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ABSTRACT

Ashmole’s hypothesis predicts that clutch size of birds is related to competition with migrants.
This is because higher competition with migrants leads to greater winter mortality among
residents, and the resultant lower competition in the breeding season enables the remaining
birds to lay larger clutches. We examined the predictions of Ashmole’s hypothesis by comparing
the life-history parameters of passerines inhabiting Australia, Southern Africa and India, three
regions where the proportion of migrants increases in the above order. Since the proportion
of migrants is higher in open habitats (grassland and semi-desert) than in closed ones (forest
and rainforest), we examined the predictions of Ashmole’s hypothesis in both habitats after
controlling for phylogeny. We found that body mass was positively correlated with the length of
the breeding season, egg mass and the length of both incubation and fledging periods, but not
with clutch size. Contrasts controlled for body mass showed that clutch size in both closed and
open habitats was significantly larger in India than in both Australia and Southern Africa, as
predicted by Ashmole’s hypothesis. Furthermore, the reproductive effort (clutch size multiplied
by egg mass) of genera inhabiting two or all three regions showed that it was significantly larger
in India than in the other two regions, thus supporting Ashmole’s hypothesis. The length of the
breeding season in closed habitats was significantly different (Australia > South Africa > India)
between the regions. We attribute the differences in clutch size to ecological factors, mainly the
larger proportion of Palearctic migrants wintering in India. The differences in the length of the
breeding season may be attributed to the different climates of the regions examined.

Keywords: Australia, breeding season, clutch size, India, passerines, Southern Africa,
southern hemisphere.

INTRODUCTION

It has long been the impression of ornithologists that life-history parameters of tropical and
southern hemisphere birds differ from those of their northern hemisphere counterparts (for
a review, see Martin, 1996). Tropical and southern hemisphere birds are said to have smaller
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clutches (Moreau, 1944; Lack, 1968) and longer incubation and fledging periods (Martin,
1996) than northern hemisphere birds. These claims were recently examined by Geffen and
Yom-Tov (1999), who confirmed that tropical and southern hemisphere passerines have
smaller clutches; however, they refuted the claim that northern hemisphere and tropical
passerines differ in length of incubation and fledging periods.

Clutch size may be related to other breeding parameters. Ricklefs (1980) claimed that
clutch size is negatively related to the length of the breeding season. Another factor that
may contribute to the small clutch size of southern hemisphere birds is the proportion of
migrants in their avifauna. Ashmole (1961, 1963) pointed out that migrants reduce popula-
tions of residents through competition for winter resources, and that surviving residents
have access to more resources during the breeding season and lay larger clutches (Ricklefs,
1980; Yom-Tov, 1994).

Many species of Palearctic passerines spend their winter in southern continents, but their
proportion differs between the regions. The number of wintering species in a particular
area depends on several factors, including the distance from the breeding ground and the
availability of food and water. Hence, many Palearctic species winter in India, but almost
none winter in Australia. The number of Palearctic species wintering in Africa declines
from north to south, being the smallest in Southern Africa (Moreau, 1972). Wintering
passerines tend to inhabit open habitats, such as grassland, and to avoid closed ones,
particularly rainforest.

Australia occupies a land area of about 7.6 million km” and ranges between 11° and 44° S.
The continent is of low relief, with only a negligible area higher than 1000 m. Australian
rainfall comes from two weather systems, a summer monsoonal system and a winter
Antarctic system that comes from the south (Keast, 1981a). The centre of the continent lies
towards the limits of penetration of both systems, either or both of which can fail in a
particular year. As a result, most of Australia is arid or semi-arid and the variability of
rainfall is greater than the world average (Leeper, 1970). Although most of Australia is arid
or semi-arid, it contains many habitats, including rainforests, open forests, woodlands,
heaths, grasslands and shrublands (Specht, 1981). Australia is a part of the Australasian
zoogeographical region, which also includes Papua New Guinea and other islands in the
Indonesian archipelago.

