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Observational
data from 24 nestsin a singlearea in centralNew SouthWalesover eight yearswere used
to determine
whetherthe reproductive
output(eggslaid,chicksfledged,numberof broods)in a breeding
season
was relatedto rainfallbeforeand duringthe breedingseasonin an endemicpasserine,
the GreyShrike-thrush
Colluricincla
harmonica.In a specieswhereclutchsize is low and relativelyfixed,annualrainfallnevertheless
influenced
bothclutchsize (correlation
coefficient
r = 0.62)and numberof successful
nests(r = 0.94). There
was a strongrelationship
(r = 0.98)betweenannualrainfalland numberof chicksfledgedoverthe breeding
season. lt appearsthat the Grey Shrike-thrush
can fine{une reproductive
output in responseto rainfall
(presumably
mediated
viafoodavailability),
an abilitythatwouldassistadultsurvivalwhilemaximizing
reproductive
outputwhereclimateand resources
fluctuatemarkedly.

INTRODUCTION

variation in rainfall (Radford 2004). The ultimate factor
underlying the breeding responseto rainfall is assumedto
be fluctuation in the food supply (Schodde 1982).

Determinants of clutch size and reproductive output in
passerine birds have been discussed for many years.
Environmental factors such as food, climate, predators,
latitude and elevation are thought to influence clutch size
and therefore reproductive output (Cody 1966; Ricklefs
2000). Birds may respond to greater resource availability
with a range of strategiesincluding laying larger clutches,
initiating breeding earlier or fledging chicks more rapidly,
which allows the laying of additional clutches within a
breeding season(Snow 1958; Martin 1987).

Few studies have looked explicitly at the relationship
linking breeding and rain and it is clear that many
environmentaleffects on avian life historieshave not been
fully explored. The present study evaluated the influence
of rainfall on reproductiveoutput (clutch size, number of
breeding attempts and number of chicks fledged) in the
Grey Shrike-thrush Colluricincla harmonica, a sedentary,
65 gram member of the family Pachycephalidaeand a
common inhabitant of forests, woodlands and scrubs
throughoutAustralia. It shows slight sexual dichromatism
and is known to breed in socially monogamous pairs
(Higgins and Peter 2002) with a high level of biparental
care (Stevens and Watson 2005). Reproductive output over
eight breeding seasonsis compared with rainfall in the
same calendar years. As well as documenting the effect of
rainfall on reproductive performance of this endemic
species the influence of resource availability on
reproductionin general is also discussed.

With a highly variable climate, especially in terms of
rainfall, Australia is noted for opportunistic breeding in
many terrestrial birds as a response to this variability
(McGilp 1923a, 1923b, 1924; Keast 1959 Schodde 1982).
For instance, cyclonic weather systems in semi-arid areas
of WesternAustralia in 1953 and 1955 triggered breeding
in several species of passerines,and similar weather in
1992 stimulated breeding at Barrow Island, Western
Australia (Serventy and Marshall 1957; Ambrose and
Murphy 1994). Chats (Meliphagidae; Epthianura spp.)
inhabiting arid and semi-arid areas have been recorded
breeding opportunistically after abundant rain, with the
more xeric species showing greater flexibility in response
than more mesic species(White 1950;Williams 1979).The
breeding times of Superb Fairy-wrens Malurus cyaneus in
low rainfall areas was less seasonal than in high rainfall
areas, and followed good rains (Tidemann and Marples
1987).

METHODS
Study sites
Grey Shrike-thrush ('shrike:thrush') ness were studied at a homestead
in the Warrumbungle Mountains (31"17'5, 149'03'E; 800 m asl)
approximately 25 kilometres west of Coonabarabran in central New
South Wales. The homestead is in eucalypt forest with trees to within
50 metres. In this district, shrike-thrushes nest in spring/summer,
between August and February. Clutch size was recorded for 24 nests
over the breeding seasons 1995/96 to 2003/O4: 21 of these were in five
different locations in four hanging planters, all within three mefies of
each other, on the outside walls of the homestead; one nest was at
another property three kilometres from the homestead and two nests
were in eucalypt forest 400 metres from the homestead All the nests
at the homestead were situated under the eaves of the house and were
therefore protected from rain.

