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Abstract

Clutch size, the important parameters of bird reproduction, directly influences bird reproductive result. The
difference of interspecific or/and intraspecific clutch size has been widely applied to explain life history
evolution. In order to know the factors limiting clutch size of pheasants on island and examine Ashmole’s
hypothesis and Cody’s hypothesis, clutch size and egg size of Lophura swinhoii and Syrmaticus mikado on
Taiwan were compared with those of relative species on mainland of China. The average clutch size of
L.swinhoii and S.mikado on Taiwan were significantly less than those of relative species on mainland. But
the egg size of the two pheasants on Taiwan was notably bigger than those of relative species on mainland.
They reduced clutch size and increased egg sizes, their reproductive strategies tended to k-selection. While
the relative species on mainland laid more and smaller eggs, their reproductive strategies tended to 1-
selection. The analysis on environmental factors showed the pheasants on Taiwan didn’t support Ashmole’s
and Cody’s hypotheses. Unexpected weather condition on island might lead to the breeding strategy on
island tend to k-selection. Among Gallinaceous birds, there was a highly significant positive correlation
between clutch size and their distributed area, and the number of subspecies. The breeding strategy of
pheasants on island was determined by the effects of area and heredity.
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Resumo

O tamanho do ninho € um importante parametro para reproducio de passaros e influencia diretamente no
seu resultado. A diferenca de tamanho de ninhos, interespecificos e/ou intra-especificos, tem sido muito
utilizada para explicar a evolucao da vida desses animais. A fim de estudar fatores limitantes no tamanho
dos ninhos de faisdo da ilha e examinar as hipéteses de Ashmole e de Cody, foram comparados tamanhos
de ninhos e ovos de Lophura swinhoii e Syrmaticus mikado de Taiwan com os das mesmas espécies da
China continental. A média de tamanho dos ninhos de L.swinhoii e S.mikado em Taiwan foi significativa-
mente menor do que os das mesmas espécies do continente. Mas o tamanho dos ovos das duas espécies de
faisao em Taiwan foi notavelmente maior do que os do continente. Eles reduziram o tamanho do ninho e
aumentaram o tamanho dos ovos, com isso, suas estratégias reprodutivas tenderam 2 selecao-K. Enquanto
as espécies do continente botaram mais e menores ovos, com isso, suas estratégias de reproducao tende-
ram 2 selecao-R. As andlises dos fatores ambientais mostraram que os faisdes em Taiwan ndo suportaram as
hipoteses de Ashmole e Cody. Condicoes inesperadas de tempo podem ter levado a estratégia de reprodu-
cao, na ilha, a tender para selecao-K. Entre esses galiniceos houve uma correlacio positiva altamente
significativa entre o tamanho do ninho, sua area de distribuicio e o nimero de subespécies. A estratégia de
reproducao dos faisdes em Taiwan foi determinada pelos efeitos da area e da hereditariedade.

Palavras-chave: Lophura; Syrmaticus, Tamanho do ninho; Estratégia reprodutiva; Variacao geogrifica.

Introduction

Variation in clutch size in birds has
stimulated a great deal of research, both descriptive
and experimental (1). Most attention has focused
on understanding variation in clutch size within
populations, leaving the question of geographic
variation in clutch size mostly to a series of studies
that relate environmental variation to clutch size
(2,3,4,5). Of all the theories putting forth to explain
the evolution of clutch size in birds, the food-
limitation hypothesis of Lack (6,7,8) has gained the
most acceptance. Several workers have extended
Lack’s ideas to include aspects of environmental
stability, competition and predation (9, 10, 2, 11,
12) in an effort to explain many of the geographical
trends in clutch size in bird. The observation that
island species typically laid smaller clutches than
mainland relative species did (13) still requires
explanation. And the factors that limit the clutch
size of pheasant on island were worth researching.

In certain environmental space, there was
a definite carrying capacity (K). Due to density-
dependent, carrying capacity might influence
animal’s reproduction. It’s certain that the carrying
capacity was low in small environmental space. So
there might be area effect on clutch size in bird on
island. However, an important and complementary
method of studying clutch size evolution was
through the use of genetics (14). Quantitative
genetics was much used to research clutch size
evolution. In this paper, we will discuss genetic
effect on clutch size in bird.

Taiwan Island is a good region for
research above problems. In the following pages,
our general aim was to explain the evolution on
clutch size and egg size of pheasants on island.
Specially, we sought to: (1)evaluate Ashmole’s and
Cody’s hypotheses through comparison of clutch
size and egg size of Lophura and Syrmaticus
pheasants between Taiwan and mainland of Chi-
na; (2) assess putative area effect on clutch size;
(3) estimate the relationship between clutch size
and genetic diversity.

