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1	 Introduction
The purpose of this technical guidance is to ensure that terrestrial vertebrate fauna data of an 
appropriate standard are obtained and used for environmental impact assessment (EIA).

This guidance provides advice on:

• survey preparation and desktop study
• determining the type of survey required
• sampling techniques and survey design
• data analysis and reporting.

This guidance should be applied in conjunction with the Environmental Protection Authority’s (EPA) 
Environmental Factor Guideline - Terrestrial Fauna. For information on determining the impacts to 
terrestrial fauna in the context of a proposal, please refer to the relevant documents under the 
Terrestrial Fauna factor in the EPA policy suite.

This guidance is applicable to terrestrial vertebrate fauna only. Other groups, including terrestrial short-
range endemic invertebrates, are addressed in other EPA guidance documents. For the purposes of this 
document, the term ‘fauna’ is used as shorthand for terrestrial vertebrate fauna.

This guidance should be applied when planning and undertaking fauna surveys for EIA under the 
Environmental Protection Act 1986 (WA).

In a state as large and diverse as Western Australia, site-specific circumstances may warrant deviation 
from this guidance. In the case of any deviation, the appropriate agency or agencies should be 
consulted to discuss the adequacy of the survey design and techniques. Justification for the use of 
any novel or alternative techniques, and evidence of how best practice has been applied, must be 
presented.
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2	 Desktop study
A desktop study is a typical prerequisite for surveys and EIA. The purpose of a desktop study is to 
gather contextual information about an area from existing surveys, literature, database searches and 
spatial datasets. A desktop study is not a survey. A desktop study should be undertaken to inform 
the choice of field survey type and to provide background information for the survey and subsequent 
reporting.

All information used in a desktop study requires an evaluation of its reliability. This should include 
consideration of the source and age of the information, suitability of techniques used, data analysis, 
survey timing, changes in species status since reporting and any changes in habitat (e.g. fire or 
Phytophthora dieback introduction). The reliability of the information should be discussed in the 
limitations section of the report.

A desktop study should include background environmental information, an inventory of species and 
habitats likely to occur and a discussion of significant species and habitats identified. At the completion 
of a desktop study there should be sufficient information to identify the potential fauna species and 
habitats that may be present, and place them in a regional context.

2.1	 Background environmental information
An accurate summary of background environmental information is required to place fauna data into 
context. This information should include discussion of relevant:

• Interim Biogeographic Regionalisation of Australia (IBRA) bioregions and subregions
• land use and tenure, e.g. land reserved for conservation purposes, pastoral leases, Indigenous

Protected Areas, unallocated crown land and private freehold land
• recognised sensitive sites, e.g. Bush Forever Sites, Ramsar Sites, Key Biodiversity Areas,

Environmentally Sensitive Areas and Important Wetlands
• landscape characteristics, e.g. land systems, soil-landscapes, geology, topography, elevation,

surface water and drainage
• climate information, including rainfall and temperature, from a weather station with adequate

long-term data representative of the study area.

2.2	 Species and habitat inventories
Comprehensive species and habitat inventories are important for planning surveys and reviewing 
survey adequacy. These should be compiled using the results of database searches, a literature review 
and any current survey data. The exclusion of any results from the final inventories should be stated 
and justified.

2.2.1 	 Database searches
Database searches should be conducted using search parameters appropriate for the area and its 
regional context. Databases that should be searched include:

• Department of Biodiversity, Conservation and Attractions (DBCA) and Western Australian
Museum (WAM) NatureMap data portal

• DBCA Threatened and Priority Fauna database
• BirdLife Australia’s Atlas and Birdata datasets
• Department of Agriculture, Water and the Environment Protected Matters Search Tool
• Atlas of Living Australia database
• Index of Biodiversity Surveys for Assessment (IBSA).

https://www.environment.gov.au/land/nrs/science/ibra
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In poorly-surveyed areas additional information may be obtained by requesting searches from the 
WAM fauna databases directly. For areas near the border of Western Australia, the government 
biodiversity databases of the Northern Territory and/or South Australia should be searched.

2.2.2  Literature review
A	literature	review	captures	species	records	not	available	through	databases,	identifies	the	habitats	
that may be present and contributes to an overall understanding of the area and its regional context. 
The extent of a review will depend on the type and availability of information for the area.

Literature reviews should include, but not be limited to, previous survey reports, unpublished survey 
datasets, locally-held records (e.g. registers kept at mine sites) and any major regional survey reports 
or	papers	(e.g.	Appendix	A).	Scientific	literature,	including	the	Species	Profile	and	Threats	Database	
(SPRAT), Conservation Advice, threatened species recovery plans and peer-reviewed journal articles and 
research are useful for providing information on a species status, biology and ecology.  

Records incorporated into the literature review should represent observations from original sources, 
rather than records that were extrapolated or cited from derived sources. If information in a previous 
desktop study is relevant, the underlying original data should be included in the review rather than the 
previous desktop study itself.

2.3 Significant species and habitats
A	detailed	evaluation	of	significant	fauna	and	habitats	should	be	completed,	based	on	the	fauna	and	
habitat	inventories.	For	each	significant	species	or	habitat	this	should	include	discussion	of:

• its conservation status or the other reasons for its significance
• for a species, its known distribution and habitat preferences
• for a habitat type, its known extent and attributes that are important to fauna
• its likelihood of occurrence in the study area, accounting for local environment, age and location

of records, ecological knowledge and regional context
• any ecological traits or attributes relevant to EIA, such as vulnerabilities to specific impacts.



5Technical Guidance – Terrestrial vertebrate fauna surveys for environmental impact assessment

3	 Determining survey type
This guidance outlines three survey types: basic, detailed and targeted. The type of survey required 
should be determined based on the survey objectives, existing available data, information required and 
the scale and nature of the potential impacts of the proposal. These aspects should be considered in 
the context of the information acquired by the desktop study.

An appropriate survey type should provide adequate information to determine impacts, conditions, 
offsets and an analysis of the cumulative impacts. Determining the type of survey requires 
consideration of the characteristics of the proposal and the scale and nature of the impact.

Areas that intersect or may otherwise impact national parks, nature reserves or other parts of the 
conservation reserve system, including areas that are not yet formally protected but have been 
recommended for protection for a conservation purpose, require a detailed survey as a minimum. For 
other areas, aspects to be considered when determining the type of survey required include the:

• level of existing regional knowledge
• type and comprehensiveness of recent local surveys
• degree of existing disturbance or fragmentation at the regional scale
• extent, distribution and significance of habitats
• significance of species likely to be present
• sensitivity of the environment to the proposed activities
• scale and nature of impact.

Small-scale impacts may not negate the need for a detailed or targeted survey. For example, in regions 
where there is a high degree of existing habitat fragmentation, small-scale impacts to remnant habitats 
may be significant and multiple activities in the local area or region may contribute to cumulative 
impacts. Therefore, detailed and/or targeted surveys may be required to better predict the residual 
impact to fauna. The type of survey required may vary both within and between regions, in response to 
regional characteristics such as landscape heterogeneity, the extents of geology and vegetation types, 
the degree of existing disturbance and the level of biodiversity knowledge.

The Swan Coastal Plain and Jarrah Forest bioregions have a high degree of existing impact and remnant 
areas can be of considerable importance to fauna. However, the fauna of these bioregions is well 
understood and comprehensive long-term data is available to inform and predict the significance of 
impacts. Therefore, basic and targeted surveys usually suffice in these bioregions.

Elsewhere in Western Australia, proposals generally require detailed and targeted surveys because 
of the scarcity of local-level data. Surveys should be consistent with the standards outlined in this 
document, as well as any environmental scoping document instructions.
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4	 Survey types

4.1	 Basic 
A basic survey is a low-intensity survey, conducted at the local scale to gather broad fauna and habitat 
information. The primary objectives are to verify the overall adequacy of the desktop study, and to 
map and describe habitats. A basic survey can also be used to identify future survey site locations and 
determine site logistics and access. The results from the basic survey are used to determine whether a 
detailed and/or targeted survey is required.

A basic survey should include habitat assessment, photography and mapping. These activities can also 
be undertaken as part of a detailed survey, in cases where a basic survey is bypassed. During a basic 
survey, opportunistic fauna observations should be made and low-intensity sampling can be used to 
gather data on the general faunal assemblages present.

4.2	 Detailed 
The purpose of a detailed survey is to gather quantitative data on species, assemblages and habitats 
in an area. A detailed survey requires comprehensive survey design and should include at least two 
survey phases appropriate to the biogeographic region (bioregion). Surveys should be undertaken 
during the seasons of maximum activity of the relevant fauna and techniques should be selected to 
maximise the likelihood that the survey will detect most of the species that occur. Techniques should 
be quantitative and standardised, with at least one trapping site established in each habitat type, to 
allow analysis and comparison of data.

