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Food-niche relationships of five
sympatric north Indian herons
N. S. SODHI

In a study in Northern India, the pivotal prey groups for Cattle Egret were flies (by number) and
toads (by biomass), for Little Egret fishes (both by number and by biomass}, for Indian Pond-
Heron frogs (by number) and fishes (by biomass), for Intermediate Egtet bugs (by number) and
fishes {by biomass), and for Black-crowned Night-Heron fishes (both by number and biomass).
Low overlaps in number of prey categories consumed by the herons were found. However, there
were high overlaps in shared prey categories, suggesting such prey may not be limited in nature.
Indian Pond-Heron had the highest niche width and Cattle Egret the lowest. The size of a heron
was not considered with mean langth of the prey consumed.

There has been extensive documentation of the feeding habits of various
herons, but such studies on herons from the Oriental region remain meagre.
Here I report food resources utilized, food-niche width and overlap in food
used by five sympatric north Indian herons, the Black-crowned Night-Heron
Nycricorax nycticorax, Intermediate Bgret Fgretta intermedia, Indian Pond-
Heron Ardeola grayii, Lintle Egret Egretta garzetta, and Cattle Egret Bubulcus
ibis.

METHODS

Food samples were obtained from and around Chandigarh (30°42'N
76°54'E), India, between March 1984 and March 1985. Two methods were
used to obtain food samples, collecting adults in the field and gathering
regurgitated food samples from heronries. Both samples were lumped in
analyses because adult herons deliver the same size and composition of prey
to nestlings that they have themselves consumed (Kushlan 1978: 271).

For comparison. I used high levels of prey identification as suggested by
Greene and Jaksic (1983). Such food analyses of these species have been
reported elsewhere (Sodhi 1985, 1986, 1989, Sodhi and Khera 1986, Singh
et al 1988). Food samples of Black-crowned Night-Heron were obtained
only during the breeding sensor and of Intermediate Egret during March (2)
and September (1). Data on these species were compared with samples
collected from other species during that period.

Overlaps in prey categories were calculated as;— Number of common prey
categories consumed by both species/total number of prey categories
consumed by both species X 100. Ovetlap among common prey categories
(see Appendix) of any two species was calculated by Hom’s measure
(2%p, afp*, + q%), where p, is the frequency of a given prey and q, is the
frequency of the same prey in the second species. (This formula renders
values between 0 to 1, signifying null to complete overlap.)



126 M. 8. 30DHI Forktail 7

Food-niche width, i.c. diet diversity, was computed as: B = X(p?)”, where
p, is the relative occurrence of prey i in a given specie’s diet. (This index gives
vilues between 1 to n; see Levins 1968 for explanation.) Further, to remove
differential sample-size bias, I calculated the standardized version of food-
niche width as propesed by Colwell and Futuyama {1971):

B,=®,, -B_)/®B_ —B ) Where B__is the observed niche width,
B_,, is the minimum niche width possible (=1), and B, is the maximum
width possible (=n, which is the number of prey categories actually taken by a
given species). B, ranges between 0 and 1.

Weight, bill length, tarsus length, and wing length of herons were obtained
from Cramp and Simmons (1977). Usually, mecan values were given
separately for sexes but I combined them into a single figure for each species.
I calculated weight ratios between neighbouring species along an increasing
axis, the weight of the lightest species in any pair was in the denominator

Table 1, Major prey categories consumed by five species of herons. Data given as percentage of
number. + = values less than 0.1%; * signifies adults and young
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Fable 2, Major prey categories consumed by five species of herons, Data presented as percentage
of biomass (wet weight). + = Values less than 0.1%; * signifies adults and young

Cattle Lirtle Indian Pond- Intermediate Black-crowned
Egret Egret Heron Egret Night-Heron
(n=5049) (n=332) (n=249) (n=34) (=106

Earthwortms 1.2 - 8.0 - 2.8
Dragonflics* 1.0 8.4 14.8 -~ 0.9
Damsetflies* 0.1 1.5 + -~ -
Grasshoppers 16.7 6.0 1.2 2.9 0.9
Crickets 4.5 — 3.2 — -
Earwigs 1 - - - -
Cockroaches + - - - -
Praying Mantis 0.1 - - - -
Termites 1.3 - - - -
Bugs 0.2 30.9 3.6 35.2 —
Beetles* 58 4.8 11.6 29.3 —
Flies 48.7 + 8.0 — —
Caterpillars 10.8 - 3.6 - -~
Moths 0.4 + + — -
Burttetflies + - - - -
Ans 0.4 — — - -
Wasps + - + - -
Spiders 6.2 3.3 6.4 - -
Centipede + - - - -
Crustaceans - 5.1 — - 0.9
Snail + — — —
Frogs* 0.1 + 25.2 - 26.4
Toads 0.5 + -~ - -
Fishes - 31.9 48 323 67.5
Lizards 0.2 - - — -
Shrew + - - - -
Rat + + - - -
Sample size 95 29 22 3 20
Niche width (B,) 0.058 0.112 0.267 0.133 0.234

