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1. About this book

The purpose of Conservation Evidence synopses

Conservation Evidence synopses do Conservation Evidence synopses do not

e Bring together scientific evidence ¢ Include evidence on the basic
captured by the Conservation ecology of species or habitats, or
Evidence project (over 4,000 studies threats to them

so far) on the effects of interventions
to conserve biodiversity

e List all realistic interventions for the Make any attempt to weight or

species group or habitat in question, prioritize interventions according to
regardless of how much evidence for their importance or the size of their
their effects is available effects

e Describe each piece of evidence, e Weight or numerically evaluate the
including methods, as clearly as evidence according to its quality

possible, allowing readers to assess
the quality of evidence

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

ensure we have covered the most
important literature

Who is this synopsis 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).
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The Conservation Evidence project

The Conservation Evidence project has three parts:

1) An online, open access journal Conservation Evidence that 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.

2) An ever-expanding database of summaries of previously published scientific
papers, reports, reviews or systematic reviews that document the effects of
interventions.

3) Synopses of the evidence captured in parts one and two on particular species
groups or habitats. Synopses bring together the evidence for each possible
intervention. They are freely available online and available to purchase in printed
book form.

These resources currently comprise over 4,000 pieces of evidence, all available in
a searchable database on the website www.conservationevidence.com.

Alongside this project, the Centre for Evidence-Based Conservation
(www.cebc.bangor.ac.uk) and the Collaboration for Environmental Evidence
(www.environmentalevidence.org) carry out and compile systematic reviews of
evidence on the effectiveness of particular conservation interventions. These
systematic reviews are included on the Conservation Evidence database.

Of the 107 amphibian conservation interventions identified in this synopsis, none
are the subject of a specific systematic review. One systematic review has been
undertaken on the effectiveness of a combination of mitigation actions for great
crested newts:

e Lewis B. (2012) Systematic evidence review of the effectiveness of mitigation
actions for great crested newts. 61-87 in: Lewis B. (2012) An evaluation of
mitigation actions for great crested newts at development sites. PhD thesis.
The Durrell Institute of Conservation and Ecology, University of Kent.

The systematic review above has been included in three interventions:
e Create ponds
e Restore ponds

e Translocate amphibians

The following interventions we feel would benefit significantly from systematic
reviews:

e Translocation of amphibians
e Release of captive-bred or head-started amphibians

In addition, Schmidt & Zumbach (2008) suggested that a systematic review

should be undertaken to assess the effectiveness of underpasses and related
methods to reduce road deaths.
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Schmidt B.R. & Zumbach S. (2008) Amphibian road mortality and how to prevent it: a review. In:
J. C. Mitchell, R. E. Jung Brown & B. Bartolomew (eds) Herpetological Conservation, 3, 157-167.

Scope of the Amphibian Conservation synopsis

This synopsis covers evidence for the effects of conservation interventions for native
wild amphibians.

Evidence from all around the world is included. Any apparent bias towards
evidence from some regions reflects the current biases in published research papers
available to Conservation Evidence.

Husbandry vs conservation of species

This synopsis does not include evidence from the substantial literature on husbandry
of pet or zoo amphibians. However, where these interventions are relevant to the
conservation of native wild species, they are included (e.g. ‘Breed amphibians in
captivity’, ‘Use hormone treatment to induce sperm and egg release during captive
breeding’, ‘Use artificial fertilization in captive breeding’ and ‘Freeze sperm or eggs
for future use’).

How we decided which conservation interventions to include

A list of interventions was developed and agreed in partnership with an Advisory
Board made up of international conservationists and academics with expertise in
amphibian conservation. We have tried to include all actions that have been carried
out or advised to support populations or communities of wild amphibians.

The list of interventions was organized into categories based on the International
Union for the Conservation of Nature (IUCN) classifications of direct threats and
conservation actions.

How we reviewed the literature

In addition to evidence already captured by the Conservation Evidence project, we
have searched the following sources for evidence relating to amphibian
conservation:

e FEighteen specialist amphibian journals, from their first publication to the end
of 2012 (Acta Herpetologica, African Journal of Herpetology, Amphibian and
Reptile Conservation, Amphibia-Reptilia, Applied Herpetology, Australasian
Journal of Herpetology, Bulletin of the Herpetological Society of Japan,
Contemporary Herpetology, Copeia, Current Herpetology, Herpetologica,
Herpetological Bulletin, Herpetological Conservation and Biology,
Herpetological Journal, Herpetological Monographs, Journal of Herpetology,
Russian Journal of Herpetology and South American Journal of Herpetology).

e Thirty general conservation journals over the same time period.

e Where we knew of an intervention which we had not captured evidence for,
we performed keyword searches on ISI Web of Science and
www.scholar.google.com for this intervention.

Evidence published in other languages was included when it was identified.
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The criteria for inclusion of studies in the Conservation Evidence database are as
follows:
e There must have been an intervention carried out that conservationists
would do.
e The effects of the intervention must have been monitored quantitatively.

These criteria exclude studies examining the effects of specific interventions
without actually doing them. For example, predictive modelling studies and studies
looking at species distributions in areas with long-standing management histories
(correlative studies) were excluded. Such studies can suggest that an intervention
could be effective, but do not provide direct evidence of a causal relationship
between the intervention and the observed biodiversity pattern.

Altogether 416 studies were allocated to interventions they tested. Additional
studies published or completed in 2012 or before were added if recommended by
the advisory board or identified within the literature during the summarizing
process.

How the evidence is summarized

Conservation interventions are grouped primarily according to the relevant direct
threats, as defined in the IUCN Unified Classification of Direct Threats
(www.iucnredlist.org/technical-documents/classification-schemes/threats-
classification-scheme). In most cases, it is clear which main threat a particular
intervention is meant to alleviate or counteract.

Not all IUCN threat types are included, only those that threaten amphibians, and
for which realistic conservation interventions have been suggested.

Some important interventions can be used in response to many different threats,
and it would not make sense to split studies up depending on the specific threat they
were studying. We have therefore separated out these interventions, following the
IUCN’s Classification of Conservation Actions (http://www.iucnredlist.org/technical-
documents/classification-schemes/conservation-actions-classification-scheme-ver2).
The actions we have separated out are: ‘Habitat protection’, ‘Habitat restoration and
creation’, ‘Species management’ and ‘Education and awareness raising’. These
respectively match the following IUCN categories: ‘Land/water protection’,
‘Land/water management — Habitat and natural process restoration’, ‘Species
Management’ and ‘Education and awareness’.

Normally, no intervention or piece of evidence is listed in more than one place,
and when there is ambiguity about where a particular intervention should fall there
is clear cross-referencing. Some studies describe the effects of multiple
interventions. Where a study has not separated out the effects of different
interventions, the study is included in the section on each intervention, but the fact
that several interventions were used is made clear.

In the text of each section, studies are presented in chronological order, so the
most recent evidence is presented at the end. The summary text at the start of each
section groups studies according to their findings.
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At the start of each chapter, a series of key messages provides a rapid overview
of the evidence. These messages are condensed from the summary text for each
intervention.

Background information is provided where we feel recent knowledge is required
to interpret the evidence. This is presented separately and relevant references
included in the reference list at the end of each background section.

Some of the references containing evidence for the effects of interventions are
summarized in more detail on the Conservation Evidence website
(www.conservationevidence.com). In the online synopsis, these are hyperlinked
from the references within each intervention. be found by searching
for the reference details or species name, using the website’s search facility.

The information in this synopsis is available in three ways:

® Asa book, printed by Pelagic Publishing and for sale from www.nhbs.com

e As a pdf to download from www.conservationevidence.com

e As text for individual interventions on the searchable database at
www.conservationevidence.com.

Terminology used to describe evidence
Unlike systematic reviews of particular conservation questions, we do not
guantitatively assess the evidence or weight it according to quality. However, to
allow you to interpret evidence, we make the size and design of each trial we report
clear. The table below defines the terms that we have used to do this.

The strongest evidence comes from randomized, replicated, controlled trials with
paired-sites and before and after monitoring.

Term Meaning

Site comparison A study that considers the effects of interventions by comparing
sites that have historically had different interventions or levels
of intervention.

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, and describe a replicated trial as ‘small’ if the number
of replicates is small relative to similar studies of its kind. In the
case of translocations or release of animals, replicates should be
sites, not individuals.

Controlled Individuals or sites treated with the intervention are compared
with control individuals or sites not treated with the
intervention.
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Paired sites Sites are considered in pairs, when one was treated with the
intervention and the other was not. Pairs of sites are selected
with similar environmental conditions, such as soil type or
surrounding landscape. This approach aims to reduce
environmental variation and make it easier to detect a true
effect of the intervention.

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.

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

Review A conventional review of literature. Generally, these have not
used an agreed search protocol or quantitative assessments of
the evidence.

Systematic A systematic review follows an agreed set of methods for
review identifying studies and carrying out a formal ‘meta-analysis’. It
will weight or evaluate studies according to the strength of
evidence they offer, based on the size of each study and the
rigour of its design. All environmental systematic reviews are
available at: www.environmentalevidence.org/index.htm

Study If none of the above apply, for example a study looking at the
number of people that were engaged in an awareness raising
project.

Taxonomy

Taxonomy has not been updated but has followed that used in the original paper.
Where possible, common names and Latin names are both given the first time each
species is mentioned within each synopsis.

Where interventions have a large literature associated with them we have
sometimes divided studies along taxonomic lines. These do not follow strict
taxonomic divisions, but instead are designed to maximize their utility. For example,
salamanders and newts have been included together as they may respond to the
specific interventions in similar ways.

Habitats

Where interventions have a large literature associated with them and effects could
vary between habitats, we have divided the literature using broad habitat types.
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Significant results

Throughout the synopsis we have quoted results from papers. Unless specifically
stated, these results reflect statistical tests performed on the results.

Multiple interventions

Some studies investigated several interventions at once. When the effects of
different interventions are separated, then the results are discussed separately in
the relevant sections. However, often the effects of multiple interventions cannot be
separated. When this is the case, the study is included in the section on each
intervention, but the fact that several interventions were used is made clear.

How you can help to change conservation practice.

If you know of evidence relating to amphibian conservation that is not included in
this  synopsis, we invite you to contact us, via our website
www.conservationevidence.com. You can submit a published study by clicking
'Submit additional evidence' on the right hand side of an intervention page. If you
have new, unpublished evidence, you can submit a paper to the Conservation
Evidence journal. We particularly welcome papers submitted by conservation
practitioners.
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2. Threat: Residential and commercial development

The greatest three threats from development tend to be destruction of habitat,
pollution and impacts from ‘transportation and service corridors’. Interventions
in response to these threats are described in ‘Habitat restoration and creation’,
‘Threat: Pollution’ and ‘Threat: Transportation and service corridors’. Three
interventions that are more specific to development are discussed in this section.

Key messages

Protect brownfield or ex-industrial sites

We captured no evidence for the effects of protecting brownfield sites on amphibian
populations.

Restrict herbicide, fungicide and pesticide use on and around ponds on golf courses
We captured no evidence for the effects of restricting herbicide, fungicide or
pesticide use on or around ponds on golf courses on amphibian populations.

Legal protection of species

Three reviews, including one systematic review, in the Netherlands and UK found
that legal protection of amphibians was not effective at protecting populations
during development. Two reviews found that the number of great crested newt
mitigation licences issued in England and Wales increased over 10 years.

2.1. Protect brownfield or ex-industrial sites

e We found no evidence for the effects of protecting brownfield sites on amphibian
populations.

Background

Brownfield sites include land that was once used for industrial or other human
activities, but is then left disused or partially used, for example, disused quarries
or mines, demolished or derelict factory sites, 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.

2.2. Restrict herbicide, fungicide and pesticide use on
and around ponds on golf courses

o We found no evidence for the effects of restricting herbicide, fungicide or pesticide use
on or around ponds on golf courses on amphibian populations.

Background

Studies investigating the effect of reducing chemical applications are discussed in
‘Threat: Pollution - Reduce pesticide, herbicide or fertilizer use’.
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2.3. Legal protection of species

e Three reviews (including one systematic review) in the Netherlands and UK2+# found
that legal protection of amphibian species was not effective at protecting populations
during development.

e Two reviews in the UK!# found that the number of great crested newt mitigation
licences issued over 10 years increased to over 600 in England and Wales.

Background

Legal protection can be given to species on a national or international scale.
Levels of protection vary for species and may include protection against killing,
capturing, disturbing or trading, or damaging or destroying their breeding sites
or resting places. Depending on the level of protection, activities such as
development that are likely to affect protected species in these ways may be
against the law and require licences from a government licensing authority.

Other studies that discuss legal protection of species are included in ‘Threat:
Biological resource use - Use legislative regulation to protect wild populations’.

A review from 1990 to 2001 of great crested newt Triturus cristatus
mitigation licences in England, UK (1) found that the number issued had
increased. Licences issued increased from three in 1990 to 153 in 2000 and 97 in
2001. Of the 737 licences examined, only 45% contained reporting (‘return’)
documents, a condition of the licence. Great crested newts are a European
Protected Species. Licences are therefore issued for certain activities that involve
mitigation and/or compensation for the impacts of activities such as
development. Licensing information collected by the governmental licensing
authorities (1990-2000: English Nature; 2000-2001: Department of the
Environment, Food and Rural Affairs) was analysed.

A review of habitat compensation for amphibians in the Netherlands (2)
found that legislation was not effective at protecting habitats and amphibians.
Only 10% of 20 development projects had completed habitat compensation
measures as set out within legal contracts. Some of the compensation required
was provided by 55% of projects and none by 35% of projects. Three of the
projects created compensation habitat before destroying habitat as required,
three provided it after destruction and timing was unknown for seven projects.
No monitoring data were available from any project. For 11 of 31 projects work
had not yet started. In the Netherlands, amphibian species are protected and loss
of habitat for these species must be compensated by creating new equivalent
habitat. Thirty-one projects required to undertake compensation were selected
from government files. Projects were assessed on the implementation of
proposed measures in the approved dispensation contracts and on monitoring
data. Field visits were undertaken.

A review in 2011 of compliance with legislation during development projects
in the Netherlands (3) found that evidence was not provided to suggest that
legislation protected a population of moor frogs Rana arvalis. By 2011 only 42%
of the compensation area that was required had been provided. Translocation of
frogs started in 2007, but as the compensation area was not complete they were
released into potentially unsuitable adjacent habitat. Monitoring before and after
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translocation was insufficient to determine population numbers or to assess
translocation success. The ecological function of the landscape was not
preserved during development. In the Netherlands, the Flora and Fauna Act
protects amphibians. The development project was required by law to provide a
48 ha compensation area for moor frogs and to translocate the species from the
development site to that area.

A review from 2000 to 2010 of great crested newt Triturus cristatus
mitigation licences issued in England and Wales, UK (4) found that the number
issued had increased. Licences issued in England increased from 273 in 2000 to
over 600 in 2009. In Wales numbers increased from seven in 2001 to 26 in 2010.
Of the licences examined, only 41% of English licences and 30% Welsh licences
contained reporting (‘return’) documents, a condition of the licence. Reporting
had therefore decreased since 1990-2001 (45%; (1)). Of those that reported,
only 9% provided post-development monitoring data, a further 7% suggested
surveys were undertaken but no data were provided. The majority of English
(71%) and Welsh (56%) licences were for small populations (<10 recorded). Just
over half of projects were considered to be of ‘low impact’, a quarter ‘medium
impact’ and 20% ‘high impact’ to newts. A review of the governmental licensing
authorities (Natural England and Welsh Assembly Government) licence files was
undertaken.

In a continuation of a study (4), a systematic review in 2011 of the
effectiveness of mitigation actions for legally protected great crested newts
Triturus cristatus in the UK (4) found that neither the 11 studies captured or
monitoring data from licensed mitigation projects showed conclusive evidence
that mitigation resulted in self-sustaining populations or connectivity to
populations in the wider countryside. Only 5% of 460 licensed projects provided
post-development monitoring data and of those, 16 reported that small
populations, three medium and one large population was sustained. Two
reported a loss of populations. The review identified 11 published or
unpublished studies and 309 Natural England and 151 Welsh Assembly
Government (licensing authorities) mitigation licence files. Mitigation measures
were undertaken to reduce the impact of the development and included habitat

management, as well as actions to reduce mortality including translocations.

(1) Edgar P.W,, Griffiths R.A. & Foster ]J.P. (2005) Evaluation of translocation as a tool for
mitigating development threats to great crested newts (Triturus cristatus) in England, 1990-
2001. Biological Conservation, 122, 45-52.

(2) Bosman W., Schippers T., de Bruin A. & Glorius M. (2011) Compensatie voor amfibieén,
reptielen en vissen in de praktijk. RAVON, 40, 45-49.

(3) Spitzen-van der Sluijs A., Bosman W. & De Bruin A. (2011) Is compensation for the loss of
nature feasible for reptiles, amphibians and fish? Pianura, 27, 120-123.

(4) Lewis B. (2012) An evaluation of mitigation actions for great crested newts at development
sites. PhD thesis. The Durrell Institute of Conservation and Ecology, University of Kent.
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3. Threat: Agriculture

In Europe, much of the conservation effort is directed at reducing the impacts of
agricultural intensification on biodiversity on farmland and in the wider
countryside. A number of the interventions that we have captured reflect this.
However, the two greatest threats from agriculture tend to be loss of habitat and
pollution (e.g. from fertilizer and pesticide use). Interventions in response to
these threats are described in ‘Habitat restoration and creation’, “Threat: Natural
system modifications’ and ‘Threat: Pollution’.