4.3	 Targeted 
A targeted survey is used to gather information on significant fauna and/or habitats, or to collect data 
where a desktop study or field survey has identified knowledge gaps. Examples of where targeted 
surveys are appropriate include, but are not limited to:

• confirming the presence of a significant species likely to occur within the proposal area
• determining distribution and abundance of specific significant species
• determining fauna movement and habitat use
• describing and mapping habitats or features that are important to significant fauna or faunal

assemblages, such as for breeding, foraging or dispersal
• monitoring significant species, assemblages or habitats.

Because impacts must be placed into context, targeted surveys are not necessarily confined to 
potential impact areas. For example, if a significant habitat will be impacted in a proposal area but its 
extent outside of the area is unknown, a targeted survey to obtain contextual data may be required in 
the surrounding region.

A targeted survey usually requires one or more site visits to detect and record significant fauna and 
habitats. For areas with multiple significant species there may not be a single time of year suitable to 
detect all species. In these cases, multiple visits, each targeting different species or groups, should be 
conducted.
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5	 Preparation for survey
All surveys should be coordinated and led by zoologists experienced in systematic fauna surveys and 
fauna identification. It is essential that surveys, and individual teams in the case of large surveys, are led 
by zoologists with extensive knowledge and experience of the fauna of the bioregion to be surveyed.

Survey leaders should have experience in the identification and ecology of the fauna expected to occur, 
and the ability to deal with taxonomic uncertainty. This includes the requisite skills to appropriately 
voucher specimens, sample and store tissue and/or accurately document and photograph key 
diagnostic characters. The survey leader should ideally oversee the survey from beginning to end, 
including the analysis, reporting and review. Team members who are less experienced should be 
trained and supervised by an experienced zoologist.

Appropriate licences must be obtained to take, i.e. trap, collect and/or disturb, fauna. Permission must 
also be obtained from landholders or managers to access or undertake surveys on their land.

Surveys are often conducted in remote and difficult terrain, and health and safety issues must be 
planned for. Survey-specific safety procedures are often needed to ensure that work can be safely 
undertaken. For example, night or cave work safety requirements should be identified early in 
planning.

Animal welfare and biosecurity should also be considered during survey planning. This includes 
management of risks associated with disease transfer, which may be animal-to-human (e.g. human 
contraction of Australian Bat Lyssavirus), animal-to-animal (e.g. from poor trap hygiene), or to soil 
and vegetation (e.g. spread of Phytophthora dieback). Refer to Section 8.5 for more details on animal 
welfare requirements.
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6	 Habitat assessment
Habitat assessment is used to identify fauna habitat types and quantify their extents within the study 
area. In documenting the habitats and habitat features, a habitat assessment should incorporate 
information obtained through the desktop study, e.g. vegetation and geological information, as well as 
information obtained through a field survey, e.g. habitat boundaries and physical characteristics.

Unique habitats can be identified based on their combinations of landforms, soil and vegetation, which 
determine their ability to support specific fauna assemblages or significant fauna. The history of an 
area may also need to be considered, e.g. an area may be treated differently if it was recently burnt or 
is long unburnt.

Significant habitats include rare or isolated habitats and habitat features, such as rock piles, caves, 
gullies, significant trees, drainage lines, waterholes, damplands and springs, and those that are likely to 
provide special resources to fauna. Other important habitats include ecological linkages and migration 
pathways, refugia, islands, areas that support large or seasonal aggregations of fauna and areas that 
are important to significant fauna, e.g. for breeding, roosting or foraging.

6.1	 Habitat mapping
Preliminary habitat maps should be based on existing vegetation data, geological and geographical 
data, e.g. topography, soil and land systems, and aerial imagery. Information available from modelling 
or remote sensing datasets can also be incorporated. The scale at which habitat types are defined will 
depend on proposal-specific factors, such as the bioregion, the fauna assemblages expected, the size 
of the proposal, the degree of existing habitat fragmentation and the proximity of habitats to predicted 
impacts.

Preliminary habitat maps should be verified through field observations conducted as part of the survey. 
The habitats should be considered when planning the locations of any survey sites. Habitat maps 
should be refined as new field observations are made.

The final habitat map and underlying electronic dataset should be suitable for spatial analyses. These 
include the calculation of areas of habitat likely to be impacted and the correlation of fauna records 
with habitats.

6.2	 Habitat observations
Comprehensive habitat observations should be made at locations representative of each habitat type 
and at each survey site. Key attributes to consider when making habitat observations include:

• soil type and characteristics
• extent and type of ground surfaces and landforms
• height, cover and dominant flora within each vegetation stratum
• presence of specific flora or vegetation of known importance to fauna
• evidence of fire history including, where possible, estimates of time since fire
• evidence and degree of other disturbance or threats, e.g. feral species
• presence of microhabitats and significant habitat features, such as coarse woody debris, rocky

outcrops, tree hollows, water sources and caves
• evidence of potential to support significant fauna
• function of the habitat as a fauna refuge or part of an ecological linkage.
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The resulting data should be used to validate habitat maps, determine the extent and condition of each 
habitat type and produce detailed habitat descriptions.

Habitat observations should be undertaken systematically, such as at defined points within fixed areas 
or along transects. The use of unmanned aerial vehicles may be useful in areas with limited access, very 
large areas or when mapping linear corridors, but data obtained in this way should only be considered 
supplementary to direct habitat observations.

High-resolution, good-quality digital photographs should be taken of each habitat type. Enough 
photographs should be taken to ensure accurate representation of the habitat and capture any 
variation that exists or significant features.
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7	 Survey techniques
A wide variety of detection techniques are used in fauna surveys. The suitability of each depends on the 
expected species or assemblages, the nature of the environment, weather conditions and the purpose 
of the overall study. 

This guide discusses the key sampling techniques used for fauna surveys and covers a range of 
techniques for different fauna groups. This guidance is not prescriptive about the use of any particular 
technique, but highlights the benefits and limitations of the different techniques to help zoologists in 
making appropriate choices.

A list of primary and supplementary techniques is provided in Table 1 and outlined below. This list 
is not exhaustive and other techniques may be suitable. Primary techniques are those known to 
efficiently deliver presence and abundance data. Surveys for EIA should use primary techniques to 
develop species inventories. Supplementary techniques can then be used to build on and refine results 
as necessary.

Special-purpose techniques, for particular species or circumstances, should be used where necessary. 
The DBCA website contains survey guidelines for a selection of Western Australian significant species. 
For species listed under the Commonwealth’s Environment Protection and Biodiversity Conservation 
Act 1999, the Australian Government has published a series of general survey guidelines (DSEWPaC 
2011a, DEWHA 2010a, DSEWPaC 2011b, DEWHA 2010b, DSEWPaC 2011c, DEWHA 2010c); the 
Species Profiles and Threats Database should also be checked for species-specific survey guidelines. 
If necessary, DBCA should be consulted regarding survey techniques and design when targeting 
particular species.

Regardless of the survey techniques used, impacts to habitats due to survey activities should be 
minimised. Disturbed sites should be returned to their original condition, e.g. by backfilling of soil, at 
the end of the survey.

https://www.dbca.wa.gov.au/
http://www.environment.gov.au/cgi-bin/sprat/public/sprat.pl


Ta
bl

e 
1:

 K
ey

 t
ec

hn
iq

ue
s 

fo
r 

de
te

ct
in

g 
br

oa
d 

fa
un

a 
gr

ou
ps

 in
 E

IA
 s

ur
ve

ys

Pr
im

ar
y 

de
te

ct
io

n 
te

ch
ni

qu
es

 a
re

 d
en

ot
ed

 b
y 

X,
 s

up
pl

em
en

ta
ry

 te
ch

ni
qu

es
 a

re
 d

en
ot

ed
 b

y 
S.

 T
he

 m
at

ri
x 

sh
ou

ld
 b

e 
co

ns
id

er
ed

 in
di

ca
tiv

e 
on

ly
.

G
ro

up
Pi

t 
tr

ap
s

Fu
nn

el
 

tr
ap

s

Sm
al

l-
m

ed
iu

m
 

al
um

in
iu

m
 

bo
x 

tr
ap

s

La
rg

e 
al

um
in

iu
m

 
bo

x 
tr

ap
s

Ca
ge

 
tr

ap
s

Sp
ot

 li
gh

ti
ng

 
fr

om
 v

eh
ic

le

Sp
ot

 li
gh

ti
ng

 
an

d 
he

ad
-

to
rc

hi
ng

 o
n 

fo
ot

O
bs

er
va

ti
on

 (e
.g

. 
bi

rd
 s

ur
ve

ys
, 

ac
ti

ve
 s

ea
rc

hi
ng

, 
op

po
rt

un
is

ti
c)

Se
ar

ch
in

g 
fo

r 
tr

ac
ks

 
an

d 
ot

he
r 

si
gn

s

A
co

us
ti

c 
su

rv
ey

s 
– 

au
di

bl
e 

ca
lls

A
co

us
ti

c 
su

rv
ey

s 
– 

ul
tr

as
on

ic
 

ca
lls

Ca
m

er
a 

tr
ap

s

Sm
al

l m
am

m
al

s 
< 

30
g 

(e
.g

. S
m

in
th

op
si

s 
sp

p.
)

X
X

S
S

S

M
ed

iu
m

 m
am

m
al

s 
< 

25
00

g 
(e

.g
. I

so
od

on
 s

pp
.)

