
ORIGINAL ARTICLE

Richard A. Noske Æ Sarah Fischer Æ Barry W. Brook

Artificial nest predation rates vary among habitats
in the Australian monsoon tropics

Received: 20 March 2007 / Accepted: 21 June 2007 / Published online: 26 July 2007
� The Ecological Society of Japan 2007

Abstract Rates of nest predation have frequently been
shown to differ between fragmented and unfragmented
habitats, but have rarely been compared among natural
habitats in the same geographic region. In this study,
artificial nests of two types (open cup and domed) were
placed in four habitats (mangroves, monsoon rainfor-
ests, eucalypt woodlands and paperbark swamps) over
12 months in three localities near Darwin in the
Australian monsoon tropics to determine the effects of
habitat, season and nest type on the rate of nest preda-
tion. A quail egg and a similarly coloured plasticine egg
were placed in each nest. Habitat had a strong effect on
nest predation rates, with nests in mangroves experi-
encing predation rates more than four times higher than
those in eucalypt woodlands and paperbark swamps.
Despite the strong rainfall seasonality of the region,
there was no consistent seasonal variation in nest
predation rates. Nest type also had little influence on
predation rates, except in paperbark swamps where open
cup nests suffered a higher predation rate than domed
nests. The study indicates that generalised nest predation
rates for tropical regions, even for small areas (e.g.
<17 km radius), might overlook substantial variation
between habitats. Such variation confounds purported
differences in nest predation rates between tropical and
temperate regions.

Keywords Mangroves Æ Seasonality Æ Tropical
savannas Æ Domed nests Æ Model selection

Introduction

Predation of eggs and nestlings is the primary cause of
reproductive failure among birds, and a major factor in
the evolution of avian life histories (Ricklefs 1969;
Slagsvold 1982; Bosque and Bosque 1995; Martin 2002).
Nest predation rates are typically higher in the tropical
lowlands than in the north temperate region (Skutch
1966; Robinson et al. 2000; Stutchbury and Morton
2001; but see Gibbs 1991). Whilst much attention has
been paid to the effects of habitat fragmentation, and in
particular anthropogenic forest edges, on nest predation
rates in both regions (Söderström 1999; Zanette and
Jenkins 2000; Berry 2002), variation in such rates be-
tween natural habitats within geographic regions has
rarely been assessed. However Bayne et al. (1997) found
that artificial nests in coniferous forest experienced
much higher predation rates than those in deciduous or
mixed wood forest. In the tropics, variation in nest
predation rates may be expected to occur between low-
land rainforest, montane rainforests, and savannas, due
to dramatic differences in vegetation structure, nest
conspicuousness, and the diversity and density of nest
predators (Janzen 1978). Such variation may limit the
validity or applicability of comparisons between tropical
and temperate nest predation rates. It may also have
management implications, as the nest predators of one
habitat may be more or less sensitive to disturbance than
those of other, adjacent habitats.

Australian passerines generally show higher nest
predation rates than their north temperate ecological
counterparts (Robinson 1990; Taylor and Ford 1998),
but the large number of endemic families in Australia
constrains phylogenetically controlled comparisons with
other continents, even neighbouring Indonesia. More-
over, studies of avian reproduction in Australia are
strongly biased towards eucalypt forests and woodlands
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in the temperate south, whereas very few studies have
been conducted in the tropical north. The major nest
predators in southern Australia are birds, particularly
currawongs and butcherbirds (Gardner 1998; Major
et al. 1999; Fulton and Ford 2001, 2003; Berry and Lill
2003). In upland wet-tropical rainforests and adjacent
farmland of North Queensland, however, native rats
were responsible for over 90% of predation at artificial
nests (Laurance et al. 1993; Laurance and Grant 1994).
Snakes and rats appeared to be the major nest predators
of rainbow pittas (Pitta iris) in the Darwin region of the
Australian monsoon tropics (Zimmermann and Noske
2003). However, there was a significant difference be-
tween monsoon rainforest and adjacent eucalypt-domi-
nated forests in nest predation rates of this species
(Zimmermann 1996), suggesting that nest predator
assemblages or behaviour could vary between habitats in
the region.

