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al. 2006; Soanes and Lentini 2019). Historically, efforts to 
preserve wildlife in urban areas have focused on protect-
ing and enhancing the remaining patches of natural vegeta-
tion (Tulloch et al. 2016; Soanes et al. 2019). More recently, 
the value of smaller greenspaces for wildlife conservation 
has also been recognised (Rega-Brodsky et al. 2022) with 
evidence that parks, cemeteries, golf courses, and private 
gardens also support biodiversity (Gallo et al. 2017; Van 
Helden et al. 2020b; Lerman et al. 2021). Private gardens 
in particular could offer substantial conservation opportuni-
ties given that they collectively comprise a substantial com-
ponent of the greenspace in cities (e.g. Loram et al. 2007; 
González-García and Sal 2008) and in some cases can sup-
port more biodiversity than other small urban greenspaces 
such as parks (Gallo et al. 2017; Lerman et al. 2021).

One approach to combat the impacts of urbanisation is 
to purposefully increase or enhance the resources available 
to wildlife; a strategy termed ‘wildlife-friendly gardening’, 

Introduction

Urbanisation leads to degradation, fragmentation and loss 
of natural habitat, impacting biodiversity on nearly all con-
tinents on earth (Fischer and Lindenmayer 2007). As urban 
land cover and the associated impacts continue to increase 
(Angel et al. 2011), so does the need to mitigate or ‘off-
set’ habitat loss through implementation of conservation 
strategies within cities (Miller and Hobbs 2002; Dunn et 
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Abstract
Private gardens comprise a large component of greenspace in cities and can offer substantial conservation opportunities. 
There has been strong advocacy from researchers, policymakers, and conservation practitioners to engage householders in 
wildlife-friendly gardening practices to increase the quantity, quality and connection of habitat resources for urban wild-
life. Despite this call to action, there remains limited knowledge on the use and benefit of some wildlife-friendly structures 
within gardens, such as artificial refuges and water sources. In collaboration with 131 citizen scientists in southwestern 
Australia, we examined the use of seven wildlife-friendly structure types by four vertebrate taxa groups. Following 2841 
wildlife surveys undertaken between 31 July 2022 and 22 February 2023, we found that all structures were used primarily 
by target taxa, water sources were often used by relatively common species, certain structures such as possum shelters 
were used by rare and threatened species (e.g. western ringtail possum), and that there was evidence of animals making 
use of the wildlife-friendly structures for reproduction (e.g. bird eggs in nest boxes and tadpoles in water sources). Water 
sources were used more frequently and by a greater diversity of wildlife than artificial refuges. In particular, bird baths 
were used by the highest number of species (mainly birds) while ponds were used by the greatest variety of taxa (birds, 
reptiles, frogs, mammals). Our findings provide evidence-based support for the advocacy of wildlife-friendly gardening 
practices and further highlight the role of residential gardens for biodiversity conservation.
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‘ecological gardening’, or ‘naturalistic gardening’ (Linde-
mann-Matthies and Marty 2013). This practice has been 
widely implemented in remnant green spaces and residential 
gardens in urbanised areas across the globe (Goddard et al. 
2010). Within residential gardens, wildlife-friendly garden-
ing commonly includes activities such as installing artificial 
refuges for shelter or breeding sites; planting native vegeta-
tion for protection, connectivity, or food; providing water 
sources for bathing, feeding, drinking or breeding; and sup-
plementary feeding where appropriate. Due to the collective 
impact that individual households could contribute within 
their home gardens, there is strong advocacy from research-
ers, policymakers, and conservation practitioners to engage 
householders in wildlife-friendly gardening practices (God-
dard et al. 2010, 2013; van Heezik et al. 2012; Heezik et al. 
2013; Larson et al. 2022).

The widespread adoption of wildlife-friendly garden-
ing by residents has been shown to provide a substantial 
contribution of resources to wildlife (e.g. Lepczyk et al. 
2004; Gaston et al. 2005b, 2007; Davies et al. 2009), and 
some studies have demonstrated a positive correlation 
between the presence of wildlife in gardens and the provi-
sion of wildlife-friendly features such as artificial shelters, 
water sources, supplementary food and planted vegetation 
(Daniels and Kirkpatrick 2006; Fuller et al. 2008; Gehl-
bach 2012; Van Helden 2020a). However, few studies have 
explored the direct use of wildlife-friendly features by wild-
life, and most of these have focussed on the use of planted 
native vegetation by insect pollinators (e.g. Pawelek et al. 
2009; Matteson and Langellotto 2011; Garbuzov and Rat-
nieks 2014). Evidence of the ecological benefits of the full 
range of wildlife-friendly gardening activities is surpris-
ingly scarce and underrepresented in urban biodiversity 
literature (Rega-Brodsky et al. 2022; Delahay et al. 2023).

In particular, the ecological benefits of artificial refuges 
and water sources in gardens for wildlife have received com-
paratively little attention. Studies that have investigated the 
use of garden water sources by wildlife have demonstrated 
their use by a variety of native birds, frogs and invertebrates 
(Parris 2006; Hamer and Parris 2011; Hill et al. 2015, 2017; 
Cleary et al. 2016; Coetzee et al. 2018; Gibbons et al. 2023). 
In some cases, garden water sources can support a differ-
ent assemblage of wildlife to existing urban blue spaces and 
may increase water dependent biodiversity across urbanised 
landscapes (Gibbons et al. 2023). Knowledge of the species 
that use artificial refuges (e.g. nest boxes, constructed shel-
ters) is mostly derived from studies investigating their use in 
natural vegetation (see Cowan et al. 2021 for review) or in 
non-garden greenspaces of urban landscapes (e.g. Goldin-
gay et al. 2015, 2020; Gryz et al. 2021). These studies have 
demonstrated that a range of native and introduced fauna 
including flying, arboreal and ground dwelling species will 

make use of artificial refuges (Harper et al. 2005; Mainwar-
ing 2011; Cowan et al. 2020; Goldingay et al. 2020), but 
that refuge placement and design strongly influences its 
use (Goldingay and Stevens 2009; Goldingay et al. 2015). 
Exploration of artificial refuge use in gardens is notably 
rare, with near exclusive emphasis on single-species nest 
box studies (e.g. Gazzard and Baker 2022), while the use 
of other refuge types such as frog hotels or reptile shelters 
remains unexplored.