Cattle Little Indian Pond- Intermediate Black-crowned
Egret Egret Heron Egret Night-Heron
Earthworms 2.2 - 1.7 - +
Dragonflies* 1.2 1.5 7.8 - +
Damselflies* + + + - -
Grasshoppers 10.9 1.4 2.0 + +
Crickets 8.1 - 1.7 - -
Earwigs 0.2 - - - -
Cockroaches + - - - -
Praying Mantis 0.2 - - - -
Termites 0.4 - - - -
Bugs + 1.5 + 10.9 -
Beetles* 0.9 + 1.3 15.0 -
Flies 7.6 + + - —
Caterpillars 14.7 - 1.7 - -
Moths + + - -
Butterflies + — - - -
Ants -+ - - - -
Wasps + - + - -
Spiders 1.7 + 1.5 - -
Centipede 0.2 - - - -
Crustaceans — 2.0 - — 0.1
Snail - + - - -
Frogs* 10.8 + 37.5 - 10.3
Toads 25.7 1.7 - - -
Fishes - 67.0 44.2 74.0 88.8
Lizards 6.3 - - - -
Shrew 0.3 - - - -
Rat 1.0 10.7 - - -

(Hutchinson 1959, Diamond 1975, Jaksic and Braker 1983).
I performed correlation analyses using Spearman’s rho correlation
coefficient (Sokal and Rohlf 1969),

RESULTS AND DISCUSSION

Tables 1 and 2 show that the most important prey groups for Cattle Egret
were flies (by number) and toads (by biomass), for Little Egret fishes (both
by number and biomass), for Indian Pond-Heron frogs (by number) and
fishes (by biomass), for Intermediate Egret bugs (by number) and fishes (by
biomass) and for Black-crowned Night-Heron fishes (both by number and
biomass). It has been postulated that prey selection in herons may be
dependent upon four factors (Sodhi 1988): (a) prey availability, (b) prey
vuinerability, (c) physiological stimuli of the predator, and (d} competition
for food resources among sympatric herons.
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There were no high overlaps in the number of prey categories consumed by
the herons (Table 3). This supports the expectation that values of overlaps
should be low as a consequence of past competitive interactions that have led
the consumer species to differ in their pattern of resource utilization (Lawlor
and Maynard-Smith 1976, Lawlor 1980). But overlaps in prey categories
that were common to any pair of species were high (76-99%), particularly
among aquatic herons (Tables 4 and 5), suggesting that those prey categories
may not be limited in availability. Such overlaps of aquatic herons with the
only tetrestrial heron — Cattle Egret — were low, perhaps due to differential
habitat utilization.

Table 3. Overlaps in prey categories consumed by the herons (values range between 0 and 100).

Listle Egret - Indian Pond-Heron 21.9
Indian Pond-Heron — Cattle Egret 9.0
Liitle Egret — Cattle Egret 7.8
Black-crowned Night Heton - Indian Pond Heron 8.0
Black-crowned Night Heron — Little Egret 14.2
Black-crowned Night Heron — Cattle Egret 0.7
, Intermediate Egret — Indian Pond-Heron 7.1
Intermediate Egret — Little Egret 9.7
Intermediate Bgret — Cattle Egret 0.8

Table 4. Overlaps in common prey categories consumed by the herons.

Species Black-crowned Intermediate Indian Pond- Little Cattde
Night-Heron Egtet Heron Egret Egret
Black-crowned
Night-Hercn - - 0.763 0.811 0.198
Intermediate Egret - 0.990 0.951 0.024
Indian Pond-Heron - 0.916 0.272
Little Egret - 0,628
Cattle Egret -

Table 5. Feeding-niche dimensions of five herons. See Hancock and Kushlan (1984) for
description of feeding behaviours.

Specles Frequentlyused  Feeding Feeding
) feeding behaviour  habitat situation
Black-crowned Night Heron Waiting Aguatic Solo
Intermediate Egret Slow walking Aguatic Flock
Litde Egret Fast walking Aguatic Flock
Indian Pond-Heron Waiting Aquatic Solo
Cattle Egret Slow walking  Terrestrial Flock
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Table 6, Weight ratios between herons.

1.34 131 1.18 1.10

Table 7. Morphological variables (calculated from Cramp and Simmons 1977) and food length
(in mm) of the herons.

Species Wing Tarsus Bill Mean Food
length length length length
Black-crowned Night-Heron 291.0 77.8 70.8 63.8
Intermediate Egret 299.0 106.0 72.8 38.8
Lirtle Egret 276.0 99,1 81.9 234
Indian Pond-Heron 204.5 55.5 59.7 22.4
Cattle Egret 250.5 76.5 55.5 10.5

The white-plumaged herons (Intermediate Egret, Littde Egret, Cattle
Egret), usually feed in flocks (Table 5). This supports Kushlan’s (1978)
hypothesis that white plumage acts as a social stimulus for flock-feeding in
herons, :

The anticipation that minimum weight ratios between adjacent-sized
coexisting species should fall between 2.2 (Hutchinson 1959, MacArthur
1972) and 3.2 (Diamond 1975), was not met by my results (Table 6; see
Wiens and Rotenberry 1980, Jaksic and Braker 1983, for similar results). The
correlation between weight ratios and corresponding food-niche overlaps
{common prey) was negative, though insignificant (r, = — 0.200, p>0.05).
The expected tradeoff between body size and overlap in diet, documented for
mammals (Brown 1975, Fuentes and Jaksic 1979), which is assumed to be
the outcome of competitive interactions, is thus not supported.

