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ABSTRACT: Many of the recent global amphibian mass mortalities, declines and extinctions have
been attributed to the emerging infectious disease chytridiomycosis. There have been mass mortalities due to ranaviral disease but no major declines or extinctions. Controlling the transmission and
spread of disease is of utmost importance, especially where there is the potential for human involvement. We have reviewed current hygiene guidelines for working with wild frogs, identified potential
flaws and recommended those most suitable and effective for the field environment. Our within-site
hygiene measures aim to reduce the risk of transmission among individuals. These measures encompass the capture, handling and holding of amphibians, skin disinfection before and after invasive
procedures, marking frogs, sealing open wounds and treatment of accessory equipment. Our
between-site hygiene measures aim to mitigate the risk of pathogen spread among populations. We
have designed a risk calculator to help simplify and standardise the decision-making process for
determining the level of risk and appropriate risk mitigation strategies to reduce the risk of increasing pathogen spread above background levels. Calculation of an overall risk score for pathogen
spread takes into account the prior activity of field workers, the proposed activity, remoteness of the
site, presence of known pathogens and the consequences of increased pathogen spread for amphibians in a given area.
KEY WORDS: Chytridiomycosis · Hygiene · Batrachochytrium dendrobatidis · Ranaviral disease ·
Ranavirus · Field study
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INTRODUCTION
The past 30 yr has seen alarming declines and
extinctions of amphibians world wide. The recently
emerged disease, chytridiomycosis, has caused mass
mortalities, major declines and extinctions, and ranaviral disease has caused mass mortalities (Cunningham
et al. 1996, Berger et al. 1998, Daszak et al. 1999, Long-

core et al. 1999, Green et al. 2002, Muths et al. 2003,
Lips et al. 2006, Schloegel et al. 2006, Picco et al. 2007,
Skerratt et al. 2007). The consequences of introducing
these or other serious pathogens into naïve amphibian
populations are likely to be severe (Berger et al. 1999,
Pearman et al. 2004, Weldon et al. 2004, Cunningham
et al. 2005, Jancovich et al. 2005, Lips et al. 2006, 2008,
Fisher & Garner 2007, Skerratt et al. 2007).
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Unregulated trade in amphibians, as well as unintentional shipment, is suspected to have been a major
contributor to the spread of these diseases (Weldon et
al. 2004, Fisher & Garner 2007, Skerratt et al. 2007). To
curb their spread, the World Organisation for Animal
Health (OIE) has made these diseases notifiable (OIE
2008). Preventing the spread of these amphibian diseases across international borders is of great importance, but it is also important to control disease spread
within national borders (i.e. domestically).
The potential for human involvement in transmission
(passing of disease from an infected to an uninfected
individual) and spread (movement of disease geographically) of these diseases, within and among
amphibian populations, appears to be significant
(Mutschmann et al. 2000, Raverty & Reynolds 2001,
Parker et al. 2002, Mazzoni et al. 2003, Hanselmann et
al. 2004, Weldon et al. 2004, Jancovich et al. 2005,
Oevermann et al. 2005, Daszak et al. 2006, Picco et al.
2007, Picco & Collins 2009). Of particular concern is the
potential for field biologists to spread disease amongst
wild populations.
While evidence directly implicating field biologists
in the spread of amphibian diseases is currently lacking, the hazard of disease transmission and spread by
biologists must be considered. For researchers working with amphibians or within areas of amphibian
habitat, the risk of disease transmission within these
habitats and the spread of disease among populations
may be increased due to (1) frequent handling of
amphibians, (2) frequent or rapid movement between
isolated areas of habitat and (3) rapid or frequent
movement between captive husbandry and laboratory
facilities and the field. It is therefore important that
biologists working with amphibians or within amphibian habitats take care to minimise disease transmission
and spread both within and among amphibian populations. This is especially important where rare, geographically restricted or threatened amphibian species
are concerned and when the spread of disease can
have serious consequences for species survival.
Field researchers should, therefore, evaluate their
activities to determine their relative risk of pathogen
transmission and spread compared with background
levels (i.e. the risk posed by other mechanisms of
disease transmission or pathogen dispersal) and implement appropriate strategies to minimise this risk
during field studies. It must be recognised that the
overall risk of transmission and spread of pathogens
cannot be reduced below the background level by risk
mitigation during research or monitoring activities.
Therefore, the aim of risk mitigation is to prevent risk
increasing above background levels (i.e. the risk posed
by other mechanisms of disease transmission or
pathogen dispersal). The risk of transmission and

