or patches.
Revegetated linear strips had similar reptile richness and abundance (richness:
0.1-0.5 species/strip, abundance: 0.1-0.4 individuals/strip) compared to cleared
(0.2-0.3, 0.3-0.4) and remnant strips (0.4-0.5, 0.3-0.5). Revegetated linear strips
also had similar richness and abundances to revegetated patches (data not
reported). Reptiles were monitored in five locations in each of two regions on or
bordering agricultural land. Drift fences with pitfall traps were set out in sites
classified as: revegetated linear strip (using native plants 8-14 years before),
cleared linear strip, remnant linear strip, and remnant patches (10 traps/site).
Surveys were carried out for five consecutive days/month in January-March 2008
and 2009. Remnant patches and enlarged remnant patches revegetated with
native vegetation were also surveyed in five different locations in the same two
regions using the same methods.

A replicated study in 2014-2015 on 14 farms in the UK (2) found that
uncultivated field margins were used by slow worms Anguis fragilis, common
lizards Zootoca vivipara and grass snakes Natrix Helvetica but not by adders Vipera
berus. From two separate surveys, uncultivated margins were occupied by slow
worms (occupied 8% and 14% of surveyed margins), common lizards (occupied
5% and 32% of surveyed margins) and grass snakes (occupied 45% and 49% of
surveyed margins), but adders were not found in any margins. One analysis
method showed that slow worms and grass snakes were found less frequently in
margins with taller vegetation, and common lizards were found more frequently
in wider margins with deeper ditches (presented as model result; see paper for
more details). In 2014, ten farms were selected and eight 100 m transects were
established in uncultivated field margins on each farm (south, east or facing
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margins only).In 2015, a total of 80 transects (100m) were established on margins
across six farms (facing any direction). Five groups of 2-3 refuges (roofing
felt/corrugated sheets and carpet tiles; 50 x 50 cm) were set at 20 m intervals
along the transects. Transects were searched 12-15 times in 2014 and 6-10 times
in 2015 during April-November. Presence or absence of reptiles was recorded.

(1) Jellinek S., Parris K.M., McCarthy M.A., Wintle B.A. & Driscoll D.A. (2014) Reptiles in restored
agricultural landscapes: the value of linear strips, patches and habitat condition. Animal
conservation, 17, 544-554.

(2) Salazar R, Foster ]. & Thompson P. (2016) Evaluating the importance of agri-environment
scheme buffer strips to widespread amphibians and reptiles [Environmental Stewardship
Monitoring and Evaluation Framework Reference ECM6147]: Final report. Report to Natural
England.

3.9. Provide or maintain hedgerows on farmland

e One study evaluated the effects of providing or maintaining linear features on reptile
populations. This study was in Madagascar?.

COMMUNITY RESPONSE (1 STUDY)

e Community composition (1 study): One site comparison study in Madagascar' found
that reptile communities in cultivated areas with hedges were more similar to those found
in forests than were communities from cultivated areas without hedges. The study' also
found that more reptile species were found only areas with hedges than only in areas
without hedges.

POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

Background

Agricultural intensification, including increases in field sizes and pesticides use,
has resulted in a loss of field boundary habitats, such as hedgerows. These features
can provide a relatively undisturbed habitat for wildlife in intensively managed
agricultural landscapes. Hedge planting and maintenance of existing hedges has,
therefore, been proposed as a means of preserving and enhancing biodiversity.
Such management is sometimes funded through agri-environmental schemes.

This action does not include studies on the effect of uncultivated margins, which
are included in Create uncultivated margins around arable or pasture fields.

A site comparison study in 2012 in two sites of tropical dry forest and
farmland in south-western Madagascar (1) found that a site with hedges
throughout different habitats had smaller differences in reptile communities than
those without hedges, and that cultivated areas with hedges had more species than
cultivated areas without hedges. The similarity of reptile communities in
cultivated areas, undegraded forest and degraded forest was higher in the site
with hedges than in the site without hedges (result reported as a dissimilarity
index). Nine species were found in cultivated areas with hedges (1-19 individuals)
that were not found in cultivated areas with no hedges, whereas the opposite was
true for only two species (1-3 individuals). Two sites were selected that contained
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undegraded forest, degraded forest and cultivated areas. In one site, hedges (2 m
high, containing non-native Opuntia spp. and native vegetation e.g. Euphorbia
stenoclada) surrounded cultivated areas and bordered degraded forest. The other
site had no hedges. Eight 100 m transects were established in each habitat, and all
reptile species were recorded within 1.5 m of the transect line (10 surveys in
February-April 2012). In cultivated areas transects followed field boundaries
with or without hedging.

(1) Nopper]., Laustroer B., Rodel M.O. & Ganzhorn J.U. (2017) A structurally enriched
agricultural landscape maintains high reptile diversity in sub-arid south-western
Madagascar. Journal of Applied Ecology, 54, 480-488.

3.10. Provide or retain set-aside areas on farmland

e We found no studies that evaluated the effects of providing or retaining set-aside areas
on farmland on reptile populations.
‘We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Allocation of some farmland to set-aside (fields taken out of production) was
compulsory under European Union agricultural policy from 1992 until 2008. The
idea was to reduce production. However, set-aside has also been promoted as a
method of enhancing biodiversity on farmland. Set-aside can be rotational (in a
different place every year or two) or non-rotational (same place for 5-20 years)
and fields can either be sown with fallow crops or left to naturally regenerate.
Unlike fallow land, set-aside is not ploughed or harrowed except for the purpose
of sowing. However, set-aside often is managed by cutting and/or spraying. In
some cases, set-aside land has had wildflowers sown on it.

For studies on the effect of different actions for managing existing vegetation, see
Raise mowing height; Habitat restoration and creation - Manage vegetation using
herbicides; Manage vegetation by cutting or mowing; Manage vegetation by hand
and Manage vegetation using livestock grazing.

3.11. Prevent access to livestock water feeders

e One study evaluated the effects of preventing access to livestock water feeders on
reptile populations. This study was in Morocco?.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One replicated, randomized, controlled, before-and-after study in
Morocco' found that covering water feeder openings with wire mesh resulted in fewer
combined reptiles and amphibians being trapped compared to water feeders without
mesh covers.

BEHAVIOUR (0 STUDIES)
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Background

Reptiles can become trapped in low level water feeders or feeders with vertical
sides. Preventing access to feeders by using mesh covers may reduce reptile
mortality.

A replicated, randomized, controlled, before-and-after study in 2014-2016 in
three areas of desert shrub and grassland in south-western Morocco (1) found
that adding mesh covers to ground-level livestock water feeders resulted in fewer
reptiles and amphibians being trapped. Ground-level water feeders with in and
outflow openings covered by wire mesh trapped fewer reptiles and amphibians
(17% of feeders; 0.3 individuals trapped/feeder) compared to water feeders
without wire mesh covers attached (36% of feeders; 0.8 individuals
trapped/feeder). Before mesh covers were attached, numbers of reptiles and
amphibian species trapped were similar amongst all feeders located in the same
areas (see original paper for details). Rectangular concrete, roofed, ground-level
water feeders (‘cisterns’, all <15 years old) designed to capture rainwater for
livestock were surveyed in three zones (168-212 km?) in the north-western
Sahara Desert (24 feeders/zone). Water inlet and overflow openings were
covered with wire mesh on 12 randomly selected feeders/zone. All feeders were
surveyed for reptiles and amphibians once before mesh was applied in November
2014 (zones 1 and 2) or October 2015 (zone 3) and again either four times in June
2015-April 2016 (zones 1 and 2) or twice in March-April 2016 (zone 3). All dead
and live reptiles and amphibians found inside feeders were recorded.

(1) Pleguezuelos ].M,, Garcia-Cardenete L., Caro ], Feriche M., Pérez-Garcia M.T., Santos X, Sicilia
M. & Fahd S. (2017) Barriers for conservation: mitigating the impact on amphibians and
reptiles by water cisterns in arid environments, Amphibia-Reptilia, 38, 113-118.

3.12. Retain or increase leaf litter or other types of muich

e Two studies evaluated the effects of retaining or increasing leaf litter or other types of
mulch on reptile populations. One study was in Indonesia’ and one was in Australia2.

COMMUNITY RESPONSE (1 STUDY)

o Richness/diversity (1 study): One replicated, randomized, controlled, before-and-after
study in Indonesia® found that reptile species richness increased with the addition of leaf
litter and decreased following removal of leaf litter and woody debris.

POPULATION RESPONSE (2 STUDIES)

e Abundance (2 studies): Two randomized, controlled studies (one replicated, before-
and-after study) in Indonesia' and Australia2 found that the addition of leaf litter or cacao
husks resulted in a higher abundance of overall reptiles' or skinks2. One study’ also
found that removal of leaf litter and woody debris led to a decrease in reptile abundance.

BEHAVIOUR (0 STUDIES)
Background

The presence of leaf litter is an important driver of reptile abundance in both
temperate (Hu et al. 2013) and tropical forests (Heinen 1992). Adding leaf litter
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or other mulch to woody crops such as cacao may provide habitat for reptile
communities.

For studies that leave woody debris after logging activities or add woody debris to
the landscape see Threat: Biological resource use — Leave woody debris in forests
after logging, and Habitat restoration and creation - Add woody debris to

landscapes.

Heinen J.T. (1992) Comparisons of the leaf litter herpetofauna in abandoned cacao plantations and
primary rain forest in Costa Rica: some implications for faunal restoration. Biotropica, 24, 431-
439.

HuY., Urlus ., Gillespie G., Letnic M. & Jessop T.S. (2013) Evaluating the role of fire disturbance in
structuring small reptile communities in temperate forests. Biodiversity and Conservation, 22,
1949-1963.

A replicated, randomized, controlled, before-and-after study in 2007-2008 in
cacao plantations Sulawesi, Indonesia (1) found that both reptile abundance and
species richness increased after the addition of leaf litter and decreased following
the combined removal of woody debris and leaf litter. All results were reported as
statistical model outputs. Overall reptile abundance increased when leaf litter was
added but decreased after leaf litter and woody debris were removed, or when
only woody debris was removed (see original paper for details of individual
species abundance changes). Reptile species richness increased after leaf litter
was added and decreased after leaf litter and woody debris were removed. Forty-
two plots (40 x 40 m?2) in cacao plantations (number not specified) were randomly
divided into seven treatments: removal and addition of leaf litter, removal and
addition of woody debris (trunks and branch piles), removal and addition of
woody debris plus leaf litter and no management (6 replicates of each treatment).
Plots were sampled 26 days before and 26 days after habitat manipulation, three
times a day in December 2007-July 2008. Active visual surveys were undertaken
for 25 minutes along both plot diagonals (transects 3 x 113 m).

A randomized controlled study in 2014-2015 in a monoculture cacao farm in
North Queensland, Australia (2) found that adding cacao fruit husks underneath
cacao trees increased population densities of skinks. Plots of cacao trees with
cacao fruit husks had greater densities of skinks (1.1-3.3 skinks/plot) compared
to plots without fruit husks (0.3-0.8 skinks/plot). The increased densities of
skinks did not reduce the amount of fruit on trees (see original paper for details).
The effect of adding cacao fruit husks to the base of trees was monitored on a 1.8
ha monoculture cacao farm. Fourteen plots (15 m apart) were randomly selected,
each comprising two adjacent rows of four consecutive flower-bearing trees. In
November 2014, seven of the plots had 280 kg of fresh cacao fruit husks left over
from processing added underneath all trees (35 kg/tree). A further 15kg/tree of
husks were added in December 2014 and January 2015. Visual surveys for skinks
were conducted in the mornings every two weeks from December 2014-March
2015.

(1) Wanger T.C,, Saro A, Iskandar D.T., Brook B.W., Sodhi N.S., Clough Y. & Tscharntke T. (2009)
Conservation value of cacao agroforestry for amphibians and reptiles in South-East Asia:
combining correlative models with follow-up field experiments. Journal of Applied Ecology,
46,823-832.

(2) Forbes S.]J. & Northfield T.D. (2017) Increased pollinator habitat enhances cacao fruit set and
predator conservation. Ecological Applications, 27, 887-899.
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3.13. Diversify ground vegetation and canopy structure in
the habitat around woody crops

e Two studies evaluated the effects of diversifying ground vegetation and canopy
structure in the habitat around woody crops on reptile populations. One study was in
Puerto Rico! and the other was in Spain2.

COMMUNITY RESPONSE (1 STUDY)

¢ Richness/diversity (1 study): One replicated, paired, site comparison study in Spain?
found that olive groves with natural ground cover had higher reptile species richness and
diversity than those with bare ground, but groves planted with a single species as ground
cover had similar richness and diversity as those with bare ground.

POPULATION RESPONSE (2 STUDIES)

e Abundance (2 studies): One replicated, site comparison study in Puerto Rico? found
that two of three lizard species were less abundant in shade-grown coffee plantations
than in sun-grown plantations. One replicated, paired, site comparison study in Spain?
found that olive groves with ground cover had more reptiles than groves with bare
ground.

BEHAVIOUR (0 STUDIES)

Background

Agricultural intensification methods of large area woody crops (e.g. olives,
almonds, coffee) has led to an increase in bare ground (through increased tilling
or herbicide) and lack of overstorey surrounding the crop trees. This loss of soil,
herbaceous covering and canopy layers has been implicated in losses of wildlife
diversity in agricultural systems.

For example, coffee is a small tree or shrub that naturally grows in the forest
understory and may be grown commercially under trees that provide shade. In the
1970s, sun-tolerant coffee plants were developed in response to fungal diseases
and many plantations removed all canopy trees. These high-yield cultivation
practices are considered unsustainable and many coffee plantations, are switching
to shade-grown varieties.

Diversifying the habitats where woody crops are grown with respect to both
ground and canopy vegetation may increase available habitat for reptile
communities within these agricultural systems.

A replicated, site comparison study in 2000 in six coffee plantations in north-
central Puerto Rico (1) found that two of three lizard species were less abundant
in shade-grown than sun-grown coffee plantations. Puerto Rican crested anole
Anolis cristatellus and barred anole Anolis stratulus were less abundant in shade-
grown (crested: 1,642 individuals/m?; barred: 294) than sun-grown coffee
plantations (2,034; 631). Upland grass anoles Anolis krugi abundance was similar
in shade-grown and sun-grown coffee plantations (shade: 411 individuals/m?;
sun: 384). Four further species were observed, but in too low numbers to assess
population differences between plantation types. Yellow-chinned anole Anolis.
gundlachi and emerald anole Anolis evermanni were mostly observed in shade-
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grown (yellow: 525 individuals observed; emerald: 241) rather than sun-grown
coffee plantations (2; 6), whereas common grass anole Anolis puchellus tended to
be less frequently observed in shade-grown compared to sun-grown coffee
plantations (shade: 2 individuals observed; sun: 28). Puerto Rican giant anole A.
cuvieri observations were the same in shade-grown and sun-grown coffee
plantations (5 individuals observed in both). Lizard abundance was estimated
using mark-resightings in 4-6 circular 400m? plots in three sun-grown (closely-
spaced 2-3 m high sun tolerant coffee trees with dense foliage) and three shade-
grown coffee plantations (irregularly-spaced 2-4 m high coffee (or banana or
citrus) trees under a canopy of medium and tall shade trees) in March-May 2000.
Each plot was sampled for four consecutive days in spring. Lizards were marked
at a distance using tree-marking spray paint guns and latex house paint.

A replicated, paired, site comparison study in 2014-2015 in seven olive
groves in Andalusia, Spain (2) found that olive groves with natural ground crop
cover had greater reptile species richness, diversity and higher reptile counts than
groves with bare ground, whereas planted crop ground cover had more reptile
observations, but not richness or diversity than bare ground. Reptile observations
were higher in olive groves with ground cover (natural cover: 10 individuals/site;
planted cover: 8) than groves with bare ground (5). Species richness was highest
in olive groves with natural ground cover (2 species/site) compared to planted
ground cover (1) or bare ground (1). Species diversity was higher in natural cover
crop (Shannon Index: 2) than bare ground (1), but similar to planted cover crops
(1). Species diversity in planted cover crops was similar to bare ground. Reptiles
were monitored in paired sites in seven olive groves: one site with ground cover
(either natural herbaceous cover: 3 sites or planted single-species ground crops:
4 sites), and the other with bare ground (7 sites). Study plots were located within
an olive-dominated landscape with almost no natural vegetation, either irrigated
or unirrigated, and 10-100 years old. In May and July 2014-2015 reptiles were
surveyed using two 1-2 km line transect censuses/site repeated on three warm
sunny days. Each transect was surveyed for 30 minutes (336 total transects;
168/year).

(1) Borkhataria R.R,, Collazo J.A. & Groom M.]. (2012) Species abundance and potential
biological control services in shade vs. sun coffee in Puerto Rico. Agriculture, Ecosystems and
Environment, 151, 1-5.

(2) Carpio AlJ., CastroJ., Mingo V. & Tortosa F.S. (2017) Herbaceous cover enhances the
squamate reptile community in woody crops. Journal for Nature Conservation, 37, 31-38.

3.14. Plant trees on farmland

e Two studies evaluated the effects of planting trees on farmland to benefit reptiles. Both
studies were in Australia’2.

COMMUNITY RESPONSE (2 STUDIES)

e Richness/diversity (2 studies): One replicated, paired sites study in Australia2 found
that pastures with tree plantings had similar rare reptile species richness compared to
pastures with no trees, but that more rare species were present with 50% canopy cover
compared to 5% cover. One replicated, site comparison study in Australia® found that
farms with restoration planting (of native ground cover and trees) had lower reptile
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species richness than farms with remnant vegetation (of old growth woodland or natural
regrowth).

POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, paired sites study in Australia? found that
pastures with tree plantings had higher abundance of rare reptiles than pastures with no
trees, and that rare reptiles were more abundant with 50% canopy cover compared to
5% cover.

BEHAVIOUR (0 STUDIES)

Background

Agricultural intensification, which includes increasing field size and pesticide use,
has resulted in a loss of shelter and food resources for wildlife, such as that
provided by areas of trees. These features can provide a relatively undisturbed
habitat for wildlife in intensively managed agricultural landscapes. Tree planting
may therefore diversify habitat availability and, in younger plantations, may also
provide areas of longer uncut grass than is available elsewhere in the landscape.

A replicated, site comparison study in 2002-2005 on 46 farms in New South
Wales, Australia (1) found that reptile species richness was lower on farms with
7-20-year-old restoration plantings compared to farms without restoration
plantings. Reptile species richness was lower in restoration planting plots (1.5
species/plot) compared to remnant natural vegetation plots (2.0 species/plot),
and lower on farms with restoration plantings (3.6 species/farm) compared to
farms without restoration plantings (4.7 species/farm). Of 22 reptile species
detected, 11 were not recorded in restoration plantings (see paper for individual
species abundances). Twenty-three landscapes (10,000 ha circles) were defined
and two farms/landscape were selected. Twenty-three farms contained
restoration plantings and 23 did not. Restoration plantings were 7-20-years-old
(native ground cover and trees), and were compared to areas of remnant natural
vegetation (old growth woodland, self-seeded regrowth woodland or coppice
regrowth woodland recovering from logging or fire). In spring 2002-2005, four 1
ha plots/farm (184 total plots, number taken from text) were surveyed for reptiles
along transects using active searches (20 minutes x 1 ha) and point searches under
artificial substrates (corrugated iron sheets, piles of offcut wood or sets of four
roof tiles, two points/transect). On farms with restoration planting, three
plots/site were in restored vegetation and one plot/site was in remnant
vegetation.

A replicated, paired sites study in 2014-2015 in six grazing pastures in New
South Wales, Australia (2) found that planting trees in pasture paddocks increased
rare reptile species abundance but not rare species richness. Rare reptile
abundance in tree-planted pasture was greater (0.9 individuals/paddock) than in
pasture without trees (0.7 individuals/paddock). Rare species richness was
statistically similar in tree-planted pasture (2.8 species/paddock) and pasture
without trees (1.9 species/paddock). Rare species richness and abundance were
associated with amounts of surrounding woody vegetation, such that the authors
estimated there to be 2.6 more rare species and 5.7 more counts of rare reptiles in
sites with 50% woody cover compared to sites with 5% woody cover within three
km (see original paper for individual species responses). In January 2014-March
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2015, reptiles were surveyed in six farms grazed by sheep Ovis aries or cattle Bos
Taurus in paddocks directly adjacent to remnants of native open grassy woodland.
On each farm, two transects (each 80 m long) were surveyed: grazed pasture and
grazed pasture with linear tree plantings (10-25 m between linear plantings,
Eucalyptus and Acacia species planted in the previous 30 years). Surveys were
carried out using drift fences, pitfall traps and funnel traps set at 20, 50 and 80 m
intervals. Surveys took place for 5 days at a time in austral spring-summer. Rare
species were defined as those captured in <4 sites with <70 total captures.

(1) Cunningham R.B., Lindenmayer D.B., Crane M., Michael D. & MacGreggor C. (2007) Reptiles
and arboreal marsupial response to replanted vegetation in agricultural landscapes.
Ecological Applications 17, 609-619.

(2) Pulsford S.A., Driscoll D.A.,, Barton P.S. & Lindenmayer D.B. (2017) Remnant vegetation,
plantings and fences are beneficial for reptiles in agricultural landscapes. Journal of Applied
Ecology, 54,1710-1719.

Aquatic habitat management

3.15. Manage ditches on farmland

e We found no studies that evaluated the effects of managing ditches on farmland on
reptile populations.
‘We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Intensification of agricultural and other land management can result in loss of
ditch biodiversity through activities such as mowing, grazing, and use of fertilizer
and pesticides leading to water pollution. These may affect reptile populations.
Ditch management practices can vary in terms of the frequency, season and
technique used to clean or dredge ditches or may involve the maintenance of
erosion control structures.

Marine and freshwater aquaculture

3.16. Install and maintain anti-predator systems around
aquaculture that prevent entanglement of reptiles

e We found no studies that evaluated the effects on reptile populations of installing and
maintaining anti-predator systems around aquaculture that prevent entanglement of
reptiles.

‘We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.
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Background

Marine aquaculture (mariculture) includes the breeding, rearing, and harvesting
of ocean-based aquatic plants and animals in ocean-based cages or spat lines.
Marine aquaculture produces many of the shellfish (e.g. oysters, clams, mussels),
prawn and shrimp, as well as salmon (Salmonidae spp.) and other marine fish
consumed by humans. Leatherback turtles Dermochelys coriacea are known to
have become entangled in mussel farm lines and spat lines in Canada resulting in
fatalities and with the anchoring line of a mussel farm in the North Atlantic (Price
et al. 2016). Lines made of stiff material have been proposed to prevent
entanglement (Price & Morris 2013). Interventions to reduce bycatch in marine
fishing nets are discussed in Threat: Biological resource use.

Freshwater aquaculture involves the breeding, rearing and harvesting of
freshwater species in ponds. Freshwater aquaculture is used to produce
commercial quantities of freshwater crayfish, prawns, turtles and fish (e.g. carp
and trout). As with marine aquaculture, there is little documented evidence of how
reptiles interact with these freshwater fish farms, although freshwater turtles
undoubtedly compete with fish for food in these systems. Interventions to reduce

bycatch in freshwater fishing nets are discussed in Threat: Biological resource use.

Price C.S. & Morris ].A. (2013) Marine cage culture and the environment: twenty-first century science
informing a sustainable industry. NOAA Technical Memorandum NOS NCCOS 164.

Price C.S., Keane E., Morin D., Vaccaro C., Bean D. & Morris Jr J.A. (2016) Protected species and
longline mussel aquaculture interactions. NOAA Technical Memorandum NOS NCCOS 211.
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4. Threat: Energy Production and mining

Energy production (renewable and non-renewable) and mining can have
substantial impacts on reptile populations through the destruction, pollution and
use of habitats in preparation for and during operations. Most interventions
involve restoration of previously mined land, which may be hampered by
contamination of the ground water or soil resulting from mining operations.
Several other interventions consider actions to reduce the impact of ongoing
operations on reptiles or to reduce human-wildlife conflict in order that
motivations to carry out lethal control of these species will also be reduced.
Strategies for reptiles affected by energy production and mining often involve
translocation of the animals from the footprint of the energy production or mining
development site; this intervention is discussed in Species Management. For more
general actions that relate to habitat restoration or addressing impacts of
pollution, see chapters Habitat restoration and creation and Threat: Pollution.

4.1. Limit heavy vehicle use

e We found no studies that evaluated the effects of limiting heavy vehicle use on reptile
populations.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Heavy vehicle traffic associated with mining is known to have direct impacts on
wildlife, particularly through roadkill and the destruction (crushing or collapse)
of burrows (Lovich & Ennen 2011). Indirect effects include soil compaction, which
may limit the ability of reptiles to burrow. For studies on the effectiveness of
actions that address the impact of road vehicles, see Threat: Transportation service

corridors.
Lovich J.E. & Ennen J.R. (2011) Wildlife conservation and solar energy development in the desert
southwest, United States. BioScience, 61, 982-992.

4.2. Leave/maintain/restore strips of undisturbed habitat
between solar arrays

e We found no studies that evaluated the effects of leaving/maintaining/restoring strips of
undisturbed habitat between solar arrays on reptile populations.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Solar arrays are large modular installations constructed with many subunits
attached to concrete bases and placed in areas with little traffic and large amounts
of sunlight, such as deserts. Reptile populations are disturbed, not only by the
installation itself, but by habitat destruction. Leavings strips of undisturbed
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habitat between solar arrays may act as corridors and allow for reptile

populations to successfully persist on large energy farms (Lovich & Ennen 2011).
Lovich J.E. & Ennen J.R. (2011) Wildlife conservation and solar energy development in the desert
southwest, United States. BioScience, 61, 982-992.

4.3. Regulate temperature of water discharged from
power plants

e One study evaluated the effects of regulating temperature of water discharged from
power plants. This study was in the USA!.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (1 STUDY)

e Use (1 study): One study in the USA' reported that power plant water cooling canals
were occupied by a population of American crocodiles.

Background

Warm water discharged from power plants into the ocean can change ocean
temperatures and as a result affect local habitat use by marine reptiles, such as sea
turtles, which may seek out areas of specific temperatures (Madrak et al. 2016).
Regulating the temperature of water discharged would also protect against any
negative impacts of power plant closure, which can cause rapid changes in local

ocean temperatures.

Madrak S.V., Lewison R.L., Seminoff ].A. & Eguchi T. (2016) Characterizing response of East Pacific
green turtles to changing temperatures: using acoustic telemetry in a highly urbanized
environment. Animal Biotelemetry, 4, 22.

A study in 1983-1993 in a system of cooling canals for a power plant in
Florida, USA (1) reported that the canals were occupied by a population of
American crocodiles Crocodylus acutus and that the population grew over the
study period. A total of 55 nests were found in the canals, and the number of
nest/year increased in the period from 1986-1993 (1983: 3 nests; 1993: 11
nests). The number of non-hatchlings crocodiles increased by an average of 9%
each year from 1983-1993, and authors estimated that the populations consisted
of 24-30 non-hatchling crocodiles. The Turkey Point power plant site (2,388 ha)
had a large canal system acting as a closed loop system for cooling water
discharged from the plant. Water temperatures in the canals averaged 38°C, and
salinity was 36 ppt. Eight other non-connected canals are also located adjacent to
the cooling canals. In 1983-1993, night surveys were conducted of the whole area
twice/week to monitor crocodile distributions and survival of hatchlings and
juveniles. In 1984-1993, nest surveys, night surveys for hatchlings and periodical
day surveys were conducted within the cooling canal system and hatchlings were
individually marked.

(1) BrandtL.A, Mazzotti F.]J., Wilcox, ].R.,, Barker Jr P.D., Hasty Jr G.L. & Wasilcwski J. (1995)
Status of the American crocodile (Crocodylus acutus) at a power plant site in Florida, USA.
Herpetological Natural History, 3, 29-36.
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4.4. Restore former mining or energy production sites

o Thirteen studies evaluated the effects of restoring former mining or energy production
sites on reptile populations. Nine studies were in Australia’3469.12.13 two were in the
USA511, one was in Spain? and one was on Reunion Island'?.

COMMUNITY RESPONSE (8 STUDIES)

e Community composition (4 studies): Two of four site comparison studies (including
two replicated studies) in Austalia’8'2 and Spain? found that restored mining areas
hosted different reptile communities than unmined areas8'2. One study? found that
reptile communities in the oldest restored areas were most similar to unmined areas.
The other study' found that restored mining areas that were seeded or received topsoil
had similar community composition compared to surrounding unmined forests.

e Richness/diversity (5 studies): Two replicated, site comparison studies and one
review in Australia3®13 found that restored mining sites had lower reptile species
richness than unmined sites. One replicated, before-and-after, site comparison study in
Spain? found that after restoration, reptile species richness increased steadily over a six-
year period. One replicated, site comparison study in Australia4 found that restored areas
supported most of typical reptile species found in the wider habitat.

POPULATION RESPONSE (8 STUDIES)

¢ Abundance (7 studies): Five of six replicated, site comparison studies and one review
in Australia3489.1213 found that in restored mining areas reptiles tended to be less
abundant than in unmined areas. The other study3 found mixed effects of restoration on
reptile abundance. One replicated, controlled study in Australia® found that restored
areas that were thinned and burned 10-18 years after restoration began had higher
reptile abundance than restored areas that were not thinned and burned.

e Reproductive success (2 studies): One review in Australia® found that one study
reported reptiles breeding in restored mining areas. One study on Reunion Island0 found
that four of 34 and eight of 40 artificial egg laying sites in restored mining areas were
used by Reunion day geckos nine months and two years after installation respectively.

e Condition (1 study): One review of restoration of mining sites in Australia® found that
three of three studies indicated that reptile size or condition was similar in restored mines
and undisturbed areas.

BEHAVIOUR (5 STUDIES)

e Use (4 studies): Three studies (including one replicated, site comparison study) in
Australia* and the USA5." found that restored mining areas were occupied by up to 14
snake, five turtle and one lizard species®', or that generalist reptile species colonized
restoration sites more quickly than did specialist species*. One replicated, controlled
study in Australia’ found that Napoleon’s skinks reintroduced to a restored mining site
all moved to an unmined forest within one week of release.

o Behaviour change (1 studies): One review of restoration of mining sites in Australia®
reported that one of one studies indicated that there were changes in behaviour of lizards
between restored mines and undisturbed areas.

Background
Restoration of former mining sites usually involves establishing native or non-
native plants, often with the main aim of reducing erosion or reducing the
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concentration of pollutants (Wong 2003). Restoration may also benefit reptile
species found in and around former mining sites by creating habitat conditions
similar to those found prior to mining operations.

Studies relating to revegetation for habitat creation, including the use of coarse

woody debris, are summarized under Habitat restoration and creation.
Wong M.H. (2003) Ecological restoration of mine degraded soils, with emphasis on metal
contaminated soils. Chemosphere, 50, 775-780.

A site comparison study in 1978-1984 of restored sites within bauxite-mined
jarrah forest in Western Australia (1, same experimental set-up as 4) found that
most species recorded in unmined forest were also recorded in restored ex-mined
forest. Results were not statistically tested. In total, 17 reptile species were
recorded in replanted sites compared to 23 in the surrounding unmined forest.
Restored sites that received fresh top soil, or that were heavily sown with native
seed were more similar to healthy forest (result reported as a similarity index)
and had a higher abundance of reptiles (132 and 136 individuals) than restored
sites that received no top soil or seed (40 individuals). Three restoration sites
were planted native eucalypt species. One of the sites was also sown with native
seed, and another received fresh topsoil (see paper for more details on
restoration). In 1978-1984, reptiles were monitored monthly in a wide range of
restored areas and in surrounding unmined forest (number of survey locations
not provided). More detailed studies were conducted between December 1980
and February 1981 in three restored areas (4.5-10 years since restoration
activities) and four unmined forests (two healthy and two poor quality sites).
Surveys involved pitfall trapping, live-traps and hand-collecting.

A before-and-after, site comparison study in 1988-1994 of spoil benches of a
lignite mine in northwest Spain (2) found that reseeded and fertilized spoil
benches that had been created were colonized by six reptile species. Species
richness increased steadily with time since seeding. Species composition was most
similar to that in unmined undisturbed plots in the oldest restored plots (10-
years-old). Bocage's wall lizard Podarcis bocagei colonized unvegetated restored
plots in the first year and grass snakes Natrix natrix appeared in drainage ditches
from the third year. Other reptile species colonized from the fourth year onwards
once the scrub layer was well developed. Spoil benches (60 ha) were created,
planted with a slurry of pasture mix seeds and mulch and were fertilized in 1984-
1994. Subsequent management was minimal. Monitoring was undertaken
annually on a single 2 ha plot over the six years following seeding and in 1994 on
10 randomly selected 2 ha plots seeded 0-10 years previously. Three randomly
selected, undisturbed plots close to the mine were also monitored in 1994.
Surveys involved a total of 30 hours of visual searches in February-November.

A replicated, site comparison study in 2000-2002 of woodland and scrub at
five mines in Western Australia, Australia (3) found that reptiles recolonized
restored sites over three-nine years, although species richness and abundances
were lower than on adjacent, undisturbed sites. The number of reptile species
caught in restored sites were lower (9-16 species) than in adjacent, undisturbed
sites (17-35 species). Reptile abundances were generally less on restored sites
than undisturbed adjacent sites (results reported as model outputs). Five former
mine site waste dumps, where restoration had started three-nine years
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previously, and an unmined area adjacent to each dump were monitored. At four
mines, pitfall traps and drift fencing were used to survey sites over a seven-day
period, on 10 occasions, from spring 2000 to winter 2002. At one mine, surveying
was carried out five times, from spring 2001 to winter 2002.

A replicated, site comparison study in 1978-2005 of former mines (total
number not given) in jarrah forests in Western Australia, Australia (4, same
experimental set-up as 1) found that restored areas were recolonized by a range
of reptile species. Of 24 reptile species commonly found in upland jarrah forest,
21 were recorded in restored forest sites. The following results were not
statistically tested. Two generalist reptile species (skink Tiliqua rugosa and Dugite
snake Pseudonaja affinis) were recorded in restored sites after 2-3 years. Authors
report that more specialist species (e.g. Phyllodactylus marmoratus and
Ramphotyphlops australis) have only been observed in restored sites >12 years
old (personal observations of other sites). The authors reported that older-style
restored areas (established using trees only) were unsuitable for most reptile
species, whereas more advanced restoration approaches (including direct topsoil
return) supported more species and greater abundance of reptiles. Some reptile
abundances were lower in restored forest compared to unmined areas (see
original paper for details). In 1976, two sites were restored by seeding (1 site) or
top soil addition (1 site). In 1990, further sites (number not given) were restored
using various techniques, including topsoil return, deep ripping, understorey
seeding of many local species and establishment of local eucalypt species. Wildlife
corridors and specific microhabitats (e.g. hollow logs, stumps) were created.
Reptiles in restored areas (of varying ages and restoration techniques) and
undisturbed forest were monitored in 1981, 1987, 1993, and 1999.

A before-and-after study in 2009 of a coal spoil prairie with wetlands in
Indiana, USA (5, same experimental set-up as 11) found that restored areas were
recolonized by snakes, turtles and one lizard species over 27 years. In total, 14
snake species (1-7 individuals encountered/species, Shannon-Wiener diversity
index: 9), five turtle species (2-108 individuals encountered/species, Shannon-
Wiener diversity index: 3) and one lizard species (5 individuals
encountered/species) were recorded. Two were species of conservation concern:
Kirtland’s snake Clonophis kirtlandii and Eastern box turtle Terrapene carolina.
Three snake species were new county records. In 1982-1983, an ex-mining area
was graded to the approximate original contours, topsoil was added (15-38 cm)
and the area was re-vegetated. Planting was initially of non-native tall fescue
Festuca arundinacea, but since 1999 was replaced with native prairie grasses and
forbs. Drift-fences with pitfall traps were installed (920 m) around four seasonal
or semi-permanent wetlands and were sampled daily in March-August 2009.
Visual encounters were also recorded.

A replicated, controlled study in 2002-2006 of forest at a restored mining site
in Western Australia, Australia (6) found that thinning trees and burning
vegetation as part of post-mining restoration increased reptile abundance and
species richness. The effects of thinning and burning cannot be separated. Reptile
abundance and richness in restored mining plots that were thinned and burned
(abundance: 6.5-8.0 individuals/grid, richness: 3.8 species/grid) was higher than
in plots that were not thinned and burned (abundance: 4.0-4.7 individuals/grid,
richness: 1.5-1.7 species/grid). See paper for details of individual species
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responses. In 1984-1992, areas of a former bauxite mine were either planted with
non-local tree species or sown with the seed of local tree species. Eight plots were
thinned between December 2002 and July 2003 and then burned in November
2003. Eight different plots were not thinned or burned. Reptiles were monitored
for four nights each in October and November-December 2005 and March and
May 2006, using pitfall traps with drift fencing and live cage and box traps.

A replicated, controlled study in 2008-2009 in eucalypt forest in Western
Australia, Australia (7) found that all wild Napoleon’s skinks Egernia napoleonis
reintroduced to restored bauxite mine sites moved to unmined forest within a
week of being released and travelled further each day than skinks released
directly into unmined forest. Six of six Napoleon’s skinks translocated to restored
mine sites moved into unmined forest within 7 days. In the first 30 days, skinks
released into restored mine sites travelled greater daily distances (4.0 m/day)
compared to skinks released into unmined forest (1.9 m/day). All 12 skinks (6
released in restored mining sites; 6 released in unmined sites) had settled in
unmined forest after four months, but skinks released into restored mine sites still
travelled more each day (3.0 m/day) than skinks originally released into unmined
forest (0.4 m/day). In November 2008, twelve Napoleon’s skinks were released in
three five-year-old restored forest sites and three unmined forest sites (two
skinks/site; see original paper for details of restoration). Skinks were radio-
tracked weekly for the first four weeks after release and then monthly for the next
three months. Skinks were recaptured and weighed monthly.

A replicated, site comparison study in 2005-2006 in two eucalypt forest sites
in Western Australia, Australia (8) found that restored ex-mining forest reptile
communities were different to unmined forest after 4-17 years. Up to 17 years
after eucalypt forest restoration in two mine pits, reptile communities were
different in restored forest compared to unmined forest (data reported as
statistical model outputs, see original paper for details). Of the most commonly
caught species, five species were observed in both restored and unmined forest,
of which three species were less abundant in restored than unmined forest, and
two species were less abundant in 8-17-year-old restored forest compared to
four-year-old restored forest or unmined forest (see paper for details on
individual species abundances). Reptiles were monitored in two restored mine
pits in areas with four, eight, 12 and 17-year-old restoration forest plantings and
unmined forest (six plots/forest type, split between the two mine pits). Details on
forest restoration are not provided. Reptiles were surveyed using drift fences, and
funnel and pitfall traps in October 2005 and January, March and May 2006 (1,728
trap nights/plot type, 8,640 total trap nights). In total 20 reptile species were
recorded (270 individuals).

A review of studies investigating the success of habitat restoration following
cessation of mining activities in Australia (9) found that reptile species richness
and densities tended to be lower in restored compared to undisturbed areas, and
a range of other responses were measured in three studies or less. Restored sites
tended to be worse than undisturbed sites when measuring reptile density (lower
in restored compared to undisturbed sites in 6 of 9 studies) and species richness
(lower in 11 of 12 studies). Evenness (worse in 1 of 1 studies), community
composition (worse in 2 of 2 studies), diversity (lower in 1 of 2 studies), body size
or condition (similar in 3 of 3 studies), behaviour change (differences found in 1



79

of 1 studies) and biomass (higher in 1 of 1 study) were also assessed in 1-3 studies
each. One study also reported breeding in a restored site. Fourteen studies that
measured 33 outcomes for reptiles were included in the review. Restored sites
included in the review were formerly bauxite, sand, uranium, coal, gold,
manganese or iron mines.

A study in 2009-2011 in tropical rainforest on Reunion Island, Indian Ocean
(10) found that some artificial egg-laying sites in a restored area in a hydroelectric
power plant were used by Reunion day geckos Phelsuma borbonica in the year
they were installed and the number of sites used and eggs laid increased in the
second year. The effects of restoration and the provision of egg laying sites cannot
be separated. Nine months after artificial egg-laying sites were installed, four of
34 sites were used by geckos and 10 eggs had been laid. Two years after the first
artificial egg-laying sites were installed, eight of 40 sites were used by geckos and
41 eggs had been laid. Native plants (22,000 plants of 50 species) were planted in
an area (9,000 m2) of degraded habitat in a hydroelectric power plant to restore
habitat. In September 2009-July 2010, forty artificial egg-laying sites were added
to one area (34 were installed by June 2010 and a further six by July 2010).
Artificial egg-laying sites comprised hollow, rectangular metal poles (4 x 8 x 250
cm) inserted into the ground (50 cm deep). Egg-laying sites were monitored for
signs of geckos and egg laying in June and September 2010, and March and
September 2011.

Areplicated study in 2009-2010 in two ephemeral ponds in Indiana, USA (11,
same experimental set-up as 5) found that snakes and turtles colonized a restored
former open cast coal mine within 30 years. Following reseeding and restoration
of a former open cast coal mine, four turtle species (10-198 individuals/species)
and seven snake species (1-16 individuals/species) colonised two ephemeral
ponds within 30 years. Between 1976 and 1982, the study site (729 ha) was a 30
m deep, open pit strip mine. Following mine closure, in 1982 the area was
contoured and seeded to herbaceous cover vegetation initially and then in 1988
re-seeded to prairie grass species. As a result of mining activities, the area
contained several waterbodies, including two ephemeral pond and wetland areas
(0.14-0.33 ha). These wetlands were surveyed in March-October 2009 and
March-August 2010 using drift fences and pitfall traps around the ponds (270-
280 m of fencing/pond and 26-27 pitfall traps/pond).

A replicated, site comparison study in 2005-2012 in eucalypt forest in
southwestern Australia (12) found that restored ex-mined forest did not maintain
the same reptile assemblages as unmined forest up to 20 years after mining
ceased. Reptile assemblages in restored ex-mining sites of all ages were different
to unmined sites and did not become more similar to unmined sites over time (all
results reported as statistical model outputs, see original paper for details). All 17
reptile species found in unmined sites were also found in restored sites, but 10 of
17 species were less abundant in restored sites. See original paper for details of
individual species abundance changes over time. After bauxite mining ceased,
eucalypt forest patches (~20 ha each) were restored by replacing retained topsoil
and re-establishing vegetation from the topsoil seedbank, direct seeding and
planting. In 2005-2012, reptiles were surveyed in 104 ex-mining sites that were
restored 3-20 years earlier and 35 unmined sites. Reptiles were trapped using
drift fences with pitfall and funnel traps in October-December and March
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(restored sites: 25,920 trap nights, unmined sites: 9,216 trap nights; trapping did
not occur every year).