Importantly, the knowledge of how fauna respond to and 
use wildlife-friendly structures within urban bushland rem-
nants and other greenspaces may not be applicable to struc-
tures within residential gardens. The use of wildlife-friendly 
structures by wildlife within residential gardens may be 
unique, as gardens have distinct ecological characteris-
tics compared to other types of greenspaces such as urban 
bushland, golf courses and parks (Threlfall et al. 2016). For 
example, gardens are typically floristically richer with a 
higher proportion of exotic species, possess fewer large liv-
ing or hollow-bearing trees, have limited bare soil and leaf 
litter, and reduced understorey vegetation volume (Threlfall 
et al. 2016). Consequently, it remains unclear which wildlife 
species are supported by wildlife-friendly structures within 
residential gardens, and how these species may use or ben-
efit from different types of structures, particularly installed 
artificial refuges and water sources. Given this limited cur-
rent knowledge, combined with the increasing advocacy for 
householders to install wildlife-friendly structures, there is a 
pressing need to investigate whether these structures are of 
use and benefit to native wildlife within gardens.

In this study, we explored the animal use of multiple 
wildlife-friendly structures in residential gardens located 
across multiple cities and towns of southwestern Australia. 
This geographic region was selected as it is experiencing 
significant and highly centralised population growth, has 
lost more than 70% of natural vegetated habitats through 
agriculture and urban expansion and is experiencing sig-
nificant climate warming and drying. These regional attri-
butes suggest native fauna may particularly benefit from 
wildlife-friendly gardening practices. We aimed to identify 
the diversity of vertebrate species that use seven types of 
wildlife-friendly structures (two water source and five artifi-
cial refuge types) within private gardens in the biodiversity 
hotspot of southwestern Australia. Additionally, we aimed 
to assess the frequency at which these structures were used 
by fauna to gain further understanding of their role in sup-
porting animal wildlife. In doing so, the study provides new 
knowledge of the potential benefits of wildlife-friendly gar-
dening for native wildlife within urban landscapes.
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Methods

Study area and study sites

We conducted this study within 131 gardens in southwestern 
Australia (Fig. 1), an area that covers approximately 44,000 
km2 and supports a population of around 2.5 million (ABS 
2021). Southwestern Australia is divided into six regions: 
Perth and Peel Regions which contain Western Australia’s 

capital city and surrounding areas of Perth; as well as the 
Wheatbelt, Southwest, Great Southern, and Goldfields 
Regions which contain other major regional cities including 
Bunbury (108,000 people), Geraldton (39,500 people), and 
Albany (38,800 people) (Fig. 1) (ABS 2021). Despite its 
large area (2.65 million km2), Western Australia has one of 
the nations most centralised populations with around 80% 
of the population (approx. 2.1 million people) residing in 
the capital city of Perth (ABS 2021). It is also currently 

Fig. 1 Location of residential garden sites (blue dot, N = 131) within 
regions of southwestern Australia where citizen scientists monitored 
use of wildlife-friendly structures between 31 July 2022 and 22 Feb-
ruary 2023. Inset shows location of southwestern Australia. Photos 

illustrate examples of the seven types of wildlife-friendly gardening 
structures: (A) bird bath, (B) pond, (C) reptile shelter, (D) frog hotel, 
(E) bird box, (F) possum shelter and (G) bat box. Photos e-g provided 
by Simon Cherriman, the remainder taken by BEVH
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Peel regions (55.3%), followed by the Southwest region 
(21.1%) and the Great Southern region (19.5%, Fig. 1). 
Perth and Albany cities had the highest proportion of par-
ticipating gardens (53.7% and 13.8%, respectively), with 
the remaining gardens located in 18 other cities or town-
ships, each of which represented less than 4% of the total 
garden sites. The majority of gardens had less than 50% tree 
(76.4%) and shrub (69.9%) cover but over half of the gar-
den plants were native to Australia in most gardens (60.2%) 
(Table 1). Gardens were commonly within 2.5 km of a patch 
of native vegetation (87%) and within 2.5 km of a natural 
water source such as a wetland or river (81.3%).

Wildlife-friendly structures

We examined wildlife use of seven wildlife-friendly struc-
ture types; bat boxes, bird baths, bird boxes, frog hotels, pos-
sum shelters, ponds and reptile shelters (Fig. 1). We chose to 
focus on artificial refuges and water sources rather than food 
resources (e.g. planting plants and supplementary feeding) 
as their utility has received comparatively less attention in 
the existing literature (e.g. Fuller et al. 2008; Galbraith et 
al. 2015; Garbuzov and Ratnieks 2014; Matteson and Lang-
ellotto 2011; Pawelek et al. 2009) and because in Western 
Australia supplementary feeding is considered an offence 
without a license under the Biodiversity Conservation Act 
2016. Bird baths exhibit a variety of designs and styles, 
catering to both the needs of birds and the aesthetic prefer-
ences of bird enthusiasts. They vary significantly in surface 
area and depth, with common designs including traditional 
pedestal bird baths (Fig. 1A), hanging bird baths, ground-
level bird baths, multi-tiered bird baths, and bird bath foun-
tains. Similarly, ponds vary extensively in shape, size and 
depth. They can be elevated or at ground level (Fig. 1B), 
often featuring a variety of aquatic plants, decorative ele-
ments like rocks, waterfalls or fountains, and can include 
introduced fish (both native and exotic).