While nomadic arid-zone birds were more likely to breed
opportunistically, sedentary arid-zone species showed a
spring-breeding peak, the extent of which varied according
to the amount of rainfall in the preceding summer, autumn
and winter (Schodde 1982). White-browed Treecreepers
Climacteis afinis adjusted the commencement of breeding
and number of clutches laid per season in response to
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For determination of the number of nests in a season and annual
reproductive success, the study was restricted to the 20 nests at the
homestead over eight breeding seasons (1996/97 to 20031M), involving
four females and three males. One female, paired with two different
males, provided data for five of those seasons(1996/97 to 2000/01),
three for one season each. For these parts of the study, the data from
nests in 1995/96, at the other property and in the bush were not included
as knowledge of re-nestings was incomplete for these other birds.
Observational methods
Shrike-thrush nests were studied by direct observation with the aid
of 8 x 30 Swarovski binoculars. Because all nests in this study were
at heights of less than two metres, contents could be checked by
holding a mirror over the nest. Male and female shrike-thrushes were
distinguished mainly by the plumage of the head and neck and the
colour of the bill. Individual shrike-thrushes were identified by a
combination of appearance (subtle difference in plumage of the head
and upper body) and behaviour, i.e. whether they were habituated to
the presence of people or not (see Stevens and Watson (2005) for
description of the process of habituation).
Rainfall was measured using a Nylex rain gauge situated 100 metres
from the homestead. The number of eggs laid, nesting attempts (both
successful and unsuccessful) and chicks fledged by the female
occupying the homestead territory during each of eight breeding seasons
was recorded and plotted against rainfall. The reproductive data were
analysed in terms of rainfall in the calendar year (January-December)
in which the breeding season started and rainfall just prior to and during
the main breeding season (July-December).
Analyses
Mean values are given with standard enors (SE). Linear Regression
Analysis and univariate Analysis of Variance (ANOVA) were performed
using the statistical package SPSS (SPSS Inc. 2003). Probability-
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Probability (P-P) plots and scatterplots of residuals were prepared using
the linear regression model in SPSS, to see if the assumptions of the
model (including normality) hold for each response variable. The values
for Tlpe III F-tests were used to see to what extent reproductive
performance depended on rainfall and female identity (the latter
included as a factor, given that one female provided results for five
seasons).A further factor, clutch order, was included in clutch size
analyses, to see whether there were differences between first and later
clutches in a season. Pearson product-moment correlation coefficients
(r) and coefficients of determination (rz) from these analyses were used
to show to what extent the model accounted for the number of eggs
laid, nesting attempts and chicks fledged by a female shrike-thrush
during the breeding season.

RESULTS
Rainfall
The longer-term average rainfall at the study site for the
years 1986-2003 was 1042.0 ! 69.5 millimetres (annual)
and 553.9 t 50.6 millimetres (July-December) (Table l).
Rainfall over the study period showed great variation from
these averagevalues.Years were arbitrarily classified as wet
(more than l2OVo of average rainfall), average to below
average rainfall (between l20Vo and 7O7o of average
rainfall) and well-below-averagerainfall (less than TOVoof
averagerainfall). Under this classification,1996, 1998,
1999 and 2000 were wet years and 2002 had well-belowaveragerainfall. Rainfall in the wettest year (2000) in the
study period was 152 per cent of the longer-termaverage,
while rainfall in the driest year (2002) was 5l per cent of
the longer-term average.

TABLE I
Annual and July-Decemberrainfall over eight breedingseasonsand number of nestingattempts,eggs laid and chicks fledged by the female Grey
Shrike-thrushoccupyingthe territory at the homestead. Annual rainfall is rainfall in the calendaryear January-Decemberin which the breeding
seasoncommenced.The total numberof eggslaid or chicks fledg:d in a.!re:dingrseasonisshown,with individual clutch and brood sizesin brackets.