The Australian avifauna is composed of three components: birds of Australasian origin
(termed ‘old endemics’), which evolved in Australia and Papua New Guinea in isolation
when it separated from Antarctica about 40 million years ago; birds of Afro-Eurasian
origin (called ‘new invaders’), which migrated to Australia from the north at various times;
and species introduced by Europeans during the last two centuries (Keast, 1981b,c). Of
the 338 species of passerines found at present in Australia, 258 almost certainly belong to
the old endemics, while 64 and 16 belong to the other two groups, respectively (Rowley
and Russell, 1991). About 2% of the Australian avifauna are migrants (Yom-Tov, 1995).
Blakers et al. (1984) recognized four bioclimatic zones on the basis of a growth response of
dominant plants to temperature. These zones closely parallel the faunal divisions of early
avian zoogeographers: the Bassian in the temperate south-east and south-west of the con-
tinent, the Eyrean in the arid centre, the Torresian in the monsoonal north and the Irian
in the tropical region of Cape York peninsula. The breeding season of birds in Australia
is known to differ according to their distribution, being shortest in the highly seasonal
Torresian zone and in Tasmania, and longest for birds breeding in both the Eyrean and
Bassian zones (Thomas, 1974; Yom-Tov, 1987).
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The Southern African region is defined, for our purposes here, as the mainland region of
the African continent south of the Cunene/Zambezi rivers. It includes Namibia, South
Africa, Botswana, Zimbabwe and that part of Mozambique which lies south of the Zambezi
River, an area of about 3.7 million km? which ranges between latitudes 27° and 35° S.
The climate ranges from extreme desert and semi-desert, mainly in the west, through
Mediterranean in the south and a warmer, humid climate in the east towards the Indian
Ocean, to montane in the Natal Drakensberg and the mountains of Lesotho. The main
habitats (comprising about 40%) are desert (Namibia) or semi-desert (Kalahari and Karoo),
while the rest are grasslands, savannas, fynbos and woodlands. The avifauna is composed of
about 900 species, about 500 of which are passerines. The overall percentage of Palearctic
migrants among these birds is 10%, but it declines from north to south. Until about 7
million years ago, there was a connection between the forests of Africa and Asia, hence the
present affinities of the avifaunas of these two regions (Snow, 1980).

The Indian subcontinent, including India, Pakistan, Bangladesh and the islands of Sri
Lanka, the Andamans, Nicobar and Lakshadweep, occupies an area of about 4.3 million
km” and ranges between latitudes 6° and 35° N. The most significant climatic event in the
Indian subcontinent is the appearance of the monsoon rains, beginning in June and con-
tinuing until September. These rains contribute most of the precipitation over most of
India. The wide geographical and topographical variability of the Indian subcontinent,
together with the effect of the monsoonal rains, create a great variety of habitats, such as
tropical wet and dry rainforest, savanna, grasslands, semi-desert, desert and high altitude
habitats. The Indian subcontinent is a part of the zoogeographical Oriental region, which
shares several bird families with the Australasian region. However, most Indian passerines
belong to families whose main diversity is reached either in the Palearctic or in tropical
Africa (Ali, 1985). Its avifauna comprises about 1000 species, of which about half are
passerines (Ali and Ripley, 1968-74). About 20% of Indian bird species are migrants
(Y. Yom-Tov, unpublished data).

Ashmole’s (1961, 1963) hypothesis predicts that clutch size is positively related to the
proportion of migrants in an avifauna. The above differences in the proportions of migrants
between the three regions and habitats provide an opportunity to test Ahmole’s hypothesis.
We predicted that clutch size in India would be larger than in the other two regions.
Following Ricklefs (1980), we also predicted that there would be a negative association
between clutch size and the length of the breeding season.

MATERIALS AND METHODS

Data

Data on body mass, clutch size, egg volume and breeding season were gathered for
the passerines of the Indian subcontinent from Ali and Ripley (1968-74), which provides
data for most species breeding in this area. For Southern Africa we used Maclean
(1985), Keith et al. (1992) and Urban et al. (1997). For Australian passerines, we used data
mainly from the Appendix in Yom-Tov (1987); this was supplemented with data on body
mass from Dunning (1993) and with data on clutch size from the Reader’s Digest Complete
Book of Australian Birds (1983) and Pizzey (1980). All species introduced into Australia and
Southern Africa by Europeans during the last two centuries were excluded from the analysis.
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Body mass

When available we used female mass. If the above sources did not provide female mass, we
used the data available (mass of males or unspecified sex). This approach is justified because
sexual dimorphism among passerines is generally small (Campbell and Lack, 1985).