Materials and Methods

Taiwan locates between East China Sea
and South China Sea, 21.9-25.2° N, 120.1° -122.0°
E, about 120km from mainland of China. The
climate belongs to subtropic oceanic monsoon type.
In the island there are Taiwan blue pheasant
(Lophura swinhoii) and Taiwan Long-tailed
pheasant (Syrmaticus mikado). Two relative
species (L.nycthemera and L.leucomelana) of the
Taiwan blue pheasant and three relative species
(S.reevesii, S.ellioti and S.humiae) of the Taiwan
Long-tailed pheasant are encountered on mainland
of China. Besides the L.leucomelana, the breeding
of these pheasants were separately researched and
reported by ornithologists on Taiwan and mainland.
Their materials were used and dealt with in this
paper.

The egg size was determined by long
diameter (cm) X short diameter (cm)? The resident
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region of every species of pheasants on mainland
was separately drawn on 1:40,000,000 the world
map, using planimeter to calculate their distributed
area. The area of the island was considered as the
area that is occupied by pheasants on Taiwan.

Results
Clutch size

The average clutch size of L.swinhoii
and S.mikado were separately 5.20+1.40 and

3.25+0.50, which were significantly less than
those of relative species on mainland,
whereas there were no significant difference
in clutch size among S.reevesii, S.ellioti and
S.humiae within mainland (Table 1). The
variation coefficient in clutch sizes of
L.swinhoii was larger than that of
L.nycthemera on mainland, whereas the
variation coefficient in clutch size of
S.mikado was similar to that of S.reevesii on
mainland, but was smaller than that of
S.humiae on mainland (Tablel).

TABLE 1. Clutch size and its variation coefficiant (V.C.) of Lophura and
Syrmoticus pheasants on Taiwan and mainland of China.
** significant difference, p<0.01; *** most significant difference, p<0.001.

Species N Clutch size V.C. References
Mean+S.D. | Range
Lophura swinhoii | 10 | 5.20+1.40 3-7 0.27 a7
Lophura 10 | 6.90+1.29* 4-8 0.19 (18)
nycthemere
Syrmaticus 4 | 3.25£0.50 3-4 0.15 19
mikado
Syrmaticus 7 | 7.57£1.51%* | 5-9 0.20 a”n
humiae
Syrmaticus 25| 7.68+£1.18"** | 6-10 0.15 (20)
reevesii
Egg size

The egg size of L.swinhoii and S.mikado on Taiwan were significantly bigger than those of relative
species on mainland (Table 2). Among the species on mainland, the egg size of L.nycthemera was bigger
than that of L.Jeucomelana, and egg size of S.reevesii was the largest. There was significant difference in
egg size between species within mainland.
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TABLE 2 Egg sizes of Lophura and Syrmaticus pheasant on Taiwan and
mainland of China

Species N Egg size References
MeanzS.D. Range

Lophura swinhoii 48 88.99 an
Lophura 30 73.07 (18)
nycthemere

Lophura 10 61.61 2D
Leucomelana 0

Syrmaticus mikado | 7 88.20+4.67 | 79.45-93.30 19
Syrmaticus humiae | 33 54.70+3.83* | 47.18-61.69 (22)
Syrmaticus ellioti 10 52.31* a7
Syrmaticus reevesii | 90 59.44* (20)

* most significant difference, p<0.001.

The relationship between clutch size
and egg size, egg weight

The egg size and weight significantly
decreased with increasing clutch size (p<0.05

and p<0.01, Figure 1 and 2). Namely, egg size
was generally conservative as opposed to clutch
size (7, 8). Our evidence supported the
hypothesis that reduced clutch size results in
increased egg size.

weight of egg
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y=-3.7321x + 58.82 <
i R=-0.9383
p <0.01, n=5
} } } } |
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Clutch size

FIGURE 1. The relationship between egg size and clutch size of Lophura and
Syrmoticus. Regression equation and correlation coefficient(r) are given. Each

dot represents one species.
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FIGURE 2. The relationship between weight of egg and clutch size of Lophura
and Syrmoticus. Regression equation and correlation coefficient(r) are given.

Each dot represents one species.

The average weights in eggs of the two
species pheasants on Taiwan were weightier than
those of their relative species on mainland, but
the average weights of their clutch egg were
lighter than those of species on mainland. This

suggested that the cost in clutch eggs of the
pheasants on Taiwan was less than that of those
pheasants on mainland, because during breeding
period the weight of females was similar each

other (Table 3).

