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This paper reports the growth of nestlings of Indian Roller
Coracias benghalensis, Common Myna Acridotheres tristis and Black
Drongo Dicrurus macrocercus in Nagapattinam District of Tamil
Nadu, India. The body of newly hatched nestlings was naked, fleshed
colored and eyes closed. The newly hatched nestlings of the Indian
Roller were 16.33 g in weight and reached maximum of 284.0 g on
day 24. The weight of newly hatched Common Myna nestlings was
4.2 g and attained a maxim weight of 116.3 g on day 24. The newly
hatched nestlings of the Black Drongo were 5.64 g in weight and
reached maximum weight of 43.50 g on day 15. A reduction in
weight was noticed in all the three species in the last few days of
nestling period. The other body parts attained maximum maturity
from hatching to fledging.

© 2015 Sjournals. All rights reserved.

1. Introduction

Nestling growth and development studies have been a topic of interest for a greater part of the last century
and continue to be of interest today (Walkinshaw 1948). This is not surprising since studies on nestling growth can
provide a wealth of biological information that has larger implications for avian management and conservation.
Despite this history of studying nestling development, basic information is still limited or absent for many species.
Many questions remain unanswered, and contradictory conclusions are often found in the literature (Starck and
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Ricklefs 1998). Therefore, much information on aging and development can still be gained from studying the
development patterns of similar species and from comparative studies, across avian orders (Saunders and Hansen
1989; Carlsson and Hornfeldt 1993). Additionally, nestling growth studies can yield insight into the effects of
different nesting strategies on productivity, as well as the impacts of parental effort and environmental variables
on fitness. Various ecological factors that influence nestling growth are generally related to limitations in food
availability, weather, habitat differences and quality, predators, competition between nest mates and parental
abilities (Ricklefs 1993; Teather and Weatherhead 1994;. Briskie 1995; Burhans et al. 2000; Dawson and Bidwell
2005). Feather development may proceed independently of growth in body size or mass gain (Ricklefs 1968). These
qualities make feather development an important component of aging nestlings.

Published information on the growth of Indian birds is limited (Kumar 1983; Kumar and Rao 1984; Nagarajan
et al. 2002; Ramanujam and Murugavel 2009; Pande et al. 2011). The aim of this study was to document and to
analyze the nestling’s growth pattern of Indian Roller Coracias benghalensis, Common Myna Acridotheres tristis
and Black Drongo Dicrurus macrocercus. The Indian Roller is the most common avian species in Southern India. It
inhabits all types habitat mainly in cultivation, thin forest and grassland and in cities at lower elevations but avoids
heavy jungles. Relatively little is known about the behavior the Indian Roller (Mathew et al. 1978; Panicker 1978;
Sivakumaran and Thiyagesan 2003; Asokan et al. 2009a). The Common Myna is a familiar urban bird. It is
omnivorous and social in habit. Some information on its ecology is previously available (Anil et al. 1990; Anil and
Bastawade 1991; Asokan et al. 2009b). The Black Drongo is a familiar bird in cultivated areas and open country.
Reports on its ecology are few and sporadic (Mathew et al. 1978; Shukkur and Joseph 1978; Chari et al. 1982; Vena
and Lokesha 1993; Ali et al. 2010a).

2. Materials and methods

Growth changes in the Indian Roller, Common Myna and Black Drongo nestlings were measured from
hatching to fledging. The method employed for measuring nestlings followed by Pettingil (1985). All the nests were
visited every 3 days, taking both photographs of the young and morphometric measurements of the body parts.
Disturbances were minimized by handling the nestlings very carefully during the measurements. All the nestlings
were allotted individual identification marks. Totally eight measurements were made 1) body weight, using a
spring balance of 1g accuracy; 2) body length, from the tip of the bill to the tip of the longest rectrix; 3) bill length,
from the tip of the upper mandible to the base of the culmen; 4) bill width, distance between the upper and lower
mandible; 5) wing length, as the straight length from the bend of the wing to the tip of the longest primary; 6) wing
span, the distance from tip to tip of the longest primaries of the outstretched wings; 7) tarsus length,
measurement from the base of the tarsometatarsus to the base of the middle toe and 8) tail length, the distance
from the tip of the longest rectrix to the base of the middle rectrices.