spread should be evaluated by researchers, animal
ethics committees and government agencies issuing
permits. However, we do not advocate the cessation of
field-based research or monitoring as a risk management strategy. The value of the research outcome
needs to be balanced with the disease risk posed to
individuals and, more importantly, to populations of
amphibians. In addition, the presence of infectious disease (caused by pathogens) should not be confused
with that of non-infectious diseases such as most cancers, which cannot be transmitted between animals.
Current hygiene guidelines for handling wild frogs
(Daszak et al. 2001, NSW NPWS 2001, NWHC 2001,
HACC 2004, Speare et al. 2004, Aguirre & Lampo
2006, CCADC 2008) seek to minimise transmission of
infectious diseases; however, some guidelines are contradictory and potentially harmful to amphibians (e.g.
the use of iodine compounds for surgical disinfection).
Here we review the suggested practices for minimising
the spread of infectious diseases within sites and make
recommendations for those most suitable and effective
in the field environment. In addition, existing hygiene
protocols identify the importance of between-site measures to reduce pathogen spread but lack a framework
for determining the stringency and scale at which between-site measures are applied. To help inform such
decisions we present a risk calculator that enables field
biologists to assess the relative risk (above background
levels) of their activities and the hazard they pose to
amphibian populations. This approach is similar to that
currently employed by Biosecurity Australia and other
member countries of the OIE during import risk assessments (AGDAFF 2009). Our recommendations are
aimed at amphibian pathogens known to result in
widespread mortality, namely Batrachochytrium dendrobatidis and ranaviruses, but will also be effective
against other pathogens.