TABLE 3. Weights (g) of egg, clutch eggs and females during breeding period of
Lophura swinhoii, Syrmaticus mikado on Taiwan and their relative species on

mainland
Species N | Weight of | Weight of | N | Weight of | References
egg clutch eggs females
(8)+S.D. (8) (8
Lophura swinhoii | 48 | 41.0 213.20 2 | 948.0 an
Lophura 22 | 36.4%£3.0 251.16 2 | 9535 as)
nycthenmere
Syrmaticus 7 45.3+4.1 147.18 8 | 925.0 a7
mikado
Syrmaticus 33 | 27.2+2.88 205.97 4 1 907.0 (22)
humitiae
Syrmaticus 99 | 30.0 230.40 3 | 981.0 Q0
reevesii
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In short, Lophura swinhoii and Syrmaticus
mikado on Taiwan reduced the number of eggs
laid, enlarged egg size, and their reproductive
strategies tended to k-selection, while, the relative
species on mainland laid more and smaller eggs,
their reproductive strategies tended to r-selection.

Discussion
Ashmole’s and Cody’s hypotheses

The phenomenon that the birds breeding
on island lay smaller clutch size is common. Our
data are consistent with the phenomenon. Crowell
and Rothstein (13) attempted to use Ashmole’s (9)
climatic stable hypothesis and Cody’s (10) energy
allocate hypothesis to explain the smaller clutch
size of birds breeding in Bermudan. They believed
that, like tropical areas, islands areas were relatively
stable and bird populations did not suffer great
adult mortality at any season, thus, during the
breeding season, bird population on island

probably had less food for per individual than
mainland population did.

The parameters of climatic stability are
many, for example, frost-free period, annual
variational ratio in temperature or precipitation,
annual deviation of average temperature, frequency
of typhoon and rainstorm, and so on. On the basis
of the Chinese Natural Geographical Map, the frost-
free period on Taiwan was lower than that of near
mainland and annual variational ratio of
precipitation was higher than that of near mainland
and the annual deviation of temperature was lower
than that of Guangxi, Fuzhou and Zhejiang, but
higher than that of Guangdong (Table 4). It was
difficult to estimate the climate of Taiwan was more
stable than that of near mainland with these
parameters. Besides, from June to October typhoon
and rainstorm frequently occurred on Taiwan, and
were stronger in June, July and August effecting
on Taiwan during the breeding period of the two
species pheasant. Ashmole’s (9) hypothesis wasn’t
able to explain the smaller clutches and bigger eggs
of pheasants breeding on Taiwan (Table 4).

TABLE 4. Comparison of climatic stability on Taiwan and that near its mainland

of China
Items Taiwa | Guangdo | Zhejian | Guangx | Guizhou
n ng g i

Annual deviation of 11-9 9-8 25-22 19-13 18-16
temperature (°C)
Frost-free period (days) 0-5 0-10 25-50 0-10 1-15
Annual variational rate 10-25 10-20 10-20 10-20 10-15
of precipitation (%)

According to Cody’s (10) hypothesis,
island populations were always close to
environmental carrying capacity (K), the most
adaptive reproductive strategy might lower the
number of eggs laid and allocated the energy into
other components of fitness such as foraging
efficiency, predator avoidance or intra- and inter-
specific competition. The most common
interspecific or/and intraspecific competitions are
the competition for food, especially, when the food
is the same or similar. The pheasants chiefly feed
on plants, therefor the number of species and

population density in an area may be considered
as relative indexes of competitive intensity. There
are three species pheasants on Taiwan, but there
are five species in Zhejiang, six species in
Guangdong, eight species in Guangxi and seven
species in Guizhou (15). The population density
of L.swinhoii on Taiwan was lower than that of
L.nycthemere on mainland, but the population
density of S.mikado was higher than those of
S.reevesii and S.ellioti, whereas was lower than that
of S.humiae (Table 5). Taiwan also didn’t provide
the evidence for Cody’s hypothesis.
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TABLE 5 Population density of Lophura swinhoii and Syrmaticus mikado on
Taiwan and their relative species on mainland

Species Population density (ind./km?) References
Breeding Unbreeding
season season
Lophura swinhoii 13.0-18.0 a7
Lophura 41.2-44.2 a7
nycthemere
Syrmaticus 18.0-32.0 a7
mikado
Syrmaticus 22.4 33.0 a7
humiae
Syrmaticus ellioti 3.5 6.9 a”n
Syrmaticus 4.6 19.5 a”n
reevesii

Island is as small as patch on mainland,
owing to the edge effect, the influence of natural
calamities upon island is stronger than upon
mainland. Typhoon and rainstorm frequently occur
from May to October on Taiwan, mostly in July
and August, often causing severe disaster. These
climatic calamities are hard to forecast and mostly
happen during brood period of the two species
pheasants. The extreme weather on Taiwan may
explain the smaller clutch size and larger eggs of
the pheasants breeding in the island. The larger
eggs can hatch larger and stronger young with a
higher survival rate, which is advantageous for the
population inhabiting such area.