X
X

X
S

S
X

X

La
rg

e 
m

am
m

al
s 

> 
25

00
g 

(e
.g

. P
et

ro
ga

le
 s

pp
.)

S
X

X
X

X
X

Ph
yt

op
ha

gi
c 

ba
ts

(e
.g

. P
te

ro
pu

s 
sp

p.
)

X
S

Zo
op

ha
gi

c 
ba

ts
(e

.g
. T

ap
ho

zo
us

 s
pp

.)
X

Bi
rd

s
S

S
X

X
S

Sm
al

l s
na

ke
s

< 
45

cm
(e

.g
. P

ar
as

ut
a 

sp
p.

)
X

X
S

X
X

M
ed

iu
m

-la
rg

e 
Sn

ak
es

> 
45

cm
(e

.g
. D

em
an

si
a 

sp
p.

)
X

X
X

X
S

Sm
al

l–
m

ed
iu

m
 li

za
rd

s
< 

15
0 

m
m

(e
.g

. P
og

on
a 

sp
p.

)
X

X
S

S
X

X

La
rg

e 
liz

ar
ds

> 
15

0 
m

m
(e

.g
. V

ar
an

us
 s

pp
.)

S
X

S
S

S
S

X
X

Fr
og

s
X

S
S

X
X

X



12

 
























































13Technical Guidance – Terrestrial vertebrate fauna surveys for environmental impact assessment

mammals. Independent trials conducted in Western Australia indicate that funnels should always be 
considered	supplemental	to	pits,	as	pits	are	more	effective	overall	(DBCA	pers.	comm. 17 May 2017).

7.1.3 Aluminium box traps
Aluminium	box	traps,	e.g.	Elliott	and	Sherman	brand	traps,	operate	using	a	trigger	plate	on	the	floor	of	
the	trap.	This	is	set	off	by	the	animal	when	it	enters	and	triggers	a	hinged	door	to	close,	trapping	the	
animal inside. The size of the box trap used will depend on the species targeted or predicted to occur.

Animals are enticed into the traps by bait. A universal bait made from oats and peanut butter is 
suitable	for	most	species,	with	other	additives,	e.g.	bacon,	sardines,	fruit,	honey	or	truffle	oil,	used	to	
target	specific	species.	Additives	should	be	selected	with	care	to	minimise	the	risk	of	ant	attack	and	bait	
spoiling (Petit and Waudby 2012).

Aluminium box traps are typically used in arrays or transects and are useful for capturing most 
rodent species and small to medium-sized mammals, e.g. quolls, mulgaras and bandicoots, using the 
appropriately	sized	trap.	Aluminium	box	traps	are	not	particularly	effective	for	many	small	dasyurids	
and most reptiles, though they have worked for targeted collection of species including the kultarr 
(Antechinomys laniger), some skinks and some varanids.

Distance between aluminium box traps usually ranges from 10 to 20 m. The layout may incorporate a 
combination	of	different	size	traps.	

Capture rates of aluminium box traps often improve after several days, perhaps because animals are 
initially wary of foreign objects. Therefore, it is essential to ensure that surveys are undertaken over 
sufficient	time	to	account	for	this	(James	1994,	Moseby	and	Read	2001).

7.1.4 Cage traps
Cage	traps	made	of	wire	mesh,	e.g.	Sheffield	brand	traps,	are	available	in	sizes	ranging	from	those	
suitable for rodents, bandicoots and possums, to those suitable for wallabies. Soft-walled cage traps, 
made of shade-cloth or similar non-metal mesh material, are recommended for species that are prone 
to injure themselves when in traps. Cage traps operate via a treadle and wire link holding open a door. 
To access a bait the animal must cross the treadle, causing the trap door to be released and locked in 
the closed position, trapping the animal inside.

The bait used is usually the same as for aluminium box traps and depends on the species expected. 
Surveys targeting particular species, e.g. the carnivorous chuditch (Dasyurus geoffroii), can result in 
higher capture rates if the bait includes lure ingredients favoured by the target species but not by 
others (Wayne et al. 2008).

Rigid and collapsible type cage traps are available, the latter being particularly suitable for carrying over 
distance. Both types are relatively cumbersome to handle, transport and set out; consequently, if it is 
equally appropriate to trap for the expected species using aluminium box traps, these may be a better 
choice.

Cage traps may be used in isolation for targeted surveys or in conjunction with other trap types for 
detailed surveys, set along a transect or in an array or grid. The best arrangement and spacing of traps 
will depend on the target species, habitat characteristics and the data required, e.g. presence-absence 
or population density. For example, a study of chuditch successfully used transects with 200 m spacing 
between traps (Wayne et al. 2008), while studies of northern quoll (Dasyurus hallucatus) found that 
transects of 50 traps 50 m apart were appropriate in some areas but transects of 20 traps set 25 m 
apart were better in others (DPaW 2013, Morris et al. 2015.)
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7.1.5	 Spotlighting and headtorching
Spotlighting and headtorching are important survey techniques because much of Western Australia’s 
fauna is nocturnal or crepuscular, particularly many threatened taxa. Many of these species are more 
often observed than trapped.

Spotlighting is a valuable technique for detecting mammals, nocturnal birds, geckos, snakes and 
frogs. However, when illuminated by a spotlight some species freeze and may be difficult to see, while 
others immediately flee and may be hard to identify. It is therefore essential to know what may be 
encountered beforehand and to have experienced individuals spotlighting.

Spotlighting can be done from a vehicle, to cover large distances along roads and tracks; with this 
method, the vehicle is driven at low speed on a predetermined transect, stopping as required. Portable 
spotlights can be used while walking to investigate at a finer scale, or in areas where vehicle access is 
not possible. Spotlighting on foot may be effective for cryptic species, e.g. quails, which may otherwise 
not be seen.

Headtorching is more useful than spotlighting for some fauna, such as geckos and frogs, due to the 
dimmer light and because having the light beam in the same plane as the observer’s eyes improves 
detection of reflected eye shine. Headtorching is useful for inspecting discrete features, such as termite 
mounds, rocky outcrops and caves.

Spotlighting and headtorching are most productive for reptiles on warm evenings (Read and Moseby 
2001), when they are more active. High humidity may also increase herpetofauna activity (e.g. Cowan 
2016). However, cooler conditions should not necessarily negate undertaking night work. Headtorching 
for frogs is most successful following rain.

Spotlighting and headtorching should be conducted in a manner that minimises disturbance to fauna. 
For example, care should be taken with sensitive nocturnal bird species.

7.1.6	 Observation – bird surveys
For birds, techniques for standardised site surveying include fixed time and position counts, transect 
searches and area searches (Bibby et al. 2000, Craig 2004, Craig and Roberts 2001, Gregory et al. 2004, 
Loyn 1986). These methods support both visual and acoustic detection of birds; additional information 
specific to acoustic surveys is contained in Section 7.1.10.

Bird surveys should occur during peak activity periods, typically after dawn and before dusk. Birds are 
less active in wet, windy and extremely hot conditions.

Birds can be recorded as present with or without an associated measure of abundance. Abundance 
data are harder to collect but can be useful for providing information on the relative importance of 
habitats, provided bias caused by detection differences between habitats is considered; however, 
it is often important to understand temporal variation in abundance before spatial variation can be 
interpreted (e.g. Ives and Klopfer 1997).

The best locations to survey birds may not correspond with those identified for trapping sites. Local 
terrain and conditions must be considered, and bird surveys should be conducted in the areas most 
likely to yield observations that accurately reflect the usage of given habitats by birds. For example, a 
stand of flowering grevilleas may yield additional bird species.

Bird survey results are highly observer-dependent and precautions should be taken to reduce bias. 
Sites should be surveyed more than once – at different times of day and on different days – in a 
consistent manner across sites. If multiple observers are used, they should be alternated when 
doing repeat surveys of individual sites. Multiple observers may also be used to survey the same site 
concurrently.
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Area searches and point counts are commonly used for bird surveys. Area searches involve inspecting 
a designated area for a pre-determined period. A typical area search may cover a 1 to 3 ha plot area 
over	10	to	20	minutes	(DEWHA	2010a),	however	the	size	of	the	plot	and	time	spent	should	reflect	local	
conditions and larger areas will be more appropriate in arid regions. Area searches are most suitable in 
open habitats. Point counts involve making observations from a designated series of points or habitats 
for	a	pre-determined	period.	For	example,	York	et	al.	(1991)	conducted	10	minute	observations	at	five	
points, 100 m apart along a 500 m transect. Point counts are most suitable in dense habitat.

Determining the technique to use will depend on the survey objectives. An area search is more useful 
where the aim is to detect as many species as possible for an inventory, because small, cryptic species 
are	more	likely	to	be	encountered	and	walking	through	the	area	increases	the	chance	of	flushing	
individuals. 

Some	bird	groups	may	require	specific	search	techniques.	For	example,	raptors	tend	to	use	thermals	
on warm days and can be spotted from high ground.