WITHIN-SITE HYGIENE MEASURES
Capture, handling and holding wild amphibians
Capture, handling and housing of wild amphibians
should be minimised or avoided where possible, as
stressed animals are at greater risk of infection (Carey
et al. 1999, Daszak et al. 2003). Direct microbial transfer during capture and handling of successive adult
amphibians can be reduced by wearing single-use
gloves (latex, nitrile or vinyl) or capturing and handling frogs in single use lightweight plastic bags. Some
tadpoles suffer lethal effects when exposed to latex,
nitrile and, to a lesser extent, vinyl gloves, although
some of these effects can be mitigated by washing the
gloves before handling (Gutleb et al. 2001, Cashins et
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al. 2008). Larvae should, therefore, be handled with
gloves that have been proven or rendered safe for that
species. Data suggest the causative pathogen of
chytridiomycosis, Batrachochytrium dendrobatidis,
does not survive on bare human hands for long; however, this killing effect is reduced with repeated hand
washing in water (Mendez et al. 2008). It is unknown
whether ranaviruses remain viable following contact
with human skin. We therefore recommend that
single-use gloves be worn during all capture and
handling events involving high risk species (critically
endangered or narrowly endemic) or locations (e.g.
isolated areas with endemic species, disjunct populations or high species richness). In situations where
gloves are not available or suitable, hand washing with
70% ethanol (then allowing hands to air dry) between
handling individual frogs is an alternative. If ethanol
contact is maintained for 60 s, most bacteria, fungi and
viruses will be killed (see Table 1); however, repeated
use on human skin is not recommended. If 70%
ethanol is not available or suitable, the minimum recommended treatment is hand-washing in the water
body to which the amphibian is naturally exposed.
While rinsing in source water will not kill pathogens on
hands, it may dislodge them and so exposure will not
be increased greatly above background environmental
levels. This treatment, however, needs to be tested
further and should only be used for low risk species or
locations.
When amphibians must be held temporarily, individuals should be housed in single-use containers (e.g.
plastic bags) or in containers disinfected between each
animal (Johnson et al. 2003, Webb et al. 2007, see
Table 1). Adults should never be held in groups. Tadpoles from the same pond or stream section may be
housed for short periods in a common container,
though care must be taken to avoid overcrowding as
this can increase transmission rates and cause physiological stress (Denver & Crespi 2006). Longer holding
times (> 60 min) will require changes to water and the
provision of appropriate food (when holding time is
> 24 h). Tadpoles of some species, particularly pondbreeding species with high fins, are easily damaged on
capture and with movement of water within the holding container (E. Meyer pers. obs.). Rough handling of
tadpoles of these species may, therefore, increase their
susceptibility to trauma and infection. The requirements of tadpoles of each species should be considered
when designing the capture and holding components
of a field study. If animals are removed from the field
and then returned, it should always be to the same site.
Dead amphibians or live animals showing clinical
signs of disease must be regarded as having a high
infection risk to healthy animals and rigorous hygiene
measures are needed. No effective field treatment for
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chytridiomycosis has been demonstrated; however,
infected frogs in captivity can be treated with elevated
environmental temperatures (Woodhams et al. 2003,
Retallick & Miera 2007), itraconazole (Aguirre &
Lampo 2006, Pessier 2007) or chloramphenicol (Poulter
et al. 2008) to clear Batrachochytrium dendrobatidis.
These treatments require further validation in a range
of species and some could be tested in the field in certain situations such as when recapture probabilities
are high. No treatment regimes for ranaviral infection
of frogs have been described; however, Johnson &
Wellehan (2005) suggest Zovirax® may be successful
in controlling the disease. If successful these treatments could be used to lower the burden of disease in
populations and reduce the risk of transmission and
spread.
Sick and dead frogs should be collected for disease
diagnosis. Disease surveillance may detect disease
introduction and enable emergency responses. It is
also useful to assess the risk of pathogen transmission
to other individuals or spread to populations.

Skin disinfection before and after invasive
procedures
Identifying individual amphibians during mark–
recapture studies is essential for determining survival,
reproduction, home range, habitat preferences and
incidence of infection. However, the method used for
recognising animals must not significantly affect survival or behaviour. Therefore, strict hygiene standards
must be maintained during amphibian marking procedures including implanting internal radio transmitters,
passive integrated transponder (PIT) tags, visible
implant alphanumeric (VIA) tags, visible implant elastomer (VIE) tags and toe tipping or clipping.
Amphibian skin is more permeable than skin of other
vertebrates and requires special disinfectants. Alcohol,
phenol and iodine based disinfectants will destroy
mucus and wax that prevent dehydration and microbial
infection of amphibian skin. These disinfectants are also
potentially toxic and may be absorbed systemically
(Wright 2001). The only suitable commercially available
preparation for disinfecting wounds is Bactine® spray
(active ingredient 0.14% w/w benzalkonium chloride
and 2.6% w/w lidocaine hydrochloride in a non-alcohol
base). Bactine® has been successfully used to treat
amphibian wounds (Martin & Hong 1991). Chlorhexidine (0.75% diluted from 2% Nolvasan®) is also suitable
for surgical disinfection (Wright 2001).
Betadine® disinfectant (active ingredient 1% povidone iodine) has been recommended for use on frogs
before surgical procedures such as toe clipping (NSW
NPWS 2001). However, iodine has caused toxic reac-
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tions in some amphibians (Wright 2001). Sensitivity,
however, appears to be species-specific. Treatment
with povidone iodine did not have adverse affects on
the green tree frog Hyla cinerea (Brown 1995), but was
implicated in rapid mortality of the harlequin poison
frog Dendrobates histrionicus (Stoskopf et al. 1985).
Therefore, we do not recommend Betadine® or other
povidone-iodine products be used as disinfectants for
an amphibian species until toxicity has been determined.
Application of a disinfectant before and after invasive procedures helps minimise pathogen entry from
the skin to the wound. However, the protection provided is probably lost when the treated animal is
released at the site of capture into a water body. The
water-soluble antiseptics suitable for amphibians will
dissolve upon contact with water. Therefore, for these
treatments to be effective an extended holding time
(e.g. 1 h) is necessary before animals are released into
or near water.