Reptile shelters can be in the form of rock or wood piles, 
tiles/pavers (Fig. 1C), or commercially available ‘hiding 
caves’ placed on the ground. Frog hotels consist of a collec-
tion of PVC pipes, usually of varying diameters and lengths 
(< 1m) buried upright in the ground (Fig. 1D) or in a water 
source (e.g. pond). These hotels serve as cool, moist resting 
areas for tree frogs.

experiencing the nation’s greatest population growth, esti-
mated at 2.3% (national average 1.9%) (ABS 2021).

Southwestern Australia is a globally recognised biodi-
versity hotspot (Myers et al. 2000) that supports approxi-
mately 3620 endemic plant species, a nationally significant 
vertebrate fauna with high levels of endemism, many of 
which are threatened (Rix et al. 2015; Stewart et al. 2018) 
and has experienced over 70% loss of natural vegetation 
through agricultural and urban land use change (Halse et 
al. 2003). Urbanised landscapes within the region are rela-
tively ‘green’ (e.g. Albany; Van Helden et al. 2021a) and, 
like other cities, native animal wildlife distributions over-
lap urban areas (Ives et al. 2016). This region is charac-
terised by a Mediterranean climate, with cool wet winters 
(June–August) and hot dry summers (December–February). 
Southwestern Australia has been warming and drying for at 
least five decades, with a reduction of ~ 20% mean precipi-
tation since 1975 (Bates et al. 2008; Hope et al. 2010). This 
significant climate warming and drying, has been implicated 
in the decline or contraction of geographic ranges of numer-
ous vertebrate species in the region (Stewart et al. 2018).

Garden sites were identified using an online question-
naire (Qualtrics, Provo, UT), developed as part of a broader 
study that identified respondents willing to participate in 
wildlife surveys as citizen scientists. The questionnaire was 
circulated through social media, newspaper releases, email 
lists, radio interviews and newsletters of a variety of local 
businesses and community organisations. We targeted a 
range of organisations, including those not associated with 
conservation or natural resource management. Residents 
that agreed to be involved were subsequently contacted and 
trained in the wildlife monitoring methods before the proj-
ect began (see Wildlife surveys for further detail) and were 
asked to provide specific site information on their garden. A 
total of 131 citizen scientists with artificial refuges and/or 
water sources within their residential gardens were identi-
fied through this process and approximately 94% of resi-
dents submitted site data for their garden.

Based on the cohort of residents that submitted garden 
site data (N = 123), gardens were located in medium-density 
urban areas (~ 8–15 dwellings per hectare, 61.8%), low-
density urban areas (~ 1–7 dwellings per hectare, 30.1%) 
or rural areas of southwestern Australia ( ~ < 1 dwelling per 
hectare, 8.1%) (Fig. 1). The highest proportion of gardens 
was found in urban areas within the Perth metropolitan and 

Table 1 The percentage of garden study sites in which surveys of wildlife visitation to wildlife-friendly structures was monitored by citizen sci-
entists between 31 July 2022 and 22 February 2023 (N = 123) categorised by percentage of tree cover, shrub cover, and native Australian plants
Vegetation type Percentage

0–25% 25–50% 50% 50–75% 75–100% Unsure
Plant nativeness 8.9% 7.3% 22.8% 26.8% 33.3% 0.8%
Tree cover 47.2% 29.3% 8.1% 13.8% 1.6% 0%
Shrub cover 27.6% 42.3% 13.0% 12.2% 4.9% 0%
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recorded), and (4) animal ethics protocols and procedures. 
Training was delivered through a combination of face-to-
face workshops, online training videos and written manu-
als that provided step-by-step instructions of the monitoring 
methods (Van Helden et al. 2022) and images of species 
likely to be encountered in gardens (Gulliver et al. 2022). 
Citizen scientists were also able to ask experienced ecolo-
gists questions at any point during the study to help them 
with their monitoring and species identification. Residents 
were encouraged to undertake a weekly survey for each 
structure they had in their garden during specific periods of 
the day when structures would most likely be occupied or 
used (see below for structure-specific detail). However, this 
weekly inspection was not always achieved, and as a result 
the survey effort at each property was variable. In total, 131 
citizen scientists participated in the study and contributed 
2841 surveys of 7 wildlife-friendly structure types.

Citizen scientists were instructed to record all verte-
brate species (except for bats, see below) observed using 
their wildlife-friendly structures, including both ‘target’ and 
‘non-target’ species (Table 2). Individual animals that could 
not be identified to species, but that were clearly distinguish-
able from other observed species, were assigned a unique 
name (e.g., ‘Bird A’, ‘Bird B’) and the total number of each 
of these was recorded during the surveys. If the animal 
could not be clearly observed or identified, and was there-
fore indistinguishable from another species, it was recorded 
as an ‘unknown animal’. The total number of all ‘unknown 
animals’ observed using structures was also recorded. The 
following provides detailed information on each monitoring 
method undertaken by citizen scientists (see Van Helden et 
al. 2022 for further detail).

Artificial refuge inspections

Bat boxes and surrounding ground were inspected for the 
presence of guano between 0900 and 1700 h. This method 
allowed determination of general bat presence (i.e., not iden-
tified to species) because residents were unable to inspect 
inside the boxes (box lids were often fastened shut due to 
downward facing entrances). The bat box was recorded as 
‘used’ if any guano or guano stains were observed during 
each survey. Any guano observed during individual inspec-
tions was removed so that new guano could be easily identi-
fied on the subsequent survey. In total, 100 inspections of 
10 bat boxes occurred at 7 properties, with citizen scientists 
inspecting between one and three boxes on their property 
(median = 1, N = 7).