A replicated, site comparison study in 1990-1992, 2005-2006 and 2010-
2011 in eucalypt forest in Western Australia, Australia (13) found that 20-22
year-old restored mining sites that were thinned and burned had similar species
richness and abundance to restored sites that were not thinned and burned, but
restored forest overall had lower species richness compared to unmined forest.
Seven years after burning and tree thinning (management) took place, reptile
species richness was similar between managed-restored forest (5 species/plot)
and unmanaged-restored forest (4 species/plot) but richness in both restored
forest types was lower than in unmined forest (9 species/plot). Reptile abundance
was similar in managed-restored (21 individuals/plot) and unmined forest (34
individuals/plot). Abundance in unmanaged-restored forest (10 individuals/plot)
was lower than in unmined forest, but similar to managed restored forest. See
original paper for details of individual reptile abundances. The study area was
restored after mining in 1990-1992 by reseeding with local vegetation. Reptiles
were surveyed in four plots in each of managed-restored forest, unmanaged-
restored forest and unmined forest. Managed-restored forest was thinned by
felling (December 2002-June 2003) and prescribed burning (November 2003,
reduced to 600-800 stems/ha) and two plots were re-thinned in January-
December 2009 (reduced to 400 stems/ha). Unmined forest was prescribed
burned 3-5 years before surveys. Reptiles were monitored using drift fences with
funnel and pitfall traps in 2005-2006, 2010, and 2011.

(1) Nichols 0.G. & Bamford M.]. (1985) Reptile and frog utilisation of rehabilitated bauxite
minesites and dieback-affected sites in Western Australia's Jarrah Eucalyptus marginata
forest. Biological Conservation, 34, 227-249.

(2) Galan P. (1997) Colonization of spoil benches of an opencast lignite mine in northwest Spain
by amphibians and reptiles. Biological Conservation, 79, 187-195.

(3) Thompson, G.G. & Thompson S.A. (2005) Mammals or reptiles, as surveyed by pit-traps, as
bio-indicators of rehabilitation success for mine sites in the Goldfields region of Western
Australia? Pacific Conservation Biology, 11, 268-286.

(4) Nichols 0.G. & Grant C.D. (2007) Vertebrate fauna recolonization of restored bauxite mines -
key findings from almost 30 years of monitoring and research. Restoration Ecology, 15,
S116-S126.

(5) Lannoo M.], Kinney V.C.,, Heemeyer J.L., Engbrecht N.J., Gallant A.L. & Klaver R.W. (2009)
Mine spoil prairies expand critical habitat for endangered and threatened amphibian and
reptile species. Diversity, 1, 118-132.

(6) Craig M.D., Hobbs R.]., Grigg A.H., Garkaklis M.]., Grant C.D., Fleming P.A. & Hardy G.E.S.].
(2010) Do thinning and burning sites revegetated after bauxite mining improve habitat for
terrestrial vertebrates? Restoration Ecology, 18, 300-310.

(7) Christie K., Craig M.D., Stokes V.L. & Hobbs R.J. (2011) Movement patterns by Egernia
napoleonis following reintroduction into restored jarrah forest. Wildlife Research, 38, 475-
481.

(8) Craig M.D., Hardy G.E.S.]., Fontaine ].B., Garkakalis M.]., Grigg A.H., Grant C.D., Fleming P.A. &
Hobbs R.J (2012) Identifying unidirectional and dynamic habitat filters to faunal
recolonisation in restored mine-pits. Journal of Applied Ecology, 49, 919-928.

(9) Cristescu R.H., Frere C. & Banks P.B. (2012) A review of fauna in mine rehabilitation in
Australia: Current state and future directions. Biological Conservation, 149, 60-72.

(10) Sanchez M. (2012) Mitigating habitat loss by artificial egg laying sites for Reunion day gecko
Phelsuma borbonica, Sainte Rose, Reunion Island. Conservation Evidence, 9, 17-22.

(11) Terrell V.C.K,, Klemish ].L., Engbrecht N.]., May ].A., Lannoo P.]., Stiles R.M. & Lannoo M.].
(2014) Amphibian and reptile colonisation of reclaimed coal spoil grasslands. Journal of
North American Herpetology, 1, 59-68.
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(12) Triska M.D., Craig M.D., Stokes V.L., Pech R.P. & Hobbs R.]. (2016) The relative influence of in
situ and neighborhood factors on reptile recolonization in post-mining restoration sites.
Restoration Ecology, 24, 517-527.

(13) Craig M.D., Smith M.E,, Stokes V.L., Hardy G.E.S.T.]. & Hobbs R.J. (2018) Temporal longevity
of unidirectional and dynamic filters to faunal recolonization in post-mining forest
restoration. Austral Ecology, 43, 973-988.

4.5. Use fencing to prevent reptiles from accessing
facilities

e We found no studies that evaluated the effects on reptile populations of using fencing to
prevent reptiles from accessing facilities.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

There is a risk to reptiles from becoming trapped, falling into mining pits or being
electrocuted in mining or energy production facilities. Fencing may be used
around such sites to deter reptile entry. As well as reducing direct risks to reptiles,
if successful the intervention may also reduce the need to carry out lethal control
of reptiles on such sites.
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5. Threat: Transportation and service corridors

Background

The greatest threats from transportation and service corridors tend to be from the
destruction of habitat and pollution. Interventions in response to these threats are
described in the chapters Habitat restoration and creation and Threat: Pollution
and actions to protect reptiles by moving them away from construction zones are
described in the chapter Species management under Mitigation translocations.
However, often a more visible impact is the mortality of reptiles in collisions with
road vehicles. Roads or railways may also present physical barriers that prevent
reptiles accessing suitable patches of habitat or disrupt daily or seasonal
movements (van der Ree et al, 2015). The same may be true for pipelines.
Substantial efforts can be put into reducing these threats, through actions such as
providing underpasses or overpasses. Monitoring frequently just considers use of
these structures rather than the overall effect on population status of target
species. Interventions mitigating negative impacts of boat traffic on aquatic
reptiles are also considered in this chapter under Aquatic transport corridors and

boats.
Van Der Ree R., Smith D.]. & Grilo, C. (2015) Handbook of road ecology. John Wiley & Sons, Ltd, UK.

Terrestrial Roads, Railroads & Service Corridors

5.1. Install barriers along roads/railways

e Seven studies evaluated the effects of installing barriers along roads/railways on reptile
populations. Six studies were in the USA'6 and one was in Canada’.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (3 STUDIES)

e Survival (3 studies): One before-and-after study in the USA* found that following
installation of a barrier fence, along with creating artificial nest mounds on the non-road
side of the fence, and actively moving turtles off the road, fewer turtles* were found dead
on the road. One before-and-after study in the USAS found that following installation of
a roadside barrier with nest boxes along with a warning sign, fewer female diamondback
terrapins were killed while crossing the road compared to before installation. One study
in Canada’ found that dead snakes were found in the vicinity of a barrier fence up to 11
years after it was installed.

BEHAVIOUR (4 STUDIES)

e Use (4 studies): One controlled, before-and-after study in the USAS found that following
installation of a roadside barrier with nest boxes, fewer diamond-backed terrapin crossed
the road compared to before installation. One replicated study in the USAS3 found that
after installing barriers, diamondback terrapins laid more nests on the marsh-side of the
fence than on the road-side. The study?® also found that terrapins were less likely to
breach barriers with smaller gaps at the bottom. One replicated study in the USA found
that desert tortoises were effectively blocked by a concrete barrier. One replicated study
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in the USA? found that taller fences were better at excluding painted and snapping turtles
than lower ones.

e Behaviour change (1 study): One replicated study in the USA' found that desert
tortoises interacted less with solid compared to non-solid barriers.

Background

Wildlife barriers aim to prevent animals from crossing roads. They are typically
wire mesh fences running parallel to the road. Although fencing may protect
wildlife from traffic, it should not create an absolute barrier that prevents
migration, isolates populations, fragments habitat, causes injuries, or traps
reptiles (e.g. Barton & Kinkead 2005, Wilson & Topham 2009, Kapfer & Paloski
2011, Ferronato et al. 2014). Wildlife fencing is therefore usually combined with
safe crossing opportunities such as wildlife underpasses and overpasses (see
Install overpasses over roads/railways and Install tunnels/culverts/underpasses
under roads/railways).

Studies included here are those that specifically assess barrier effectiveness,
sometimes in combination with other collision reduction actions, but not where
effects of fencing cannot be separated from effects of road underpasses. For these
interventions combined, see Install barriers and crossing structures along

roads/railways.

Barton C. & Kinkead K. (2005) Do erosion control and snakes mesh? Journal of Soil and Water
Conservation, 60, 33A-35A.

Wilson |.S. & Topham S.E.T.H. (2009) The negative effects of barrier fencing on the desert tortoise
(Gopherus agassizii) and non-target species: is there room for improvement. Contemporary
Herpetology, 3, 1-4.

Kapfer ].M. & Paloski R.A. (2011) On the threat to snakes of mesh deployed for erosion control and
wildlife exclusion. Herpetological Conservation and Biology, 6, 1-9.

Ferronato B.O., Roe J.H. & Georges A. (2014) Reptile bycatch in a pest-exclusion fence established
for wildlife reintroductions. Journal for Nature Conservation, 22, 577-585.

Areplicated study in 1991-1992 in an outdoor facility and along a highway in
Nevada, USA (1) found that desert tortoises Gopherus agassizii interacted less with
solid than non-solid barriers and that a concrete barrier was effective in keeping
tortoises from a road. In daytime, desert tortoises spent less time close to and
touched or pushed solid barriers less often (4-19 minutes, 0.4-4 touches/trial, 0.1
pushes/trial) than non-solid mesh barriers (5-23 minutes, 2-12 touches/trial, 5
pushes/trial) and in shorter trials made less attempts to climb over solid than non-
solid fences (30 minute trial: 1 attempts/trial vs. 2 attempt/trial, 2 h trial: 0.1 vs.
0.1, night time: 1 vs. 0.1). The authors reported tortoises frequently attempted to
walk through fences they could fit their head through. In a separate maze
experiment, tortoises showed no preference for solid or mesh fencing (see paper
for details). In a trial by a highway, nine of 10 tortoises approached a concrete
barrier and walked along it for an average of 13 m before seven walked away from
the highway (the remaining two tortoises settled in place). Tortoises were placed
individually in pens with solid (e.g. cabin timber, aluminium flashing, cement
blocks, telephone poles) or non-solid walls (e.g. chain link, chicken wire, mesh
cloth) for 30 minute (solid: 41 trials, non-solid: 22), 2 hour (160, 100 trials) or
overnight trials (40, 80 trials) and behaviours monitored. Tortoises participated
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in one trial/wall material and three trials maximum each. In separate trials, 16
tortoises were placed in a T-shaped maze with a choice between navigating
towards solid or mesh fencing (40 total trials) and 10 tortoises were placed by a
concrete barrier next to a highway and observed. All trials took place in 1991-
1992.

Areplicated study in 2005-2006 in a Wildlife Management Area, in New York,
USA (2) found that plastic fences of at least 0.6 m high excluded all painted
Chrysemys picta and snapping turtles Chelydra serpentina. Fences 0.6 m and 0.9 m
high were more effective at excluding turtles (100% excluded) than 0.3 m high
fences (84-100%). Opaque, corrugated plastic fences were used to construct three
nested, circular enclosures of heights 0.3, 0.6 and 0.9 m high. Local painted (74
individuals) and snapping turtles (62 individuals) were placed in the centre of
each arena and left for 15 minutes to attempt to scale the fences.

A replicated study in 2011-2012 along two roadside verges across salt
marshes in New Jersey, USA (3) found that where barriers were installed,
diamondback terrapins Malaclemys terrapin nested more often on the marsh-side
of barriers than on the road-side, and that terrapins were less likely to breach
barriers with smaller gaps at the bottom. After barrier fences were installed,
diamondback terrapins laid more nests on the marsh-side of the fence than on the
road-side (results presented as statistical model outputs, see original paper for
details). In separate arena trials, diamondback terrapins were less likely to breach
fences with smaller gaps at the bottom (0 cm gap: 10% breached; 3-5 cm: 37-60
%; 6-8 cm: 96-100%).In 2011 and 2012, sections of two causeways (589-623 m
long) with corrugated tubing fencing (15 cm diameter) were surveyed on foot for
terrapin nests. Surveys were carried out every week in June-July 2011 and twice
in June-July 2012. Trials to test whether terrapins could breach the fences with
different sized gaps at the bottom (0-8 cm) were carried out in a fenced enclosure
with 40 individual terrapins (total of 74 trial).

A before-and-after study in 1999-2008 on a roadside verge along a river bank
in Pennsylvania, USA (4) found that after adding a chain-link fence to a highway,
creating artificial nest mounds on the non-road side of the fence, and actively
moving turtles off the road, fewer female northern map turtles Graptemys
geographica were Kkilled on the road. Results were not statistically tested. In the
first year after a fence was installed on a new major highway, 10 northern map
turtles were killed on the road, compared to 50 turtles the year before (total for
previous year included a small number of wood turtles Glyptemus insculpta and
snapping turtles Chelydra serpentina). In the subsequent 8 years, map turtle
deaths reduced to 0-5 individuals/year (no data for other species). The authors
reported that most deaths were gravid female turtles. In 2000, a fence (1 m high
and 1,150 m long) was installed on the river side of the highway to prevent turtles
from crossing the road to access nesting habitat. Mounds of sand aimed at
providing alternative nesting habitat were added to the river side of the fence in
2000-2001. After the first year, the fence was extended by 300 m to prevent
turtles from going around it and crushed shale was added to the sand mounds and
turtles were actively moved off the road. Turtle deaths on the road were counted
from 1999 (the first year after a new highway opened) to 2008 (excluding 2004).
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A controlled, before-and-after study in 2009-2014 on a causeway over a
saltmarsh in Georgia, USA (5, same experimental set-up as 6) found that installing
a roadside barrier with nest boxes reduced diamond-backed terrapin Malaclemys
terrapin road crossings. Numbers of crossings by terrapins were lower at the site
after the barrier was introduced (2-7 crossings) compared to before (10-17
crossings) and compared to sites without the barrier (12-109 crossings). Three
monitoring locations along the causeway were selected based on high terrapin
road mortality levels in 2009-2010. Two sites (331 m and 310 m long stretches of
road) without barriers were monitored, and at a third site (162 m long, between
the other sites) a barrier was installed in 2011. The barrier was 22.9 m long,
positioned 5 m from the roadside and comprised short mesh fencing and six nest
boxes. Terrapins were monitored on the road at all three sites every 20-90
minutes, between 08:00 and 20:00 from May-July in 2009-2014. Two years of
pre-barrier and four years of post-barrier data were collected.

A before-and-after study in 2009-2015 on a causeway over a saltmarsh in
Georgia, USA (6, same experimental set-up as 5) found that installing a roadside
barrier with nest boxes and adding a flashing terrapin-warning sign to alert
motorists reduced likelihood of mortality for diamondback terrapin Malaclemys
terrapin crossing the road. When the hybrid nestbox-fence barrier and flashing
signs were added to a road, survival of crossing female diamondback terrapins
increased from 24% to 53% (data reported as statistical model outputs). In 2011,
a 22 m long hybrid nestbox-fence barrier was built along an 8.7 km long causeway.
In 2013, two terrapin crossing signs with flashing warning beacons were added to
warn motorists entering a 6 km stretch of causeway. The signs were activated for
2 hours/day during peak terrapin crossing times. Terrapins were surveyed on the
causeway and in adjacent creeks during the nesting season (May-]July) in 2009-
2015.

A study in 2006-2017 in shrub-steppe desert in British Columbia, Canada (7)
found that building an exclusion fence to prevent snakes entering high human
areas activity and associated roads did not prevent road related snake mortality.
In the first year after the exclusion fence was installed, seven snake mortalities
were observed near the fence. Ten to 11 years after the fence was installed, 22 of
45 (49%) snake deaths were road Kill, and a further 15 (33%) dead snakes were
found next to the fence. Six of the 15 dead snakes near the fence were found next
to a section that had been rerouted the previous year. Western yellow-bellied
racer Coluber constrictor mormon were disproportionately represented among
dead snakes. In total 341 live snakes (northern pacific rattlesnake Crotalus
oreganus oreganus, great basin gopher snake Pituophis catenifer deserticola, and
western yellow-bellied racer) were captured around the fence in the tenth and
eleventh year after it was installed. In 2006, approximately 4 km of exclusion
fencing (60 cm high with 0.6 cm mesh) was built. The fence was upgraded and 200
m rerouted in 2015. Snake mortality was monitored in May-October 2016-2017
by walking the fence line 2-3 times/week and live snakes were monitored using
mark-recapture methods 5-6 days/week.

(1) RubyD.E,, Spotila J.R., Martin S.K. & Kemp S.]. (1994) Behavioral responses to barriers by
desert tortoises: Implications for wildlife management. Herpetological Monographs, 144~
160.
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Woltz H.W., Gibbs ].P. & Ducey P.K. (2008) Road crossing structures for amphibians and
reptiles: informing design through behavioral analysis. Biological Conservation, 141, 2745-
2750.

Reses H.E., Davis Rabosky A.R. & Wood R.C. (2015) Nesting success and barrier breaching:
Assessing the effectiveness of roadway fencing in diamondback terrapins (Malaclemys
terrapin). Herpetological Conservation and Biology, 10, 161-179.

Nagle R.D. & Congdon ].D. (2016) Reproductive ecology of Graptemys geographica of the
Juniata river in Central Pennsylvania, with recommendations for conservation.
Herpetological Conservation and Biology, 11, 232-243.

Crawford B.A., Moore C.T., Norton T.M. & Maerz ].C. (2017) Mitigating road mortality of
diamond-backed terrapins (Malaclemys terrapin) with hybrid barriers at crossing hot spots.
Herpetological Conservation and Biology, 12,202-211.

Crawford B.A., Moore C.T., Norton T.M. & Maerz ].C. (2018) Integrated analysis for
population estimation, management impact evaluation, and decision-making for a declining
species. Biological Conservation, 222, 33-43.

Eye D.M., Maida J.R., McKibbin 0.M., Larsen K.W. & Bishop C.A. (2018) Snake mortality and
cover board effectiveness along exclusion fencing in British Columbia, Canada. Canadian
Field-Naturalist, 132, 30-35.

5.2. Install barriers and crossing structures along

roads/railways

o Sixteen studies evaluated the effects of installing barriers and crossing structures along
roads/railways on reptile populations. Five studies were in the USA257.11 three were in
each of Spain'.9.10, Australia 4813 and Canada'214.16 and one was in each of France?® and
South Africa’®.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (8 STUDIES)

e Survival (8 studies): Four of seven studies (including one randomized, controlled,
before-and-after study and one review) in the USA57.11, Australia®, Canada'? and South
Africa’s found that installing fencing and crossing structures did not reduce road
mortalities of reptiles®8.1215 and in one case the percentage of mortalities may have
increased'2. Two studies”.!" found that areas with fencing and crossing structures had
fewer road mortalities of turtles” and overall reptiles'!. One study® found that reptile road
mortalities still occurred in in areas with roadside barrier walls and culverts. One
replicated, before-and-after study in Canada' found that following installation of tunnels
and guide fencing, along with signs for motorists, there were fewer road mortalities of
eastern massasauga rattlesnakes.

BEHAVIOUR (12 STUDIES)

e Use (12 studies): Six studies (including two replicated studies and one review) in
Spain'?, France3, the USA87and Australia’3 found that crossing structures with fencing
that were not specifically designed for wildlife were used by lizards'.13, snakes'6.13,
tortoises?®,, turtles and alligators” and ophidians®. One study" also found that the addition
of fencing around crossing structures did not affect the number of reptile crossings.
Three studies (including one replicated and one before-and-after study and one review)
in the USA26 and Spain® found that wildlife crossing structures with fencing were used
by gopher tortoises and 12 snake species2, American alligatorsé and lacertid lizards®.
One study? also found that an American alligator did not use the wildlife crossing
structure. Two before-and-after studies (including one controlled study) in Canada'216
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found mixed effects of installing roadside fencing and culverts on road use by turtles and
snakes. One replicated study in Spain'0 found that use of different crossing structures
depended on species group. One replicated study in Australia4 found that reptiles used
wildlife underpasses or culverts for only 1% of road crossings. One replicated, before-
and-after study in Canada' found that following installation of tunnels and guide fencing,
along with signs for motorists, fewer eastern massasauga rattlesnakes were found
crossing the road.

Background

Schemes designed to reduce collisions between vehicles and reptiles may use
multiple interventions. Two of the most common ones, installing barrier fencing
and providing routes for reptiles to travel underneath or over roads, are often
employed within the same scheme. This may entail regular roadside fencing with
entrances to underpasses set further back away from the road or fencing may be
designed to adjoin the sides of under or overpass entrances. Sometimes, fencing
may be installed to form a funnel leading towards under or overpass entrances.
This intervention includes studies where these two actions are in place at the same
site. In most studies, all under or overpasses (where there are multiple crossings)
are beneath stretches or roads that have barrier fencing. In a minority, just some
of the under or overpasses monitored are along stretches with barrier fencing.
Studies included use of either conventional fencing, electric fences or other
barriers, such as walls. Most studies report solely on the use of crossings or trends
in numbers of reptiles killed on roads. There is an absence of studies reporting on
wider population-level effects of the presence of these structures.

See Install tunnels/culverts/underpasses under roads/railways or Install overpasses
over roads/railways for studies where under or overpasses are either installed
without use of barriers or where it is not clear from the study that barriers were
installed. See also Install barriers along roads/railways for studies where the
specific effect of barriers was evaluated.

A study in 1991-1992 along a high-speed railway through agricultural land in
Castilla La Mancha, Spain (1) found that culverts and underpasses not specifically
designed for wildlife were used as crossings under the railway by reptiles, but that
the addition of fencing did not affect crossing rates. Lizards and snakes were
recorded making 112 crossings, or 7 crossings/100 passage-days on average
across 15 underpasses and two overpasses. Reptiles preferred culverts 2 m wide
and used culverts or underpasses more frequently than overpasses. Fencing did
not significantly affect relative crossing rates (data presented as statistical model
result). Reptile crossing rates were lower in autumn-early spring and varied with
habitat types. Fifteen dry culverts and passages (e.g. small roads and two
overpasses, 13-64 m long, 1.2-6.0 m wide, 1.2-3.5 m high) along a 25 km section
of high-speed railway, were monitored. The railway was fenced with 2 m high wire
netting in July 1991-March 1992. Tracks in sand were monitored at each passage
for 15-22 days/month between September 1991 and July 1992.

A before-and-after study in 1993-1995 in forest and pasture in Florida, USA
(2) found that after a fence and wildlife underpass was built, numbers of road-
killed reptiles did not decrease, but tortoises and snakes used the crossing. Sample
sizes were small and results were not statistically tested. In the year after a fenced
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wildlife underpass was installed, two box turtles Emydidae spp. one cooter
Pseudemys concinna and one gopher tortoise Gopherus polyphemus were killed on
the road, compared to one box turtle before installation. The underpass was used
by two gopher tortoises and 12 snakes (species not identified). One alligator
mississippiensis walked along the fence line but did not use the crossing. A wildlife
underpass (14.3 m long, 7.3 m wide, 2.4 m high) and barrier fencing (3 m chain-
link and barbed wire fence topped with three strands of barbed wire, both sides
of the underpass, 1.7 km total length) was erected in 1994. Trails were cut into
woodland and trees planted in pasture to guide wildlife to the underpass. Roadkill
surveys were carried out three times/week pre-fencing (December 1993-
November 1994) and post-fencing (December 1994-November 1995). In
December 1994-December 1995, movements along the fence line and in the
underpass were monitored by surveying tracks and a camera in the centre of the
underpass.

A study in 1989-1994 of roadside verges in Toulon, France (3) found that
some Hermann's tortoise Testudo hermannii used culverts or a road tunnel with
fencing to cross a highway. Seven (three females, four males) of 70 individually-
marked Hermann's tortoises used a road tunnel or culverts to cross a highway. A
highway was constructed between May 1989 and October 1990 through
Hermann's tortoise habitat. Sheep wire fencing was erected to prevent tortoises
from crossing the road and one road tunnel and two culverts were constructed to
allow tortoise movements between the two sides of the highway. Resident
tortoises (300 individuals) were temporarily relocated during construction and
individually marked prior to release. In April-October 1993-1994, observers
carried out visual searches for tortoises next to the highway, recording recaptures
(70 relocated tortoises were recaptured) and individually marking new
individuals.

A replicated study in 2000 in nine roadside verges in coastal open woodland
in New South Wales, Australia (4) found that wildlife underpasses (‘culverts’) with
fencing were used by some lizards and snakes in a four-month period. Road
underpasses were used 11 times by lizards, including three lace monitor Varanus
varius crossings (the only species mentioned) and twice by snakes. Reptile use of
the underpasses comprised 1% of all wildlife crossings (1,202 total crossings).
Nine purpose-built wildlife underpasses were surveyed for wildlife crossings
along a 1.4 km long section of road traversing coastal low-lying dunes. Both sides
of the road were lined with a 180 cm high chain-mesh fence. Culverts were made
from reinforced concrete with stone or silt floors. Reptiles were surveyed using
sand strips across the middle of each culvert (1 m long, 2-3 cm deep). Sand was
checked for tracks every second day for eight days in September 2000 and
December 2000.

A study in 2001-2002 along a highway in Florida, USA (5) found that culverts,
in areas with roadside barrier walls, were used by reptiles but road casualties still
occurred. Seventeen reptile species were recorded using culverts. These included
American alligators Alligator mississippiensis (in five culverts), four turtle species
(four culverts), green anoles Anolis carolinensis (one culvert) and 11 snake species
(seven culverts). During the same period, 222 reptile species were recorded dead
on the road. The most frequent casualties were yellow ratsnake Elaphe obsolete
(16 individuals), southern watersnake Nerodia fasciata (21), and DeKay’s
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brownsnake Storeria dekayi (54). Culverts reduced overall vertebrate road
mortality, but separate reptile figures were not reported for before culverts were
installed. Eight culverts (from 0.9 m diameter to 2.4 x 2.4 m cross-section, all 44
m long) were connected using prefabricated concrete barrier walls. Culverts were
monitored from 14 March 2001 to 5 March 2002 using funnel traps, camera traps
and sand track stations. Roadkills were monitored by walking the 3.2 km road
over three consecutive days each week over the same period.

A review of studies investigating culverts and road barriers in the USA (6)
found that some species used culverts and in some cases road casualties were
reduced. Nine alligators Alligator mississippiensis used four fenced wildlife
underpasses. Desert tortoise Gopherus agassizii and shovel-nosed snake
Chionactis occipitali road casualties reduced after a barrier fence, 24 culverts and
three bridges were installed and tortoises were recorded using the culverts.
Although red-sided garter snakes Thamnophis sirtalis infernalis used tunnels,
snake road casualties remained high during autumn migrations and only two
timber rattlesnakes Crotalus horridus were recorded using a culvert in the two
years following its construction. See original paper for details of each study.

A before-and-after study in 2000-2003 along a highway in Florida, USA (7)
found that turtle road mortality decreased following the installation of drift
fencing leading to a culvert. Turtle mortality on a road, primarily Florida cooter
Pseudemys floridana and yellow-bellied slider Trachemys scripta, decreased after
drift fencing was added to a culvert (0.1 individuals/km/day) compared to
beforehand (11.9 individuals/km/day). During the study >200 individual turtle
tracks and >25 alligator tracks were observed in the culvert. There was no
evidence of predation of turtles at the culvert. In 2000, vinyl fences (600-700 m
long, 0.6 m high) were installed along each side of a four-lane causeway to divert
animals towards a culvert (diameter: 3.5 m, length: 46.6 m, built in 1963-1965).
The bottom fence edge was buried approximately 20 cm underground and fence
ends curved away from the road after >80-100 m. The highway and culvert were
monitored using visual searches two-four times/day before (February-April
2000) and after (April 2000-November 2003) the construction of the fence (1,367
total survey days).

A before-and-after study in 2004-2007 in dry eucalypt woodland in
Queensland, Australia (8) found that after an exclusion fence and vegetated
overpass (‘land-bridge’) were built, one snake was found dead on the road
compared to two before. Before construction of the fencing and overpass, one
brown tree snake Boiga irregularis and one eastern small-eyed snake Cryptophis
nigrescens were found as road-kill in the area and after the underpasses were
constructed one carpet python Morelia spilota was found. In 2004 an exclusion
fence, made of rubberised metal mesh (2.5 m high, 5 cm underground) with a
rubber sheet (0.5 m high) running around the base, was built along a road
overpass (see original paper for details) to a forest boundary on both sides of the
bridge. Road-killed animals were surveyed by vehicle in the early mornings twice
weekly before construction started in April-July 2004 and weekly after
construction was completed in February 2005 until June 2007. All species larger
than a blue-tongued skink Tiliqua scincoides were recorded.
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A replicated study in 2002 of a highway in Zamora, Spain (9; same
experimental set-up as 10) found that underpasses and culverts, in areas with
roadside barrier fencing, were used by reptiles. Lacertid lizards (Lacerta spp. and
Podarcis spp.) and ophidians (snakes and legless lacertids) were recorded in
circular culverts (lacertids: 1.49 crossings/day/structure, ophidians: 0.03),
adapted culverts (1, 0.5), and open-span underpasses (0.07, 0.07). Lacertid lizards
were also recorded in wildlife underpasses (0.86 crossings/day/structure). A total
of 64 underpasses and culverts (30-150 m long) under a 72 km section of
motorway were monitored. These included 33 circular drainage culverts (2 m
diameter), 10 wildlife-adapted box culverts (2-3 m wide, 2 m high), 14 open-span
underpasses (rural tracks/paths, 4-9 m wide, 4-6 m high) and seven wildlife
underpasses (20 m wide, 5-7 m high). The motorway was barrier-fenced. Animal
tracks were monitored over 10 days in June-September 2002 using marble dust
(1 m wide across).

A replicated study in 2001 along a highway in Zamora province, Spain (10;
same experimental set-up as 9) found that road underpasses and culverts, in areas
with roadside barrier fencing, were used by lizards. Lacertid lizards (Lacerta spp.
and Podarcis spp.) were recorded in circular culverts (lacertids: 0.36
crossings/day/structure) and open-span underpasses (0.14) but not adapted
culverts or wildlife underpasses. Ophidians (snakes and legless lacertids) were
not recorded in any underpasses. Thirty-three crossings were monitored. These
comprised 14 circular drainage culverts (2 m diameter, 35-62 m long), seven
wildlife-adapted box culverts (2-4 m wide, 2-3 m high, 36-45 m long), seven
open-span underpasses (rural tracks/paths, 4-9 m wide, 4-6 m high, 32-72 m
long) and five wildlife underpasses (14-20 m wide, 5-8 m high, 30-96 m long).
The motorway had barrier fencing along its length. Animal tracks were recorded
using marble dust (1 m wide cross) over 10 days in March-June 2001.

Areplicated, site comparison study in 2006-2007 on a highway through forest
and agricultural land in North Carolina, USA (11) found that fenced stretches of
road with underpasses tended to have lower rates of reptile road mortality than
those without. Results were not statistically tested. Reptile mortality on stretches
of road with underpasses and fencing was 1 reptile/km (8 individuals) compared
to 2 reptiles/km (26 individuals) on unfenced road with no underpasses. Some
reptiles, e.g. snakes, were small enough to climb through the fencing (see original
paper). A new four-lane highway was constructed in 2001-2005 with three
underpasses (3 m high, 29-47 m wide). Each underpass had an 800 m fence either
side of it, which ran parallel to the highway, then continued under the underpass
and connected with fencing on the opposite side (3 m high chain-link fencing). A
section of the highway (with underpasses and fencing 6,375 m; without: 10,873
m) was surveyed for wildlife casualties twice/week in July 2006-July 2007.

A controlled, before-and-after study in 2012-2013 along a section of highway
through wetlands, rocky outcrops and mixed forest in Ontario, Canada (12) found
that installing fencing and culverts prevented an increase in road use by snakes,
but may have increased the percentage of snakes and turtles that died on the road.
The number of snakes and turtles (both dead and alive) discovered on roads
stayed similar in areas with fencing and culverts (snakes: 0.6-0.7/day; turtles:
0.5/day), but without fencing and culverts snake numbers increased (before:
1.4/day; after: 2.4/day), but turtle numbers stayed the same (1.0-1.1/day).
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However, the percentage of dead reptiles may have increased with fencing and
culverts (before: 68% of turtles, 68% of snakes; after: 86% of turtles, 90% of
snakes), but stayed similar in the area without (before: 86% of turtles, 76% of
snakes; after: 88% of turtles, 88% of snakes), but this result was not tested
statistically. In 2012, three crossing structures (culverts) were installed alonga 13
km section of highway and connected with fencing (plastic sheeting and a chain-
link fence). A similar 13 km section of highway with no fencing or culverts was
also selected. In May-August in 2012 (before installation) and 2013 (after
installation), both sections of highway were surveyed by car (13 km section; 3
surveys/day) or by foot (2 km section; 1 survey/day) to count the number of live
and dead reptiles on the road.

A replicated study in 2012-2013 in southern metropolitan Perth, Western
Australia, Australia (13) found that western bobtail lizards Tiliqua rugosa used
underpasses of all sizes and shapes under fenced roads, and five other reptile
species were observed using underpasses. Bobtail lizards used all 10 underpasses
with 3-148 total crossings/underpass made by 1-8 individual lizards/underpass.
Bobtail lizard use of underpasses was not related to length (23-88 m), cross-
sectional area (0.3-1.4 m?), presence of logs or sticks, surrounding vegetation
cover (0-50%), presence of predators, or time since construction of the underpass
(2-19 years). Other reptile species seen using the underpasses included Gould’s
sand monitor Vaanus gouldii, western bluetongue Tiliqua occipitalis, southern
heath monitor Varanus rosenbergi, black-headed monitor Varanus tristis and
dugite Pseudonaja affinis. Road crossings were monitored through 10 underpasses
(round: 0.6-0.9 m diameter or square culverts: 0.6-1.2 m wide, 0.5-1.2 m high)
from May 2012 to May 2013. All roads were fenced (600-1,800 mm high, buried
300 mm deep). Bobtail lizards were trapped and individually marked using PIT
tags in the vicinity of each underpass for four consecutive nights. Underpasses
were equipped with PIT tag reader antennas and infrared motion-sensor cameras
installed to record animals on either side of the culvert.

A replicated, before-and-after study in 2002-2014 on three roads in Ontario,
Canada (14) found that eastern massasauga rattlesnake Sistrurus catenatus
mortality was reduced after tunnels and guide fencing, along with signs for
motorists, were installed. The number of rattlesnakes found dead or alive on roads
decreased after tunnel, fence and sign installation (dead: 6, alive: 14) compared to
before installation (dead: 41, alive: 68) and during installation (dead: 15, alive:
37).Fourteen of 68 individually-marked (‘PIT tagged’) rattlesnakes were recorded
using tunnels. Rattlesnakes and garter snakes Thamnophis sirtalis showed a
similar willingness to enter tunnels (rattlesnakes: 18 of 19; garter snakes: 15 of
16) and complete crossings to the other side (rattlesnakes: 7 of 19; garter snakes:
50f16).In 2007-2013, three mesh barrier fences 600-900 m long were installed
on one or two sides of the road). In 2010-2011, a grate-top tunnel (8.5 m long x
1.2 m wide x 0.5-0.6 m deep) was installed in two of the fenced sections. Four
signs to encourage motorists to slow down for snakes were installed near known
snake road crossing locations. Rattlesnakes were surveyed on the road in May-
October before (2005-2007) and during installation (2008-2012) by car and after
installation (2013-2014) by bicycle. Tunnel use was monitored with camera traps
and automated PIT tag readers. In 2014, rattlesnakes and garter snakes were
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caught opportunistically and placed at tunnel entrances to test willingness to
enter and complete tunnel crossings.

Arandomized, controlled, before-and-after study in 2015 along a grassy verge
in Limpopo Province, South Africa (15) found that adding trenches or barriers to
direct reptiles to concrete road underpasses (‘culverts’) did not reduce reptile
roadkill numbers. Overall numbers of small terrestrial vertebrates killed were
statistically similar after trenches or barriers were erected (before: 0.33
roadkill/day/km vs after: 0.04 roadkill/day/km). After trenches or barriers were
erected 0-1 reptiles were killed on the road compared to 1-2 individuals before
they were put in place. Based on areas of high roadkill, pre-existing concrete
culverts on a 12.3 km long road stretch were selected and randomly chosen to be
adapted by the addition of a barrier (70 cm high, 30 cm below ground, 3 culverts),
or a trench (30 cm deep, 3 culverts), or no changes were made (3 culverts).
Trenches and barriers were built parallel to the road (approximately 2 m from the
edge), 200 m long either side of the culvert (400 m total length). Roadkill surveys
were carried out by vehicle for 20 consecutive days before trenches and barriers
were built in January 2015 and afterwards in February 2015 (20 consecutive
days).

A before-and-after study in 2003-2014 in a wetland complex in Ontario,
Canada (16) found that adding roadside fencing and culverts reduced turtle and
snake abundances on a causeway, although only along completely fenced sections
of road, and use of culverts by individuals was low. In areas that were fully fenced,
the number of turtle or snakes found on the causeway was lower after fencing than
before (turtles: after fencing: 2, before fencing: 10; snakes: after: 3, before: 7), but
remained similar in partially fenced areas (turtles: 3; snakes: 3-4) and areas with
no fencing (turtles: 1-2; snakes: 2). Two of 68 Blanding’s turtles Emydoidea
blandingii and none of 30 spotted turtles Clemmys guttata used one of seven
culverts. One of 30 radio-tracked Blanding’s turtle used a culvert once. Reptiles
were surveyed in April-October on a causeway (3.6 km long) across a marsh for
five years (2003-2007: 22 surveys/month, 154 total surveys) before post-and-
mesh-net fencing was installed in 2008-2009 and for five years afterwards (in
2010-2014: 40 surveys/month, 284 total surveys). After exclusion fencing was
built, road sections were classified as: fully fenced, partially fenced, or unfenced.
In 2012-2014, seven culverts were added to the causeway. In 2014-2015, culvert
use was monitored by cameras, an automated PIT-tag checker at culvert entrances
(68 Blanding’s and 30 spotted turtles were PIT-tagged) and radio-tracking turtles
(30 additional Blanding’s turtles were radio-tracked once a week during active
seasons).

(1) Rodriguez A., Crema G. & Delibes M. (1996) Use of non-wildlife passages across a high speed
railway by terrestrial vertebrates. Journal of applied ecology, 33, 1527-1540.

(2) Roof]. & Wooding]. (1996) Evaluation of the S.R. 46 wildlife crossing in Lake County, Florida.
Florida Game and Fresh Water Fish Commission, Wildlife Research Laboratory.

(3) GuyotG. & Clobert]. (1997) Conservation measures for a population of Hermann's tortoise
Testudo hermanni in southern France bisected by a major highway. Biological Conservation,
79, 251-256.

(4) Taylor B.D. & Goldingay R.L. (2003) Cutting the carnage: wildlife usage of road culverts in
north-eastern New South Wales. Wildlife Research, 30, 529-537.
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5.3. Install tunnels/culverts/underpasses under
roads/railways

o Fifteen studies evaluated the effects of installing tunnels/culverts/underpasses under
roads/railways on reptile populations. Four of the studies were in the USA'7.8.15 four
were in Australia*®8, three were in Spain23.14 two were in Canada'''2 and one was in
each of Australia, Europe and North America'® and South Africa’s.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (3 STUDIES)

e Survival (3 studies): Two site comparison studies (including one before-and-after
study) in Australia® and South Africa'® found a similar number of reptile road mortalities
with or without culverts or wildlife underpasses. One replicated study in Spain'4 found
that the number of underpasses in an area did not affect the number of reptile road
mortalities.

BEHAVIOUR (12 STUDIES)

e Use (12 studies): Six studies (including four replicated studies and one replicated,
before-and-after study) and one review in Spain23, Australia*8, the USA7'5 and
Australia, Europe and North America? found that crossing structures, including tunnels,
culverts, underpasses, pipes and trenches under roads and railways were used by
reptiles238.10, lizards*, snakes*7 and/or tortoises's. One review in Australia, Europe and



94

North America'0 also found that wildlife underpasses were used by reptiles in only one
of 13 studies. Three of four replicated studies (including one before-and-after study) in
the USA'9 and Canada''2 found that desert tortoises', painted and snapping turtles®
and rattlesnakes and garter snakes'2 showed a willingness to enter some, or all types of
tunnel. The other study'" found that only 9% of painted turtles entered a culvert during a
choice experiment. One site comparison study in Australia® found that the area under an
overpass was used by five reptile species.

Background

Tunnels, culverts and underpasses may provide safe crossing points for reptiles.
A range of different tunnels can be used, including purpose-built wildlife tunnels,
culverts that assist with drainage and which can also be used by wildlife, and large
passages beneath elevated road sections which may sometimes also be used for
local vehicle access. Culverts may be round (pipes) or square (box) and may or
may not have natural substrate (sand or stones) on the bottom.

Underpasses are frequently installed in conjunction with wildlife barrier fencing
which funnels animals towards the tunnel and prevents them from accessing the
road or railway. For this combined intervention, see Install barriers and crossing
structures along roads/railways. See also Install barriers along roads/railways and
Install overpasses over roads/railways.

Studies included here are those where barrier fencing is not installed or not
explicitly referred to in the study methods or where at least some underpasses
were in unfenced areas. Most studies here report solely on the use of these
structures, such as the number of crossings made. There is an absence of studies
reporting on wider population-level effects of the presence of these structures.

A replicated study in 1992 in an outdoor facility in Nevada, USA (1) found that
over half of desert tortoises Gopherus agassizii entered tunnels of a suitable size
during trials, of which around half went all the way through tunnels. After 30
minutes, 12 of 16 tortoises had entered tunnels of a suitable width for their size
and seven of the 12 tortoises escaped through or moved to the end of the tunnel.
Two tortoises stopped in the tunnel and three tortoises entered the tunnel and
returned to the pen. Four tortoises investigated tunnel openings but did not enter.
In September 1992, sixteen tortoises were placed individually in the middle of a
walled pen (4.6 x 4.6 m) with five tunnels of varying diameters and lengths located
around the pen edge providing a choice of exit points (narrow: 10 cm wide x 150
cm long and 10 cm wide x 90 cm long; medium: 19 cm wide x 120 cm long; wide:
29 cm wide x 280 cm long and 29 cm wide x 136 cm long). Tortoise behaviour was
observed for 30 minutes and recorded.

A replicated study in 1994 of 17 culverts under roads and railways in Madrid
province, Spain (2) found that culverts were used by snakes and lizards. Lizards
(0.23 tracks/day) and snakes (0.02 tracks/day) were detected. Snakes and lizards
were detected in culverts more often in the summer (0.88 tracks/day) compared
to spring (0.04 tracks/day), autumn (0.04 tracks/day) or winter (0 tracks/day).
Culvert use by snakes and lizards declined when detritus pits were recorded near
the culvert (see original paper for details). Five culverts were monitored under
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railways, two under a motorway and 10 under local roads. Structural, vegetation
and traffic variables were recorded at each culvert. Use was monitored using
marble (rock) dust over culvert floors to record tracks. Sampling was undertaken
in 1994, over four days each in spring, summer, autumn and winter. Sampling
extended to eight days at four culverts when deer were nearby.