Clutch size, breeding season, incubation period, fledging period and egg volume

The above sources provide data on clutch size, egg size, breeding season, incubation and
fledging periods. When a range of clutch size was given, a mean was calculated from the
common range and the word ‘sometimes’ received a score of 0.3 egg; that is, if a clutch size
was said to be 2, sometimes 1, it received a value of 1.7. Similarly, a clutch of 2, sometimes
3, is scored 2.3. The data on egg length and width were supplemented by Schonwetter
(1967-83). Egg volume was calculated using the equation:

volume = 0.5 x length x width’

which is a good approximation of both egg volume and egg mass (van Noordwijk
et al., 1981). For genera that are represented in more than one region, we also compared
reproductive effort, defined as clutch size multiplied by egg volume.

Habitat

Using the above regional sources — as well as Grimmet ez al. (1998) for the Indian sub-
continent — we assigned every species to one of the following habitats: aquatic (living near
water, reedbeds, etc.), high mountains, desert, grassland (any other open habitat, including
open savanna), forest and rainforest. Each species was also categorized as resident, summer
breeder, wintering or vagrant (or rare). The few species that have both resident and winter-
ing populations were not included in the analysis. Species categorized as aquatic and high
mountain (there were very few of these) were not included in the analysis because they
were considered too specialized. We then combined species categorized as grassland and
desert species into ‘open’ habitat, and those categorized as forest and rainforest into ‘closed’
habitat.

Statistical analysis

We examined regional changes in egg mass, clutch size, breeding season, incubation
and fledging periods of passerines. We examined regional differences between Australia,
Southern Africa and India in each of the five variables using f-tests on log-transformed
data. Logarithmic transformation of size data fits the assumption that different lineages
are equally likely to go through the same proportional change in scale. In the next step, we
removed the effect of body mass before testing for regional differences by using residuals
from a regression of each of the five variables on body mass. Last, to control for the effect
of phylogeny, we used the CAIC program (Purvis and Rambaut, 1995), which implements
the independent contrasts method (Felsenstein, 1985). The methods implemented in the
CAIC program work best when the variables used are continuous or categorical (preferably
dichotomous). Polytomies (nodes with more than two daughter branches) that express
ignorance of the true branching structure are treated in CAIC according to Pagel (1992).
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A dendrogram (topologies and branch lengths) based on DNA-DNA hybridizations, pro-
vided by Sibley and Ahlquist (1990: 856-869), was used to determine phylogenetic relation-
ships among species. Species not mentioned or specified (represented only by their genus)
in Sibley and Ahlquist’s (1990) dendrogram were treated as sister taxa within their genus.
Branch lengths for such species were estimated as mean branch length within the genus (in
cases where other species within the genus were indicated) or as the mean branch length
within all genera outlined in the dendrogram (in cases where no other species within the
genus were indicated). The branch lengths in CAIC are used as a measure of the expected
variance, which allows standardization of the contrasts. Contrasts between distant species
will have higher expected variance (i.e. branch lengths) than contrasts between sister taxa.
Furthermore, simulation studies have shown that the independent contrasts method is
valid even with very inaccurate branch lengths (Martins and Garland, 1991). Because of
the relative insensitivity of the contrasts method to the distance between taxa, the branch
length data from Sibley and Ahlquist (1990) is a reasonable measure of the expected
variance component between taxons.

For each group of birds we examined the relationship between: (1) body mass (inde-
pendent variable) and five other dependent variables (egg mass, clutch size, breeding season,
incubation period and fledging period) by linear regression, and (2) contrasts of body
mass (independent variable) and the contrasts of the other five dependent variables by
linear regression through the origin. We performed these initial steps to examine the effect
of body mass on other variables before and after the phylogenetic component was removed.
All analyses were performed on log-transformed data.