Marking frogs
Toe tipping (removal of most distal phalange) or toe
clipping (amputation of a greater proportion of the
digit) should occur through the interphalangeal joint.
Johnson et al. (2003) recommend 70% ethanol as the
most suitable disinfectant for use in field sterilisation of
scissors to minimise the risk of transmitting Batrachochytrium dendrobatidis or ranaviruses. This treatment should be effective against most bacterial, viral
and fungal pathogens.
PIT, VIE and VIA tags should be inserted with a
sterile, single-use applicator. There is no clinical documentation of infection from any marking or tagging
method; however, further controlled studies are required to conclusively demonstrate a limited effect on
animal health and mobility (Phillott et al. 2007).

Sealing open wounds
The use of a cryanoacrylate compound such as Vetbond® (active ingredient n-butyl cryanoacrylate) as a
tissue adhesive after toe tipping or clipping is possible
in larger amphibians, but becomes increasingly difficult in smaller animals because it is difficult to isolate
toes for application. Vetbond® can also be used to seal
incisions made during subdermal injection of VIA, VIE
and PIT tags. Moisture can interfere with setting times
and adhesion (see Boothe 2003) so care must be taken
to ensure setting has occurred before release. Problems may be experienced in their application to
stream- or pond-dwelling amphibians, but can be

avoided by using a small piece of sterile absorbent
dressing to draw surplus water from the wound before
application of the adhesive (H. B. Hines pers. obs.).
Less expensive industrial adhesives (‘superglues’)
should not be used as a replacement for surgical tissue
glues as they have resulted in tissue death in other animals (see Wright 2001). Adhesives, such as Vetbond®,
may also trap microbes in the wound and promote
infection (see Boothe 2003). To alleviate this problem a
disinfectant such as Bactine® should be applied before
the adhesive.

Treatment of accessory equipment
Appropriate disinfection strategies for accessory
equipment such as nets, carry bags, clothing and
footwear are listed in Table 1, which describes the
minimum exposure time and disinfectant concentration shown to be effective on clean surfaces. No disinfectants should be applied where runoff could wash
these into nearby water bodies. All equipment should
be dry and cleaned of mud and organic debris before
use, as this may reduce disinfection efficacy, then
treated before use between sites (see next section).

ENTRY, EXIT AND BETWEEN-SITE
HYGIENE MEASURES
Field biologists exposed to ill animals or their
pathogens may pose an increased risk (above background levels) of spreading wildlife diseases. This risk
is exacerbated by the ease and speed with which
biologists can now move between sites and, more
importantly, across natural barriers to disease spread
(e.g. expanses of habitat unsuitable to amphibians or
their pathogens such as deserts, mountain ranges and
seas). It is therefore important that field biologists take
steps to avoid increased risk of transmission of wildlife
diseases between sites and populations.
Potential measures for reducing the likelihood of disease spread between sites are listed in Table 2. These
measures range in rigour from simple rinsing and drying of equipment through to the use of site-dedicated
equipment and disinfection of vehicles. The purpose of
these measures is not to eliminate pathogen spread
entirely (as this may not be possible), but rather to
avoid increased risk of spread above background levels. The stringency of hygiene measures to be implemented should, therefore, reflect the risk of field biologists spreading disease relative to background risk
levels. This will depend on a range of factors including
(1) activities undertaken before field work, (2) the
nature of the proposed field work, (3) the remoteness
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Table 1. Disinfection strategies suitable for killing Batrachochytrium dendrobatidis and ranaviruses in field studies. Information
for Batrachochytrium dendrobatidis is adapted from Berger (2001), Johnson et al. (2003) and Webb et al. (2007), and for
ranaviruses from Langdon (1989), Miocevic et al. (1993) and Bryan et al. (2009)
Application
Disinfecting surgical equipment and other instruments
(e.g. scales, callipers)
Disinfecting collection equipment and containers