A replicated study in 1993-1994 in four motorway roadside verges in
Catalonia, Spain (3) found that road underpasses (‘culverts’) were used by reptiles
and that reptiles were recorded more often in circular than rectangular
underpasses. Results were not statistically tested. Reptiles used four of 17
rectangle-shaped underpasses and 23 of 39 circle-shaped underpasses. The
authors reported that reptiles were only recorded crossing shorter-length
underpasses and were more likely to be recorded when there was natural
substrate on the floor of the underpass and the opening of the structure was at
ground level. In November 1993-September 1994, fifty-six underpasses
(including drainage channels) along four 10 km-long stretches of motorway were
surveyed for use by reptiles. Thirty-nine underpasses were circular in cross
section (1-3 m diameter) and 17 were rectangular (4-12 m wide). Each underpass
was monitored four times for four days/season (16 days in total /underpass) using
a 50 cm long strip of powder substrate across each underpass and infra-red and
photographic cameras.

A replicated study in 1996-1997 along three roadside verges in New South
Wales, Australia (4) found that road underpasses were used by three lizard
species and one snake species. Over nine months, two of three underpasses were
used by eastern water dragons Physignathus lesueurii (3 photographs, tracks
observed in one underpass) and eastern water skinks Eulamprus quoyii (3
photographs, tracks observed in two underpasses). One of the underpasses was
used by lace monitor Varanus varius (8 photographs, tracks and scats observed)
and diamond python Morelia spilota ssp. spilota (one photograph). In mid-August
1996 to mid-June 1997, a camera with an infrared trigger was set in three different
underpasses of different sizes and design on a highway. A 1 m wide sand tray was
also placed in each underpass. The authors note that animals that were small
enough to avoid triggering the camera may not have been consistently recorded.

A site comparison study in 2002-2003 in eucalypt forest in Victoria, Australia
(5) found that 4-5 years after a flyover was built to enable wildlife to cross
underneath a dual carriageway, some reptiles were present underneath the
flyover as well as in adjacent forest. Four-five years after a road flyover was built,
five species of reptile were counted underneath the flyover and five species of
reptile were counted in forest adjacent to the flyover. In 1998 a dual carriageway
road flyover was built across a tract of forest. Mature eucalypts and middle and
understorey vegetation were kept during construction and native plant species
were planted to maintain a similar vegetation structure to adjacent forest. Reptile
use of the flyover was monitored monthly in July 2002-June 2003 using 14
different methods including pitfall trapping, sand trays and visual surveys for
roadkill (see original paper for details).

A before-and-after, site comparison study in 2000-2003 in forest in
Queensland, Australia (6) found that installing road underpasses did not reduce
numbers of reptiles killed on a highway (although reptile numbers recorded were
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very low). In the two years after three road underpasses were installed under a
highway, two reptiles were counted dead on the road, compared to one reptile in
the year before underpass construction. As a comparison, numbers of roadkill
reptiles counted on a nearby section of road without an underpass were higher (1
year after installation: 22 reptiles killed; 2 years after: 26 killed). In 2001, a high-
altitude highway through rainforest was widened and upgraded to include three
concrete wildlife underpasses (3.4 m high, 3.7 m wide). Underpasses incorporated
ground cover to simulate the forest floor and arboreal structures (see paper for
details). For 12 months prior to underpass construction, two 0.5 km long road
transects were surveyed weekly for roadkill by walking either side of the highway.
After underpass construction, reptile roadkill was monitored by walking 0.5 km
long road transects. Two similar transects were walked on a highway without
underpasses 5 km north of the upgraded highway.

A replicated study in 2004-2005 along seven roads in Virginia, USA (7) found
that underpasses (including areas under bridges) were used by black rat snakes
Pantherophis obsoletus. Black rat snakes were observed using at least one of the
underpasses (data not provided). In June 2004-May 2005, seven underpasses
(including the area under two bridges) were monitored using a camera at each
entrance and exit. Photographs were downloaded once a week. Most of the
underpasses were designed for water drainage.

A replicated, before-and-after study in 2004-2007 in dry eucalypt woodland
in Queensland, Australia (8) found that two road underpasses were used by
reptiles from six months after construction was finished. Results were not
statistically tested. Six to 12 months after construction of two underpasses, 0.6-
1.3 lizards/day and 18-30 months after construction, 0.1-1.0 lizards/day were
recorded using the underpasses. The authors reported that most of the reptiles
recorded were medium-sized lizards. After construction, one snake Morelia spilota
was found dead on the road, compared to two snakes (one Boiga irregularis and
Cryptophis nigrescens) beforehand. In 2004, two underpasses were constructed
(2.4 m high, 2.5 m wide, 48 m long) containing: a lower level (0.9 m wide), a raised
level with rocks (1.6 m wide, 0.4 m above ground), a halflog railing, and a wooden
shelf (0.25 m wide, 1.2 m above ground) running the length of the underpass. Sand
strips (1-2 cm deep, 1 m long, 2.5 m wide) were placed 1-2 m inside the
underpasses at both ends and on the shelves (0.5 cm deep, 0.5 m long, 0.25 m
wide). Sand was checked for tracks twice weekly in August 2005-February 2006
and monthly in June 2006-June 2007. Animals killed on the road were surveyed
by vehicle in the early mornings twice weekly before construction started in April-
July 2004 and weekly after construction was completed in February 2005-June
2007. All species larger than a blue-tongued skink Tiliqua scincoides were
recorded.

A replicated study in 2005-2006 of tunnels in a Wildlife Management Area in
New York, USA (9) found that painted Chrysemis picta and snapping turtles
Chelydra serpentina showed some preferences for particular tunnel widths and
lengths, but not for different substrates or light levels. Both turtle selected mid-
sized diameter tunnels (0.5 m: selected by 39-44% of individuals, 0.6 m: 31-39%)
more often than narrower (0.3 m diameter: 6-17%), or wider tunnels (0.8 m: 6-
19%). Painted turtles avoided the longest tunnels (3 m long: selected by 10-30%
of individuals, 6.1 m: 45%, 9.1 m: 15%), whereas snapping turtles did not show
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any significant preference for tunnel length (3 m: 20-37%, 6.1 m: 27%, 9.1 m:
17%). Neither turtle showed preferences for substrate type (concrete: 19-37%,
gravel: 24-29%, soil: 20-26%, PVC: 20-26%) or light permeability (0%
permeability: 26-31%, 0.6%: 14-23%, 1.3%: 15-24%, 5%: 31-36%). Snapping
turtles were more likely to not choose any of the tunnels (56%) than painted
turtles (16%). Choice arenas had four different PVC culverts radiating out, which
painted (74 individuals) and snapping turtles (62) could select to exit through.
Separate arenas were constructed to test tunnel diameter (0.3, 0.5, 0.6 or 0.8 m),
length (3, 6.1 or 9.1 m), substrate (concrete, soil, gravel or bare PVC) and light
(overhead punctures of 0, 0.6, 1.3 or 4% of surface). Turtles were tested
individually, once/arena. Trials lasted 15 minutes, after 5 minutes acclimatization,
in June-August 2005-2006.

A review in 2010 of studies monitoring 329 road crossing structures in
Australia, Europe and North America (10) found that reptiles used crossing
structures in 21 of 37 studies. From a total of 37 studies, reptiles used pipes in four
of five studies, drainage culverts in nine studies (total number of studies unclear),
adapted culverts in four of six studies and bridge underpasses in three of seven
studies. Reptiles used a wildlife underpass in one of 13 studies, and in one study
they were seen, but did not use the structure. A database (Web of Science) was
searched for peer-reviewed, English language studies published in 1998-2008,
using a range of keywords relating to roads and wildlife (see paper for details),
and reference lists of any papers obtained were also checked.

Areplicated study in 2013 along a section of highway through wetlands, rocky
outcrops and mixed forest in Ontario, Canada (11) found that few painted turtles
Chrysemys picta entered a culvert under the highway. In a choice experiment, only
9% (5 of 54) of painted turtles Chrysemys picta entered the culvert, whereas 22%
(12 of 54) moved away from the culvert and 69% (37 of 54) remained at the
entrance. Authors reported that the percentage of turtles entering the culvert was
lower than that recorded in a previous arena study away from the highway (47%
crossed). In 2013, adult painted turtles (30 females; 24 males) were caught in the
wild and brought to a culvert that had been constructed under a highway (2.5 km
from capture location). The culvert (and highway) was located between the
individuals and their home range. Turtles were allowed to acclimate for 10
minutes in an open box near the entrance to the culvert. The box was then
removed and movements were monitored to see if they used the culvert, moved
away from it, or did not move.

A replicated, before-and-after study in 2002-2014 on three roads in Ontario,
Canada (12) found that two snake species showed similar willingness to enter
tunnels. Eastern massasauga rattlesnakes Sistrurus catenatus and garter snakes
Thamnophis sirtalis showed a similar willingness to enter tunnels (rattlesnakes:
18 of 19 entered; garter snakes: 15 of 16) and to complete crossings to the other
side (rattlesnakes: 7 of 19; garter snakes: 5 of 16). In 2010-2011, two grate-top
tunnels (8.5 m long x 1.2 m wide x 0.5-0.6 m deep) were installed along a road. In
2014, rattlesnakes and garter snakes were caught opportunistically and placed at
tunnel entrances to test willingness to enter and complete tunnel crossings.

A site comparison study in 2015 along a grassy verge in Limpopo Province,
South Africa (13) found that incidences of reptile road casualties were the same
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whether or not there were concrete underpasses (‘culverts’) installed. Results
were not statistically tested. When there were culverts, numbers of reptiles killed
on the road were the same as when there were not (26 individuals found in both
circumstances). A road with 17 culverts was selected. Surveys of reptiles killed on
the road were carried out at sunrise in a vehicle along a 12.3 km long stretch of
road for 20 consecutive days each in January and February 2015.

A replicated study in 2009-2010 in mixed oak woodland and shrubland in
west Andalusia, Spain (14) found that higher numbers and density of underpasses
did not reduce numbers of reptile road casualties. Data were reported as statistical
model outputs. Spatial distribution of underpasses was not associated with
patterns of reptile road casualties, which were found on average 100 m from the
nearest underpass. In total 55 reptile carcasses were found (0.1-2.6 reptiles/km).
Four roads were surveyed (53 km in total) for reptile carcasses on foot by 1-4
observers during October 2009-January 2010 and April-July 2010 (30 days
surveying in total). Each road was surveyed twice. Underpasses were existing
culverts or other road drainage tunnels.

A study in 2016 on an inactive railway line in coastal strand habitat in east-
central Florida, USA (15) found that gopher tortoises Gopherus polyphemus used
trenches dug under the rails to move from one side of the railway line to the other.
Results were not statistically tested. In total, 68 of 96 tortoise photographs
showed animals using the trenches (0.4 tortoise sightings/day). Trenches began
to be used within four days of being dug. Two trenches were dug 700 m apart in
areas with high tortoise density. A camera trap was set facing the rails (one
camera/trench) in May-August 2016 (184 trap days, 92/camera). Individual
tortoises were identified using a combination of size, shell patterns, shell shape,
and forelimb scale patterns.

(1) RubyD.E,, Spotila ]J.R. Martin S.K. & Kemp S.J. (1994) Behavioral responses to barriers by
desert tortoises: Implications for wildlife management. Herpetological Monographs, 144-
160.

(2) Yanes M., Velasco ].M. & Suarez F. (1995) Permeability of roads and railways to vertebrates:
the importance of culverts. Biological Conservation, 71, 217-222.

(3) Rosell C, Parpal ], Campeny R., Jove S., Pasquina A. & Velasco, ]. M. (1997) Mitigation of
barrier effect of linear infrastructures on wildlife. In K. Canters (eds.) Habitat Fragmentation
and Infrastructure, Ministry of Transport, Public Works and Water Management, Delft,
Netherlands, pp. 367-372.

(4) Norman T, Finegan A. & Lean B. (1998) The role of fauna underpasses in New South Wales.
Proceedings of the 1998 International Conference on Wildlife Ecology and Transportation,
Florida Department of Transportation, Tallahassee, Florida USA, 195-208.

(5) Abson R.N. & Lawrence R.E. (2003) Monitoring the use of the Slaty Creek wildlife underpass,
Calder Freeway, Blackforest, Macedon, Victoria, Australia. Proceedings of the 2003
International Conference on Ecology and Transportation, Center for Transportation and the
Environment, North Carolina State University, Raleigh NC, USA, 303-308.

(6) Goosem M., Weston N. & Bushnell S. (2005) Effectiveness of rope bridge arboreal overpasses
and faunal underpasses in providing connectivity for rainforest fauna. Proceedings of the
2005 International Conference on Ecology and Transportation, Center for Transportation
and the Environment, North Carolina State University, Raleigh NC, USA, 304-318.

(7) Donaldson B. (2007) Use of highway underpasses by large mammals and other wildlife in
Virginia: factors influencing their effectiveness. Transportation Research Record, 1, 157-164.

(8) Bond A.R. &Jones D.N. (2008) Temporal trends in use of fauna-friendly underpasses and
overpasses. Wildlife Research, 35, 103-112.
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(9) Woltz H.W., Gibbs ].P. & Ducey P.K. (2008) Road crossing structures for amphibians and
reptiles: informing design through behavioral analysis. Biological Conservation, 141, 2745-
2750.

(10) Taylor B.D. & Goldingay R.L. (2010) Roads and wildlife: impacts, mitigation and implications
for wildlife management in Australia. Wildlife Research, 37,320-331.

(11) Baxter-Gilbert ].H., Riley ].L., Lesbarreres D. & Litzgus ].D. (2015) Mitigating reptile road
mortality: fence failures compromise ecopassage effectiveness. PLoS ONE, 10, e0120537.

(12) Colley M., Lougheed S.C., Otterbein K. & Litzgus J.D. (2017) Mitigation reduces road mortality
of a threatened rattlesnake. Wildlife Research, 44, 48-59.

(13) Collinson W.]., Davies-Mostert H.T. & Davies-Mostert W. (2017) Effects of culverts and
roadside fencing on the rate of roadkill of small terrestrial vertebrates in northern Limpopo,
South Africa. Conservation Evidence, 14, 39-43.

(14) Delgado ].D., Morelli F., Arroyo N.L., Duran J., Rodriguez A., Rosal A., del Valle Palenzuela M. &
Rodriguez ].D. (2018) Is vertebrate mortality correlated to potential permeability by
underpasses along low-traffic roads? Journal of Environmental Management, 221, 53-62.

(15) Rautsaw R.M., Martin S.A.,, Vincent B.A., Lanctot K., Bolt M.R,, Seigel R.A. & Parkinson C.L.
(2018) Stopped dead in their tracks: the impact of railways on gopher tortoise (Gopherus
polyphemus) movement and behavior. Copeia, 106, 135-143.

5.4. Install overpasses over roads/railways

e Five studies evaluated the effects of installing overpasses over roads/railways on reptile
populations. Three studies were in Spain'-3, one was a review of studies in Australia,
Europe and North America* and one study was in Australia®.

COMMUNITY RESPONSE (1 STUDY)

e Community composition (1 study): One before-and-after, site comparison study in
Australia® found that the composition of reptile species on a vegetated overpass was
more similar to woodland on one side of the overpass than the other.

¢ Richness/diversity (1 study): One before-and-after, site comparison study in Australia®
found that a vegetated overpass was colonised by two reptile species each year over
five years.

POPULATION RESPONSE (1 STUDY)

e Occupancy/range (1 study): One before-and-after, site comparison study in Australia®
found that a vegetated overpass was colonized by 14 of 23 native reptile species and
one non-native reptile species.

BEHAVIOUR (4 STUDIES)

o Use (4 studies): Three of four studies (including two replicated studies and one review)
in Spain'?® and Australia, Europe and North America* found that overpasses not
designed for wildlife were used by lizards and snakes'2 and reptiles*. The other study3
found that overpasses not designed for wildlife were not used by snakes or lizards. Two
replicated studies in Spain22 found that wildlife overpasses were used by lizards? and
Ophidians (snakes and legless lizards)3, and one review in Australia, Europe and North
America* found that one of 10 wildlife overpasses were used by reptiles. One review of
road crossing structures in Australia, Europe and North America* found that a rope
bridge was not used by reptiles.

Background
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To mitigate the effects of roads on wildlife vegetated, vehicle-free overpasses may
be constructed. These tend to be constructed for mammals but could also be
designed for or used by reptiles.

Wildlife overpasses are constructed to provide safe road and rail crossing
opportunities for wildlife. A range of different structures can be used as
overpasses including purpose-built “green bridges”, on which natural vegetation
is established, through to general purpose crossing structures that are accessible
to both wildlife and vehicles. Overpasses are often used in combination with
wildlife barriers that prevent animals accessing the road and which funnel animals
toward the overpasses (see Install barriers and crossing structures along
roads/railways). Studies summarized within this intervention cover both
overpasses created specifically for wildlife and those that were created for other
purposes but where information about use of such structures by reptiles is
included. Studies mostly report on the use of such structures, such as the number
of crossings made, rather than on wider population-level effects of their presence.

See also: Install tunnels/culverts/underpass under roads/railways.

A study in 1991-1992 along a high-speed railway within agricultural land in
Castilla La Mancha, Spain (1) found that two overpasses not designed for wildlife
were used to cross the railway by reptiles. Lizards and snakes were recorded
making a total of 112 crossings using two overpasses and 15 underpasses, 7
crossings/100 passage-days on average. Reptile use of overpasses was relatively
lower than underpasses (results reported as model outputs, see original paper).
Two overpasses (small roads) crossing a 25 km section of a high-speed railway
were monitored. The railway was fenced with wire netting on both sides to limit
access to the rails. To monitor animal tracks, a layer of sand (3 cm thick and 1 m
wide), was put at one entrance to each overpass, and tracks were monitored for
15-22 days/month between September 1991 and July 1992.

A replicated study in 2002 of a highway in Zamora, Spain (2, same
experimental set-up as 3) found that wildlife and other overpasses were used by
reptiles. Lacertid lizards (Lacerta spp. and Podarcis spp.) were recorded crossing
wildlife overpasses (0.5 crossings/day/structure) and lacertids and ophidians
(snakes and legless lacertids) were also recorded crossing other overpasses, such
as rural tracks (lacertids: 0.4 crossings/day/structure, ophidians: 0.1). Two
wildlife overpasses (16 m wide, 60 m long) and 16 general overpasses (rural
tracks, 7-8 m wide, 58-62 m long) were monitored along a 72 km section of the
A-52 motorway. The motorway had barrier fencing along its length. Marble dust
(1 m wide across) was used to record animal tracks for 10 days in June-September
2002. Camera traps were installed on some overpasses.

A replicated study in 2001 of a highway in Zamora province, Spain (3 same
experimental set-up as 2) found that wildlife, but not other overpasses were used
by some reptiles. Ophidians (snakes and legless lacertids) were recorded crossing
wildlife overpasses (0.3 crossings/day/structure) but not other overpasses, such
as rural tracks. Lacertid lizards (Lacerta spp. and Podarcis spp.) were not recorded
using any overpasses. Four wildlife overpasses (15-20 m wide, 60-62 m long) and
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six general overpasses (rural tracks, 7-8 m wide, 58-65 m long) were monitored
along the A-52 motorway. The motorway had barrier fencing along its length.
Marble dust (1 m wide cross) was used to record animal tracks daily for 10 days
in March-June 2001.

A review in 2010 of studies monitoring 329 road crossing structures in
Australia, Europe and North America (4) found that reptiles used overpass
crossing structures in three of 15 studies. Reptiles were recorded using
overpasses in two of 15 studies and wildlife overpasses in one of 10 of the studies
(in one study reptiles were present but did not use the structure). One study of a
rope bridge did not record any reptiles. The use of overpasses, wildlife overpasses
and canopy-rope bridges by wildlife was reported for 15 studies.

A before-and-after, site comparison study in 2005-2010 in eucalypt forest
and woodland next to a highway in Queensland, Australia (5) found that a
vegetated overpass was colonised by reptile species native to the area. Fourteen
of 23 native reptile species found in the area were captured on the vegetated
overpass. One non-native reptile species was captured on the overpass but not in
adjacent woodland. Capture data over time indicated that the overpass had been
colonized at a rate of two species/year. Community composition on the overpass
tended to be more similar to woodland on one side of the overpass than the other.
A vegetated, fenced overpass was constructed in 2005 and planted with native
vegetation sourced from local woodlands. Six woodland sites <1 km from and on
both sides of the vegetated overpass were surveyed from June 2005-February
2010 and one site on the overpass was surveyed from February 2006-February
2010. Reptile data were collected from pitfall traps constructed of 15 m drift
fences and three 20 L buckets, and hand searches for three days and two nights
every two months. Animals were not marked and released immediately after
identification.

(1) Rodriguez A., Crema G., & Delibes M. (1996) Use of non-wildlife passages across a high speed
railway by terrestrial vertebrates. Journal of Applied Ecology, 33, 1527-1540.

(2) Mata C, Hervas I, Herranz |, Suarez F. & Malo J.E. (2005) Complementary use by vertebrates
of crossing structures along a fenced Spanish motorway. Biological Conservation, 124, 397~
405.

(3) Mata C, Hervas 1., Herranz |, Suarez F. & Malo J.E. (2008) Are motorway wildlife passages
worth building? Vertebrate use of road-crossing structures on a Spanish motorway. Journal
of Environmental Management, 88, 407-415.

(4) Taylor B.D. & Goldingay R.L. (2010) Roads and wildlife: impacts, mitigation and implications
for wildlife management in Australia. Wildlife Research, 37, 320-331.

(5) McGregor M.E., Wilson S.K. & Jones D.N. (2015) Vegetated fauna overpass enhances habitat
connectivity for forest dwelling herpetofauna. Global Ecology and Conservation, 4, 221-231.

5.5. Manually remove reptiles from roads

e One study evaluated the effect on reptile populations of manually removing reptiles from
roads. This study was in the USA".

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)
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e Survival (1 study): One study in the USA" reported that when turtles were being
removed from a road following installation of a fence and artificial nesting mounds, fewer
turtles were killed on the road than in the year before any interventions began.

BEHAVIOUR (0 STUDIES)

Background

Many reptiles are killed by vehicles, particularly when crossing roads when
moving to and from breeding habitats. In some areas, local volunteers may try to
reduce deaths by collecting reptiles and releasing them on the other side of the
road.

Ideally evidence of the effectiveness of this intervention would consist of survival
rates, counts of animals in the population or numbers killed on the road before
and after or at sites with and without human assistance. However, such evidence
is rarely available.

For other interventions that involve engaging volunteers to help manage reptiles
or their habitats see Education and awareness raising - Engage local communities
in conservation activities.

A study in 1999-2008 on a roadside verge along a river bank in Pennsylvania,
USA (1) found that when turtles were actively moved off a road after a chain-link
fence was installed along a highway and artificial nest mounds were created on
the non-road side of the fence, fewer female northern map turtles Graptemys
geographica were killed on the road compared to before any interventions began.
Results were not statistically tested. In the 2nd to 8th year after a fence was installed
on a new major highway, when turtles were being actively removed from the road,
0-5 map turtles died on the road/year (no data for other species). In the first year
after a fence was installed, 10 northern map turtles were killed on the road, and in
the years before installation 50 turtles were killed on the road (total included a
small number of wood turtles Glyptemus insculpta and snapping turtles Chelydra
serpentina). The authors reported that most deaths were gravid female turtles. In
2000, a fence (1 m high and 1,150 m long) was installed on the river side of the
highway to prevent turtles from crossing the road to access nesting habitat.
Mounds of sand aimed at providing alternative nesting habitat were added to the
river side of the fence in 2000-2001. After the first year, the fence was extended
by 300 m to prevent turtles from going around it and crushed shale was added to
the sand mounds and turtles were actively moved off the road. Turtle deaths on
the road were counted from 1999 (the first year after a new highway opened) to
2008 (excluding 2004).

(1) Nagle R.D. & Congdon ].D. (2016) Reproductive ecology of Graptemys geographica of the
Juniata river in Central Pennsylvania, with recommendations for conservation.
Herpetological Conservation and Biology, 11, 232-243.
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5.6. Use signage to warn motorists about wildlife
presence

e Five studies evaluated the effects of using signage to warn motorists of wildlife
presence on reptile populations. Three studies were in the USA'25 and one was in each
of Dominica3 and Canada®.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (5 STUDIES)

e Survival (5 studies): One of two before-and-after studies (one replicated and controlled)
in the USA'2 found that installing road signs reduced road mortalities of massasaugas
in autumn but not summer. The other study? found that installing road signs did not
reduce road mortalities of painted or Blanding’s turtles. Two before-and-after studies
(one replicated) in Canada* and the USA® found that a combination of installing road
signs with either fencing and tunnels* or a hybrid nestbox-fencing barriers resulted in
fewer road mortalities of massasaugas* and diamondback terrapins®. One before-and-
after study in Dominica® found that a combination of using road signs and running an
awareness campaign resulted in fewer road mortalities of Antillean iguanas.

BEHAVIOUR (0 STUDIES)

Background

Wildlife crossing signs alert drivers to the potential presence of wildlife on or near
aroad. They are designed to encourage drivers to be more alert and/or reduce the
speed of their vehicle, with the goal of reducing animal-vehicle collisions.
Motorists may become habituated to signs if they are present all year round, are
too common or look similar to other signs. Solutions may be to use temporary
seasonal signs, animated signs, flashing lights or flags to catch the attention of
drivers.

A before-and-after study in 1981-1982 on a road through a prairie in
Missouri, USA (1) reported that when road signs were installed to warn motorists
of snakes, a lower percentage of total massasaugas Sistrurus catenatus found were
dead on the road in one of two seasons compared to when signs were not present.
Results were not statistically tested. Of the total number of snakes found during
the study (172 individuals), the percentage that were dead on the road was similar
before (19% dead) and after signs were installed (24%) in summer, but lower
after signs were installed in autumn (after 13%; before 32%). Road signs warning
motorists of snakes were installed in 1981 (month not given). Surveys for snakes
were conducted on a prairie and bordering roads and dykes, and trapping was
carried out using drift fences with wire-mesh funnel traps (number and timing of
surveys not provided).

A replicated, controlled, before-and-after study in 2008-2010 on 18 roads
through swamps and wetlands in New York, USA (2) found that road signs did not
decrease painted Chrysemys picta and Blanding’s Emydoidea blandingii turtle
road mortality. The percentage of turtles encountered that were dead was similar
on roads with signs (2009: 49 of 72, 68%; 2010: 20 of 31, 65%) and roads without
signs (2008: 40 of 71, 56%; 2009: 28 of 53, 53%; 2010: 16 of 28, 57%). Road signs
warning drivers of turtles were installed during the nesting season (1 June-1 July)
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on five roads in 2009 and nine roads in 2010. Driving (daily) and walking (100 m
transect, 1-2 times/week) surveys were conducted to count the number of turtles
encountered (dead and alive) before signs were installed in 2008 (9 roads) and
after signs were installed in 2009 (Signs: 5 roads; no signs: 5 roads) and 2010
(Signs: 9 roads; no signs: 9 roads). Dead animals were removed to prevent double
counting. Results from 2010 include only driving surveys.

A before-and-after study in 2008-2010 on coastal roads on the Caribbean Sea
side of Dominica (3) found that using road signs and running an awareness
campaign reduced lesser Antillean iguana Iguana delicatissima road mortality by
half. After putting up road signs and running an awareness campaign, lesser
Antillean iguana road mortality reduced by approximately 50% (0.3 fatal
collisions/day) on coastal roads compared to beforehand (0.6 fatal
collisions/day). An awareness campaign about protecting iguanas was carried out
in May 2008-June 2010. On 1 July 2009, road signs asking people to slow for
iguanas were put up on coastal roads near known nesting locations (see original
paper for details). The campaign included lectures at schools, presentations to
government employees, radio and television interviews and distributing bumper
stickers across the island asking people to slow down for iguanas. Two coastal
road segments (11-29 km long) were surveyed for iguanas during the nesting
season from April 2008-June 2010, 122 days before signs were put up and 94 days
afterwards.

A replicated, before-and-after study in 2002-2014 on three roads in Ontario,
Canada (4) found that eastern massasauga rattlesnake Sistrurus catenatus road
mortality was reduced after signs for motorists, guide fencing and tunnels were
installed. The number of rattlesnakes found, both dead or alive on roads decreased
after sign, fence and tunnel installation (dead: 6, alive: 14) compared to before
installation (dead: 41, alive: 68) and during installation (dead: 15, alive: 37). In
2007-2013, four signs to encourage motorists to slow down for snakes were
installed near known snake road crossing locations (precise installation dates not
provided), and three sets of mesh barrier fences were installed (600 m-1 km
apart; 600-900 m of fencing on one or both sides of the road). In 2010-2011,
within each of the two sets of fencing on both sides of the road, two grate-top
tunnels (8.5 m long x 1.2 m wide x 0.5-0.6 m deep) were installed. Eastern
massasauga rattlesnakes on the road were surveyed from May to October by car
before (2005-2007) and during installation (2008-2012), and by bicycle after
installation (2013-2014).

A before-and-after study in 2009-2015 on saltmarsh in Georgia, USA (5)
found that adding a flashing terrapin-warning sign to alert motorists and partially
fencing a causeway reduced the likelihood of mortality for diamondback terrapins
Malaclemys terrapin crossing the road. When the flashing signs and hybrid
nestbox-fence barrier were installed on a road, survival of crossing female
diamondback terrapins increased from 24% to 53% (data reported as statistical
model outputs). In 2011, a 22 m hybrid nestbox-fence barrier was built along a 9
km long causeway. In 2013, two terrapin crossing signs with flashing warning
beacons were added to warn motorists entering a 6 km stretch of causeway. The
signs were activated for 2 hours/day during peak terrapin crossing times.
Terrapins were surveyed on the causeway and in adjacent creeks during the
nesting season (May-July) in 2009-2015.
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(1) Seigel R.A. (1986) Ecology and conservation of an endangered rattlesnake, Sistrurus
catenatus, in Missouri, USA. Biological Conservation, 35, 333-346.

(2) Johnson G. (2012) Testing the effectiveness of turtle crossing signs as a conservation measure.
Final Report prepared for St. Lawrence River Research and Educational Fund, New York
Power Authority, New York, USA.

(3) Knapp C.R,, Prince L. & James A. (2016) Movements and nesting of the Lesser Antillean
Iguana (Iguana delicatissima) from Dominica, West Indies: Implications for conservation.
Herpetological Conservation and Biology, 11, 154-167.

(4) Colley M., Lougheed S.C., Otterbein K., Litzgus ].D. (2017) Mitigation reduces road mortality
of a threatened rattlesnake. Wildlife Research, 44, 48-59.

(5) Crawford B.A., Moore C.T., Norton T.M. & Maerz ].C. (2018) Integrated analysis for
population estimation, management impact evaluation, and decision-making for a declining
species. Biological Conservation, 222, 33-43.

5.7. Reduce legal speed limit

o We found no studies that evaluated the effects of reducing the legal speed limit on reptile
populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

High vehicle speed is generally considered to be a substantial contributing factor
in wildlife-vehicle collisions. Slower road speeds allow drivers to identify and
avoid wildlife, as well as allowing reptiles the time necessary to cross roads. Speed
limits can be reduced in areas where there are high numbers of collisions, either
permanently or during seasonal migrations.

See also Use signage to warn motorists about wildlife presence.

5.8. Limit or exclude off-road vehicle use

e Two studies evaluated the effects of limiting or excluding off-road vehicle use on reptile
populations. Both studies were in the USA'2,

COMMUNITY RESPONSE (1 STUDIES)

e Richness/diversity (1 studies): One replicated, site comparison study! found that
restricting access of off-road vehicles and sheep had mixed effects on lizard species
richness.

POPULATION RESPONSE (2 STUDIES)

e Abundance (2 studies): One of two replicated, site comparison studies (including one
randomized study) in the USA'Z found that areas where off-road vehicles were
completely excluded using fencing that also excluded livestock grazing had higher
densities of Agassiz's desert tortoises compared to areas with some restrictions or no
restrictions?. The other study' found that restricting off-road vehicle and sheep access
had mixed effects on lizard abundance.

e Survival (1 study): One replicated, randomized, site comparison study in the USA?
found that in areas where off-road vehicles were completely excluded, death rates of
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Agassiz's desert tortoises were lower than in areas with some restrictions or no
restrictions.

BEHAVIOUR (0 STUDIES)

Background
Continued and uncontrolled use off-road vehicles may damage vegetation and soil
characteristics. The impact on wildlife is less studied, although impacts on birds,

mammals and reptiles are commonly reported (Vollmer et al. 1977).
Vollmer A.T., Maza B.G., Medica P.A.,, Turner F.B. & Bamberg S.A. (1977) The impact of off-road
vehicles on a desert ecosystem. Environmental Management, 1, 115-129.

A replicated, site comparison in 1994-1996 in desert shrub and grassland in
south-central California, USA (1), found that lizard abundance and species
richness was higher inside a fenced protected area that excluded vehicles and
sheep, compared to outside of the fence, depending on survey month and plot.
Lizard abundance was higher in three of six survey comparisons in a fenced
protected area with restricted vehicle use (4-10 lizards/transect) compared to
outside of it (2-4 lizards/transect) but similar in the remaining three comparisons
(inside protected area: 2-5 lizards/transect; outside protected area 1-3
lizards/transect; see original paper for details). Lizard species richness was higher
in one of six comparisons inside the protected area (2 species/transect) compared
to outside of it (1 species/transect) but similar in the remaining five comparisons
(inside protected area: 2-3 species/transect; outside protected area: 1-3
species/transect; see original paper for details). In 1994, two sites were selected
near the north-eastern and southern boundary of the Desert Tortoise Research
Natural Area (where off-road vehicles were prohibited from 1973, sheep grazing
prohibited from 1978 and the boundary was fenced in 1980). Two 2.25 ha plots
were established/site: one 2400m inside the boundary and one outside the
boundary (used by off-road vehicles until 1980 and grazed by sheep until 1994).
In each plot, lizards were surveyed using 1.25 km transects in July 1994 and May
and July 1995 (six surveys/site).

A replicated, randomized, site comparison study in 2011 in desert shrub and
grassland in California, USA (2) found that Agassiz’s desert tortoises Gopherus
agassizii were more abundant and had a lower mortality rate in a protected area
fenced to exclude recreational vehicle use and livestock grazing. Desert tortoise
densities were approximately six-times higher in the most protected area, the
Tortoise Natural Area (15 tortoises/km?) than designated tortoise critical habitat
with some vehicle restrictions (2 tortoises/km?2) and four-times higher than on
private lands with no vehicle restrictions (4 tortoises/km?). Tortoise annual death
rates over the preceding four years were estimated as lowest in the Tortoise
Natural Area (3% mortality/year) compared to private lands (6%) or in tortoise
critical habitat (20%, results were not statistically tested). Tortoises were
surveyed in 240 1 ha plots across three different management areas (80
plots/area): Tortoise Natural Area (1973: closed to recreational vehicles; 1980:
fully enclosed and closed to mining and livestock grazing, 2010: 12 km of fencing
extended to prevent tortoises leaving), tortoise critical habitat areas (1994:
recreational vehicle use restricted but not enforced with some annual closures,
1990: closed to sheep grazing) and private lands (unregulated sheep grazing,
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intensive recreational vehicle use, hunting and trash dumping). In April-May 2011

plots were surveyed on foot twice in a day for live or dead tortoises and field signs.

(1) Brooks M. (1999) Effects of protective fencing on birds, lizards, and black-tailed hares in the
western Mojave Desert. Environmental Management, 23, 387-400.

(2) Berry K.H,, Lyren L.M,, Yee ].L. & Bailey T.Y. (2014) Protection benefits desert tortoise

(Gopherus agassizii) abundance: the influence of three management strategies on a
threatened species. Herpetological Monographs, 28, 66-92.

5.9. Use road closures

e One study evaluated the effects of using road closures on reptile populations. This study
was in Canada’.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (1 STUDY)

e Use (1 study): One replicated study in Canada’ found that closed roads were not used
more by Blanding’s turtles than unclosed roads.

Background

Reptiles are vulnerable to road mortality, particularly during the breeding season
when activity levels increase and roads may bisect nesting habitat. In some areas,
roads may be closed to protect hotspots for reptile movements.

Areplicated study in 2010 in wetlands and forests bisected by roads along the
Ottawa River in southern Québec, Canada (1) found that closed roads were not
used more by Blanding's turtles Emydoidea blandingii compared to roads open to
vehicle traffic. Blanding’s turtles showed similar levels of use of roads closed (0.9
crossings/individual) and open to vehicle traffic (1.1 crossings/individual).
Twenty-four of 52 turtles crossed roads. Fifty-two Blanding's turtles (22 females,
24 males, 6 juveniles) were captured by hand or using hoop nets and a radio
transmitter was attached to their shell. All turtles were tracked every 2-4 days
from May to August 2010.

(1) Proulx C.L., Fortin G. & Blouin-Demers G. (2014) Blanding's turtles (Emydoidea blandingii)
avoid crossing unpaved and paved roads. Journal of Herpetology, 48, 267-271.

5.10. Alter road surfaces

e One study evaluated the effects of altering road surfaces on reptile populations. This
study was in Canada’.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (1 STUDY)

e Use (1 study): One replicated study in Canada’ found that paved roads were not used
more by Blanding’s turtles than unpaved roads.
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Background

Due to the way that reptiles regulate their body temperature using external
sources, it is possible that sun-warmed roads surfaces may contribute to road-
related mortality. Gravel roads are cooler than surrounding natural habitats and
may offer an intervention option to prevent reptiles from crossing roads (Shine et

al. 2004).
Shine R., Lemaster M., Wall M., Langkilde T. & Mason R. (2004) Why did the snake cross the road?
Effects of roads on movement and location of mates by garter snakes. Ecology and Society, 9, 9.

Areplicated study in 2010 in wetlands and forests bisected by roads along the
Ottawa River in southern Québec, Canada (1) found that Blanding's turtles
Emydoidea blandingii did not cross paved roads more compared to unpaved roads.
Blanding’s turtles showed similar levels of use of paved roads (0.1
crossings/individual) compared to unpaved roads (1.0 crossings/individual).
Twenty-four of 52 turtles crossed roads. Fifty-two Blanding's turtles (22 females,
24 males, 6 juveniles) were captured by hand or using hoop nets and a radio
transmitter was attached to their shell. All turtles were tracked every 2-4 days
from May to August 2010.

(1) Proulx C.L., Fortin G. & Blouin-Demers G. (2014) Blanding's turtles (Emydoidea blandingii)
avoid crossing unpaved and paved roads. Journal of Herpetology, 48, 267-271.

5.11. Retain/maintain road verges as habitat

e We found no studies that evaluated the effects of retaining/maintaining road verges as
habitat on reptile populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
Roads can damage or destroy grassland habitats that host reptiles, but roadside
verges may be used by reptiles (e.g. Carthew et al. 2013). Maintaining road verges

with reptiles in mind may contribute towards mitigating habitat loss.
Carthew S.M,, Garrett L.A. & Ruykys L. (2013) Roadside vegetation can provide valuable habitat for
small, terrestrial fauna in South Australia. Biodiversity and conservation, 22, 737-754.

5.12. Limit road construction in important habitats

e We found no studies that evaluated the effects of limiting road construction in important
habitats on reptile populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Limiting road construction is a legislative intervention requiring that impacted
species or habitats be considered at the planning stages of road or service
corridors. It may include preventing road construction altogether, or changing the
road design to avoid key habitats. For example, a case study in North Carolina, USA
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suggested that a road was moved 100 m to avoid a timber rattlesnake Crotalus
horridus rookery and a high density of eastern box turtles Terrapene carolina

(Andrews et al. 2006).

Andrews K.M., Gibbons ].W. & Jochimsen D.M. (2006) Literature synthesis of the effects of roads and
vehicles on amphibians and reptiles. Federal Highway Administration (FHWA), US Department
of Transportation, Report No. FHWA-HEP-08-005. Washington, D.C.

Utility & Service Lines

5.13. Install crossings over/under pipelines

e We found no studies that evaluated the effects of installing crossings over/under
pipelines on reptile populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Pipelines can extend hundreds of kms and may represent substantial barriers to
reptile movements if they lie at or just above the surface of the ground. Crossing
points can be either elevated sections of pipe with space for reptiles to pass
beneath, buried sections or sections with crossing ramps constructed over the

pipe.

Aquatic Transport Corridors & Boats

5.14. Limit vessel numbers

o We found no studies that evaluated the effects of limiting vessel numbers on reptile
populations.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Collisions with boats or their motors can kill or severely injure reptiles. Increases
in watercraft activity in areas developed for human recreation have been shown
to greatly increase the likelihood of major shell injuries and limb amputations in
some species (e.g. Cecala et al. 2009). Limiting numbers of vessels may reduce

collision rates.

Cecala K.K,, Gibbons J.W. & Dorcas M.E. (2009) Ecological effects of major injuries in
diamondback terrapins: implications for conservation and management. Aquatic
Conservation: Marine and Freshwater Ecosystems, 19, 421-427.
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5.15. Limit vessel speeds

e Three studies evaluated the effects of limiting vessel speeds on reptiles. One study was
in each of Australia', Costa Rica? and the USAS3.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (2 STUDIES)

e Survival (2 studies): One replicated, site comparison study in Costa Rica? found that in
waterways with enforced speed limits, fewer spectacled caiman were found dead with
boat-related injuries compared to waterways with no speed limits. One replicated study
in the USA3 found that vessels travelling at lower speeds caused fewer catastrophic
injuries to artificial loggerhead turtle shells, though vessels with jet motors caused no
catastrophic injuries at any speed tested.

e Condition (1 study): One replicated, site comparison study in Costa Rica? found that in
waterways with enforced speed limits, fewer spectacled caiman were found with boat-
related injuries compared to waterways with no speed limits.

BEHAVIOUR (1 STUDY)

e Behaviour change (1 study): One replicated study in Australia® found that green turtles
were more likely to flee from vessels travelling at lower speeds.

Background

Turtle collisions with boats are of major concern due to the high rate of strike
injury found in all species, both freshwater (Bennett & Litzgus 2014) and oceanic
(Hazel et al. 2007, Denkinger et al. 2013). Establishing speed limits for watercraft
in important areas has been found to benefit some aquatic animals by giving them
more time to avoid collisions with approaching vessels (Nowacek et al. 2004, Laist

& Shaw 2006) and may similarly benefit aquatic reptiles.

Bennett A.M. & Litzgus ].D. (2014) Injury rates of freshwater turtles on a recreational waterway
in Ontario, Canada. Journal of Herpetology, 48, 262-266.

Denkinger J., Parra M., Mufioz J.P., Carrasco C., Murillo ].C., Espinosa E., Rubianes F. & Koch V.
(2013) Are boat strikes a threat to sea turtles in the Galapagos Marine Reserve? Ocean &
coastal management, 80, 29-35.