2.1. Study area

The present study was conducted at in and around Mannampandal (11°18" N, 79°50’ E), situated in the
Nagapattinam District of Tamil Nadu, India. Agriculture is the major industry of this area, and contributes a high
share of the rice production in the state. Sugarcane, groundnut, green gram, black gram, cotton, etc. are other
major crops cultivated in the area. The river Cauvery and its tributaries are major perennial water sources used for
irrigation. Woody vegetation is sparse in the form of groves and roadside trees. The predominant tree species
found in the study area are Cocos nucifera, Borassus flabellifer, Madhuca indica, Mangifera indica, Enterolobium
saman, Tamarindus indicus, Ficus benghalensis, Ficus religiosa, Thespesia populnea, Acacia arabica, Odina wodier
and Azadirachta indica. Important shrub species are Prosopis juliflora, Jatropha glandulifera and Adhathoda vesica.
Plantations of Casuarina equisetifolia, Tectona grandis and Bamboosa arundinacea are also found in the study
area. Based on the north-east monsoon the study area is divided into four seasons, namely post-monsoon,
summer, pre-monsoon and monsoon. Summer ranges from April to June (with mean maximum temperature of 38°
C) and north-east monsoon starts between October and December. The cold season starts in November and may
last until January.

3. Results

3.1. Indian roller
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Nestlings grew from 16.33 + 2.18 g at day three to peak weight of 284.00 + 6.73 g at day 24 then slowly
declined and reached to the weight of 251.33 + 2.06 g on day 30. The body length of nestlings reached from 6.74 +
0.26 cm (on day three) to 20.71 £ 0.21 cm by the end of day 30. The bill length was 0.76 £+ 0.09 cm at day three and
it reached to 2.23 + 0.12 cm on day 30. The bill depth of the nestling was 0.43 + 0.05 cm at day three and attained
the maximum size of 1.10 £ 0.06 cm. On day three the length of wing was 2.62 £ 0.11 cm and it gradually increased
and attained maximum length of 20.23 + 0.65 cm on day 30. The tarsus length of nestlings grew from 1.38 + 0.13
cm (at day three) to 3.87 £ 0.12 cm by the end of day 30. The tail length showed a considerable amount of growth
during the nestling period. The growth was 0.19 + 0.06 cm at day three and it increased to 5.33 + 0.21 cm during
day 30 (Table 1).

3.2. Common myna

The weight of the nestlings was 4.2 + 1.01 g at the age of day one. It gradually increased to 116.3 £ 3.78 g on
day 24. Then the weight slowly declined and reached to the weight of 92.2 + 2.60 g on day 30. The body length of
the nestlings on the day one was 4.8 + 0.88 cm and it increased to 19.4 + 0.46 cm on day 30. The bill length was 0.2
+0.07 cm on day one and attained maximum growth of 2.6 + 0.11 cm on day 30. The bill depth of the nestlings was
0.2 + 0.04 cm on day one and attained the size of 0.8 + 0.12 cm on day 30. The wing length was 1.5 + 0.47 cm on
day one and it gradually increased and attained the maximum length of 19.7 + 0.62 on day 30. The wing span
increased from 4.9 + 0.08 cm on day one to 43.4 + 1.08 cm on day 30. The tarsus length showed a considerable
amount of growth during the nestling period. The growth was 0.7 £ 0.33 cm on day one and it increased to 4.1 +
0.10 cm during day 30. The tail length was a maximum of 4.5 + 0.22 cm on day 30 and minimum of 0.1 + 0.22 cm
on day one (Table 2).

3.3. Black drongo

Nestlings grew from 5.64 + 1.08 g at hatching to peak weight of 43.50 + 0.53 g at day 15, then slowly declined
and reached to the weight of 37.00 + 1.07 g on day 24. The body length of nestlings reached from 4.53 + 0.38 cm at
hatching to 15.11 + 0.35 cm by the end of day 24. The bill length was 0.60 + 0.08 cm at hatching and it reached to
1.61 + 0.12 cm on day 24. The bill depth of the nestling was 0.19 + 0.09 cm at hatching and attained the size of
0.79 £ 0.04 cm. At the time of hatching, the length of wing was 1.74 + 0.17 cm and it gradually increased and
attained maximum length of 14.19 £ 0.37 cm on day 24. The wing span of nestlings reached from 5.11 + 0.18 cm at
hatching to 32.83 + 1.86 cm by the end of day 24. The tarsus length of the nestling was 1.01 + 0.10 cm at hatching
and attained maximum size of 2.54 + 0.11cm. The tail length showed a considerable amount of growth during the
nestling period. The growth was 0.22 + 0.08 cm at hatching and it increased to 4.43 + 0.15 cm during day 24 (Table
3).