Trigene

Disinfectant

Disinfecting cloth
(e.g. carry bags, clothes)

Time

Target pathogen

Benzalkonium chloride
Ethanol

2 mg ml–1
70%

1 min
1 min

Sodium hypochlorite
(bleach contains 4%
sodium hypochlorite)

1%
3%

1 min
1 min

B. dendrobatidis
B. dendrobatidis,
Ranaviruses
B. dendrobatidis
Ranaviruses

Path X or quaternary
ammonium compound 128

1 in 500 dilution

0.5 min

B. dendrobatidis

1 in 5000 dilution

1 min

F10

1 in 1500 dilution

1 min

B. dendrobatidis

Virkon

2 mg ml–1
1%
0.75%
1%

1 min
1 min
1 min
10 min
>3 h
30 min
8h
1 min
1 min
1 min

B. dendrobatidis
Ranaviruses
Ranaviruses
B. dendrobatidis
B. dendrobatidis
B. dendrobatidis,
Ranaviruses
B. dendrobatidis
Ranaviruses only
B. dendrobatidis
Ranaviruses

Nolvasan
Potassium permanganate
Complete drying
Heat

Disinfecting footwear

Strength

B. dendrobatidis

60°C

Heat
Sterilising UV light
Sodium hypochlorite
(bleach contains 4%
sodium hypochlorite)

37°C

Path X or quaternary
ammonium compound 128
Trigene
F10
Complete drying

1 in 500 dilution

0.5 min

B. dendrobatidis

1 in 5000 dilution
1 in 1500 dilution

1 min
1 min
>3 h

B. dendrobatidis
B. dendrobatidis
B. dendrobatidis

60°C or greater

30 min

B. dendrobatidis,
Ranaviruses

Hot wash

and frequency of human visitation of sites where work
is being undertaken and (4) the presence or absence of
known pathogens at a site.
In deciding on the rigour of between-site hygiene
measures, consideration must be given not only to the
aforementioned risk factors, but also the severity of the
consequences of disease introduction for rare (geographically restricted) and threatened amphibian
species. Since the implications of pathogen spread
between sites for these species is probably more
serious (potentially resulting in extinction of species or
populations), more rigorous hygiene protocols may be
appropriate, even where the risk posed by biologists is
only slightly above background levels.
Given the above, deciding which measures are
necessary and appropriate can be difficult, as can deciding on the geographical scale at which to apply be-

1%
3%

Table 2. Hygiene measures to be employed before visiting a
study site grouped according to stringency
Stringency

Hygiene measures

Low

Clean and dry equipment and clothing

Moderate

Equipment that has been in contact with
amphibians or their habitat cleaned and
disinfected
Vehicle that has been at a site with
amphibians is cleaned

High

Site- or area-dedicated or disposable
field equipment or thorough cleaning
and disinfection of all clothing and
field equipment that has been in
contact with amphibians or their habitat
Vehicle that has been at a site with
amphibians is washed and disinfected
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tween-site hygiene measures. Current hygiene guidelines provide limited assistance in defining the scale
at which between-site hygiene protocols are applied.
For example, NSW NPWS (2001) state that defining
the boundary of a site may be problematic, but provide no criteria for making such assessments. We suggest that different levels of hygiene measures are
appropriate between catchments of various sizes
depending on the level of risk. For example highly
stringent hygiene protocols are applied at the scale of
small subcatchments when risk is high; less stringent
protocols are required for larger catchments when relative risk is low.
To help simplify and standardise this decisionmaking process, we have developed a risk calculator,
incorporating the risk factors and consequences identified above. Using this approach, field biologists can
assess their risk of increased pathogen spread above
background levels. An overall risk estimate is calculated that provides a quantitative measure that can
assist field workers in determining the scale at which
to apply between-site hygiene measures and the level
of stringency required to reduce their risk (see
Table 5). Given the diversity of environments encountered or activities undertaken during field studies, this
risk calculator is best viewed as a framework that can
be modified to suit particular circumstances. Its use,
however, will ensure that there is greater consistency
among field biologists in their application of hygiene
protocols.