Hazel ], Lawler L.R,, Marsh H. & Robson S. (2007) Vessel speed increases collision risk for the
green turtle Chelonia mydas. Endangered Species Research, 3, 105-113.

Laist D.W. & Shaw C. (2006) Preliminary evidence that boat speed restrictions reduce deaths of
Florida Manatees. Marine Mammal Science, 22, 472-479.

Nowacek S.M., Wells R.S., Owen E.C., Speakman T.R., Flamm R.O. & Nowacek D.P. (2004) Florida
Manatees, Trichechus manatus latirostris, respond to approaching vessels. Biological
Conservation 119, 517-523.

A replicated study in 2004 in shallow oceanic water off the coast of
Queensland, Australia (1) found that green turtles Chelonia mydas were more
likely to flee a vessel driven at slower speeds. Of 1,819 turtle encounters when the
turtle was on the sea floor, 60% were able to flee a slow-moving boat (416 of 694
turtles fled), 22% at a moderate speed (136 of 620 turtles fled) and 4% at a fast
speed (20 of 505 turtles fled). This trend was statistically significant only when
turtles were within 6 m offset of the vessel (see original paper). Turtles in the
water column or on the surface also tended to show a reduced flight response at
faster vessel speeds (small sample size precluded statistical analysis, see original
paper). A 6 m aluminium boat with a 40 hp outboard motor was driven at three
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speeds (4,11 and 19 km/h) on a transect 5 km parallel to the shoreline about 200-
450 m from the shore in <5 m of water in the 3 hours before and after noon. The
behaviour of turtles sighted within 10 m of the boat were recorded by a spotter.

A replicated, site comparison study in 2006 in a canal system in Limon
Province, Costa Rica (2) found that waterways with enforced speed limits had
lower numbers of injured spectacled caiman Caiman crocodilus fuscus. No injured
spectacled caiman were caught in waterways with enforced speed limits (injured:
0 individuals; non-injured: 24 individuals), whereas 37% of spectacled caiman
caught in waterways without enforced speed limits had boat-related injuries
(injured: 11 individuals; non-injured: 19 individuals), of which two died. Caiman
were surveyed in April-June 2006 in three waterways with enforced speed limits
(idle-slow) and three without enforced speed limits (high speeds up to 40
km/hour). Adult caiman (1.0-2.5 m long) were caught at night and checked for
scars or injuries. Mortalities from boat propellers were recorded.

A replicated study in 2009 in an abandoned sand quarry in Georgia, USA (3)
found that lower vessel speeds reduced catastrophic injuries to artificial
loggerhead turtle Caretta caretta shells. Catastrophic injuries to artificial turtle
shells occurred less frequently at lower speeds than higher speeds on unmodified
vessels (7 km/hr: four of 10 turtles; 40 km/hr: 10 of 10 turtles) and vessels with
propeller guards (7 km/hr: one of 10; 40 km/hr: nine of nine). With a jet outbound
motor or an inboard jet motor (on a jet ski) none of 40 turtles were damaged at 7
or 40 km/hr. Injury rates were similar regardless of the position of the artificial
shell in the water. A 90 hp, 4-stroke outboard motor with a three-bladed stainless-
steel propeller was mounted on a 5.8 m skiff and driven at 7 or 40 km/h over
surface level or propeller-depth (48 cm) fibreglass model loggerhead turtle shells
(5 trials/speed/turtle depth). One of two propeller guard designs were then added
to the same skiff: a horizontal-fin (Hydroshield®), or a stainless-steel cage (Prop
Buddy®) and driven over propeller-depth artificial turtle shells (7 km/h: 5
trials/guard; 40 km/h: 4-5 trials/guard). A personal watercraft (jet ski) with an
inboard jet motor and the 5.8 m skiff modified with an 80 hp, jet-drive outboard
motor were also both driven at 7 and 40 km/h over surface-level or propeller-
depth artificial loggerhead turtle shells (5 trials/speed/vessel/turtle depth).
Injuries to artificial shells were classified as catastrophic if they would have killed
areal sea turtle.

(1) Hazel ], Lawler L.R., Marsh H. & Robson S. (2007) Vessel speed increases collision risk for
the green turtle Chelonia mydas. Endangered Species Research, 3, 105-113.

(2) GrantP.B.C. & Lewis T.R. (2010) High speed boat traffic: A risk to crocodilian populations.
Herpetological Conservation and Biology, 5, 456-460.

(3) Work P.A, Sapp A.L, Scott D.W. & Dodd M.G. (2010) Influence of small vessel operation and
propulsion system on loggerhead sea turtle injuries. Journal of Experimental Marine Biology
and Ecology, 393, 168-175.

5.16. Establish protocols to reduce collisions

e We found no studies that evaluated the effects of establishing protocols to reduce
collisions on reptile populations.
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‘We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Protocols involving visual observation networks, dedicated onboard observers,
and predictive modelling may be employed to reduce vessel collisions with sea
turtles by alerting skippers to the presence of turtles and allowing alternative
navigation routes to be used.

5.17. Train vessel operators on appropriate avoidance
techniques to reduce collisions

e We found no studies that evaluated the effects on reptile populations of training vessel
operators on appropriate avoidance techniques to reduce collisions.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Sea turtle collisions with vessels may be avoided if animals are detected and
avoidance measures are carried out by the vessel operator. Training vessel crew
to detect and identify sea turtles and using dedicated observers on vessels may

help avoid collisions in daylight on manoeuvrable vessels (Schoeman et al. 2020).
Schoeman R.P., Patterson-Abrolat C. & Plon S. (2020) A global review of vessel collisions with
marine animals. Frontiers in Marine Science, 7, 292.

5.18. Use technology and reporting systems to avoid
collisions

o We found no studies that evaluated the effects on reptile populations of using technology
and reporting systems to avoid collisions.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Most technological solutions for avoiding collisions have been deployed to protect
marine mammals but may present viable solutions for protecting sea turtles as
well (Schoeman et al. 2020). Systems are typically used to let vessel operators
know about the presence of high densities or recent sightings of animals in real

time to allow operators to reduce speeds or change course.
Schoeman R.P., Patterson-Abrolat C. & Plon S. (2020) A global review of vessel collisions with
marine animals. Frontiers in Marine Science, 7, 292.
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5.19. Use visual or acoustic deterrents to discourage
reptiles from approaching vessels

e We found no studies that evaluated the effects on reptile populations of using visual or
acoustic deterrents to discourage reptiles from approaching vessels.
‘We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Acoustic and visual deterrents have been developed to cause sea turtles to flee
from vessels (e.g. Lenhardt 2002) but little is known about their efficacy in
practice. However, practitioners need to consider the potential for acoustic
trauma resulting from sound transmissions, the habituation of target species to
sounds and the potential to disturb and displace other non-target marine fauna
(Schoeman et al. 2020).

For studies describing the effects of using visual deterrents or adding lights to
fishing gear, see Threat: Biological resource use - Use visual deterrents on fishing

gear and Add lights to fishing gear.

Lenhardt M.L. (2002) Marine Turtle Acoustic Repellent/Alerting Apparatus and Method. US Patent
No 6,388,949 B1. Arlington, VA: Sound Technique Systems.

Schoeman R.P., Patterson-Abrolat C., & Plon S. (2020) A global review of vessel collisions with
marine animals. Frontiers in Marine Science, 7, 292.

5.20. Modify vessels to reduce or prevent injuries to
reptiles from collisions

e Two studies evaluated the effects on reptile populations of modifying vessels to reduce
or prevent injuries to reptiles from collisions. Both studies were in the USA'a.b,

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (2 STUDIES)

e Survival (2 studies): One controlled study'a found that using a horizontal-fin propeller
guard or a cage propeller guard did not reduce catastrophic injuries to artificial
loggerhead turtle shells compared to using no guard, but that the types of injuries
sustained were different. One controlled study'® found that using a jet drive outboard
motor reduced catastrophic injuries to artificial loggerhead turtle shells compared to
using a standard outboard motor.

BEHAVIOUR (0 STUDIES)

Background

Many sorts of propeller guards or design changes have been suggested to prevent
human injuries, ranging from polypropylene to stainless-steel cages or baffles on
outboard motors and these may also help prevent or limit injuries to aquatic
reptiles.

A controlled study in 2009 in a sand quarry in Georgia, USA (1a) found that
using propeller guards did not reduce catastrophic injuries to artificial loggerhead
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turtle Caretta caretta shells compared to an unmodified propeller. Results were
not statistically tested. At 7 km/hr, a cage propeller guard caused none of five
artificial loggerhead turtle shells catastrophic damage, whereas a horizontal-fin
propeller guard or no guard caused one of five shells to be catastrophically
damaged. At 40 km/hr, vessels with both types of guard, or no propeller guard
caused catastrophic injuries to all shells in all trials (horizontal-fin: five of five
shells damaged; cage guard: four of four; no guard: five of five). The authors
reported that the types of injuries sustained were different when guards were
used (see paper for details). A 90 hp, 4-stroke outboard motor with a three-bladed
stainless steel propeller was mounted on a 5.8 m flat-bottomed skiff and driven at
7 and 40 km/h over propeller-depth (48 cm) fibre-glass model loggerhead turtle
shells using either one of two propeller guards: a horizontal-fin mounted below
the propeller (Hydroshield®; 5 trials each at 7 and 40 km/h), or a stainless-steel
cage surrounding the propeller (Prop Buddy® 5 trials at 7 km/h and 4 trials at 40
km/h), or no guard at all (5 trials/speed). Injuries to the artificial shell were
classified as catastrophic if they would have killed a real sea turtle.

A controlled study in 2009 in a sand quarry in Georgia, USA (1b) found that
using a jet drive outboard motor on a skiff reduced catastrophic injuries to
artificial loggerhead turtle Caretta caretta shells compared to a standard outboard
motor. Artificial loggerhead turtle shells hit by a skiff with a jet drive outboard
motor received fewer catastrophic injuries regardless of speed or turtle depth in
the water (0 catastrophicinjuries in 20 trials) compared to shells hit by a skiff with
a standard outboard motor (14 catastrophic injuries in 20 trials). A 5.8 m flat-
bottomed vessel was fitted with either a 90 hp, 4-stroke outboard motor with a
three-bladed stainless-steel propeller or an 80 hp, jet drive outboard motor and
driven at 7 and 40 km/h over fibre-glass model loggerhead turtle shells (see
original paper for details). Shells were placed on the surface or floating 48 cm
below the surface. Five trials were carried out for each motor type at each speed
and each turtle depth (40 total trials). Injuries to the artificial shell were classified
as catastrophic if they would have killed a real sea turtle.

(1) Work P.A, Sapp A.L.,, Scott D.W. & Dodd M.G. (2010) Influence of small vessel operation and
propulsion system on loggerhead sea turtle injuries. Journal of Experimental Marine Biology
and Ecology, 393, 168-175.
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6. Biological resource use

Background

Biological resource use includes the deliberate consumptive use of reptiles
through hunting, trapping and collection of eggs; the unintentional harvesting of
reptiles in fisheries that are targeting other species (sometimes referred to as
‘bycatch’); and the destruction to reptile habitats that can be caused by both
deliberate and unintentional collection or harvesting of reptiles (e.g. Goode et al.
2005). Logging and wood harvesting are also included, which pose an indirect

threat to reptiles through habitat destruction and fragmentation and disturbance.

Goode M.]., Horrace W.C,, Sredl M.]. & Howland ]J.M. (2005) Habitat destruction by collectors
associated with decreased abundance of rock-dwelling lizards. Biological Conservation, 125,
47-54.

Hunting and collecting animals

6.1. Regulate wildlife harvesting

e Four studies evaluated the effects of regulating wildlife harvesting on reptile
populations. One study was in each of Costa Rica', Australia2, Indonesia3 and Japan®*.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (2 STUDIES)

e Abundance (2 studies): One before-and-after study in Australiaz found that following
legal protection and harvest regulations, the density of saltwater crocodile populations
increased. One before-and-after study in Japan* found that following regulation of the
green turtle harvest in combination with allowing harvested turtles to lay eggs prior to
being killed, the number of nesting females tended to be higher.

e Reproductive success (1 study): One before-and-after study in Japan* found that
following regulation of the green turtle harvest in combination with allowing harvested
turtles to lay eggs prior to being killed, the number of hatchlings produced in natural nests
tended to be higher.

e Condition (1 study): One before-and-after study in Australia? found that following legal
protection and harvest regulations, the average size of crocodiles increased.

BEHAVIOUR (0 STUDIES)
OTHER (2 STUDIES)

e Human behaviour change (2 studies): One replicated study in Costa Rica' found that
in an area with a legalized turtle egg harvest run by a community cooperative, a majority
of people reported a willingness to do more to protect sea turtles. One study in Indonesia3
reported that quotas to regulate wildlife harvesting did not limit the number of individuals
of three reptile species that were harvested and exported.

Background
The harvesting of reptiles and their eggs may be regulated by preventing trade
altogether, or by setting harvesting and export quotas that are designed to enable



116

the population to reach or remain at a particular level. However, it should be noted
that in some cases the basis for determining such quotas is not clear, and numbers
may not be evidence based (Auliya 2010). Whilst many hunting systems use
quotas, the studies included here are those based on species with particular
conservation concerns rather than where quotas are based purely on maximising
the harvest.

See also Species management - Legally protect reptile species for studies that

discuss comparisons of where harvesting is prohibited compared to allowed.
Auliya M. (2010) The conservation status and impacts of trade on the Oriental Rat Snake Ptyas
mucosa in Java, Indonesia. TRAFFIC Southeast Asia, Petaling Jaya, Selangor, Malaysia.

A replicated study in 1995 and 2004 in a community in Ostional, Costa Rica
(1) found that a regulated harvest of olive ridley turtle Lepidochelys olivacea eggs
resulted in community members reporting a willingness to do more to protect
turtles. A majority of survey respondents reported a willingness to do more to
protect sea turtles in 1995 (67%) and in 2004 (78%). A long running programme
(over 20 years at time of publication) of legalized turtle egg harvesting was
established and run by a community cooperative. The project made use of the
“arribada”: a phenomenon of mass nesting by olive ridley turtles on nesting
beaches. Members could harvest and sell turtle eggs and also carry out a range of
activities relating to turtle protection, including beach cleaning, guarding and
‘liberating’ hatchlings (details of this not provided). A survey of households was
carried out in 1995 (76 households) and followed up in 2004 (60 households).

A before-and-after study in 1975-2009 in 12 tidal rivers in the Northern
Territory, Australia (2) found that after introducing regulated egg harvests and
legal protection, saltwater crocodiles Crocodylus porosus increased in population
density and average crocodile size increased over time. After saltwater crocodile
harvests were regulated, relative population density of crocodiles (excluding
hatchling crocodiles <0.6 m in length) increased by >three times (2009 estimate:
5 crocodiles/km; 1975 estimate: 2 crocodiles/km). The proportion of larger
crocodiles (>1.8 m in length) increased over time in all rivers (most common size
in 2007-2008: 2.7 m long, and in 1978-1979: 1.5 m long). Saltwater crocodiles
were legally protected in the Northern Territory in 1971. Harvest of non-hatchling
crocodiles was limited to <200/year and commercial fishing was banned on most
rivers. A managed egg harvest was introduced in 1984-2009 (harvests in 1983-
1986:994-3,470 eggs, increasing to <50,000 in 2009-2010, see original paper for
details). Saltwater crocodiles were surveyed in 12 large tidal rivers using a
standardized approach (spotlight surveys at night by boat) in June-October in
1975-2009 (11-29 survey years/river, 33-138 km long surveys/river, 682 km
total river length surveyed). Crocodile size was estimated when possible and only
crocodiles >0.6 m (‘non-hatchlings’) were reported. Relative non-hatchling
crocodile population densities were estimated using the sightings data divided by
the length of river surveyed.

A study in 1999 and 2005-2006 in Indonesia (3) reported that regulating
reptile harvests through quotas did not limit the number of tokay geckos Gekko
gecko, Javan filesnakes Acrochordus javanicus and Asiatic softshell turtles Amyda
cartilaginea that were harvested and exported. Trade in tokay geckos was
estimated at 1.2 million individuals/year, compared to an annual quota of 50,000;
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trade in Javan filesnakes was estimated at 330,000 individuals/year, compared to
a quota of 200,000; and trade in Asiatic softshell turtles was estimated at 200,000-
450,000 in 1998 and 1999 in three cities, compared to a national quota of 10,000.
The Indonesian authorities set annual quotas for the harvest and export of reptile
species that were not legally protected, and determined quota numbers through
consultation with various stakeholders, including reptile traders. Data on trade
were collected from the Indonesian authorities (CITES Management Authority), as
well as through interviews with members of reptile and amphibian trade
associations and other stakeholders in the reptile trade. In 1999, trade data for
Asiatic softshell turtles was collected from reptile traders in three cities in
Sumatra. In 2005-2006, trade data for tokay geckos was collected at four locations
in Java, and Javan filesnake data was collected in five cities and involved all major
exporters in the country.

A before-and-after study in 1975-2015 in two island groups in Ogasawara,
Japan (4) found that in the years following regulations to limit the annual harvest
of green turtles Chelonia mydas and a long-term programme of allowing harvested
females to lay eggs before being Kkilled the estimated number of nesting female
turtles and hatchlings tended to be higher. Results were not statistically tested,
and the effects of the interventions cannot be separated. The estimated number of
nesting female turtles tended to be higher following regulations (180-580
turtles/year) compared to before regulation (25-210 turtles/year) and in years
that regulation started (110-205 turtles/year). The number of hatchlings
produced in natural nests was also higher in years after regulations were put in
place (10,000-95,000 hatchlings/year) than before (0-16,000 hatchling/year).
Fisheries regulations implemented in 1994 and 1997 limited the annual catch to
150 and then 135 turtles/year respectively. In 1975-2008, harvested female
turtles were taken to an enclosed beach to lay multiple clutches of eggs before
being killed. Surveys were conducted in May-September 1975-2015 (Chichi-jima
islands) and 1988-2015 (Haha-jim islands) and used the number of nests to
estimate abundance of females (see paper for details). In July-November, nests
were excavated, and hatchling numbers were estimated by counting empty shells.

(1) Campbell L.M. Haalboom B.J. & Trow ]. (2007) Sustainability of community-based
conservation: sea turtle egg harvesting in Ostional (Costa Rica) ten years later. Environmental
Conservation, 34, 122-131.

(2) Fukuda Y., Webb G., Manolis C., Delaney R., Letnic M., Lindner G. & Whitehead P. (2011)
Recovery of saltwater crocodiles following unregulated hunting in tidal rivers of the Northern
Territory, Australia. The Journal of Wildlife Management, 75, 1253-1266.

(3) Nijman V., Shepherd C.R. & Sanders K.L. (2012) Over-exploitation and illegal trade of reptiles
in Indonesia. The Herpetological Journal, 22, 83-89.

(4) Kondo S. Morimoto Y., Sato T. & Suganuma H. (2017) Factors affecting the long-term
population dynamics of green turtles (Chelonia mydas) in Ogasawara, Japan: Influence of
natural and artificial production of hatchlings and harvest pressure. Chelonian Conservation
and Biology, 16, 83-92.

6.2. Commercially breed reptiles to reduce pressure on
wild populations

e One study evaluated the effects on reptile populations of commercially breeding reptiles
to reduce pressure on wild populations. This study was in the Cayman Islands™.
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COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)

e Human behaviour change (1 study): One study in the Cayman Islands! found that
where there was a commercial turtle farm, consumption and purchase of wild turtle
products was rare, though some residents still showed a preference for wild turtle meat.

Background

Wildlife breeding farms are sometimes used with the goal of alleviating the
pressure of harvesting or collecting on wild reptile populations. However, if not
carefully regulated, breeding farms may be used to ‘launder’ illegally harvested
reptiles, thereby allowing illegal trade to continue (Lyons & Natusch 2011).

To be included, ideally studies should have tested the impact of commercial
breeding on wild populations, and this should be taken into account when
considering the effectiveness of this action. However, often the effects on wild
populations are not explicitly or directly tested.

For studies that assess the impact of releasing captive-bred or head-started
reptiles into the wild, see Species management - Release captive-bred reptiles into

the wild and Head-start wild-caught reptiles for release.

Lyons, J.A. & Natusch D.J. (2011) Wildlife laundering through breeding farms: illegal harvest,
population declines and a means of regulating the trade of green pythons (Morelia viridis) from
Indonesia. Biological Conservation, 144, 3073-3081.

A study in 2014 in the Cayman Islands (1) found that where there was a
commercial turtle farm, consumption and purchase of wild turtle products was
rare, though some residents still showed a preference for wild turtle meat. Overall,
around 1% of households illegally consumed eggs in the prior 12 months and 2%
illegally bought turtle meat. Among consumers who preferred buying uncooked
turtle meat, 14% showed a preference for wild meat over farmed meat. Of
residents that consumed turtle during the prior 12 months, 37% bought it from
the turtle farm and 62% did not buy uncooked turtle meat (e.g. consumed at
restaurants). During the 12 months of the study, no source of legal, wild turtle
meat was available to consumers. In 1968, a commercial breeding operation was
established to provide turtle meat for consumption and reduce pressure on wild
stocks. In 2014, surveys of 100 households from each of six districts were carried
out, and respondents were asked about turtle meat consumption, purchase and
participation in illegal behaviours relating to sea turtles (see paper for details of
questioning methods). In addition, 182 consumers of turtle meat were asked
further questions about their preferences.

(1) Nuno A., Blumenthal .M., Austin T.]., Bothwell ], Ebanks-Petrie G., Godley B.]. & Broderick A.C.

(2018) Understanding implications of consumer behavior for wildlife farming and
sustainable wildlife trade. Conservation Biology, 32, 390-400.
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6.3. Enforce regulations to prevent trafficking and trade

of reptiles

We found no studies that evaluated the effects on reptile populations of enforcing
regulations to prevent trafficking and trade of reptiles.

'We found no studies’ means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Some reptile species threatened by trade are protected under the CITES
agreement (Convention on International Trade in Endangered Species of Wild
Fauna and Flora), which aims to regulate the international trade of endangered
species. However, it is the responsibility of each participating country to adopt its
own national legislation to ensure the regulations are implemented, and in some
countries illegal trade continues. Alongside enforcement by exporting countries,
importing countries may have an important role to play in developing solutions to
mitigate the threat of trafficking and trade in reptiles.

6.4. Patrol or monitor nesting beaches

Seven studies evaluated the effects of patrolling or monitoring nesting beaches on
reptile populations. Three studies were in Costa Rica246 and one was in each of the US
Virgin Islands', Mexico3, Mozambique® and the Dominican Republic’.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (2 STUDIES)

Reproductive success (2 studies): One before-and-after site comparison study in
Costa Rica® found that olive ridley turtle nests that were moved to a patrolled hatchery
and nests that were camouflaged on the nesting beach had similar hatching success.
One replicated, controlled study in the Dominican Republic” found that on beaches with
regular patrols, hatching success of leatherback turtle nests was higher than in nests
relocated to hatcheries.

BEHAVIOUR (0 STUDIES)
OTHER (6 STUDIES)

Human behaviour change (6 studies): Two studies in the US Virgin Islands' and Costa
Rica* found that during years when beach patrols were carried out poaching of
leatherback turtle nests decreased. Three studies (including two before-and-after
studies) in Costa Rica?¢ and Mexico3 found that when beach patrols were carried out in
combination with either an education programme for local communities?, limiting beach
access? or camouflaging nests and moving nests to a hatchery®, poaching of leatherback
turtle nests? and olive ridley turtle nests3¢ decreased. One before-and-after study in
Mozambique® found that during a community-based turtle monitoring project no green
turtle egg collection or hunting of adults was recorded.

Background
Female sea turtles are vulnerable to poaching during the nesting season. Human
presence on beaches at night can prevent female sea turtles from emerging from
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the sea to nest or interrupt females while egg laying so that they return to sea.
Once laid, nests are vulnerable to human disturbance and illegal egg collection.
Patrols may be carried out at frequent intervals specifically to deter human
activities. Scientific monitoring programmes may function as a similar deterrent
through the regular presence of officials on a beach.

Many studies report anecdotal evidence of reduced poaching while beaches are
being patrolled, but few studies actually test the effect of patrols formally.

See also: Threat: Human intrusions and disturbance - Use nest covers to protect
against human disturbance.

A study in 1981-1994 on a sandy beach in St Croix, US Virgin Islands (1)
reported that when nightly beach patrols were carried out, incidents of poaching
of leatherback turtle Dermochelys coriacea nests declined. Results were not
statistically tested. In 1981 when patrolling began, incidents of poaching were
highest (11%); then ranged from 0-2% in 1982-1985; then remained at 0% from
1986-1994. The authors reported anecdotes that before the study began,
poaching of nests approached 100% annually (no data presented). In 1981-1994
the beach was patrolled hourly between 20:00-05:00 h every night from 1 April
until no new nests had been discovered for 10 days. In 1982-1994, all nests in
erosion-prone areas were relocated to stable parts of the beach immediately after
laying.

A study in 1991-1992 on a sandy beach in Guanacaste Province, Costa Rica
(2) found that while a combination of periodic beach patrols for turtle nest
protection; beach patrols for research; and education programmes with local
communities were taking place, there was a decrease in the percentage of
leatherback turtle Dermochelys coriacea nests lost to poaching. Results were not
statistically tested, and the effect of the different actions cannot be separated. The
percentage of nests lost to poaching was 91% (49 of 54 nests) in October when
patrols began; 51% (102 of 199 nests) in November; and 0-2% (of around 500
nests) in December-March. The beach was patrolled nightly for research purposes
from October 1991-March 1992. Additional patrols were carried out by rural
guards for three weeks in November and December, and periodically during
January and February. In October-November 1991, an education and
communications programme was carried out with local communities that
involved organising trips to see the turtles, the chance to help with turtle research,
lectures, lessons, slideshows, and local distribution of a brochure on leatherback
turtle biology and conservation. Activities were also carried out with scout groups
and the National Museum of Costa Rica (dates not provided).

A before-and-after study in 1988-1997 on a beach in Playa Cuixmala, Mexico
(3) found that after limiting human access to the beach and introducing patrols,
along with moving nests to an on-beach hatchery, numbers of olive ridley
Lepidochelys olivacea nests poached were lower. Results were not statistically
tested. After limiting human access to the beach and introducing regular nightly
beach patrols during the nesting season, two of 2,335 olive ridley turtle nests were
poached in five years, compared to >90% of 59 nests poached in the two years
prior to protections being introduced. A 3 km long beach was controlled by
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blocking human access and conducting night patrols at 3-hour intervals during the
nesting season (July-March) in 1990-1997. At the same time, a proportion of nests
were collected and transported to beach hatchery. Prior to this, nesting activity
and poaching was monitored on the beach in 1988-1989.

A study in 1990-2004 on one sandy beach on the Caribbean coast of Costa
Rica (4) found that patrolling beaches resulted in a decline in poaching of
leatherback turtle Dermochelys coriacea nests. Results were not statistically
tested. Incidents of poaching declined over the 14-year period when beaches were
patrolled, from 55% of nests poached in 1990, to 13% in 1995, 9% in 2000 and
1% in 2004. The authors reported that most poaching events took place close to
public access points to the beach. In February-July 1990-2004, the beach was
patrolled every night for a total of 8 h (20:00-04:00 h). The main purpose of
patrols was to locate nesting female turtles and to relocate nests laid in high-risk
areas to an on-beach hatchery.

A before-and-after study in 2003-2007 on three beaches on Vamizi Island,
Mozambique (5) found that a community-based turtle monitoring project
appeared to reduce egg collection and hunting of adult green turtles Chelonia
mydas. During the four years of a community turtle monitoring project, no egg
collection (122 nests were laid/year on average) or hunting of female turtles was
recorded. The authors reported that prior to the turtle monitoring project
beginning, egg collection and hunting of adult female turtles was common within
the local fishing community. Following the formation of two fishing village
committees to manage local fishing resources and implement regulations, the
committees created a turtle sanctuary around the north-east of the island to
protect turtle breeding and feeding grounds. Three nesting beaches were
monitored nightly for several months/year by 15 local turtle monitors supervised
by a marine biologist in January-July 2003-2007.

A before-and-after, site comparison study in 2005-2012 on a beach in Costa
Rica (6) found that relocating olive ridley Lepidochelys olivacea turtle nests to an
on-beach hatchery with 24-hour monitoring or camouflaging them on the nesting
beach tended to lead to similar hatching rates and lower egg poaching rates.
Results were not statistically tested. In total, 79% of nests relocated to the
hatchery and of nests camouflaged on the beach successfully hatched. Egg
poaching reduced from 85% in 2005 to 10% of eggs in 2005-2012. The emergence
rate of hatchlings from hatchery nests was 77%, compared to 71% of hatchlings
from camouflaged nests. Nesting activity was monitored by nightly beach patrols
(4x 4 hours/night) in July/August-December in 2006-2012 (958 nests were laid,
98-177 /year). Nests were either relocated to an on-beach hatchery (363 nests,
38%), or camouflaged (595 nests, 61%) to discourage illegal collecting. Relocated
nests were randomly allocated a 1 m? plot in the hatchery and dug into the sand.
The hatchery was monitored 24 hours a day during the nesting season. Hatchlings
were monitored on emergence and nests were excavated after hatching due dates
to check hatching success.

A replicated, controlled study in 2008-2009 on five sandy beaches in
southwest Dominican Republic (7) found that when beaches were patrolled
regularly during the nesting season, leatherback turtle Dermochelys coriacea nest
hatching success was higher than when nests were relocated for artificial
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incubation. Results were not statistically tested. Over two years, hatching success
of nests left in situ on a beach with limited human access and regular night patrols
was 74-85% compared to 34-58% for nests moved to hatcheries. Eggs were
relocated from five beaches in a national park (1,374 km?). In March-August
2008-2009, the beaches were surveyed during the day and night for signs of
nesting (daily - at least every other week) and nests were relocated. On beaches
with high pressure of illegal collecting, 35 nests (all nests found) were relocated.
On beaches with more limited human access, 31 nests were relocated and 43 were
left in situ and monitored to hatching. Eggs from relocated nests were placed with
sand in polystyrene boxes and moved to wooden huts near the nesting beaches.
On beaches where nests were left in situ, nightly patrols were carried out by
government rangers 2-3 nights/week in April-May. Beaches with all nests
relocated were also patrolled regularly at night, but as all nests were removed
from these beaches, no in situ results were reported.

(1) BoulonJr R.H., Dutton P.H. & McDonald D.L. (1996) Leatherback Turtles (Dermochelys
coriacea) on St. Croix, U. S. Virgin Islands: Fifteen Years of Conservation. Chelonian
Conservation and Biology, 2, 141-147.

(2) Chaves-Quirds A.C., Serrano G., Marin G., Arguedas-Campos E., Jimenez A. & Spotila J.R.
(1996) Biology and conservation of leatherback turtles, Dermochelys coriacea, at Playa
Langosta, Costa Rica. Biologia y conservacion de las tortugas baulas, Dermochelys coriacea,
en Playa Langosta, Costa Rica. Chelonian Conservation and Biology, 2, 184-189.

(3) Garcia A, Ceballos G. & Adaya R. (2003) Intensive beach management as an improved sea
turtle conservation strategy in Mexico. Biological Conservation, 111, 253-261.

(4) Chacon-Chaverri D. & Eckert K.L. (2007) Leatherback sea turtle nesting at Gandoca Beach in
Caribbean Costa Rica: management recommendations from fifteen years of conservation.
Chelonian Conservation and Biology, 6, 101-110.

(5) Garnier ], Hill N., Guissamulo A,, Silva L., Witt M. & Godley B. (2012) Status and community-
based conservation of marine turtles in the northern Querimbas Islands (Mozambique).
Oryx, 46, 359-367.

(6) James R. & Melero D. (2015) Nesting and conservation of the Olive Ridley sea turtle
(Lepidochelys olivacea) in playa Drake, Osa Peninsula, Costa Rica (2006-2012). Revista De
Biologia Tropical, 63, 117-129.

(7) Revuelta 0., Le6n Y.M,, Broderick A.C,, Feliz P., Godley B.]., Balbuena J.A., Mason A., Poulton
K., Savoré S., Raga ].A.,, Tomas J. (2015) Assessing the efficacy of direct conservation
interventions: clutch protection of the leatherback marine turtle in the Dominican Republic.
Oryx, 49, 677-686.

6.5. Introduce alternative income sources to replace
hunting or harvesting of reptiles

e One study evaluated the effects on reptile populations of introducing alternative income
sources to replace hunting or harvesting of reptile populations. This study was in St
Kitts".

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)
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e Human behaviour change (1 study): One before-and-after study in St Kitts' found that
fishers that took jobs on a turtle management project reported that they ceased turtle
fishing activity.

Background

Introducing appropriate alternative income-generating activities may reduce the
reliance of communities on earning money from collecting/hunting and selling
wild animals, and in turn reduce the collecting/hunting pressure on wild
populations. Studies in this section should ideally directly test the effect of the
intervention on wild populations, as well as the income benefits and participation
levels within the communities.

A before-and-after study in 2006-2009 in St Kitts (1) found that offering
alternative livelihoods relating to sea turtle management to sea turtle fishers
resulted in fishers reporting that they had ceased turtle fishing activity. Fishers
that accepted jobs on the turtle management project reported that they had
stopped harvesting sea turtles as a result. Prior to this, fishers reported that they
caught between 25 and 100 turtles/year. In 2006, an initial survey of seven fishers
was carried out that assessed how dependent fishers were on the sea turtles and
how many they were capturing. Fishers that expressed interest in a Fishers’
Technician Programme were offered positions on the turtle management project.
Those fishers that took up positions on the technician programme subsequently
reported on their sea turtle harvesting activities (details of reporting method are
unclear).

(1) Stewart K.M., Norton T.M,, Tackes D.S. & Mitchell M.A. (2016) Leatherback ecotourism

development, implementation, and outcome assessment in St. Kitts, West Indies. Chelonian
Conservation and Biology, 15, 197-205.

Reduce unwanted catch

Spatial and temporal management

6.6. Cease or prohibit all types of fishing

e We found no studies that evaluated the effects on reptile populations of ceasing or
prohibiting all types of fishing.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Fishing can impact reptile populations directly by species removal (both
intentional and unintentional), or indirectly through removal of other species or
by damaging habitats. Ceasing fishing activities in specific areas may allow time
for populations of reptiles and the species they rely on (e.g. prey species) to
recover.
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For studies that investigate the effect of ceasing or prohibiting particular types of
fishing see Cease or prohibit commercial fishing and Limit or prohibit specific fishing
methods. For studies that investigate the effect of ceasing or prohibiting fishing at
certain times see Establish temporary fishery closures.

6.7. Cease or prohibit commercial fishing

e We found no studies that evaluated the effects on reptile populations of ceasing or
prohibiting commercial fishing.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Commercial fishing is extraction of marine organisms by any method for sale and
profit and poses a threat to reptiles through accidental entanglements and
unwanted catch (‘bycatch’). Ceasing or prohibiting commercial fishing in specific
areas may allow time for populations of reptiles and the species they rely on (e.g.
prey species) to recover.

For other studies that investigate the effect of ceasing or prohibiting fishing see
Cease or prohibit all types of fishing and Limit or prohibit specific fishing methods.
For studies that investigate the effect of ceasing or prohibiting fishing at certain
times see Establish temporary fishery closures.

6.8. Establish temporary fishery closures

e Three studies evaluated the effects of establishing temporary fishery closures on reptile
populations. Two studies were in the USA'2 and one was in Brazil.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (3 STUDIES)

e Abundance (1 study): One site comparison study in Brazil® found that areas where a
fishing agreement was implemented that involved seasonal fishing restrictions along with
a wider set of measures had more river turtles than areas that did not implement the
agreement.

e Survival (2 studies): One replicated, before-and-after study in the USA' found that
during seasonal closures of shrimp trawling there were fewer lethal strandings of
loggerhead and Kemp’s ridley turtles. One study in the USA2 found that following the re-
opening of a swordfish long-line fishery with turtle catch limits in place, loggerhead turtle
bycatch reached the annual catch limit in two of three years, and when the limit was
reached the fishery was closed for the rest of the year.

BEHAVIOUR (0 STUDIES)

Background
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Establishing temporary fishery closures in an area can remove the direct risk of
reptiles being caught or entangled in fishing gear for the designated period.
Examples of temporary closures might include seasonal closures, for example
undertaken to protect turtles in foraging grounds, or move-on rules whereby
temporary closure of a fished area occurs when a catch or by-catch threshold is
reached (e.g. Dunn et al. 2014).

For other studies that investigate the effect of ceasing or prohibiting fishing see
Cease or prohibit all types of fishing; Cease or prohibit commercial fishing and Limit
or prohibit specific fishing methods.

Dunn D.C., Boustany A.M., Roberts ].J., Brazer E., Sanderson M., Gardner B. & Halpin P.N. (2014)

Empirical move-on rules to inform fishing strategies: a New England case study. Fish and
Fisheries, 15, 359-375.

A replicated, before-and-after study in 1980-2000 in two coastal areas in the
Gulf of Mexico, Texas, USA (1) found that seasonal area closures to shrimp trawling
in nearshore waters reduced lethal strandings of loggerhead Caretta caretta and
Kemp’s ridley Lepidochelys kempii turtles. One statutory closure reduced lethal
strandings of both loggerhead and Kemp’s ridley turtles for the 6-8-week duration
of the closure compared to when it is not in effect (data reported as model
outputs). When the second statutory closure was in effect, 6-8 Kemp’s ridley
turtles were stranded inside the closed area, compared to the 13 turtles in the year
prior to the closure taking effect (results were not statistically tested). Two
statutory closures were implemented to restrict shrimp trawling within
designated distances of Texas shores. The first excluded shrimping from all Texan
Gulf of Mexico shores to 200 nm in 15 May-15 July each year (dates variable based
on shrimp stocks; effective from 1981, updated in 1990). The second prohibited
shrimp fishing within five miles of Padre Island on the south Texas coast from 1
December-15 July, effective from December 2000. Data from the Sea Turtle
Stranding and Salvage Network (1980-2000) were used to analyse the effect of
closures. Incidental turtle catch, captive-reared/head-started turtles and turtles
below <10 cm were excluded from analysis.

A study in 2005-2007 in pelagic waters north of Hawaii, USA (2) found that
after annual catch limits were established for loggerhead turtles Caretta caretta in
a swordfish Xiphias gladius shallow-set longline fishery, turtle catch reached the
limit in the second year after the fishery re-opened with catch limits but was lower
in the first and third year. Results were not statistically tested. In the first year
after the fishery re-opened with a turtle catch limit, nine loggerhead turtles
(0.004-0.049 turtles/1,000 hooks) were caught, but in the second year the catch
limit of 17 turtles (0.013-0.044 turtles/1000 hooks) was reached and the fishery
was closed for the rest of the year. In the third year, 12 turtles were caught (0.0-
0.028 turtles/1,000 hooks). In late 2004, the fishery re-opened after a two-year
shut down due the high number of loggerhead turtle catch levels. After re-opening,
a catch limit of 17 turtles/year was established, after which the fishery would close
for the rest of the year. In January—-March 2005-2007, line deployments (2005:
520; 2006: 842; 2007: 797), hooks put out (2005: 429,580; 2006: 670,914; 2007:
689,486), and loggerhead turtle interactions were monitored. In January-March
2007, fishers were also provided daily information in electronic and paper format
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from a ‘TurtleWatch’ tool that recommended areas to avoid to reduce turtle
interactions (see original paper).

A site comparison study in 2009 on a flood plain with a variety of lakes and
channels in Pard, Brazil (3) found that areas that had community-based
management (CBM) of fishing practices - including seasonal fishing restrictions,
limiting use of gill-nets, protecting turtle nesting beaches and a ban on turtle
trading - had more river turtles Podocnemis sextuberculata, Podocnemis unifilis
and Podocnemis expansa than areas without CBM. The effect of different aspects of
the management programme cannot be separated. Turtles were more abundant
in areas with CBM (321 individuals) than in areas without CBM (33 individuals).
For Podocnemis sextuberculata, abundance was higher in areas with CBM (14
individuals/1,000 m?2 netting/12 hours) than in areas without (2
individuals/1,000 m?2 netting/12 hours), and turtle biomass was also greater (with
CBM: 20 kg/1,000 m?2 netting/12 hours; no CBM: 3 kg/1,000 m?2 netting/12 hours).
The fishing agreement that formed the CBM programme had been in place for 20-
30 years. While 13 communities in the area were a part of the fishing agreement,
only two implemented the agreement. Turtle numbers were sampled at 14 sites
(7 with CBM; 7 without CBM) in August-October 2009 using gill nets (15 nets/site;
215 m2 nets; 3 each of 5 mesh sizes) with help from local fishers.

(1) Lewison R.L., Crowder L.B. & Shaver D.]. (2003) The impact of turtle excluder devices and
fisheries closures on loggerhead and Kemp's ridley strandings in the Western Gulf of Mexico.
Conservation Biology, 17, 1089-1097.

(2) Howell E.A,, Kobayashi D.R., Parker D.M., Balazs G.H. & Polovina ].J. (2008) TurtleWatch: A
tool to aid in the bycatch reduction of loggerhead turtles Caretta caretta in the Hawaii-based
pelagic longline fishery. Endangered Species Research, 5, 267-278.

(3) Miorando P.S., Rebélo G.H., Pignati M.T. & Brito Pezzuti ]J.C. (2013) Effects of community-
based management on Amazon river turtles: a case study of Podocnemis sextuberculata in
the lower Amazon floodplain, Parg, Brazil. Chelonian Conservation and Biology, 12, 143-150.

6.9. Limit or prohibit specific fishing methods

e One study evaluated the effects of limiting or prohibiting specific fishing methods on
reptile populations. This study was in Brazil'.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One site comparison study in Brazil' found that in areas where
a fishing agreement was implemented that involved limiting the use of gill nets along with
a wider suit of measures had more river turtles than areas that did not implement the
agreement.

BEHAVIOUR (0 STUDIES)

Background

Fishing can impact reptiles by catching individuals unintentionally or causing
injury or death through entanglements in fishing gear. Applying restrictions to the
use of specific fishing methods (which may include ‘static’ methods such as using
lobster/crab pots and traps, or ‘mobile’ methods such as gill nets or trawl nets) in
locations or seasons when reptiles are particularly vulnerable to capture may
alleviate these threats.
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For other studies that investigate the effect of ceasing or prohibiting fishing see
Cease or prohibit all types of fishing and Cease or prohibit commercial fishing. For
studies that investigate the effect of ceasing or prohibiting fishing at certain times
see Establish temporary fishery closures.