4, Discussion

As regards to nestling growth patterns, the weight of chicks was gradually increased from hatching to fledging.
However, there was a drop in the mean weight of nestlings were observed at last few days. Many observers have
noted a decrease in rate-of-gain in weight as feathers were being produced or as temperature control was being
established. Banks (1959) reported that the decrease in actual and relative gain in weight of the final three days of
nestling life in the White-crowned Sparrow Zonotrichia leucophrys was probably due to a shift in the energy
budget, as more food was utilized in production of feathers and heat. Welty (1982) stated that many nestlings
loose body weight few days before leaving the nest. This loss was supposed to be due to the utilization of fat
deposits and skeletal muscles for the energy to leave the nest. This phenomenon is related to the maturation of
juvenile tissues and loss of water. The weight of the Indian Roller chicks on the third day was 16.33 g which
increased to 284.0 g at 24 day of age. Mean weight of nestlings at last few days was dropped and reached 251.3 g
at the time of fledging. The weight of the Common Myna nestlings gradually increases to 116.3 g on day 24.
However, there is a drop in the mean weight of chicks before leaving the nest and reached 92.2 g at the time of
fledging. The weight of the chicks gradually increased at 15 days of age. However, there was a drop in the mean
weight of chicks before leaving the nest and reached 37.0 g at the time of fledging. This body weight reduction is
helped to the advantage for moving out the nest (Kumar and Rao 1984; Languy and Vansteenwegen 1989;
Magrath 1991; Penteriani et al. 2005). Asokan et al. (2009a,b) and Ali et al. (2010a) observed similar pattern of loss
of weight in Indian Roller, Common Myna and Black Drongo nestlings in Cauvery Delta of Southern India.
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Table 1
Growth patterns (mean * SD) for 8 measurements of the Indian Roller Coracias benghalensis nestlings, Southern India.
Age No. of Body Body Bill Bill Wing Wing Tarsus Tail
(Days) Chicks weight length length depth length span length length
(g) (cm) (cm) (cm) (cm) (cm) (cm) (cm)

3 9 16.33+2.18 6.74£0.26 0.76 £0.09 0.43£0.05 2.62+0.11 7.02+£0.13 1.38+0.13 0.19 £ 0.06
6 9 34.00 + 2.87 8.18+0.15 0.96+0.09 0.60+0.09 3.40 £ 0.09 8.19+0.17 1.59%0.26 0.43 +£0.09
9 4 49.25 +7.89 9.68 £0.70 1.23+0.22 0.78+0.10 5.28+£0.41 13.78+0.29 2.05+0.37 0.65+0.19
12 6 58.83+2.04 11.52+0.22 1.67+0.14 0.83+0.15 6.18 £0.13 15.68+0.65 2.38+0.08 1.03+0.05
15 7 92.86 £ 8.07 12.19+0.43 1.77+0.08 0.90+0.06 7.87 £0.77 2240+0.66 2.54+0.15 1.34+0.11
18 6 143.50 + 8.38 1393+0.23 1.98+0.08 0.98+0.08 9.60 £ 0.37 24.38+0.95 2.98+0.10 2.00+£0.17
21 4 232.50 £ 5.50 1495+0.10 2.10+£0.00 1.03+0.05 13.95+0.17 37.78+0.29 3.58+0.05 2.90+£0.08
24 5 284.00 £6.73 16.98+1.50 2.10+0.10 1.04+0.11 18.97+£1.60 41.48+2.42 3.80+0.22 3.96 £+ 0.96
27 5 260.00 £5.81 20.32+2.48 2.20+0.10 1.10+0.07 20.20 £ 1.65 43.14+1.72 3.86+0.23 4.88+0.77
30 3 251.33 £2.06 20.71+£0.21 2.23+0.12 1.10+0.06 20.23 £ 0.65 43.87+£0.81 3.8710.12 5.33+0.21

Table 2

Growth patterns (mean * SD) for 8 measurements of the Common Myna Acridotheres tristis nestlings, Southern India.