Calender year
(Breeding season)

1996
(r996te'7)
199'7
(1997t98)
I 998
(r998/99)
1999
( 1999/00)
2000
(2000/01)
2001
2O0v02)
2002
(2002t03)
2003
(2003t04

Annual rainfall
(mm)

July to
Decemberrain
(mm)

| 268

704

I 031

589

2

| 525.5

9 7r . 5

3

I 316

667

3

I 588.5

956.5

3

507.5

2

535

169.5

1

8l8.5

439.5

3

't90.5

Average clutch or
brood size
(mean + SE)
Average rainfall

r996-2003

1109.1+133.2

625.6! 94.5

(mean t SE)
Longer-term average
rainfall (1986-2003)
(mean + SE)

Number of
nestrngs

| 042.0 x. 69.5

553.9t 50.6

Total number of
eggs laid
(clutch sizes)

Total number of
chicks fledged
(individual nestings)

I
(3,2,3)
6
(3,3)
lt
( 3 , 4 ,4 )
9
( 3 , 3 ,3 )
l0
( 3 , 3 ,4 )
5
(2,3)
2
(2)
9
(3, 3, 3)

8
(3,2,3)
6
(3,3)
l0
( 2 , 4 ,4 )
9
( 3 , 3 ,3 )
l0
(3,3,4)
5
(2,3)

3 . 0t 0 . 1

2.8+ 0.2

(2)
6
( 0 , 3 ,3 )
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Effect of rainfall on clutch size
The relationship between the size of 24 clutches, laid by
six different females in the breeding seasons 1995/96 to
2003104inclusive, and annual rainfall is shown in Figure
l, with fitted regressionline. Twenty of these clutches were
laid by shrike-thrushesduring breeding seasons1996/97 to
2003104(Table l). The remaining four clutches were laid
in an earlier season(1995196;one clutch of three), at a
nearby property (one clutch of three) and in the adjoining
forest (two clutchesof two and three respectively).

females laid the eggs in 2OOI|O2,2O02l03and 2OO3|O4.
In wet years, shrike-thrusheshad three successfulnests.
They had two successful nests in averageto below average
years, and one in the well-below-averageyear. In wet and
averageto below averageyears, shrike-thrusheslaid their
first clutches in mid to late August and their second in
October. In the well-below-averageyear, the single clutch
at the homesteadwas laid in October. In wet years, the
August and October nests were followed by third nests in
either November, December,Januaryor February.
The P-P plot and scatterplotof residualsshowedthat the
data approximate normality and that the linear regression
model is appropriatefor the analysis.There was a total of
20 nests and a strong relationship between total number
of nests in a seasonand rainfall (r = 0.78, 12= 0.60, d.f.
= 7, P = 0.024). Of these 20 nests, 19 were successful.
Pearson correlation indicated a significant positive
associationbetween number of successfulnests and annual
rainfall, with rainfall accounting for 88 per cent of the
variation (r = 0.94, 12 = 0.88, d.f. = 7, f = 0.005) (Fig.
2). ANOVA showed that the rainfall effect was significant
(Fr.s= 15.56, P = 0.011) while the effect of different
femaleswas not significant(Frs= 0.014,P = 0.91).

o
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Figure 1. Relationship between annual rainfall and clutch size for sLr
fennk Grey Shrike+hrushcs and 24 nests in the breeding seasons 1995/
96 to 2M3fi4. Orw female laid 15 of these clutchcs, wo laid three clwches
each, and three laid one clwch eath. Annual rainfall is January'December
rainfall in the year in whith the breeding season began

Shrike-thrusheslaid an average of 3.1 -r 0.1 eggs per
clutch in wet years,2.9 + O.l in averageto below average
years, and 2.0 + 0.0 in the well-below-averageyear. With
small sample sizes, these differenceswere not significant.
Four-egg clutches occurred only in very wet years
(breeding seasons1998/99 and 2000/01), with rainfall more
than 40 per cent above the longer-term average, while the
driest year (2002/03) had two 2-egg clutches.
The P-P plot and plot of residuals confumed that the data
were approximatelynormal, though there was evidenceof
decreasingvariance with increasing clutch size. Pearson
correlation indicated a significant positive association
between clutch size and annual rainfall, with rainfall
accounting for 38 per cent of the variation in clutch size
(r = 0.62, 12= 0.38, d.f . = 23, P = 0.007). ANOVA showed
that the rainfall effect was significant (Fr.zo= L0.62, P =
0.004) while the effects of different females and clutch
order (first versuslater clutches)were not significant (F1,21
= 1.33,P =0.26 for female effect; Fr.rt= 4.22, P = 0.053
for clutch order).
Effect of rainfall on number and timing of nests
The number of nests in a seasonwas only known for the
birds nesting at the homestead.The same female laid all
eggs in the years 1996197-2000/01inc., while three other