A site comparison study in 2009 on a flood plain with a variety of lakes and
channels in Para, Brazil (1) found that areas that had community-based
management (CBM) of fishing practices - including limiting use of gill-nets,
seasonal fishing restrictions, protecting turtle nesting beaches and a ban on turtle
trading - had more river turtles Podocnemis sextuberculata, Podochemis unifilis
and Podocnemis expansa than areas without CBM. The effect of different aspects of
the management programme cannot be separated. Turtles were more abundant
in areas with CBM (321 individuals) than in areas without CBM (33 individuals).
For Podocnemis sextuberculata, abundance was higher in areas with CBM (14
individuals/1,000 m?2 netting/12 hours) than in areas without (2
individuals/1,000 m?2 netting/12 hours), and turtle biomass was also greater (with
CBM: 20 kg/1,000 m? netting/12 hours; without CBM: 3 kg/1,000 m? netting/12
hours). The fishing agreement that formed the CBM programme had been in place
for 20-30 years. While 13 communities in the area were a part of the fishing
agreement, only two implemented the agreement. Turtle numbers were sampled
at 14 sites (7 with CBM; 7 without CBM) in August-October 2009 using gill nets
(15 nets/site; 215 m2 nets; 3 each of 5 mesh sizes) with help from local fishers.
(1) Miorando P.S., Rebélo G.H., Pignati M.T. & Brito Pezzuti ]J.C. (2013) Effects of community-

based management on Amazon river turtles: a case study of Podocnemis sextuberculata in
the lower Amazon floodplain, Para, Brazil. Chelonian Conservation and Biology, 12, 143-150.

6.10. Deploy fishing gear at different depths

e Three studies evaluated the effects of deploying fishing gear at different depths on
reptile populations. One study was in each of Canada', off the coast of Mexico? and the
Atlantic3.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One replicated, randomized, paired study in Canada’ found that no
turtles died in floated nets, but some died in submerged nets.

e Condition (1 study): One replicated, randomized, paired study in Canada® found that
turtles caught in floated nets were less at risk of drowning than those caught in
submerged nets.

BEHAVIOUR (0 STUDIES)
OTHER (3 STUDIES)

e Unwanted catch (3 studies): Two of three studies (including two replicated studies) in
Canada', Mexico? and the Atlantic® found that bottom-set fishing nets with fewer buoys
caught fewer sea turtles than standard nets? or that fewer loggerhead turtles were caught
when longline hooks were set below 22 m deep, but the number of leatherback turtles
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caught was unaffected by hook depth3. The other study' found that floated and
submerged nets caught a similar number of turtle species.

Background

Deploying fishing gear at different depths may reduce interactions with aquatic
reptiles and subsequent entanglements and unwanted catch (‘bycatch’). For
example, nets may be partially submerged and allow access to the surface, or lines
may be set at depths outside of the foraging range of key species. However, the
feasibility of this intervention will depend on the type of fishery and the ecology
of the target species.

See also: Modify fishing gear to reduce mortality in the event of unwanted catch.

A replicated, randomized, paired study in 2009-2010 in a freshwater lake in
Ontario, Canada (1) found that using floated nets did not reduce levels of
unwanted catch but did reduce drowning risk (measured using blood lactate
levels) and mortality in turtles caught in fyke nets. Turtle catch rates and species
composition were similar between floated (0.06 turtles/hour, 35 individuals) and
submerged nets (0.10 turtles/hour, 48 individuals). Blood lactate levels (a
measure of drowning risk) were reduced in turtles tested in floated nets (1.3-3.5
mmol/L) compared to submerged nets (13.2-16.4 mmol/L). Turtle mortality only
occurred in submerged nets (3 individuals, no statistical tests were carried out).
Species composition was similar between net types (data presented as statistical
model outputs). Turtle species caught included painted turtles Chrysemys picta,
eastern musk turtles Sternotherus odoratus, northern map turtles Graptemys
geographica, and common snapping turtle Chelydra serpentina. Target fish catch
rates were similar between floated (2.5 fish/hour) and submerged nets (3.1
fish/hour). In August 2009, experimental tests of blood lactate and pH levels of
turtles placed in submerged, floated and semi-submerged nets were carried out
initially to test whether turtles used air spaces provided by elevating nets in the
water (9-10 trials/net, see original paper for details). In April-June 2010,
submerged nets (without floats) and nets with floats were deployed in pairs (two
submerged nets deployed within 15 m of two floated nets) for 8-48 hours in 30
locations (1-2 m deep). Blood samples were taken from all turtles and the number
caught (including mortalities) was recorded.

A controlled study in 2007-2009 on the sea floor in Baja California Sur, Mexico
(2) found that reducing the number of buoys attached to bottom-set fishing nets
reduced unwanted catch of sea turtles. Reduced-buoy nets caught fewer sea
turtles (0.06 turtles/100 m of net/day) compared to standard nets (0.19
turtles/100 m of net/day). Unwanted catch included loggerhead Caretta caretta,
green turtle Chelonia mydas and olive ridley turtles Lepidochelys olivacea. Average
catch of target fish species was similar in both net types (reduced-buoy: 10;
standard: 12 kg/100 m of net/day) although the market value of target fish was
lower in reduced-buoy nets ($18/trip) compared to standard nets ($25/trip).
Reduced buoy nets (1 buoy/8.5 m net) and standard nets (1 buoy/1.7 m net; both
net types were 111-120 m long and 4-6 m high) were deployed in pairs for 21-25
hours at a time during summer 2007 (40 deployments), 2008 (40 deployments)
and 2009 (96 deployments). The market value of target catch species was
calculated based on the catch composition.



129

A replicated study in 1992-2015 in pelagic longline fisheries in the Atlantic

(3) found that longlines with deeper hooks caught fewer loggerhead turtles

Caretta caretta, but bycatch of leatherbacks Dermochelys coriacea was not affected

by hook depth. The chance of catching loggerheads was lower when hooks were

around 22 m deep or more (data presented as statistical model results), but
leatherback catch was unaffected by hook depth. Maximum hook depth was
calculated by adding up the length of the floatline, branchline and dropline. Pelagic

Observer Program data from (1992-2015) was used to determine the number of

turtles caught/1,000 hooks. Variation in practices relating to hook depth was used

to test its effect on bycatch.

(1) Larocque S.M., Cooke S.J. & Blouin-Demers G. (2012) A breath of fresh air: avoiding anoxia
and mortality of freshwater turtles in fyke nets by the use of floats. Aquatic Conservation:
Marine and Freshwater Ecosystems, 22, 198-205.

(2) Peckham S.H., Lucero-Romero J., Maldonado-Diaz D., Rodriguez-Sanchez A., Senko ].,
Wojakowski M. & Gaos A. (2016) Buoyless nets reduce sea turtle bycatch in coastal net
fisheries. Conservation Letters, 9, 114-121.

(3) Swimmer Y., Gutierrez A., Bigelow K., Barcel6 C., Schroeder B., Keene K., Shattenkirk K. &
Foster D.G. (2017) Sea turtle bycatch mitigation in U.S. longline fisheries. Frontiers in Marine
Science, 4, 260.

Capacity controls

6.11. Set commercial catch quotas

e We found no studies that evaluated the effects on reptile populations of setting
commercial catch quotas.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Commercial fishing and harvest quotas (such as ‘“Total Allowable Catch’) are a
means by which many governments and local regulatory bodies regulate
biological resources i.e. species stocks. Setting catch quotas for specific fisheries
(for instance cod), can potentially reduce the pressure on other species not
targeted by the fishery but commonly affected or caught during fishing operations.

See also: Set unwanted catch quotas.

6.12. Set unwanted catch quotas

e One study evaluated the effects of setting unwanted catch quotas on reptile populations.
This study was in the USA?.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)



130

e Survival (1 study): One study in the USA' found that following the re-opening of a
swordfish long-line fishery with turtle catch limits in place, loggerhead turtle bycatch
reached the annual catch limit in two of three years, and when the limit was reached the
fishery was closed for the rest of the year.

BEHAVIOUR (0 STUDIES)

Background

Fishing can impact reptiles by catching individuals unintentionally or causing
injury or death through entanglements in fishing gear. Unwanted catch (‘bycatch’)
quotas are used to set catch limits for unwanted species. When the quota for a
particular species is reached, the fishery may be closed to all forms of fishing likely
to catch that species. This may reduce the pressure on populations of reptiles that
are caught accidentally and allow time for populations to recover.

See also: Set commercial catch quotas.

A study in 2005-2007 in pelagic waters north of Hawaii, USA (1) found that
after an annual unwanted catch quota was established for loggerhead turtles
Caretta caretta in a swordfish Xiphias gladius shallow-set longline fishery, turtle
catch reached the limit in the second year after the fishery re-opened with catch
limits, but was lower in the first and third year. Results were not statistically
tested. In the first year after the fishery re-opened with a turtle catch limit, nine
loggerhead turtles (0.004-0.049 turtles/1,000 hooks) were caught, but in the
second year the catch limit of 17 turtles (0.013-0.044 turtles/1000 hooks) was
reached and the fishery was closed for the rest of the year. In the third year, 12
turtles were caught (0.0-0.028 turtles/1,000 hooks). In late 2004, the fishery re-
opened after a two-year shut down due the high number of loggerhead turtle catch
levels. After re-opening, a catch limit of 17 turtles/year was established, after
which the fishery would close for the rest of the year. In January-March 2005-
2007, line deployments (2005: 520; 2006: 842; 2007: 797), hooks put out (2005:
429,580; 2006: 670,914; 2007: 689,486), and loggerhead turtle interactions were
monitored. In January-March 2007, fishers were also provided daily information
in electronic and paper format from a ‘“TurtleWatch’ tool that recommended areas
to avoid to reduce turtle interactions (see original paper).

(1) Howell E.A., Kobayashi D.R., Parker D.M., Balazs G.H. & Polovina ].J. (2008) TurtleWatch: A

tool to aid in the bycatch reduction of loggerhead turtles Caretta caretta in the Hawaii-based
pelagic longline fishery. Endangered Species Research, 5, 267-278.

6.13. Limit the number of fishing vessels or fishing days in
an area
e We found no studies that evaluated the effects on reptile populations of limiting the
number of fishing vessels or fishing days in an area.

'We found no studies' means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
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Limiting the number of fishing vessels or days in which an area can be fished may
reduce the risk of entanglements and unwanted catch (‘bycatch’) of aquatic
reptiles. This may involve the rotation of fishing areas. Careful planning may be
required to ensure that fishing effort is not redirected to other areas with a high
reptile density.

See also: Limit the length of fishing gear or density of traps in an area and Reduce
duration of time fishing gear is in the water.

6.14. Limit the length of fishing gear or density of traps in
an area

o We found no studies that evaluated the effects on reptile populations of limiting the length
of fishing gear or density of traps in an area.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Limiting the length of fishing gear (e.g. ropes, lines, nets) or the number of traps
in an area may reduce the risk of entanglements and unwanted catch(‘bycatch”’) of
aquatic reptiles. This could involve using shorter ropes or lines, or using multiple
pots, traps or nets on each line.

See also: Limit the number of fishing vessels or fishing days in an area and Reduce
duration of time fishing gear is in the water.

6.15. Reduce duration of time fishing gear is in the water

e Two studies evaluated the effects on reptile populations of reducing the duration of time
fishing gear is in the water. One study was in the Gulf of Gabés' (Tunisia) and one was
in the Atlantic and North Pacific2.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One randomized study in the Gulf of Gabés' found that retrieving
longlines immediately resulted in fewer loggerhead turtles dying compared to when line
retrieval was delayed.

BEHAVIOUR (0 STUDIES)
OTHER (2 STUDIES)

e Unwanted catch (2 studies): One randomized study in the Gulf of Gabes' and one
replicated study in the Atlantic and North Pacific2 found that the amount of time that
longlines were in the water for did not affect the number of loggerhead turtles' or
leatherback and loggerhead turtles? caught.

Background
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Reducing the length of time that the gear is left in the water (‘soak time’) reduces
the opportunity for aquatic reptiles to become entangled in fishing gear. It may
also reduce mortality rates, because when reptiles become entangled they are
unable to reach the surface to replenish oxygen levels and so may drown.

See also: Limit the number of fishing vessels or fishing days in an area and Limit the
length of fishing gear or density of traps in an area.

A randomized study in 2007-2008 on the sea bottom in the Gulf of Gabeés,
Tunisia (1) found that reducing the time longlines were in the water did not reduce
the rate of unwanted catch of loggerhead turtles Caretta caretta in a bottom
longline fishery, but did reduce the mortality rate of turtles caught. A similar
number of turtles were caught when lines were retrieved immediately (immediate
retrieval: 0.18 turtles/1,000 hooks) or left in the water for longer periods (1-2
hour soak: 0.34 turtles/1,000 hooks; >2 hours soak: 0.49 turtles/1,000 hooks; 16
turtles in total). Mortality rates of turtles caught accidentally were lower when
bottom longlines were retrieved immediately (0/3 turtles died) compared to
when longlines were retrieved after 1-2 hours (2/6 turtles died) or after more
than 2 hours (5/7 turtles died). Turtle data was collected by onboard observers in
38 bottom longline deployments during 20 randomly selected fishing trips (1-3
deployments/trip) in July-September 2007-2008. Longline deployments
consisted of a 10-12 km longline anchored to the seabed with 1 m long
branchlines with hooks (48,020 total hooks deployed). Frozen Sardinella
Sardinella aurita or common cuttlefish Sepia officinalis were used as bait. Longline
deployments took place at any time of day and lines were retrieved either
immediately, after 1-2 hours, or after >2 hours.

A replicated study in 1992-2015 in pelagic longline fisheries in the Atlantic
and North Pacific (2) found that the amount of time longlines were in the water
did not affect that number of leatherback Dermochelys coriacea and loggerhead
Caretta caretta turtles caught as bycatch. The amount of time lines were in the
water did not affect the chance of catching turtles (data presented as statistical
model results) over the range of durations surveyed (around 8-12 hours).
Duration was measured as the time between the line being set and when it was
hauled in and varied between around 8-12 hours. Pelagic Observer Program data
from (1992-2015) was used to determine the number of turtles caught/1,000
hooks, and variation in the amount of time lines were deployed for was used to
test its effect on bycatch.

(1) Echwikhi K, Jribi I., Bradai M.N. & Bouain A. (2012) Interactions of loggerhead turtle with
bottom longline fishery in the Gulf of Gabes, Tunisia. Journal of the Marine Biological
Association of the United Kingdom, 92, 853-858.

(2) Swimmer Y., Gutierrez A., Bigelow K., Barcel6 C., Schroeder B., Keene K., Shattenkirk K. &

Foster D.G. (2017) Sea turtle bycatch mitigation in U.S. longline fisheries. Frontiers in Marine
Science, 4, 260.
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Modify fishing gear and practices

6.16. Use visual deterrents on fishing gear

e Two studies evaluated the effects of using visual deterrents on fishing gear on reptile
populations. One study was off the coast of Mexico! and one was in the USAZ,

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (1 STUDY)

e Behaviour change (1 study): One replicated, controlled study in the USA? found that
shark-shaped and spherical deterrents had mixed effects on a range of captive
loggerhead turtle behaviours.

OTHER (1 STUDY)

e Unwanted catch: (1 study): One replicated, controlled study off the coast of Mexico'
found that gillnets with floating shark shapes attached to them caught fewer green turtles
than unmodified nets.

Background

Reptiles, particularly sea turtles, use visual cues as part of their foraging behaviour
(Wang et al. 2009). Taking advantage of this reliance on visual cues by using visual
deterrents, such as shark shapes, could be a way to discourage turtle interactions
with fishing gear.

See also: Add lights to fishing gear.

Wang |, Fisler S. & Swimmer Y. (2009) Developing visual deterrents to reduce sea turtle bycatch:
testing shark shapes and net illumination. Proceedings — Proceedings of the technical workshop
on mitigating sea turtle bycatch in coastal net fisheries, Honolulu, USA, 49-50.

A replicated, controlled study in 2006-2009 in surface waters of a coastal
lagoon and on the sea floor in the Baja California peninsula, Mexico (1) found that
attaching floating shark shapes to gillnets reduced unwanted catch of green turtles
Chelonia mydas. Shark shapes attached to nets reduced the catch of green turtles
by 54% (6 turtles/12 h soak of 100 m net) compared to unmodified nets (12
turtles/12 h soak of 100 m net). Commercially-targeted fish catch was reduced in
nets with shark shapes (6 fish/12 h soak of 200 m net) compared to unmodified
nets (11 fish/12 h soak of 200 m net). Dark-painted cut-out shark shapes were
weighted and attached every 10 m to gillnets. Shark nets were deployed in pairs
with unmodified nets < 1 km away. In total, 14 trials were placed at the surface to
test sea turtle catch (60-95 m gillnets, July 2006, May-September 2007-2008)
and 22 trials were carried out to test fish catch rates on commercial fishing vessels
in a bottom-set gillnet fishery (200-400 m nets set 200 m apart at 10-30 m depths,
May-September 2009). All nets were deployed in daylight.

A replicated, controlled study (year not given) in laboratory conditions in
Texas, USA (2) found that shark-shaped and spherical deterrents did not deter
captive-reared loggerhead turtles Caretta caretta from biting squid bait, but that
shark models resulted in changes in four out of five behaviours prior to biting
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compared to when spheres or no deterrent was used. The number of trials in
which turtles did not bite the squid was similar across treatments (shark model:
11%; sphere: 9%; no deterrent: 3%). Turtles took longer to bite the squid in the
presence of the shark model compared to no deterrent (shark model: 5 minutes;
no deterrent: 2 minutes), but the time was statistically similar to when the sphere
was used (2 minutes). Turtles approached the squid fewer times in the presence
of the shark model (10 times/15 minutes) compared to the sphere (13 times) and
no deterrent (16 times). Time spent away from the bait and the number of
carapace turns were also affected by the deterrent, but the number of breaths
taken was not (see paper for details). Forty-two captive-reared turtles (30-33
months old) were individually presented with either a shark model (91 cm long)
with squid bait, a sphere (28 cm diameter) with squid bait or just a squid in three
separate trials (1 turtle/trial). Turtles had a gap of three weeks between each trial
and were fasted for three days before the trial started. Trials were conducted in a
fibreglass tank (90 x 74 x 406 cm) with a water depth of 59 cm. Trials (15 minute
acclimation and 15 minute trial) were video recorded, and the six behaviours were
measured.

(1) Wang].H,, Fisler S. & Swimmer Y. (2010) Developing visual deterrents to reduce sea turtle
bycatch in gill net fisheries. Marine Ecology Progress Series, 408, 241-250.

(2) Bostwick A., Higgins B.M., Landry Jr AM. & McCracken M.L. (2014) Novel use of a shark
model to elicit innate behavioral responses in sea turtles: Application to bycatch reduction
in commercial fisheries. Chelonian Conservation and Biology, 13, 237-246.

6.17. Add lights to fishing gear

e Five studies evaluated the effects of adding lights to fishing gear on reptile populations.
Two studies were in the Baja California peninsula'a.® (Mexico) and one was in each of
Sechura Bay? (Peru), the Atlantic and North Pacific? and the Adriatic Sea*.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One randomized, controlled, paired study in the Adriatic Sea* found
that no loggerhead turtles were caught and died in in gillnets with UV lights whereas
some did in nets without lights.

BEHAVIOUR (0 STUDIES)
OTHER (5 STUDIES)

e Unwanted catch (5 studies): Four controlled studies (including three replicated and two
paired studies) in the Baja California peninsula'@.®, Sechura Bay? and the Adriatic Sea*
found that gillnets with LED lights'a2, light sticks' or UV lights* caught fewer green
turtles'ab.2 and loggerhead turtles* than nets without lights. One replicated study in the
Atlantic and North Pacific® found mixed effects of increasing the number of light sticks
on longlines on the chance of catching loggerhead and leatherback turtles.

Background

Reptiles, particularly sea turtles, use visual cues as part of their foraging behaviour
(Wang et al. 2009). Taking advantage of this reliance on visual cues by adding
lights to fishing gear could be a way to reduce turtle interactions with fishing gear.
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See also: Use visual deterrents on fishing gear.

Wang |, Fisler S. & Swimmer Y. (2009) Developing visual deterrents to reduce sea turtle bycatch:
testing shark shapes and net illumination. Proceedings — Proceedings of the technical workshop
on mitigating sea turtle bycatch in coastal net fisheries, Honolulu, USA, 49-50.

A replicated, controlled study in 2006-2009 in surface waters of a coastal
lagoon and on the sea floor in the Baja California peninsula, Mexico (1a) found that
attaching LED lights to gillnets reduced unwanted catch of green turtles Chelonia
mydas. LED-lit nets reduced turtle catch by 40% (7 turtles/12 h x 100 m net)
compared to unmodified nets (12 turtles/12 h x 100 m net). Catch of commercially
targeted fish was similar in LED-lit nets (11 fish/12h x 200 m net) compared to
unmodified nets (11 fish/12 h x 200 m net). Green LEDs were attached every 10
m to the float line of gillnets. LED-lit gillnets were deployed in pairs < 1 km away
from nets that had inactive LEDs attached (unmodified nets). In total, 15 trials
were carried out at surface level to test sea turtle catch (60-95 m gillnets, July
2006, May-September 2007-2008) and 23 trials were carried out to test fish catch
rates on commercial fishing vessels in a bottom-set gillnet fishery (200-400 m
gillnets set 200 m apart at 10-30 m depths, May-September 2009). All nets were
deployed in the dark.

A replicated, controlled study in 2006-2009 in surface waters of a coastal
lagoon and on the sea floor in the Baja California peninsula, Mexico (1b) found that
attaching chemical light sticks to gillnets reduced unwanted catch of green turtles
Chelonia mydas. Light stick-lit nets reduced turtle catch by 59% (8 turtles/12 h x
100 m net) compared to unmodified nets (19 turtles/12 h x 100 m net). Catch of
commercially targeted fish was similar in light stick-lit nets (12 fish/12h x 200 m
net) compared to unmodified nets (13 fish/12 h x 200 m net). Green
chemiluminescent light sticks (15 cm) were attached every 5 m to the float line of
gillnets. llluminated nets were deployed in pairs < 1 km away from gillnets that
had inactive light sticks attached (unmodified nets). In total, six trials were carried
out at surface level to test sea turtle catch (60-95 m gillnets, July 2006, May-
September 2007-2008and 17 trials were carried out to test fish catch rates on
commercial fishing vessels in a bottom-set gillnet fishery (200-400 m gillnets set
200 m apart at 10-30 m depths, May-September 2009). All nets were deployed in
the dark.

Areplicated, controlled, paired study in 2011-2013 on the seafloor in Sechura
Bay, northern Peru (2) found that LED net illuminators reduced unwanted catch
of green turtles Chelonia mydas in a bottom-set gillnet fishery. Green turtle bycatch
was reduced using illuminated nets (0.5 individuals/km/day) compared to unlit
nets (1.4). Commercially-targeted fish species catch was not affected by LED
lighting (illuminated: 10.4 individual fish/km/day, unlit: 10.6). Eleven vessels
were equipped with a pair of bottom-set gillnets (56.4 x 2.8 m), one without
illumination and the other with green LED lights every 10 m along the float line.
Boats set lines for a total of 114 overnight deployments. Pairs of nets were
separated by 200 m to avoid lighting the control nets. The catch of sea turtles was
recorded on board.

A replicated study in 1992-2015 in pelagic longline fisheries in the Atlantic
and North Pacific (3) found that using more light sticks on longlines resulted in a
higher chance of catching loggerhead turtles Caretta caretta but had no impact on
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leatherbacks Dermochelys coriacea (data reported as statistical model results).
Pelagic Observer Program data from (1992-2015) was used to determine the
number of turtles caught/1,000 hooks, and variation in the number of light
sticks/hook (average of 0.4-0.9 sticks/hook) was used to test its effect on bycatch.

Arandomized, controlled, paired study in 2015-2016 in sandy-muddy bottom
habitat in the north Adriatic Sea, central Mediterranean Sea (4) found that using
UV lights on bottom-set gillnets led to fewer loggerhead turtles Caretta caretta
being caught. No statistical tests were carried out. No turtles were caught in lit
gillnets, compared to 16 individuals in unlit gillnets (1 turtle/1,000 m net
length/12 h). Five turtles died after being caught. Catch rates of commercially-
targeted fish were similar between lit nets (15 individuals/1,000 m net length /12
h; 17 kg catch/1,000 m net length/12 hours) and unlit nets (14 individuals/1,000
m net length/12 hours soaking time; 17 kg catch/1,000 m net length/12 hours
soak time). Data were collected in June-July 2015-2016 during 18 fishing trials.
Fishing gear included bottom-set gillnets (average depth of deployment: 54 m)
comprising connected netting panels (mesh size: 140 mm, panel length: 100 m, 3
m stretched drop). UV LED lights were positioned 15 m apart along the top line
(‘floatline’) of some of the net panels (70 lights/km). Lit (3 km average net length)
and unlit panels (1 km average net length) were randomly distributed along each
net. A gap of 150 m was left between lit and unlit panels. Nets deployed from a
single fishing vessel (18:00-06:00 h; average soak time: 15 hours). Catch of target,
discard and unwanted species was monitored.

(1) Wang].H,, Fisler S. & Swimmer Y. (2010) Developing visual deterrents to reduce sea turtle
bycatch in gill net fisheries. Marine Ecology Progress Series, 408, 241-250.

(2) Ortiz N., Mangel ].C., Wang ]., Alfaro-Shigueto J., Pingo S., Jimenez A. & Godley B.]. (2016)
Reducing green turtle bycatch in small-scale fisheries using illuminated gillnets: the cost of
saving a sea turtle. Marine Ecology Progress Series, 545, 251-259.

(3) Swimmer Y., Gutierrez A., Bigelow K., Barcel6 C., Schroeder B., Keene K., Shattenkirk K. &
Foster D.G. (2017) Sea turtle bycatch mitigation in U.S. longline fisheries. Frontiers in Marine
Science, 4, 260.

(4) Virgili M., Vasapollo C. & Lucchetti A. (2018) Can ultraviolet illumination reduce sea turtle
bycatch in Mediterranean set net fisheries? Fisheries Research, 199, 1-7.

6.18. Retain buoys and lines at the sea floor or riverbed
when not hauling

e We found no studies that evaluated the effects on reptile populations of retaining buoys
and lines at the sea floor or riverbed when not hauling.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Retaining buoys and lines at the sea floor or riverbed when not hauling may
reduce the risk of marine and freshwater reptiles becoming entangled in vertical
lines within the water column. Buoy lines may be kept coiled on the fishing pot or
trap until they are remotely released to the surface by fishers for hauling (e.g.

Partan & Ball 2016). Automatic or timed-release systems may also be used.
Partan ]. & Ball K. (2016) Rope-less fishing technology development. Project 5 Final Report,
Consortium for Wildlife Bycatch Reduction.
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6.19. Retain offal on fishing vessels instead of discarding
overboard

o We found no studies that evaluated the effects on reptile populations of retaining offal
on fishing vessels instead of discarding overboard.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Many fishing boats prepare fish onboard, after catching them, in order to maximise
the catch that can be stored. The offal (waste) is then normally discarded
overboard. Discarding offal overboard during fishing may attract aquatic reptiles
and increase the risk of entanglement or capture in gear. Retaining offal on board
or disposing of offal at locations and times away from fishing operations may
reduce this risk.

6.20. Set gillnets perpendicular to the shore

e We found no studies that evaluated the effects on reptile populations of setting gillnets
perpendicular to the shore.

'We found no studies' means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Gillnets hang in the water at various depths and may entangle reptiles. Setting
gillnets perpendicular to the shoreline may reduce the chance of entanglement
with reptiles (especially sea turtles) that are approaching the beach to nest or
returning to the ocean following nesting or hatching.

6.21. Promote knowledge exchange between fishers to
improve good practice

e One study evaluated the effects on reptile populations of promoting knowledge
exchange between fishers to improve good practice. This study was in the USA'.

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One before-and-after study in the USA" found that following the
introduction of a tool to help facilitate knowledge exchange and the avoidance of
loggerhead turtles, loggerhead turtle bycatch was similar compared to the two years
before the tool was introduced.

BEHAVIOUR (0 STUDIES)
OTHER (1 STUDY)
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Human behaviour change (1 study): One before-and-after study in the USA" found that
following the introduction of a tool to help facilitate avoidance of loggerhead turtles, fishers
did not spend less time fishing in the areas recommended for avoidance by the tool.

Background

Fishers commonly share information through social relationships, and this may
lead to increased fishing success (Turner et al. 2014). However, knowledge
exchange between fishers could also be used as a tool to help promote sustainable
practices, particularly if the central fishers in information-sharing networks can
be identified and co-opted to assist managers in the spreading of conservation

information (Mbaru & Barnes 2017).

Mbaru E.K. & Barnes M.L. (2017) Key players in conservation diffusion: Using social network
analysis to identify critical injection points. Biological Conservation, 210, 222-232.

Turner R.A., Polunin N.V.C. & Stead S.M. (2014) Social networks and fishers' behavior: Exploring
the links between information flow and fishing success in the Northumberland lobster fishery.
Ecology and Society, 19, 38.

A before-and-after study in 2005-2007 in pelagic waters north of Hawaii, USA
(1) found that a tool (‘TurtleWatch’) created to facilitate knowledge exchange and
the avoidance of loggerhead turtle Caretta caretta interactions with a swordfish
Xiphias gladius shallow-set longline fishery, did not reduce turtle catch, and fishers
did not spend less time fishing in areas recommended for avoidance by the tool.
Results were not statistically tested. After the tool was deployed, 0-0.03
loggerhead turtles/1000 hooks (12 total turtles) were caught compared to 0.01-
0.04 loggerhead turtles/1000 hooks (17 total turtles) in the previous year and 0-
0.05 turtles/1000 hooks (9 total turtles) two years earlier. Fishers did not remain
south of the fishing boundary line recommended by the tool, instead the whole
fishery moved further north than previously and remained north for a longer time
than in the two preceding years (see paper for details). ‘TurtleWatch’ combined
historical fishing, environmental and turtle behavioural data to recommend areas
to avoid fishing. In January-March 2007, information from the tool was
disseminated daily in electronic and paper format to industry professionals and
fishers. The fishery also had a legal catch limit of 17 turtles/year, after which
fishery closures were imposed. In January-March 2005-2007, line deployments
(2005: 520 deployments; 2006: 842; 2007: 797), number of hooks put out (2005:
429,580 hooks; 2006:670,914; 2007: 689,486), and loggerhead turtle interactions
were monitored.
(1) Howell E.A., Kobayashi D.R., Parker D.M., Balazs G.H. & Polovina ].]. (2008) TurtleWatch: A

tool to aid in the bycatch reduction of loggerhead turtles Caretta caretta in the Hawaii-based
pelagic longline fishery. Endangered Species Research, 5, 267-278.

Hooks, lines, nets and traps

6.22. Use circle hooks instead of J-hooks

e Eleven studies evaluated the effects of using circle hooks instead of J-hooks on reptile
populations. Five studies were in the Atlantic15689, three were in the Pacific27.10 and
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one study was in each of the Mediterranean4, the Atlantic and North Pacific!' and the
western North Atlantic, Azores, Gulf of Mexico and Ecuador?.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (3 STUDIES)

e Survival (3 studies): Two studies (including one replicated, controlled, paired study) off
the coast of Hawaii2 and in the north-east Atlantic Ocean® found that survival of
loggerhead and leatherback turtles? and leatherback and hard-shell sea turtles® caught
by circle hooks or J-hooks was similar. One review of studies in five pelagic longline
fisheries3 found that fewer sea turtles died when circle hooks were used compared to J-
hooks in four of five fisheries.

e Condition (3 studies): Two replicated, controlled studies in the Mediterranean Sea* and
south-western Atlantic Ocean® found that fewer immature loggerhead turtles* and
loggerhead turtles® swallowed circle hooks compared to J-hooks. One before-and-after
study off the coast of Hawaii?2 found that a lower percentage of loggerhead and
leatherback turtles were deeply hooked by circle hooks compared to J-hooks.

BEHAVIOUR (0 STUDIES)
OTHER (11 STUDIES)

e Unwanted catch (11 studies): Seven of 10 studies (including six replicated, controlled
studies) in the Pacific27.10, Atlantic'56.89  Atlantic and North Pacific'! and Mediterranean4
and one review of studies in five pelagic longline fisheries?® found that circle hooks or
circle hooks and tuna hooks'0 caught fewer sea turtles than J-hooks!#457.10.11 or that
non-offset G-style circle hooks caught fewer leatherback and hard-shell sea turtles that
offset J-Hooks®. One of these studies® also found that circle hooks caught slightly larger
loggerhead turtles than J-hooks, and one?® also found that offset Gt-style circle hooks
caught a similar number of leatherback and hard-shell sea turtles compared to offset J-
hooks. One study® found that circle hooks caught a similar number of leatherback, green
and olive ridley turtles compared to J-hooks. One study? found that fish-baited circle
hooks caught fewer loggerhead and leatherback turtles than squid-baited J-hooks. The
review3 found mixed effects of using circle hooks compared to J-hooks on unwanted
catch of sea turtles depending on the fishery. The other study® found mixed effects of
using circle hooks or J-hooks in combination with squid or fish bait on the number of
loggerhead and leatherback turtles that were caught.

Background

Sea turtles are vulnerable to being hooked in the mouth or swallowing hooks on
longline fishing hooks when foraging for bait attached to the hooks. They may also
be hooked in the body or become entangled in the longlines when swimming in
the vicinity of lines that have been set.

Three main types of fishing hooks are typically used in longline fisheries: J-hooks,
tuna hooks, and circle hooks. J-hooks are shaped like a J’, with the hook point
parallel to the hook shaft. Circle hooks are more rounded than ]J-hooks with the
hook point turned in so that it is at right-angles to the hook shaft (FAO 2009). Tuna
hooks are shaped in between a ]J-hook and a circle hook.

Using circle hooks may reduce unwanted catch compared to J-hooks because they
are wider and so may be less likely to fit into a turtle’s mouth. They may also
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reduce the incidences of turtles swallowing hooks, thereby increasing the chances
of turtles surviving after being caught and released (Ryder et al. 2006).

This action includes studies that discuss comparisons between different types of
circle hook with different types of J]-hook. See Use non-offset hooks, Use non-ringed
hooks, and Use larger hooks for studies that specifically test these variations in

hook design. See also Modify number of hooks between floats on longlines.

FAO (2009) Guidelines to reduce sea turtle mortality in fishing operations. FAO Fisheries
Department, Rome.

Ryder C.E., Conant T.A. & Schroeder B.A. (2006) Report of the workshop on marine turtle longline
post-interaction mortality. NOAA Technical Memorandum NMFS-OPR-29.

A replicated, controlled study in 2002 in pelagic waters in the north-western
Atlantic Ocean (1) found that using 18/0 circle hooks with squid Illex spp. or
mackerel Scomber scombrus bait instead of J-hooks reduced unwanted catch of sea
turtles in a tuna and swordfish Xiphias gladius longline fishery. Mackerel-baited
circle hooks reduced loggerhead Caretta caretta catch by 90% (0.04 turtles/1,000
hooks), squid-baited circle hooks by 86% (0.05 turtles/1,000 hooks), and
mackerel-baited J-hooks by 71% (0.13 turtles/1,000 hooks) compared to when
squid-baited J-hooks were used (0.5 turtles/1,000 hooks). Mackerel-baited circle
hooks reduced leatherback turtle Dermochelys coriacea catch by 65% (0.15
turtles/1,000 hooks), squid-baited circle hooks by 57% (0.21 turtles/1,000
hooks), mackerel-baited J-hooks by 66% (0.15 turtles/1,000 hooks) compared to
squid-baited J-hooks (0.50 turtles/1,000 hooks). Most (55 of 80) loggerheads
caught swallowed J-hooks, while few swallowed circle hooks (3 of 11, results were
not statistically tested). No leatherback turtles swallowed either hook type. Five
hook/bait combinations were trialled: 0° offset 18/0 circle hooks with 150-300 g
squid bait; 10° offset 18/0 circle hooks with squid bait; 20°-25° offset 9/0 J-hooks
with 200-500 g mackerel bait; 10° offset 18/0 circle hooks with mackerel bait;
and 20°-25° offset 9/0 J-hooks with squid bait (standard in the fishery). Thirteen
vessels made 489 deployments, fishing a total of 427,382 hooks (71,000
hooks/bait for each of the four new combinations and 142,000 hooks for the
standard combination). On-board observers collected catch data.

A before-and-after study in 1994-2006 in pelagic waters off the coast of
Hawaii, USA (2) found that fish-baited circle hooks reduced unwanted catch of sea
turtles compared to squid-baited J-hooks in a swordfish Xiphias gladius longline
fishery. Capture rates of leatherback Dermochelys coriacea reduced by 83% (0.006
turtles/1,000 hooks) and loggerhead Caretta caretta turtles by 90% (0.012
turtles/1,000 hooks) when fish-baited circle hooks were used compared to squid-
baited J]-hooks (leatherback: 0.03 turtles/1,000 hooks, loggerhead: 0.13
turtles/1,000 hooks). Mortality rates were similar whether circle (35 of 35 turtles
survived) or J-hooks (180 of 182 survived) were used. Fewer turtles were deeply
hooked when circle hooks were used (leatherback: 0%, hard-shell: 22%)
compared to J-hooks (10%, 60%). Target swordfish catch increased by 16% after
circle hooks were introduced, but tuna (Scombridae spp.), mahi mahi Coryphaena
spp., opah Lampris spp. and wahoo Acanthocybium solandri catch reduced by 34-
50% (see paper for details). Catch data from the US National Marine Fisheries
Service observer programme were compared from before and after regulations
were introduced requiring the use of 10° offset 18/0 circle hooks with fish bait in
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a pelagic swordfish longline fishery. Prior to the regulations, 9/0 J-hooks with
squid bait were used. ‘Before’ data used was from 1994-2002 (120 observed trips
of 1,631 sets with 1,282,748 ] hooks deployed) and ‘after’ data was from 2004 -
2006 (164 observed trips of 2,631 sets with 2,150,674 hooks deployed).

A review of studies in 2000-2004 in five pelagic longline fisheries in the
western North Atlantic, Azores, Gulf of Mexico and Ecuador (3) found that using
circle hooks instead of traditional J-hooks reduced overall unwanted catch in three
of five fisheries and mortality rates of sea turtles in four of the fisheries. Unwanted
catch reduced significantly in two of five fisheries and in one of four years in a
third fishery. Sea turtle mortality rates reduced significantly in four of five
fisheries. Switching to circle hooks from J-hooks was considered economically
viable in three of five fisheries, not viable in a fourth (as target catch was reduced
significantly) and the impact was unknown in the fifth. The fisheries were for tuna
Thunnus spp. and mahi mahi Coryphaena hippurus. Experiments comparing use of
circle hooks (offset and non-offset of different sizes, see original paper) with
traditional J-hooks were carried out in 2000-2004 on longline vessels (1-136
vessels/fishery, 48-489 deployments/fishery with 20,570-578,050 hook
deployments/fishery).

A replicated, controlled study in 2005-2007 in pelagic waters in the
Mediterranean Sea, Italy and Tunisia (4) found that circle hooks caught fewer
immature loggerhead turtles Caretta caretta than ]J-hooks in a shallow-set
swordfish Xiphias gladius longline fishery. Unwanted catch of immature sea turtles
was lower when circle hooks (0.4 individuals/1,000 hooks) were used compared
to J-hooks (1.4). Five of 20 turtles swallowed J-hooks, compared to none of six
turtles caught with circle hooks (results were not statistically tested). Catch rates
of commercially targeted swordfish were similar between hook types (circle: 13
individuals/1,000 hooks, J: 15). Catch rates of 10° offset 16/0 circle hooks (2.7 cm
gape width) were compared with traditional 20° offset size 2 J-hooks (2.6 cm gape
width). Seven experimental trips were conducted using a single commercial
fishing boat, totalling 30 fishing sets in July-October 2005-2007. Circle and J-
hooks were alternated along the mainline (30,000 total hooks, 50% of each type).

A replicated, controlled study in 2004-2008 in pelagic waters in the south-
western Atlantic Ocean in Brazil (5) found that using circle hooks reduced
unwanted catch of sea turtles compared to J-hooks in a longline fishery. Unwanted
catch of loggerhead Caretta caretta and leatherback Dermochelys coriacea were
reduced when circle hooks were used (loggerhead: 0.8 turtles/1,000 hooks,
leatherback: 0.7) compared to J-hooks (loggerhead: 1.9, leatherback: 1.6). Fewer
loggerhead turtles swallowed hooks when circle hooks were used (6%) compared
to J-hooks (25%). However, on average, circle hooks caughtlarger loggerheads (61
cm average carapace length) than J-hooks (58 cm). Catch rates of most target fish
species was increased when circle hooks were used, with the exception of
swordfish Xiphius gladius (see paper for details). Catch rates of 10° offset 18/0
circle hooks (2.8-2.2 cm gape width) were compared to traditional 9/0 0° offset J-
hooks (2.9 cm gape width). Twenty-seven trips totalling 229 fishing trips were
undertaken. A total of 145,828 baited hooks were tested by alternating hooks
along sections of the mainline.
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A replicated, paired, controlled study in 2006-2007 in pelagic waters in the
western equatorial Atlantic Ocean off the coast of Brazil (6) found that using circle
instead of J-hooks in a longline fishery did not reduce unwanted catch of
leatherback turtles Dermochelys coriacea, green turtles Chelonia mydas or olive
ridley turtles Lepidochelys olivacea. Numbers of sea turtles caught with circle
hooks (leatherback: 1.4 turtles/1,000 hooks, green: 1.4, olive ridley: 2.5) was
statistically similar to J-hooks (3.1, 1.7, 1.9). Catch rates of commercially-targeted
bigeye tuna Thunnus obesus increased when circle hooks were used (23 fish/1,000
hooks) compared to J-hooks (17 fish/1,000 hooks). Catch rates of commercially-
targeted sailfish Istiophorus platypterus reduced when circle hooks were used (0.6
fish/1,000 hooks) compared to ] hooks (4.4 fish/1,000 hooks). Catch rates of all
other commercially-targeted species were similar between hook types (see paper
for details). On six fishing trips, three commercial pelagic longline fishing vessels
(24.6-26.9 m long) using similar gear carried out 81 deployments targeting
swordfish Xiphias gladius and bigeye tuna Thunnus obseus (11-15
deployments/trip) in August 2006-January 2007. Circle hooks (size 18/0, 0
offset) and traditional J-style hooks (size 9/0, 10° offset) were alternated along the
mainline (50,170 hooks in total, divided equally between circle and ]-hooks).
Hooks were baited with squid Illex sp. and lit with battery-run light attractants.
Lines were deployed overnight.