We used artificial nests to examine variation in nest
predation rates among four coastal and subcoastal
habitats in the Darwin region (12�28¢S, 130�50¢E) of the
Northern Territory (NT) of Australia. This monsoon-
tropical region is characterised by moderately high
temperatures year-round and a strongly seasonal rain-
fall, in which 90% of the annual rain (average MAR,
1,600 mm) falls during a single wet season (November
through April; Taylor and Tulloch 1985). As in the
neotropics (Stutchbury and Morton 2001), birds of the
Australian monsoon tropics exhibit diverse breeding
seasons, some species breeding primarily during the dry
season, others during the wet season and several
breeding biannually, at the end of both seasons (Noske
and Franklin 1999; Noske 2001). Although this diversity
in breeding seasons partly relates to food resources,
Noske and Franklin (1999) suggested that some small
passerines breed during the dry season to avoid nest
predation by reptiles that are most active during the
warmer wet season. In the present study, we examined
seasonal variation in artificial nest predation rates to
determine whether such rates were higher in the wet
season than at other times of the year.

Domed nests, which possess a roof and side entrance,
are more frequent among tropical birds than among
North Temperate birds (Ricklefs 1969; Collias and
Collias 1984). Various functions have been suggested for
the roof of domed nests, including protection from rain,
solar and ultraviolet radiation and nest predators.
Whilst many studies have compared the breeding success
of birds that build open cup nests with those that use
tree holes for nesting (Skutch 1966; Oniki 1979; Martin
and Li 1992), few studies have compared predation rates
of domed and open cup nests (Loiselle and Hoppes
1983; Gardner 1998; Hausmann et al. 2004). We com-
pared predation rates of open cup-shaped artificial nests
with those of domed artificial nests in the Darwin region,
where approximately one half and one quarter of the
small- to medium-sized land bird species build cup- and
dome-shaped nests, respectively (R. A. Noske, unpub-
lished data). Although it is now widely recognised that

predation rates of artificial nests do not necessarily re-
flect those of real nests (Major and Kendal 1996; Zanette
2002), studies of this type are the only practical means of
standardising nest parameters, such as nest size, shape,
and height above the ground, to enable comparisons
among habitats and seasons.

Methods

Study sites

The study was undertaken at several sites within 30 km
of Darwin, NT, Australia (Fig. 1). Four habitat types
were considered in this study and their approximate
areal representation in the region (estimated from
Wilson et al. 1990) were eucalypt woodland (95%),
paperbark swamps (2%), coastal mangroves (henceforth
‘‘mangals’’; 2%), and monsoon rainforests (1%).
Despite the minor proportions they occupy in the local
landscape, the last two habitats show high avian diver-
sity and density (Woinarski et al. 1988). The predomi-
nant vegetation type in the region is eucalypt woodland
and open forest (often called savanna), dominated by
evergreen Eucalyptus tetrodonta and E. miniata up to

Fig. 1 Location of study sites in the Darwin region of the Northern
Territory, Australia
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20 m in height, with a variable mid-storey of tall shrubs,
including wattles Acacia species, and usually a dense
ground cover of grasses, including annual Sarga species,
which form a tall understorey in the late wet season
(Wilson and Bowman 1987). These woodlands are ex-
tremely fire-prone and are mostly burnt annually or
every 2 years (Edwards et al. 2001). Monsoon rainfor-
ests in the region are generally small (<5 ha), discrete
patches of evergreen forest, often fed by permanent
groundwater, and with a diverse range of canopy species
rarely exceeding 25 m in height, little understorey, many
vines and a ground cover of leaf litter (Wilson et al.
1990).