For our regional comparisons, we assigned a value of 0 to all species in one region and a
value of 1 to all species in the other region, thus creating a categorical character with only
two states. Using the Brunch option in CAIC, we compared all four dependent variables
between regions. The null hypothesis is that evolution in the dependent variable (e.g. egg
mass) is not linked to region; thus we should expect half the contrasts in the dependent
variable to be positive and half to be negative, and the mean value of the contrasts to be
zero. We tested the null hypothesis using a z-test on the mean of the contrasts (Purvis and
Rambaut, 1995). A mean significantly greater than 0 indicates that, in the region assigned
as 1, the values of the dependent variable are larger, whereas a mean significantly below
0 indicates larger values of the dependent variable in the region assigned as 0.

Several genera are represented in all three regions and some in two of them. We
performed paired #-tests on the means of all breeding parameters of the genera that inhabit
two or three regions to check if the above results occur also when carried out on common
genera.

RESULTS

Proportion of wintering species

The proportion of wintering passerines relative to breeding birds in open habitats was
0% (n=72), 5.3% (n=140) and 30.8% (rn=191) for Australia, Southern Africa and
India, respectively; these differences were highly significant. The proportion of wintering
passerines relative to breeding birds in close habitats was 0% (n = 199), 3.5% (n=209) and
3.6% (n=1372) in Australia, Southern Africa and India, respectively. In close habitats, the
differences in these proportions were significant between Australia and the other two
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regions, but not between Southern Africa and India (y° = 7.04, d.f. =2, P=0.03). The pro-
portions of wintering to breeding species in the open habitat were significantly different
between all three continents ()(2 =37.75,d.f.=2, P<0.001).

Life-history parameters

In the first stage of the analysis, we found that body mass was positively correlated
with the length of the breeding season, egg mass and the length of both incubation
and fledging periods, but not with clutch size (Table 1). Hence, for all comparisons of
life-history parameters, we also controlled for body mass. The differences in life-history
parameters between the three regions by closed and open habitat are presented in Tables
2 and 3.

Contrasts analyses show that clutch size was significantly larger in India than in Australia
and Southern Africa in both open and closed habitats, but there was no difference in
clutch size in Australia and Southern Africa. The length of the breeding season in closed
habitats was significantly different between the regions, but not in open habitats. For
most other parameters, there were no significant differences between the regions. Only two
other significant differences were detected in other breeding parameters: fledging period
was longer among passerines inhabiting open habitats in Southern Africa than in India,
and incubation period was longer in closed habitats in Australia than in India. We
cannot provide an explanation for these latter differences, but note that sample size for
the incubation period was very small (six contrasts). Furthermore, applying sequential
Bonferroni correction for multiple comparisons rendered all tests with P-values >0.0025
insignificant. Taking this conservative approach, the only valid differences among
continents are in clutch size.

For both closed and open habitats, mean clutch size for the whole sample was smallest
in Australia, intermediate in Southern Africa and largest in India (open habitat: Australia
2.79 £0.66, n=50; Southern Africa 3.07 £ 0.53, n=51; India 4.09 £ 0.98, n=46; closed
habitat: Australia 2.53+£0.76, n=149; Southern Africa 2.69£0.55, n=112; India
3.5+ 1.06, n=106) (mean =+ standard deviation).

In our sample, 12 genera inhabit all three regions (Acrocephalus, Anthus, Cisticola,
Coracina, Corvus, Dicrurus, Hirundo, Mirafra, Nectarinia, Oriolus, Pitta and Zosterops);
others inhabit two of the three regions. We performed paired z-tests on the common genera
between combinations of two regions to determine if results similar to the above would be
found for these common genera. The results of these tests are presented in Table 4. They
show that mean clutch size was largest in India (3.549 £ 0.951, n=53), slightly smaller in
Australia (3.128 £0.894, n=23) and considerably smaller in Southern Africa (2.788 %
0.573, n =45). The difference in clutch size (controlled for body mass) between India and
Southern Africa was significant (P < 0.0001), but that between India and Australia only
approached significance (P = 0.056). The largest differences between India and Southern
Africa were observed in the genera Pitta, Coracina, Seicercus and Oenanthe, between India
and Australia in the genera Acrocephalus, Coracina, Megalurus and Monarcha, and between
Australia and Southern Africa in the genera Pitta, Hirundo, Cisticola and Coracina. How-
ever, contrary to the results in the contrasts analysis, the difference in clutch size between
Australia and Southern Africa was also significant. The other two significant differences in
the contrasts analysis, in incubation and fledging periods (for which we cannot provide an
explanation), remained significant in the paired #-tests. In addition, this analysis showed
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Table 3. Comparison of clutch size, length of breeding season, incubation and fledging periods, and
egg volume of Indian, Southern African and Australian passerines in closed and open habitats
(mean + standard deviation)