The time spent surveying each site will depend on the habitat present. Diverse and structurally 
complex	habitats	are	likely	to	have	higher	bird	species	richness,	require	more	survey	effort	and	contain	
more	species	that	are	difficult	to	detect.	Dense	vegetation	may	require	more	survey	effort	than	open	
vegetation where species are easier to detect. Imitating calls will often entice birds in closer, allowing a 
visual	identification.

All observations should be recorded, but care should be taken in assigning them to locations. To ensure 
peripheral habitats do not skew results, only those species using the habitat surveyed should be 
assigned to that habitat. For example, during a bird survey of a ridgetop habitat, species seen circling 
over a distant plain should not be included in the ridgetop habitat dataset, but should be recorded as 
opportunistic observations.

Large areas, particularly for shorebird surveys, may require aerial survey (for an overview of techniques 
see	Kingsford	et	al.	2008).	Shorebird	identification	is	difficult,	and	surveyors	should	have	specific	
experience	in	their	identification	and	survey	techniques.	Australian	shorebird	survey	reference	
information is available from the Shorebirds 2020 Program.

7.1.7 Observation – active searching
Active searching, primarily for herpetofauna, involves searching microhabitats. This includes digging up 
burrows,	turning	over	rocks	and	logs,	splitting	fallen	timber,	raking	soil	and	leaf	litter,	peeling	off	bark	
and searching soil cracks and holes in fence posts (Bush et al. 2007). Active searching complements 
trapping because it allows for hand-capture of species that have low capture rates in traps.

Active searching requires knowledge of the species that may occur and their habitat preferences. 
Species	detection	is	correlated	with	observer	experience	and	the	amount	of	effort	applied,	so	it	is	
important	that	surveys	are	designed	to	ensure	that	effort	is	adequate	and	consistent	across	sites.

Timing of active searches is important. In hot and dry conditions reptiles are hard to detect and 
they are quick and elusive to capture. In such conditions, searching earlier in the day may be more 
productive. Impacts to habitat should be minimised, with all rocks, logs and debris being returned to 
their original location and orientation after searching. Care should also be taken to ensure that the 
disturbance associated with active searching does not impact any other surveys being conducted in the 
same area.
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7.1.8	 Observation – opportunistic
All vertebrate fauna detected while travelling between sites or undertaking other general tasks should 
be recorded. These opportunistic records can make a substantial contribution to overall species lists. It 
is important to record the location and habitat where the signs or species were observed, so that these 
records can be considered in the context of the proposal.

7.1.9	 Searching for tracks and other signs
Searching for tracks, diggings, burrows, nests, scats and pellets, claw marks on tree trunks and other 
signs requires persistence, well-developed observation skills and knowledge of the natural history of 
the local fauna. This technique is useful for species that are not readily trapped because they are too 
large or avoid traps, or are at low densities in the area. Species with clumped distributions, e.g. the 
brush-tailed mulgara (Dasycercus blythi) and bilby (Macrotis lagotis), may be easier to detect by way of 
tracks and other signs because large areas of potential habitat can be assessed relatively quickly.

Sand is an ideal substrate for tracks, although wind and rain will mask them quickly. Early morning 
or late afternoon, when the sun is lowest in the sky, are optimal times for searching; these give the 
greatest amount of shadow within tracks, maximising their detectability and interpretation.

Diggings and burrows can last for long periods, even years, after an animal was present; for example, 
malleefowl (Leipoa ocellata) mounds and boodie (Bettongia lesueur) diggings. Therefore, diggings and 
burrows may only indicate historical usage of an area, and targeted trapping or other confirmation may 
be required to determine the contemporary presence of a species. 

7.1.10	 Acoustic surveys – audible calls
Many birds and frogs produce audible calls that allow identification to species level, and listening for or 
recording these will often supplement information gathered through other survey techniques for these 
groups. Acoustic surveys are especially useful as a non-invasive means of surveying for nocturnal, rare 
or cryptic species (e.g. Burbidge et al. 2007).

Detecting birds in an area by their call is an effective survey technique, particularly for passerines. 
Passerine call frequencies are usually greatest at dawn and dusk, and before or after periods of rain. 
Listening to the dawn chorus at a site will give an understanding of the bird species that have roosted 
in the area the preceding night and may identify cryptic species that are hard to detect visually.

Experienced observers are essential for correctly interpreting bird calls. Mimicry is common in 
songbirds (e.g. Chisholm 1932, Kelley et al. 2008, Igic and Magrath 2014), and call repertoires can differ 
by region, time of day, situation and life history stage. When recording bird calls, the call locations must 
be accurately assigned to habitats. For example, an observer on a plain who hears a sacred kingfisher 
(Todiramphus sanctus) in an adjacent drainage line should assign the record to the drainage line, not the 
plain.

Playing pre-recorded calls of target species, i.e. call playback, can improve the chance of detecting 
birds. Call playback should only be used with consideration of the animal welfare and ethics of the 
technique (see Birdlife Australia 2012).

Resources for bird call identification are available online, e.g. from xeno-canto, AVoCet, the Internet 
Bird Collection and the Macaulay Library, and as published materials (e.g. BOCA 2001, Simpson and Day 
1999). Some field guide mobile applications also include calls.

Different frog species call in different seasons and survey timing should reflect this (Section 8). 
Most species call at night, often peaking a few hours after dusk. Frogs will also call from shaded 
and sheltered positions, dense vegetation or burrows during the day in overcast and warm weather 
periods.

https://www.xeno-canto.org/
http://www.avocet.zoology.msu.edu/
https://www.hbw.com/ibc
https://www.hbw.com/ibc
https://www.macaulaylibrary.org/
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If an unfamiliar call is heard the frog should be located and identified visually. This can be difficult, 
as resonance from the call may give the impression that the frog is somewhere other than its actual 
location. Hard-to-locate individuals can be found by triangulation; this involves two people standing at 
90 to 180 degrees estimating the direction of the call from two different angles simultaneously, then 
focusing on where the calls intersect to forage for the frog by hand (Bush et al. 2007).

Resources for frog call identification are available online, e.g. through the Frog Watch and FrogID 
projects. Some field guide mobile applications also include calls.

Any calls that represent unusual, ambiguous or significant observations should be recorded. 
Recordings can yield additional species for an inventory when referred to an expert, or can provide 
unequivocal evidence supporting an otherwise contentious record. If a specific survey objective is to 
record calls then digital recorders and specialty microphones should be used, otherwise incidental 
recordings can be made using a smartphone.

Autonomous recording units (ARUs) designed for bioacoustics are useful for acoustic surveys (Burbidge 
2016). They can be deployed for long periods in any terrain and under most conditions, and record 
following a program. Because of this they can provide temporal sequence data that are not logistically 
feasible to collect using manual observations alone.

ARUs may be custom made or off-the-shelf. ARUs should be deployed to avoid weather, fire 
and interference, targeting the correct habitats, and with correct orientation, microphones and 
programming. Data analysis may be manual, using spectrogram viewing software such as Song Scope 
(Wildlife Acoustics) or Raven (Cornell Lab of Ornithology), or automated in special cases such as 
targeted surveys.

Automated analyses require a pre-existing reference library of calls. After creating classification rules 
based on the library, software such as Kaleidoscope (Wildlife Acoustics) or SoundID (SoundID) can use 
the rules to analyse and categorise sound clusters, i.e. calls, which the software identifies. This is not 
necessarily straightforward; the reference library must be accurate and comprehensive, classification 
rules must be thoroughly validated and it may not be possible to automatically identify calls in complex 
datasets.

ARUs are not a replacement for observer-based methods in assemblage surveys, but they can be cost-
effective and accurate for targeted surveys. Current examples of effective ARU use include threatened 
bird monitoring (e.g. Pinder 2012, DPaW 2014) and night parrot (Pezoporus occidentalis) surveys 
(Murphy 2014). Where custom-made ARU equipment is used, or if automated techniques and reference 
libraries are used for analysis, quantitative evidence of the effectiveness of these methods must 
accompany any results.

7.1.11	 Acoustic surveys – ultrasonic calls
The detection and recording of ultrasonic calls is an important survey method for zoophagic bats, 
which hunt using ultrasonic echolocation calls that cannot be heard by humans. Most bats in Western 
Australia are zoophagic; if phytophagic species are expected, echolocation surveys can be augmented 
with visual, acoustic and trap-based surveys as necessary.

Echolocation can be detected in real-time with handheld heterodyne or full-spectrum detectors, which 
detect calls and replay them audibly or display them as spectrograms. Full-spectrum detectors are 
more versatile, but still require an operator with expert knowledge of calls to identify species. Some 
modern full-spectrum detectors have potential to identify species in real-time based on classification 
rules, but these require setup and validation.

ARUs – see Section 7.1.10 – can be very effective at detecting and recording ultrasonic calls (Burbidge 
2016). The type of ARU dictates the available recording and analysis methods; therefore it is important 
to identify the survey objectives, and thus the required recording method, equipment and settings, 

http://museum.wa.gov.au/explore/frogwatch/
https://australianmuseum.net.au/frogid-project
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prior to field work. The available technology changes rapidly, so this should be done in consultation 
with equipment manufacturers and experts on the expected bat fauna. The Song Meter (Wildlife 
Acoustics) and Anabat (Titley Electronics) platforms are commonly used ARUs in EIA surveys.