The other two habitats largely lack an understorey.
Mangals occur almost continuously along the coasts and
around Darwin Harbour, where the maximum tidal
range is 7.8 m above sea level; the mean spring tide
range is 5.5 m and mean neap range is 1.9 m (Semenuik
1985). The bare muddy substrate supports forests of
mangroves (up to 15 m) such as Rhizophora stylosa
along tidal rivers and creeks, and dense thickets (1.5–
2.5 m high) of Ceriops australis towards the landward
edge, except where hypersaline conditions have led to
barren saltflats (Wightman 1989). Paperbark swamps
occur patchily in low-lying seasonally inundated areas
and are virtually monocultures of Melaleuca viridiflora
and/or M. leucadendra (paperbarks), with a sparse
ground cover of sedges and grasses (Wilson and
Bowman 1987). Structurally, mangals and rainforests
may be considered closed forests, whereas the other two
habitats considered here are open forests or woodlands.

The effect of landscape scale factors on nest predation
rates was minimised by selecting sites that were spatially
well separated from others of the same or different
habitats (Fig. 1). To minimise edge effects, only large
examples of the patchily distributed habitats (monsoon
rainforests and paperbark swamps) were chosen, and
sampling conducted as far from the edge as practicably
possible. Monsoon rainforest and eucalypt woodland
sites were located at the Territory Wildlife Park
(c. 30 km south of Darwin; 12�42¢S, 130�59¢E), Howard
Springs Nature Park (c. 25 km east of Darwin; 12�27¢S,
131�02¢E) and Holmes Jungle Nature Park (Darwin
fringe). None of these sites were grazed by livestock.
Paperbark swamp sites were located at the Territory
Wildlife Park, Howard Swamp (ca. 1 km from Howard
Springs Nature Park) and Girraween (12�31¢S,
131�04¢E). Mangal sites were located at East Point
(7 km NW of Darwin), Berrimah settlement ponds and
Hudson Creek (9–10 km east of Darwin).

Artificial nest and egg construction

We followed the protocols established by Major et al.
(1996) for the construction of artificial nests, though
some modifications were necessary for the tropical
environment. Open cup nests were constructed from
halved tennis balls covered with coconut fibre and wool.

However, for the paperbark swamp sites, bark from
paperbark trees was substituted for coconut fibre as a
nest covering, since it is the primary building material of
species nesting in this habitat. Prior to plant material
being attached using construction adhesive, the tennis
balls were dipped in brown paint to eliminate the con-
spicuous bright yellow covering and then left to air for at
least 3 days before, and a week after, the addition of
plant material, to reduce any odour. Domed nests were
constructed by cutting a 2–3 cm diameter hole (mim-
icking the nest entrance) in one side of whole tennis
balls, and a slightly smaller hole on the other, and then
covered and lined with coconut fibre or paperbark. The
latter hole mimicked those made by local predators of
domed nests and provided access by such predators. All
nests also had drainage holes of 0.5 cm diameter bored
into the bottom of the nest to prevent saturation.
Modelling clay, in two shades of brown and white, was
used to make artificial eggs. The eggs were
ca. 2.5 · 1.5 cm in size and were moulded the week prior
to the experimental field trials to allow for airing. Eggs
of captive Japanese Quail (Coturnix coturnix), measur-
ing ca. 3.5 · 2.5 cm, were used to attract predators.