No statistically  significant relationships exist between different
morphological variables and length of food items consumed by the herons
(Table 7), i.e., wing length (r, = 0.800, p>>0.05), tarsus length {r, = 0.600,
p>0.05), and bill length (r, = 0.600, p>0.05). This suggests that length of
prey items consumed may be dependent upon length of available prey rather
than on a heron’s morphology.

I thank the Indian Council of Agricultural Research for financing this research, and 8. S. Sodhi,
Navdeep Singh, and 8. Khera for their help.
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APPENDIX

Prey categories shared by different herons.

Indian Pond-Heron — Litle Bgret Naiads of dragonflies, Crocothemus sp., Trithemis 8Py
Ischnura sp., Acheta sp., Hedotettiv sp., Cybister Sp., Erestes sp., Hydrophilus sp., Mydea sp.,
Sphaerodema sp., Ranatra elongata, Lycosa sp., Rana sp., Barilius sp., Nemacheilus sp.

Lintle Bgret — Cattle Bgrer: Naiads of dragonflies, Crocothemus sp., Trithemis sp., Ischnura sp.,
Acheta sp., Mydea sp., Laxenera sp., Anomala sp., Calosoma sp., Lycosa sp., Rana sp., Rat.

Indian Pond-Heron - Catile Egret: Pheretima sp., Naiads of dragonflies, Crocothenus sp.,
Trithemis sp., Ischnura sp., Gryllotaipa fossor, Tetragonoderus sp., Onthophagus sp., Episyrphus
balteatus, Mydea sp., Caterpillars, Athalia proxima, Lycosa sp., Rana sp,

Black-crowned Night-Heron — Indian Pond Heron: Pheretima sp., Bariius sp., Nemacheilus sp.,
Ophiocephalus sp.

Black-crowned Night-Heron - Litde Egret: Palzemnnetes sp., Barilius sp., Nemachailus sp.,
Buarbus sp., Labeo sp., Lepidocephalus sp.

Black-crowned Night-Heron — Cattle Egret: Pheretima sp.

Intermediate Egret — Indian Pond-Heron: Sphaerodema sp., Acheta sp., Cybister sp.

Intermediate Egret — Little Egret Sphasrodema 5p., Acketa sp., Cybister sp., Barbus sp.

Intermediate Egret — Cattle Egret: Acheta sp.
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Breeding ecology of the Relict Gull Larus
relictus in Ordos, Inner Mongolia, China
ZHANG YIN-SUN, DING WEN-NING, BU HE and TIAN LU

Details are given of a large breeding population at Taolimiac-Alashan Nur, discovered in spring
1990, including a description of the site; attendance of the birds; breeding ecology, including
descriptions of the nests, eggs, incubation period and hatching success; also population density
and feeding behaviour. The site is considered to be inherently unstable because of the variable
rainfall of the region.

In 1985-1988, during the course of fieldwork on the avifauna of western
Inner Mongolia, we found four new sites for the Relict Gull Larus relicrus in
Ordos: at Alashan, Bayandror, and Yeekzhao, and concluded that it might
breed in the area (Zhang Yin-sun et al. 1991). Then in spring 1990 we
discovered the largest known breeding population of the gull at Taolimiao-
Alashan Nur, central Ordos. Observations were carried out there in May-
June, 1990 as well as some short-term surveys in April, July and August in
surrounding areas,

DESCRIPTION OF THE BREEDING SITE

The Taolimiao-Alashan Nur (Nur in Mongolian language means small lake
or pond usually with salt water) is located at the junction of the Koobuchi
and Mausu deseris in central Ordos, 109°35'E and 39°48'N. The weather
there is quite dry with much wind and sandy dust; 130-139 frost-free days a
vear; 35.8°C the highest and -32.6°C the lowest temperature; plenty of
sunshine and the rainfall concentrated in June-August with 325 mm a year
on average,

The lake is at an elevation of 1,368 m at the north-west end, rising to
1,392 m at the south-east end. The surroundings are mostly stabilised sand
dunes with a poor vegetation of typical eremophytes such as Nitraria
roporowskir, Oxytropis psammocharts, Artemisia ordosica, Achnatherum splerfder.zs,
Euphorbia kozlowt, Pycnostelma lateriflorum, Carex duriuscula and the artificial
windbreak woods of Salix cheilophila and Caragana korshinskii,

The lake is about 10 km?, 6 km long from east to west and 2.5 km the
maximum width, and contains hydrophytes such as Poramogeton filiformis,
P. natars, Cladophora, Mougeotia and Ulothrix.

OCCURRENCE AND DISTRIBUTION AT THE BREEDING SITE

In 1990, the first flock of the Relict Gull arrived at the site on 6 April and all
had gone by 28-29 August,