Key messages - engage farmers and other volunteers
Pay farmers to cover the costs of conservation measures

Four of five studies, including two replicated studies, in Denmark, Sweden and
Taiwan found that payments to farmers increased amphibian populations, numbers
of species or breeding habitat. One found that amphibian habitat was not
maintained.

Engage landowners and other volunteers to manage land for amphibians

Three studies, including one replicated and one controlled study, in Estonia, Mexico
and Taiwan found that engaging landowners and other volunteers in habitat
management increased amphibian populations and axolotl weight. Six studies in
Estonia, the USA and UK found that up to 41,000 volunteers were engaged in habitat
restoration programmes for amphibians and restored up to 1,023 ponds or 11,500
km? of habitat.

Key messages - terrestrial habitat management

Manage cutting regime

Studies investigating the effects of changing mowing regimes are discussed in
‘Habitat restoration and creation — Change mowing regime’.

Manage grazing regime

Two studies, including one replicated, controlled study, in the UK and USA found that
grazed plots had lower numbers of toads than ungrazed plots and that grazing, along
with burning, decreased numbers of amphibian species. Five studies, including four
replicated studies, in Denmark, Estonia and the UK found that habitat management
that included reintroduction of grazing maintained or increased toad populations.
Reduced tillage

We captured no evidence for the effects of reduced tillage on amphibian
populations.

Maintain or restore hedges

We captured no evidence for the effects of maintaining or restoring hedges on
amphibian populations.

Plant new hedges

We captured no evidence for the effects of planting new hedges on amphibian
populations.

Manage silviculture practices in plantations
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Studies investigating the effects of silviculture practices are discussed in ‘Threat:
Biological resource use — Logging & wood harvesting’.

Key messages — aguatic habitat management

Exclude domestic animals or wild hogs from ponds by fencing

Four replicated studies, including one randomized, controlled, before-and-after
study, in the USA found that excluding livestock from streams or ponds did not
increase overall numbers of amphibians, species, eggs or larval survival, but did
increase larval and metamorph abundance. One before-and-after study in the UK
found that pond restoration that included livestock exclusion increased pond use by
breeding toads.

Manage ditches

One controlled, before-and-after study in the UK found that managing ditches
increased toad numbers. One replicated, site comparison study in the Netherlands
found that numbers of amphibians and species were higher in ditches managed
under agri-environment schemes compared to those managed conventionally.

Engage farmers and other volunteers

3.1. Pay farmers to cover the costs of conservation
measures

e Three studies (including one replicated study) in Denmark, Sweden and Taiwan found
that payments to farmers created amphibian breeding habitat! or increased frog or toad
populations24. However, a second study in Taiwan3 found that payments did not
maintain green tree frog habitat.

e One replicated, site comparison study in the Netherlands® found that ditches managed
under agri-environment schemes had higher numbers of amphibian species and higher
abundance than those managed conventionally.

Background

Agri-environment schemes are government or inter-governmental schemes
designed to compensate farmers financially for changing agricultural practice to
be more favourable to biodiversity and landscape. In Europe, agri-environment
schemes are an integral part of the European Common Agricultural Policy and
Member States devise their own agri-environment prescriptions to suit their
agricultural economies and environmental contexts.

Financial incentives to undertake specific management actions with the aim of
increasing biodiversity on farmland may also be provided by governmental
departments or non-governmental organisations.

Payments to farmers can be provided for many different specific interventions,
and where a study’s results can be clearly assigned to a specific intervention,
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they also appear in the appropriate section. This section includes evidence about
the success of the actions for amphibian populations following payments.

A study in 1986-1993 of payments to landowners to create ponds on the
island of Samsg, Denmark (1) found that landowners created 29 ponds following
payments, of which 17 were colonized and 12 used for breeding by green toads
Bufo viridis. Breeding was successful in 10 of the 12 ponds. Toads colonized the
ponds over three years. Private landowners were offered payment by the county
to build ponds. Twenty-nine ponds were created in 1989-1992. Fish, crayfish
and ducks could not be introduced and a 10 m pesticide-free zone was required
around each pond.

A replicated, before-and-after study in 1986-2004 of coastal meadows in
Funen County, Denmark (2) found that green toad Bufo viridis and natterjack
toad Bufo calamita populations increased significantly following habitat
management supported by agri-environment schemes. On 10 islands with
management, green toads increased from 1,132 to over 10,000 adults. In
contrast, numbers remained stable on four islands without management. Pond
occupancy increased from 27 to 61 ponds in 1997 and ponds with successful
breeding from 11 to 22. Natterjacks increased from 3,106 to 4,892 adults in
1997. Ponds with successful breeding remained similar (28 increased to 34). In
2000-2004, numbers dropped and small populations were lost due to
insufficient grazing. In 1987-1993, cattle grazing was reintroduced to 111 ha of
coastal meadows on six islands and continued on a further 10. From 1990,
farmers could get financial support from agri-environmental schemes. In
addition, 31 ponds were created and 31 restored on 16 islands. Green toad eggs
were translocated to one island. Four populations were monitored annually and
others less frequently during two or three call, visual and dip-net surveys.

A before-and-after study in 2001-2006 of subsidising farmers to maintain
bamboo bushes in Taiwan (3) found that following five years of subsidies, the
area of green tree frog Rhacophorus arvalis habitat had decreased by
approximately 50%. This was considered by the authors to be the result of aging
farmers changing from growing bamboo to crops that were less physically
demanding and the low price of bamboo. Before agreement finalization in 2006,
farmers asked for double the subsidies otherwise they would change their crops.
Some did change crops. Taipei Zoo, Taipei Zoological Foundation, the Wild Bird
Society of Yunlin and the Farmers’ Association of Gukeng Township raised funds
for the conservation project. A five-year agreement was drawn up with 21
farmers to maintain a 5 ha area of bamboo bush that they owned. Farmers were
given approximately US $150 each year provided that original farming patterns
were maintained, pesticide use was avoided, fallen leaves were left on the
ground and bamboo bushes were watered.

A before-and-after study in 1999-2006 of a water lily paddy field in Taipei
County, Taiwan (4) found that providing financial incentives resulted in a farmer
adopting organic-farming practices. Halting herbicide and pesticide use along
with habitat management more than doubled a population of Taipei frogs Rana
taipehensis (from 28 to 85). In 2002, a proportion of a farmer’s crop was sold for
him and additional expenses resulting from no longer using herbicides and
pesticides were paid for. Habitat management, with participation from the local
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community, included cutting weeds in the field Community-education
programmes about wetland conservation were also carried out in the area.

A replicated, site comparison study of 42 ditches within pasture in the
Western Peat District of the Netherlands (5) found that amphibian diversity and
abundance were significantly higher in ditches managed under agri-environment
schemes compared to conventional management. Adult green frog Rana
esculenta numbers in conventional ditches declined with distance from reserves;
this was not the case in agri-environment scheme ditches. Farmers managing
ditches under agri-environment schemes are encouraged to reduce
grazing/mowing intensity, reduce fertilizer inputs, and not to deposit mowing
cuttings or sediments from ditch cleaning on the ditch banks. Relative amphibian
abundance was measured in ditches in April-May and/or May-July 2008. Ditches
were perpendicular to eight nature reserve borders and monitoring was just
inside reserves and at four distances (0-700 m) from reserve borders. Three
methods were used during each sampling period: five minute counts, 20 dip net

samples and two overnight funnel traps.

(1) Amtkjeer]. (1995) Increasing populations of the green toad Bufo viridis due to a pond project
on the island of Sams@g. Memoranda Societatis pro Fauna et Flora Fennica, 71, 77-81.

(2) Briggs L. (2004) Restoration of breeding sites for threatened toads on coastal meadows.
Pages 34-43 in: R. Rannap, L. Briggs, K. Lotman, 1. Lepik & V. Rannap (eds) Coastal meadow
management - best practice guidelines, Ministry of the Environment of the Republic of Estonia,
Tallinn.

(3) Chang].C.-W,, Tang H.-C., Chen S.-L. & Chen P.-C. (2008) How to lose a habitat in 5 years: trial
and error in the conservation of the farmland green tree frog Rhacophorus arvalis in Taiwan.
International Zoo Yearbook, 42, 109-115.

(4) Lin H.-C., Cheng L.-Y., Chen P.-C. & Chang M.-H. (2008) Involving local communities in
amphibian conservation: Taipei frog Rana taipehensis as an example. International Zoo Yearbook,
42,90-98.

(5) MaesJ., Musters C.J.M. & De Snoo G.R. (2008) The effect of agri-environment schemes on
amphibian diversity and abundance. Biological Conservation, 141, 635-645.

3.2. Engage landowners and other volunteers to manage
land for amphibians

e Two before-and-after studies (including one replicated study) in Estonia and Taiwan
found that habitat management with participation of volunteers increased natterjack
toad! and Taipei frog? populations.

e One controlled study in Mexico® found that engaging landowners in aquatic habitat
management increased axolotl weight.

e Six studies in Estonial, the USA3467 and UK® found that between eight and 41,000
volunteers were engaged in aquatic and terrestrial habitat restoration programmes for
amphibians. Individual programmes restored up to 1,023 ponds8 or over 11,500 km? of
habitat3.

Background

Only 11.5 % of the world’s land surface is protected (Rodrigues et al. 2004). This
means that it is vital to engage effectively with landowners so that they manage
their land in ways that help to maintain amphibian populations. Volunteers can
make a valuable contribution to the management of habitats for amphibians, on
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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 amphibians 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 amphibian populations see
‘Threat: Transportation and service corridors - Use humans to assist migrating
amphibians across roads’ and ‘Education and awareness raising - Engage
volunteers to collect amphibian data’.

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.

Rodrigues A.S.L., Andelman S.J., Bakarr M.I., Boitani L., Brooks T.M., Cowling R.M., Fishpool L.D.C.,
da Fonseca G.A.B,, Gaston K.J., Hoffmann M., Long ].S., Marquet P.A., Pilgrim ].D., Pressey R.L.,
Schipper |, Sechrest W., Stuart S.N., Underhill L.G., Waller R.W., Watts M.E.]. & Yan X. (2004)
Effectiveness of the global protected area network in representing species diversity. Nature, 428,
640-643.

A replicated, before-and-after study in 2001-2004 of three coastal meadows
in Estonia (I) found that habitat restoration with participation from 200
volunteers resulted in increased numbers of natterjack toads Bufo calamita on
one island and a halt in the decline of the species on the other two islands. In
2001-2004, habitats were restored with the help of 200 volunteers during 14
work camps. Restoration included reed and scrub removal, mowing (cuttings
removed) and implementation of grazing where it had ceased. Sixty-six breeding
ponds and natural depressions were cleaned, deepened and restored. The
project also involved educational and informational activities.

A before-and-after study in 1999-2006 of a water lily paddy field in Taipei
County, Taiwan (2) found that participation from the local community resulted in
a doubling of a population of Taipei frogs Rana taipehensis. Habitat management
by the community, along with the halting of herbicide and pesticide use by
providing financial incentives to a farmer, resulted in a significant population
increase (from 28 to 85). Habitat-improvement work including cutting weeds in
the field was undertaken with participation from a local school and the Tse-Xing
Organic Agriculture Foundation. Community-education programmes about
wetland conservation were also carried out in the area.

A study in 2008 of a partnership programme in the USA (3) found that since
establishment the Partners for Fish and Wildlife Program supported over 41,000
private landowners and developed partnerships with over 3,000 nationwide
organizations to restore huge areas of habitat. Working together, partners have
restored and enhanced 324,000 ha of wetlands, 800,000 ha of uplands and
10,500 km of stream habitat. Data were not provided to determine the effect on
target species. The programme run by the US Fish and Wildlife Service was a
voluntary habitat restoration programme. It provided technical and financial
assistance to private landowners to support the habitat needs of species of
conservation concern. Projects included creating and restoring ponds and
wetlands for the Puerto Rican crested toad Peltophryne lemur, chiricahua leopard
frog Lithobates chiricahuensis and the California red-legged frog Rana draytonii.

A study in 2008 of a pond restoration project within pasture in California,
USA (4) found that eight livestock ponds had been restored by ranchers with
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more restorations planned. To encourage participation, regulatory agencies
developed a coordinated permit for pond restorations. The new system enabled
ranchers to go to one, rather than up to six, agencies to obtain permits and
funding for pond and other management projects. The permit provided guidance
on wildlife-friendly pond design and management. Ranchers who participated in
the programme were given assurances that they would not encounter extra
regulatory obligations under the Endangered Species Act if they restored and
maintained ponds to benefit California red-legged frog Rana draytonii and
California tiger salamander Ambystoma californiense.

A controlled study in 2009 of axolotls Ambystoma mexicanum in canals
through agricultural land in Xochimilco, Mexico (5) found that filters to improve
water quality and exclude competitive fish installed with participation of
landowners resulted in increased weight gain of axolotls. Only four of 12
previously marked axolotls were recaptured; however, their weight had
increased by 16%. Weight gain was greater than that of axolotls in control
colonies over the same period. Farmers benefited from better-quality farm
products as a result of improved water quality and from the protection of
traditional agricultural practices. In 2009, with participation from farmers, a
canal used as a refuge by axolotls was isolated from the main system using filters
made of wood. Filters excluded fish and improved water quality.

A study in 2010 of landowner agreements to manage habitats for amphibians
in California, USA (6) found that eight ranchers and a Municipal Utility District
enrolled in 30-year agreements. The eight ranchers managed over 4,000 ha and
the Municipal Utility District 8,000 ha of habitat for two amphibians of
conservation concern, the California red-legged frog Rana draytonii and the
California tiger salamander Ambystoma californiense. Data were not provided to
determine the effect on target species. Agreements were made between the US
Fish and Wildlife Service and private landowners, with landowners agreeing to
carry out management activities for the benefit of priority conservation species.
Management included maintenance of stock ponds and surrounding uplands and
bullfrog and fish removal. At the end of the agreement landowners were
authorized to cease management and return their property to its original
condition.

A study in 2012 of a Houston toad Anaxyrus houstonensis project in Texas,
USA (7) found that landowners attended a workshop and became involved in
habitat restoration and protection. Over 200 landowners attended a workshop
on wildlife, woodlands and drought. At least 25 landowners (2,000 ha) expressed
interest in the project and participated in some form of restoration and
stewardship effort for toad habitat. In 2012, a workshop was hosted for
landowners, who owned the majority of remaining habitat for the toads. Topics
included forest resiliency, wildlife management, Houston toad ecology and
landowner cost-share and assistance programmes.

A study in 2012 of the Million Ponds Project in England and Wales, UK (8)
found that in 2008-2012 the project team worked with landowners and
managers to create 1,023 ponds for rare and declining species. Over 60
organizations were involved and more than 1,016 people were trained in pond
creation at 57 events. The aim of the 50-year initiative, started in 2008, was to
change attitudes so that pond creation becomes a routine activity within land
management. Pond creation and management training courses were provided to
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partner and non-partner organizations. Over 50 factsheets were produced as

part of an online toolkit and funding for pond creation was also provided.

(1) Rannap R. (2004) Boreal Baltic coastal meadow management for Bufo calamita. Pages 26-
33 in: R. Rannap, L. Briggs, K. Lotman, I. Lepik & V. Rannap (eds) Coastal meadow management -
best practice guidelines, Ministry of the Environment of the Republic of Estonia, Tallinn.

(2) Lin H.-C., Cheng L.-Y., Chen P.-C. & Chang M.-H. (2008) Involving local communities in
amphibian conservation: Taipei frog Rana taipehensis as an example. International Zoo Yearbook,
42,90-98.

(3) Milmoe J. (2008) Partnerships to conserve amphibian habitat. Endangered Species Bulletin,
33,36-37.

(4) Symonds K. (2008) Ranchers restore amphibian-friendly ponds. Endangered Species Bulletin,
33,30-31.

(5) Valiente E., Tovar A., Gonzalez H., Eslava-Sandoval D. & Zambrano L. (2010) Creating refuges
for the axolotl (Ambystoma mexicanum). Ecological Restoration, 28, 257-259.

(6) KuyperR. (2011) The role of safe harbor agreements in the recovery of listed species in
California. Endangered Species Bulletin, 36, 10-13.

(7) Crump P. (2012) The recovery program for the Houston Toad. Amphibian Ark Newsletter, 21,
13-14.

(8) Million Ponds Project (2012) Million Ponds Project pond conservation - year 4 report. Pond
Conservation Report.

Terrestrial habitat management

3.3. Manage cutting regime

Studies investigating the effects of changing mowing regimes are discussed in
‘Habitat restoration and creation — Change mowing regime’.
Background

Many amphibians require damp terrestrial habitat once they move out of water.
If vegetation surrounding water bodies is cut very short, it will not retain
sufficient humidity and cover for amphibians during their terrestrial stages.
Cutting can also disturb amphibians.

3.4. Manage grazing regime

e One replicated, controlled study in the UK? found that grazed plots did not have higher
abundance of natterjack toads than ungrazed plots and had lower abundance of
common toads. Five studies (including four replicated studies) in Denmark, Estonia
and the UK found that habitat management that included reintroduction of grazing
increased green toad populations23, maintained or increased natterjack toad
populations®>7 and maintained common toad populations®.

e One before-and-after study in the USAS found that the decline in amphibian species
was similar under traditional season-long or intensive-early cattle stocking.