Experimental design

The experimental trials were conducted every 2nd month
over the course of a year so as to encompass both the
wet and dry seasons, beginning in September 1999 and
concluding in July 2000. Three widely separated sites
(see above) were used for each habitat, and at each site,
three non-parallel transects were established, each being
100 m long and at least 100 m apart. Transects were
marked with flagging tape at 20-m intervals, and a nest
was placed 3–6 m on either side of each marker, giving a
total of 6 nests transect�1 or 18 nests site�1 habitat�1. To
compare predation rates between the nest types, open
cups were alternated with domed nests. Each nest was
attached by wire to one or more branches of suitable
shrubs or small trees at heights of 1–2 m, before two
eggs (one quail egg and one artificial egg) were intro-
duced. Nests were not placed in exactly the same posi-
tion in consecutive trials. For each trial, nests were
checked at 3-day intervals over a period of 9 days, which
is slightly less than the incubation period (10–11 days) of
a common mangrove-dwelling species, the Yellow
White-Eye (Zosterops luteus) (Noske 1999). Predation
was deemed to have occurred if one or both eggs had
been removed or marked in some way (e.g. obvious
claw, beak or tooth marks on the artificial egg).

Statistical analysis

Ecological systems are often best understood by devel-
oping a set of credible hypotheses that then compete
with one another for support, using the data as the
arbitrator (see Hillborn and Mangel 1997). This multiple
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working hypothesis approach provides the most robust
foundation for strong inference. For this study, an
a priori candidate set of generalised linear models with
mixed effects (GLMM; Pinheiro and Bates 2000) was
evaluated using a ‘‘strength of evidence’’ approach, as
opposed to classic dichotomous null hypothesis tests and
associated P-values. Model-selection and subsequent
inference (using relative weights of evidence) used
information-theoretic methods based on the Akaike
information criterion (AIC; see Burnham and Anderson
2002), whereby a measure of Kullback–Leibler infor-
mation (a fundamental conceptual measure of the rela-
tive distance of a given model from full reality) is derived
and used as an objective basis for ranking the parsimony
of models in an a priori candidate set. An a priori
model-building strategy tends to avoid data dredging,
which leads to over-fitted models and the ‘‘discovery’’ of
spurious effects (a common fault with stepwise or best
subsets model selection). The AIC highest ranked
models are those which explain the most substantial
proportion of variance in the data, yet exclude unnec-
essary parameters that cannot be justified for inference
on the basis of the data (Burnham and Anderson 2002).

In this study, we were interested in the separate (and
some interactive) effects of habitat type, season and nest
type (our ‘‘fixed effects’’) on nest predation rates. An
interaction between habitat type and nest type was hy-
pothesised, on the basis that open cup nests may be less
conspicuous, and therefore less heavily depredated, in
habitats with a closed canopy (monsoon rainforests and
mangals) than more open habitats (eucalypt woodland
and paperbark swamps). Our ‘‘random effect’’ was
hierarchical, being transect nested within site, and con-
trolled for temporal (repeated measures) and spatial
association by decomposing the model variance into
autocorrelative and residual components (see Pinheiro
and Bates 2000). Analyses were carried out using the R

statistical package v1.8.1 (http://www.r-project.org).
The mode of analysis took two forms, determined by the
nature of the dependent variable being examined:

1. Probability of nest predation: whether a given nest
was depredated or not [1, 0] over the entire 9-day
period of monitoring (n = 1,290). This was a binary
variable and thus presumed to follow a binomial
distributional family with a logit link function in the
mixed-effects GLM. Fixed effects were habitat type,
season and nest type and a habitat · nest type
interaction.

2. Timing of nest predation: for those nests that were
depredated, whether the timing of the predation event
occurred within 3, 6 or 9 days after placement of the
nest. This was a trinary ordinal variable, analysed on
the subset of the data which were depredated
(n = 419), and presumed to follow a multinomial
distribution with a logit link function in a mixed ef-
fects GLM with gamma frailty dependence (Lindsey
1999). The model set was otherwise identical to the
nest predation analysis.