Age No. of Body Body Bill Bill Wing Wing Tarsus Tail

(Days) chicks weight length length depth length span length length

(8) (cm) (cm) (cm) (cm) (cm) (cm) (cm)

1 106 42+1.01 4.8 +0.88 0.2 +£0.07 0.2+0.04 1.5+0.47 4.9 +0.08 0.710.33 0.1+0.22

3 106 7.5%+1.25 5.6 +0.82 0.3+0.06 0.2+0.04 1.8+041 5.210.06 0.8+0.31 0.2+0.11

6 101 20.4 +1.86 6.8 £0.86 0.9+0.24 0.4+0.41 2.510.66 7.1+1.19 1.4+0.34 0.510.18

9 97 22.5+2.45 7.2+0.80 0.9+0.18 0.4 £0.06 4.0+£0.29 12.7+1.34 1.8+0.30 1.1+0.33

12 100 42.4+£2.62 8.2 +£0.86 1.1+0.28 0.4+£0.03 5.9+0.84 16.9+1.59 2.0+0.21 1.3+0.40

15 96 52.3+2.28 9.3 +0.67 1.4+0.26 0.5+0.04 8.4+0.73 229+1.63 2.4+£0.48 1.9+0.16

18 89 72.4 +3.67 11.6 £0.75 1.8+0.27 0.6 £0.08 12.0+0.56 27.8+1.14 2.6 +0.26 231048

21 85 85.9+3.35 15.1+£0.33 2.1+0.25 07 £0.07 13.1+0.84 32.5+1.08 3.1+0.56 3.0+0.99

24 82 116.3+£3.78 17.5+0.66 2.5%+0.29 0.7+0.15 16.8+0.61 40.1+1.68 4.0+0.96 4.3+0.22

27 76 95.1+3.35 18.5+0.33 2.6+0.12 0.8+0.12 17.9+0.28 429+1.26 4.1+0.83 4.5+0.22

30 68 92.2£2.60 19.4 £ 0.46 26+0.11 0.8+0.12 19.7£0.62 43.4+£1.08 4.1+0.10 4.510.22
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Table 3

Growth patterns (mean * SD) for 8 measurements of the Black Drongo Dicrurus macrocercus nestlings, Southern India.

Age No. of Body Body Bill Bill Wing Wing Tarsus Tail

(Days) Chicks weight length length depth length span length length
(8) (em) (em) (cm) (cm) (cm) (cm) (cm)

3 14 5.64 +1.08 4.53+0.38 0.60+0.08 0.19+0.09 1.74+£0.17 5.11+0.18 1.01+£0.10 0.22+0.08

6 13 13.31+1.49 6.04 +0.38 0.67+0.09 0.26+0.07 2.73+£0.34 7.78 £0.70 1.10+£0.12 0.34+0.05

9 12 30.17+1.80 9.68+0.53 1.18+0.19 0.48+0.08 5.95%0.30 14.79+1.47 145+0.32 0.50+0.15

12 11 37.73+2.10 10.83+0.23 131+0.12 0.64+0.08 7.85+0.34 19.78+0.83 1.99+0.18 1.19+0.08

15 12 4350+0.53 11.70+£1.03 136+0.10 0.68+0.14 10.89+0.30 24.77%+2.19 2.20+0.18 2.98+0.15

18 8 40.75+1.75 13.88+0.74 1.60+0.17 0.75£0.05 1351+0.64 3094+1.09 246+0.17 4.05%+0.35

21 7 38.29+0.76 14.61+0.81 1.67+0.13 0.76+0.05 14.11+0.38 3266+1.34 253+0.13 4.37+0.17

24 8 37.00+1.07 15.11+035 1.61+0.12 0.79+0.04 14.19+0.37 3283+1.86 254+0.11 4.43+0.15
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This loss of weight was also recorded in several species of birds (Ricklefs 1968; Kumar and Rao 1984; Languy and
Vansteenwegen 1989; Haggerty 1994; McCarty 2001; Nagarajan et al. 2002; Penteriani et al. 2005; Greeny 2008;
Ali et al. 2010b; Asokan et al. 2010). Development of the different structure of the nestlings was not uniform
throughout the nestling period. The body length, bill length, wing length, wing span, tail length and tarsus length
attained the maximum maturity at the time of fledging stage. The Indian Roller, Common Myna and Black Drongo
used above body parts immediately after fledging for successful survival. These kinds of growth allometry in the
adaptive parts had been observed in several avian species (Pinkowski 1975; Best 1977; Zach and Mayoh 1982;
Kumar 1983; Teather 1996; Aparicio 2001; Pereyra and Morton 2001; Ramanujam and Murugavel 2009; Asokan et
al. 2010; Pande et al. 2011; Ali et al. 2010b).