Zero-crossing and full-spectrum are common recording methods (e.g. see McKenzie and Bullen 2003, 
2009, Agranat 2012). Zero-crossing recordings capture the frequency range, shape and duration of 
the strongest harmonic of the call, are simple to interpret and create relatively small files; however, 
they do not capture amplitude or harmonic information. This missing information can be important 
for differentiating species. Full-spectrum recordings capture all the available information and have a 
signal-to-noise ratio advantage, but create large files and require more analysis effort. The additional 
amplitude information can also be sensitive to interference. Full-spectrum recordings can be converted 
to zero-crossing, and data storage is declining in price, so full-spectrum recording is likely to be the best 
choice in most cases. Zoologists must ensure that the chosen recording method is appropriate based 
on the location and objectives of the survey.

ARUs, even those with omnidirectional microphones, must be placed appropriately with respect 
to habitats, interference, fire, weather and other local constraints. Good site choices include water 
sources, drainage lines, wooded areas, flyways along landscape features and potential roost caves. 
With long deployments, regular equipment checks and data downloads should be conducted. ARUs in 
some habitats may require protection from fauna gnawing on cables and microphones. A minimum of 
three complete recording nights should occur at each site during the warmer part of the year, and this 
should be during good weather (Australasian Bat Society 2006).

Analysis of bat echolocation recordings may be manual or automatic, and requires access to a call 
reference library (e.g. see McKenzie and Bullen 2009, 2012). Automated analyses are subject to 
limitations and may not be possible in many situations (see Section 7.1.10).

If bats have been identified from echolocation calls, the report should cite the reference library used 
and present example graphs of time versus frequency for each identified species (based on actual field 
data; Australasian Bat Society 2006). The method used to discriminate between species with similar 
calls should be described and the proportion of calls that could be identified out of the total number 
processed should be stated (Australasian Bat Society 2006).

7.1.12	 Camera traps
A camera trap is a digital camera that captures an image or video using an infrared sensor when an 
animal moves into a detection zone. Most camera traps used in wildlife surveys are off-the-shelf units, 
from manufacturers such as Reconyx and Bushnell, but they can also be custom-built. Cameras can 
be left to operate for many days through to months, depending on power source and image storage, 
providing information beyond what is attainable by human observers during a field survey.

Camera traps are usually triggered by a passive infrared sensor detecting the movement of a heat 
signature, i.e. movement of an object with a different temperature to its surrounds. The camera then 
uses an infrared or white flash to take a greyscale or colour image, respectively, and stores the file 
internally or wirelessly transmits files back to the user.

Despite their advantages, camera traps are not suitable in all situations (e.g. see Richardson et al. 
2017). Camera trapping is useful for medium-to-large, distinctive mammals (e.g. DPaW 2013, Cramer 
et al. 2016), and to a lesser extent birds, due to the likelihood they will trigger a sensor with their heat 
signature. Camera traps may also work for small mammal surveys (e.g. De Bondi et al. 2010). However, 
in areas where multiple similar species exist, they can be hard to differentiate – particularly if the 
images are of low resolution and/or there is no reference scale included in the image detection zone.
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For some species, camera traps can be used to estimate density and abundance. This requires traps 
to be deployed according to a robust experimental design, incorporating known detection rates (e.g. 
Howe et al. 2017). If the objective is only to determine species presence, camera trap placement should 
target areas of activity including tracks and runways, burrow entrances or areas with foraging evidence.

Camera traps should be tailored to the survey requirements. Camera settings – particularly 
those relating to image quality and resolution, but also those for detection zone, trigger time and 
recovery time – should reflect the survey objectives, expected fauna, environmental conditions and 
specifications of the particular traps (Meek and Pittet 2012, Rovero et al. 2013, Meek et al. 2014, 
Gillespie et al. 2015 and Meek et al. 2015).

Baits may be used to attract fauna to camera traps, such as universal bait, a bait targeting a particular 
species (e.g. Wayne et al. 2008, Austin et al. 2016), or a bait station or scent lure designed for long-
term use (e.g. Meek et al. 2014, Gillespie et al. 2015). Using bait stations of a known size, or installing 
an object for scale, is useful for identifying fauna. Baits should not be used where they could attract 
predators to locations critical for fauna. For example, baits should not be used outside bilby burrows or 
at malleefowl mounds.

Camera traps should be tested prior to being taken into the field, including ensuring time and date 
settings are correct, and after their initial setup. Camera traps deployed for extended periods should be 
inspected and have data downloaded regularly. Images and accompanying metadata should be stored 
following a systematic procedure (Gillespie et al. 2015).

7.2	 Special-purpose techniques

7.2.1	 Faecal DNA analysis
Population size and demography can be estimated by genotyping individuals from faecal DNA. The 
technique is useful for rare or cryptic fauna (Piggott and Taylor 2003), and is being increasingly adopted 
(e.g. Alacs et al. 2003, Piggott et al. 2006, Marks et al. 2009, Ruibal et al. 2009). In arid Western Australia, 
a protocol has been developed to survey for bilbies by identifying individuals from scats (Dziminski and 
Carpenter 2014, DPaW 2016). 

Faecal DNA analysis requires protocols to be developed for each species. The relevant research 
institution or analytical laboratory should be consulted for specimen collection requirements. 
Environmental conditions, scat age and preservation techniques all have the potential to influence 
results (Panasci et al. 2011, Carpenter and Dziminski 2016), so appropriate precautions and pilot 
studies are required (Piggott and Taylor 2003).

7.2.2	 Trapping for bats
Trapping for bats is required when it is necessary for them to be physically handled, e.g. for mark-
recapture and tracking, and can also be used in areas where echolocation surveys may fail to detect or 
are unable to distinguish between species. Such situations are only occasionally encountered in an EIA 
context in Western Australia.

Bat trapping methods include the use of mist nets and harp traps (Jones et al. 1996). A mist net is a net 
that is stretched across a flyway and entangles bats. Harp traps, also set in flyways, comprise a series of 
vertical wires that deflect flying bats into a pocket below. 

The technique used should be guided by the survey objectives, expected bat assemblage and site 
conditions (Thomas and West 1989, Jones et al. 1996, Flaquer et al. 2007). For procedure overviews, see 
Jones et al 1996, Murray et al. 2002, DEWHA 2010b and FUA 2015.
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7.2.3	 Hair tubes
Hair tubes collect hair samples for species identification using physiological or genetic analysis 
(Brunner and Coman 1974, Suckling 1978, Brunner and Triggs 2002). A hair tube is a tube or funnel, 
lined with adhesive tape, that captures hair when an animal enters the trap in response to a bait (e.g. 
Scotts and Craig 1988). Hair tubes are low-impact and can be set for long periods. However, they can 
be less effective than other techniques used for mammals (Catling et al. 1997), and their efficacy varies 
with design, geographic location and taxa present. Consequently, hair tubes are best used for targeted 
surveys.

Hair tubes should be placed where animals are likely to be active or to concentrate, such as runnels in 
dense vegetation. To avoid bycatch, e.g. small reptiles, adhesive should only be used on the upper sides 
and top of a hair tube, not the bottom or lower sides.

7.2.4	 Checking scat and pellet contents
Bone and hair samples can be collected from owl pellets or carnivore scats and used to identify species 
(e.g. Huebschman et al. 2000, Bilney et al. 2010, Bilney 2014). Results must be interpreted carefully, as 
birds and large predators can forage over large distances, and the technique is time-consuming and 
not always conclusive.

Samples are best found below the nests or perches of raptors, along breakaways, under rock 
overhangs and in cave entrances. Scats of larger predators such as quolls and dingo (Canis familiaris) 
may be found in the open. Remains may also be found in middens under ghost bat (Macroderma gigas) 
feeding perches.

7.2.5	 Examination of feral predator gut contents
Feral predators such as cats and foxes feed on native fauna (e.g. Martin et al. 1996, Risbey et al. 1999). 
The gut contents from specimens collected as road kill or predators that have been euthanased can be 
examined and any remains identified.
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8 Survey design
Appropriate survey design is pivotal in EIA, and is determined by factors including the survey type, the 
objectives of the survey, the scale of the proposal, the local environment and the faunal assemblages 
expected.	Survey	design,	including	the	level	of	effort	applied,	requires	careful	consideration	and	should	
reflect	local	and	regional	conditions	(How	1998,	Rolfe	and	McKenzie	2000,	Berry	et	al.	1991).

Adequate	effort	must	be	applied	during	surveys	to	enable	the	assessment	of	impacts	of	the	proposal	
on fauna and habitats. Survey adequacy is a function of techniques, site selection, seasonality and 
timing and survey duration. Parameters including the types and numbers of traps, their layout and 
the number of days over which they are operated will also determine adequacy. The rationale for the 
chosen survey design should be clear.