Results

Which of the above effects exert a statistically mean-
ingful influence on the proportion and timing of nest
predation? The most parsimonious model for predicting
the probability of nest predation included habitat, nest
type and their interaction, with the next best model
dropping out the interaction term (Table 1A). The
highest levels of nest predation occurred in the mangals,
where 70% of nests were depredated (Fig. 2, top row).
Monsoon rainforests showed the next highest level of
nest predation (32% of nests), whilst the eucalypt

Table 1 Generalised linear mixed model selection results, relating
(A) the probability of nest predation (binary logistic transform,
n = 1,290) and (B) the timing of nest predation (trinary ordinal
variable: predation by either 3, 6 or 9 days after nest placement,
n = 419), to the following categorical predictors modelled as fixed-

effects: habitat type (H; a four levels: monsoon rainforest, eucalypt
woodland, mangrove, paperbark swamp), season (S; wet, dry), nest
type (N; cup, domed), and a habitat : nest type interaction term
(H : N)

(A) Proportion of nests depredated (B) Timing of nest predation

log(L) K AIC Di wi log(L) K AIC Di wi

H + N+ H : N �578.4 11 1,178.8 0.0 0.369 �422.6 12 865.3 0.0 0.639
H + N �581.8 8 1,179.7 0.8 0.243 �433.9 9 881.8 16.6 0.000
H + S + N + H : N �577.9 12 1,179.8 0.9 0.231 �422.2 13 866.4 1.1 0.360
H + S + N �581.3 9 1,180.6 1.8 0.151 �433.6 10 883.2 18.0 0.000
H �587.0 7 1,188.1 9.2 0.004 �436.1 8 884.1 18.9 0.000
H + S �586.5 8 1,189.0 10.2 0.002 �435.8 9 885.5 20.3 0.000
N �598.2 5 1,206.3 27.5 0.000 �438.2 6 884.5 19.2 0.000
S + N �597.6 6 1,207.3 28.5 0.000 �437.7 7 885.4 20.1 0.000
Null (no fixed effects) �603.3 4 1,214.6 35.8 0.000 �439.4 5 884.7 19.5 0.000
S �602.8 5 1,215.6 36.8 0.000 �439.2 6 886.4 21.1 0.000

The hierarchical random-effects component was common to all models, being site/transect. Model selection criteria are the maximised log-
likelihood [log(L)], number of parameters (K—includes regression intercept, fixed-effects coefficients and random-effects variance
decomposition), Akaike’s information criterion statistic (AIC), difference from best model (Di) and Akaike weight (wi), scaled relative to a
total sum of 1. Models falling below the dotted line received essentially no statistical support for either (A) or (B)
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woodlands and paperbark swamps showed substantially
lower levels (with overlapping 95% confidence inter-
vals). Examination of the coefficients of the generalised
linear model (Table 2A) supported the trends illustrated
in Fig. 2, and indicated a particularly strong effect of
nest type in paperbark swamps (lower predation in
domed nests), but no effect of nest type in the mangals.
The concordance of the AIC best model (a measure of
the association between observed responses and pre-
dicted probabilities) was 87.5%.

Season effects were only weakly supported, being
present in the models ranked 3 and 4 of the full a priori
set of ten candidates. The AIC best model received 102
times more support from the data than the best single-
factor model (habitat only), based on the information-
theoretic evidence ratio (an index of the likelihood of
one model over another, calculated for this comparison
as W[H+N+H:N]/W[H]), whilst the null model of no fixed
effects was 5.92 · 107 times less likely. Of the single
factor models, habitat was 9,302 times better supported
than nest type, and 9.48 · 105 times superior to season
as an explanatory factor.

A similar ranking of predictors was found for the
timing of nest predation, with the AIC best model again
being habitat, nest type and their interaction (Table 1B),
with a concordance of 70.5% (for GLM coefficients, see
Table 2B). Nest predation usually occurred within the
first 6 days following the placement of the artificial nests
(Fig. 2, bottom row), but occurred particularly early in
the mangals, with 51% of predation events for this
habitat during the first 3 days. As expected, cup-shaped
nests were depredated slightly earlier than were domed
nests. The next ranked model also included a seasonal
component, receiving just over half the support of the
best model, and together constituting 99.96% of the
total likelihood of the model set (AIC weights). The
other eight candidate models received essentially no
support from the data. Nests tended to be found by
predators earlier during the wet season than during the
dry season (Fig. 2).