Background

Livestock grazing changes habitats in a number of ways such as reducing
vegetation height, changing plant diversity, creating openings for seed growth
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and preventing reed and shrub growth. Such changes can have beneficial or
detrimental effects on amphibian populations, depending on the amphibian
species, grazing intensity and timing.

For an intervention that aims to reduce the detrimental effects of grazing see
‘Exclude domestic animals or wild hogs by fencing’.

A replicated, controlled study in 1992-1995 of natterjack toad Bufo calamita
terrestrial habitat in southern England, UK (1) found that natterjacks did not use
grazed plots more than ungrazed plots. There was no significant difference
between average numbers in grazed and ungrazed plots for toadlets (13 vs 13)
or adults (5 vs 5). Total common toad Bufo bufo numbers were lower in grazed
compared to ungrazed plots and surroundings (1 vs 11). Four plots (20 x 20 m)
of each of four habitats were established: grassy clearfell, sandy clearfell, heath
and moss habitat. Two plots of each were grazed in May-September by highland
cattle (1 adult/3 ha). Captive-reared natterjack toadlets were released onto each
square in summer, 75 in 1992 and 20 in 1993. Toads were monitored twice
monthly in April-September 1992-1995.

A replicated, before-and-after study in 1989-1997 of coastal meadows and
abandoned fields on two islands in Funen County, Denmark (2) found that the
green toad Bufo viridis population increased significantly following
reintroduction of grazing to fields, along with pond creation and restoration. The
population increased from 92 to 2,568. Pond occupancy increased from 10 to 29
ponds and ponds with successful breeding from four to seven. In 1989-1997,
cattle grazing was reintroduced to 48 ha of coastal meadows and abandoned
fields. Four ponds were created and eight restored by removing plants and
dredging. Populations were monitored annually in 1990-1997 during two or
three call, visual and dip-net surveys. One population was also monitored in
1987-1989.

A replicated, before-and-after study in 1986-2004 of coastal meadows in
Funen County, Denmark (3) found that green toad Bufo viridis and natterjack
toad Bufo calamita populations increased significantly following reintroduction
of grazing of fields, along with pond creation and restoration. On 10 islands, the
total number of green toad adults increased from 1,132 to over 10,000 in 2004.
Numbers remained stable on four islands without management. Pond occupancy
increased from 27 in 1988 to 61 ponds in 1997 and ponds with successful
breeding doubled from 11 to 22. Natterjacks increased from 3,106 in 1988 to
4,892 adults in 1997. Ponds with successful breeding remained similar (28-34).
In 2000-2004, numbers dropped and small populations were lost due to
insufficient grazing. In 1987-1993, cattle grazing was reintroduced to 111 ha of
coastal meadows on six islands and continued on a further 10. From 1990,
farmers could get financial support from EU agri-environmental schemes. In
addition, 31 ponds were created and 31 restored by removing reeds on 16
islands. Green toad eggs were translocated to one island. Four populations were
monitored annually and others less frequently during two or three call, visual
and dip-net surveys.

A before-and-after study in 1994-2004 of a coastal meadow on a small island
in Estonia (4) found that reintroduction of grazing along with aquatic and
terrestrial habitat restoration resulted in a stable population of natterjack toads

27



Bufo calamita. A total of 17 natterjacks were counted in 1992 and seven in 2004,
with numbers ranging from 1-17/year. The author considered that without
management the population may have declined or become extinct. Common toad
Bufo bufo counts were eight in 1992 and four in 2004 and ranged from 3 to
40/year. Restoration on the 16 ha island involved implementation of sheep
grazing, reed and scrub removal and mowing. Toads were counted along a 1 km
transect.

A replicated, before-and-after study in 2001-2004 of three coastal meadows
in Estonia (5) found that reintroduction of grazing along with aquatic and
terrestrial habitat restoration increased the population of natterjack toads Bufo
calamita on one island and halted the decline on the other two islands. In 2001-
2004, habitats were restored where the species still occurred. Restoration
included reintroduction of grazing where it had ceased, reed and scrub removal
and mowing. Sixty-six breeding ponds and natural depressions were cleaned,
deepened and restored.

A before-and-after study in 1989-2003 of tallgrass prairie in Kansas, USA (6)
found that there was no significant difference in the decline in amphibian species
richness during season-long cattle stocking compared to intensive-early
stocking. Although not significant, species richness tended to decline faster
during season-long stocking than during intensive-early stocking. Authors
considered that strong conclusions could not be reached because of confounding
effects of changes in both grazing and burning. From 1989 to 1998, the ranch
was managed with traditional season-long stocking (0.6 cattle/ha) with burning
in alternate years. From 1999, management changed to intensive-early stocking
(1.0 cattle/ha) for three months from late spring combined with annual burning.
Amphibians were surveyed in April each year along a 4 km transect.

A replicated, site comparison study in 1985-2006 of 20 sites in the UK (7)
found that natterjack toad Bufo calamita populations increased with species
specific habitat management including introduction of grazing to fields.
Populations declined at unmanaged sites. Individual types of habitat
management (aquatic, terrestrial or common toad Bufo bufo management) did
not significantly affect trends, but length of management did. Overall, five of the
20 sites showed positive population trends, five showed negative trends and 10
showed no significant trend. Data on populations (egg string counts) and
management activities over 11-21 years were obtained from the Natterjack
Toad Site Register. Habitat management was undertaken at seven sites.
Management varied between sites, but included introduction of grazing, pond
creation, adding lime to acidic ponds, maintaining water levels and vegetation
clearance. Translocations were also undertaken at seven of the 20 sites using

wild-sourced (including head-started) or captive-bred toads.

(1) Denton J.S. & Beebee T.J.C. (1996) Habitat occupancy by juvenile natterjack toads (Bufo
calamita) on grazed and ungrazed heathland. Herpetological Journal, 6, 49-52.

(2) Briggs L. (2003) Recovery of the green toad Bufo viridis Laurenti, 1768 on coastal meadows
and small islands in Funen County, Denmark. Deutsche Gesellschaft fiir Herpetologie und
Terrarienkunde, 14, 274-282.

(3) Briggs L. (2004) Restoration of breeding sites for threatened toads on coastal meadows.
Pages 34-43 in: R. Rannap, L. Briggs, K. Lotman, I. Lepik & V. Rannap (eds) Coastal meadow
management - best practice guidelines, Ministry of the Environment of the Republic of Estonia,
Tallinn.

(4) Lepikl. (2004) Coastal meadow management on Kumari Islet, Matsalu Nature Reserve.
Pages 86-89 in: R. Rannap, L. Briggs, K. Lotman, I. Lepik & V. Rannap (eds) Coastal meadow
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management - best practice guidelines, Ministry of the Environment of the Republic of Estonia,
Tallinn.

(5) Rannap R. (2004) Boreal Baltic coastal meadow management for Bufo calamita. Pages 26-33
in: R. Rannap, L. Briggs, K. Lotman, I. Lepik & V. Rannap (eds) Coastal meadow management - best
practice guidelines, Ministry of the Environment of the Republic of Estonia, Tallinn.

(6) Wilgers D.J., Horne E.A., Sandercock B.K. & Volkmann A.W. (2006) Effects of rangeland
management on community dynamics of the herpetofauna of the tall grass prairie. Herpetologica,
62,378-388.

(7) McGrath A.L. & Lorenzen K. (2010) Management history and climate as key factors driving
natterjack toad population trends in Britain. Animal Conservation, 13, 483-494.

3.5. Reduce tillage
e We found no evidence for the effects of reduced tillage on amphibian populations.

Background

Conventional ploughing uses a mould-board plough, cultivating to a depth of
around 20 cm. 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 have been found to be beneficial for some farmland biodiversity
(Holland & Luff 2000).

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

3.6. Maintain or restore hedges

e We found no evidence for the effects of maintaining or restoring of hedges on
amphibian populations.

Background

Hedgerows can provide valuable migration corridors for wildlife, particularly in
disturbed landscapes. For example, newts migrating away from breeding ponds
were found to use hedgerows more than expected within a pastoral landscape
(Jehle & Arntzen 2000).

Jehle, R. & Arntzen, ].W. (2000). Post-breeding migrations of newts (Triturus cristatus and T.
marmoratus) with contrasting ecological requirements. Journal of Zoology, 251, 297-306.

3.7. Plant new hedges
e We found no evidence for the effects of planting hedges on amphibian populations.

Background

Hedgerows can be planted to provide migration corridors for amphibians and for
resources for other wildlife.
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3.8. Manage silviculture practices in plantations

Studies investigating the effects of silviculture practices are discussed in ‘Threat:
Biological resource use — Logging & wood harvesting’.
Background

Forestry practices and particularly clear-cutting all trees and vegetation can have
significant effects on amphibian populations. There are a number of silviculture
management practices that can be carried out to try to reduce the effect of
timber harvest on wildlife. These include retaining some scattered or groups of
trees, which ensures that some canopy cover remains and therefore that forest
floor or stream conditions are maintained in some areas.

Aguatic habitat management

3.9. Exclude domestic animals or wild hogs by fencing

e Three replicated, site comparison studies in the USAL35 found that excluding livestock
from streams or ponds did not increase numbers of amphibian species or overall
abundance, but did increase larval abundancel3 and abundance of green frog
metamorphs®. Two studies found that the abundance of green frogs and/or American
toads was higher with grazing.

¢ One randomized, replicated, controlled, before-and-after study in the USA* found that
excluding cattle from ponds did not increase numbers of eggs or larval survival of
Columbia spotted frogs. One before-and-after study in the UK? found that pond
restoration that included livestock exclusion increased pond use by breeding natterjack
toads.

Background

Livestock grazing can have significant effects on aquatic habitats through
disturbance, trampling, erosion, reduced water quality and changes in vegetation
structure and composition. Such changes may have detrimental effects on
amphibian populations. However, grazing can also have beneficial effects on
amphibians and their habitats. For example, a study found that three years after
excluding livestock grazing by fencing, ungrazed temporary pools dried 50 days
earlier than grazed pools (Pyke & Marty 2005). Other studies investigating the
effects of grazing on amphibians are discussed in ‘Manage grazing regime’.

Pyke C.R. & Marty J. (2005) Cattle grazing mediates climate change impacts on ephemeral
wetlands. Conservation Biology, 19, 1619-1625.

A replicated, site comparison study in 1998-1999 of streams in pasture in
Pennsylvania, USA (1) found that excluding livestock from stream banks did not
increase amphibian species richness or abundance overall, but did increase
tadpole numbers. There was no significant difference in overall species richness,
abundance or biomass, or in the abundance of salamanders, bullfrogs Rana
catesbeiana or wood frog Rana sylvatica between fenced and unfenced streams.
However, tadpole captures were higher in fenced compared to unfenced areas
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(20 vs 6). In comparison, captures were higher in unfenced compared to fenced
areas for green frogs Rana clamitans (8 vs 5/site) and American toads Bufo
americanus (2.4 vs 1.5). Ten grazed and 10 recently fenced (1-2 yrs) streams
were selected over 20 farms. Sites were 100 m long by 10-15 m wide on both
banks. Monitoring was undertaken using two drift-fences per site. Each fence had
a pitfall trap, side-flap pail-trap and funnel trap that were checked 3-4
times/week in April-July.

A before-and-after study in 1991-1999 of 17 ponds in a reserve in
Caerlaverock, Scotland, UK (2) found that pond restoration with livestock
exclusion increased natterjack toad Bufo calamita use of ponds for breeding. Out
of 12 ponds restored in 1995-1998, 11 were used for breeding every year until
1999, compared to just four before restoration. Toads started to breed in the
additional ponds one or two years after restoration. Toads continued to breed in
ponds used before restoration and there was little change in use of unmanaged
ponds. Of the 11 ponds restored in 1995-1996, 10 were used for breeding every
year until 1999. In 1995-1999, 17 ponds were restored by clearing aquatic
vegetation and excavation. Electric fences were installed around ponds during
the summer to exclude cattle and sheep. Fences were removed after toadlet
emergence. Eggs, tadpoles and toadlets were counted at least four times in each
pond in May-August 1991-1992 and 1994-1999.

A replicated, site comparison study in 2002-2003 of streams within pasture
in southwestern Georgia, USA (3) found that excluding cattle did not result in
increased amphibian species richness or abundance along stream banks, but did
result in significantly higher numbers of in-stream larvae. There was no
significant difference in amphibian species richness between buffered and
unbuffered streams, although species richness tended to be higher where cattle
were excluded. Abundance of adult salamanders and treefrogs Hyla spp. did not
differ between sites. At three sites cattle grazed stream banks and at two other
sites cattle had been excluded by fencing for over 25 years. Amphibians were
monitored by walking a transect (100 x 4 m) along one side of each stream from
March 2002 to March 2003. Bimonthly surveys under natural and artificial cover
objects (30 tiles/site) and monthly surveys using tree pipes (10/site) and stream
bottom samplers were undertaken.

A randomized, replicated, controlled, before-and-after study in 2002-2006 of
12 ponds in Oregon, USA (4) found that there was no effect of complete or partial
cattle exclusion on Columbia spotted frog Rana luteiventris egg numbers, larval
survival or size at metamorphosis. There was no significant difference between
treatments for egg mass counts (exclusion: 8; partial exclusion: 4; access: 7); pre-
treatment counts were 6-11. The same was true for larval survival index
(exclusion: 25; partial exclusion: 52; access: 33; pre-treatment: 30-72) and size
at metamorphosis (pre-treatment: 28-33 mm; post-treatment: 29-31). Fishless
ponds within four blocks were randomly assigned to one of three treatments:
complete cattle exclusion, exclusion from a section of pond (where most eggs
were laid) or no exclusion. Fences were installed in 2003-2005 creatinga 1-5 m
buffer around ponds. Cattle were present in June-September (25-31 ha/cow-calf
pair). Egg masses were counted and a sample of juveniles marked in 2002-2006.

A replicated, site comparison study in 2005-2006 of eight farm ponds in
Tennessee, USA (5) found that the effects of excluding cattle from ponds
depended on amphibian species. There was no significant difference in captures
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or egg mass abundance for 12 species. However, significantly higher numbers of
green frog Rana clamitans metamorphs were captured at exclusion ponds
compared to those with cattle grazing (0.06-0.10 vs 0.01-0.03 relative
captures/day). The opposite was true for American toads Bufo americanus (0 vs
0.01-0.03). Length and/or mass were significantly greater at exclusion ponds for
one and grazed ponds for four species. Four ponds had been exposed to grazing
(132 cattle/pond ha/month) and four fenced to prevent grazing for 10 years.
Ponds were 0.1-1.0 ha and within similar habitat. Amphibians were monitored
using pitfall traps both sides of drift-fencing enclosing half of each pond. Traps
were set for two days/week in March-August 2005-2006. Weekly egg mass

counts were also undertaken along transects.

(1) Homyack ].D. & Giuliano W.M. (2002) Effect of streambank fencing on herpetofauna in
pasture stream zones. Wildlife Society Bulletin, 30, 361-3609.

(2) Phillips R.A,, Patterson D. & Shimmings P. (2002) Increased use of ponds by breeding
natterjack toads, Bufo calamita, following management. Herpetological Journal, 12, 75-78.

(3) Muenz T.K, Golladay S.W., Vellidis G. & Smith L.L. (2006) Stream buffer effectiveness in an
agriculturally influenced area, Southwestern Georgia: Responses of water quality,
macroinvertebrates, and amphibians. Journal of Environmental Quality, 35, 1924-1938.

(4) Adams M.]., Pearl C.A., Mccreary B., Galvan K., Wessell S.J., Wente W.H., Anderson C.W. &
Kuehl A.B. (2009) Short-term effect of cattle exclosures on Columbia spotted frog (Rana
luteiventris) populations and habitat in northeastern Oregon. Journal of Herpetology, 43, 132-
138.

(5) Burton E.C., Gray M.]., Schmutzer A.C. & Miller D.L. (2009) Differential responses of
postmetamorphic amphibians to cattle grazing in wetlands. Journal of Wildlife Management, 73,
269-277.

3.10. Manage ditches

e One controlled, before-and-after study in the UK2 found that managing ditches
increased common toad numbers.

e One replicated, site comparison study in the Netherlands! found that numbers of
amphibian species and abundance was significantly higher in ditches managed under
agri-environment schemes compared to those managed conventionally.

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 can have significant effects on
amphibian populations. Ditch management practices such the frequency, season
and technique used to clean or dredge ditches have also been found to affect the
presence of amphibians (Twisk et al. 2000). Management practices that maintain
and increase species diversity should therefore be encouraged.

Twisk W., Noordervliet M.A.W. & ter Keurs W.]. (2000) Effects of ditch management on caddisfly,
dragonfly and amphibian larvae in intensively farmed peat areas. Aquatic Ecology, 34, 397-411.

A replicated, site comparison study of 42 managed ditches within pasture in
the Western Peat District of the Netherlands (1) found that amphibian diversity
and abundance was significantly higher in agri-environment scheme compared
to conventionally managed ditches. Adult green frog Rana esculenta numbers in
conventional ditches declined with distance from reserves; this was not the case
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in agri-environment scheme ditches. Farmers managing ditches under agri-
environment schemes are encouraged to reduce grazing/mowing intensity and
reduce fertilizer inputs compared to conventional management, and not to
deposit mowing cuttings or sediments from ditch cleaning on the ditch banks.
Monitoring was undertaken along 18 agri-environment and 24 conventionally
managed ditches in April-July 2008. Ditches were perpendicular to eight nature
reserve borders and monitoring was just inside reserves and at four distances
from reserve borders (0-700 m). Three methods were used during each
sampling period: five minute counts, 20 dip net samples and two overnight
funnel traps.