The shrike-thrushesnesting at the homesteadhad a mean
clutch size of 3.0 + 0.1 and a high successrate of chicks
fledged to eggs laid (56/60 or 9370)(Table l). The number
of chicks fledged by the breeding female in the homestead
territory was related to annual rainfall: see Table I and
Figure 3. No nestsfailed due to inclementweatherbecause
the eavesof the house protected the nests from falling rain.
The P-P plot and scatterplotof residualsshowedthat the
data approximate normality and that the linear regression
model is appropriatefor the analysis.Pearsoncorrelation
indicated a significant positive associationbetween eggs
laid and annual rainfall (r = 0.85, 12= 0.73, d.f . = 7 , P =
0.004) and chicks fledged and annual rainfall, (r = 0.975,
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Figure 2. Relationship between
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In the present study, the range of clutch sizes was 2-4
with a modal clutch size of three. Clutch sizes of l-4.
generally three, have been reported for this species
previously (Higgins and Peter 2OO2),and are similar to
other palaeoendemic Australian passerines with small,
relatively fixed clutch sizes (Yom-Tov 1987). The high
success rate 03Vo\ of habituated shrike-thrushesat the
homesteadis substantiallygreater than the figure of 20.3
per cent for this species reported in the Nest Record
Scheme (Higgins and Peter 2002). Predation is thought to
be the major cause of nest failure in open-nesting
Australian passerines(Ford 1999), and the high success
rate of shrike-thrushesin the present study is most likely
due to deterrenceof predators by human activity at the
homestead(Stevensand Watson 2005).
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Figure 3. Relationship between annual rainfall and number of chicks
fledged in a seasonfor foitr female Grey Shrikc-thrushes. One female
provided data for fve seasons and three for one seoson each in eight
breeding seosons, 1996/97 to 2003/04.

12= 0.95, d.f. =7, P < 0.001),with rainfall accountingfor
95 per cent of the variation in chicks fledged. ANOVA
showedthat the rainfall effect was significant (Fr,s= 75.35,
P = 0.0003) while the effect of different females was not
significant(Ft5= 2.17, P = 0.20). Annual rainfall gave a
higher correlation than other measuresof rainfall (MarchDecember, April-December and July-December, with r2
valuesof 0.92, 0.90 and 0.91 respectively).
DISCUSSION
The breeding activities of habituated Grey Shrikethrushes at the homesteadprovided a unique opportunity
to examinereproductiveoutput over eight breedingseasons
and the effects of an environmental variable, namely
rainfall, on reproductive output. There was no systematic
attempt to find other nest sites some distance from the
homesteadin this study, and it is possible that the birds
may have nested away from as well as at the homestead.
However, the birds showed continuing interest in the nest
site between breeding attempts and after fledging the last
brood of chicks. The observed time for re-nesting at the
homestead(median 16 days) was very short compared with
the length of the breeding cycle (34.1 t 0.5 days; Stevens
and Watson 2005). Only one period to re-nesting,namely
49 days, was longer than 34 days, and occurred in
somewhatunusual circumstances,i.e. the laying of a third
clutch of four eggs in a new nest after fledging four young
(Stevensand Watson 2005). Thus it is unlikely that the pair
nesting at the homestead nested elsewhere in the same
breeding season.
Most of the data on reproductive output and its
relationship to rainfall are from one female paired with two
different males over five breeding seasons(1996/97 to
2000/01), and it is therefore possible that the results are
not representative. Because the data from the three other
females fitted the same pattern, however, this is unlikely,
and we are confident that these data are not overly
influencedby this single individual.