To assess the risk of increased pathogen spread,
each of the 4 risk factors identified previously is scored
against criteria described below and listed in Table 3.

Risk 1: prior activity
Activities in the days (~2 to 3 d) before field work
begins can greatly increase risk of pathogen spread
particularly where these involve work with exotic
(nonlocal) captive amphibians, pathogen cultures or
infected amphibians. This is because pathogen survival on fomites or mechanical vectors generally
decreases exponentially with time. Involvement in
such activities necessitates the implementation of
more stringent hygiene measures, particularly entry
protocols. For this reason we have given activities
associated with working with pathogens or known
infected or captive amphibians an order of magnitude
greater score (100 points) versus the maximum of 10
points for other risk factors. This high score can be
reduced to 10 if working under biosecure conditions
such as in a level 2 biosecurity (PC2) facility. Working
on apparently healthy amphibians and aquatic environments in areas harbouring known pathogens or
diseases receives a score of 10 unless those amphibians have disease, in which case the score is 100.
Working on amphibians and aquatic environments in
uninfected areas receives a score of 7 because
pathogens of amphibians are poorly known and it is

Table 3. Risk factors, criteria and scores used to determine the total risk score for pathogen spread to a study site. The overall risk
score is obtained by summing the scores for each of the 4 risk factors
Risk factor
1. Prior activity (~2–3 d)

2. Proposed activity at the study site
3. Remoteness of the study site

4. Presence of pathogen at the study site

Criteria
(a) Worked with exotic (nonlocal) captive amphibians or amphibians with
significant infectious or potentially significant infectious diseases or in
a laboratory with significant amphibian pathogen cultures
(b) Targeted apparently healthy amphibians or aquatic environments in
areas where significant amphibian pathogens are known to be present
or status is unknown
(c) Targeted apparently healthy amphibians or aquatic environments in
areas where significant amphibian pathogens are known to be absent
(d) Did not target amphibians or aquatic environments
(a) Directed towards amphibians or aquatic environments
(b) Not directed towards amphibians or aquatic environments
(a) Isolated or difficult to access area; human visitation rare
(e.g. <100 visitors yr–1)
(b) Visitation low (e.g. 100–999 visitors yr–1)
(c) Visitation moderate (e.g. 1000–9999 visitors yr–1)
(d) Visitation high; area highly disturbed and/or populated
(a) Significant amphibian pathogens are known to be absent or
status is unknown
(b) Significant amphibian pathogens are known to be present

Score
100

10

7
1
10
1
10
7
3
1
10
5
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possible that an undiscovered pathogen occurs there.
When field workers did not target amphibians or
aquatic environments this receives a score of 1, as
encountering amphibian pathogens is much less
likely to occur (Table 3).

water, substrates, plant material or animals between
sites can spread pathogens and should be strictly
avoided unless they can be guaranteed to be
pathogen-free.

Calculating and applying the overall risk estimate
Risk 2: proposed activity
The nature of the proposed field work influences the
risk of spread. Activities directly targeting amphibians
or aquatic environments, such as mark–recapture
studies, are likely to increase the risk of pathogen
spread between sites and are given a score of 10. Other
field activities not directly targeting amphibians but
which take place within known amphibian habitat,
such as a mammal survey, may also increase the risk of
pathogen spread, although at a much lower likelihood,
and are given a score of 1 (Table 3).

Risk 3: remoteness of site
For accessible areas subject to high levels of human
visitation, the value in field workers applying rigorous
between-site hygiene measures may be reduced, as
the background risk of pathogen spread by human
activities is high. Where field biologists are accessing
remote rarely visited areas, however, the potential for
introducing new pathogens is relatively much higher
compared with background levels, necessitating the
adoption of more stringent hygiene measures. Consequently, we have scaled the relative risk by setting the
criterion scores based on the level of total human
visitation to the area (Table 3).