Of a total of 1,290 nests, 419 (32%) were depredated.
Of the 419 depredated nests, 149 (35.6%) lost both eggs
without trace, while another 87 nests (20.8%) lost one
egg or the other, giving a total of 395 eggs that disap-
peared. Of the 328 nests in which quail eggs were dep-
redated, only 65 (19.8%) retained egg fragments after
predation. Of 107 artificial eggs that showed signs of
attack, 50 (46.7%) showed tooth impressions and 31
(29.0%) had beak marks, while the remainder showed
markings of indeterminate origin. There was no signifi-
cant variation between habitats in the proportion of
tooth and beak impressions (v2 = 0.42, df = 3 and
P > 0.05). The common tree snake (Dendrelaphis

Fig. 2 Proportion of nests
depredated (top row) and timing
of nest predation (days after
placement; bottom row) broken
down by habitat type, season
and nest type. Height of
histogram indicates the mean
estimate, and error bars show
the 95% confidence bounds.
Vine, monsoon rainforest

Table 2 Coefficients (Coef) and standard errors (SE) for the AIC
best selected model from Table 1 for (A) proportion of nests
depredated and (B) time of predation, expressed as treatment
contrasts

Parameter Type (A) Depredated (B) Time

Coef SE Coef SE

Intercept number 1 2.096 0.234 �0.717 0.354
Intercept number 2 1.025 0.356
Habitat

Mangal (M) �3.287 0.324 1.005 0.397
Paperbark
swamp (P)

�0.307 0.312 0.960 0.509

Rainforest (V) �1.539 0.290 0.072 0.421
Nest type

Domed (D) 0.325 0.330 0.173 0.527
Habitat :
Nest

M : D �0.325 0.434 �0.818 0.586
P : D 0.832 0.510 �3.218 0.945
V : D 0.354 0.422 0.384 0.647

In both (A) and (B), the binary/ordinal model included terms for
habitat, nest type and a habitat:nest interaction, with no support
for a seasonal effect. The model coefficients are estimated in rela-
tion to deviations from the baseline parameterisation of Eucalypt
woodland and cup nest type (hence these types have a coefficient of
zero)
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punctulatus) was observed raiding nests at two sites
(monsoon rainforest at Holmes Jungle and eucalypt
woodland at Territory Wildlife Park).

Discussion

Effects of habitat

In the present study, the two habitats with a closed
canopy (mangals and monsoon rainforests) exhibited
higher and faster rates of nest predation than the two
open canopy habitats (eucalypt woodlands and paper-
bark swamps). Several studies in the region suggest that
natural nest predation rates in mangals and rainforests
are indeed relatively high, but comparative data for
other habitats are scarce. Using the Mayfield method of
calculation (Mayfield 1975), which adjusts for the bias
towards finding successful nests, nest predation rates of
large-billed gerygones (Gerygone magnirostris) and
mangrove gerygones (G. levigaster) in mangals were 73
and 68%, respectively, with no significant difference in
predation rates between eggs and nestlings in either
species (Mulyani 2004). Nests of rainbow pittas in the
Darwin region suffered higher egg predation rates in
monsoon rainforests than in adjacent eucalypt-Pandanus
forest (81 and 52%, respectively) (Zimmermann 1996).
Moreover, both gerygones and pittas build dome-shaped
nests, which should offer better protection from preda-
tors than open cup nests. In the suburbs of Darwin,
open cup-nesting rufous-banded honeyeaters (Conopo-
phila albogularis) enjoyed a low nest predation rate
(30%), presumably due to the absence of many nest
predators from the urban environment (Noske 1998).
Nevertheless, nest predation rates of 60–70% are typical
in temperate Australia (Robinson 1990; Taylor and
Ford 1998; Ford and Tremont 2000), suggesting that
those of tropical gerygones and pittas are not excep-
tionally high.