Acknowledgements

We wish to express our sincere thanks to the HOD and other Staff members of Zoology and the Principal and
the Management of A.V.C. College (Autonomous), Mannampandal for having rendered facilities and
encouragement to this study.

References

Ali, AM.S., Asokan, S., Manikannan, R., Thomas Nithiyanandam, G., 2010a. Nest-site characteristics and breeding
biology of Black Drongo Dicrurus macrocercus in Cauvery Delta, Southern India. World Appl. Sci. J., 9(11),
1280-1285.

Ali, A.M.S., Asokan, S., Manikannan, R., 2010b. Observations on nesting ecology of White-breasted Kingfisher
Halcyon smyrnensis (Aves: Coraciiformes) in Cauvery delta, Southern India. J. Ecol. Nat. Env., 2(7), 134-139.

Anil, M., Bastawade, D.B., 1991. Mixed roosting associates of Indian Myna Acridotheres tristis in Pune city, India.
Pavo., 29, 23-32.

Anil, M., Bastawade, D.B., Vaidya, V.G., 1990. Spatial and temporal fluctuations in the populations of Common
Myna, Acridotheres tristis in and around an Indian city. J. Bombay Nat. Hist. Soc., 87, 392-398.

Aparicio, J.M., 2001. Patterns of growth and fluctuating asymmetry: the effects of asymmetrical investment in
traits with determinate growth”. Behav. Ecol. Sociobiol., 49, 273-282.

Asokan, S., Ali, A.M.S., Manikannan, R., 2009a. Preliminary investigations on diet and breeding biology of Indian
Roller Coracias benghalensis in a portion of Cauvery delta, Tamil Nadu, India. World J. Zool., 4(4), 263-269.

Asokan, S., Ali, A.M.S., Manikannan, R., 2009b. Nest-site selection and nestling growth patterns of the Common
Myna Acridotheres tristis (Linnaeus, 1766). Geobios., 36(1), 65-70.

Asokan, S., Ali, A.M.S., Manikannan, R., 2010. Breeding biology of the Small Bee-eater Merops orientalis in
Nagapattinam District, Tamil Nadu, India. J. Threat., Taxa 2(4), 797-804.

Banks, R.C., 1959. Development of nestling White-crowned Sparrows in central coastal California. Condor., 61, 96-
109.

Best, L., 1977. Nestling biology of the Field Sparrow. Auk., 94, 308-319.

Briskie, J.V., 1995. Nestling biology of the Yellow Warbler at the northern limit of its range. J. Field Ornithol., 66,
531-543.

Burhans, D.E., Thompson, F.R., Faaborg, J., 2000. Costs of parasitism incurred by two songbird species and their
quality as cowbird hosts. Condor., 102, 364-373.

Carlsson, B.G., Hornfeldt, B., 1993. Determination of nestling age and laying date in Tengmalm's Owl: use of wing
length and body mass. Condor., 96, 555-559.

Chari, N., Rao, J.R.N., Ramesh, R., Sattiah, G., 1982. Comparative studies on flight characteristics, moment of interia
and flight behavior of two fly-catchers, Dicrurus adsimilis and Merops orientalis. Indian J. Exp. Biol., 20, 894-
896.

Dawson, R.D., Bidwell, M.T., 2005. Dietary calcium limits size and growth of nestling tree swallows Tachycineta
bicolor in a non-acidified landscape. J. Avian Biol., 36, 127-134.

Greeny, H.F., 2008. Nestling growth and plumage development of the Spotted Barbtail (Premnoplex brunnescens).
Kempffiana., 4, 21-29.

Haggerty, T.M., 1994. Nestling growth and development in Bachman’s Sparrows. J. Field Ornithol., 65, 224-231.