A controlled, before-and-after study in 1999-2012 of seven ditches in pasture
in Suffolk, UK (2) found that common toad Bufo bufo numbers increased after
restoring ditch management. Numbers of adults counted three to seven years
after management (after 3-4 years toad maturation) were significantly higher
than in the subsequent five years once management ceased (563 vs 245). The
year after ditch clearance, large numbers of tadpoles were seen and toadlets
increased from 10s-100s to 1,000s in one of the dredged ditches. In comparison,
highly vegetated unmanaged ditches supported few or no tadpoles through to
metamorphosis. Ditch management including dredging was undertaken in five of
seven ditches in 1999. Monitoring was undertaken three times in March by eggs

counts, torchlight surveys, netting ditches and counting breeding adults.

(1) Maes]., Musters C.J.M. & De Snoo G.R. (2008) The effect of agri-environment schemes on
amphibian diversity and abundance. Biological Conservation, 141, 635-645.

(2) Beebee T.(2012) Decline and flounder of a Sussex common toad (Bufo bufo) population.
Herpetological Bulletin, 121, 6-16.
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4. Threat: Energy production and mining

Energy production (renewable and non-renewable) and mining can have
significant impacts on amphibian populations through the destruction and
pollution of habitats. Interventions in response to these threats are discussed in
‘Habitat restoration and creation’ and ‘Threat: Pollution - Industrial pollution’.

Key messages

Artificially mist habitat to keep it damp

One before-and-after study in Tanzania found that installing a sprinkler system to
mitigate against a reduction of river flow did not maintain a population of Kihansi
spray toads.

4.1. Artificially mist habitat to keep it damp

e One before-and-after study in Tanzanial2 found that installing a sprinkler system to
mitigate against a 90% reduction of river flow did not maintain a population of Kihansi
spray toads.

Background

Reduction in river flow due to activities such as the implementation of
hydropower projects can have significant effects on wetland habitats and the
amphibians they support. In cases where alternative habitat is not available,
intensive management may be undertaken to recreate natural habitats in
attempt to conserve particular species. For example, the wetland habitat in the
study described below was the only known habitat for the Kihansi spray toad
Nectophrynoides asperginis.

A before-and-after study in 1996-2004 of a sprinkler system to mitigate
against a 90% reduction of river flow caused by a hydropower project along the
Lower Kihansi River, Tanzania (1,2) found that following a brief recovery, the
Kihansi spray toad Nectophrynoides asperginis declined rapidly. Following the
implementation of the sprinkler system, numbers increased to approximately
20,000 by June 2003 from 11,000 in 2000. However, the population then
declined rapidly to 40 in August 2003 and five in January 2004. Authors suggest
that causes for the sudden decline may have been introduction of the chytrid
fungus or pesticides. The population estimate for the toads had decreased from
50,000 in 1996 to 11,000 toads in 2000 once the river flow was reduced. The
hydropower project was implemented in May 2000 resulting in a reduction of
water flow, but the sprinkler system was not completed until February 2001. The
system comprised a several kilometre-long gravity-fed pipe system that
delivered mist from hundreds of spray nozzles onto a quarter of the suitable toad

habitat.

(1) Krajick K. (2006) The lost world of the Kihansi toad. Science, 311, 1230-1232.

(2) Conservation Breeding Specialist Group (IUCN/SSC) (2007) Kihansi spray toad
(Nectophrynoides asperginis) population and habitat viability assessment: briefing book.
Conservation Breeding Specialist Group (IUCN/SSC) Report.
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5. Threat: Transportation and service corridors

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 ‘Habitat restoration and creation’ and ‘Threat: Pollution’.

Key messages

Install culverts or tunnels as road crossings

Thirty-two studies investigated the effectiveness of installing culverts or tunnels as
road crossings for amphibians. Six of seven studies, including three replicated
studies, in Canada, Europe and the USA found that installing culverts or tunnels
decreased amphibian road deaths. One found no effect on road deaths. Fifteen of 24
studies, including one review, in Australia, Canada, Europe and the USA found that
tunnels were used by amphibians. Four found mixed effects depending on species,
site or culvert type. Five found that culverts were not used or were used by less than
10% of amphibians. Six studies, including one replicated, controlled study, in Canada,
Europe and the USA investigated the use of culverts with flowing water. Two found
that they were used by amphibians. Three found that they were rarely or not used.
Certain culvert designs were found not to be suitable for amphibians.

Install barrier fencing along roads

Seven of eight studies, including one replicated and two controlled studies, in
Germany, Canada and the USA found that barrier fencing with culverts decreased
amphibian road deaths, in three cases depending on fence design. One study found
that few amphibians were diverted by barriers.

Modify gully pots and kerbs

One before-and-after study in the UK found that moving gully pots 10 cm away from
the kerb decreased the number of great crested newts that fell in by 80%.

Use signage to warn motorists

One study in the UK found that despite warning signs and human assistance across
roads, some toads were still killed on roads.

Close roads during seasonal amphibian migration

Two studies, including one replicated study, in Germany found that road closure sites
protected large numbers of amphibians from mortality during breeding migrations.
Use humans to assist migrating amphibians across roads

Three studies, including one replicated study, in Italy and the UK found that despite
assisting toads across roads during breeding migrations, toads were still killed on
roads and 64-70% of populations declined. Five studies in Germany, Italy and the UK
found that large numbers of amphibians were moved across roads by up to 400
patrols.

5.1. Install culverts or tunnels as road crossings

o Thirty-two studies investigated the effectiveness of installing culverts or tunnels as road
crossings for amphibians.

e Six of seven studies (including three replicated studies) in Canada, Germany, Italy,
Hungary and the USA717.18.23.29.32.33 found that installing culverts or tunnels significantly
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decreased amphibian road deaths; in one study this was the case only when barrier
fencing was also installed. One found no effect on road deathss32.

o Fifteen of 24 studies (including one review and 17 replicated studies) in Australia,
Canada, Europe and the USA found that culverts/tunnels were used by
amphibianst 231, by 15-85% of amphibians26.7.1019.32 or 3—-15 species!>1721, or that 23—
100% of culverts or tunnels were used by amphibians!116 or used in 12 of 14 studies
reviewed 28, The majority of culverts/tunnels had barrier fencing to guide amphibians to
entrances. Four found mixed effects depending on species??, or for toads depending
on the site or culvert type 4818, Five found that culverts were used by less than 10% of
amphibians31430 or were not used>13, The use of culverts/tunnels was affected by
diameter in three of six studies, with wider culverts used more411-13.2627 |length in one
of two studies, with long culverts avoided?6:27, lighting in all three studies, with mixed
effectsl0.13.26  substrate in three of six studies, with natural substrates used
more121319.202527 ‘presence of water in two of three studies, with mixed effects311.13,
entrance location in one!! and tunnel climate in one studysL.

e Six studies (including one replicated, controlled study) in Canada, Spain, the
Netherlands and USA investigated the use of culverts with flowing water and found that
they were used by amphibians27, or rarely used by salamanders?0.25 or not used?#,
and were used morel! or the same amount as dry culverts?s.

o Certain culvert designs were not suitable for amphibians; one-way tunnels with vertical
entry chutes resulted in high mortality of common toads* and condensation deposits
from steel culverts had very high metal concentrations®. One study found that
thousands of amphibians were still killed on the road 1.

Background

Roads and traffic can have major impacts on amphibian populations. This is
particularly the case if they cut across annual migration routes between
hibernation and breeding habitats. Underpasses can be installed to try to reduce
mortality on the road. Unlike methods such as toad patrols and road closures,
which tend to target breeding adults, tunnels could help reduce deaths of
dispersing juveniles. Tunnels may be designed specifically for amphibian
migrations, wildlife pipes over land, wildlife culverts over water channels
designed for small- to medium-sized animals or drainage culverts that were
engineered for water passage, but that can be modified to encourage wildlife
passage.

Culverts or tunnels are usually associated with barrier walls that prevent
amphibians reaching the road and direct them towards tunnels. Studies that
specifically investigated the effect of barrier fencing along roads are discussed in
‘Install barrier fencing along roads’.

A study in 1983-1984 of a tunnel with guide fencing in Oberbergischer Kreis,
Germany (1) found that 640 common toads Bufo bufo and four frogs migrated
through the tunnel. Overall, 85% of adult and 90% of young migrating toads used
the tunnel, a nearby brook pipe, footpath or bridge to get across the road.
However, on one night thousands of young toads were killed on the road. The
tunnel was 19 m long and 0.75 m high and was completed in March 1984. A fence
was constructed to direct amphibians to the tunnel. Monitoring was undertaken
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using pitfall traps at the ends of the tunnel and by observing toads during the
migration.

A study in 1982-1989 of a tunnel under a road through woodland in
Schleswig Holstein province, Germany (2) found that 21% of amphibians
recorded along the drift-fencing used the tunnel. In 1988, a total of 2,446
amphibians were recorded along the fence, of which 21% passed through the
tunnel. Seven species were recorded using the tunnel. For the four species for
which more than 10 individuals were recorded (136-1278/species) 12-45%
passed through the tunnel. The tunnel was installed in 1987 (0.2 m diameter, 10
m long). Drift-fencing 360 m long and 0.4 m high already existed at the site.
Amphibians were monitored using 28 pitfall traps along the fence and one at the
tunnel exit.

A study in 1984-1985 of a tunnel with barrier fencing in Lower Saxony,
Germany (3) found that only 15% of amphibians recorded entered the tunnel
and few passed through the tunnel. It was considered that this may have been
due to high water levels which resulted in a stream flowing through the tunnel.
Fences 350 m long were installed on both sides of the road. The concrete tunnel
was located in the centre of the fences. Common toads Bufo bufo and common
frogs Rana temporaria were monitored in March-April. Toads were tagged.

A replicated study in 1987 of tunnels with guide fencing at 13 locations in
West Germany (4) found that tunnel use by amphibians varied with site. Some
tunnels were not used by amphibians while others were used by the majority of
migrating amphibians. Large two-way tunnels (diameter: 1 m; length: 15 m)
were used by a larger proportion of common toads Bufo bufo in the area than
those with smaller diameters. However, even those with a diameter of 0.3 m
were used by some toads. One-way tunnels with vertical entry chutes resulted in
high mortality of amphibians. There were no deaths with angled chutes. Three
types of tunnels were investigated: two-way systems or one-way systems with
angled or vertical entry chutes. One-way tunnels were laid in pairs to allow
migration in both directions. At one site, nine two-way systems of various
dimensions were investigated. Guide fences were also used at sites.

A replicated study in 1980-1988 of eight tunnels with barrier fencing in
Bavaria, West Germany (5) found that common toads Bufo bufo did not use the
tunnels. Tunnels were 60 cm in diameter. Wire-netting fences 25 cm high were
installed on both sides of the road. Fences were bent over at the top to prevent
toads climbing over.

A small, replicated study in 1987 of two tunnels with barrier fencing in
Henley-on-Thames, England, UK (6) found that approximately 2,750 common
toads Bufo bufo used the tunnels during 18 migration nights. In the first two
nights, only about 10% of 2,200 toads recorded behind the fence were estimated
to have used the tunnels. This increased to a maximum of 43% of toads recorded
in one night. Fencing was installed between the two tunnels creating a W-shaped
catchment of 600 m. A trip counter was set 0.2 m into the entrance of the tunnels.

A small, replicated study in 1987-1988 of two amphibian tunnels with
barrier fencing in the Mittelgebirge region of West Germany (7) found that once
an effective fence was installed, 85% of amphibians recorded used the tunnels
and road deaths decreased. Prior to the new fence, numbers Kkilled were
109/night, compared to just 20 in 1987 and 30 in 1988. Between 2,432 and
2,050 individuals/year were captured at the fence and surroundings during the
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spring migration, of which 85% used the tunnels. Of 211 toads marked at the
fence in 1987, 68% were recaptured at tunnel exits within five days. Two drain
channels with metal grid roofs were installed in the road in 1981. A more
effective fence of plastic fabric similar to wire mesh (1 m high) was installed at
entrances and parallel to the road in 1987. Pitfall traps were set at each end of
the fence and at tunnel exits.

A replicated study of five amphibian tunnels with barrier fencing in Overveen
in the Netherlands (8) found that only 4% of the population of 2,000-3,000
common toads Bufo bufo used the tunnels. Ten percent of the population broke
over the barrier fencing. The remaining toads walked along the fence, were
captured in pitfall traps and were carried across the road. In an experiment,
toads were placed at tunnel entrances and 43% passed through within 24 hours.
The cast-iron tunnels had been installed nine years before the study. They were
12 m long, 0.3 m in diameter and were buried 0.7 m under a road between a
wooded dune and stream. The road had permanent barrier fencing.

A replicated study in 1993 of 17 culverts in Madrid province, Spain (9) found
that amphibians used the culverts. An average of 0.03 amphibian
tracks/culvert/day (range: 0-0.19) were recorded. Two culverts were selected
under a motorway, 10 under local roads and five under a railway line. Amphibian
tracks were monitored within culverts using marble dust over the floor.
Monitoring was undertaken over four to eight days each season.

A small, replicated study in 1988 of two amphibian tunnels under a road in
Ambherst, Massachusetts, USA (10) found that 76% of spotted salamanders
Ambystoma maculatum that reached tunnel entrances successfully passed
through (n = 87). Of the salamanders recorded along fences 68% (n = 95) passed
through tunnels. Salamanders that encountered fences furthest from the tunnels
were reached tunnels as successfully as those that encountered the fence closer
to the entrances. Once artificial light was provided, salamanders entered and
passed through tunnels faster. Tunnels were installed approximately 60 m apart
with 30 m long (0.3 m high) drift-fences to direct salamanders to the entrances.
Tunnels allowed some rain to enter to maintain moist conditions, but were
prevented from flooding. Tunnels and fences were monitored by observations on
four nights during spring 1988.

A replicated, site comparison study in 1993-1994 of 56 tunnels under roads
in Catalonia, Spain (11) found that amphibians used 23% of circular and 59% of
rectangular tunnels. Use was greater for wider tunnels with water within or at
entrances. Tunnels with steps or wells at the entrances or within large
embankments were used less frequently. A total of 39 circular (1-3 m diameter)
and 17 rectangular cross-section (4-12 m diameter) drains/underpasses were
surveyed along four 10 km stretches of roads. Tunnels were monitored for four
days each season over a year in 1993-1994. Tracks were obtained using marble
power across the centre of each structure. Infra-red and photographic cameras
were used at entrances.

A replicated study in 1997-1998 of 53 wildlife passages along waterways
under roads at over 20 sites in the Netherlands (12) found that 77% of passages
were used by amphibians. Amphibian tracks were recorded in 19-22
passages/year. There was no relationship between use and passage width or
substrate. Culverts and bridges were adapted for wildlife in the 1990s in the
Netherlands. In 1997, 31 passages (0.4-3.5 m wide) were monitored. These
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included extended banks (unpaved or paved), planks fixed on bridge or culvert
walls, planks floating on the water, concrete passageways and plastic gutters
covered with sand. In 1998, 22 passages were monitored for the effect of width
and substrate. These were wooden passageways fixed on a bridge or culvert wall
(0.2-0.6 m wide). Monitoring involved weekly checks of tracks on sandbeds (for
4-7 weeks) and ink pads (12 weeks in 1997, four weeks in 1998) across
passageways.

A replicated study in 2000 of eight dry and two wet culverts under highways
through two wetlands on Vancouver Island, Canada (13) found no amphibian
tracks within culverts. In trials with rough-skinned newts Taricha granulosa, a
dark culvert was used significantly more than one with daylight (24 vs 6).
However, there was no significant difference between use of 0.3 or 0.5 m
diameter culverts (11 vs 19 newts), different substrates (bare: 22; cement: 11;
soil: 17) or wet or dry culverts (8 vs 7-15 newts). Concentrations of aluminium,
zinc, copper and lead within condensation deposits in culverts were 134-
124,500 times greater than recommended for protecting freshwater aquatic life.
Corrugated steel pipe culverts (29-36 x 0.6-1 m) were constructed in 1995.
Aluminium track-plates covered with soot were installed 1-2 m inside each
culvert and were monitored nine times in July-October 2000. There were three
replicates of each trial (five for substrate) in which 10 newts had the choice of
three adjacent culverts (3 x 0.3 m) over three days in September-November.

A small, replicated study in 2000-2001 of two amphibian tunnels constructed
under a road in a residential development in Santa Cruz County, California, USA
(14) found that a small proportion of migrating Santa Cruz long-toed
salamanders Ambystoma macrodactylum croceum used tunnels. A total of 23
adult salamanders passed through the tunnels. Of the 44 adults marked along the
drift-fence, only four (9%) were captured on the opposite side of one tunnel and
none for the other. The two cement polymer amphibian tunnels were installed in
1999. They were 0.3 x 0.5 m or 0.2 x 0.2 m and 11-12 m long. Entrances were
screened with mesh to reduce predator access. Drift-fences (0.4-0.8 m high)
were permanently installed at tunnel entrances and along the road to connect
tunnels (300 m). Salamanders were monitored by visual survey along the drift-
fence on five rainy nights in December-January. Each animal was marked. Pitfall
traps captured individuals passing through tunnels.