In most seasons, shrike-thrushes were multibrooded,
laying up to three clutches and I I eggs in a seasonin the
present study, with up to four clutches in a seasonobserved
by others (Higgins and Peter 2002).The presentstudy has
shown that annual rainfall accounted for 60 per cent of the
variation in total number of clutches and 88 per cent of
the variation in number of successful clutches. In wet
years, shrike-thrusheshad three successfulnests.They had
two successfulnests in averageto below averageyears, and
one in the well-below-averageyear. The combined effects
of variation in clutch size and number of successfulnests
resulted in the total number of chicks fledged in a season
showing a strong positive correlation with annual rainfall.
This allowed a four- to five-fold increase in annual
reproductiveoutput in unusually wet years comparedwith
an unusually dry year, indicating a previously unrecorded
degreeof behaviouralplasticity for this species.
Studieson other Australian passerineshave documented
that the White-fronted Chat Epthianura albifrons and
Superb and Blue-breastedFairy-wrens, Malurus cyaneus
and M. pulcherrimus, laid smaller clutches in dry years
(Williams 1979;Ford 1989;Rowley and Russell2O02).The
Splendid Fairy-wren Malurus splendensand White-browed
Scrubwren Sericornis frontalis varied the number of
breeding attempts in a seasonbut not clutch size (Russell
and Rowley 1993; Magrath et a|.2000). Splendid Fairywrens laid more clutchesin years when predationor brood
parasitism were high, particularly in the two years after a
major fire (Russell and Rowley 1993) but reasonsfor the
year-to-year variation in the breeding effort of Whitebrowed Scrubwrens were not examined. In the Purplecrowned Fairy-wren M. coronatu.s,however, there was
some evidence for more clutches being laid in wet than dry
years, with no breeding apparent in some dry years
(Rowley and Russell 1993).
While rainfall is known to act as a stimulus to breeding
in many arid-zone birds (Serventy and Marshall 1957;
Keast 1959; Maclean 1976; Williams 1979; Ambrose and
Murphy 1994; Zann et al. 1995), it may also trigger
nesting in more mesic habitats. Silvereyes Zosterops
lateralis chlorocephala on Heron Island began nestbuilding after heavy rain, while the Little Grassbird
Megalurus gramineus in south-westernAustralia showeda
breeding peak one month after rain (Kikkawa and Wilson
1983; Halse and Jaensch1989). Rainfall probably acts by
influencine the amount of food available (Schodde 1982:
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Ford 1989). Food supply has been shown to influence the
initiation of egg-laying, length of the breeding season,
clutch size, egg mass, and nestling size and mass. Food
shortage was considered to be responsible for reduced
breeding success (shorter breeding season, lighter eggs
though no reduction in clutch size, and smaller nestlings)
in Eastern Yellow Robins Eopsaltria australis (Zanette et
al.20OO).
Grey Shrike-thrushes are woodland and forest residents
which consume a wide variety of animal and plant food
items (Barker and Vestjens 1990), gathering food from all
heights from ground level to canopy (Recher and Holmes
1985). Woinarski (1985) found that Australian forests
provide a relatively stable food supply throughout the year
with only a minor broad peak in abundanceduring the
breeding season. It is likely that this minor peak is
accentuatedin years of good rainfall and reduced in poor
years. Moreover, the increased breeding activities of other
bird speciesin wet years could provide quite a large peak
in available eggs and thus nutrients for breeding shrikethrushes,given that shrike-thrushesare known major nest
predators. Hence, the ability to modify clutch size in
response to resource availability would afford a strong
selectiveadvantage,maximizing reproductiveoutput when
resourceswere plentiful. This ability, coupled with multiple
breeding attempts within a single breeding seasonled to
broad variation in reproductive output (2-10 chicks fledged
in a single breeding season) and a close association
between reproductive output and resource availability as
measuredby annual rainfall. We suggestthat the plasticity
of reproductive output in response to environmental
conditions might help explain the success of this
widespreadspecies.
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