8.1 Site selection
The number of sites required will vary depending on the habitat characteristics of the study area and 
its surrounds, such as the type and variety of substrates, vegetation, topography, and the number 
of discrete habitats or degree of similarity between habitats within an area. Sites should be selected 
according to geographic extent and variation in these attributes, with an attempt made to survey across 
the entire range of variability.

For detailed surveys, trapping sites should be established in each habitat type. It is recommended that 
replicate trapping sites are established within each habitat type; the degree of such replication should 
reflect	the	extent	and	significance	of	habitats,	the	confidence	that	individual	sites	will	adequately	
document assemblages, the data analyses required and the amount of existing knowledge for the 
study area. Replicated sites may result in additional species being captured as species are unlikely to be 
distributed equally within a habitat type.

Sites should generally be positioned within habitat types rather than on their peripheries – as this will 
reduce	edge	effects	on	results	–	unless	surveying	ecotones	is	important	for	the	survey.	Sites	should	be	
positioned to achieve adequate geographic spread throughout the study area.

Site selection should consider the size, shape and location of the proposed activities, and the scale and 
nature of the impacts of the proposal, where known. Survey sites should be established both inside 
and	outside	potential	impact	areas,	to	provide	sufficient	data	to	identify	potential	impacts	and	place	
these into context.

8.2 Seasonality and timing
Western Australia can be divided into three broad climatic regions – Southern, Eremaean and Northern 
– based on Beard’s (1980) botanical provinces (Figure 1). Fauna activity is closely linked with the seasons
in each of these regions.

Surveys must consider seasonality and timing of peak fauna activity by region, particularly for 
herpetofauna. Peak activity can coincide with conditions that preclude survey from logistical or animal 
welfare perspectives. In such cases, a compromise that is close to desired timing but also meets 
logistical and ethical requirements would be expected.

Recommended	survey	timing	for	different	fauna	groups	in	each	region	is	given	in	Table	2.	Timing	
should	be	further	refined	per	the	geography,	expected	weather	conditions	and	actual	weather	over	
preceding months in the study area.

Repeated surveys yield more comprehensive species inventories than single surveys and account for 
temporal	differences	in	activity	patterns	(Moseby	and	Read	2001,	How	and	Cooper	2002,	Cowan	and	
How 2004). For EIA, a detailed survey should therefore include at least two complementary survey 
phases, based on seasons and fauna activity patterns (Table 2).
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Figure 1: Broad climatic regions of Western Australia

Based on botanical provinces (Beard 1980, modified following Desmond and Chant 2003). Bioregions per IBRA.

http://www.environment.gov.au/land/nrs/science/ibra
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Table 2: Recommended timing for vertebrate fauna assemblage surveys

Recommended timing differs between the Southern, Eremaean and Northern broad climatic regions (Figure 1). A 
detailed survey should include at least two complementary survey phases, based on the approximate seasons and 
fauna activity patterns outlined below. 

A: Southern

Fauna 
Group Survey timing Rationale

Reptiles October-December
(primary survey)

February-March
(secondary survey)

Reptiles typically become active with rising temperatures in spring, 
when they commence breeding. Then there is generally a less active 
period in summer, after which hatchlings appear in late summer/
early autumn.

Surveys should occur in spring to early summer and in late summer 
to autumn to coincide with peak activity (see How 1998). On the 
south coast, spring surveys may need to be later in the season due 
to generally lower temperatures. Local temperature records should 
be consulted prior to surveys.

Amphibians May-August
(autumn-winter 
breeders)

November-December
(summer breeders)

Burrowing frogs, e.g. Heleioporus and Neobatrachus spp., begin 
calling with autumn-winter rains. The coldest, wettest part of winter 
is peak breeding time for winter breeders, e.g. Crinia and Geocrinia 
spp. Summer breeders, e.g. Litoria spp., commence their main 
calling as the weather heats up in late spring to early summer.

Birds September-December
(most bush birds)

November-March
(migratory birds)

The main breeding period for most bush birds is spring, sometimes 
extending into early summer depending on local conditions. Most 
species have established breeding territories by this time, resulting 
in maximum vocalisation and activity. The main period when 
migrating shore birds are present in wetlands is between November 
and March.

Mammals September-December As mammals are homeothermic, survey timing is not constrained as 
it is for reptiles. For efficiency mammal surveys can be concurrent 
with reptile surveys.
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B: Eremean
Temperatures increase along a northward latitudinal gradient. Rainfall is summer-dominated in the 
north and more evenly spread across the year in the south. Episodic summer thunderstorms and rain-
bearing depressions are key bioclimatic activators and hence drive vertebrate activity. Working around 
these events is ideal, but difficult to plan and implement.

Faunal 
Group

Survey timing Rationale

Reptiles September-April Reptiles are most active between September and April when higher 
temperatures are experienced. There is generally little activity 
during ‘winter’. Surveys should therefore coincide with peak activity 
(see How et al. 1992, How and Dell 2004, Thompson and Thompson 
2005).

Amphibians Immediately after 
significant rain events.

Most frog species aestivate during dry periods and are activated by 
heavy rain. Breeding activity peaks after rain and tadpoles complete 
their metamorphosis cycle before water dries up. Episodic rain 
events generally occur in summer and autumn.

Birds Immediately after rain 
events.

Prolific seeding after heavy rains activates breeding by most 
granivores, which declines to lower levels in periods of drought. In 
contrast, non-granivores do not concentrate spatially or temporally 
to the same extent (Berry et al. 1991, How et al. 1992), and survey 
timing for non-granivores is less constrained.

Episodic rain generally occurs in summer and autumn. In times 
of drought breeding by both granivores and non-granivores is 
curtailed, and birds are less vocal and more difficult to observe.

Mammals No preferred time (see 
rationale)

As mammals are homeothermic, survey timing is not constrained as 
it is for reptiles. For efficiency, mammal surveys can be concurrent 
with reptile surveys.

Mammals can have differing population cycles, with carnivore and 
granivore populations peaking at different times. This often relates 
to rainfall (e.g. Cooper et al. 2006). In such cases, repeat surveys 
may need to occur at different times to reptile surveys.

C: Northern

Fauna 
Group

Survey timing Rationale

All groups December-March
(planned based on local 
weather)

April to August
(prior to conditions 
becoming too dry)

The wet season is the peak activity period for vertebrates and, 
access permitting, the primary survey should coincide with this.

A second survey should occur during the dry season.
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8.3 Duration
The duration of survey is important, with the number of species captured usually increasing over 
time. If the survey is too short, it considerably reduces the amount of data available for analysis and 
interpretation. When undertaking detailed surveys, a minimum of at least seven days of trapping is 
recommended per phase, per method used. This duration reduces the potential for adverse weather 
conditions (e.g. extreme hot, cold or wet periods) to dominate the survey period that may cause 
suboptimal trapping conditions (e.g. Moseby and Read 2001). Surveys may need to be extended or 
repeated where adverse weather conditions result in poor capture rates or reduced trapping days. It is 
inappropriate to increase the number of traps to compensate for reduced duration, as this would not 
give	an	equivalent	sampling	effort.

8.4 Trapping design for non-volant mammals and herpetofauna
There is no single trapping design that is universally suitable for EIA in Western Australia, but there 
are	several	design	elements	that	are	commonly	used	and	are	known	to	be	widely	effective.	A	typical	
trapping grid for a detailed survey will include pit traps, funnel traps, aluminum box traps and cage 
traps. This is outlined below and should be considered a starting point for trapping design.

Pit	trapping	effort	will	vary	with	the	habitats	being	surveyed,	their	extent	and	the	species	targeted.	
Based on previous studies, 10 to 12 pit traps should be used per site for detailed surveys. However, 
trap	numbers	will	also	depend	on	site	characteristics.	For	example,	pit	trap	placement	may	be	difficult	
in hard substrates and the numbers of other trap types may need to be increased to compensate. 

A combination of trap types can be used, for example deep PVC pipes (600 mm deep x 150 mm 
diameter) with 20 L buckets (400 mm deep x 300 mm diameter). Alternatively, 20 L buckets may be 
used	on	their	own,	where	pipes	would	offer	no	clear	advantage	given	the	expected	fauna.	Pipes	are	
efficient	in	capturing	species	that	escape	from	buckets,	e.g.	hopping	mice,	but	150	mm	pipes	should	
not	be	used	alone	because	they	are	not	as	effective	as	buckets	and	do	not	maximise	efficiency,	which	is	
critical in short-duration surveys. Drift fences are essential to most pit trapping designs. Seven or more 
metres	between	pits	is	beneficial	(Friend	et	al.	1989),	but	excessive	distances	are	probably	not	helpful.	
Approximately 10 metre spacing is typical and is recommended.

Single	pits	centred	in	fences	may	be	less	effective	than	long	fences	with	numerous	pits.	Therefore,	the	
overall	trapping	effort	(i.e.	number	of	traps	or	trapping	duration)	may	need	to	be	increased	if	using	
single pits. Fences with single pits should be a minimum of 10 metres in length.