Bird boxes were inspected between 1000 and 1400 h by 
first lightly tapping the box to flush adult birds, and then 
inspecting the inside of the box for eggs, chicks, unflushed 
birds or other wildlife. If eggs or chicks were observed in 

Bat boxes, possum shelters and bird boxes are typi-
cally made of wood to provide nesting and resting spaces 
for wildlife. Bird boxes, featuring forward-facing entrance 
holes, are available in various sizes and shapes to accommo-
date a variety of bird species, including owls, ducks, parrots, 
and pardalotes (Cherriman 2022; Fig. 1E). Possum shelters 
are typically wooden boxes (Fig. 1F) or circular human-
made dreys (possum nests) often constructed using hanging 
planter baskets. These can be built to accommodate small 
possums such as the western pygmy possum (Cercartetus 
concinnus) or relatively large possums such as the western 
ringtail possum (Pseudocheirus occidentalis) and com-
mon brushtail possum (Trichosurus vulpecula) (Cherriman 
2022). In southwestern Australia, bat boxes are designed as 
roosting spots for insectivorous micro-bats and can come 
in both single-chambered (Fig. 1G) and multi-chambered 
designs, often with downward-facing entrances at the base 
(Cherriman 2022).

The majority of these structures are commercially avail-
able in Australia (except frog hotels) and there are abun-
dant resources, both in print and online, that offer guidelines 
for constructing homemade versions of all structures. As a 
result, garden structures monitored by citizen scientists var-
ied in size, design and construction. As our focus was on the 
use of wildlife-friendly structures in typical garden settings 
we did not account for the potential variations in designs 
that may be present among gardens.

Wildlife surveys

All surveys of wildlife-friendly structures were undertaken 
by citizen scientists (i.e. the residents within their own gar-
dens) between 31 July 2022 and 22 February 2023. Resi-
dents selected which wildlife-friendly structure surveys 
they wished to complete in their garden. To standardise the 
monitoring methods and increase accuracy of species iden-
tification (Mason and Arathi 2019) all citizen scientists were 
given comprehensive training in (1) species identification, 
(2) the monitoring methods, (3) general scientific principles 
(including the need to report surveys where no animals were 

Table 2 ‘Target’ animal taxa for each wildlife-friendly garden struc-
ture monitored by citizen scientists
Structure Type Target species
Artificial refuges
Bat box Bats
Bird box Birds
Frog hotel Frogs
Possum shelter Possums
Reptile shelter Lizards, snakes
Water sources
Bird bath Birds
Pond Frogs, birds, mammals, lizards, snakes, turtles
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visitations to each structure (both collectively and per spe-
cies), and how frequently each structure was used by target 
and non-target wildlife (i.e. count of observations where at 
least one animal was seen divided by the total number of 
observations). For bat boxes, we were only able to deter-
mine the frequency that the structure was used by bats as 
residents were unable to inspect inside the boxes to identify 
the species using the structure. For ponds and bird baths we 
also calculated the mean species richness per survey and the 
mean visitation of wildlife per hour. We calculated mean 
visitation per hour rather than per survey, as this is a widely 
used metric in similar studies (see for example, Gibbons et 
al. 2023) making our estimates comparable. For this reason, 
it is important to note that our visitation rates were calcu-
lated from periods of the day when structures were presum-
ably most used. Citizen scientists were not instructed to 
record invertebrate species during their monitoring, so all 
records of invertebrates were excluded from analysis. Fish 
were also excluded from analysis given that they were likely 
introduced into ponds by residents. Any species that could 
not be identified to species level was excluded from spe-
cies richness calculations, however, species that had been 
identified to class level (e.g. ‘bird sp.’) were included when 
calculating the frequency of structure use. Species where 
the class was unclear (e.g. named ‘unknown animal.’) were 
excluded from frequency analyses as we were unable to 
determine whether it was a target or non-target species.

Results

Diversity of wildlife using structures

In total, citizen scientists completed 2841 wildlife-friendly 
structure surveys at 131 residential properties in southwest-
ern Australia. A total of 77 species were observed using 
wildlife-friendly structures during the study including three 
threatened species and four introduced species (Table 3). 
Collectively, structures were used by 55 bird species, 4 frog 
species, 5 mammal species and 13 reptile species (Table 3). 
Frog hotels were used by 3 species, bird boxes were used by 
6 species, possum shelters were used by 2 species, reptile 
shelters were used by 17 species, ponds were used by 14 
species and bird baths were used by 57 species (Table 3).

Frequency of structure use

Artificial refuges

Bat boxes had evidence of bat guano on 1% of inspec-
tions (N = 100) with no other records of non-target wildlife 
recorded (Fig. 2). Bird boxes were used by birds on 19.7% 

the box, inspections ceased for four weeks to reduce poten-
tial disturbance to breeding birds and nestlings. The species 
and number of adult individuals, as well as the presence or 
absence of chicks or eggs were recorded for each inspec-
tion. In total, 142 inspections of 27 bird boxes occurred at 
13 properties, with citizen scientists inspecting between one 
and six boxes on their property (median = 1, N = 13).

The inside of possum shelters (possum boxes or artifi-
cial dreys) were inspected between 0900 and 1700 h. The 
species and number of individuals, as well as the presence 
or absence of non-target adult, eggs or nestling birds were 
recorded for each inspection. In total, 136 inspections of 
21 possum shelters occurred at 12 properties, with citizen 
scientists inspecting between one and four shelters on their 
property (median = 1, N = 12).

Frog hotels and reptile shelters were inspected between 
1000 and 1400 h and the species and number of individu-
als were recorded for each inspection. Frog hotels were 
inspected by looking on and inside the tubes of the frog 
hotel for the presence of wildlife, whilst reptile shelters 
were inspected by looking for wildlife on top or under the 
structure. For frog hotels, 269 inspections of 23 frog hotels 
occurred at 11 properties, with citizen scientists inspect-
ing between one and five frog hotels on their property 
(median = 4, N = 11). For reptile shelters, 502 inspections 
of 44 reptile shelters occurred at 20 properties, with citizen 
scientists inspecting between one and six shelters on their 
property (median = 2, N = 20).