In the neotropics, Skutch (1966) found higher rates of
nest predation in forests than in disturbed open habitats
(pastures, plantations and second growth), while Oniki
(1979) found the reverse. Oniki (1979) argued that the
extirpation of large carnivores from anthropogenic
habitats resulted in elevated densities of smaller preda-
tors, which in turn caused higher nest losses. However,
this ‘‘meso-predator’’ effect has limited applicability in
tropical Australia, where the only natural predators of
nest-robbing rodents are owls and snakes.

Effects of nest type and season

Studies in the Northern Hemisphere have consistently
shown that open cup nests suffer higher levels of pre-
dation than cavity or enclosed nests (e.g. Ricklefs 1969;
Martin 1993). It has also been suggested that domed and
pensile nests are less vulnerable to predation than open
cup nests (e.g. Ricklefs 1969; Collias and Collias 1984;

Frith et al. 1997), but evidence is sparse. Oniki (1979)
compared open cup and ‘‘enclosed’’ nests in Brazil, but
for the latter, combined oven-shaped and cavity nests,
while Skutch (1966) contrasted hole-nesting species with
those that build open or roofed nests. Loiselle and
Hoppes (1983) found no difference in predation rate of
open and ‘‘closed’’ wicker nests placed in Panamanian
lowland rainforest. In Panama, two species of flycatch-
ers that built enclosed, pyriform-shaped nests enjoyed
higher nesting success than eight other open cup-nesting
passerines (Robinson et al. 2000). In southeastern Aus-
tralia, plasticine eggs placed in disused domed nests of
the superb fairy-wren (Malurus cyaneus) suffered much
lower rates of predation than those in artificial open cup
nests, possibly due to a failure of the major nest pre-
dators (birds) to locate cryptic nests in the absence of
cues provided by parental activity (Gardner 1998).

In the present study, except for paperbark swamps,
there was no supportable difference between the levels of
nest predation in open cup and domed nests. In paper-
bark swamps, however, open cup nests suffered a higher
predation rate than domed nests, and since the eggs in the
former nests were visible from above, it is possible that
birds and other visually orienting, arboreal nest preda-
tors were more important in this habitat than in the other
three habitats. A preponderance of arboreal predators
might be expected in a habitat that is flooded (1–2 m) for
several months each wet season, but there was no evi-
dence that visually oriented nest predators were more
important in this habitat than in other habitats. If open
cup nests suffer more predation than domed nests in
paperbark woodland, it may explain why, among hon-
eyeaters (Meliphagidae), domed nests have evolved in the
one genus (Ramsayornis), in which the species typically
nest over water in tropical paperbark swamps.

Unlike their relatives in temperate Australia, which
mostly breed in the warm months of spring and early
summer, many passerine birds in the monsoon tropics
breed during the dry season, corresponding with the
austral winter (Noske and Franklin 1999). Dry season
breeding may be a strategy to avoid nest predation by
snakes and monitor lizards (Noske 2001), many of
which are most active during the wet season (Shine 1991;
Christian et al. 1995). In the present study, seasonal
variation in nest predation rates was not significant, but
the tendency for nests to be depredated more rapidly in
the wet season than during the dry season (Fig. 2) may
indicate increased reptilian nest predation. Moreover
another study in mangals using artificial nests suggested
higher nest predation rates during the mid-wet season
than during the early dry season (Mulyani 2004), con-
sistent with the reptilian predation hypothesis. However,
several snake species are active throughout the year, or
even more active during the dry season, including the
egg-eating slaty-grey snake (Stegonotus cucullatus)
(Brown et al. 2002). Furthermore, seasonal variation in
predation rates of natural nests is not necessarily re-
flected in predation rates of artificial nests (Major et al.
1994; Zanette 2002).
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How realistic are artificial nest predation rates?