If	the	different	habitats	are	extensive	it	may	be	desirable	to	replicate	trap	lines	or,	where	conditions	
permit,	it	can	be	beneficial	to	split	the	trap	line,	i.e.	install	two	lines	of	five	pits	or	even	three	lines	of	
four, rather than one line of 10 or 12. This can capture additional species, as assemblages are unlikely 
to be distributed evenly throughout a habitat. Replicated or split lines should be a minimum of 50 to 
100 m apart to ensure some independence between sections. This gives good spatial representation at 
the site level and enables analysis of similarity within and between sites.

Funnel traps should be deployed in conjunction with pit trap lines to augment overall captures at a site. 
In general they should be used in pairs, placed on either side of a drift fence in alternation with pits, 
although	they	may	be	set	in	other	configurations	provided	a	drift	fence	is	used.	On	granite	and	other	
impenetrable surfaces, where it is not possible to use pit traps, funnel traps can be used without pits. In 
these	cases,	the	trapping	design	and	effort	should	be	similar	to	that	for	pit	trap	lines.

Aluminium box traps should be positioned systematically and at a consistent distance from pits. 
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Grids may be less effective than linear arrangements (Read et al. 1988). Optimal spacing varies with 
environment. When targeting small mammals, Read et al. (1988) concluded that 10 m spacing was 
better than 20 m. Because of their greater home range size, spacing between traps for larger species 
may be increased.

Aluminium box traps should be set some distance from other trap types, but still in the same habitat, 
to increase the area covered and maximise captures. It is recommended that a grid or transect of 20 
medium box traps is laid, with an extra five large box traps where larger species are expected.

Cage traps should be set following the same principles as for aluminium box traps. The number used 
should reflect the attributes of local habitats and the expected density of target species, but for general 
applications two to four cage traps per trapping grid is sufficient.

8.5	 Animal welfare
Welfare of fauna – both target species and bycatch – should be a primary concern during surveys, 
and all team members should be trained to recognise, mitigate and report welfare risks and issues. 
Techniques used to interact with, capture, handle or disturb fauna must comply with the Animal Welfare 
Act 2002 (WA), the Australian Code for the Care and Use of Animals for Scientific Purposes (NHMRC 2013), 
the conditions of any survey-specific licences and permits and any other relevant legislation or policies.

The EPA expects that proponents and survey personnel will adhere to these animal welfare 
requirements when planning and implementing surveys. Consideration for animal welfare includes, but 
is not limited to:

•	 checking traps at appropriate times of day and at adequate frequencies
•	 the management of ants around traps
•	 ensuring appropriate thermal conditions in traps
•	 responding appropriately to unexpected rainfall, changes in weather or weather extremes
•	 maintaining trap hygiene and biosecurity protocols
•	 using tools like call playback responsibly
•	 avoiding disturbance to breeding and similarly vulnerable individuals.

Animal welfare considerations related to specific techniques and issues, e.g. sample collection, first aid, 
disease risk management and euthanasia, are documented in DBCA’s Standard Operating Procedures, 
and euthanasia principles and methods have been documented by the Australian and New Zealand 
Council for the Care of Animals in Research and Teaching (ANZCCART 2001). These references are not 
exhaustive and it is the survey team’s responsibility to be aware of contemporary best practice.

https://www.dpaw.wa.gov.au/plants-and-animals/96-monitoring/standards/99-standard-operating-procedures
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9	 Specimens
9.1	 Identification 
Selected texts and resources for fauna identification are listed in Appendix B. However, as taxonomy 
changes regularly, zoologists must keep up-to-date with the relevant primary literature.

Where zoologists are unfamiliar with a species likely to be encountered on a survey they should 
contact WAM to view available specimens before commencing fieldwork. If identification of a specimen 
to species level is not possible in the field, further information can be gathered by capturing digital 
images, taking standardised measurements, collecting genetic material or vouchering the specimen for 
later identification by an expert. 

9.2	 Nomenclature
Nomenclature and organisation of species lists should follow recognised checklists. Names and 
sequences used in reports and datasets should follow the Checklist of the Terrestrial Vertebrate Fauna 
of Western Australia for mammals and herpetofauna, and the Australian Faunal Directory for birds.

9.3	 Vouchering
Vouchering of specimens improves biodiversity knowledge and validates species identification, and 
is particularly important for EIA surveys in poorly-studied areas. To prevent unnecessary collection, 
however, WAM and DBCA should be consulted during survey planning regarding the necessity of 
vouchering or tissue collection. Fauna specimens should be vouchered if they:

•	 have been specifically requested during pre-survey discussions with WAM or DBCA
•	 represent a substantial range extension or other significant record
•	 potentially represent an undescribed species.

Vouchering is not a substitute for having qualified and experienced zoologists make in-field 
identifications. The number of specimens vouchered should be kept to a minimum and based on 
advice from WAM or DBCA. Advice on specimen submission is available from WAM.

Photographs, recordings, tissue samples and hair samples may be an effective and less invasive 
means of verifying species identification. Diagnostic characters differ among taxonomic groups, and 
appropriate guides or experts should be consulted regarding the types of fauna that can be identified 
using these methods.

http://museum.wa.gov.au/research/departments/terrestrial-zoology/checklist-terrestrial-vertebrate-fauna-western-australia
http://museum.wa.gov.au/research/departments/terrestrial-zoology/checklist-terrestrial-vertebrate-fauna-western-australia
https://biodiversity.org.au/afd/home?
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10	 Data analysis
Considering data analysis prior to conducting field surveys will aid in development of an appropriate 
survey design. It is important to ensure that the analyses and data presentation:

•	 are commensurate with the type of survey or study
•	 provide evidence that the work was conducted in accordance with EPA guidance
•	 are sufficient to allow robust assessment of the impacts.

The types of analyses should be appropriate for the data available. For example, desktop studies 
may simply include species lists, whereas reports for detailed surveys may include species-by-site 
and species-by-habitat matrices. Analyses should incorporate abundance information whenever 
suitable data have been collected. Summary statistics can include species richness and/or diversity 
and similarity matrices. Care should be taken to ensure that the underlying assumptions of analyses 
are valid.

This guidance does not cover all possible analyses for the range of survey types used in EIA. Ecological 
data analysis methods evolve continuously and it is the survey leader’s responsibility to ensure that the 
analyses are suitable. Involving biostatisticians in the design and analysis of surveys and monitoring 
programs can be beneficial.

The following sections outline steps expected in the treatment and analysis of data. Depending on the 
survey, these steps may be adequate as analyses in their own right or they may be precursors to more 
detailed analyses (Green et al. 2009 gives a useful review of methods).

10.1	 Assessment of the reliability and veracity of data
The reliability of data should be critically evaluated. For example, an absence of records of a species 
does not necessarily indicate the absence of that species, and may instead be due to information gaps. 
Information gaps may be:

•	 spatial – if some areas have been better surveyed than others (e.g. due to access restrictions);
•	 taxonomic – if surveys focused on specific groups or their methodologies were not suitable for 

detecting all species present;
•	 ecological – if surveys omitted some habitat types or failed to account for species rarity or 

temporal variation in abundance; or
•	 topographic – if surveys focused on some features to the exclusion of others (e.g. survey only on 

ridge tops).

Checking data for errors such as misspellings of species names, incorrect identifications and erroneous 
data entry is essential before analysis. In addition, prior to grouping or presenting data for significant 
species, their current listing statuses should be checked.

10.2	 Basic interpretation of data
Most surveys do not result in complete species inventories, so the choice of analyses depends on the 
amount of data collected. Analyses are also constrained by survey design; if data are not collected 
systematically, diversity measures cannot be compared and may be misleading.

Diversity information should be separated according to the major faunal groups – reptiles, frogs, birds 
and mammals. Diversity indices should be compared spatially, i.e. between sites and habitats; and 
temporally, i.e. between surveys and seasons, provided that data have been obtained using equal effort 
or that any variation in effort is accounted for in the analysis.
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Different data types require different indices, and the overall analysis should give an indication of 
species that are common or restricted to specific sites or habitats. The inclusion of similarity matrices 
provides more interpretable and better comparative data. Useful indices include Jaccard’s coefficient of 
community for binary data, i.e. presence-absence, and the Bray-Curtis coefficient for abundance data 
(see Legendre and Legendre 1998).

Abundance data should be incorporated into comparisons between sites, areas and habitats because 
variation in abundance is ecologically meaningful. This is especially important when many or all species 
are shared between sites. 

10.3	 Assessment of survey effectiveness
Plotting the cumulative number of species encountered against effort, either as trapping effort or 
cumulative individuals, provides a species accumulation curve. Species accumulation curves can be 
useful in estimating total species richness and the proportion of species caught during a survey. As 
effort increases, an under-surveyed assemblage will continue to show a rapid rise in the number of 
species, while a well-surveyed assemblage will have fewer new species added and the curve will begin 
to level out.

Randomised species accumulation curves should be calculated for the major fauna groups in the 
habitats surveyed. Where there is no evidence of a plateau additional survey effort may be necessary to 
better define the assemblages.