Water source surveys

For ponds and bird baths, citizen scientists undertook timed 
animal wildlife surveys between either sunrise and 1000 h 
or between 1400 h and sunset. For each survey, citizen sci-
entists positioned themselves 5–10 m from the water source 
and documented the species that visited the water, along 
with the total number of visits made by each species during 
a 20-minute observation period. A visit was defined as an 
individual interacting directly with the water (i.e., drinking, 
bathing etc.). All visits to the water were counted, including 
if the same individual returned to the water source numer-
ous times within the survey period. On completion of each 
20-minute survey, ponds were visually inspected for the 
presence of tadpoles. Citizen scientists surveyed only one 
pond and/or bird bath on their property and in total com-
pleted 179 surveys of 23 ponds (42.3 h of observation) and 
1513 surveys of 119 bird baths (504.3 h of observation).

Data analysis

With the exception of bat boxes, we calculated species 
richness for each wildlife-friendly structure, the number of 
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Structure 
Type

Target species recorded Non-target species recorded

Bird bath Australian magpie
Australian raven
Australian ringneck parrot
Australian white ibis
Baudin’s black cockatoo*
Black-faced cuckoo-shrike
Brown honeyeater
Brown-headed honeyeater
Budgerigar
Carnaby’s black cockatoo*
Common bronzewing
Crested pigeon
Dusky wood swallow
Elegant parrot
Galah
Gilbert’s honeyeater
Grey butcherbird
Grey fantail
Grey shrike-thrush
Hooded robin
Inland thornbill
Laughing dove+

Laughing kookaburra+

Magpie lark
Mistletoe bird
Mulga parrot
New Holland honeyeater
Pied honeyeater
Rainbow bee-eater
Rainbow lorikeet+
Red wattlebird
Red-capped parrot
Red-eared firetail
Red-winged fairy-wren
Scarlet robin
Silvereye
Singing honeyeater
Splendid fairy-wren
Spotted dove+

Spotted pardalote
Striated pardalote
Weebill
Western rosella
Western spinebill
Western thornbill
Western wattlebird
Western whistler
White-breasted robin
White-browed babbler
White-browed scrubwren
White-cheeked honeyeater
White-eared honeyeater
Willie wagtail
Yellow-rumped thornbill
Yellow-throated miner

Gymnorhina tibicen
Corvus coronoides
Barnadius zonarius
Threskiornis moluccus
Calyptorhynchus baudinii
Coracina novaehollandiae
Lichemera indistincta
Melithreptus brevirostris
Melopsittacus undulatus
Calyptorhynchus latirostris
Phaps chalcoptera
Ocyphaps laphotes
Artamus cyanopterus
Neophema elegans
Eolophus roseicapilla
Melithreptus chloropsis
Cracticus torquatus
Rhipidura albiscapa
Colluricincla harmonica
Melanodryas cucullata
Acanthiza apicalis
Streptopelia senegalensis
Dacelo novaeguineae
Grallina cyanoleuca
Dicaeum hirundinaceum
Psephotellus varius
Phylidonyris novaehollandiae
Certhionyx variegatus
Merops ornatus
Trichoglossus moluccanus
Anthochaera carunculata
Purpureicephalus spurius
Stagonopleura oculata
Malurus elegans
Petroica multicolor
Zosterops lateralis
Gavicalis virescens
Malurus splendens
Streptopelia chinensis
Pardalotus punctatus
Pardalotus striatus
Smicrornis brevirostris
Platycercus icterotis
Acanthorhynchus superciliosus
Acanthiza inornata
Anthochaera lunulata
Pachycephala occidentalis
Quoyornis georgianus
Pomatostomus superciliosus
Sericornis frontalis
Phylidonyris niger
Lichenostomus leucotis
Rhipidura leucophrys
Acanthiza chrysorrhoa
Manorina flavigula

Motorbike frog
Western grey kangaroo

Litoria moorei
Macropus fuliginosus

Bird box Carnaby’s black cockatoo*
Red-capped parrot
Striated pardalote

Calyptorhynchus latirostris
Purpureicephalus spurius
Pardalotus striatus

Marbled gecko
Western pygmy possum
Western ringtail possum*

Christinus marmoratus
Cercartetus concinnus
Pseudocheirus occidentalis

Frog hotel Motorbike frog
Western banjo frog

Litoria moorei
Limnodynastes dorsalis

Western three-lined skink Acritoscincus trilineatus

Table 3 Species recorded using wildlife-friendly structures by citizen scientists in southwestern Australia between 31 July 2022 and 22 February 
2023. List excludes invertebrates, fish and taxa that were not identified to species level. ‘*’ identifies species listed as threatened under Australia’s 
Environment Protection and Biodiversity Conservation Act 1999 and ‘+’ identifies species not native to Western Australia
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of inspections and chicks or eggs were recorded on 15.5% 
of inspections (N = 142, Table 3; Fig. 2). Non-target wild-
life such as possums were recorded in bird boxes on 2.1% 
of inspections (Table 3; Fig. 2). In terms of total animals 
seen, 39 animals were recorded during bird box inspections. 
Bird boxes were more frequently used by birds (92.3% of 
animal records) compared to other taxa (Table 4), with stri-
ated pardalotes (Pardalotus striatus) accounting for 53.8% 
of animal sightings in bird boxes (N = 39, Supplementary 
Information). Possum shelters were only used by pos-
sums and were occupied on 19.9% of inspections (N = 136, 
Table 3; Fig. 2). Of the total 41 possums recorded, the 
common brushtail possum and the Critically Endangered 
western ringtail possum accounted for 9.8% and 90.2% of 
animal records respectively (Tables 3 and 4; Supplementary 
Information).