Although several researchers have warned against the
use of artificial nest experiments to infer natural nest
predation rates (Major and Kendal 1996; Pärt and
Wretenberg 2002; Zanette 2002; Roper 2003), artificial
nests permit controlled experiments with larger sample
sizes than normally feasible. Predation rates on artificial
nests may be higher than on natural nests because they
lack parent birds that cover eggs or defend them against
nest predators (Angelstam 1986; Yahner et al. 1989;
Major et al. 1999; King et al. 1999; Weidinger 2002) or
because artificial nests rarely mimic natural nests in
construction and placement, and are often more con-
spicuous (Martin 1987; Bayne et al. 1997; King et al.
1999; Rangen et al. 2000; Berry and Lill 2003). Predators
may also be attracted to the greater density of nests
found along transect lines, although the effect of nest
density on predation rates is unclear (George 1987;
Ortega et al. 1998). Conversely, predation rates on
artificial nests may be lower than on natural nests due to
the lack of parental activity and odour, and nestling
calls, which might advertise the location of nests to
predators (Willebrand and Marcström 1988; Wilson
et al. 1998; Martin et al. 2000).

The widespread use of quail eggs in artificial nest
experiments has been criticised due to the potential
exclusion of some nest predators, such as small mam-
mals, that may have trouble handling large, thick-shelled
quails eggs (Roper 1992; Haskell 1995; Marini and Melo
1998; Bayne et al. 1997; Fulton and Ford 2003). More-
over, Rangen et al. (2000) and Pärt and Wretenberg
(2002) found that nests with plasticine eggs were ‘‘dep-
redated’’ more often than nests containing quail and/or
finch eggs, apparently due to small mammals being at-
tracted to the unnatural odour of plasticine, although
Berry and Lill (2003) found no such effect. Whatever
biases exist in the combination of quail and plasticine
eggs, however, they did not appear to affect the results of
the present study, as the proportions of eggs attacked by
birds or mammals were consistent between habitats.

Whilst the proportion of depredated nests showing
egg fragments was low, despite high egg removal rates,
and the proportion of impressions left by mammals
appeared to be higher than those of birds, several other
studies have shown that it is not possible to identify nest
predators based on the presence and/or condition of
remains (e.g. Marini and Melo 1998; Larivière 1999).
Nevertheless common tree-snakes were observed raiding
nests at two sites, and several lines of evidence suggest
that reptiles and mammals were the major nest predators
of rainbow pittas in a monsoon rainforest near Darwin
(Zimmermann 1996). Further studies of natural nest
predation, using remotely triggered cameras (Savidge
and Siebert 1988; Whelan et al. 1994; Berry 2002) or
other techniques, will be required to determine whether
differences in nest predation rates among habitats are
due to differences in nest predator assemblages or
behaviour.

Conclusions

The present study demonstrates significant variation in
predation rates of artificial nests between four, often
adjacent, tropical lowland habitats, situated within an
area of ca. 17 km radius. Mangals and monsoon rain-
forests sustained higher and faster nest losses than the
more open eucalypt woodlands and paperbark swamps.
If either of the first two habitats were fragmented by
clearing, it is conceivable that their suitability to nest
predators would decline, causing an increase, rather
than a decrease, in breeding success. Fortunately there
are few threats to these habitats in the Darwin region.

Our experiment does not provide support for the nest
predation (by reptiles) explanation for dry season
reproduction by many bird species in the region, as there
was little evidence of seasonal variation in nest predation
rates. However it is quite possible that differences in
predator assemblages between habitats contributed to
the variation in nest predation rates and that our
experimental design created artificial trends or masked
real ones, such as seasonal effects. Nevertheless we argue
that the magnitude of habitat-related variation reported
here is sufficient to cast further doubt on purported
differences in general nest predation rates between
tropical and temperate regions.
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