13




G. Thomas Nithiyanandam and S. Asokan / Scientific Journal of Zoology (2015) 4(2) 8-14

Kumar, T.S., Rao, J.V.R., 1984. Some observation on the weights of nestling Spotted Owlet Athene brama brama (T)
prior to flying. Geobios., 11, 229-231.

Kumar, T.S,. 1983. Bill growth in the Spotted Owlet Athene brama brama (T). Rap. Res. Centre Publicat., 2, 1-4.

Languy, M., Vansteenwegen, C., 1989. Influence of parental age on the growth of nestling Swallows (Hirundo
rustica). Ardea., 77(2), 227-232.

Magrath, R.D., 1991. Nestling weight and juvenile survival in the blackbird Turdus merula. J. Anim. Ecol., 60, 335-
351.

Mathew, D.N., Narendran, T.C., Zacharias, V.J., 1978. A comparative study of the feeding habits of certain species
of Indian birds affecting agriculture. J. Bombay Nat. Hist. Soc., 75, 1178-1197.

McCarty, J.P., 2001. Variation in growth of nestling Tree Swallows across multiple temporal and spatial scales. Auk.,
118, 176-190.

Nagarajan, R., Thiyagesan, K., Natarajan, R., Kanakasabai, R., 2002. Patterns of growth in nestling Barn-owls.
Condor., 104, 885-890.

Pande, S., Pawashe, A., Mahajan, M.N., Mahabal, A., Yosef, R., Dahanukar, N., 2011. Biometry based ageing of
nestling Indian Spotted Owlets (Athene brama brama). ZooKeys., 132, 75-88.

Panicker, K.N., 1978. Ecology of hole nesting birds. J. Bombay Nat. Hist. Soc., 75, 1227-1237.

Penteriani, V., Delgado, M.M., Maggio, C., Aradis, A., Sergio, F., 2005. Development of chicks and predispersal
behaviour of young in the Eagle Owl (Bubo bubo)., Ibis 147, 155-168.

Pereyra, M.E., Morton, M.L., 2001. Nestling growth and thermoregulatory development in subalpine Dusky
Flycatchers. Auk., 118, 116-136.

Pettingil, O.S., Jr., 1985. Ornithology in laboratory and field. Academic Press, London.

Pinkowski, B.C., 1975. Growth and development of Eastern Bluebirds. Bird Band., 46, 273-289.

Ramanujam, M.E., Murugavel, T., 2009. A preliminary report on the development of young Indian Eagle Owl Bubo
benghalensis (Franklin, 1831) in and around Puducherry, southern India. J. Threat., Taxa 1(10), 519-524.

Ricklefs, R.E., 1968. Patterns of growth in birds. Ibis., 110, 419-451.

Ricklefs, R.E., 1993. Sibling competition, hatching asynchrony, incubation period, and lifespan in altricial birds. Curr.
Ornithol., 11, 199-276.

Saunders, M.B., Hansen, G.L.,, 1989. A method for estimating the ages of nestling Northern Harriers (Circus
cyaneus). Can. J. Zool., 67, 1824-1827.

Shukkur, E.A.A., Joseph, K.J., 1978. Breeding biology of the Black Drongo. J. Bombay Nat. Hist. Soc., 75, 1205-1211.

Sivakumaran, N., Thiyagesan, K., 2003. Population, diurnal activity patterns and feeding ecology of the Indian
Roller Coracias benghalensis. Zoos’ Print J., 18, 1091-1095.

Starck, J.M., Ricklefs, R.E., 1998. Avian growth and development: evolution within the altricial precocial spectrum.
Oxford University Press., New York.

Teather, K., 1996. Patterns of growth and asymmetry in nestling Tree Swallows. J. Avian Biol., 27, 302-310.

Teather, K.L.,, Weatherhead, P.J., 1994. Allometry, adaptation and growth and development of sexually dimorphic
birds. Oikos., 71, 515-525.

Vena, T., Lokesha, R., 1993. Association of Drongos with Myna flocks: Are Drongos benefited. J. Biosci., 18, 111-
119.

Walkinshaw, L.H., 1948. Nestlings of some passerine birds in western Alaska. Condor., 50, 64-70.

Welty, C.J., 1982. The life of birds. W.B. Saunders Company, London.

Zach, R., Mayoh, K.R., 1982. Weight and feather growth of nestling Tree Swallows. Can. J. Zool., 60, 1080-1090.

14