A replicated, controlled study in 2004-2010 in Ecuadorean, Panamanian and
Costa Rican fisheries in the eastern Pacific Ocean (7) found that unwanted catch
of sea turtles was reduced when circle hooks were used instead of J-hooks in five
artisanal surface longline fisheries. Unwanted catch of sea turtles was reduced
when circle hooks were used compared to J-hooks in mahi mahi Coryphaena
hippurus fisheries in Ecuador (circle: 1.3-1.6 turtles/1,000 hooks, J: 2.0-2.2) and
Costa Rica (circle: 2.3, J: 2.9) and in combined tuna Thunnus albacares, billfish
(Istiophoridae and Xiphiidae) and shark fisheries in Ecuador (circle: 0.6, J: 1.3),
Costa Rica (circle: 0.4-1.5, ]: 1.3-1.5) and Panama (circle: 0.9, J: 2.0). The effect on
target fish species was mixed; in three comparisons circle hooks increased catch,
in three they reduced catch and in one there was no difference (see original paper
for details). A voluntary program to test use of circle hooks instead of traditional
J-hooks began in the Eastern Pacific Ocean in 2004. Unwanted catch of sea turtles
was compared between circle hooks (sizes: 14/0-18/0) and traditional J-hooks (]J-
style or tuna) in mahi mabhi fisheries (Ecuador: 2 fisheries; Costa Rica: 1 fishery)
and combined tuna, billfish and shark fisheries (Ecuador: 1 fishery; Panama: 1
fishery; Costa Rica: 2 fisheries). Hook sizes, baits, vessels and longline materials
varied between fisheries (see original paper). Hook types were placed alternately
along the long lines. A total of 3,126 longline deployments were made (328,523
total J-hooks; 401,839 total circle hooks).

A controlled study in 2008-2012 in pelagic waters in the Southern Atlantic (8)
found that using circle hooks reduced unwanted catch of loggerhead Caretta
caretta and leatherback Dermochelys coriacea turtles compared to using J-hooks
when using squid Illex spp. instead of fish Scomber spp. bait. When squid was used
as bait, the catch of all turtles was lower when using non-offset circle hooks (0.7
turtles/1,000 hooks) and offset circle hooks (0.6 turtles/1,000 hooks) compared
to J-hooks (1.7 turtles/1,000 hooks). Total turtle catch was similar when mackerel
bait was used (non-offset circle: 0.2 turtles/1,000 hooks; offset circle: 0.2
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turtles/1,000 hooks; ]J-hook: 0.3 turtles/1,000 hooks). This pattern was observed
for both leatherback and loggerhead turtles (see original paper for details).
Overall turtle survival was higher when offset circle hooks were used (49 of 59,
83% of individuals alive) compared to non-offset circle hooks (38 of 72, 53% of
individuals alive) or J-hooks (99 of 155, 64% of individuals alive). This pattern was
observed for loggerhead turtles, but leatherback turtle survival was similar
between hook types (see original paper for details). Three hook types baited with
either squid or mackerel were used alternately on a commercial longline fishing
vessel: traditional J-hook (size: 9/0) and two circle hooks (a non-offset and a 10°
offset, both sized: 17/0; 148,800 total hooks/type). In total 310 longline
deployments (1,440 hooks/deployment; 446,400 total hooks, lines set to 20-50 m
depths) were carried out overnight in October 2008-February 2012. One bait type
was used in each deployment. Turtle catch was monitored by onboard observers.

A replicated, controlled paired study in 2008-2011 in pelagic waters in the
north-east Atlantic Ocean (9) found that changing to non-offset circle hooks from
offset J-hooks in a longline swordfish Xiphias gladius fishery reduced unwanted
catch of sea turtles. Unwanted sea turtle catch was reduced with non-offset G-style
circle hooks (leatherback turtles Dermochelys coriacea: 0.34-0.50 turtles/1,000
hooks; hard-shell turtles (Cheloniidae spp.): 0.07-0.14), but not offset Gt-style
circle hooks (leatherback turtles: 0.73-0.78 turtles/1,000 hooks; hard-shell
turtles: 0.07-0.19), compared to traditional offset J-hooks (leatherback turtles:
0.94-0.99 turtles/1,000 hooks; hard-shell turtles: 0.16-0.35). Mortality and
hooking location of leatherback turtles was similar between hook types (see paper
for details). In August 2008-December 2011, a commercial vessel carried out 202
overnight longline fishing deployments (lines: 55 nm long with 5 branchlines,
deployed 20-50 m deep, lit by green lights). Whole squid (/llex spp.) or mackerel
(Scomber spp.) were used as bait (one type of bait/line deployment). Three hook
styles: 10° offset J-hooks traditionally used in the fishery; non-offset G-style circle
hooks; and 10° offset Gt-style circle hooks were alternated every 70-80 hooks
along the line in a randomized start order (254,520 total hooks deployed with
42,420 of each hook/bait combination). Unwanted catch was counted and
released.

Areplicated study in 2004-2011 in pelagic waters in the Eastern Pacific Ocean
(10) found that using circle hooks or tuna hooks instead of traditional ]J-hooks
reduced the likelihood of olive ridley turtles Lepidochelys olivacea swallowing
hooks in an artisanal surface longline fishery. All results were reported as odds
ratios, see original paper for details. Both circle and tuna hooks were less likely,
and circle hooks least likely to be swallowed overall, by olive ridley turtles
compared to J-hooks. In 2004-2011 incidental sea turtle catch rates of circle hooks
(sizes 12/0-18/0), tuna hooks and traditional J-hooks (see original paper for hook
specifications) were compared by placing hooks in alternative sequence along
longlines (3.5 million total hooks used in 8,996 line deployments). Bait used was
classed as squid (Dosidicus gigas, Illex sp. and Loligo sp.) or fish (Opisthonema spp.,
Scomber japonicus, Auxis spp. and Sardinops sagax) and only deployments using
one type of bait were included in analysis (4,838 of 8,996 line deployments).
Information on hooking location and entanglement of sea turtles was recorded
(1,823 total olive ridley turtles).
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Areplicated, before-and-after study in 1992-2015 in pelagic longline fisheries
in the Atlantic and North Pacific (11) found that using circle hooks on longlines
resulted in less leatherback Dermochelys coriacea and loggerhead Caretta caretta
bycatch compared to when J-hooks were used. The chance of catching turtles on
longlines was lower in the Atlantic when circle hooks were used (leatherback: 0-
6% chance with fish bait (species not provided), 9% with squid bait (species not
provided); loggerhead: 0-5% with fish bait, 11% with squid bait) compared to J-
hooks (leatherback: 13% with fish bait, 20% with squid bait; loggerhead: 9% with
fish bait, 18% with squid bait). The same was true in the Pacific (leatherback -
circle hook: <1% vs. J-hook: 1%; loggerhead: circle hook: 1% with fish, 2% with
squid vs. J-hook: 5% with fish, 13% with squid). Following the introduction of
regulations on bait and hooks, overall bycatch was reduced in both the Atlantic
(leatherback: 40% reduction; loggerhead: 61% reduction) and Pacific
(leatherback: 84% reduction; loggerhead 95% reduction). Fisheries were closed
in 2001 and re-opened with regulations regarding bait (fish or squid) and hook
type (circle or J-hooks) (see paper for details). Pelagic Observer Program data
from before (1992-2001) and after (2004-2015) regulations was used to
determine the number of turtles caught/1,000 hooks.

(1) Watson J.W,, Epperly S.P., Shah AK. & Foster D.G. (2005) Fishing methods to reduce sea
turtle mortality associated with pelagic longlines. Canadian Journal of Fisheries and Aquatic
Sciences, 62,965-981.

(2) Gilman E., Kobayashi D., Swenarton T., Brothers N., Dalzell P. & Kinan-Kelly I. (2007)
Reducing sea turtle interactions in the Hawaii-based longline swordfish fishery. Biological
Conservation, 139, 19-28.

(3) Read AJ.(2007) Do circle hooks reduce the mortality of sea turtles in pelagic longlines? A
review of recent experiments. Biological Conservation, 135, 155-169.

(4) Piovano S., Swimmer Y. & Giacoma C. (2009) Are circle hooks effective in reducing incidental
captures of loggerhead sea turtles in a Mediterranean longline fishery? Aquatic
Conservation: Marine and Freshwater Ecosystems, 19, 779-785.

(5) Sales G, Giffoni B.B., Fiedler F.N., Azevedo V.G., Kotas J.E., Swimmer Y. & Bugoni L. (2010)
Circle hook effectiveness for the mitigation of sea turtle bycatch and capture of target
species in a Brazilian pelagic longline fishery. Aquatic Conservation: Marine and Freshwater
Ecosystems, 20, 428-436.

(6) Pacheco].C, Kerstetter D.W., Hazin F.H., Hazin H., Segundo R.S.S.L., Graves ].E., Carvalho F. &
Travassos P.E. (2011) A comparison of circle hook and ] hook performance in a western
equatorial Atlantic Ocean pelagic longline fishery. Fisheries Research, 107, 39-45.

(7) AndrakaS., Mug M., Hall M., Pons M., Pacheco L., Parrales M., Rendén L., Parga M.L., Mituhasi
T., Segura A, Ortega D., Villagran E., Pérez S., Paz C. de, Siu S., Gadea V., Caicedo |., Zapata L.A,,
Martinez J., Guerrero P., Valqui M. & Vogel N. (2013) Circle hooks: Developing better fishing
practices in the artisanal longline fisheries of the Eastern Pacific Ocean. Biological
Conservation, 160, 214-224.

(8) Santos M.N., Coelho R., Fernandez-Carvalho J. & Amorim S. (2013) Effects of 17/0 circle
hooks and bait on sea turtles bycatch in a Southern Atlantic swordfish longline fishery.
Aquatic Conservation: Marine and Freshwater Ecosystems, 23, 732-744.

(9) Coelho R, Santos M.N., Fernandez-Carvalho J. & Amorim S. (2015) Effects of hook and bait in
a tropical northeast Atlantic pelagic longline fishery: Part I-Incidental sea turtle bycatch.
Fisheries Research, 164, 302-311.

(10) Parga M.L,, Pons M., Andraka S., Rendon L., Mituhasi T., Hall M., Pacheco L., Segura A,
Osmond M. & Vogel N. (2015) Hooking locations in sea turtles incidentally captured by
artisanal longline fisheries in the Eastern Pacific Ocean. Fisheries Research, 164, 231-237.

(11) Swimmer Y., Gutierrez A., Bigelow K., Barcel6 C., Schroeder B., Keene K., Shattenkirk K. &
Foster D.G. (2017) Sea turtle bycatch mitigation in U.S. longline fisheries. Frontiers in Marine
Science, 4, 260.
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6.23. Use non-offset hooks

e Two studies evaluated the effects of using non-offset hooks on reptile populations. One
study was off the Pacific coast of Costa Rica' and one was in the north-east Atlantic?.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One replicated, controlled, paired study in the north-east Atlantic
Ocean? found that mortality of leatherback turtles was similar when caught with non-
offset hooks or offset hooks.

BEHAVIOUR (0 STUDIES)
OTHER (2 STUDIES)

e Unwanted catch (2 studies): One of two replicated, paired studies (including one
controlled study) off the Pacific coast of Costa Rica' and in the north-east Atlantic? found
that non-offset circle hooks caught a similar number of olive ridley and green turtles
compared to offset circle hooks in a shallow-set longline fishery!. The other study? found
that non-offset G-style circle hooks caught fewer leatherback and hard-shell turtles
compared to offset Gt-style circle hooks or offset J-hooks in a longline swordfish fishery.

Background

The hook points on non-offset hooks lie along the same plane as the hook shaft,
whereas the points on offset hooks are bent sideways and out of alignment with
the hook shaft (usually within 25°). As a result, offset hooks may be more likely to
catch turtles in the mouth or on the body than non-off set hooks.

Studies in this action specifically test whether non-offset hooks are more, or less
likely to catch sea turtles than offset hooks. For studies that compare using
different types of circle hooks to different types of J-hooks, see: Use circle hooks
instead of J-hooks.

See Use non-ringed hooks and Use larger hooks for studies that specifically test the
effect of using these variations in hook design. See also See also Modify number of
hooks between floats on longlines.

A replicated, paired study in 2004-2006 in pelagic waters in the Gulf of
Papagayo, Costa Rica (1) found that using non-offset circle hooks did not reduce
unwanted catch rates of sea turtles compared to offset circle hooks in a shallow-
set longline fishery. Catch rates of olive ridley Lepidochelys olivacea and green
Chelonia mydas sea turtles were similar when non-offset circle hooks were used
(olive ridley: 19.1 turtles/1,000 hooks, green: 0.3) compared to offset circle hooks
(18.9, 0.4). Catch rates of commercially-targeted dolphinfish Coryphaena spp.
were similar between hook types (non-offset: 53.1 fish/1,000 hooks, offset: 51.3).
Circle hooks (size: 14/0) with and without a 10° offset point relative to the shaft
of the hook were tested during six fishing trips with 42 shallow-set longline
deployments (33,876 total hooks, 800 hooks/day) in November-March, 2004-
2006. Hook types were alternated along each longline. Humboldt squid Dosidicus
gigas was used as bait (approximately 50 x 50 x 250 mm sized pieces). Lines were
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deployed in the mornings and hauled in after 12 hours. Sea turtle catch was
monitored by onboard observers.

A replicated, controlled, paired study in 2008-2011 in pelagic waters in the
north-east Atlantic Ocean (2) found that using non-offset circle hooks instead of
offset J-hooks in a longline swordfish Xiphias gladius fishery reduced unwanted
catch of sea turtles. Unwanted sea turtle catch was reduced with non-offset G-style
circle hooks (leatherback turtles Dermochelys coriacea: 0.3-0.5 turtles/1,000
hooks; hard-shell sea turtles [Cheloniidae spp.]: 0.1), but not offset Gt-style circle
hooks (leatherback turtles: 0.7-0.8 turtles/1,000 hooks; hard-shell turtles: 0.1-
0.2), compared to traditional offset J-hooks (leatherback turtles: 0.9-1.0
turtles/1,000 hooks; hard-shell turtles: 0.2-0.4). Mortality and hooking location
of leatherback turtles was similar between hook types (see paper for details). In
August 2008-December 2011, a commercial vessel carried out 202 overnight
longline fishing deployments (lines: 55 nm long with 5 branchlines, deployed 20-
50 m deep, lit by green lights). Whole squid (Illex spp.) or mackerel (Scomber spp.)
were used as bait (one type of bait/line deployment). Three hook styles: 10° offset
J-hooks traditionally used in the fishery; non-offset G-style circle hooks; and 10°
offset Gt-style circle hooks were alternated every 70-80 hooks along the line in a
randomized start order (254,520 total hooks deployed with 42,420 of each
hook/bait combination). Unwanted catch was counted and released.

(1) Swimmer Y., Arauz R., Wang |., Suter J., Musyl M., Bolafios A. & Lopez A. (2010) Comparing
the effects of offset and non-offset circle hooks on catch rates of fish and sea turtles in a
shallow longline fishery. Aquatic Conservation: Marine and Freshwater Ecosystems, 20, 445-
451.

(2) Coelho R, Santos M.N., Fernandez-Carvalho J. & Amorim S. (2015) Effects of hook and bait in
a tropical northeast Atlantic pelagic longline fishery: Part I-Incidental sea turtle bycatch.
Fisheries Research, 164, 302-311.

6.24. Use non-ringed hooks

e One study evaluated the effects of using non-ringed hooks on reptile populations. This
study was in the Mediterranean’.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)

e Unwanted catch (1 study): One replicated, paired study in the Mediterranean' found
that when non-ringed circle hooks were used in a swordfish longline fishery fewer
loggerhead turtles were caught compared to when ringed hooks were used.

Background
Ringed hooks are made of two parts: the hook itself which is connected to a
separate ring that attaches to the line. Non-ringed hooks are in one piece that
attaches directly to the line. Ringed hooks tend to be more mobile when
underwater and this added mobility may increase the likelihood of sea turtles
being caught.
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Studies in this action specifically test whether non-ringed hooks are more or less
likely to catch sea turtles than ringed hooks. For studies that compare using
different types of circle hooks to different types of J-hooks, see: Use circle hooks
instead of J-hooks.

See also Use non-offset hooks and Use larger hooks for studies that specifically test
these variations in hook design. See also Modify number of hooks between floats on
longlines.

Areplicated, paired study in 2009-2013 in pelagic waters in the Strait of Sicily
and South Tyrrhenian Sea, central Mediterranean Sea (1) found that fewer
loggerhead turtles Caretta caretta were incidentally caught on non-ringed circle
hooks than ringed circle hooks in a longline fishery targeting swordfish Xiphias
gladius. No loggerhead turtles were caught on non-ringed hooks, compared to six
turtles caught on ringed hooks (statistical analyses not carried out due to small
sample size). Catch rates of target swordfish were lower on non-ringed hooks (7
fish/1,000 hooks) compared to ringed hooks (9 fish/1,000 hooks). Ringed and
non-ringed circle hooks (size: 16/0) with a 10° offset were alternately set along a
mainline in an even ratio from six longline vessels (600-1,100 hooks/vessel). Data
were collected during 65 longline deployments (using 25,400 of each hook type)
in July-September in 2009-2010 and 2012-2013.

(1) Piovano S. & Swimmer Y. (2017) Effects of a hook ring on catch and bycatch in a
Mediterranean swordfish longline fishery: small addition with potentially large
consequences. Aquatic Conservation: Marine and Freshwater Ecosystems, 27, 372-380.

6.25. Use larger hooks

e Two studies evaluated the effects of using larger hooks on reptile populations. One
study was in the USA' and one was in the Eastern Pacific Ocean?.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (1 STUDY)

e Use (1 study): One study in the USA" of captive loggerhead turtles found that turtles
were less likely to attempt to swallow larger circle hooks than smaller ones.

OTHER (1 STUDY)

e Unwanted catch (1 study): One replicated study in the Eastern Pacific Ocean? found
that olive ridley turtles were less likely to be caught by swallowing larger hooks than
smaller ones.

Background

Larger hooks may be more difficult for sea turtles to swallow and so using larger
hooks may reduce numbers of hooks being swallowed, which may reduce
unwanted catch rates and increase the chances of turtles surviving after being
caught and released.



148

Studies in this action specifically test whether larger hooks are more or less likely
to catch sea turtles than smaller hooks. For studies that compare using different
types of circle hooks to J-hooks, see Use circle hooks instead of J-hooks.

See also: Use non-ringed hooks and Use non-offset hooks for studies that specifically
test the effect of using these variations in hook design. See also Modify number of
hooks between floats on longlines.

A study in 2004-2005 in laboratory conditions in Texas, USA (1) found that
loggerhead turtles Caretta caretta were more likely to attempt to swallow smaller
circle hooks than larger circle hooks. All results were presented as model outputs,
see original paper. The odds that turtles would attempt to swallow the smallest
hook was 97 times higher than the odds that they would attempt to swallow the
largest hook size, regardless of size of turtle. Larger turtles were more likely to
attempt to swallow larger hook sizes. Turtle responses to individual baited hooks
suspended in their tanks were video recorded (each hook presentation = 1 trial).
Sixty 45 cm long captive-reared turtles participated in trials, of which 30 turtles
participated again when they reached 55 cm and 65 cm long. Trials were carried
out in April and October 2004, and May 2005. Modified circle hooks of different
sizes were trialled: 14/0,16/0, 18/0 and 20/0 (20 turtles/hook size, 20/0 was not
tested with 45 cm turtles). Hooks were baited with whole squid Illex illecebrosus
or sardines Sardinella aurita and either single-baited or ‘thread’-baited (see paper
for details).

Areplicated study in 2004-2011 in pelagic waters in the Eastern Pacific Ocean
(2) found that using larger hooks reduced the likelihood of olive ridley turtles
Lepidochelys olivacea swallowing hooks in an artisanal surface longline fishery. All
results were reported as odds ratios, see original paper for details. Overall, larger
hook sizes were less likely to be swallowed than smaller hook sizes. Using fish bait
in combination with larger circle hooks lead to the largest proportion of external
hookings (which are preferable to internal hookings).In 2004-2011 incidental sea
turtle catch rates of circle hooks (sizes 12/0-18/0), tuna hooks and traditional J-
hooks (see original paper for hook specifications) were compared by placing
hooks in alternative sequence along longlines (3.5 million total hooks used in
8,996 line deployments). Bait used was classed as squid (Dosidicus gigas, Illex sp.
and Loligo sp.) or fish (Opisthonema spp., Scomber japonicus, Auxis spp. and
Sardinops sagax) and only deployments using one type of bait were included in
analysis (4,838 of 8,996 line deployments). Information on hooking location and
entanglement of sea turtles was recorded (1,823 total olive ridley turtles).

(1) Stokes L.W. Hataway D., Epperly S.P., Shah A.K,, Bergmann C.E., Watson J.W. & Higgins B.M.
(2011) Hook ingestion rates in loggerhead sea turtles Caretta caretta as a function of animal
size, hook size, and bait. Endangered Species Research, 14, 1-11.

(2) Parga M.L, Pons M., Andraka S., Rendon L., Mituhasi T., Hall M., Pacheco L., Segura A,,
Osmond M. & Vogel N. (2015) Hooking locations in sea turtles incidentally captured by
artisanal longline fisheries in the Eastern Pacific Ocean. Fisheries Research, 164, 231-237.



149

6.26. Modify number of hooks between floats on longlines

e One study evaluated the effects of modifying the number of hooks between floats on
longlines on reptile populations. This study was in the Atlantic and North Pacific?.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)

e Unwanted catch (1 study): One replicated study in the Atlantic and North Pacific! found
that having fewer hooks between floats did not reduce turtle by-catch in the Pacific but
had mixed effects in the Atlantic depending on the species.

Background

Using more floats on a longline per hook alters the profile of the longline in the
water, which may reduce the opportunities for sea turtles swimming below the
surface to become entangled in the line or caught on the hooks.

For studies looking at the effects of different hook designs, see Use circle hooks
instead of J-hooks, Use non-offset hooks, Use non-ringed hooks and Use larger hooks.

A replicated study in 1992-2015 in pelagic longline fisheries in the Atlantic
and North Pacific (1) found that using fewer hooks between floats on a longline
did not reduce turtle by-catch in the Pacific but had mixed effects in the Atlantic
depending on the species. All data presented as statistical model results. In the
Pacific, by-catch of leatherback Dermochelys coriacea and loggerhead Caretta
caretta turtles was not affected by the number of hooks between floats. In the
Atlantic, the chance of catching leatherback turtles was lower with fewer hooks
between floats, whereas loggerheads were less likely to be caught when there
were fewer (<3 hooks) or more (>5 hooks) hooks between floats (see paper for
details). Pelagic Observer Program data from (1992-2015) was used to determine
the number of turtles caught/1,000 hooks, and variation in the number of hooks
between floats (majority were 3-5 or 4-5 hooks/float) was used to test its effect
on bycatch.

(1) Swimmer Y., Gutierrez A., Bigelow K., Barcel6 C., Schroeder B., Keene K., Shattenkirk K. &
Foster D.G. (2017) Sea turtle bycatch mitigation in U.S. longline fisheries. Frontiers in Marine
Science, 4, 260.

6.27. Use catch and hook protection devices

e We found no studies that evaluated the effects of using catch and hook protection
devices on reptile populations.

'We found no studies' means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
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Catch and hook protection devices may be used to cover caught fish and hooks
during hauling to reduce the chance of entanglement with aquatic reptiles. This
may include ‘net sleeves’ which cover caught fish and hooks with the downward
pressure of hauling, or triggered devices (e.g. chains, cages, cones etc.) that
automatically release when a fish is hooked. This may prevent reptile injury or
death due to hooking.

6.28. Install exclusion devices on fishing gear

Background

Aquatic reptiles may become trapped or entangled in fishing nets (e.g. trawl nets,
hoop nets, fyke nets) and traps. Exclusion devices, such as grids, mesh, funnels,
rings, or rectangular inserts, can be installed in an attempt to reduce the number
of non-target animals that are caught.

Due to the number of studies found, this action has been split by species group.

For studies that discuss the effect of using devices that allow reptiles to escape
from fishing gear, see Install escape devices on fishing gear, and for studies on the
effect of using a combination of exclusion and escape devices see Install exclusion
and escape devices on fishing gear.

Sea turtles

e Three studies evaluated the effects of installing exclusion devices on fishing gear on
sea turtle populations. One study was in the Gulf of Mexico! (USA), one was in the Mid-
Atlantic2 (USA) and one was off the coast of Western Australia3.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One replicated, before-and-after study in the Gulf of Mexico found
that when exclusion grids with escape holes were used in a shrimp trawl fishery there
were fewer lethal strandings of loggerhead turtles compared to when grids were not
used.

BEHAVIOUR (1 STUDY)

e Use (1 study): One controlled study in the Mid-Atlantic? found that when exclusion
devices were used on scallop dredges there were fewer interactions with sea turtles than
when no devices were used.

OTHER (1 STUDY)

e Unwanted catch (1 study): One replicated study off the coast of Western Australia3
found that exclusion grids with escape hatches prevented sea turtles entering trawl nets.

A replicated, before-and-after study in 1980-2000 on beaches in the Gulf of
Mexico, Texas, USA (1) found that mandating use of exclusionary grids with escape
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holes (‘turtle excluder device’) in a shrimp trawl fishery reduced lethal strandings
of loggerhead turtles Caretta caretta. Lethal strandings of loggerhead turtles
reduced by 7% after turtle excluder device use was mandated in the fishery
compared to beforehand (results reported as model outputs). There was not
enough data to assess the effect on Kemp’s ridley Lepidochelys kempii turtles. Data
from the Sea Turtle Stranding and Salvage Network was used to analyse changes
in the size and number of stranded turtles before excluder devices were mandated
in the shrimp trawl fishery (1986-1990) and afterwards (1995-1999).

A controlled study in 2001-2008 of a pelagic area in the Mid-Atlantic, USA (2)
found that scallop dredges with chain mats had lower interaction rates with sea
turtles than dredges without chain mats. Overall, the interaction rate of dredges
with chain mats and sea turtles was estimated to be 86% lower than that of
dredges without chain mats (data reported as statistical model results). The
author reported a small number of entanglements with dredges with or without
chain mats (see original paper). Turtles observed were loggerhead turtles Caretta
caretta (47), Kemp’s ridley turtles Lepidochelys kempii (1) or unidentified species
(16). Commercial vessels harvested sea scallops Placopecten magellanicus using
dredges with and without chain mats attached (fishing effort for each not
reported). Chain mats (vertical and horizontal chains hung on the dredge bag)
became mandatory from September 2006 in part of the fishing area during May-
November each year. Observers onboard the fishing vessels recorded turtles
interacting with the dredge gear during a total of 125,658 h (approximately 3% of
all commercial fishing trips) in 2001-2008.

A replicated study in 2012 in demersal waters off the coast of Western
Australia (3) found that exclusion grids with escape hatches (‘bycatch reduction
device’) prevented sea turtles from entering the codend of trawl nets in a tropical
teleost fishery. All 11 sea turtles that entered trawl nets modified with an
exclusion grid and escape hatch were expelled (downward-facing grid with square
mesh net: 6 turtles; upward-facing grid in diamond mesh: 5 turtles) and 9 of 11
turtles exited in <2.5 minutes. Loss of commercially-targeted teleost species from
all trawls was 1.2-1.4% of catch. In June-December 2012, the catch (target and
unwanted) from three commercial trawl vessels was monitored using in-net and
onboard cameras during daylight. Vessels were fitted with either: upward-facing
grid and escape hatch with diamond-mesh net (372 trawl hours on 2 vessels),
downward-facing grid and escape hatch with diamond-mesh net (559 trawl hours
on 2 vessels), or downward-facing grid and escape hatch with square mesh net
(389 trawl hours on 1 vessel; see original paper for all specifications). Use of
bycatch reduction grids with escape hatches had been mandatory in this fishery
since 2006.

(1) Lewison R.L., Crowder L.B. & Shaver D.J. (2003) The impact of turtle excluder devices and
fisheries closures on loggerhead and Kemp'’s ridley strandings in the Western Gulf of Mexico.
Conservation Biology, 17,1089-1097.

(2) Murray K.T. (2011) Interactions between sea turtles and dredge gear in the U.S. sea scallop
(Placopecten magellanicus) fishery, 2001-2008. Fisheries Research, 107, 137-146.

(3) Wakefield C.B., Santana-Garcon J., Dorman S.R., Blight S., Denham A., Wakeford J., Molony
B.W. & Newman S.J. (2017) Performance of bycatch reduction devices varies for
chondrichthyan, reptile, and cetacean mitigation in demersal fish trawls: assimilating
subsurface interactions and unaccounted mortality. ICES Journal of Marine Science, 74, 343-
358.
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Tortoises, terrapins, side-necked & softshell turtles

o Thirteen studies evaluated the effects of installing exclusion devices on fishing gear on
tortoise, terrapin, side-necked & softshell turtle populations. Ten studies were in the
USA136.9.10a,100,10c11 'two were in Canada’8 and one was in Australia2.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One replicated, randomized, paired, controlled study in the USA3
found that fewer turtles died in hoop nets with an exclusion device than in unmodified
traps.

BEHAVIOUR (1 STUDY)

e Use (1 study): One randomized, controlled trial in the USA® found mixed effects of crab
pot exclusion devices on use of pots by diamondback terrapins depending on the device
design.

OTHER (13 STUDIES)

e Unwanted catch (13 studies): Eight of 13 controlled studies (including seven replicated,
paired studies) in the USA13-6.9.10a100,10c11 " Aystralia?2 and Canada’® found that crab
pots'589, fyke nets*8, hoop nets® and eel traps? with exclusion devices caught fewer
turtles®48, diamond back terrapins'56.9 and short-necked turtles? than unmodified gear.
Two studies? also found that modified gear caught smaller short-necked turtles? and
diamondback terrapins® than unmodified gear. Three studies’.1%11 found mixed effects
of exclusion devices on unwanted catch of turtles’” and diamondback terrapins'0a.!t
depending on the device design. The other two studies'0.10c found that that crab pots
with wire exclusion devices'%® or magnetized exclusion devices'% caught a similar
number of diamondback terrapins compared to unmodified pots. One study% also found
that crab pots with wire exclusion devices caught larger diamondback terrapins than pots
with plastic exclusion devices.

Areplicated, controlled study in 1996-1997 in an estuarine river in Maryland,
USA (1) found that after fitting rectangular exclusion devices (‘bycatch reduction
device’) to crab pots, unwanted catch of diamondback terrapins Malaclemys
terrapin tended to be lower. In 1996, no terrapins were caught in crab pots
modified with a 4 x 10 cm exclusion device, compared to 21 terrapins in
unmodified pots. In 1997, fourteen terrapins were caught in pots with a 4.5 x 12
cm exclusion device and 56 in pots with a 5 x 10 cm exclusion device, compared
to 105 in unmodified pots (results were not statistically tested). Blue crab
Callinectes sapidus catch was 2 crabs/pot/day lower when 4 x 10 cm devices were
used compared to unmodified pots. Neither the 4.5 x 12 cm nor the 5 x 10 cm
excluder device affected crab catch. Three sizes of 11-gauge galvanised wire
exclusion devices were tested on modified and unmodified crab pots (standard:
60 cm square, tall: 60 x 60 x 180 cm). In 1996, fourteen unmodified and 14 pots
modified with a 4 x 10 cm exclusion device were used (50 days total fishing). In
1997, ten unmodified and 20 pots modified with either 4.5 x 12 cm or 5x 10 cm
exclusion devices were used (10 pots/excluder type, 42 total fishing days). Traps
were checked and baited daily.
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A replicated, controlled study (years not provided) in two upper tidal creeks
in New South Wales, Australia (2) found that using 100 mm exclusion rings on eel
Anguilla spp. traps reduced unwanted catch of short-necked turtles Emydura
macquarii. Fewer turtles were caught in traps modified with exclusion rings (8
individuals) compared to unmodified traps (54). Most turtles caught in modified
traps were smaller than those caught in unmodified traps (see paper for details).
Commercially-targeted eel catch (numbers and size of eels) was similar between
modified (49 individuals caught overnight, 21,005 g total catch weight) and
unmodified traps (25 individuals, 8,535 g). Standard commercial eel traps (50 cm
wide x 40 cm high x 90 cm long mesh traps) had 100 mm PVC rings placed in the
entrance funnel. In one site three traps with exclusion rings and three unmodified
traps were fished overnight and in a second site, four traps with rings and four
unmodified traps were fished for 5 h during the day, cleared, and then fished
overnight (12 h). Traps were baited with frozen pilchards Sardinops
neopilchardus.

A replicated, randomized, controlled, paired study in 2006 along a river in
Missouri, USA (3) found that hoop nets modified with an excluder device caught
fewer turtles and fewer target fish than unmodified hoop nets in a catfish fishery.
Modified hoop nets caught fewer turtles (18 turtles caught in 11 of 50 nets) than
unmodified nets (166 turtles caught in 33 of 50 nets). Ten of 18 turtles (56%) died
in modified nets compared to 101 of 166 turtles (61%) in unmodified nets (results
were not statistically tested). Fewer target catfish species were caught in modified
nets (15 individuals) compared to unmodified nets (70 individuals). Unmodified
hoop nets (six hoops, 90 cm maximum hoop with 38 mm mesh, 3.7 m long) and
modified hoop nets (addition of a tight mesh covering the net entrance to reduce
the entrance to 30 cm diameter) were deployed in pairs along four river stretches
in May-July 2006 (50 nets/type) using a randomized block design. Nets were set
for 48 hours at a time over nine weeks. The catch of turtle and commercially
targeted catfish species was recorded.

A replicated, paired, controlled study in 2005-2006 in 34 sites in three river
systems in Missouri, USA (4) found that modifying fyke nets (a ‘bycatch reduction
device’) by tying ropes across the entrance resulted in fewer turtles being
captured compared to when nets were not modified. Fewer turtles were caught in
modified nets (331) compared to unmodified nets (1,355). The average number of
turtles caught/night was lower for three of nine species in modified (0-0.2
turtles/night) compared to unmodified nets (0.6-1.4 turtles/night) and similar in
modified and unmodified nets for the remaining six species (see paper for details).
There was no significant difference in the number of fish caught (modified: 478;
unmodified: 415), the number of fish species caught (modified: 23; unmodified:
29), or average catch/night (modified: 0-5 fish/night; unmodified: 0-3 fish/night)
in modified compared to unmodified nets. The fyke net was modified by tying four
braided ropes (3 mm) vertically (38 mm apart) and three horizontally across the
entrance. In 2005-2006, pairs of modified and unmodified nets were deployed
>100 m apart at 34 sites, including rivers, side channels, backwaters and
floodplains. Nets were deployed for 24 hours at each site, and all turtles and fish
were counted, identified to species and released.

A replicated, paired, controlled study in 2008 in tidal creeks in Virginia, USA
(5) found that using a plastic rectangular device (a ‘bycatch reduction device’) to
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reduce the size of entry holes to crab pots reduced the unwanted catch of
diamondback terrapins Malaclemys terrapin in a blue crab Callinectes sapidus
fishery. Crab pots with devices caught fewer terrapins (0.01 terrapins/pot/day, 2
individuals) compared to pots without devices (0.20 terrapins/pot/day, 46
individuals). Terrapins caught in traps with devices were smaller on average (5.1
cm shell depth) than terrapins caught in traps without devices (4.3 cm shell
depth). Commercially-targeted blue crabs caught in pots with devices had 1.5-2.0
mm wider shells than crabs caught in pots without devices. Catch rates and weight
of commercially-targeted crabs were similar between pots with and without
devices (see original paper for details). Devices were 4.5 x 12 cm plastic rectangles
that were fitted on each of the four entrances of a recreational-style crab pot with
chimney (see original paper for details). Crab pots were deployed in shallow-
water in 10 pairs in two creeks in summer 2008 (one with and one without devices
fitted). Traps were baited once a week for four weeks and checked after 48 h.
Terrapin catch was only monitored on one creek.

A replicated, paired, controlled study in 2000-2004 in coastal waters in North
Carolina, USA (6) found that after rectangular devices were placed at crab pot
entrances (a ‘bycatch reduction device’), the unwanted catch of diamondback
terrapins Malaclemys terrapin tended to be lower in a commercial blue crab
Callinectes sapidus fishery. No terrapins were caught during hard-shell crab
fishing and five terrapins were caught during peeler crab fishing in pots modified
with excluders (peeler crab 4.3 cm excluder: 0 individuals, 5.0 cm excluder: 2,
vertical ties: 3). Hard shell crab catch was lower in pots with smaller excluders
(4.0 cm excluder: 1,002 individuals, 4.5 cm excluder: 459) compared to
unmodified pots (625-1,270), but similar when pots with the largest excluder
were used (365 individuals) compared to unmodified pots (386). Peeler crab catch
was similar in modified pots (372-376 individuals) compared to unmodified pots
(374). In May-June 2000-2001 and September-November 2000, hard crab were
fished for using pots (60 x 60 x 60 cm) in 21 pairs (with and without excluder
devices). Three rectangular excluder devices were tested /season: 16 x 4 cm, 16 x
4.5 cm, and 16 x 5 cm (75 fishing days, 3,150 crab pot days). In April-May 2004,
peeler crabs were fished in blocks of four pots with either unmodified, or one of
three excluders: 16 x 4.3 cm rectangle, 15.2 x 5.1 cm rectangle, or two vertical wire
ties/entrance set 7.8 cm apart (19 fishing days, 1,672 total crab pot days).

A replicated, randomized, paired, controlled study in 2010 in a shallow
freshwater lake in Ontario, Canada (7, same experimental location as 8) found that
adding exclusion bars to fyke nets (a ‘bycatch reduction device’) reduced turtle
bycatch but that adding exclusion rectangles did not. Fyke nets modified with
exclusion bars captured fewer turtles (0.03 turtles/hour) compared to unmodified
nets (0.1 turtles/hour). In separate trials, nets modified with an exclusion
rectangle captured similar numbers of turtles (0.02 turtles/hour) compared to
unmodified nets (0.04 turtles/hour). Catch rates of target fish species were similar
in exclusion bar nets (2.9 fish/hour), exclusion rectangle nets (2.6 fish/hour) and
unmodified nets (2.9 fish/hour). Standard commercial hooped fyke nets (see
original paper for details) were set in a shallow freshwater lake (788 ha) in April-
June and September-October 2010 in pairs of modified and unmodified nets. Nets
were either modified with exclusion bars made of wooden dowels (8 x 1.3 cm
spaced 8 cm apart; set at 30 sites in April-June) or an exclusion rectangle made by
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attaching a hose clamp at the first funnel of the fyke net (18 x 7.5 cm rectangle; set
at 15 sites in September-October). Tandem modified and unmodified nets were
set fully submerged within 15 m of each other for 8-48 hours at a time.

A replicated, paired, controlled study in 2011-2012 in a shallow freshwater
lake in Ontario, Canada (8, same experimental location as 7) found that modifying
fyke nets with a rectangular excluder device (‘bycatch reduction device’) reduced
unwanted catch of turtles in a freshwater fishery. In a first-year smaller scale trial,
nets modified with exclusion devices caught statistically similar numbers of
turtles (3-4 turtles) compared to unmodified nets (11). The catch of target and
non-target fish was also statistically similar between modified (109-144
individuals) and unmodified nets (224). However, in the second year larger scale
trial, unwanted catch of turtles was lower in modified nets (0.03 turtles/trapping
effort) compared to unmodified nets (0.13). Target species catch was also lower
in modified nets (0.64 individuals/trapping effort) compared to unmodified nets
(0.95). In September 2011, two fyke nets connected by an entrance net (7
hoops/net, 0.91 m diameter) were deployed in a shallow lake (2.8 m average
depth, 780 ha total area) in threes: unmodified net, modified with a 22.5 x 5 cm
copper rectangle, or modified with 5 cm spaced vertically-oriented bars across the
mouth of the net (nine groups of nets in one site). In April-June 2012, the set up
was repeated twice at 11 sites, but did not include nets with the barred exclusion
device. All target and non-target catch was identified, counted and released.

A randomized, controlled study (years not provided) in a brackish water
experimental enclosure in South Carolina, USA (9) found that using vertically-
oriented rectangular devices to limit the size of entry holes on crab pots (a ‘bycatch
reduction device’) reduced the number of entries, increased the time taken to
enter and reduced the proportion of successful entry attempts by diamondback
terrapins Malaclemys terrapin to crab pots. A vertically-oriented device reduced
the number of entries into the pot (2 entries/terrapin) compared to horizontally-
oriented devices and no device, which produced similar results (horizontal: 5; no
device: 6 entries/terrapin). Vertically-oriented devices increased the average time
taken to enter a pot (58 seconds before entry) compared to no device, whereas
time to enter horizontally-oriented devices was similar to no device (horizontal:
32; no device: 19 seconds before entry). The proportion of terrapins that entered
a pot after investigating it was reduced when a vertically-oriented device was used
(0.1 terrapins entered/investigation), compared to a horizontally-oriented device
(0.2 terrapins entered/investigation). Both types of device reduced the rate of
terrapins entering pots compared to no device (0.3 terrapins
entered/investigation). In total, 38 wild terrapins were caught to take part in the
study, all of a size where they could enter a crab pot when an opening limiting
device was present. Each terrapin participated in three randomly ordered trials:
vertically-oriented device fitted to entry holes, horizontally-oriented device fitted
to entry holes and no device. Devices were 5.1 x 15.2 cm. Crab pots with chimneys
baited with mackerel were used. Terrapins were monitored by webcam in 3 h
videos (27 h total footage, 3 h/treatment/study group).

A replicated, randomized, controlled study in 2014-2015 in three brackish
tidal creeks and a captive setting in Virginia, USA (10a) found that modifying crab
pots with red-painted rectangular funnels to reduce the size of entry holes (a
‘bycatch reduction device’) reduced the unwanted catch of diamondback terrapins
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Malaclemys terrapin compared to unmodified pots in a blue crab Callinectes
sapidus fishery. Crab pots with red-painted funnels set in three tidal creeks caught
fewer terrapins (10 individuals) than unmodified pots (58 individuals; no
statistical tests were carried out). Trials in both a captive setting and in two tidal
creeks found that red-painted funnels also reduced unwanted terrapin catch
compared to unmodified pots and that orange, green and blue-painted funnels
caught a similar number of terrapins to unmodified pots (see original paper for
details). For crab pots set in three creeks, commercially-targeted legal-size blue
crab catch was similar in pots with red-painted funnels (622 individuals)
compared to unmodified pots (630 individuals). In a captive setting, crabs stayed
in pots with funnels for longer (4 h, 45 individuals) compared to unmodified pots
(1 h, 76 individuals). Red plastic rectangular funnels (5.1 x 15.2 cm) were fitted
horizontally to each of the four entry points on 15 commercial-style crab pots with
chimneys. The 15 modified pots were deployed paired with 15 unmodified pots in
June-July 2015 in three creeks (587 trap nights, 3-6 pairs of pots/creek). All pots
were baited. In separate trails in two creeks (June-July 2014) and in a captive
setting (June 2015), orange, black, blue, green-painted and magnetized funnels
were also tested (see original paper for details). The captive setting was a
seawater tank and crabs and terrapins were monitored by video.