A replicated study in 1998 of 38 amphibian tunnels at 16 sites, two game
bridges and five game passages in northern Hungary (15) found that 11
amphibian species used the passageways. Some of the passageways were used
successfully and others had efficiency below 25%. Problems were considered to
include improper design, gaps between the fence and entrance and lack of
fencing or maintenance. Population estimates suggested that the mitigation
measures helped 1 million to 5 million amphibians across roads annually.
Tunnels were circular or square, made of concrete or metal and had diameters of
0.6-1.0 m. Concrete or mesh fences (0.5-0.7 m high) were present in 80% of
cases. Day and night road transects were undertaken during spring and summer
to count live and dead amphibians. Population sizes in neighbouring habitats
were estimated using visual encounter surveys, torching and netting, acoustic
surveys and transect counts.

A replicated study in 2000-2001 of nine wildlife culverts with barrier fencing
along a highway through coastal lowlands in New South Wales, Australia (16)
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found that all culverts were used by amphibians. Amphibian tracks made up 14%
of those in culverts. Cane toads Bufo marinus were observed inside culverts nine
times. Twelve additional species were recorded within 2-20 m of entrances.
Fifty-five frog (brown-striped frog Limnodynastes peronii, dainty green tree frog
Litoria gracilenta) and two cane toad carcasses and 14 live frogs were recorded
on the road on one night. The concrete culverts (2.4 m wide, 1.2 m high, 18 m
long) lay along a 1.4 km section of highway. A chain-mesh barrier fence (1.8 m
high) was installed either side of the bypass. Each culvert was walked through
with a spotlight on two wet and two dry nights in January-February 2001. Tracks
were recorded on sand across culverts every two days over eight days in spring
and autumn. Frog calls were also recorded at entrances.

A replicated study in 2001-2002 of eight culverts underneath a highway
through a freshwater marsh in Florida, USA (17) found that 13 frog and two
salamander species used culverts and road mortality declined. A total of 656
frogs and six salamanders were captured using culverts. Following construction
of a barrier wall linking culverts, frog species using culverts increased from five
to 13 and frogs trapped increased from 0.006 to 0.085/trap night. Ranid frog
mortality declined dramatically following installation of the barrier wall-culvert
system. However, tree frog mortality appeared to increase (from 149 to 194).
Two dry box culverts (1.8 x 1.8 x 44 m) and two partially submerged box culverts
(2.4 x 2.4 x 44 m) already existed. In 2001, four additional dry/wet cylindrical
culverts (0.9 x 44 m) were installed at the same time as a 3 km barrier wall along
the highway, parallel to wetland prairie. Culverts were 200-500 m apart along
the wall. Monitoring was undertaken on five nights/week from March 2001 to
March 2002. Ten wire screen-mesh funnel traps were placed in each box culvert
and four crayfish traps in each cylindrical culvert.

A review of studies investigating culverts in Texas and near New York, USA
(18) found mixed results. Two tunnels with barrier walls decreased amphibian
road deaths by 90%. Eight of the 20 known species were recorded using the
tunnels. In contrast, no Houston toads Bufo houstonensis used modified drainage
culverts and athough diversion fencing reduced road-kills in its vicinity, groups
of dead toads were recorded at the ends. Short sections of steel diversion fencing
were added to existing drainage culverts to guide toads from known migration
routes into the culverts. The culverts were not designed for amphibians and
became impassable when flooded. Two concrete tunnels with box openings (1.2
x 1.2 m) and wooden barrier walls were installed along a road adjacent to
wetlands in 1999.

A replicated study in 2001, of two experimental tunnels in Pays de la Loire,
France (19) found that amphibians used tunnels and preferred the soil-lined to
the bare tunnel. Tunnels were preferred to bypassing on the grass by common
toads Bufo bufo (70%) and edible frogs Rana esculenta (68%). However, agile
frogs Rana dalmatina tended to bypass (70%). The soil-lined tunnel was used by
68% of the animals that used the tunnels. The difference between soil-lined and
bare tunnels was significant for both frog species but not common toads.
Crossing success was higher for all species in the soil-lined tunnel. Two concrete
pipes (2 m long, 0.5 m diameter) were placed side by side within an enclosure (5
x 3 m). One was lined with sand and humus, the other left bare. Two 0.5 m
lengths of drift-fence were installed at 45° to the entrances. A single animal was
placed 1.2 m in front of the tunnels with male calls playing from the far end. Each
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trial lasted 10 minutes and was repeated four days later. Forty-one common
toads, 42 edible frogs and 32 agile frogs captured locally were used.

A replicated, controlled study in 2002-2003 of culverts along small forest
streams in the Oregon Coast Range, USA (20,25) found that culverts were used by
a small proportion of larval coastal giant salamander Dicamptodon tenebrosus.
Complete culvert passage was recorded by 16 larvae at seven of nine culvert
sites, although only 20% of larvae moved far enough to assess culvert passage.
Growth rates and density did not differ significantly, but movements varied in
streams with and without culverts. Effects on larval survival were inconclusive.
Densities were lower in raised metal pipe culverts than in arch culverts with
streambed substrates. Arch culverts and streams had similar densities. Density
was associated with the presence of large substrates. In the presence of culverts,
the direction and distance moved did not differ significantly (culvert: 3 m; none:
4 m), but larvae moved to the centre of the stream section less frequently. Nine
sites with a culvert (four pipe and five arch) and five without were selected.
Stream sections (80 m long) and culverts were monitored two to three times in
June-August using dip-netting and visual surveys. Culverts were located at the
centre of each section. A total of 2,215 larvae were measured and marked.

A study in 2000-2003 of a culvert under a highway by Lake Jackson, Florida,
USA (21) found that at least three amphibian species used the culvert. Many
leopard frog Rana sphenocephala, pig frog Rana grylio and American bullfrog
Rana catesbeiana were observed moving through the culvert. In total, 12
amphibian species were recorded along the fence and road. A temporary fence
was installed along the highway to divert animals to an existing metal drainage
culvert in April 2000 (700 m; 0.4 m high) and September 2000 (600 m).
Monitoring was undertaken 1-4 times daily by walking the fence and checking
the road and culvert until November 2003.

A replicated study in 2003-2005 of five amphibian tunnels with guide fencing
along a road through Oak Ridges Moraine in Ontario, Canada (22) found that four
of the tunnels were used by amphibians but not by the targeted Jefferson
salamander Ambystoma jeffersonianum. Tunnels were used by a small number of
amphibians in 2003, when weather conditions minimized activity. In 2004, 22
amphibians were recorded in or near tunnels. American toad Bufo americanus,
wood frog Rana sylvatica, spring peeper Pseudacris crucifer and leopard frog
Rana pipiens, but not spotted salamander Ambystoma maculatum or Jefferson
salamander were recorded. Observations were evenly spread across four
tunnels, the fifth was waterlogged. Five concrete or steel tunnels, 1.2 m diameter
and 25-31 m long, were installed under a new road section in 2001. Each was
lined with a sandy substrate and had 30-50 m of guide fencing on each side. Six
to eight monitoring visits were undertaken each spring in 2003-2004. Plastic
fences directed amphibians to pitfall traps at the tunnel entrances and exits.
Fences were also walked by observers at night.

A before-and-after study in 1994-2004 of a brackish and freshwater wetland
in southern Tuscany, Italy (23) found that raising a road on a viaduct resulted in
a significant decrease in amphibian road deaths. Following construction, no
remains of amphibians were found on the road, compared to thousands during
some periods pre-construction. For example, after a night rainstorm in July 1997,
over 6,500 newly emerged Italian edible frog Rana hispanica juveniles were
counted on a 100 m stretch of road. Many species used the open space under the
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viaduct to migrate between wetlands. A viaduct 215 m long was constructed in
2003 to raise a road. The supports of the viaduct (1.6 m high) were built on a
bank 1 m higher than potential flood waters to prevent mixing of wetlands. Drift-
fencing was installed for 300 m from each end of the viaduct along both sides of
the road. Amphibian road kills were monitored before and after construction.

A study in 2004-2008 of a culvert with barrier wall along a new highway
through upland forest in New Hampshire, USA (24) found no evidence that it had
been used by amphibians during the first three years. A ‘wildlife diversion wall’
preventing access to the road and funnelling animals to the culvert did divert
amphibians. Small numbers of spotted salamanders Ambystoma maculatum and
wood frogs Rana sylvatica were found moving along the wall. However, small
numbers of these species were found crossing the road in areas without a wall or
culvert. The culvert was constructed near to the most productive pond for
amphibians. It was 17 m long with an opening 1.2 x 1.2 m. Loamy soil material
was used and was sloped across the width of the culvert to confine stream flow
to one side. The diversion wall (0.3 m high) extended from the culvert to a stone-
lined stream channel on one side and a larger pedestrian culvert on the other.
Spring amphibian migrations were monitored for three years after construction.

A replicated study in 2005-2006 of tunnels in a Wildlife Management Area in
New York, USA (26) found that green frogs Rana clamitans and leopard frogs
Rana pipiens showed some preference for particular tunnel types. Green frogs
showed a significant preference for soil (40%) and gravel (38%) linings,
compared to concrete (13%) and PVC (9%). Leopard frogs showed no preference
(19%, 32%, 29%, 19% respectively). Leopard frogs tended to prefer larger
diameters (0.8 m: 35%; 0.6 m: 12%; 0.5 m: 28%; 0.3 m: 25%) and avoid the
longest tunnels (9 m: 15%; 6 m: 40%; 3 m: 22-24%). Green frogs showed no
preference for diameter (0.8 m: 33%; 0.6 m: 24%; 0.5 m: 27%; 0.3 m: 16%) or
length (9 m: 32%; 6 m: 23%; 3 m: 19-26%). Tunnels with the greatest light
permeability were preferred (4% light permeability: 39-41%; 1.3% light: 14-
17%; 0.6% light: 24-26%; no light: 17-24%). Choice arenas had four different
PVC culverts radiating out, which local green frogs (n = 135) and leopard frogs
(187) could select to exit through. Frogs were tested in groups of 1-17
individuals, once per arena. Trials lasted 15 minutes, after 5 minutes
acclimatization, in June-August 2005-2006. Pitfall traps captured animals at the
end of each tunnel.

A replicated study in 2008 of different culvert designs in New York State, USA
(27) found that migrating spotted salamanders Ambystoma maculatum showed
no preference for culverts of particular diameters, length or substrate. However,
the concrete-lined culvert was used significantly less than other substrates
(concrete: 28%; bare: 35%; sand/gravel: 37%). There was no significant
difference in use of culverts of different diameters (0.3 m: 28%; 0.6 m: 33%; 0.9
m: 39%) or lengths (3 m: 30%; 6 m: 32%; 9 m: 39%). Spotted salamanders and
American toads Anaxyrus americanus did not show a strong preference for
crossing near existing culverts under the highway. The four test areas were 30-
100 m apart, alongside a highway in a forested wetland. Each consisted of two 9
m long fences (1 m high) that funnelled animals towards three choices of PVC
culverts. A pitfall trap captured migrating animals at the end of each culvert. A
total of 57-139 salamanders were captured per test area. Sampling was
undertaken during five nights in March-April 2008.
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A review in 2010 of studies monitoring 327 road crossing structures in
Australia, Europe and North America (28) found that amphibians used crossing
structures in 12 of 14 studies. Amphibians used drainage culverts in four of five
studies, adapted culverts in all three studies and pipes in both studies they were
monitored. Wildlife underpasses, bridge underpasses and overpasses were used
in the one study that monitored each. Amphibians did not use the one wildlife
overpass monitored. Fourteen of the 30 published papers investigated multiple
structure types, which resulted in a total of 52 studies of different structure
types.

A controlled study in 2009 of wildlife culverts along a new highway through
wetlands near Whistler, Canada (29) found that road-kill rates were reduced
provided that drift-fencing or barriers were installed to direct animals towards
culverts. Road-kill rates were reduced significantly (by over 50%) along road
sections with = 50 m of drift-fencing or barriers compared to those with no
barriers (2-8 vs 15-17 Kkilled/50 m section). Approximately 400-500
amphibians were still killed annually along the new highway. Amphibians
appeared hesitant to use culverts. Eight wildlife culvert underpasses were
constructed along the section through the wetland. Drift-fences were installed to
funnel animals towards culverts. Barrier walls were also installed to prevent
migration along some sections. Amphibians were monitored using roadkill
surveys, remote cameras at culvert entrances and a mark-recapture study of
red-legged frogs Rana aurora.

A small, replicated study in 2009 of four amphibian tunnels in Waterton
Lakes National Park, Alberta, Canada (30) found that 8% of the estimated
breeding population of long-toed salamanders Ambystoma macrodactylum used
the tunnels. A total of 104 salamanders were captured in pitfall traps and at least
another 26 by cameras in tunnels. Five western toad Anaxyrus boreas and seven
barred tiger salamander Ambystoma mavortium were also recorded in the
tunnels. Only one case of snake predation was recorded by cameras. Four
concrete tunnels were installed 80-110 m apart under the road (0.6 x 0.5 m, 12
m long). Digital cameras were installed on the ceilings of tunnel entrances to
monitor tunnel floors with motion-triggered and timed-interval images. One
pitfall trap was installed at each tunnel exit in April-August.

A replicated study in 2011-2012 of 26 wildlife tunnels with guide walls at
three wetland sites on the Great Hungarian Plain, Hungary (31) found that
amphibians used the tunnels in large numbers in the first year. Between 120 and
1,800 amphibians were caught at the end of each tunnel over two weeks.
European fire-bellied toads Bombina bombina and the targeted spadefoot toad
Pelobates fuscus were recorded in highest numbers. The Danube crested newt
Triturus dobrogicus, a priority conservation species, also used the tunnels. At one
site, ten times more amphibians passed through two new climate tunnels than an
existing adjacent concrete culvert. A total of 26 polymer concrete ACO Wildlife
Pro climate tunnels, guide walls (300-600 m/tunnel) and stop channels (under
side roads that bisected guide walls) were constructed under three roads in
autumn 2011. Amphibians were monitored using nine pitfall traps/road in April
2012.

A before-and-after study in 2006-2011 of a tunnel with barrier wall along a
road in Hungary (32) found that up to 15% of migrating amphibians used the
tunnels but road deaths did not decrease significantly. During the two years after
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construction, there was no significant reduction in road deaths as fewer than 1%
of migrating amphibians used the tunnels. Following maintenance, over the next
three years 9-15% of the amphibians used the tunnels. However, over 10,000
amphibians died on the road section each year in 2009-2011 even although toad
rescue was also carried out by volunteers. Seven frog and toad species and two
newt species were recorded dead along the road. Almost 90% were common
toads Bufo bufo. In 2006 a tunnel with barrier system was constructed for
amphibians between Hont and Parassapuszta. Maintenance was undertaken in
spring 2009 and in 2010 and 2011.

A before-and-after study in 2008-2009 of four amphibian tunnels under a
road parallel to a lake in Alberta, Canada (33) found that tunnels were effective
at reducing road mortality of long-toed salamanders Ambystoma macrodactylum.
Road mortality decreased from 10% of the population in 1994 to 2% following
installation. In 2009, 104 salamanders were recorded using tunnels, 74% were
migrating to the lake. Four gray tiger salamanders Ambystoma mavortium and
seven western toads Anaxyrus boreas were also captured in exit traps. Individual
tunnel use differed (7-49%). In May 2008, four concrete box culverts (0.6 x 0.5
m) were installed for amphibians 80-110 m apart. They had slots to allow air,
moisture and light in. Drift-fences 500 m long were installed either side of the
road with pitfall traps checked daily in April-October 2008. In 2009, additional
fences (133-274 m) were installed to direct salamanders to tunnels and pitfalls
were installed at exits. Road mortality surveys (similar to 1994) and fence
surveys were undertaken daily in 2008 and May-June 2009.
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5.2. Install barrier fencing along roads

e Seven of eight studies (including one replicated and two controlled studies) in
Germany, Canada and the USA found that barrier fencing with culverts decreased
amphibian road deaths?57.10, or decreased deaths provided that the fence length6 and
material® were effective. One found that low numbers of amphibians were diverted by
barriers during breeding migrations®.

e One replicated study in the USA? found that barriers at least 0.6 m high were required
to prevent green frogs and leopard frogs climbing over. Two studies in the Netherlands
and USA45 found that treefrogs and 10% of common toads climbed over barrier
fencing during breeding migrations.

Background

Traffic on roads can cause significant mortality of amphibian populations.
Barriers can be installed at migration points along roads to try to reduce
mortality. These are usually installed in association with underpasses. Studies
investigating the use of under road wildlife passages, many of which had barrier
fencing are discussed in ‘Install culverts or tunnels as road crossings’.

A study in 1984-1985 of a barrier fence and wildlife tunnel in Lower Saxony,
Germany (1) found that many common toads Bufo bufo and common frogs Rana
temporaria went around the end of the barrier fence and were killed on the road
during breeding migrations. In 1985, deaths were reduced by lengthening the
fence. Initially, fences 350 m long were installed on both sides of the road. A
concrete tunnel was located in the centre of the fences. Common toads and
common frogs were monitored in March-April. Toads were tagged.

A replicated study in 1986 of 114 sites including at least 60 amphibian
barrier fences, 11 road closure sites and 23 hand-collected human assisted
crossings in Nordrhein-Westphalia, Germany (2) found that a total of 131,061
amphibians were protected from death on roads. Between one and 116,515
individuals of 14 species were recorded at each barrier fence, road crossings or
hand-collected crossing. The majority of the 60 barrier fences to protect
amphibians were constructed from polythene and averaged 600 m in length
(range: 30-3,000 m). Animals were collected by hand alone at 23 sites and at 11
sites roads were closed for migrations. Nine sites had a combination of two of the
interventions and for 20 sites it was unknown which of the interventions were
used.