India Southern Africa Australia
mean t s n mean s n mean s n

Closed habitats (forests)

Clutch size (n) 346+ 1.04 100 2.69+0.55 112 2.54 £0.76 151
Breeding season (months) 4.08+1.44 100 4.53+1.91 112 553+1.34 148
Incubation (days) 1436+ 2.31 29  14.88+2.54 48  16.66 = 5.31 67
Fledging (days) 18.00£ 7.05 24 17.29+4.94 54 17.30 £6.85 57
Egg volume (cm’) 3.94+3.79 100 3.13+2.45 108 5.24 £6.94 146
Open habitats (deserts and grasslands)

Clutch size (n) 4.07£0.98 45 3.08+0.56 53 2.76 £0.66 52
Breeding season (months) 5.38£2.66 45 5.35+£2.01 54 525+1.13 50
Incubation (days) 13.69+1.88 24 14.08%2.10 28 14351287 17
Fledging (days) 15.74+4.72 21 18.52+5.90 29  16.00 £8.17 15
Egg volume (cm”) 3.21+3.11 45 3.33+4.77 54 3.17 £3.16 49

that there are significant differences in egg volume between Australia and the other two
regions (Australia 1.6 + 1.1, n = 20; India 2.8 + 2.5, n = 53; Southern Africa 3.0 £ 3.0, n =45)
(Table 4). The largest differences in egg mass between India and Australia were observed in
the genera Mirafra, Corvus, Artamus and Pitta, and between Australia and Southern Africa
in Mirafra, Corvus, Pitta and Acrocephalus. Reproductive effort (clutch size multiplied by
egg volume, controlled for body mass) in these species was highest in India (10.3 £ 11.8,
n=49), less in Southern Africa (9.1 £12.7, n=41) and considerably less in Australia
(4.8 £ 3.8, n=20) (Table 4).

As noted above, the length of the breeding season in closed habitats differed significantly
between the regions and was longest in Australia, intermediate in Southern Africa and
shortest in India (Table 3). No significant differences were found in open habitats (Table 3).
The length of the breeding season also differed significantly among the common genera
between any two regions: 5.6+ 1.3 (n=19), 4.6+ 1.6 (n=47) and 4.7+ 2.0 (n=41) for
Australia, India and Southern Africa, respectively.

Clutch size was significantly associated with the length of the breeding season in South-
ern Africa only (linear regression, raw data: r =0.14, Fiy,=4.1, P =0.04, slope = 0.29; raw
data controlled for body mass: r = 0.18, Fig = 6.0, P =0.01, slope = 0.36). However, analysis
of contrasts showed that this association was fully accounted for by phylogeny (linear
regression through the origin, contrasts: r = 0.07, Fy, = 0.6, P =0.46; contrasts controlled
for body size: r=0.12, F\;;=1.4, P=0.23). We repeated this analysis by splitting the
data for each continent into open and closed habitats. No significant relationship between
breeding season and clutch size was detected (P > 0.2 and number of contrasts >34 in all
comparisons). In summary, after controlling for phylogeny, habitat type and body mass,
we detected no significant association between clutch size and breeding season within any
region.