Frog hotels were used by frogs on 5.9% of inspections 
(N = 269) and by non-target animals such as reptiles on 
0.4% of inspections (Table 3; Fig. 2). A total of 21 animals 
were recorded during inspections. Frog hotels were used 
most frequently by frogs (95.2% of animal records, N = 21) 
(Table 4), with one species, the motorbike frog (Litoria 
moorei), accounting for 90.5% of animal records (Supple-
mentary Information). Reptile shelters were used by reptiles 
on 14.5% of inspections and by non-target wildlife such as 

Fig. 2 Bars represent the percentage of wildlife refuge inspections 
(green) or water source surveys (blue) during which target animals 
were detected. Icons (bats, birds, frogs, reptiles, and mammals) repre-
sent the taxa groups that were identified using each wildlife-friendly 
structure type. Coloured icons represent the target taxa and grey icons 
represent the non-target taxa recorded using each structure type

 

Structure 
Type

Target species recorded Non-target species recorded

Possum 
shelter

Common brushtail possum
Western ringtail possum*

Trichosurus vulpecula
Pseudocheirus occidentalis

Pond Australian magpie
Common bronzewing
Fence skink
King’s skink
Laughing dove+

Motorbike frog
New Holland honeyeater
Red wattlebird
Silvereye
Singing honeyeater
Spotted dove+

Spotted-thighed frog
Western banjo frog
Western grey kangaroo

Gymnorhina tibicen
Phaps chalcoptera
Cryptoblepharus buchananii
Egernia kingii
Streptopelia senegalensis
Litoria moorei
Phylidonyris novaehollandiae
Anthochaera carunculate
Zosterops lateralis
Gavicalis virescens
Streptopelia chinensis
Litoria cyclorhyncha
Limnodynastes dorsalis
Macropus fuliginosus

Reptile 
shelter

Bobtail
Common dwarf skink
Fence skink
King’s skink
Lowlands earless skink
Marbled gecko
Sand-plain worm lizard
Shrubland morethia skink
Southwestern earless skink
South-western orange-tailed slider
Two-toed earless skink
Western three-lined skink
Western worm lerista

Tiliqua rugosa
Menetia greyii
Cryptoblepharus buchananii
Egernia kingii
Hemiergis peronii
Christinus marmoratus
Aprasia repens
Morethia obscura
Hemiergis initialis
Lerista distinguenda
Hemiergis quadrilineata
Acritoscincus trilineatus
Lerista praepedita

Motorbike frog
Quacking froglet
Southern brown bandicoot
Spotted-thighed frog

Litoria moorei
Crinia georgiana
Isoodon fusciventer
Litoria cyclorhyncha

Table 3 (continued) 
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Discussion

Despite strong advocacy from researchers, policymakers 
and conservation practitioners to engage householders in 
wildlife-friendly gardening practices (Goddard et al. 2010; 
van Heezik et al. 2012; Larson et al. 2022), evidence of the 
use and benefits of wildlife-friendly structures within gar-
dens remains surprisingly scarce. While some previous stud-
ies have documented the use of individual structures both in 
gardens and other urban greenspaces (e.g. ponds, bird baths; 
Hamer and Parris 2011; Cleary et al. 2016), our study is the 
first to evaluate the use of a suite of wildlife-friendly struc-
tures within gardens by a diversity of vertebrate species. We 
demonstrated that collectively, wildlife-friendly structures 
were used frequently by a high diversity of species, includ-
ing threatened species, and taxa for which relatively little is 
known about their presence in urban areas (e.g. herptiles, 
Magle et al. 2012; Collins et al. 2021; Rega-Brodsky et al. 
2022). Our study showed that the frequency of use and the 
taxa supported varied substantially among wildlife-friendly 
structure types. Structures were generally used by the taxa 
that they were intended to support, although most struc-
tures were also used by non-target species, albeit on rare 
occasions. Our study adds to a growing body of research 
demonstrating the value of residential gardens for support-
ing a variety of urban wildlife, particularly those already 
occurring within urban landscapes. In particular, the use 
of structures for drinking, bathing, sheltering and nesting 
reported in our study demonstrates benefit to individual ani-
mals. In urban environments where the availability of these 
resources limit population numbers, these benefits may 
extend beyond the individual and provide broader popu-
lation benefits through supporting critical life history pro-
cesses and increasing population numbers.

Use of wildlife-friendly structures in residential 
gardens

Our finding that different types of wildlife-friendly structures 
exhibited varying levels of usage (both in terms of visitation 
and taxa diversity), suggests that certain structures may offer 
greater conservation benefits than others. For example, we 
found that water sources (bird baths and ponds) were used 
more frequently than artificial refuges, with ponds support-
ing the greatest cross-taxa richness. In contrast, bat boxes 
were used only once, and frog hotels were used by frogs 
on less than 6% of inspections. This suggests if the goal 
is to create a wildlife-friendly garden capable of support-
ing a variety of wildlife, water supplementation may be the 
most advantageous approach, at least in relatively hot and 
dry climate regions similar to that experienced in our study 
area. Alternatively, if the objective is to target and support 

frogs on 1.0% of inspections (N = 502, Table 3; Fig. 2). A 
total of 183 animals were recorded at reptile shelters, of 
which most (97.8%) were reptiles (Table 4). The most com-
mon species detected at reptile shelters were the two-toed 
earless skink (Hemiergis quadrilineata; 42.1% of animal 
records) and the western worm lerista (Lerista praepedita; 
18.6% of animal records) (Supplementary Information).

Water sources

Bird baths were used by birds on 53.3% of surveys and by 
non-target wildlife such as frogs and mammals on 0.1% of 
surveys (N = 1513, Table 3; Fig. 2). Mean visitation to bird 
baths was 12.8 ± 1.8 visits per hour (± SE, N = 1513) and 
mean species richness was 1.3 ± 0.05 species per survey 
(N = 1513, 504.3 h of observation). In total, 7018 animal 
visitations were recorded at bird baths (N = 1513, 504.3 h 
of observation), and these were most commonly by birds 
(92.3% of animal visits, Table 4). New Holland honeyeat-
ers (Phylidonyris novaehollandiae; 37.4%) and silvereyes 
(Zosterops lateralis; 12.5%) accounted for half of all visits 
to bird baths (N = 7018; Supplementary Information).