A before-and-after study in 1987-1988 of a barrier fence and two amphibian
tunnels in the Mittelgebirge region of West Germany (3) found that once an
effective fence was installed, numbers of migrating amphibians killed on the road
during the breeding migration decreased. Prior to the new fence numbers killed
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were 109/night, compared to just 20 in 1987 and 30 in 1988. Overall, 85% of
amphibians recorded at the fence passed through the tunnels. The total number
of individuals captured at the fence and surroundings during the spring
migration were 2,432 in 1987 and 2,050 in 1988. Of 211 toads marked at the
fence in 1987, 68% were recaptured at tunnel exits within five days. Two drain
channels with metal grid roofs were installed in the road in 1981. A more
effective fence of plastic fabric similar to wire mesh (1 m high) was installed at
tunnel entrances and parallel to the road in 1987. Pitfall traps were set at each
end of the fence and at tunnel exits.

A study of barrier fencing between five amphibian tunnels in Overveen in the
Netherlands (4) found that 10% of the population of 2,000-3,000 common toads
Bufo bufo climbed over the fencing during breeding migrations. The remaining
toads walked along the fence, but only 4% used the tunnels. The others were
captured in pitfall traps and carried across the road. The cast-iron tunnels had
been installed nine years before the study. The road had permanent barrier
fencing.

A controlled, before-and-after study in 2001-2002 of a barrier wall linking
culverts along a highway in Florida, USA (5) found that the wall significantly
decreased amphibian road deaths, apart from treefrogs (Hylidae), which could
climb over. A total of 19 amphibian road-kills were found on the 3 km section
with barrier, compared to 326 kills on the 500 m section with no barrier.
Treefrogs were excluded from these figures. Treefrog mortality increased after
construction of the barrier and culverts (from 149 to 194 over three survey
sections). In 2001, a 1 m high concrete wall with a 15 cm overhang was erected
along the highway, parallel to a wetland prairie. The wall extended 3 km on each
side of the road. Concrete culverts under the highway were increased from four
to eight. The highway and grass verge were monitored from 200 m before the
start of the barrier until 200 m past the end. Monitoring was undertaken on
three consecutive days from dawn each week from March 2001 to March 2002.

A study of drainage culverts modified with diversion fencing in Texas, USA
(6) found that fencing reduced road-Kkills in its vicinity, but aggregations of dead
toads were recorded at the barrier endpoints. No Houston toads Bufo
houstonensis used the culverts, which became impassable when flooded. Short
sections of steel diversion fencing were added to existing drainage culverts to
guide toads from known migration routes into the culverts.

A before-and-after study in 2000-2003 of temporary fencing along a highway
to a culvert by Lake Jackson, Florida, USA (7) found that 70% of amphibians and
reptiles (not including turtles) were diverted from the highway towards the
culvert. Twelve amphibian species were recorded along the barrier. Fences
diverted 74% of the 1,088 upland and semi-aquatic amphibians and reptiles
from the highway (at fence: 74%; dead on road: 26%). Twenty-two percent of
the 299 aquatic animals were also diverted (alive at fence: 22%; dead at fence:
2%; dead on road: 76%). In particular, the fence diverted small frogs and toads.
Some species were significantly underestimated. The temporary fence was
installed along the highway to divert animals to a culvert in April 2000 (700 m;
0.4 m high) and September 2000 (600 m). Monitoring was undertaken 1-4
times/day by walking the fence and checking the road and culvert until
November 2003.
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A study in 2004-2008 of a barrier wall leading to a culvert under a new
highway through upland forest in New Hampshire, USA (8) found that the wall
only diverted small numbers of amphibians towards the culvert. Small numbers
of spotted salamanders Ambystoma maculatum and wood frogs Rana sylvatica
were found moving along the wall. However, small numbers were also found
crossing the road in areas without a wall or culvert. There was no evidence that
amphibians used the tunnel during the first three years. The diversion wall was
at least 0.3 m high and extended from the culvert to a stone-lined stream channel
on one side and a larger pedestrian culvert on the other. Spring amphibian
migrations were monitored for three years after construction.

A replicated study in 2005-2006 of different height barrier fencing in a
Wildlife Management Area, New York, USA (9) found that fences of at least 0.6 m
excluded most green frogs Rana clamitans and leopard frogs Rana pipiens.
Fences 0.6 m high were more effective at excluding frogs (97-100%) than 0.3 m
fences (77-80%). Only one leopard frog climbed over the 0.9 m high fence.
Opaque, corrugated plastic fences were used to construct three nested, circular
enclosures of heights 0.3, 0.6 and 0.9 m. Local green frogs (n = 135) and leopard
frogs (n = 187) were placed in the centre of each arena and left for 15 min to
attempt to scale the fences.

A controlled study in 2009 of wildlife culverts with barrier fencing along a
new highway through wetlands near Whistler, Canada (10) found that drift-
fencing or barriers directing amphibians towards culverts significantly reduced
road-kills. Road-kill rates were reduced by over 50% along road sections with >
50 m of drift-fencing or barriers compared to those with no barriers (2-8 vs 15-
17 killed/50 m section). Additional fencing was therefore installed. Eight wildlife
culvert underpasses were constructed along the section through the wetland.
Drift-fences were installed to funnel animals towards culverts. Barrier walls
were also installed to prevent migration along some sections. Amphibians were
monitored using road-kill surveys, remote cameras at culvert entrances and a
mark-recapture study of red-legged frogs Rana aurora.

(1) Buck-Dobrick T. & Dobrick R. (1989) The behaviour of migrating anurans at a tunnel and
fence system. Proceedings of the Amphibians and Roads: Toad Tunnel Conference. Rendsburg,
Federal Republic of Germany, pp 137-143.

(2) Feldmann R. & Geiger A. (1989) Protection for amphibians on roads in Nordrhein-Westphalia.
Proceedings of the Amphibians and Roads: Toad Tunnel Conference. Rendsburg, Federal
Republic of Germany, pp 51-57.

(3) Meinig H. (1989) Experience and problems with a toad tunnel system in the Mittelgebirge
region of West Germany. Proceedings of the Amphibians and Roads: Toad Tunnel Conference.
Rendsburg, Federal Republic of Germany, pp 59-66.

(4) Zuiderwijk A. (1989) Amphibian and reptile tunnels in the Netherlands. Proceedings of the
Amphibians and Roads: Toad Tunnel Conference. Rendsburg, Federal Republic of Germany, pp
67-74.

(5) Dodd C.K,, Barichivich W.]. & Smith L.L. (2004) Effectiveness of a barrier wall and culverts in
reducing wildlife mortality on a heavily traveled highway in Florida. Biological Conservation, 118,
619-631.

(6) Jochimsen D.M., Peterson C.R., Andrews K.M. & Whitfield Gibbons J. (2004) A literature
review of the effects of roads on amphibians and reptiles and the measures used to minimize
those effects. [daho Fish and Game Department and USDA Forest Service Report.

(7) Aresco M.J. (2005) Mitigation measures to reduce highway mortality of turtles and other
herpetofauna at a north Florida lake. Journal of Wildlife Management, 69, 549-560.

(8) Merrow J. (2007) Effectiveness of amphibian mitigation measures along a new highway.
Proceedings of the 2007 International Conference on Ecology and Transportation. Center for
Transportation and the Environment, North Carolina State University, pp 370-376.
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(9) Woltz H.W., Gibbs J.P. & Ducey P.K. (2008) Road crossing structures for amphibians and
reptiles: informing design through behavioral analysis. Biological Conservation, 141, 2745-2750.
(10) Malt]. (2011) Assessing the effectiveness of amphibian mitigation on the Sea to Sky Highway:
passageway use, roadkill mortality, and population level effects. Proceedings of the Herpetofauna
and Roads Workshop - Is there light at the end of the tunnel? Vancouver Island University,
Nanaimo, Canada, pp 17-18.

5.3. Modify gully pots and kerbs

e One before-and-after study in the UK ! found that moving gully pots 10 cm away from
the kerb decreased the number of great crested newts that fell in by 80%.

Background

Gully pots along roadside kerbs form effective traps for amphibians. Animals
crossing roads reach the kerb and often move along its base, until they fall into a
gully pot. Once in the gully pot amphibians cannot climb out. A study found that
63% of 636 gully pots in two areas in Scotland contained wildlife, of which 91%
were amphibians (1,087 animals; Muir 2012).

There are a number of ways in which the impact on amphibians could be
reduced, such as moving gully pots, modifying the design of their grills, providing
escape ladders or changing the shape of kerb stones (angled or indented).

Muir D. (2012) Amphibians in drains project report summary. Biodiversity News, 59, 16-18.

A before-and-after study in 2005-2006 of gullypots along roads in South
Wales, UK (1) found that moving the gullypot 10 cm away from the kerb resulted
in 80% fewer great crested newts Triturus cristatus falling into the gullypots.
Only 65 newts were found in the drains compared to 318 before gullypots were
moved. Gullypots were moved in 2005.

(1) Muir D. (2012) Amphibians in drains project report summary. Biodiversity News, 59, 16-18.

5.4. Use signhage to warn motorists

e One study in the UK! found that despite warning signs and human assistance, over
500 toads were killed on some roads.

Background

The number of amphibians killed by vehicles can be high, particularly where
their annual migration routes between overwintering and breeding sites cross
roads. Signs to warn motorists of amphibian activity can be installed around the
densest migration routes.

A study in 1995 of 76 toad patrol projects, 44 with toad warning road signs in
the UK (1) found that despite signs and human assistance in the spring some
toads were still killed on the roads. Overall, 65% of patrols reported that up to
100 toads were killed on the road, 28% reported 100-500 were killed and 7%
over 500 toads. Only 20% of populations were believed to be stable or
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increasing. A questionnaire survey of most of the known and established toad
patrols was undertaken. Seventy-six replies were obtained.

(1) Froglife (1996) Toad patrols: a survey of voluntary effort involved in reducing road traffic-
related amphibian mortality in amphibians. Froglife Report. Conservation Report No.1

5.5. Close roads during seasonal amphibian migration

e Two studies (including one replicated study) in Germany found that large numbers of
amphibians were protected from death during breeding migrations at road closure
sites and at road closure sites with assisted crossings and barrier fences?.

Background

Road traffic can have significant effects on amphibian populations, particularly
where their annual migration routes between overwintering and breeding sites
cross roads. In some areas, roads can be closed to protect important migration
routes.

One study showed that reducing traffic on minor roads by creating a highway
prevented fragmentation of populations of palmate newts Lissotriton helveticus

but not midwife toads Alytes obstetricans (Garcia-Gonzaleza et al. 2012).
Garcia-Gonzaleza C., Campoa D., Polaa I.G. & Garcia-Vazqueza E. (2012) Rural road networks as

barriers to gene flow for amphibians: Species-dependent mitigation by traffic calming. Landscape
and Urban Planning, 104, 171-180.

A before-and-after study in 1983 of a road in Oberbergischer Kreis, Germany
(1) found that closing the road allowed common toads Bufo bufo to successfully
cross. While the road was open none of the young amphibians reached the other
side. However, one hour after closure about 100,000 toads were found crossing
along a 400 m section of the road. The road was closed for eight days until the
migration of amphibians was over in spring.

A replicated study in 1986 of 114 sites including at least 11 road closure sites,
60 amphibian barrier fences and 23 hand-collected human-assisted crossings in
Nordrhein-Westphalia, Germany (2) found that 131,061 amphibians were
protected from death on roads during breeding migrations. Between one and
116,515 individuals of 14 species were recorded at the road closure sites,
assisted crossings and barrier fences at the 114 sites. Nine sites had a
combination of two of the interventions and for 20 sites it was unknown which of

the interventions were used.

(1) Karthaus G. (1985) Schutzmafinahmen fiir wandernde amphibien vor einer gefihrdung
durch den Stafenverkehr - beobachtungen und erfahrungen. Natur und Landschaft, 60, 242-247.
(2) Feldmann R. & Geiger A. (1989) Protection for amphibians on roads in Nordrhein-Westphalia.
Proceedings of the Amphibians and Roads: Toad Tunnel Conference. Rendsburg, Federal
Republic of Germany, pp 51-57.
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5.6. Use humans to assist migrating amphibians across
roads

e Two studies (including one replicated study) in Italy and the UK46 found that despite
assisting toads across roads during breeding migrations, 64-70% of populations
declined substantially over 6-10 years.

e One study in the UK? found that despite assisting toads across roads during breeding
migrations, at 7% of sites over 500 toads were still killed on roads.

e Five studies in Germanyl?, the UK35 and Italy® found that large numbers of
amphibians were moved across roads by patrols. Numbers ranged from 7,532 toads
moved before and after breeding? to half a million moved during breeding migrations
annually3. In the UK, there were over 400 patrols3 and 71 patrols spent an average of
90 person-hours moving toads and had been active for up to 10 years®.

Background

Many amphibians are killed by vehicles, particularly where their annual
migration routes between breeding and over-wintering habitats cross roads. In
some areas local volunteers may try to reduce deaths by collecting animals and
releasing them on the other side of the road. Temporary drift-fencing and pitfall
traps are often used to capture amphibians so that they can be assisted across
the road. Patrols often focus on migrations to breeding sites rather than
migrations of adults and juveniles away from those sites.

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 and so here we not only present data on population trends, but
also numbers of animals that were moved across roads and numbers and effort
of patrols assisting amphibians.

For other interventions that involve engaging volunteers to help manage
amphibian populations or habitats see ‘Education and awareness raising - Raise
awareness amongst the general public through campaigns and public
information’ and ‘Engage landowners and volunteers to manage land for
amphibians’.

A study in 1986 of 114 sites that included at least 23 human-assisted road
crossings, 60 amphibian barrier fences and 11 road closure sites in Nordrhein-
Westphalia, Germany (1) found that 131,061 amphibians were protected from
death on roads. Between one and 116,515 individuals of 14 species were
recorded at each hand-assisted, barrier fence or road crossing site. Animals were
collected by hand and assisted across roads during breeding migrations at 23
sites. Nine sites had a combination of two of the interventions and for 20 sites it
was unknown which of the interventions were used.

A study in 1980-1988 of a human-assisted road crossing in Bad T6lz, Bavaria
(2) found that thousands of toads were moved across the road each year. In
1980, a total of 15,000 toads were collected and in 1988 the figure was 7,532.
Eight tunnels with wire-netting fences on both sides of the road were installed.
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Animals did not use tunnels and so those at the fence were collected by hand and
moved across the road twice a year, before and after breeding.

A review in 1989 of toad patrols in the UK (3) found that by 1988 there were
more than 400 human assisted toad crossings which moved over 500,000
amphibians annually. Most crossings were for populations of common toads Bufo
bufo, with breeding populations of over 12,000 adults.

A replicated study in 1981-1987 of toad patrols in the Netherlands (4) found
that assisting common toads Bufo bufo across roads did not prevent the decline
of nine out of 14 (64%) populations over six years. About 80% of toad crossings
had fences and pitfall traps, from which toads are collected and released on the
other side of the road.

A study in 1995 of 76 toad patrol projects in the UK (5) found that 20,000-
39,000 toads were moved across roads in the spring by 71 patrols. The most
frequent number moved by each patrol was 500-1,000 animals (28% of patrols).
Despite human assistance, 65% of patrols reported that up to 100 toads were
killed on the road, 28% reported 100-500 were killed and 7% over 500 toads.
Many patrols reported that an ‘appreciable proportion’ of the total number of
migrating toads were moved by humans. However, only 20% of populations
were believed to be stable or increasing. Patrols involved an average of 90
person-hours, as they tended to have 1-3 volunteers/night (range: 1-14) for 11-
20 nights (1-49) each lasting two hours (1-7 hours). Most patrols had been
active for 3-10 years (49 of 53 patrols). Forty-four sites had toad warning road
signs. A questionnaire survey of most of the known and established toad patrols
was undertaken. Seventy-six replies were obtained.

A study in 1993-2010 of toad patrols during in Central and Northern Italy (6)
found that although 1,042,966 common toads Bufo bufo were assisted across
roads breeding migrations, 70% of 30 populations declined substantially from
2000 to 2010. Only 10% of the populations increased over the same period. Data
on population trends were gathered mainly from volunteer toad patrol groups,
with some from other volunteer groups, herpetologists and the literature.

Sampling effort was taken into account when examining population trends.

(1) Feldmann R. & Geiger A. (1989) Protection for amphibians on roads in Nordrhein-Westphalia.
Proceedings of the Amphibians and Roads: Toad Tunnel Conference. Rendsburg, Federal
Republic of Germany, pp 51-57.

(2) Haslinger H. (1989) Migration of toads during the spawning season at Stallauer Weiher lake,
Bad Télz, Bavaria. Proceedings of the Amphibians and Roads: Toad Tunnel Conference.
Rendsburg, Federal Republic of Germany, pp 181-182.

(3) Langton T.E.S. (1989) Reasons for preventing amphibian mortality on roads. Proceedings of the
Amphibians and Roads: Toad Tunnel Conference. Rendsburg, Federal Republic of Germany, pp
75-80.

(4) Zuiderwijk A. (1989) Amphibian and reptile tunnels in the Netherlands. Proceedings of the
Amphibians and Roads: Toad Tunnel Conference. Rendsburg, Federal Republic of Germany, pp
67-74.