Risk 4: presence of known pathogens
If the area to be visited is known to be free of significant amphibian pathogens, then the risk posed by disease spread is likely to be higher, necessitating more
stringent hygiene measures. Where the disease status
of sites is unknown or poorly known, we recommend a
precautionary approach whereby a site is assumed to
be pathogen-free and is also given a score of 10. Sites
with known pathogens are given a score of 5 as
pathogens of amphibians are poorly known and it is
possible that an undiscovered significant pathogen
could be introduced (Table 3). The status of amphibian
disease at a site is particularly important for exit protocols, i.e. if a disease capable of causing mass mortality
(e.g. chytridiomycosis, ranaviral disease) is known
from an area then it is important to thoroughly disinfect everything before leaving that area. Transferring

The scores for each of the above factors are summed
to produce a total risk score. This total risk score is
multiplied by the consequence score, a value reflecting
the International Union for Conservation of Nature
(IUCN) conservation status (IUCN 2001) of amphibian
species known or likely to occur within the area of the
proposed activity (Table 4). The resulting overall risk
score is then used to decide what hygiene measures
are required to ensure pathogen transmission is not
increased above background levels, as well as the
scale at which these measures should be applied
between sites (i.e. between major or minor subcatchments) (see Table 5).
An overall risk score of less than 150 indicates that
the relative risk of a field biologist spreading
pathogens is low and that between-site hygiene measures required are simple and applied at the broad
scale of major catchments. An overall risk score in
excess of 300 indicates that the relative risk posed by
the field biologist is high and that between-site
hygiene measures required to reduce this risk are
stringent and applied at the fine scale of minor subcatchments (i.e. stream orders 1 and 2; Strahler 1952)
within the area to be visited (Table 5). While the scores
calculated by our system are relative and not absolute,
they are useful in ensuring that key aspects of the risk
of pathogen spread are considered when deciding
which between-site hygiene measures to use.
Five examples of the application of the risk calculator are provided in Table 6. The highest overall risk
score is for a graduate student conducting research on
endemic frog species in remote areas where the status

Table 4. Criteria and consequence score for pathogen spread
to the major catchment around the study site
Criteria
The major catchment where the proposed activity
is to be undertaken supports:
(a) at least 1 critically endangered species or has
endemic species
(b) at least 1 endangered species
(c) at least 1 vulnerable species
(d) at least 1 near-threatened species
(e) at least 1 amphibian (native or exotic) species
(f) no amphibians (known or likely)

Score

10
8
6
4
3
1
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tial to carry subclinical diseases and parasites not native to the local area. The
zookeeper, therefore, must apply stringent
hygiene measures before commencing
monitoring. In contrast a volunteer from
the
local
community
helping
the
High
Medium
Low
zookeeper with monitoring poses a much
smaller relative risk as they have not been
Overall risk score
> 300
150–300
<150
in contact with exotic captive amphibians
Entry and exit
Stringent
Moderate
Low
protocols
and the area targeted for monitoring is
Scale at which
Between minor Between major Between major
highly disturbed. We recommend the use
hygiene is
subcatchments
subcatchments catchments
of low stringency hygiene measures by
required
(e.g. stream
(e.g. stream
(e.g. stream
this volunteer (i.e. use of clean and dry
order 1–2)
order 3–4)
order ≥5)
personal equipment and clothing) due to
this low relative risk.
The remaining 2 examples of the risk
of amphibian diseases is not known. As this student is
calculator in Table 6 compare 2 cases where a govtargeting frogs, their probability of spreading a new
ernment officer is undertaking amphibian survey and
disease is relatively high and the consequence of this is
monitoring activities. If human visitation is high and
also high due to the presence of locally endemic spethe targeted area is only likely to support frogs with a
cies. Therefore, highly stringent hygiene protocols
relatively low risk of extinction, then the relative risk
applied at a small scale are recommended.
is low and only a low stringency of hygiene measures
An amphibian keeper from a zoo that holds exotic
is required. However, where the officer is moving
frogs and who wishes to undertake monitoring of
from site to site, including areas with chytridiomycofrogs in a local urban area, also has a relatively high
sis present, and targeting endangered frogs, the relarisk of spreading a new disease, due to the keeper’s
tive risk is higher and so the hygiene measures need
potential exposure to exotic pathogens. These captive
to be more stringent. The measures will become even
frogs have been sourced from a number of localities,
more stringent if any of the monitored frogs have
including international ones, so they have the potenchytridiomycosis.
Table 5. Overall relative risk score for pathogen transmission between sites
and subsequent hygiene requirements. The overall risk score is obtained
by summing the scores for risk factors in Table 3 (the total risk score)
and multiplying by the consequence score from Table 4. Stream order is
as defined by Strahler (1952)