Area effect

Every environmental space has a definite
carrying capacity. However, clutch size is significant
negative correlated with population density during
breeding season (r=-0.9973, p<0.01,n=3), which is
consistent with Ricklefs’s prediction (2). Due to
the density-dependent, carrying capacity may
influence animal’s reproduction. So there may be
area effect on clutch size in bird. The clutch size of
Gallinaceous birds is dependent on their distributed
areas, this relationship is highly significant (Figure
3, 1=0.7697, p<0.001, n=22). In the smaller
environmental space, there is often lower carrying
capacity; on the contrary, there is higher one. So
the breeding strategy of species that have bigger
distributed area tends to r-selection, the contrary
is inclined to k-selection.
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FIGURE 3. The relationship between clutch size and distributed area in
Galliforms. Regression equation and correlation coefficient (r) are given. Each

dot represents one species.

The area of Taiwan is small, only
3.6 x 10*%km?, and the populations of pheasants
on Taiwan are always near to the environmental
carrying capacity, thus the breeding strategy of
pheasant tends to k-selection.

Genetic diversity effect

Genetic variation is usually detectable for
clutch size in birds (16). Among Gallinaceous birds,
there is a significant positive correlation between
clutch size and the number of subspecies (r=0.5776,
p<0.05, n=22, Figure 4). As is well known, the more
the number of subspecies is, the higher genetic

diversity of the species is, because the species has
more genotype. In the face of environmental
variability, either spatial or temporal, an animal
has more selection and more pheotypic plasticity
when the species has more genotype. The average
response will be a genetically determined
compromise and subject to temporal and spatial
variation in natural selection. L.swinhoii and
S.mikado are endemic species on Taiwan and have
no subspecific divergence, so their clutch sizes are
small. Moreover, the number of subspecies among
Gallinaceous increases with their distributed area
increasing (r=0.8890, P<0.001,n=22) (table 6). So
area effect associated with genetic effect influences
clutch size in birds.

20 T
15 +
Q
2 404+ y =0.3238x + 6.1065
S =0.5773
5 5 p < 0.05, n=22
O Il Il Il Il Il Il
0 5 10 20 25 30 35
Numbers of subspecies

FIGURE 4. The relationship between clutch size and numbers of subspecies in
Galliforms. Regression equation and correlation coefficient(r) are given. Each

dot represents one species.
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TABLE 6. Distributed areas, clutch sizes and numbers of subspecies of 22
Galliforms species

Distributed Clutch V.C. | Numbers Nest Reference
Species area size of number
(x10*'m?) subspecies

Tetraogallus 353.04 5.8+1.28 | 0.22 6 8 (23) and this
tibetanus paper
Tetraogallus 421.48 7.242.40 | 0.33 4 17 (24) and this
himalayensis paper
Tetraophasis 33.00 3.5£0.58 | 0.17 1 4 (25)
obscurus
Tetraophasis 25.90 3.3+0.58 | 0.18 1 3 (20)
szechenyii
Alectoris 1845.2 14.5+3.66 | 0.25 14 8 7
chukar
Alectoris 52.8 12.3£3.12 | 0.25 1 7 (28)
magna
Perdix 1062.4 15.842.76 | 0.17 3 34 (29)
dauuricae
Ithaginis 110.25 6.1+1.28 0.21 10 24 (30)
cruentus
Tragopan 141.75 4.0£0.82 | 0.20 1 7 3D
temminckii
Tragopan 32.40 4.0+£1.41 | 0.35 2 4 (32)
caboti
Crossoptilon 81.00 7.7+£2.30 | 0.30 5 6 (33)
crossoptilon
Crossoptilon 90.00 8.4£2.50 | 0.30 1 8 (349
auritum
Crossoptilon 20.00 8.1+2.48 | 0.31 1 55 (22)
mantchuricum
Lophura 312.8 6.9+1.29 [ 0.19 9 10 (18
nycthemere
Lophura 3.60 5.2¢1.40 | 0.27 1 10 a7
swinhoii
Pucrasia 371.00 7.7£1.16 | 0.15 7 17 (35,36)
macrolopha
Syrmaticus 81.00 7.7¢1.18 | 0.15 1 25 20)
reenesii
Syrmaticus 122.00 7.6£1.51 | 0.20 2 7 (37)
humiae
Syrmaticus 3.60 3.2¢0.50 [ 0.15 1 4 a7
mikado
Chrysolophus 108.00 6.2£0.45 | 0.07 1 5 (38)
amherstiae
Chrysolophus 135.00 6.8t1.14 | 0.17 1 8 (39,40)
plictus
Phasianus 2817.00 15.7+¢3.75 | 0.24 30 20 (41)Liu,1998
colchicus
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