(5) Froglife (1996) Toad patrols: a survey of voluntary effort involved in reducing road traffic-
related amphibian mortality in amphibians. Froglife Report. Conservation Report No.1

(6) Bonardi A., Manenti R., Corbetta A., Ferri V., Fiacchini D., Giovine G., Macchi S., Romanazzi E.,
Soccini C., Bottoni L., Padoa-Schioppa E. & Ficetola G.F. (2011) Usefulness of volunteer data to
measure the large scale decline of “common” toad populations. Biological Conservation, 144,
2328-2334.
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6. Threat: Biological resource use

For programmes that may help reduce exploitation of species see ‘Education and
awareness raising’.

Key messages - hunting & collecting terrestrial

animals

Use amphibians sustainably

We captured no evidence for the effects of using amphibians sustainably.

Reduce impact of amphibian trade

One review found that reducing trade through legislation allowed frog populations
to recover from over-exploitation.

Use legislative regulation to protect wild populations

One review found that legislation to reduce trade resulted in the recovery of frog
populations. One study in South Africa found that the number of permits issued for
scientific and educational use of amphibians increased from 1987 to 1990.
Commercially breed amphibians for the pet trade

We captured no evidence for the effects of commercially breeding amphibians for
the pet trade on wild amphibian populations.

Key messages - logging & wood harvesting

Thin trees within forests

Six studies, including five replicated and/or controlled studies, in the USA compared
amphibians in thinned to unharvested forest. Three found that thinning had mixed
effects and one found no effect on abundance. One found that amphibian
abundance increased following thinning but the body condition of ensatina
salamanders decreased. One found a negative overall response of amphibians. Four
studies, including two replicated, controlled studies, in the USA compared
amphibians in thinned to clearcut forest. Two found that thinning had mixed effects
on abundance and two found higher amphibian abundance or a less negative overall
response of amphibians following thinning. One meta-analysis of studies in North
America found that partial harvest, which included thinning, decreased salamander
populations, but resulted in smaller reductions than clearcutting.

Harvest groups of trees instead of clearcutting

Three studies, including two randomized, replicated, controlled, before-and-after
studies, in the USA found that harvesting trees in small groups resulted in similar
amphibian abundance to clearcutting. One meta-analysis and one randomized,
replicated, controlled, before-and-after study in North America and the USA found
that harvesting, which included harvesting groups of trees, resulted in smaller
reductions in salamander populations than clearcutting.

Use patch retention harvesting instead of clearcutting

We found no evidence for the effect of retaining patches of trees rather than
clearcutting on amphibian populations. One replicated study in Canada found that
although released red-legged frogs did not move towards retained tree patches,
large patches were selected more and moved out of less than small patches.
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Use leave-tree harvesting instead of clearcutting

Two studies, including one randomized, replicated, controlled, before-and-after
study, in the USA found that compared to clearcutting, leaving a low density of trees
during harvest did not result in higher salamander abundance.

Use shelterwood harvesting instead of clearcutting

Three studies, including two randomized, replicated, controlled, before-and-after
studies, in the USA found that compared to clearcutting, shelterwood harvesting
resulted in higher or similar salamander abundance. One meta-analysis of studies in
North America found that partial harvest, which included shelterwood harvesting,
resulted in smaller reductions in salamander populations than clearcutting.

Leave standing deadwood/snags in forests

One randomized, replicated, controlled, before-and-after study in the USA found
that compared to total clearcutting, leaving dead and wildlife trees did not result in
higher abundances of salamanders. One randomized, replicated, controlled study in
the USA found that numbers of amphibians and species were similar with removal or
creation of dead trees within forest.

Leave coarse woody debris in forests

Two replicated, controlled studies in the USA found that abundance was similar in
clearcuts with woody debris retained or removed for eight of nine amphibian
species, but that the overall response of amphibians was more negative where
woody debris was retained. Two replicated, controlled studies in the USA and
Indonesia found that the removal of coarse woody debris from standing forest did
not effect amphibian diversity or overall amphibian abundance, but did reduce
species richness. One replicated, controlled study in the USA found that migrating
amphibians used clearcuts where woody debris was retained more than where it
was removed. One replicated, site comparison study in the USA found that within
clearcut forest, survival of juvenile amphibians was significantly higher within piles of
woody debris than in open areas.

Retain riparian buffer strips during timber harvest

Six replicated and/or controlled studies in Canada and the USA compared amphibian
numbers following clearcutting with or without riparian buffer strips. Five found
mixed effects and one found that abundance was higher with riparian buffers. Two
of four replicated studies, including one randomized, controlled, before-and-after
study, in Canada and the USA found that numbers of species and abundance were
greater in wider buffer strips. Two found no effect of buffer width.

Hunting & collecting terrestrial animals

6.1. Use amphibians sustainably

e We found no evidence for the effects of using amphibians sustainably.
Background

Many amphibian species have become popular among collectors in the pet trade.
Others are used for food, in traditional medicines or harvested for products such
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as skin toxins. This means that animals are removed from the wild, which can
have significant effects on populations. To avoid overexploitation and the decline
of populations, amphibians must be used sustainably.

6.2. Reduce impact of amphibian trade

e  One review! found that reducing trade in two frog species through legislation allowed
populations to recover from over-exploitation.

Background

Amphibians are traded for a number of reasons including consumption, the pet
trade, for zoo animals and scientific purposes. For example, it was estimated that
15 million live, wild-caught amphibians entered the USA legally in 1998-2002,
millions of which were for the pet trade (Schlaepfer et al. 2005). Removal of large
numbers of amphibians from the wild can have significant effects on populations.

The movement of animals also increases the risk of spreading infectious
diseases. For example, there is increasing evidence that trade is partly
responsible for the recent spread of chytridiomycosis Batrachochytrium
dendrobatidis and amphibian ranaviruses (e.g. Daszak et al. 2003; Gratwicke et
al. 2009; Schloegel et al. 2009).

Evidence for interventions designed to reduce the threat from diseases is
discussed in ‘Threat: Invasive alien and other problematic species - Reduce
parasitism and disease’.

Daszak P., Cunningham A.A. & Hyatt A.D. (2003) Infectious disease and amphibian population
declines. Diversity and Distributions, 9, 141-150.

Gratwicke B., Evans M., Jenkins P., Kusrini M., Moore R., Sevin J. & Wildt D. (2009) Is the
international frog legs trade a potential vector for deadly amphibian pathogens? Frontiers in
Ecology and the Environment, 8, 438-442.

Schlaepfer MA, Hoover C, Dodd KD Jr (2005) Challenges in evaluating the impact of the trade in
amphibians and reptiles on wild populations. Bioscience, 55, 256-264.

Schloegel L., Picco A., Kilpatrick A., Davies A., Hyatt A. & Daszak P. (2009) Magnitude of the US
trade in amphibians and presence of Batrachochytrium dendrobatidis and ranavirus infection in
imported North American bullfrogs (Rana catesbeiana). Biological Conservation, 142, 1420-1426.

A review in 2011 (1) found that reducing trade in green pond frog Euphlyctis
Hexadactylus and the Indian bullfrog Hoplobatrachus tigerinus through
legislation allowed populations to recover from over-exploitation. Both species
were categorized by the International Union for the Conservation of Nature
(IUCN) as stable in the 2010 IUCN Red List. Populations of both species had
crashed in India and Bangladesh following unsustainable use in the frog leg
trade. Over three years of monitoring in India, it was estimated that 9,000 tonnes
of frogs were removed from the wild for frogs’ legs. In 1985, green pond frogs
and Indian bullfrogs were listed in Appendix II of the Convention on
International Trade in Endangered Species of Wild Flora and Fauna (CITES).
India banned export of frogs’ legs in 1987 and Bangladesh followed in 1989.

(1) Altherr S., Goyenechea A. & Schubert D.J. (2011) Canapés to extinction: the international
trade in frogs’ legs and its ecological impact. Pro Wildlife Defenders of Wildlife and Animal
Welfare Institute Report.
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6.3. Use legislative regulation to protect wild
populations

e One review? found that legislation to reduce trade in two frog species resulted in the
recovery of the over-exploited populations.

e One study in South Africal found that the number of permits issued for scientific and
educational use of amphibians increased from 1987 to 1990.

Background

Species can be legally protected, either nationally or internationally. Levels of
protection vary but can be to prevent capturing, keeping in captivity or trading
species. Such activities may be legal for certain species provided that permits are
obtained from government licensing authorities.

Other studies investigating the effect of legally protecting species are discussed
in ‘Residential and commercial development - Legal protection for species’.

A study in 1987-1990 of permits issued for amphibians in the Cape Province,
South Africa (1) found that the number issued for scientific and educational use
increased over the three years. The number issued increased from 100 in 1987
to 380 in 1990. Data were obtained from the governmental licensing authority,
Cape Nature Conservation. Permits obtained by scientists from institutions
requiring study material and institutions requiring specimens for display or
breeding were included. Permits obtained by private individuals to keep species
in captivity were not included.

A review in 2011 (2) found that following legislation to reduce trade in green
pond frogs Euphlyctis Hexadactylus and the Indian bullfrog Hoplobatrachus
tigerinus, populations recovered from over-exploitation. Both species were
categorised by the International Union for the Conservation of Nature (IUCN) as
stable in the 2010 IUCN Red List. Populations of both species had crashed in
India and Bangladesh following unsustainable use in the frog leg trade. During
three years of monitoring in India, it was estimated that 9,000 tonnes of frogs
were removed from the wild for frogs’ legs. In 1985, green pond frogs and Indian
bullfrogs were listed in Appendix II of the Convention on International Trade in
Endangered Species of Wild Flora and Fauna (CITES). India banned export of
frogs’ legs in 1987 and Bangladesh followed in 1989.

(1) Baard E.H.W. (1992) Is legal protection of reptiles and amphibians in the Cape Province
contributing to their conservation? The Journal of the Herpetological Association of Africa, 41, 92.
(2) Altherr S., Goyenechea A. & Schubert D.J. (2011) Canapés to extinction: the international
trade in frogs’ legs and its ecological impact. Pro Wildlife Defenders of Wildlife and Animal
Welfare Institute Report.

6.4. Commercially breed amphibians for the pet trade

e We found no evidence for the effects of commercially breeding amphibians for the pet
trade on wild amphibian populations.

Background
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Global aquaculture of amphibians for the pet and food trade grew from 3,000
tonnes in 1999 to 85,000 tonnes in 2008 (Food and Agriculture Organization
2009). Commercially breeding amphibians for the pet trade can help to reduce
the number of animals collected from wild populations.

Food and Agriculture Organization (2009) Aquaculture Production 2008- by species groups. In:
Yearbooks of Fishery. Food and Agriculture Organization, Rome, Italy

Logging & wood harvesting

6.5. Thin trees within forests

Five studies (including four replicated and/or controlled studies) in the USA1-3568
compared amphibians in thinned to unharvested forest. Two found mixed effects of
thinning on abundance, depending on amphibian species and time since harvest?38.
One found that amphibian abundance increased, except for ensatina salamanders?.
One found a negative overall response (population, physiological and behavioural) of
amphibians® and one found that thinning did not affect abundance®. A meta-analysis of
24 studies in North America® found that partial harvest, which included thinning with
three other types, decreased salamander populations. One controlled, before-and-after
site comparison study in the USA# found that high volumes of pre-existing downed
wood prevented declines in amphibian populations following thinning.

Four studies (including two replicated, controlled studies) in the USA1-368 compared
amphibians in thinned to clearcut forest. Two found higher amphibian abundance,
apart from ensatina salamanders?, or a less negative overall response (population,
physiological and behavioural) of amphibians® in thinned forest. Two found mixed
effects on abundance depending on species, life stage and time since harvest238. A
meta-analysis of 24 studies in North America® found that partial harvest, which
included thinning with three other types, resulted in smaller reductions in salamander
populations than clearcutting.

One randomized, replicated, controlled study in the USA? found that migrating
amphibians used thinned forest a similar amount, or for one species more than
unharvested forest and that emigrating salamanders, but not frogs, used it significantly
more than clearcuts.

One site comparison study in the USA! found that thinning decreased the body
condition of ensatina salamanders 10 years after harvest.

Background

Thinning of trees, that is removal of trees to reduce density (by up to 50%), is
undertaken in commercial forestry such as in plantations to ensure that stands
are made up of healthy, evenly spaced trees. However, it can also be used as a
conservation management practice to restore more natural open woodland. It
can also increase structural diversity of young even-aged stands and promote
development of late-successional characteristics such as larger trees, multi-level
canopies and understory vegetation. Such features are often lost due to active
fire suppression or loss of populations of large mammal grazers and browsers.
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A site comparison study in 2000-2002 of 10 sites within a conifer-hardwood
forest in California, USA (1) found that thinning increased amphibian abundance,
apart from ensatinas Ensatina eschscholtzii, and lowered the body condition of
ensatinas, ten years after harvest. Overall, captures were significantly higher in
thinned (7/1000 capture nights) compared to unthinned (4) and clearcut forest
(4). However, abundance of the dominant species, ensatina, was similar in
thinned (148 captures), unthinned (106) and clearcut forests (159). The body
condition index of ensatinas was significantly lower in thinned compared to
unthinned forests. Five thinned (aged > 10 years) and five unharvested forest
stands adjacent to clearcuts (aged 6-25 years) were selected. Forest had been
thinned (approximately 50% retained) prior to clearcutting. Amphibians were
monitored using seven drift-fences with pitfall traps and artificial coverboards
along two 150 m transects/site. Traps were checked weekly in October-
December and April-June 2000-2002.

A randomized, replicated, controlled study in 2004-2005 of mixed coniferous
and deciduous forest wetlands in Maine, USA (2) found that amphibian
abundance in partial (50%) harvest plots tended to be lower than unharvested
and higher or similar to clearcuts (see also (8)). The proportion of captures in
partial harvest was lower than that in unharvested plots for adults and/or
juveniles of eight of nine species including adult wood frogs Lithobates sylvaticus
(partial: 27%; unharvested: 51%; clearcut: 11%) and juvenile spotted
salamanders Ambystoma maculatum (partial: 20%; unharvested: 62%; clearcuts:
7-11%). Captures were higher in partial harvests than unharvested plots for
adult northern leopard frogs Lithobates pipiens (partial: 47%; unharvested: 30%;
clearcuts: 7-17%) and red-spotted newts (partial: 44%; unharvested: 25%).
Captures in partial harvest were higher than clearcuts for adults of four of nine
species, lower for two species and similar for three species. Juvenile captures
were higher in partial harvests than clearcuts for seven of nine species. All
treatments extended 164 m (2 ha) from each of four created breeding ponds and
were cut in 2003-2004. There were two clearcut treatments with and without
woody debris retained. Drift-fences with pitfall traps were installed around each
pond at 1, 17, 50, 100 and 150 m from the edge. Monitoring was in April-
September 2004-2005.

A replicated, site comparison study in 2000-2003 of 12 harvested hardwood
forest sites in Maine, USA (3) found that abundance of amphibian species in
partially harvested forest was similar or lower than unharvested forest and
similar or higher than clearcut forest. Captures in partial harvests were
significantly lower than unharvested forest and higher than clearcuts for red-
backed salamanders Plethodon cinereus (partial: 0.38; clearcut: 0.12;
unharvested: 0.61/100 trap nights) and spotted salamanders Ambystoma
maculatum (partial: 0.03; clearcut: 0.01; unharvested: 0.09). There was no
significant difference between treatments for two-lined salamanders Eurycea
bislineata (partial: 0.12; clearcut: 0.04; unharvested: 0.16), American toads Bufo
americanus (partial: 1.01; clearcut: 0.49; unharvested: 0.34) or wood frogs Rana
sylvatica (partial: 0.99; clearcut: 0.92; unharvested: 1.54). Twelve headwater
streams that had been harvested 4-10 years previously were selected.
Treatments were: partial harvest (23-53% removed), clearcut with 23-35 m
buffers and unharvested for > 50 years. Monitoring was undertaken in June-
September in one year using drift-fences with pitfall traps and visual surveys.

58



A controlled, before-and-after site comparison study in 1998-2001 at two
largely coniferous forest sites in western Oregon, USA (4) found that the amount
of pre-existing downed wood affected the response of salamanders to forest
thinning. At the site with high volumes of existing downed wood, there was no
significant change in capture rates of the dominant species ensatina Ensatina
eschscholtzii or Oregon slender salamander Batrachoseps wrighti following
thinning. However, at the site with little downed wood, capture rates declined
significantly for the two dominant species, ensatina (40%) and western red-
backed salamanders Plethodon vehiculum (42%). Captures did not change in
unharvested treatments. At the two sites, treatments were unharvested or
thinned (80% thinned to 200-240 trees/ha; 10% harvested in groups; 10%
patches retained; deadwood was retained) with riparian buffers (6 to 270 m).
Monitoring was undertaken in May-June before and two years after thinning.
Visual count surveys were along 64-142 m transects perpendicular to each
stream bank (7-8/treatment).

A replicated, site comparison study in 2005 of three coniferous forest sites in
Oregon, USA (5) found that there was no significant difference between
amphibian captures in thinned and unharvested sites 5-6 years after harvest.
Captures did not differ significantly between treatments for all amphibians,
western red-backed salamanders Plethodon vehiculum or ensatina Ensatina
eschscholtzii. Each site (12-24 ha) had two streams within forest that had been
thinned (200-600 trees/ha) with riparian buffers (6 m or over 15 m wide) in
2000 and one stream with no harvesting. Amphibians were sampled by visual
counts once in April-June within five 5 x 10 m plots at four distances (up to 35
m) from each stream.