Ponds were used by target wildlife on 45.3% of pond 
surveys (N = 179, Table 3; Fig. 2). Tadpoles were recorded 
on 21.8% of survey occasions (N = 179). Mean visitation to 
ponds was 5.6 ± 2.8 visits per hour (N = 179) and mean spe-
cies richness was 0.52 ± 0.05 species per survey (N = 179, 
42.3 h of observation). In total, 267 visitations were 
recorded at ponds (N = 179, 42.3 h of observation) with 
frogs being the most frequent visitor (82% of animal visits), 
although birds also visited relatively frequently (16.5% of 
animal visits, Table 4). The motorbike frog accounted for 
77.5% of animal visits to ponds (N = 267, Supplementary 
Information).

Table 4 Percentage contribution of taxonomic groups to the total num-
ber of animals (N) recorded using water sources (bird baths and ponds) 
and artificial refuges (bird boxes, frog hotels, possum shelters and rep-
tile shelters) in southwestern Australian gardens between 31 July 2022 
and 22 February 2023

Bird Frog Mammal Reptile
Artificial refuges
Bird box (N = 39) 92.31% 0.00% 5.13% 2.56%
Frog hotel (N = 21) 0.00% 95.24% 0.00% 4.76%
Possum shelter (N = 41) 0.00% 0.00% 100.00% 0.00%
Reptile shelter (N = 183) 0.00% 1.64% 0.55% 97.81%
Water sources
Bird bath (N = 7018) 99.97% 0.01% 0.01% 0.00%
Pond (N = 267) 16.48% 82.02% 0.37% 1.12%

1 3



Urban Ecosystems

environments that demonstrate reptiles will readily occupy 
and make use of artificial refuges (Webb and Shine 2000; 
Grillet et al. 2010), a fact also known from cultural practices 
of building lizard traps by First Nations people in Australia 
(Cramp et al. 2022). This is a noteworthy finding as it sug-
gests reptile shelters, which are usually inexpensive, simple 
structures such as a paver or rock piles, could be easily 
deployed by householders to provide a useful and effective 
shelter for a variety of wildlife.

Finally, our study provides further insights into the util-
ity of artificial refuges that simulate tree hollow environ-
ments by providing resting, sleeping or nesting locations for 
wildlife (Menkhorst 1984; Goldingay and Stevens 2009). 
We extend the already demonstrated use of these structures 
in woodlands and non-garden sites of Australia (Durant et 
al. 2009; Goldingay et al. 2018, 2020) to their use in resi-
dential gardens where we found they are frequently used 
by birds and arboreal marsupials for shelter and nesting. In 
contrast, despite the widespread occurrence of bats in resi-
dential areas of southwestern Australia (Van Helden et al. 
2020b), including species known to use boxes in eastern 
Australia, we found their use of bat boxes was considerably 
lower than studies undertaken in other non-garden areas of 
Australia (Goldingay and Stevens 2009; Rhodes and Jones 
2011; Griffiths et al. 2019). It is unclear whether the low use 
of bat boxes is specific to residential gardens, the bat assem-
blage found in southwestern Australia, the length of time the 
bat boxes had been installed, or due to poor bat box design 
which is known to affect bat box use (Rueegger et al. 2019). 
Further investigation of bat box usage in residential gardens 
is required to better understand their utility for native south-
western Australian bat fauna.

Use of structures by threatened and introduced 
species

Wildlife-friendly gardening practices are often implemented 
to support native wildlife taxa, particularly rare or threat-
ened species, however, can be detrimental to biodiversity 
if they support introduced species or aggressive common 
species. For example, there has been some contention on the 
utility of shelter boxes (i.e. bird, possum and bat boxes), as 
highlighted by Goldingay et al. (2020), as they can mostly 
benefit common species, be predominantly used by exotic 
species and infrequently used by species of conservation 
concern. Interestingly, we found that bird boxes and possum 
shelters were not used by any exotic species, and generally 
supported less-common or threatened species such as the 
striated pardalote and Critically Endangered western ring-
tail possum, respectively. It remains uncertain whether this 
finding stems from the design of nest boxes deployed in 
our study gardens, which may feature small entrance holes 

specific taxa, then opting for wildlife-friendly structures that 
cater specifically to these species may be more useful. For 
example, some gardens in our study overlap the distribution 
of the Critically Endangered western ringtail possum (Van 
Helden et al. 2021b) and possum shelters were used nearly 
exclusively by this species. Our findings illustrate that to 
support this species through wildlife-friendly gardening, the 
provision of possum shelters would likely be most benefi-
cial. Examining the applicability of these findings to diverse 
regions and climates and assessing whether the presence 
of multiple wildlife-friendly structures exhibit synergistic 
positive effects warrants further investigation to gain a more 
comprehensive understanding of the relative benefits asso-
ciated with each wildlife-friendly structure type. Overall, 
our findings suggest that gardens with numerous structure 
types will provide more biodiversity benefit than gardens 
with only a single structure type by supporting both a broad 
and specific array of taxa.

Collectively, our results demonstrate that artificial ref-
uges and water sources are used by a variety of native wild-
life, providing valuable habitat resources for native species 
within the urban landscape. First, our findings add to a 
growing body of evidence suggesting that supplemented 
water sources, such as bird baths and ponds, can be an effec-
tive conservation strategy in urban gardens (Parris 2006; 
Hill et al. 2015, 2017; Gibbons et al. 2023). The frequent 
use of bird baths by a high diversity of bird species in our 
study supports the findings of previous investigations that 
demonstrate the value of garden bird baths (Gehlbach 2012; 
Miller et al. 2015; Cleary et al. 2016; Gibbons et al. 2023). 
Our study also provides new evidence of the use of ponds 
by wildlife, demonstrating that they can also support ter-
restrial fauna, particularly birds, in addition to their well-
established benefit to a variety of invertebrate (Gaston et al. 
2005a; Hill et al. 2015, 2017) and amphibian (Parris 2006; 
Hamer and Parris 2011) taxa.