682 Yom-Tov and Geffen

Table 4. Results of paired #-tests between continental genera means in six breeding parameters
(clutch size, breeding season, incubation period, fledging period, egg volume and reproductive effort)

Raw data Data controlled for body size

t d.f. P t d.f. P
Australia and India
Clutch size 1.94 21 0.066 2.02 21 0.056
Breeding season 2.11 18 0.049 2.13 18 0.047
Incubation period 2.98 8 0.018 2.33 7 0.052
Fledging period 1.91 6 0.105 1.45 5 0.206
Egg volume 6.89 19 <0.001 9.06 19 <0.001
Reproductive effort 7.22 19 <0.001 9.21 19 <0.001
Australia and Southern Africa
Clutch size 4.33 13 <0.001 493 12 <0.001
Breeding season 2.39 12 0.034 1.98 11 0.073
Incubation period 0.07 4 0.948 0.22 3 0.836
Fledging period 1.13 4 0.321 0.98 3 0.399
Egg volume 4.24 11 0.001 4.22 10 0.002
Reproductive effort 3.30 11 0.007 3.12 10 0.011
India and Southern Africa
Clutch size 8.41 43 <0.001 8.56 37 <0.001
Breeding season 0.06 40 0.949 0.83 34 0.413
Incubation period 1.94 27 0.062 1.20 22 0.242
Fledging period 2.76 26 0.010 3.84 22 <0.001
Egg volume 2.01 44 0.051 0.50 37 0.622
Reproductive effort 4.66 40 <0.001 6.21 34 <0.001

Note: The species that were introduced into Australia and Southern Africa were excluded from the analysis
(Acridoteres tristis, Passer domesticus, Pycnonotus, Sturnus vulgaris and Turdus merula for both regions and Alauda
arvensis and Pycnonotus jocosus for Australia).

DISCUSSION

Clutch size

Ashmole (1961, 1963) claimed that migrants reduce populations of residents through
competition for winter resources, and that surviving residents have access to more resources
during the breeding season and lay larger clutches (Ricklefs, 1980; Yom-Tov, 1994). The
proportion of wintering species of the local avifauna declines with increasing distance from
the breeding grounds of migrants. Hence, according to Ashmole’s hypothesis, among the
three regions examined here, clutch size should be largest in India.

We found that clutch size in both open and closed habitats was significantly larger
in India than in Southern Africa and Australia. Furthermore, clutch size in each of the
two habitats increased in relation to the proportion of wintering bird species in it, from
Australia through Southern Africa to India. In addition, among genera that inhabit more
than one region, clutch size and egg volume, as well as reproductive effort, were larger in
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India than in the other two regions (although the difference in clutch size between India
and Australia was on the verge of significance). All the above results provide strong support
for the predictions of Ashmole’s hypothesis. However, Martin et al. (2000) have shown
that food abundance does not differ between Argentinean and North American passerines.
This indicates that the mechanism determining the smaller clutch size among southern
hemisphere passerines is not food abundance.

Finally, Ricklefs (1980: table 1) claimed that there is a worldwide negative association
between clutch size and the length of the breeding season. Our results do not show such a
relationship in any of the three regions studied here.

Length of the breeding season

Lack (1968) suggested that the breeding season of birds coincides with the period of
maximum food availability for rearing young. In all three regions studied here, the growing
season of plants is related to seasonal rains. Pramod and Yom-Tov (1999) have shown that
the breeding season of Indian passerines is strongly related to a single climatological event,
namely the monsoon, and usually peaks in May to June, a month before the arrival of
the monsoon rains, so that the peak food demand of chicks coincides with the arrival of the
monsoon. That breeding season was significantly longer in Australian closed habitats is
apparently a result of the difference in climate between the three regions. Rains in Australia
are caused by either the summer monsoon, which comes from the north, or by winter
Antarctic depressions from the south. In large areas of Australia (but rarely in the desert
and other open habitats), rains may fall both in winter and summer, resulting in a longer
growing season of plants and a longer breeding season of birds in Australia in relation to
India.

In summary, passerines inhabiting the Indian subcontinent tend to have a larger clutch
size than their Australian and Southern African counterparts; we attribute this to the small
proportion of migrants in these two southern temperate regions. The longer breeding
season in Australia than in India is attributed to the fact that, in large areas of Australia,
rains may fall both in winter and summer, resulting in a longer growing season of plants and
a longer breeding season of birds.
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