A replicated, controlled study in 2003-2009 of 12 ponds in deciduous, pine
and mixed-deciduous and coniferous forest in Maine, Missouri and South
Carolina, USA (6) found that overall, partially harvesting forest had a negative
effect on amphibian population, physiological and behavioural responses, but a
smaller negative effect than clearcutting (=7 vs —19 to 32%). Sixteen of 34
response variables were negative, 10 positive and eight the same as unharvested
forest. Four treatments were assigned to quadrats (2-4 ha) around each
breeding pond (4/region): partial harvest (opposite control; 50-60% reduction),
clearcut with coarse woody debris retained or removed and unharvested.
Treatments were applied in 2003-2005. Monitoring was undertaken using drift-
fence and pitfall traps, radiotelemetry and aquatic (200-1,000 Litres) and
terrestrial (3 x 3 m or 0.2 m diameter) enclosures. Different species (n = 9) were
studied at each of the eight sites. Response variables were abundance, growth,
size, survival, breeding success, water loss, emigration and distance moved.

A randomized, replicated, controlled study in 2004-2007 of four seasonal
wetlands in pine forest in southeastern USA (7) found that migrating amphibians
tended to use thinned forest a similar amount to unharvested forest and that
emigrating salamanders, but not frogs, used it more than clearcuts. Proportions
of immigrating amphibians and emigrating frogs did not differ between
treatments. The proportion of salamanders combined Ambystoma spp. and mole
salamanders Ambystoma talpoideum that emigrated through thinned forest (0.2-
0.4) was similar to unharvested forest (0.4-0.5) but significantly higher than
clearcuts (0.1-0.2). Significantly higher numbers of ornate chorus frogs
Pseudacris ornata emigrated through partial harvests than unharvested forest.
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Significantly more emigrating salamanders, frogs Rana spp. and southern toads
retreated from clearcuts compared to partial harvests and unharvested sites.
There were four wetland sites each surrounded by four randomly assigned
treatments extending out 168 m (4 ha): thinning (15% removed), clearcut with
or without coarse woody debris retained and unharvested. Harvesting was
undertaken in spring 2004. Amphibians were captured using drift-fencing with
pitfall traps from February 2004 to July 2007.

In a continuation of a previous study (2), a randomized, replicated, controlled
study in 2004-2009 of mixed forest wetlands in Maine, USA (8) found that
amphibian abundance in partially (50%) harvested forest was similar to
unharvested forest for six of eight amphibian species and significantly lower for
two species. Post-breeding, there were significant differences between partial,
clearcut and unharvested treatments for wood frog Lithobates sylvaticus adults
(partial: 0.4; unharvested: 0.5; clearcuts: 0.2) and juveniles (partial: 1.1;
unharvested: 1.5; clearcuts: 0.9) and spotted salamander Ambystoma maculatum
juveniles (partial: 0.4; unharvested: 0.6; clearcuts: 0.2). Abundances during other
times of year did not differ significantly for those two species. Post-breeding,
partial harvest was used significantly more than clearcuts by the other two forest
specialists, eastern red-spotted newts Notophthalmus viridescens (partial: 0.10;
clearcuts: 0.06-0.08; unharvested: 0.13), red-backed salamanders Plethodon
cinereus (partial: 0.2; unharvested: 0.2; clearcuts: 0.1). Abundance of four habitat
generalist species did not differ between treatments. All treatments extended
164 m (2 ha) from each of four created breeding ponds and were harvested in
2003-2004. Drift-fences with pitfall traps were installed around each pond at 2,
17,50, 100 and 150 m from the edge. Monitoring was in April-September 2004-
20009.

A meta-analysis of the effects of different harvest practices on terrestrial
salamanders in North America (9) found that partial harvest, including thinning,
cutting individual or groups of trees and shelterwood harvesting, decreased
salamander populations, but less so than clearcutting. Reductions in populations
were lower following partial harvest (all studies: 31-48%; < 5 years monitoring:
51%; > 10 years monitoring: 29%) compared to clearcutting (all: 54-58%; < 5
years: 62%; > 10 years: 50%). There was no significant effect of the proportion of
canopy removed in partial harvests. Sampling methodology influenced perceived
effects of harvest. Salamander numbers almost always declined following timber
removal, but populations were never lost and tended to increase as forests
regenerated. Studies that compared salamander abundance in harvested (partial
or clearcut) and unharvested areas were identified. Twenty-four site comparison
and before-and-after studies were analysed. Abundance measures included

counts, population indices and density estimates.

(1) Karraker N.E. & Welsh H.H. (2006) Long-term impacts of even-aged timber management on
abundance and body condition of terrestrial amphibians in Northwestern California. Biological
Conservation, 131, 132-140.

(2) Patrick D.A., Hunter M.L. & Calhoun A.].K. (2006) Effects of experimental forestry treatments
on a Maine amphibian community. Forest Ecology and Management, 234, 323-332.

(3) Perkins D.W., Malcolm L. & Hunter J.R. (2006) Effects of riparian timber management on
amphibians in Maine. Journal of Wildlife Management, 70, 657-670.

(4) Rundio D.E. & Olson D.H. (2007) Influence of headwater site conditions and riparian buffers
on terrestrial salamander response to forest thinning. Forest Science, 53, 320-330.
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(5) Kluber M.R., Olson D.H. & Puettmann K.J. (2008) Amphibian distributions in riparian and
upslope areas and their habitat associations on managed forest landscapes in the Oregon Coast
Range. Forest Ecology and Management, 256, 529-535.

(6) Semlitsch R.D., Todd B.D., Blomquist S.M., Calhoun A.J.K., Whitfield-Gibbons ]., Gibbs J.P.,
Graeter G.J., Harper E.B., Hocking D.]., Hunter M.L., Patrick D.A., Rittenhouse T.A.G. & Rothermel
B.B. (2009) Effects of timber harvest on amphibian populations: understanding mechanisms from
forest experiments. BioScience, 59, 853-862.

(7) Todd B.D., Luhring T.M., Rothermel B.B. & Gibbons J.W. (2009) Effects of forest removal on
amphibian migrations: implications for habitat and landscape connectivity. Journal of Applied
Ecology, 46, 554-561.

(8) Popescu V.D,, Patrick D.A., Hunter Jr. M.L. & Calhoun A.J.K. (2012) The role of forest
harvesting and subsequent vegetative regrowth in determining patterns of amphibian habitat
use. Forest Ecology and Management, 270, 163-174.

(9) Tilghman ]J.M., Ramee S.W. & Marsh D.M. (2012) Meta-analysis of the effects of canopy
removal on terrestrial salamander populations in North America. Biological Conservation, 152, 1-
9.

6.6. Harvest groups of trees instead of clearcutting

e Three studies (including two randomized, replicated, controlled, before-and-after
studies) in the USA found that compared to clearcutting, harvesting trees in small
groups did not result in higher amphibian® or salamander abundance!24. A meta-
analysis of 24 studies in North America® found that partial harvest, which included
harvesting groups or individual trees, thinning and shelterwood harvesting, resulted in
smaller reductions in salamander populations than clearcutting

e Two studies (including one randomized, replicated, controlled, before-and-after study)
in the USA found that compared to no harvesting, harvesting trees in small groups
significantly decreased salamander abundance!24 and changed species composition2.

¢ One randomized, replicated, controlled, before-and-after study in the USA* found that
compared to unharvested plots, the proportion of female salamanders carrying eggs
were similar and proportion of eggs per female and juveniles similar or lower in
harvested plots that included harvest of groups of trees.

Background

Forests naturally undergo disturbances such as storms and lightning that can
create open patches. Similarly, harvesting groups of trees rather than
clearcutting forest creates a mix of different habitats, allowing a greater range of
species to survive in a forest.

A controlled, before-and-after study in 1994-1997 in a hardwood forest in
Virginia, USA (1) found that harvesting trees in small groups decreased the
relative abundance of salamanders, similar to clearcutting. Captures decreased
significantly after group harvesting (before: 14; one year after: 11; three years:
2/search) and clearcutting (before: 10; one year after: 7; three years: 1/search).
Abundance did not differ significantly within the unharvested plot (before: 10;
one year after: 10; three years: 8). Treatments on 2 ha plots were: group
harvesting (three groups of 0.5 ha), clearcutting (up to 12 wildlife and dead trees
retained) and unharvested. Salamanders were monitored along 2 x 15 m
transects with artificial cover objects (50/plot).
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A randomized, replicated, controlled, before-and-after study in 1993-1999 of
five harvested hardwood forests in Virginia, USA (2) found that harvesting trees
in groups did not result in higher salamander abundances than clearcutting.
Abundance was similar between treatments (groups: 3; clearcut: 1/30 m?2
respectively; see also (4)). Abundance was significantly lower compared to
unharvested plots (6/30 m2). Species composition differed before and three
years after harvest. There were five sites with 2 ha plots with each treatment:
group harvesting (2-3 small area group harvests with selective harvesting
between), clearcutting and an unharvested control. Salamanders were monitored
on 9-15 transects (2 x 15 m)/plot at night in April-October. One or two years of
pre-harvest and 1-4 years of post-harvest data were collected.

A randomized, replicated, controlled, before-and-after study in 1992-2000 of
oak-pine and oak-hickory forest in Missouri, USA (3) found that there was no
significant difference in amphibian abundance between sites with small group or
single tree selection harvesting and those with clearcutting. Abundance of
species declined after harvest but also declined on unharvested sites. Nine sites
(312-514 ha) were randomly assigned to treatments: small group or single tree
selection harvesting (5% area; uneven-aged management), clearcutting in 3-13
ha blocks (10-15% total area) with forest thinning (even-aged), or unharvested
controls. Harvesting was in May 1996 and 1997. Twelve drift-fence arrays with
pitfall and funnel traps were established/plot. Traps were checked every 3-5
days in spring and autumn 1992-1995 and 1997-2000.

In a continuation of a previous study (2), a randomized, replicated, controlled
study in 1994-2007 of six hardwood forests in Virginia, USA (4), found that
harvesting groups of trees did not result in higher salamander abundance
compared to clearcutting up to 13 years after harvest. Abundance was similar
between treatments (groups: 4; clearcutting: 2 /transect) and significantly lower
than unharvested plots (7/transect). Proportions of juveniles and eggs/female
were significantly lower in harvested (group harvesting, shelterwoods, leave-
tree harvesting and clearcut with wildlife trees or snags left) compared to
unharvested treatments for mountain dusky salamander Desmognathus
ochrophaeus and juveniles for red-backed salamander Plethodon cinereus.
Proportions of females carrying eggs were similar in harvested and unharvested
plots for slimy salamander Plethodon glutinosus and southern ravine
salamanders Plethodon richmondii. There were six sites with 2 ha plots randomly
assigned to treatments: group harvesting (2-3 small area group harvests with
selective harvesting between), clearcutting, other harvested treatments and an
unharvested control. Treatments were in 1994-1998 and salamanders were
monitored at night along nine 2 x 15 m transects/plot.

A meta-analysis of the effects of different harvest practices on terrestrial
salamanders in North America (5) found that partial harvest, which included
harvesting groups or individual trees, thinning and shelterwood harvesting,
resulted in smaller reductions in salamander populations than clearcutting.
Overall, partial harvest produced declines 24% smaller than clearcutting.
Average reductions in populations were lower following partial harvest (all
studies: 31-48%; < 5 years monitoring: 51%; > 10 years monitoring: 29%)
compared to clearcutting (all: 54-58%; < 5 years: 62%; > 10 years: 50%). There
was no significant effect of the proportion of canopy removed in partial harvests.
Sampling methodology influenced perceived effects of harvest. Salamander
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numbers almost always declined following timber removal, but populations were
never lost and tended to increase as forests regenerated. Twenty-four site
comparison and before-and-after studies that compared salamander abundance
in harvested (partial or clearcut) and unharvested areas were analysed.

Abundance measures included counts, population indices and density estimates.
(1) Harpole D.N. & Haas C.A. (1999) Effects of seven silvicultural treatments on terrestrial
salamanders. Forest Ecology and Management, 114, 349-356.

(2) Knapp S.M,, Haas C.A., Harpole D.N. & Kirkpatrick R.L. (2003) Initial effects of clearcutting
and alternative silvicultural practices on terrestrial salamander abundance. Conservation Biology,
17,752-762.

(3) Renken R.B., Gram W.K,, Fantz D.K,, Richter S.C., Miller T.]., Ricke K.B., Russell B. & Wang X.
(2004) Effects of forest management on amphibians and reptiles in Missouri Ozark forests.
Conservation Biology, 18, 174-188.

(4) HomyackJ.A. & Haas C.A. (2009) Long-term effects of experimental forest harvesting on
abundance and reproductive demography of terrestrial salamanders. Biological Conservation,
142,110-121.

(5) Tilghman J.M., Ramee S.W. & Marsh D.M. (2012) Meta-analysis of the effects of canopy
removal on terrestrial salamander populations in North America. Biological Conservation, 152, 1-
9.

6.7. Use patch retention harvesting instead of
clearcutting

e We found no evidence for the effect of retaining patches of trees rather than
clearcutting on amphibian populations.

e One replicated study in Canada! found that although released red-legged frogs did not
show significant movement towards retained tree patches, large patches were selected
more and moved out of less than small patches.

Background

Patch retention harvesting may be used as an alternative to a total clearcutting in
commercial forests exploited for timber. Typically, around 10% of trees are
retained in patches within a clearcut area. These retained patches can help
maintain characteristic forest species and act as reservoirs for recolonization by
forest dependent species.

A replicated study in 2000-2001 of red-legged frogs Rana aurora in
harvested coniferous forest on Vancouver Island, Canada (1) found that although
frogs did not show significant movement towards retained patches of trees
within the harvested area, large patches of trees were selected more and moved
out of less than small patches. Overall, 55% of frogs left patches of trees within
72 hours of being released. However, frogs were less likely to leave with
increasing patch size and stream density. Frogs did not tend to move towards
patches unless released within 20 m. However, when given a choice, frogs moved
towards large patches (0.8 ha) significantly more and small patches (0.3 ha)
significantly less than expected. Forest blocks had been harvested two years
previously with 5-30% of trees retained. Ten radio-collared frogs were released
at the centre of 20 tree patches or at individual trees (canopy areas 1-3 ha) and
monitored for 72 hours. Another 10 frogs were released at each of four randomly
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located tree patches and four other random locations and were monitored for six
days. Seven frogs were released from each of four points equal distances from
three different size patches (0.3-0.8 ha). Ten frogs were released at five

distances (5-80 m) from two patches.
(1) Chan-McLeod A.C.A. & Moy A. (2007) Evaluating residual tree patches as stepping stones
and short-term refugia for red-legged frogs. Journal of Wildlife Management, 71, 1836-1844.

6.8. Use leave-tree harvesting instead of clearcutting

e Two studies (including one randomized, replicated, controlled, before-and-after study)
in the USA!-3 found that compared to clearcutting, leaving a low density of trees during
harvest did not result in higher salamander abundance.

e Two studies (including one randomized, replicated, controlled, before-and-after study)
in the USA found that compared to no harvesting, leaving a low density of trees during
harvest decreased salamander abundance!-3 and changed species composition2.

e One randomized, replicated, controlled, before-and-after study in the USA23 found that
compared to unharvested plots, the proportion of female salamanders carrying eggs,
eggs per female or proportion of juveniles were similar or lower in harvested plots that
included leave-tree harvests, depending on species and time since harvest.

Background

Leave-tree harvest retains a low density of high-quality trees uniformly through
the forest stand. Trees can be retained in groups or dispersed and may contain
trees with structural characteristics important to wildlife. Compared to
clearcutting, this type of management can help maintain forest species.

A controlled, before-and-after study in 1994-1997 in a hardwood forest in
Virginia, USA (1) found that leave-tree harvesting decreased relative abundance
of salamanders in a similar way to clearcutting. Captures decreased significantly
after both leave-tree harvesting (before: 8; one year after: 4; three years after: 1
amphibian/search) and clearcutting (before: 10; one year after: 7; three years
after: 1/search). Abundance did not differ significantly within the unharvested
plot (before: 10; one year after: 10; three years after: 8). Treatments on 2 ha
plots were: leave-tree (up to 16 trees/ha retained), clearcutting (up to 12 wildlife
and dead trees retained) and unharvested. Salamanders were monitored along
15 x 2 m transects with artificial cover objects (50/plot).

A randomized, replicated, controlled, before-and-after study in 1993-1999 of
five harvested hardwood forests in Virginia, USA (2) found that leave-tree
harvesting did not result in higher salamander abundances than clearcutting (see
also (3)). Abundance was similar in the leave-tree and clearcut plots (2 vs 1/30
m? respectively). Abundance was significantly lower than unharvested plots
(6/30 m2). Species composition differed before and three years post-harvest.
There was no significant difference in the proportion of females carrying eggs or
eggs/female for red-backed salamander Plethodon cinereus (7 eggs) or mountain
dusky salamander Desmognathus ochrophaeus (12-13 eggs) in unharvested and
harvested treatments (leave-tree, shelterwoods and clearcut with wildlife trees
or snags left). The proportion of juveniles was similar except for slimy
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salamander Plethodon glutinosus, which had a significantly lower proportion in
harvested plots. There were five sites with 2 ha plots with the following
treatments: leave-tree harvest (up to 50 trees/ha retained uniformly; average
28%), clearcutting, other harvested treatments and an unharvested control.
Salamanders were monitored on 9-15 transects (2 x 15 m)/plot at night in
April-October. One or two years of pre-harvest and 1-4 years of post-harvest
data were collected.

In a continuation of a previous study (2), a randomized, replicated, controlled
study in 1994-2007 of six hardwood forests in Virginia, USA (3) fo