A replicated, controlled study in 2014 in two brackish tidal creeks in Virginia,
USA (10b) found that modified crab pots with wire rectangular funnels to reduce
the size of entry holes (a ‘bycatch reduction device’) caught similar numbers of
diamondback terrapins Malaclemys terrapin compared to unmodified pots and
larger-sized terrapins compared to plastic rectangular funnels in a blue crab
Callinectes sapidus fishery. Crab pots with wire funnels caught similar numbers of
terrapins (22 individuals) compared to unmodified pots (20 individuals; no
statistical tests were carried out). Terrapins caught in pots with wire funnels were
larger (5.5 cm shell height) compared to terrapins caught in pots with plastic
funnels (4.8 cm shell height). Commercially-targeted legal-size blue crab catch was
similar in pots with wire funnels compared to unmodified pots (see original paper
for details). Copper wire or plastic rectangular funnels (5.1 x 15.2 cm) were fitted
horizontally to each of the four entry points on commercial-style crab pots with
chimneys (five with copper wire funnels, 15 with plastic funnels, five with plastic
magnetized funnels, and five unmodified pots). In total five groups of modified and
unmodified pots were deployed in June-July 2014 at least 50 m apart in two
locations (327 trap days). All pots were baited.

A replicated, randomized, controlled study in 2014-2015 in brackish tidal
creeks and a captive setting in Virginia, USA (10c) found that modified crab pots
with magnetized rectangular funnels to reduce the size of entry holes (a ‘bycatch
reduction device’) caught similar numbers of diamondback terrapins Malaclemys
terrapin compared to unmodified pots in a blue crab Callinectes sapidus fishery.
Crab pots set in two creeks with magnetized funnels caught similar numbers of
terrapins (15 individuals) compared to unmodified pots (20 individuals; no
statistical tests were carried out). Trials in a captive setting found similar results
(see original paper for details). Commercially-targeted legal-size blue crab catch
was similar in pots with magnetized funnels compared to unmodified pots (see
original paper for details). Rectangular funnels (5.1 x 15.2 cm) were fitted
horizontally to each of the four entry points on commercial-style crab pots with
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chimneys (four with magnetized funnels, 5 unmodified pots). Modified and
unmodified pots were deployed in June-July 2014 at least 50 m apart in two creeks
(327 trap days, 1-3 pots of each type/creek). All pots were baited. Separate trials
in a captive setting were carried out in June 2015 and took place in a seawater
tank and crabs and terrapins were monitored by video.

A replicated, controlled, paired study in 2012-2013 in five estuarine sites in
North Carolina, USA (11) found that crab pots fitted with one of two different sized
wire rectangles (‘bycatch reduction devices’) limiting the size of the pot opening
reduced the numbers of diamondback terrapins Malaclemys terrapin caught,
compared to unmodified pots. No statistical analyses were carried out due to a
small sample size. Pots modified to have small-sized openings and large-sized
openings caught zero and one terrapin respectively, compared to 13 terrapins in
unmodified pots. None of the terrapins caught were small enough to enter pots
with the small-sized opening. One terrapin died in an unmodified pot. Standard
commercial crab pots (61 x 61 x 61 cm) were modified with galvanized wire to
create large-sized openings (5.1 x 15.2 cm, 10 pots), small-sized openings (3.8 x
15.2 cm, 10 pots) or were unmodified (20 pots). Pots were deployed June-July in
pairs (one modified pot and one unmodified pot in 4 sites) in 2012 or in triplicate
(1 of each size of modified pot with a single unmodified pot in 2 sites) in 2013.
Pots were baited and submerged for 48 hours at a time.

(1) Roosenburg W.M. & Green J.P. (2000) Impact of a bycatch reduction device on diamondback
terrapin and blue crab capture in crab pots. Ecological Applications, 10, 882-889.

(2) Lowry M.B,, Pease B.C., Graham K. & Walford T.R. (2005) Reducing the mortality of
freshwater turtles in commercial fish traps. Aquatic Conservation: Marine and Freshwater
Ecosystems, 15, 7-21.

(3) Fratto Z.W., Barko V.A,, Pitts P.R,, Sheriff S.L., Briggler ].T., Sullivan K.P., McKeage B.L. &
Johnson T.R. (2008) Evaluation of turtle exclusion and escapement devices for hoop-nets.
Journal of Wildlife Management, 72, 1628-1633.

(4) Fratto Z.W., Barko V.A. & Scheibe ].S. (2008) Development and efficacy of a bycatch
reduction device for Wisconsin-type fyke nets deployed in freshwater systems. Chelonian
Conservation and Biology, 7, 205-212.

(5) Rook M.A, Lipcius R.N., Bronner B.M. & Chambers R.M. (2010) Bycatch reduction device
conserves diamondback terrapin without affecting catch of blue crab. Marine Ecology
Progress Series, 409, 171-179.

(6) Hart K.M. & Crowder L.B. (2011) Mitigating by-catch of diamondback terrapins in crab pots.
The Journal of Wildlife Management, 75, 264-272

(7) Larocque S.M,, Cooke S.J. & Blouin-Demers G. (2012) Mitigating bycatch of freshwater turtles
in passively fished fyke nets through the use of exclusion and escape modifications. Fisheries
Research, 125, 149-155.

(8) Cairns N.A,, Stoot L.J., Blouin-Demers G. & Cooke S.J. (2013) Refinement of bycatch reduction
devices to exclude freshwater turtles from commerecial fishing nets. Endangered Species
Research, 22, 251-261.

(9) McKee RK,, Cecala K.K. & Dorcas M.E. (2016) Behavioural interactions of diamondback
terrapins with crab pots demonstrate that bycatch reduction devices reduce entrapment.
Aquatic Conservation: Marine and Freshwater Ecosystems, 26, 1081-1089.

(10) Corso A.D., Huettenmoser J.C., Trani O.R., Angstadt K., Bilkovic D.M., Havens K.J., Russell T.M,,
Stanhope D. & Chambers R.M. (2017) Experiments with by-catch reduction devices to
exclude diamondback terrapins and retain blue crabs. Estuaries and Coasts, 40, 1516-1522.

(11) Chavez S. & Williard A.S. (2017) The effects of bycatch reduction devices on diamondback
terrapin and blue crab catch in the North Carolina commercial crab fishery. Fisheries
Research, 186, 94-101.
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Snakes & lizards

e One study evaluated the effects of installing exclusion devices on fishing gear on snake
and lizard populations. This study was in Australia’.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)

e Unwanted catch (1 study): One replicated study off the coast of Western Australia’
found that exclusion grids did not prevent sea snakes from entering trawl nets.

A replicated study in 2012 in off the coast of Western Australia (1) found that
exclusion grids with escape hatches (‘bycatch reduction device’) did not prevent
sea snakes from entering the codend of trawl nets in a tropical teleost fishery. In
total 331 of 351 sea snakes passed through the exclusion grid, however only 16
sea snakes were recorded as trawl catch. The authors note that sea snakes were
observed escaping through the trawl net and may have done so after passing
through the grids. Loss of commercially-targeted teleost species from all trawls
was 1% of catch. In June-December 2012, catch (target and unwanted) from three
commercial trawl vessels was monitored using in-net and onboard cameras
during daylight. Vessels were fitted with either: upward-facing grid and escape
hatch with diamond-mesh net (372 trawl hours on 2 vessels), downward-facing
grid and escape hatch with diamond-mesh net (559 trawl hours on 2 vessels), or
downward-facing grid and escape hatch with square mesh net (389 trawl hours
on 1 vessel; see original paper for all specifications). Use of bycatch reduction grids
with escape hatches was mandatory in this fishery from 2006.

(1) Wakefield C.B., Santana-Garcon J., Dorman S.R., Blight S., Denham A., Wakeford ]., Molony

B.W. & Newman S.J. (2017) Performance of bycatch reduction devices varies for

chondrichthyan, reptile, and cetacean mitigation in demersal fish trawls: assimilating

subsurface interactions and unaccounted mortality. ICES Journal of Marine Science, 74, 343-
358.

Crocodilians

e We found no studies that evaluated the effects of installing exclusion devices on fishing
gear on crocodilian populations.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

6.29. Install escape devices on fishing gear

Background
Aquatic reptiles may become trapped or entangled in fishing nets (e.g. trawl nets,
hoop nets, fyke nets) and traps. Escape devices such as escape holes, sections of
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larger mesh, or chimneys may be fitted to fishing gear to allow non-target animals
to escape after they have entered fishing gear.

Due to the number of studies found, this action has been split by species group.

For studies that discuss the effect of using devices that exclude reptiles from
fishing gear, see Install exclusion devices on fishing gear, and for studies on the
effect of using a combination of exclusion and escape devices see Install exclusion
and escape devices on fishing gear.

Sea turtles

e One study evaluated the effects of installing escape devices on fishing gear on sea turtle
populations. This study was in the Gulf of Carpentaria® (Australia).

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (1 STUDY)

e Unwanted catch (1 Study): One randomized, paired, controlled study in the Gulf of
Carpentaria® found that trawl nets with escape devices caught a similar number of sea
turtles compared to unmodified nets.

A randomized, paired, controlled study in 1995-1995 in seabed areas in the
Gulf of Carpentaria, northern Australia (1) found that trawl nets fitted with one of
seven escape zone designs (“bycatch reduction devices”) caught similar numbers
of sea turtles compared to unmodified nets. No statistical tests were carried out.
Nets fitted with escape zones caught turtles at a similar rate (0.14 turtles/tow, 17
individuals) as unmodified nets (0.13 turtles/tow, 9 individuals). The unwanted
catch included three species of turtles and three of snakes. The effect of escape
zones on the commercially targeted prawn catch varied by design (see original
paper for details). Escape zone designs tested included ‘fisheye’, ‘radial escape
section’, ‘square mesh window’ and square mesh windows fitted with a number of
modifications (see original paper for details). Vessels towed twin Florida Flyer
prawn trawl nets from each side of the vessel in trials of one-month duration (sea
turtles: February and October 1995). Nets fitted with one of the designs of escape
zone and an unmodified net were randomly assigned to either side of the vessel.

(1) Brewer D., Rawlinson N., Eayrs S. & Burridge C. (1998) An assessment of bycatch reduction
devices in a tropical Australian prawn trawl fishery. Fisheries Research, 36, 195-215.

Tortoises, terrapins, side-necked & softshell turtles

e Three studies evaluated the effects of installing escape devices on fishing gear on
tortoise, terrapin, side-necked & softshell turtle populations. One study was in each of
Australia’, the USA? and Canadas.

COMMUNITY RESPONSE (0 STUDIES)
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POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One replicated, randomized, paired, controlled study in the USA?
found that a lower percentage of turtles died in hoop nets with escape devices than in
unmodified nets.

BEHAVIOUR (0 STUDIES)
OTHER (3 STUDIES)

e Unwanted catch (3 Studies): One replicated, controlled study in Australia’ found that
most short-necked turtles escaped from a carp trap with an escape ring. One replicated,
randomized, controlled, paired study in the USA? found that hoop nets with escape
devices caught fewer turtles than unmodified nets. One replicated, randomized, paired,
controlled study in Canada3 found that more painted turtles escaped from fyke nets with
an escape device than from unmodified nets after being placed in the net.

A replicated, controlled study (years not provided) in a pool, lake and creek in
New South Wales, Australia (1) found that adding an escape ring to a carp Cyprinus
carpio trap allowed most short-necked turtles Emydura macquarii to escape. In
escape trials, 85 of 120 turtles (71%) escaped within 90 minutes and 92 of 120
turtles (77%) escaped within four hours. Smaller turtles (average straight
carapace width 17 cm) were more likely to escape than larger turtles (average
width 19 cm). The average time for escapes was 63 minutes for centre-placed exits
and 92 minutes for end placed exits. Very few carp escaped through the turtle exit
during escape trials (14 of 120, 12% of fish escaped) and the authors reported that
numbers of carp caught/day indicated that few carp were escaping through the
turtle exit in fishing trials (see original paper). Cylindrical (90 cm diameter x 170
cm long) mesh carp traps were used modified with a 23 cm escape ring on the
upper trap surface, either in the centre or at the opposite end to the entrance
(which was closed for the experiment). A mesh platform was placed under the
escape ring to aide turtles exiting. Ten individually-marked turtles were randomly
selected to take part in six trials of each trap type. Turtles were placed as a group
in the trap, submerged for 4 h and escapes recorded. The traps were also tested
for carp escapes in a lake (escape trials) and creek (fishing trials).

A replicated, randomized, paired, controlled study in 2006 along a river in
Missouri, USA (2) found that hoop nets modified with either a chimney or loose-
weave mesh escape device caught fewer turtles than unmodified hoop nets in a
catfish fishery. Modified hoop nets caught fewer turtles (chimney: 27 turtles
caught in 13 of 49 nets, loose-weave mesh: 27 in 17 of 50 nets) than unmodified
nets (166 in 33 of 50 nets). Thirteen of 27 turtles (48%) died in chimney-modified
nets and 11 of 26 turtles (42%) died in loose-weave mesh modified nets compared
to 101 of 166 turtles (61%) in unmodified nets (results were not statistically
tested). Fewer target channel catfish Ictalurus punctatus were caught in modified
nets (chimney: 8 individuals, loose-weave: 4) compared to unmodified nets (44
individuals). Numbers of flathead catfish Pylodictis olivaris caught in chimney-
modified nets were similar (11 individuals) but numbers caught in loose-weave
mesh modified nets were lower (1) than numbers caught in unmodified nets (26).
Unmodified hoop nets (six hoops, 90 cm maximum hoop with 38 mm mesh, 3.7 m
long) and hoop nets modified to allow turtles to escape with the addition of a
section of larger loose-weave mesh or an escape chimney were deployed in pairs
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along four river stretches in May—-July 2006 (50 unmodified nets, 49 chimney nets,
50 loose-weave nets) using a randomized block design. Nets were set for 48 hours
at a time over nine weeks. The catch of turtle and commercially targeted catfish
species was recorded.

A replicated, randomized, paired, controlled study in 2010-2011 in a
freshwater lake in eastern Ontario, Canada (3) found that adding an escape
chimney to fyke nets increased the escape rate of painted turtles Chrysemys picta
and reduced the escape rate of fish compared to modifying nets with a large hole.
More painted turtles escaped from fyke nets modified with escape chimneys (10
of 10 turtles escaped) compared to fyke nets modified with a large hole (12 of 20
turtles escaped). The proportion of fish escaping was reduced in escape-chimney
nets (0.13 fish/24 hr) compared to large-hole nets (0.77 fish/24 hr). Escape rates
of turtles and fishes were tested in modified commercial seven-hooped fyke nets
set in a shallow warmwater lake (788 ha, nets set to 1.5 m depths) in April-June
2010-2011. Two nets were modified with either an open-topped chimney (a mesh
tube 15 cm wide, 28 cm long and 28 cm tall) attached to the net between the 6th
and 7t hoop (see original paper for details), or a large hole in the top (15 cm x 28
cm, typical of damage that occurs through normal fishing). Individual male painted
turtles or fish Lepomis spp. were placed in the cod-end of a closed net for four
hours (turtles) or 24 hours (fish) and escapes counted (turtles: 10 chimney trials
and 20 large hole trials; fish: 10 chimney trials and 10 large hole trials).

(1) Lowry M.B,, Pease B.C,, Graham K. & Walford T.R. (2005) Reducing the mortality of
freshwater turtles in commercial fish traps. Aquatic Conservation: Marine and Freshwater
Ecosystems, 15, 7-21.

(2) Fratto Z.W., Barko V.A,, Pitts P.R,, Sheriff S.L., Briggler ].T., Sullivan K.P., McKeage B.L. &
Johnson T.R. (2008) Evaluation of turtle exclusion and escapement devices for hoop-nets.
Journal of Wildlife Management, 72, 1628-1633.

(3) Larocque S.M,, Cooke S.J. & Blouin-Demers G. (2012) Mitigating bycatch of freshwater turtles

in passively fished fyke nets through the use of exclusion and escape modifications. Fisheries
Research, 125, 149-155.

Snakes & lizards

e Three studies evaluated the effects of installing escape devices on fishing gear on
snake and lizard populations. All three studies were in the Gulf of Carpentaria’.23
(Australia).

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (3 STUDIES)

e Unwanted catch (3 Studies): One of two paired, controlled studies (including one
randomized and one replicated study) in the Gulf of Carpentaria2 found that trawl nets
with escape devices caught a similar number of sea snakes compared to unmodified
nets'. The other study? found that trawl nets with an escape device caught fewer sea
snakes compared to unmodified nets. One replicated, paired, controlled study in the Gulf
of Carpentaria found that the placement of escape devices trawl nets affected the
number of sea snakes caught compared to unmodified nets.
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A randomized, paired, controlled study in 1995 in seabed areas in the Gulf of
Carpentaria, northern Australia (1) found that trawl nets fitted with one of seven
escape zone designs (“bycatch reduction devices”) caught similar numbers of sea
snakes compared to unmodified nets. No statistical tests were carried out. Nets
fitted with escape zones caught sea snakes at a similar rate as unmodified nets
(escape zones: 0.5 snakes/tow, 7 individuals; unmodified: 0.4 snakes/tow, 15
individuals). The unwanted catch included three species of snakes. The effect of
escape zones on the commercially targeted prawn catch varied by design (see
original paper for details). Escape zone designs tested included ‘fisheye’, ‘radial
escape section’, ‘square mesh window’ and square mesh windows fitted with a
number of modifications (see original paper for details). Vessels towed twin
Florida Flyer prawn trawl nets from each side of the vessel in scientific trials of
one-month duration (sea snakes: October 1995). Nets fitted with one of the
designs of escape zone and an unmodified net were randomly assigned to either
side of the vessel.

A replicated, paired, controlled study in 2002-2005 on the sea bottom in the
Gulf of Carpentaria, Australia (2) found that adding a metal-barred escape hatch
(‘Yarrow Fisheye’) to a prawn trawl net reduced unwanted catch of sea snakes.
Overall, trawl nets modified with a metal-barred escape hatch caught 44% fewer
sea snakes (76 snakes caught in 113 trawls) than unmodified trawl nets (134
snakes in 113 trawls). In separate trawls, catch rates of commercially-targeted
tiger prawns Penaeus spp. were similar when modified (13-18 kg/net) and
unmodified (13-19 kg/net) nets were used. Unwanted catch of sea snakes was
assessed on a single commercial prawn trawler in September-November 2004 (41
trawls) and August-November 2005 (72 trawls). On each trawl, the vessel was
fitted with a pair of nets (one starboard, one portside) both fitted with a metal-
barred escape hatch in the codend (see original paper for design details) behind a
downward-facing grid with escape zone (‘Super Shooter’ turtle excluder device).
On each trawl, the escape hatch on one net was sewn shut (classed as unmodified)
and the other was left open (classed as modified). The modified net was swapped
between the starboard and port-side every two weeks by opening and sewing shut
the escape holes on the nets in rotation. Prawn catch rates were assessed during
42 trawls over 13 nights in November 2002.

A replicated, paired, controlled study in 2004-2006 in benthic waters in the
Gulf of Carpentaria, Australia (3) found that adding escape hole devices (‘bycatch
reduction device’) <70 meshes from the codend of trawl nets in reduced unwanted
catch of sea snakes compared to unmodified nets in a prawn fishery. Nets modified
with escape hole devices located 30-70 meshes from the codend caught fewer sea
snakes (82-168 snakes/trawl) compared to unmodified nets (99-350). Nets
modified with devices located 120 meshes from the codend caught similar
numbers of sea snakes (148-418 snakes/trawl) to unmodified nets (155-430).
Unwanted catch of sea snakes was similar between three different escape hole
devices (see paper for individual device details). Catch of commercially targeted
prawns Penaeus spp. was similar between modified and unmodified nets,
regardless of the location of the escape hole (see paper for details). In August-
November 2004-2006, nets on commercial trawlers (10-15 trawlers/year) were
modified with an oval framed ‘fish eye’ (930 trawls), a square-mesh panel (435
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trawls), or a square opening with metal funnel below a rigid frame (‘popeye’
Fishbox design, 54 trawls) located 30-120 meshes from the codend. Trawlers
fished pairs of modified and unmodified nets, one on either side of the boat (the
modified net was switched sides approximately fortnightly). Turtle excluder
devices (frames in front of the codend with escape holes) were mandatory and
used on all nets. Crew and independent scientific observers identified sea snakes
landed with catch.

(1) Brewer D., Rawlinson N., Eayrs S. & Burridge C. (1998) An assessment of bycatch reduction
devices in a tropical Australian prawn trawl fishery. Fisheries Research, 36, 195-215.

(2) Heales D.S,, Gregor R., Wakeford ]., Wang Y.G., Yarrow ]. & Milton D.A. (2008) Tropical prawn
trawl bycatch of fish and seasnakes reduced by Yarrow Fisheye Bycatch Reduction Device.
Fisheries Research, 89, 76-83.

(3) Milton D.A,, Fry G.C. & Dell Q. (2009) Reducing impacts of trawling on protected sea snakes:
By-catch reduction devices improve escapement and survival. Marine and Freshwater
Research, 60, 824-832.

Crocodilians

o We found no studies that evaluated the effects of installing escape devices on fishing
gear on crocodilian populations.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

6.30. Install exclusion and escape devices on fishing gear

o Six studies evaluated the effects of installing exclusion and escape devices on fishing
gear on reptile populations. Two studies each were off the coast of Australia’2, in the
Gulf of Carpentaria34 (Australia) and in the Adriatic Sea$.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (2 STUDIES)

e Use (2 studies): Two replicated studies (including one controlled study) in the Adriatic
Sea’6 found that one5 or two8 loggerhead turtles were able to escape from a trawl net
with an exclusion and escape device.

OTHER (5 STUDIES)

e Unwanted catch (5 studies): Four studies (including two replicated, paired, controlled
studies) off the coast of Australia’2 and in the Gulf of Carpentaria34 (Australia) found
that that trawl nets with an exclusion and escape device caught fewer loggerhead
turtles'2 or sea turtles and sea snakes3# compared to unmodified nets. One replicated
study in the Adriatic Sea® found that no loggerhead turtles were caught by a trawl net
with an exclusion and escape device.

Background
Aquatic reptiles may become trapped or entangled in fishing nets (e.g. trawl nets,
hoop nets, fyke nets) and traps. Exclusion devices, such as grids, mesh, funnels,
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rings, or rectangular inserts, can be installed in an attempt to reduce the number
of non-target animals that are caught. Escape devices such as escape holes,
sections of larger mesh, or chimneys may be fitted to fishing gear to allow non-
target animals to escape after they have entered fishing gear. Here we include
studies that test the effect of a combination of exclusion and escape devices.

For studies that look at these actions separately, see Install exclusion devices on
fishing gear and Install escape devices on fishing gear.

A replicated, controlled study in 1991-1992 in oceanic and estuarine waters
off the coast of Queensland, Australia (1) found that when a soft mesh panel with
escape hole (‘Morrison soft TED’) was added to a trawl net no loggerhead turtles
Caretta caretta were caught accidentally. No loggerhead turtles were caught in the
modified net but were occasionally caught in the unmodified net (no data on
turtles are provided). Catch rates of target prawns Penaeus spp. and Metapenaeus
bennettae varied between no significant reduction and a 29% reduction in
modified compared to unmodified nets, depending on location and season (data
reported as a cross-site analysis of fishing power, see original paper for details).
Trawl nets modified by adding a polypropylene mesh panel with an escape hole in
front of the codend were tested in two trials (May 1991 and January 1992) on a
15 m research trawler in an oceanic site with sandy substrate and an estuarine
site with a muddy bottom. Unmodified nets were towed first (number of trawls
not specified) and then the modified net was used. Between 17 and 23 tows were
completed in each trial, each lasting 45-100 minutes.

A replicated, paired, controlled study (years not provided) in five oceanic-
sand and estuarine-silt-bottomed sites in the coast off of southeastern
Queensland, Australia (2) found that adding a device that included a funnel to
direct unwanted catch, an upward-facing flexible grid and covered escape panel
(“ausTED” design turtle excluder device) onto a trawl net reduced the catch of
loggerhead turtles Caretta caretta compared to a standard net. Using the device
reduced the catch of loggerhead turtles (0 turtles) compared to nets without the
device (7 turtles). In a separate experiment, six juvenile green turtles Chelonia
mydas were placed in the path of nets with the device. Only three passed into the
net entrance and all were successfully excluded from the main part of the net.
Commercially-targeted prawn Penaeus spp. and Metapenaeus spp. catch rates, size
and quality were similar in nets with and without the device (see original paper
for details). Two commercial 6.8 m long trawl nets (40 mm mesh) were attached
to a 15 m trawler. The device was fitted to one of the nets. Between 13 and 27
linear tows were conducted per site (each 60 minutes long, 85 tows used the
device in total). Juvenile green turtles placed in the path of the net were videoed
to assess how the device assisted their escape.

A randomized, paired, controlled study in 1995 in seabed areas in the Gulf of
Carpentaria, northern Australia (3) found that trawl nets fitted with one of three
different grids accompanied by an escape hole (“turtle excluder device”) and a
secondary escape zone (“bycatch reduction device”) reduced the catch of sea
turtles and sea snakes, compared to unmodified nets. No statistical tests were
carried out. Nets fitted with both a turtle excluder device and a bycatch reduction
device caught fewer turtles (0.005 turtles/tow, 1 individual) compared to
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unmodified nets (0.10 turtles/tow, 11 individuals). Overall, nets fitted with both a
turtle excluder device and a bycatch reduction device caught fewer sea snakes
(0.36 snakes/tow, 45 individuals), than unmodified nets (0.42 snakes/tow, 15
individuals). However, some combinations of a turtle excluder device and a
bycatch reduction device caught fewer sea snakes (flexible upward grid with
fisheye in front of grid: 0.2 snakes/tow, 3 individuals; square upward grid with
square mesh: 0.2 snakes/tow, 8 individuals) compared to unmodified nets or
other combinations tested (see original paper for details). The unwanted catch
included three species of turtles and three of snakes. The effect of grids and escape
zones on the commercially targeted prawn catch varied by design (see original
paper for details). Devices tested included a flexible, circular, upward tilted grid
with top escape hole (‘AusTED’) and a secondary escape zone in front of the grid;
a square, upward tilted grid with a top escape hole (‘Nordmgre’) and secondary
escape zone after the grid; and a circular downward tilted grid (‘Super Shooter’)
with a secondary escape zone after the grid. Secondary escape zones included
different configurations of a ‘fish eye’ or ‘square mesh window’ (see original paper
for full details). Vessels towed twin Florida Flyer prawn trawl nets from each side
of the vessel in scientific trials of one-month duration (sea turtles: February 1995,
October 1995, October 1996; sea snakes: October 1995). Nets fitted with one of
the designs of grid and an unmodified net were randomly assigned to either side
of the vessel.

A replicated, paired, controlled study in 2001 in areas of seabed in the Gulf of
Carpentaria, northern Australia (4) found that nets fitted with a mesh escape
window (“bycatch reduction device”) and a grid (“turtle excluder device”) caught
fewer sea turtles and sea snakes, compared to unmodified nets. Nets fitted with
both an escape window and grid caught 100% fewer sea turtles (with devices: 0
turtles; unmodified nets: 66 turtles) and 5% fewer sea snakes (number not
provided), compared to unmodified nets. The use of a “turtle excluder device” and
a “bycatch reduction device” had been compulsory since 2000 in the Australian
prawn fishery. Commercial vessels towed twin Florida Flyer prawn trawl nets
from each side of the vessels in August-November 2001. Modified nets were fitted
with one of two designs of escape window (a “Bigeye” design or a square-mesh
escape window) and either an upward or downward facing exclusion grid (rigid
or semi-rigid frame with <120 mm bar spacing and an opening of 2700 mm). A
modified and an unmodified net were randomly assigned to either side of the
vessel and towed simultaneously (33 modified nets examined for sea turtles, 214
for sea snakes; 84 unmodified nets for sea turtles, 432 for sea snakes). The
combinations of various device designs were not compared. Where possible, sea
turtles (4 species) and sea snakes (12 species) caught were identified to species.
The “Bigeye” design was later removed from the Australian list of approved escape
zone designs.

Areplicated study in 2008 on the sea bottom in the Adriatic Sea (5) found that
adding a downward-facing grid and bottom escape hole (‘Super Shooter’ model of
‘turtle excluder device’) to standard trawl nets allowed a loggerhead turtle Caretta
caretta to escape after being caught. No statistical tests were carried out for
unwanted catch. During trials, one turtle entered a trawl net modified with a
‘Super Shooter’ and was successfully excluded. No turtles entered trawl nets
modified with two other excluder devices that were tested. The ‘Super Shooter’
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retained the most catch (20 kg/tow) and had the lowest discards (9 kg/tow) of
commercially-targeted European hake Merluccius merluccius, compared to the
two other excluder devices that were tested (retention rate: 13-18 kg/tow;
discard rate: 12-21 kg/tow). All turtle excluder devices were downward-facing
grids (set to an angle of 45-48 degrees) located immediately in front of the codend
and accompanied by a bottom escape hole. Four different excluder devices were
tested: a lightweight rigid aluminium grid (which broke down and was excluded
from the study); a flexible mixed-cable grid; a semi-rigid grid of steel and rubber;
a ‘Super Shooter’ aluminium grid with enlarged space between bars (see original
paper for details). Data were collected during 42 tows with an average duration of
48 minutes (11-15 tows/excluder device). Excluder devices were tested on a four-
sided net using standard commercial trawl fishing rigging and operation.

Areplicated, controlled study in 2014 on muddy-sandy seabed in the northern
Adriatic Sea (6) found that using an upward-facing flexible grid with escape hole
(‘turtle excluder device’) in a bottom-trawl net allowed loggerhead turtles Caretta
caretta to escape after entering the net. No statistical tests were carried out. Nets
with a flexible grid and escape hole allowed two loggerhead turtles Caretta caretta
to escape, while one turtle was caught in an unmodified net. Commercial fish catch
was similar between modified and unmodified nets (modified net: 8-26 kg/hr;
unmodified net: 10-34 kg/hr). Fifty-five bottom trawl trials were carried out (20-
40 m depths) in spring, autumn and winter 2014. A total of 25 trawls used the
experimental turtle excluder device and 30 used a traditional net as a control (nets
were 58 m long). The turtle excluder device was a circular plastic grid set at an
upward angle with a top escape hole (a net panel with three sides sewn onto the
trawl net) installed front of the codend. Escapes from modified nets were
monitored using an underwater camera.

(1) Robins-Troeger ].B. (1994) Evaluation of the Morrison Soft Turtle Excluder Device - Prawn
and Bycatch Variation in Moreton Bay, Queensland. Fisheries Research, 19, 205-217.

(2) Robins-Troeger J.B., Buckworth R.C. & Dredge M.C.L. (1995) Development of a trawl
efficiency device (TED) for Australian prawn fisheries. II. Field evaluations of the AusTED.
Fisheries Research, 22,107-117.

(3) Brewer D., Rawlinson N., Eayrs S. & Burridge C. (1998) An assessment of bycatch reduction
devices in a tropical Australian prawn trawl fishery. Fisheries Research, 36, 195-215.

(4) Brewer D., Heales D., Milton D., Dell Q., Fry G., Venables B. & Jones P. (2006) The impact of
turtle excluder devices and bycatch reduction devices on diverse tropical marine
communities in Australia's northern prawn trawl fishery. Fisheries Research, 81, 176-188.

(5) Sala A, Lucchetti A. & Affronte M. (2011) Effects of Turtle Excluder Devices on bycatch and
discard reduction in the demersal fisheries of Mediterranean Sea. Aquatic Living Resources,
24,183-192.

(6) Lucchetti A, Punzo E. & Virgili M. (2016) Flexible Turtle Excluder Device (TED): an effective
tool for Mediterranean coastal multispecies bottom trawl fisheries. Aquatic Living Resources,
29, 201.

6.31. Use sinking lines instead of floating lines

e We found no studies that evaluated the effects on reptile populations of using sinking
lines instead of floating lines.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.
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Background

Using sinking or non-buoyant lines (e.g. between pots or traps) that lie closer to
the sea floor or riverbed instead of floating in the water column may reduce the
risk of marine and freshwater reptiles becoming entangled.

6.32. Use stiffened materials or increase tension of fishing
gear

e We found no studies that evaluated the effects on reptile populations of using stiffened
materials or increasing tension of fishing gear.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
Using stiffened materials or increasing the tension of fishing nets, ropes or lines
may reduce the risk of reptiles becoming entangled.

6.33. Modify mesh sizes used in fishing gear

e We found no studies that evaluated the effects on reptile populations of modifying mesh
sizes used in fishing gear.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Numerous fishing methods involve the use of panels of meshed netting to harvest
the target species, and reptiles may become entangled in these nets. Modifying
mesh sizes may reduce the chance of reptiles becoming entangled.

6.34. Use lower profile gillnets with longer/no tie-downs

e We found no studies that evaluated the effects on reptile populations of using lower
profile gillnets with longer/no tie-downs.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Gillnets hang in the water at various depths and may entangle reptiles. Tie-downs
are lines that are shorter than the height of the net and connect the floatline (top)
and leadline (bottom), causing the net to billow out, potentially increasing the
chance of entanglement. Lower profile (narrower) nets without tie-downs may
reduce the number of reptiles that become entangled.
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6.35. Use bindings to keep trawl nets closed until they
have sunk below the water surface

e We found no studies that evaluated the effects on reptile populations of using bindings
to keep trawl nets closed until they have sunk below the water surface.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background
Bindings may be used to keep trawl nets closed until they have sunk below the
water surface. This may reduce the risk of aquatic reptiles becoming entangled.

Bait

6.36. Use dyed bait

e Two studies evaluated the effects of using dyed bait on reptile populations. One study
was in Costa Rica' and one was in the North Pacific2.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (1 STUDY)

e Use (1 study): One randomized, paired, controlled study in Costa Rica'! found that
loggerhead and Kemp’s ridley turtles showed mixed preferences for dyed compared to
non-dyed bait in captive trials.

OTHER (2 STUDIES)

e Unwanted catch (2 studies): Two paired studies (including one randomized, controlled
study) in Costa Rica' and the North Pacific2 found that hooks with dyed bait caught a
similar number of olive ridley and green turtles' and loggerhead turtles? compared to
hooks with non-dyed bait.

Background

Changing the colour of bait may reduce the attractiveness of bait to reptiles. This
may reduce reptile captures and entanglements in fishing gear, and in doing so
reduce the loss of catch for fishers.

See also: Use a different bait type and Change hook baiting technique.

A randomized, paired, controlled study in 2001-2003 in pelagic waters in the
Gulf of Papagayo, Costa Rica (1) found that using blue-dyed bait in a longline
fishery did not reduce unwanted catch of olive ridley turtles Lepidochelys olivacea
and green turtles Chelonia mydas agassizi, and in separate captive trials found that
preference for dyed or non-dyed bait varied depending on the turtle species.
Turtle catch rates were similar for blue bait (8 turtles/1,000 hooks, 13
individuals) and non-dyed bait (8 turtles/1,000 hooks, 9 individuals). In separate
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captive trials, loggerhead turtles Caretta caretta preferred non-dyed bait to blue
or red bait and Kemp’s ridley turtles Lepidochelys kempii preferred non-dyed bait
to blue bait but red bait to non-dyed bait (see original paper for details). Field
trials were carried out simultaneously on two commercial longline fishing vessels
in December 2013. In total, 22 lines were deployed using circle hooks (size: 12/0,
560-606 average hooks/deployment, each deployment lasted 8 hours) and baited
with blue-dyed (9 deployments) or non-dyed (13 deployments) bait, which was
either squid Loligo spp. (12 deployments) or sailfish Istiophorus platypterus (10
deployments). Captive trials tested preferences of two-year-old, captive reared
loggerhead (four trials in October 2001-March 2002, 49 individuals) and olive
ridley turtles (one trial in July-August 2002, 42 individuals) for dyed (red or blue)
compared to non-dyed squid pieces placed in pools (see original paper for details).

A paired study in 2002-2003 in pelagic waters in the North Pacific Ocean (2)
found that using blue-dyed fishing bait did not reduce unwanted catch of
loggerhead turtles Caretta caretta in a longline fishery, regardless of bait species
used. There was no difference in the rates of unwanted catch of loggerhead turtles
between blue-dyed and non-dyed bait (9 individuals caught in each case). All
turtles were caught alive and subsequently released. Bait colour did not alter the
catch rates of commercially-targeted swordfish Xiphias gladius. Longlines were
deployed from a single vessel (54 m long) in May-June 2002 and 2003 (19
deployments/year). Whole mackerel Scomber japonicus and squid Todarodes
pacificus were used as bait. Half of the bait of both species was dyed blue using
non-toxic dye and the two bait species (dyed and non-dyed) were attached
alternately to standard Japanese hooks (size 3.8-sun, 10° offset; 960 total hooks).
Hooks were set to a depth of 40-90 m and lines were deployed overnight.

(1) Swimmer Y., Arauz R, Higgins B., McNaughton L., McCracken M., Ballestero J. & Brill R.

(2005) Food color and marine turtle feeding behavior: Can blue bait reduce turtle bycatch in

commercial fisheries? Marine Ecology Progress Series, 295, 273-278.

(2) Yokota K, Kiyota M. & Okamura H. (2009) Effect of bait species and color on sea turtle
bycatch and fish catch in a pelagic longline fishery. Fisheries Research, 97, 53-58.

6.37. Use a different bait type

Background

Using alternative bait that is less attractive to marine and freshwater reptiles may
reduce entanglement and capture of reptiles in fishing gear. Losses to fishers may
also be reduced thereby reducing human-wildlife conflict.

Due to the number of studies found, this action has been split by species group.

See also: Use dyed bait and Change hook baiting technique.

Sea turtles

¢ Nine studies evaluated the effects of using a different bait type on sea turtle populations.
Three studies were in each of the Atlantic'¢7 and Pacific238, and one was in each of the
Atlantic and north Pacific®, the Gulf of Garbes* (Tunisia) and Italy®.
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COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (2 STUDIES)

e Survival (2 studies): Two studies (including one replicated, controlled study) off the
coast of Hawaii2 and in the Southern Atlantict found that the percentage of loggerhead
and leatherback turtles that survived being caught by fish-baited or squid-baited hooks®
or fish-baited circle hooks and squid-baited J-hooks? was similar.

e Condition (1 study): One before-and-after study off the coast of Hawaii2 found that fish-
baited circle hooks deeply hooked fewer leatherback and hard-shell turtles compared to
squid-baited J-hooks.

BEHAVIOUR (1 STUDY)

e Use (1 study): One controlled study in ltaly® found that loggerhead turtles in a captive
setting were less likely to bite at fish bait than squid bait. The study® also found that
smaller turtles were more likely to bite at mackerel bait and larger turtles at squid bait.

OTHER (8 STUDIES)

e Unwanted catch (8 studies): Four of five studies (including one replicated, paired,
controlled study) in the North Pacific3, Eastern Pacific?, Atlantic®” and Atlantic and North
Pacific® found that fish-baited hooks caught fewer sea turtles36.9 or were swallowed by
fewer olive ridley turtles8 than squid baited hooks. One study? also found that fish bait in
combination with larger circle hooks lead to the highest percentage of external hookings.
The other study?” found mixed effects of using fish or squid-baited hooks on the unwanted
catch of hard-shell and leatherback turtles. One replicated, controlled study in the north-
western Atlantic Ocean' found that fish-baited J-hooks caught fewer sea turtles
compared to squid-baited hooks. The study! also found that unwanted catch was more
similar for fish-baited and squid-baited circle hooks. One before-and-after study off the
coast of Hawaii? found that fish-baited circle hooks caught fewer loggerhead and
leatherback turtles compared to compared to squid-baited J-hooks. One replicated study
in the Gulf of Garbes* found that hooks baited with stingray caught fewer loggerhead
turtles compared to fish-baited hooks.

A replicated, controlled study in 2002 in pelagic waters in the north-western
Atlantic Ocean (1) found that unwanted catch of sea turtles was reduced when
using mackerel-baited Scomber scombrus instead of squid-baited Illex spp. J-
hooks, and tended to be lower when circle hooks were used in a tuna Thunnus spp.
and swordfish Xiphias gladius longline fishery. Unwanted catch of sea turtles was
reduced when mackerel-baited J-hooks were used (0.13-0.15 turtles/1,000
hooks) compared to squid-baited J-hooks (0.5 turtles/1,000 hooks). When
mackerel-baited circle hooks were used, unwanted catch was 0.04-0.15
turtles/1,000 hooks compared to 0.05-0.21 turtles/1,000 hooks when squid-
baited circle hooks were used (results were not statistically tested, see original
paper for details including individual species responses). Commercially-targeted
swordfish catch increased when mackerel was used (see original paper). Five
hook/bait combinations were trialled: (1) 0° offset 18/0 circle hooks with 150-
300 g squid bait, (2) 10° offset 18/0 circle hooks with squid bait, (3) 20°-25° offset
9/0 J-hooks with 200-500 g mackerel bait, (4) 10° offset 18/0 circle hooks with
mackerel bait and (5) 20°-25° offset 9/0 J-hooks with squid bait (standard in the
fishery). Thirteen vessels made 489 deployments, fishing a total of 427,382 hooks
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(71,000 hooks for combinations 1-4 and 142,000 hooks for combination 5). On-
board observers collected catch data.

A before-and-after study in 1994-2006 in pelagic waters off the coast of
Hawaii, USA (2) found fish-baited circle hooks reduced unwanted catch of sea
turtles compared to squid-baited J-hooks in a swordfish Xiphias gladius longline
fishery. Capture rates of leatherback turtles Dermochelys coriacea reduced by 83%
(0.006 turtles/1,000 hooks) and loggerhead turtles Caretta caretta by 90% (0.012
turtles/1,000 hooks) when fish-baited circle hooks were used compared to squid-
baited J-hooks (leatherback: 0.03 turtles/1,000 hooks, loggerhead: 0.13
turtles/1,000 hooks). Mortality rates were similar whether fish-baited circle or
squid-baited ] hooks were used (circle: 35 of 35 turtles survived, ]J: 180 of 182).
Fewer turtles were deeply hooked when fish-baited circle hooks were used
(leatherback: 0%, hard-shell: 22%) compared to squid-baited ] hooks (10%, 60%).
Swordfish catch increased by 16% after fish-baited circle hooks were introduced,
but tuna (Scombridae), mahi mahi Coryphaena spp, opah Lampris spp. and wahoo
Acanthocybium solandri catch reduced by 34-50% (see paper for details). Catch
data from the US National Marine Fisheries Service observer programme were
compared from before and after regulations were introduced requiring the use of
10° offset 18/0 circle hooks with fish bait in a pelagic swordfish longline fishery.
Prior to the regulations, 9/0 ] hooks with squid bait were used. ‘Before’ data used
was from 1994-2002 (120 observed trips of 1,631 sets with 1,282,748 ] hooks
deployed) and ‘after’ data was from 2004-2006 (164 observed trips of 2,631 sets
with 2,150,674 hooks deployed).