Programs used to create species accumulation curves can also estimate total species richness. These 
are based variously on the functions of the number of species in only one or two samples, e.g. Chao 2 
and Jackknife, the number of species with only one or two individuals across all samples, e.g. Chao 1, 
or the proportions of samples that contain each species, e.g. Bootstrap (Chao et al. 2005, Green et al. 
2009, Magurran 2004).

10.4	 Data retention
All raw data collected during surveys, e.g. dates, locations, fauna records, habitat details, etc., should 
be retained in the form it was originally collected. Derived datasets and analysis outputs should also 
be retained. This ensures that subsequent surveys can be adequately designed, survey limitations are 
transparent to data users and the surveys themselves are verifiable and auditable.
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11	 Mapping
All reports should contain maps that adequately illustrate the existing environment and key field data, 
and support the interpretations and conclusions of the studies and surveys. Maps should be used, as 
relevant, to illustrate:

•	 extent of the study area in a regional context (e.g. major towns, roads, rail and Local Government 
Area boundaries)

•	 IBRA bioregions and subregions, land systems, vegetation, soils and geology
•	 extents of the desktop study database search areas, and the locations of previous surveys 

included in the literature review or otherwise discussed
•	 locations of significant fauna records in the region acquired during the desktop study, relative to 

the proposal area
•	 extents of fauna habitats within the study area, including any significant habitat features
•	 locations of current survey sites, in relation to fauna habitats and the proposal
•	 locations of significant fauna records from the current survey, in relation to fauna habitats and 

the proposal.

Maps should be legible and include the most current information. Aerial imagery should be the base 
layer for most maps, with the subject of the map overlaid using transparent colours and labelled 
features. Colours of features and/or shapes of symbols should be readily distinguishable from one 
another. The colours or textures used to indicate recurring features, e.g. impact footprint, should be 
consistent for all maps within the survey report.

As a minimum, all maps should include an explanatory title, legend or labels, scale bar, north point, 
grid or graticules, coordinate system identification, figure number and date or version (Figure 2). Maps 
should be north-oriented, use the GDA94 datum and be projected into the appropriate Map Grid of 
Australia zone, unless this is unsuitable for the scale. Map scale will vary depending on the size of the 
study area, spatial heterogeneity of data layers and overall amount of information that needs to be 
displayed.

Large map sets, especially those for linear corridors, should include an overview map for orientation 
and reference. For maps depicting only part of the study area, an inset illustrating the map extent 
relative to the whole area should be included. Insets can also be used to focus on areas with high 
numbers of records, to improve clarity or highlight important areas.

http://www.environment.gov.au/land/nrs/science/ibra
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12	 Reporting
The structure, content and detail of the survey report should be based on the objectives of the survey. 
The report should accurately reflect the information obtained through the survey, include a rational 
interpretation of the results and demonstrate that contemporary techniques and guidance have been 
used.

Reports should be comprehensive, contain all relevant data and stand alone as the definitive source of 
information for a given survey. They should be written by a zoologist involved in conducting the survey, 
and any significant changes made to the report by those who were not involved in the survey should be 
justified.

12.1	 Executive summary and introduction
The executive summary should be a succinct overview of the survey objectives, techniques, key results 
and conclusions. The introduction should state the survey objectives and summarise the relevant 
background information, including the nature of the proposal and key contextual data from the 
desktop study.

12.2	 Methods
Reports should contain a section outlining the scope, techniques used and limitations of the survey. 
Justification of the type of survey conducted and the survey design, including any deviation from this 
guidance, should be provided.

The reports, publications, databases and other sources used for the desktop study should be stated. 
Documentation of the survey methods should include, but not be limited to, the survey dates and 
phases, survey level, rationale for survey design and site selection, weather prior to and during the 
survey, techniques used and survey effort. The survey effort should be broken down by technique and 
habitat, and should use meaningful units (i.e. person-hours or trap-nights). The methods and literature 
used for identifying fauna should be cited. Detailed descriptions of the data analysis methods should 
be provided.

The personnel involved in the survey should be listed and their roles, survey licence details, 
qualifications and experience should be outlined. If third parties contributed to the report or analyses, 
e.g. expert advice for a fauna group, their details and roles should also be included.

Any limitations of the survey should be outlined. These may include:
•	 availability of data and information
•	 competency/experience of the survey team, including experience in the bioregion surveyed
•	 scope of the survey, e.g. where faunal groups were excluded from the survey
•	 timing, weather and season
•	 disturbance that may have affected results, e.g. fire, flood
•	 the proportion of fauna identified, recorded or collected
•	 adequacy of the survey intensity and proportion of survey achieved, e.g. the extent to which the 

area was surveyed
•	 access problems
•	 problems with data and analysis, including sampling biases.
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12.3	 Results
Survey results should be presented in text and tabular format summarising relevant fauna and habitat 
values within the study area. The results from the desktop study and surveys should be collated.

Fauna data should be presented quantitatively wherever possible. Reports may contain observational 
notes and qualitative data, but raw data supporting key conclusions should always be presented, either 
in the report or as appendices.

Survey results should include tables and figures summarising the survey effort, weather records 
before and during the survey and observations and captures (by site and habitat, including geographic 
coordinates and survey techniques used). Data collected during the survey should be clearly 
differentiated from data gathered from the desktop study, and sources of information used should be 
clearly referenced in the report.

Information on fauna habitat should be presented. Each habitat type should be described in detail, 
including the key characteristics of the habitat (not just vegetation), how fauna may use it and the 
significant species likely to occur, and accompanied by photographs and maps. Each description should 
be based on the habitat assessment and desktop study. Any information regarding the sensitivity of the 
habitat to specific impacts should be included.

Species recorded should be discussed in a regional context, including the presence of regional 
endemics or species for which the project area is at the limits of the known range, or where the 
record is an extension of the previously known range. The main body of the report may present fauna 
assemblage data in summary, but should present records of significant species in detail.

Results for significant species should be detailed in a standalone section devoted specifically to 
significant species and their habitats. The information presented should include their conservation 
statuses, distributions, locations recorded and habitats occupied.

Identification results, including the relevant field specimen, voucher specimen or WAM lodgement 
numbers, should be included in the report where appropriate. This will enable identifications to be 
verified.

12.4	 Discussion
The discussion should provide a summary of the fauna, assemblage and habitat values of the study 
area, and their significance in relation to the proposal and regional context. The scales defining local 
and regional contexts are different for every survey, and may even differ between fauna or habitats 
within a survey. For example, the local and regional contexts for migratory fauna will be quite different 
to those for a reptile endemic to a single salt lake.

The discussion should consider the adequacy of the survey and state whether the studies and surveys 
meet EPA guidance. To demonstrate the veracity of the field survey, the comprehensiveness of the 
overall species inventory should be discussed using quantitative data. This should include:

•	 tabulation of the survey effectiveness, based on the number of individuals captured and survey 
effort expended

•	 limitations of the inventory as demonstrated by species accumulation curves
•	 the use and relevance of diversity indices, estimates of species richness, measures of evenness 

and differences in the faunal assemblages among habitat types
•	 other analyses of fauna data, taking into account any effects of bias.
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Where significant species were identified through the desktop study as potentially occurring in the 
study area but were not found, the report should discuss possible reasons for the difference. In such 
cases the need for additional surveys should be evaluated.

12.5	 Conclusions
The survey report should conclude with a summary of the key findings of the survey and any 
recommendations. All conclusions should be substantiated by the data and/or reference to the 
literature. The influence of survey limitations on the results should also be noted. It is particularly 
important to highlight fauna issues to be mitigated in planning a proposal, or where further survey 
work is required to inform an assessment.

12.6	 Appendices
Appendices containing species lists should be presented in tabular format, organised taxonomically 
and grouped by class and family, with significant and introduced species identified accordingly. At 
minimum, appendices should include:

•	 an inventory of all species recorded during the field survey, with abundance summarised 
according to site, habitat and broad detection technique (e.g. trapped, observed or secondary 
evidence)

•	 an inventory listing all species potentially present in the study area, noting whether they were 
recorded by each of the different databases and literature sources, and/or the field survey

•	 individual records for each significant species observed, including habitat, precise location, 
abundance and detection method (as well as lodgement details if any specimens were 
vouchered).

Appendices should be prepared and submitted per the guidelines for reporting above. All data sources 
should be cited and attributed to the original author, including maps, spatial data, figures and tables 
copied or adapted from other sources.

If a report relies substantially on information contained within another document – for example 
species identification reports or genetic analysis and results – then that document should be provided 
as an appendix. Any other substantial information that supports the main report or results should be 
appended.

12.7	 Provision of electronic datasets
To support assessments, raw data should be supplied electronically. All reports containing field survey 
results should be accompanied by an electronic data package prepared according to the IBSA data 
standards and submitted through the IBSA data portal.

http://www.epa.wa.gov.au/forms-templates/instructions-preparing-data-packages-index-biodiversity-surveys-assessments-ibsa
http://www.epa.wa.gov.au/forms-templates/instructions-preparing-data-packages-index-biodiversity-surveys-assessments-ibsa
https://ibsasubmissions.dwer.wa.gov.au/#/
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