Table 6. Examples of the application of the risk calculator using 5 scenarios. RF1–4 refers to risk factors 1 to 4 and their criteria
scores as shown in Table 3. The total risk score is the sum of the scores for risk factors 1 to 4. The overall risk score is calculated
by multiplying the total risk score by the consequence score (Table 4)
Scenario

RF1

RF2

RF3

RF4

Total
risk score

Consequence
score

Overall
risk score

1. A graduate student is studying frog speciation
and endemism on remote mountain tops in Borneo where disease status is unknown

10

10

10

10

40

10

400

2. An amphibian keeper from a zoo that holds
exotic frogs is planning to undertake monitoring
of nonthreatened frogs in an urban area where
disease outbreaks have not been observed

100

10

1

10

121

3

363

3. A community volunteer who does not hold
a collection of exotic amphibians is assisting in
the above survey of urban frogs

1

10

1

10

22

3

66

4. A government officer is undertaking a one-time
survey of amphibian species at a popular swimming spot in a national park where a species
considered vulnerable is likely to occur

1

10

3

10

24

6

144

10

3

5

28

8

224

5. A government officer is regularly monitoring
10a
populations of apparently healthy endangered
frogs in national parks with moderate levels of visitation and where chytridiomycosis is known to occur
a

This risk factor score would rise to 100 if any of the monitored frogs had chytridiomycosis
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Determining the order of visitation of multiple
field sites
When a field trip encompasses several field sites, or a
number of locations are being visited in succession
within 2 to 3 d of each other, the order of visitation should
be determined according to the presence of known
pathogens and diseases. While unknown pathogens obviously cannot be accounted for, areas known to be ab- ➤
sent of disease should be visited first, followed by areas
of unknown status and then known infected areas.

Return of captive animals to the wild
If wild amphibians are housed for any period of time
in a captive situation (e.g. laboratory, zoo or captive
breeding facility), we do not recommend that they be
returned to their natural population unless they have
been kept in isolation, their captive history is free of
undiagnosed morbidity or mortality and they have had
➤
rigorous pathogen screening before release. This is
usually beyond the means of most studies. Thus, when
assessing permits for such an activity, wildlife conser- ➤
vation agencies and ethics committees should view
animals taken from the wild as a permanent take.

CONCLUSIONS
In the absence of detailed studies quantifying the
effect of research and monitoring procedures on transmission and spread of pathogens, these guidelines ➤
provide researchers with the most appropriate and
effective methods for minimising exposure of amphibians to pathogens within and among field sites. Prevention or failure to prevent transmission and spread ➤
of infection despite best hygiene practice should be
documented to improve guidelines.
In addition to minimising exposure of amphibians to ➤
pathogens during field studies, our between-site
hygiene recommendations may also be useful in preventing the spread of nonamphibian pathogens, such as
the plant fungal pathogen Phytophthora cinnamomi, and
weeds. Our hygiene principles may be used as a basis
when developing pathogen transmission and spreadrisk minimisation guidelines for other people such as
recreational fishers or for pathogens of other taxa.

➤
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