A paired study in 2002-2003 in pelagic waters in the North Pacific Ocean (3)
found that using fish instead of squid as bait reduced unwanted catch of
loggerhead turtles Caretta caretta in a shallow-set longline fishery. Catch of
loggerhead turtles was reduced using mackerel Scomber japonicus bait (4
individuals) compared to using Japanese common squid Todarodes pacificus (18
individuals). All turtles were caught alive and subsequently released. Bait type did
not alter the catch rates of commercially-targeted swordfish Xiphias gladius,
bigeye tuna Thunnus obesus, blue shark Prionace glauca, and shortfin mako shark
Isurus oxrinchus (see original paper for details), but increased catch of striped
marlin Tetrapturus audax (mackerel: 14 individuals; squid: 5 individuals).
Longlines were deployed from a single vessel (54 m long) in May-June 2002 and
2003 (19 deployments/year). Whole mackerel and squid were used as bait. The
two bait species were attached alternately to standard Japanese hooks (size: 3.8-
sun, 10° offset, 960 total hooks). Hooks were set to a depth of 40-90 m and lines
were deployed overnight.

A replicated study in 2007-2008 in pelagic waters in the south of the Gulf of
Garbes, Tunisia (4) found that using stingray Dasyatis pastinaca as bait in a
longline fishery reduced unwanted catch of loggerhead turtles Caretta caretta
compared to using mackerel Scomber scombrus, but also increased catch of
commercially-targeted sharks. Fewer turtles were caught with stingray bait (0.2
turtles/1000 hooks) compared to mackerel (1.2). Catch of commercially targeted
sandbar sharks Carcharinus plumbeus was higher with stingray bait (19
sharks/1,000 hooks) compared to mackerel (13 sharks/1,000 hooks). J-hooks
(111 mm long, 57 mm wide) were baited with pieces of stingray or whole
mackerel. Data were collected by onboard observers over 21 trips on longline
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vessels during July-September in 2007 and 2008. In total, 48 sets of fishing gear
were deployed overnight (stingray: 19, mackerel 29 deployments) using 35,950
hooks (stingray: 13,800, mackerel: 22,150 hooks) during 21 fishing trips. Fishing
gear comprised a mainline (20-35 km long) with branchlines (8 m long)
suspended horizontally by floats. Baited ]J-hooks were located at the end of
branchlines approximately 40 m apart.

A controlled study in 2001-2010 in sea water test tanks in Italy (5) found that
loggerhead turtles Caretta caretta were less likely to bite at mackerel Scomber
scomber bait than squid Ilex argentinus bait, and that this varied with the size of
the turtle. Overall, turtles were less likely to bite at mackerel bait (biting at
mackerel: 23% frequency) than squid (biting at squid: 60% frequency), but more
likely to bite at mackerel than no bait (5-8% frequency). Smaller turtles were
more likely to bite at mackerel bait and larger turtles were more likely to bite at
squid bait (data reported as statistical model outputs). Whole mackerel and squid
were selected as bait as these are commonly used in longline fisheries. Individual
turtles (30 in total) were presented with bait of the same species (13 mackerel
tests; 20 squid tests) and no bait in three different coloured sacks and their
response was recorded on a portable video camera. Three turtles were tested
using both bait types. Attempts to bite a sack were considered proof of biting
behaviour. Turtles were wild caught individuals who had been in the rescue centre
for <4 months and were considered fit to be released.

Areplicated, controlled study in 2008-2012 in pelagic waters in the Southern
Atlantic (6) found that using mackerel Scomber spp. bait reduced unwanted catch
of loggerhead turtles Caretta caretta and leatherback turtles Dermochelys coriacea
compared to using squid Illex spp., but when squid bait was used, unwanted catch
rates depended on the hook type used. Unwanted turtle catch was lower when
mackerel bait was used regardless of hook type (non-offset circle: 0.2
turtles/1,000 hooks; offset circle: 0.2; J-hook: 0.3), compared to squid bait. The
number of turtles caught by squid bait varied with hook type (non-offset circle
hooks: 0.7 turtles/1000 hooks; offset circle hooks: 0.6 turtles; J-hooks 1.7). This
pattern was observed for both leatherback and loggerhead turtle species (see
paper for details). Overall turtle mortality rates were similar regardless of
whether squid (146/228 individuals alive) or mackerel (40/58 individuals alive)
was used as bait. Three hook types baited with either squid or mackerel were used
alternately on a commercial longline fishing vessel: traditional J-hook (size: 9/0)
and two circle hooks (a non-offset and a 10° offset, both sized: 17/0; 148,800 total
hooks/type). In total 310 longline deployments (1,440 hooks/deployment;
446,400 total hooks, lines set to 20-50 m depths) were carried out overnight in
October 2008-February 2012. One bait type was used in each deployment. Turtle
catch was monitored by onboard observers.

A replicated, paired, controlled study in 2008-2011 in pelagic waters in the
north-east Atlantic Ocean (7) found that changing from squid Illex spp. bait to
mackerel Scomber spp. bait reduced unwanted catch of hard-shell sea turtles
(Cheloniidae spp.), but not leatherback turtles Dermochelys coriacea in a pelagic
longline swordfish Xiphias gladius fishery. Unwanted catch of hard-shell sea
turtles (loggerhead Caretta caretta, olive ridley Lepidochelys olivacea and Kemp’s
ridley Lepidochelys kempii turtles) was reduced when mackerel bait was used
(0.07-0.16 turtles/1,000 hooks) compared to squid (0.14-0.35 turtles/1,000
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hooks). Unwanted catch of leatherback turtles was similar when mackerel (0.39-
0.95 turtles/1,000 hooks) or squid (0.50-0.10 turtles/1,000 hooks) bait was used.
In August 2008-December 2011, a commercial vessel carried out 202 overnight
longline fishing deployments (lines: 55 nm long with 5 branchlines, deployed 20-
50 m deep, lit by green lights). Whole squid or mackerel were used as bait (one
type of bait/line deployment). Hook styles (10° offset J-hooks traditionally used in
the fishery; non-offset G-style circle hooks; and 10° offset Gt-style circle hooks)
were alternated every 70-80 hooks along the line in a randomized start order
(254,520 total hooks deployed with 42,420 of each hook/bait combination).
Unwanted catch was counted and released.

Areplicated study in 2004-2011 in pelagic waters in the Eastern Pacific Ocean
(8) found that using fish instead of squid bait reduced the likelihood of olive ridley
turtles Lepidochelys olivacea swallowing hooks in an artisanal surface longline
fishery. When fish bait was used, hooks were less likely to be swallowed by olive
ridley turtles than when squid bait was used (results reported as odds ratios, see
original paper for details). Using fish bait in combination with larger circle hooks
lead to the largest proportion of external hookings. In 2004-2011, incidental catch
rates of sea turtles on circle hooks (sizes 12/0-18/0), tuna hooks and traditional
J-hooks (see original paper for hook details) were compared by placing hooks in
alternative sequence along longlines (3.5 million total hooks used in 8,996 line
deployments) in an artisanal longline fishery. Bait used was classed as squid
(Dosidicus gigas, Illex sp. and Loligo sp.) or fish (Opisthonema spp., Scomber
japonicus, Auxis spp. and Sardinops sagax) and only deployments using one type of
bait were included in the analysis (4,838 of 8,996 line deployments). Information
on hooking location and entanglement of sea turtles was recorded (1,823 total
olive ridley turtles).

Areplicated, before-and-after study in pelagic longline fisheries in the Atlantic
and North Pacific (9) found that using fish bait resulted in less leatherback
Dermochelys coriacea and loggerhead Caretta caretta turtle bycatch compared to
when squid bait was used. The number of turtles caught on longlines was lower in
the Atlantic when fish bait was used (leatherback: 0-6% chance with circle hooks,
13% with ] hooks; Loggerhead: 0-5% with circle hooks, 9% with ] hooks)
compared to squid bait (leatherback: 9% with circle hooks, 20% with ] hooks;
Loggerhead: 11% with circle hooks, 18% with ] hooks). The same was true in the
Pacific (loggerhead: circle hook: 1% with fish, 2% with squid; j hook: 5% with fish,
13% with squid). Following the introduction of regulations on bait and hooks,
overall turtle bycatch was reduced in both the Atlantic (leatherback: 40%
reduction; loggerhead: 61% reduction) and Pacific (leatherback: 84% reduction;
loggerhead 95% reduction). Fisheries were closed in 2001 and re-opened with
regulations regarding bait (fish or squid) and hook type (circle or ] hooks) (see
paper for details). Pelagic Observer Program data from before (1992-2001) and
after (2004-2015) regulations was used to determine the number of turtles
caught/1,000 hooks.

(1) Watson J.W., Epperly S.P., Shah A.K. & Foster D.G. (2005) Fishing methods to reduce sea
turtle mortality associated with pelagic longlines. Canadian Journal of Fisheries and Aquatic
Sciences 62,965-981.

(2) Gilman E., Kobayashi D., Swenarton T., Brothers N., Dalzell P. & Kinan-Kelly 1. (2007)
Reducing sea turtle interactions in the Hawaii-based longline swordfish fishery. Biological
Conservation, 139, 19-28.
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(3) Yokota K., Kiyota M. & Okamura H. (2009) Effect of bait species and color on sea turtle
bycatch and fish catch in a pelagic longline fishery. Fisheries Research, 97, 53-58.

(4) Echwikhi K, Jribi L., Bradai M.N. & Bouain A. (2010) Effect of type of bait on pelagic longline
fishery-loggerhead turtle interactions in the Gulf of Gabes (Tunisia). Aquatic Conservation
Marine and Freshwater Ecosystems, 20, 525-530.

(5) Piovano S., Farcomeni A. & Giacoma C. (2012) Effects of chemicals from longline baits on the
biting behaviour of loggerhead sea turtles. African Journal of Marine Science, 34, 283-287.

(6) Santos M.N., Coelho R., Fernandez - Carvalho J. & Amorim S. (2013) Effects of 17/0 circle
hooks and bait on sea turtles bycatch in a Southern Atlantic swordfish longline fishery.
Aquatic Conservation: Marine and Freshwater Ecosystems, 23,732 - 744.

(7) Coelho R., Santos M.N., Fernandez-Carvalho J. & Amorim S. (2015) Effects of hook and bait in
a tropical northeast Atlantic pelagic longline fishery: Part I-Incidental sea turtle bycatch.
Fisheries Research, 164, 302-311.

(8) Parga M.L., Pons M., Andraka S., Rendon L., Mituhasi T., Hall M., Pacheco L., Segura A,
Osmond M. & Vogel N. (2015) Hooking locations in sea turtles incidentally captured by
artisanal longline fisheries in the Eastern Pacific Ocean. Fisheries Research, 164, 231-237.

(9) Swimmer Y., Gutierrez A., Bigelow K., Barcel6 C., Schroeder B., Keene K., Shattenkirk K. &
Foster D.G. (2017) Sea turtle bycatch mitigation in U.S. longline fisheries. Frontiers in Marine
Science, 4, 260.

Tortoises, terrapins, side-necked & softshell turtles

e Two studies evaluated the effects of using a different bait type on tortoise, terrapin,
side-necked and softshell turtles. Both studies were in the USA'2,

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (0 STUDIES)
BEHAVIOUR (0 STUDIES)

OTHER (2 STUDIES)

e Unwanted catch (2 studies): One randomized, controlled study in the USA" found that
a crab pot with mackerel bait caught more diamondback terrapins than when chicken
bait or no bait was used. One replicated, paired study in the USA2 found that hoop nets
with soap bait caught fewer turtles than nets with cheese bait.

A randomized, controlled study (years not provided) in a brackish water
experimental enclosure in South Carolina, USA (1) found that using mackerel bait
in a crab pot increased catch rates of diamondback terrapin Malaclemys terrapin
compared to chicken or no bait. Mackerel bait increased the number of terrapins
caught (1.2 entries/terrapin/h) compared to chicken or no bait, which produced
similar results (chicken: 0.6; no bait: 0.2 entries/terrapin/h). In total, 25 wild
terrapins were caught to participate in three randomly ordered trials: mackerel
bait, chicken bait and no bait. A single crab pot with chimney was used to test each
bait type. Terrapins were monitored by webcam in 90-minute videos/treatment.

Areplicated, paired study in 2014 of 13 reservoirs in Kentucky, USA (2) found
that using soap rather than cheese as fishing bait in hoop nets reduced unwanted
catch of turtles in a catfish Ictalurus punctatus fishery. Unwanted catch of all
turtles in hoop nets was reduced with soap bait (7 turtles/net deployment)
compared to cheese bait (11 turtles/net deployment). Turtle mortality was
reduced with soap bait compared to cheese (data reported as statistical model



175

outputs). Catch rates of commercially targeted catfish were similar between soap-
baited (1,613 individuals) and cheese-baited hoop nets (1,429 individuals)
although soap-baited nets caught larger catfish (344 mm average length)
compared to cheese-baited (321 mm). In June 2014, four to six tandem hoop net
combinations (three nets/combination, each 3.4 m long with 25 mm bar mesh and
seven 0.8 m hoops) were deployed at <4 m depths in 13 reservoirs (70 total net
deployments, two sampling periods). Nets were either baited with 800g cheese
logs or 800g Zote © soap. Nets were fished for two days; all animals were removed
and nets were then reset with the opposite bait and fished for a further two days.
In total six turtle species were caught, of which three species (red-eared slider
Trachemys scripta elegans, common musk Sternotherus odoratus and common
snapping turtles Chelydra serpentina) were caught frequently enough to assess
differences in mortality by bait type.

(1) McKee RK, Cecala K.K. & Dorcas M.E. (2016) Behavioural interactions of diamondback
terrapins with crab pots demonstrate that bycatch reduction devices reduce entrapment.
Aquatic Conservation: Marine and Freshwater Ecosystems, 26, 1081-1089.

(2) Long].M.,, Stewart D.R,, Shiflet ]., Balsman D., Shoup D.E. (2017) Bait type influences on catch
and bycatch in tandem hoop nets set in reservoirs. Fisheries Research, 186, 102-108.

Snakes & lizards

e We found no studies that evaluated the effects of using a different bait type on snake
and lizard populations.

'We found no studies' means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Crocodilians

o We found no studies that evaluated the effects of using a different bait type on crocodilian
populations.

'We found no studies' means that we have not yet found any studies that have directly evaluated this
intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

6.38. Change hook baiting technique

e One study evaluated the effects of changing the hook baiting technique on reptile
populations. This study was in the USA.

COMMUNITY RESPONSE (0 STUDIES)

POPULATION RESPONSE (0 STUDIES)

BEHAVIOUR (1 STUDY)

e Use (1 study): One study in the USA" found that captive loggerhead turtles were more
likely to attempt to swallow thread-baited than single-baited hooks.

Background
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How bait is connected to a hook may affect the likelihood of reptiles swallowing
the bait and hook together. Changing the baiting technique may involve using
whole bait instead of smaller chunks or changing the way that the bait is threaded
onto a hook. Single baiting involves putting a fishing hook once through the bait
item, whereas thread baiting involves threading the hook through the bait
multiple times. As a result, it may be easier for reptiles to strip bait off fishing gear
without swallowing the hooks when single baiting is used. Similarly, whole bait
rather than chunks of bait may be more easily removed by reptiles.

See also: Use dyed bait and Use a different bait type.

A study in 2004-2005 in laboratory conditions in Texas, USA (1) found that
loggerhead turtles Caretta caretta were more likely to attempt to swallow thread-
baited than single-baited hooks. The odds that loggerhead turtles would attempt
to swallow thread-baited hooks were 2.5 times higher than the odds that they
would attempt to swallow single-baited hooks, regardless of bait type used or
hook size (results presented as model outputs, see paper for details). Turtle
responses to individual baited hooks suspended in their tanks were video
recorded (each hook presentation = 1 trial). Sixty 45 cm long captive-reared
turtles participated in trials, of which 30 turtles participated again when they
reached 55 cm and 65 cm long. Trials were carried out in April and October 2004,
and May 2005. Modified circle hooks of different sizes (see paper for details) were
baited with whole squid Illex illecebrosus or sardines Sardinella aurita and either
single-baited or thread-baited.

(1) Stokes L.W., Hataway D., Epperly S.P., Shah A.K,, Bergmann C.E., Watson ].W. & Higgins B.M.

(2011) Hook ingestion rates in loggerhead sea turtles Caretta caretta as a function of animal
size, hook size, and bait. Endangered Species Research, 14, 1-11.

Stakeholder engagement and behaviour change

6.39. Involve fishers in designing and trialling new fishing
gear types to encourage uptake of gear that reduces
unwanted catch of reptiles

e We found no studies that evaluated the effects on reptile populations of involving fishers
in designing and trialling new fishing gear types to encourage uptake of gear that reduces
unwanted catch of reptiles.

'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Involving fishers in designing and trialling new fishing gear types that reduce the
unwanted catch (‘bycatch’) of aquatic reptiles may lead to greater uptake of new
geartypes.
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See also: Finance low interest loans to convert to fishing gear that reduces unwanted
catch of reptiles and Introduce fishing gear exchange programmes to encourage
fishers to use gear that reduces unwanted catch of reptiles.

6.40. Finance low interest loans to convert to fishing gear
that reduces unwanted catch of reptiles

e We found no studies that evaluated the effects on reptile populations of financing low
interest loans to convert to fishing gear that reduces unwanted catch of reptiles.
'We found no studies’ means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Providing financial assistance, such as low interest loans, may encourage fishers
to convert to fishing gear types that reduce the unwanted catch (‘bycatch’) of
aquatic reptiles.

See also: Introduce fishing gear exchange programmes to encourage fishers to use
gear that reduces unwanted catch of reptiles and Involve fishers in designing and
trialling new fishing gear types to encourage uptake of gear that reduces unwanted
catch of reptiles.

6.41. Introduce fishing gear exchange programs to
encourage fishers to use gear that reduces
unwanted catch of reptiles

e We found no studies that evaluated the effects on reptile populations of introducing
fishing gear exchange programs to encourage fishers to use gear that reduces unwanted
catch of reptiles.

'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Introducing fishing gear exchange programmes may encourage fishers to use gear
types that reduce the unwanted catch (‘bycatch’) of aquatic reptiles. Fishers may
be provided with alternative gear types that are less harmful to reptiles after
surrendering their existing gear. Training on the use of new fishing gear may also
be required.

See also: Involve fishers in designing and trialling new fishing gear types to
encourage uptake of gear that reduces unwanted catch of reptiles and Finance low
interest loans to convert to fishing gear that reduces unwanted catch of reptiles.
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Reduce mortality following unwanted catch

6.42. Establish handling and release procedures for
accidentally captured or entangled (‘bycatch’)
reptiles

e One study evaluated the effects on reptiles of establishing handling and release
procedures for accidentally captured or entangled reptiles. This study was in Canada’.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Condition (1 study): One replicated, controlled study in Canada’ in a captive setting
found that recovery of painted turtles after a long period of being held underwater was
similar when turtles recovered out of the water or in the water.

BEHAVIOUR (0 STUDIES)
OTHER (0 STUDIES)

Background

Establishing and implementing best practice protocols for handling and releasing
aquatic reptiles entangled or captured in fishing gear may reduce the risk of injury
and improve post-release survival. This may involve releasing reptiles with or
without delay, using appropriate techniques to remove fishing gear from
entangled or hooked reptiles, and using appropriate procedures to release reptiles
caught in nets.

For studies on the effect of releasing rehabilitated or accidentally captured
(‘bycatch’) reptiles see Species management - Rehabilitate and release injured or
accidentally caught individuals.

A replicated, controlled study in 2011 in a laboratory in Ontario, Canada (1)
found that short-term recovery of painted turtles Chrysemys picta from a lack of
oxygen was similar out of water and in water. Recovery from a lack of oxygen was
similar for turtles that recovered out of water and those that recovered in water
as measured by blood lactate (out of water: 18 mmol/l; in water: 18 mmol/1) and
pH (out of water: 7.6; in water: 7.7). Out of water recovery resulted in lower reflex
impairment compared to immediately after submergence, whereas in water
recovery resulted in similar impairment to both out of water recovery and
immediately after submergence (reported as impairment index). Wild-caught
male turtles were individually submerged in tanks for 12 hours (held with a cage).
Blood lactate, blood pH and reflex response were measured immediately after
submergence (6 turtles); after 1 h recovery out of water (7 turtles); after 1 h
recovery in water (7 turtles). Reflex response included measuring orientation,
startle response, escape response and physical response (see paper for details).
(1) LeDain M.R, Larocque S.M., Stoot L.J., Cairns N.A., Blouin-Demers G. & Cooke S.J. (2013)

Assisted recovery following prolonged submergence in fishing nets can be beneficial to

turtles: an assessment with blood physiology and reflex impairment. Chelonian Conservation
and Biology, 12, 172-177.
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6.43. Modify fishing gear to reduce reptile mortality in the
event of unwanted catch

e One study evaluated the effects on reptile populations of using modified gear to reduce
reptile mortality in the event of unwanted catch. This study was in the USA!.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Survival (1 study): One replicated study in the USA" found that few diamondback
terrapins died in crab pots fitted with mesh chimneys.

BEHAVIOUR (0 STUDIES)

Background

Reptiles are vulnerable to drowning when caught in fishing gear and unable to
escape. Modifying gear to allow reptiles to reach the surface may keep reptiles
alive should they be caught incidentally in fishing gear.

For studies describing the effects of modifying the depth at which fishing gear is
deployed, see Deploy fishing gear at different depths.

A replicated study in 2012-2013 in five estuarine sites in North Carolina, USA
(1) found that pots fitted with a wire mesh chimney led to low mortality of
diamondback terrapins Malaclemys terrapin. One of 14 terrapins that were caught
in pots modified with the chimney died. Standard commercial crab pots (61 cm x
61 cm x 61 cm) were fitted with a chicken wire chimney (122 x 30.5 cm diameter)
to provide trapped terrapins with access to air. Pots were deployed June-July in
2012 (4 sites) and 2013 (2 sites). Pots were baited and submerged for 48 hours at
a time.

(1) ChavezS. & Williard A.S. (2017) The effects of bycatch reduction devices on diamondback
terrapin and blue crab catch in the North Carolina commercial crab fishery. Fisheries
Research, 186, 94-101.

6.44. Release accidentally caught (‘bycatch’) reptiles

e Three studies evaluated the effects on reptile populations of releasing accidentally
caught reptiles. One study was in each of the Caribbean Sea', Costa Ricaz and the
Republic of Korea3.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (2 STUDIES)

e Survival (2 studies): One replicated study in the Caribbean Sea' found that from a
released group of green turtles that included some accidentally caught and some head-
started individuals, some survived for at least several months in the wild. One replicated
study in the Republic of Korea® found that green turtles caught in pound nets all survived
for at least two weeks to a year after release.

BEHAVIOUR (1 STUDY)



180

e Behaviour change (1 study): One controlled study off the Pacific coast of Costa Rica?
found that the behaviour of longline-caught sea turtles following release was broadly
similar to free-swimming turtles.

Background

After reptiles have become caught in nets or traps, or hooked on lines, it may be
possible to rehabilitate and release individuals depending on the extent or
severity of any injuries incurred. Ideally rehabilitation and releases would follow
established best practice guidelines to maximise survival rates and ensure each
individual is sufficiently healthy prior to release.

For studies that test different methods for safely releasing accidentally captured
reptiles, see also Establish handling and release procedures for accidentally
captured or entangled (‘bycatch’) reptiles. For studies where injured reptiles were
rehabilitated prior to release, see Species management - Rehabilitate and release
injured or accidentally caught individuals.

A replicated study in 1967-1974 in pelagic waters in the Caribbean Sea near
Bermuda (1) found that some accidentally-caught immature and some head-
started green turtles Chelonia mydas survived at least several months in the wild.
In total, 16 of 108 released accidentally-caught or head-started immature green
turtles were recaptured. Nine turtles were recovered within 10 months, other
recaptured turtles had spent up to 27 months in the wild. Most turtles were
recaptured a few hundred metres to 14 km away from their point of release,
except for one head-started turtle that was recaptured 2,315 km away from the
release site after 10 months. In 1967-1971, eighty-nine green turtles were head-
started in Costa Rica and released after approximately two years on the north and
south coasts of Bermuda. In addition, 19 wild-born immature green turtles caught
accidentally by local fisherman were tagged and released as part of the same
programme.

A controlled study in 2001-2003 in pelagic waters on the Pacific coast of Costa
Rica (2) found that sea turtles released back into the water after becoming caught
on longline hooks travelled similar distances and dived to similar depths
compared to free-swimming turtles. Longline-caught turtles travelled similar total
distances (117-520 nautical miles) and distances each day (5 nautical miles/day)
compared to free-swimming turtles (total distance: 50-443 nautical miles; 5
nautical miles/day). Longline-caught turtles made similar depth daily maximum
dives (81-408 m) compared to free-swimming turtles (84-264 m). Longline-
caught turtles made more deeper daytime dives than free-swimming turtles,
which were more likely to make deeper dives at night (no statistical tests carried
out, see original paper for details). None of the longline-caught turtles died during
the study; one free-swimming turtle mortality occurred. In total nine olive ridley
turtles Lepidochelys olivacea and one green turtle Chelonia mydas caught by
fishermen were monitored using radio tags in November 2001-August 2003.
Hooks were removed from the turtle’s jaw or mouth (except for one individual,
see paper for details) and turtles were released. At the same time, five free-
swimming olive ridley turtles were collected by the boat, radio-tagged and
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released for behavioural comparisons. On average, tags remained on line-caught
turtles and free-swimming turtles for 54 and 60 days respectively.

A replicated study in 2015-2017 in three coastal sites of Jeju Island, the
Republic of Korea (3) found that after releasing green turtles Chelonia mydas that
were caught in pound nets near the capture site, all eight turtles survived. Turtles
survived for at least 17-314 days and moved 36-1,393 km after being released.
Five turtles stayed close to Jeju island and moved 36-581 km; one travelled west
toward China and moved 514 km and two travelled east towards Japan and moved
489 and 1,393 km. In August 2015-September 2016, eight healthy turtles (7
juveniles, 1 adult) that were caught accidentally in pound nets (approximate size
25 x 15 x 10 m) were fitted with satellite transmitters before being released near
the capture site. Transmitters were attached to the carapace using polyester resin
and fiberglass cloth. Turtles were tracked for 17-314 days, with a maximum of
one location/individual /day retained for analysis.

(1) Burnett-Herkes ]. (1974) Returns of green sea turtles (Chelonia mydas Linnaeus) tagged at
Bermuda. Biological Conservation, 6,307-308.

(2) SwimmerY., Arauz R, McCracken M., McNaughton L., Ballestero J., Musyl M., Bigelow K. &
Brill R. (2006) Diving behavior and delayed mortality of olive ridley sea turtles Lepidochelys
olivacea after their release from longline fishing gear. Marine Ecology Progress Series, 323,
253-261.

(3) JangS., Balazs G.H., Parker D.M., Kim B.Y., Kim M.Y,, Ng C.K.Y. & Kim T.W. (2018) Movements

of Green Turtles (Chelonia mydas) Rescued from Pound Nets Near Jeju Island, Republic of
Korea. Chelonian Conservation and Biology, 17, 236-244.

Logging and wood harvesting

6.45. Thin trees within forests

o Six studies evaluated the effects of thinning trees within forests on reptile populations.
Three studies were in the USA24 and one was in each of Brazil', Spain® and Australia®.

COMMUNITY RESPONSE (3 STUDIES)

¢ Richness/diversity (3 studies): Two replicated, controlled studies (including one
randomized study) in the USA3 and Spains found that areas of thinned forest had similar
reptile species richness compared to areas with no thinning. One studys also found that
thinned areas had lower species richness than areas of open habitat. One replicated,
controlled study in Australia® found that areas of forest thinned 8-20 years previously
had higher diversity of reptiles than areas thinned less than eight or more than 20 years
previously, or than areas with no thinning.

POPULATION RESPONSE (6 STUDIES)

e Abundance (6 studies): Two of four replicated, controlled studies (including two
randomized studies) in Brazil', the USA34, and Spain® found that areas of thinned forest
had a similar abundance of reptiles compared to areas with no thinning34. One study?
found mixed effects of thinning trees on the abundance of three lizard species. The other
study® found that areas of thinned forest had a higher abundance of reptiles than areas
with no thinning. That study® also found that areas with the most thinning had a similar
abundance of reptiles compared to areas of open habitat. One replicated, controlled
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study in Australia® found that areas of forest thinned 8-20 years previously had a higher
abundance of reptiles than areas thinned at other times or areas with no thinning. One
replicated, randomized, controlled study in the USA? found that areas of thinned forest
had a higher abundance of snakes than clearcut forest.

BEHAVIOUR (0 STUDIES)

Background

Thinning is a forestry practice where selective removal of trees is used to increase
the size and health of remaining trees in both wild-harvested and plantation
forests. Ecological thinning (pre-commercial thinning) is a variant of thinning
used in forest conservation where the primary aim is to increase growth of trees,
but the secondary aim is to develop or improve wildlife habitat (e.g. hollows, sun

gaps).

For studies of the effect of prescribed fires on their own and in combination with
vegetation cutting, see Threat: Natural system modifications - Use prescribed
burning and Use prescribed burning in combination with vegetation cutting; Use
prescribed burning in combination with herbicide application and Use prescribed
burning in combination with grazing.

A replicated, randomized, controlled study in 1987-1997 in tropical forest in
Amazonas, Brazil (1) found that after Kkilling (‘girdling’) non-commercial tree
species of >25 cm trunk diameter, density of one of three lizard species was
reduced 12 years later compared to unmanaged areas. Twelve years after non-
commercial trees were girdled, striped whiptail lizard Kentropyx calcarata density
(1-3 lizards/plot) was reduced compared to in unmanaged areas (4-6
lizards/plot), but density was similar for giant ameiva Ameiva ameiva (girdled: 1-
4 individuals/plot; no management: 0-5 individuals/plot) and black-spotted
skink Mabuya nigropunctata (girdled: 0-1 individuals/plot; no management: 0-2
individuals/plot). In 1985, non-commercial trees >25 cm diameter at breast
height were killed (‘girdled’, see original paper for details) in three forest plots (4
ha each). Lizards were surveyed in girdled plots and three 4 ha plots with no
historical management on foot by walking six 200 x 20 m transects in each plot
during daytime in August-October 1996 and July 1997. The maximum number of
lizards counted/plot was used as a measure of density.

A replicated, randomized, controlled study in 2004-2006 in pine forests in
South Carolina, USA (2) found that snake abundance was higher in thinned
compared to clearcut forest. The number of snakes captured was higher after
thinning (180 individuals) compared to clearcutting (80-102 individuals).
Numbers of snakes captured in unharvested plots was 137. Four circular forest
sites were divided into four plots and each plot was randomly assigned one of four
treatments: 85% thinned, clearcut with coarse woody debris retained, clearcut
with coarse woody debris removed and unharvested for >30 years. Logging was
from February to April 2004. Reptiles were sampled using drift fences with pitfall
traps. Traps were checked every 1-2 days from April 2004 to July 2006 except for
August.

Areplicated, randomized, controlled study in 2006-2007 in hardwood forests
in North Carolina, USA (3) found that overall reptile species richness and capture
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rates were similar in areas with tree thinning compared to unmanaged areas.
Overall reptile richness and overall reptile, snake and turtle captures were similar
after thinning by mechanical cutting (richness: 6-7 species/100 array nights,
overall captures: 6 individuals/100 array nights, snakes: 1-2 individuals/100
array nights, turtles: 0 individuals/100 array nights) and no management
(richness:6, overall captures: 7, snakes: 3-5, turtles: 0). Three plots each (10 ha)
were managed with mechanical-cutting (using chainsaws to cut trees and
understory, 2001-2002) or not managed. Reptiles were surveyed in May-August
2006 and 2007 using drift fences with pitfall traps (‘arrays’, 3 /site).

A replicated, controlled, before-and-after study in 2005-2008 in mixed forest
in Alabama, USA (4) found no clear effects of thinning on the abundance of six
reptile species when compared to areas that were left unmanaged. The abundance
of all six species (eastern fence lizard Sceloporus undulatus, green anole Anolis
carolinensis, little brown skink Scincella lateralis, five-lined skink Plestiodon
fasciatus, copperhead Agkistrodon contortrix and eastern racer Coluber
constrictor) remained similar following heavy and light thinning compared to
unmanaged areas (see paper for individual species abundances). In 2005-2008,
three 9 ha plots each were either lightly thinned (17 m2/ha tree retention), heavily
thinned (11 m?/ha tree retention) or left unmanaged (9 plots in total). Reptiles
were surveyed for 3-6 months before management began (564 total trap nights
in April-August) and in the two years after management (3,132 total trap nights
in March-September) using drift fences with pitfall traps. Individuals were
marked before release.

A replicated, controlled study in 2014 in pine forest in Granada, Spain (5)
found that thinning trees in commercial forest by 66% increased reptile
abundance but not species richness compared to thinning by 50% or no thinning.
Reptile abundance was greater in 66%-thinned forest (11 reptiles/plot)
compared to 50%-thinned (3 reptiles/plot) or unthinned forest (3 reptiles/plot)
but similar to reptile abundance in open landscape (9 reptiles/plot). Reptile
species richness was similar in 66%-thinned (2 species/plot), 50%-thinned (1
species/plot) and unthinned forest (1 species/plot), but lower than species
richness in open landscape (3 species/plot). In 2010, a pine plantation with 600
trees/ha was managed by thinning 66% and 50% of trees in 20-37 ha areas.
Reptiles were surveyed using a visual encounter method along u-shaped line
transects in May-June 2014 in four plots each of 66% thinning, 50% thinning, as
well as in four plots each with no tree thinning and in adjacent open landscape (all
plots 100 x 35 m, 16 total plots). Each plot was surveyed four times at least five
days apart.

Areplicated, controlled study in 2015-2016 in pine and eucalypt woodland in
north-west New South Wales, Australia (6) found that reptile abundance and
diversity were higher 8-20 years after tree thinning compared to <8 years or >20
years after thinning. Reptile abundance was 2-4.5 times greater and reptile
diversity was 1.4-1.5 times greater 8-20 years after thinning than in unthinned,
thinned <8 years ago, thinned >20 years ago or undisturbed forest (data reported
as statistical model outputs, see original paper for details). In total 85 reptiles of
21 different species were caught across all sites (see original paper for changes in
individual species abundances). The effect of tree thinning on reptiles was
monitored in five 20-30 ha plots in 30 historically-managed forestry sites (non-
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commercial and commercial). Plots had the following thinning history: thinned <8

years ago using mechanical and manual brushcutting (thinnings left on site),

thinned 8-20 years ago (larger stems for saw logs were removed from the site),
thinned >20 years ago (thinnings left on site), unthinned (~6,500 stems/ha) and

long undisturbed (see original paper for details). Reptiles were surveyed along a

200 m transect in each plot using nocturnal spotlighting (sampled once/plot, dates

not provided) and drift fence/pitfall trap arrays (two traps/array, two

arrays/plot) in October-November 2015 (eight days) and March 2016 (four days).

(1) Lima A.P., Suarez F.I1.O. & Higuchi N. (2001) The effects of selective logging on the lizards
Kentropyx calcarata, Ameiva ameiva and Mabuya nigropunctata. Amphibia-Reptilia, 22, 209-
216.

(2) Todd B.D. & Andrews K.M. (2008) Response of a reptile guild to forest harvesting.
Conservation Biology, 22, 753-761.

(3) Matthews C.E., Moorman C.E., Greenberg C.H. & Waldrop, T.A. (2010) Response of reptiles
and amphibians to repeated fuel reduction treatments. The Journal of Wildlife Management,
74,1301-1310.

(4) Sutton W.B., Wang Y. & Schweitzer C.J. (2013) Amphibian and reptile responses to thinning
and prescribed burning in mixed pine-hardwood forests of northwestern Alabama, USA.
Forest Ecology and Management, 295, 213-227.

(5) Azor].S, Santos X. & Pleguezuelos ].M. (2015) Conifer-plantation thinning restores reptile
biodiversity in Mediterranean landscapes. Forest Ecology and Management, 354, 185-189.

(6) Gonsalves L., Law B., Brassil T., Waters C., Toole I. & Tap P. (2018) Ecological outcomes for
multiple taxa from silvicultural thinning of regrowth forest. Forest Ecology and Management,
425,177-188.

6.46. Coppice trees

e One study evaluated the effects of coppicing trees on reptile populations. This study
was in the UK.

COMMUNITY RESPONSE (0 STUDIES)
POPULATION RESPONSE (1 STUDY)

e Abundance (1 study): One replicated, site comparison study in the UK" found that no
slow worms or common lizards were found in coppiced areas of woodland, whereas they
were found in open areas maintained by vegetation cutting.

BEHAVIOUR (0 STUDIES)

Background

Coppicing is a management practice typical of Eurasian northern temperate zone
deciduous woodlands and wood pastures, in which stems of tree species, such as
hazel Corylus avellana and sweet chestnut Castanea sativa, are cut near ground
level once every few years, often in defined coppice compartments. These then
regrow from the cut ‘stool’ giving a sustainable yield of woody material harvested
on a rotational basis. Coppicing maintains a mosaic of woodland areas with
differing amounts of daylight reaching the forest floor and, therefore, promotes a
variety of ground vegetation conditions. This may benefit reptiles that require
either open canopy woodland or a mix of open and more closed woodland in close
proximity. Coppicing has declined over the last century and some former coppice
woodlands are no longer actively managed.
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A replicated, site comparison study (year not provided) in two sites of
temperate broadleaf woodland on the border of Northamptonshire and
Cambridgeshire, UK (1) found that in coppiced areas of a woodland no slow worms
Anguis fragilis or common lizards Zootoca vivipara were found, whereas both
species were found in open areas maintained by cutting. No slow worms or
common lizards were found in either recently coppiced sites (2-6 years
previously) or older coppiced sites (9-17 years old), whereas 41 common lizards
and 102 slow worms were found in open areas maintained by cutting. In each of
two areas of woodland, three sites of recently coppiced woodland (2-6 years old),
three sites of older coppice (9-17 years old) and three open areas were selected
(one of the open areas was selected two weeks after surveys began). All coppiced
areas were dominated by small-leaved lime trees Tilia cordata. At each survey site,
20 coverboards (50 x 50 cm; 10 made of roofing felt, 10 made of corrugated
bitumen) were arranged in a grid, with 5 m gaps between boards. Coverboards
were left for one week, and then checked for reptiles on 3-6 days/week for eight
weeks.

(1) Fish A.C.M. (2015) Common lizards (Zootoca vivipara) and slow-worms (Anguis fragilis) are

not found in coppiced Small-Leaved Lime (Tilia cordata) areas of a Northamptonshire-
Cambridgeshire Nature Reserve. Herpetological Bulletin, 134, 26-27.

6.47. Retain riparian buffer strips during timber harvest

o We found no studies that evaluated the effects of retaining riparian buffer strips during
timber harvest on reptile populations.
'We found no studies' means that we have not yet found any studies that have directly evaluated this

intervention during our systematic journal and report searches. Therefore, we have no evidence to indicate
whether or not the intervention has any desirable or harmful effects.

Background

Retaining forest strips along water courses or around ponds during timber harvest
can help mitigate the effects of habitatloss and disturbance for forest species. They
can also help sustain the microclimate and reduce potential problems such as soil
erosion. Retained habitat strips also provide corridors for dispersal.

For other studies on the effects of buffer strips see Threat: Agriculture - Create
uncultivated margins around arable or pasture fields; Threat: Pollution - Plant
riparian buffer strips; and Habitat protection — Retain buffer zones around core
habitat.

6.48. Leave standing/deadwood snags in forests

e Two studies evaluated the effects of leaving standing/deadwood snags in forests on
reptile populations. Both studies were in the USA':2,

COMMUNITY RESPONSE (2 STUDIES)

e Richness/diversity (2 studies): One of two replicated, randomized, controlled studies
in the USA'2 found that adding snags and woody debris had mixed effects on reptile
diversity and species richness when compared to not manipulating debris or removing
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debris'. The other study? found that increasing standing coarse woody debris had no
effect on reptile diversity and species richness.

POPULATION RESPONSE (2 STUDIES)

e Abundance (2 studies): One of two replicated, randomized, controlled studies in the
USA'2 found that adding snags and woody debris had mixed effects on reptile
abundance when compared to not manipulating debris or removing debris!. The other
study? found that increasing standing coarse woody debris had no effect on reptile
abundance.

BEHAVIOUR (0 STUDIES)

Background

Standing and prone deadwood provides important microhabitat for some species
and so removal of dead vegetation, for example to manage fire risk, may limit the
distribution, abundance and species richness of reptiles in local areas (James &
M’Closkey 2003).

For studies discussing leaving woody debris in place after logging or wood
harvesting, see Leave woody debris in forests after logging. For studies discussing
adding woody debris back to landscapes, see Habitat restoration and creation -

Add woody debris to landscapes.
James S.E. & M’Closkey R.T. (2003) Lizard microhabitat and fire fuel management. Biological
Conservation, 114, 229-293.

A replicated, randomized, controlled study in 1998-2005 of pine stands in
South Carolina, USA (1, same experimental set-up as 2) found that the creation or
removal of snags (standing dead trees) had no effect on reptile abundance, species
richness and diversity compared to not manipulating debris in forests. In two
trials, reptile abundance, species richness and diversity was similar between plots
with snags added (abundance: 0.2-0.3 individuals/plot, richness: 5-6 species,
diversity: 10-13 Shannon-Weiner index), or all snags and coarse woody debris
removed (0.3-0.5, 6-7, 13-17), compared to not manipulating debris (0.3-0.4, 7,
13-17). In the second trial, reptile abundance, richness and diversity were lower
when standing snags were added (0.3 individuals/plot, 5 species, 10 Shannon-
Weiner index, respectively) compared to when all woody debris was removed
(0.5, 7,17). Snake abundance was higher with woody debris removal compared to
snag addition (debris removal: 0.2 individuals/plot; snags added: 0.1), but lizard
abundance was not (debris removal: 0.3 individuals/plot; snags added: 0.2).
Treatments were randomly assigned to 9 ha plots within three forest blocks in
1996-2001: standing snag addition (10 fold increase), all woody debris removal,
downed woody debris addition (five-fold increase), and no manipulation and in
2002-2005: downed woody debris addition, woody debris removal, standing snag
addition, and no manipulation. Reptiles were sampled using drift fences with
pitfall traps in 1998-2005.

A replicated, randomized, controlled study in 1996-2008 in a loblolly pine
Pinus taeda forest in South Carolina, USA (2, same experimental set-up as 1) found
that increasing standing coarse woody debris had no effect on reptile abundance,
species richness or diversity. Abundance, species richness and diversity were
similar between plots with increased standing woody debris (abundance: 0.18
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individuals/m fencing, richness: 0.10 species/m fencing, diversity: 0.03 Shannon-
Wiener Index) and plots with no manipulation of debris (0.15, 0.11, 0.03). Nine-ha
plots within three pine stands (approximately 45 years old) were randomly
assigned the following management: standing woody debris increased 10 fold by
girdling then injecting with herbicide (initiated 2001, to 35 m3/ha woody debris
in 2007) or no manipulation of woody debris (initiated 1996, 13 m3/ha woody
debris). All plots were prescribed burned in 2004. Reptiles were sampled for 14
days/plot in each of seven seasons (January 2007-August 2008) using drift fences
with pitfall traps.

(1) Owens A.K,, Moseley K.R., McCay T.S., Castleberry S.B., Kilgo ]J.C. & Ford W.M. (2008)
Amphibian and reptile communi