Furthermore, our study is one of the first to contribute 
knowledge on the use of frog hotels and reptile shelters 
within residential gardens. Despite strong promotion and 
abundant information on the construction and installation 
of frog hotels, we found these structures were not com-
monly used by frogs. Rather, the majority of frog sightings 
were recorded at ponds, suggesting that the installation of 
ponds may be a more effective way to support frog taxa. 
Whether frog hotels are used more frequently when placed 
adjacent to ponds is not something we examined during this 
study, but worthy of further investigation given anecdotal 
evidence from our citizen scientists of increased frog use 
when hotels were in closer proximity to areas of moisture 
(e.g. ponds or bogs). Interestingly, reptile shelters were used 
quite frequently (~ 15%) by reptiles and on occasion also by 
frogs and mammals. This aligns with studies from natural 

1 3



Urban Ecosystems

and tadpoles on 22% of pond inspections provides valuable 
evidence of fauna reproduction in residential gardens (Bland 
et al. 2004; Van Helden et al. 2020b; Helden et al. 2021b). 
Evidence of offspring provides optimism that gardens may 
support reproduction and therefore contribute to population 
persistence within urban landscapes, further highlighting the 
value of residential landscapes and wildlife-friendly garden-
ing for conservation (see Delahay et al. 2023 for review). 
Further studies that examine reproduction, survival and 
recruitment of wildlife in residential gardens would further 
advance our understanding of their value for wildlife, while 
also considering the risk of gardens acting as ‘ecological 
traps’ (Dwernychuk and Boag 1972).

Future research directions

While this study provides valuable new evidence of the use 
of wildlife-friendly garden structures by fauna, additional 
research is needed to fully understand the value these struc-
tures provide for biodiversity conservation. Firstly, our 
study did not consider potential seasonal variations in use of 
structures and is based on a relatively small number of prop-
erties and structures. Given that the influence of garden fea-
tures on wildlife presence is known to vary seasonally (Van 
Helden et al. 2021a), investigating how seasonal variations 
impact structure usage may provide a more comprehensive 
understanding of which species benefit from these struc-
tures and when. Secondly, further research is needed that 
explores how the design and placement of wildlife-friendly 
structures influences their use within residential gardens. 
This should include examination of the influence of design 
and placement in preventing unintended negative impacts, 
including heightened disease transmission, elevated preda-
tion risk, and decreased survival rates of offspring (e.g. see 
Zhang et al. 2023) while maximising use by target native 
wildlife (e.g. Goldingay and Stevens 2009; Hamer and Par-
ris 2011; Goldingay et al. 2015; Cowan et al. 2020; Gazzard 
and Baker 2022; Gibbons et al. 2023). Thirdly, it is unclear 
from our study whether multiple individuals of a single spe-
cies are using the structure, or a single individual is using 
the structure repeatedly. Studies that examine the number of 
individuals using structures would clarify whether the struc-
tures support animal residency or supplement the resource 
needs of numerous individuals, both of which suggest the 
structures offer valuable contributions for urban wildlife 
conservation. Fourthly, due to our relatively small number 
of properties, combined with variable survey effort, we were 
unable to robustly investigate whether features of the gar-
den (e.g. vegetative cover and nativeness, presence of pets, 
etc.) or garden location within the urban landscape influ-
enced use of wildlife-friendly structures. This knowledge 
could be used to identify gardens where incorporation of 

that deter more aggressive introduced species like rainbow 
lorikeets (Trichoglossus moluccanus) and common species 
like brushtail possums, or if it reflects the unique wildlife 
assemblage in southwestern Australia. Regardless, our 
research demonstrates in some circumstances, shelter boxes 
can provide resources suitable for use by threatened and less 
common species in residential gardens.

The potential of wildlife-friendly structures to benefit 
exotic or common species is also a pertinent consideration 
for the other wildlife-friendly structures we examined in 
this study. Encouragingly, we found that reptile shelters, 
frog hotels, ponds and bird baths were infrequently used by 
exotic species and occasionally used by threatened species 
such as the endangered Carnaby’s cockatoo (Calyptorhyn-
chus latirostris) and Baudin’s cockatoo (Calyptorhynchus 
baudinii). However, we did also find that common species 
such as the New Holland honeyeater, motorbike frog and 
numerous common skinks were the most frequent visitors 
to water sources, frog hotels and reptile shelters. This is not 
surprising given urban landscapes can filter biodiversity and 
contribute to biotic homogenisation, where wildlife assem-
blages can be dominated by generalist, common species 
(e.g. Blair 2001; Devictor et al. 2007). Nonetheless, as with 
nest boxes, our study demonstrates that in some circum-
stance wildlife-friendly structures support threatened spe-
cies within residential gardens and that their use by exotic 
species is limited, indicating their value for native wildlife.

Use of structures for reproduction and life history 
cycles

One of the significant knowledge gaps surrounding the value 
of urban landscapes is how they impact upon the longer-
term sustainability of wildlife populations. While evidence 
continues to grow on the prevalence of wildlife within 
urbanised habitats (Daniels and Kirkpatrick 2006; Gallo et 
al. 2017; Soanes and Lentini 2019; Van Helden et al. 2020b), 
our understanding of critical life history processes, animal 
health and survivorship within these areas remain poorly 
understood. It is clear from the literature that depending 
on a complex set of landscape, environmental and species-
specific characteristics, urban habitats can be both detrimen-
tal and beneficial for biodiversity (see Shochat et al. 2006; 
Grimm et al. 2008; Concepción et al. 2015). For example, 
while some urban landscapes are seemingly capable of sup-
porting substantial proportions of biodiversity (e.g. Gregory 
and Baillie 1998; Van Helden et al. 2020b), other studies 
demonstrate that urban areas can act as ecological traps by 
increasing mortality (e.g. Vlaschenko et al. 2019) or reduc-
ing reproductive output (e.g. Boal 1997; Sumasgutner et al. 
2014). Whilst we did not directly address this concern, the 
presence of chicks or eggs on 16% of bird box inspections, 
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