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reduction division®. Thus production of sexuals might
have taken place thiough any of the above asexual
forms. The detailed cytological studies on the reproduc-
tive behaviour will form an interesting pursuit of a
hitherto unknown aspect of these aphids under Indian
conditions,
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A three-year study of breeding behaviour in the small
green bee-eaters (Merops orientalis) conducted in and
around Bangalore, revealed that in 40% of the nests
studied, a solitary helper assisted the breeding pair in
nesting activities. In such nests the duration of the
nesting was significantly reduced and the number of
chicks fledged per nest was significantly higher. It was
also observed that nests with helper were more during
the season following poor rainfall than those following
good rainfall.

OvER 300 species of birds are known to exhibit co-opera-
tive breeding behaviour where an auxiliary (non-breeding
adult) typically assists the breeding pair in rearing their
young'. Such a behaviour has been recorded for at Jeast five
species in [ndia (Table 1). Such altruism appears, at first

Table 1. Indian birds exhibiting cooperative breedin g

Name Source Year
Chestnutheaded bee-cater

Merops feschenauin Pappanna, per. commun. 1990
Smgll green bhee-eater

Merops oriengalis This report 1992
Jungle babbler Gaston, A, 1.° (976
Turdedes srraius Zachanas, V. 119 1978

White-headed babbler Zachanus, V. 1 and Mathew, D. N, 1978

Turduvides affinis Praveen Karanth, K, and [990
Sridhar, S, unpublished

Pied kingfisher Rayer, H. U." 1980

Cer vle rudss Sndhar, 8. and Karanth K., P. 1989
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sight, to be paradoxical under the Darwinian theory of
natural selection. The most important advance to explain
such paradoxical behaviour is the theory of inclusive fit-
ness?. The central idea in Hamilton’s theory is that fitness
comes not only from rearing ones’ offspring but may also
come from caring for ones’ genetic relatives. In other
words, altruism is not paradoxical since it is nepotistic, i.e.
directed preferentially towards genetic relatives?.

The bee-caters (family Meropidae) are alert and viva-
cious birds, distributed in tropical Old World. They spe-
cialize in catching bees and related hymenopterans., Of the
24 species of bee-eaters in the world, 11 are reported to
exhibit seemingly cooperative breeding behaviour. The
small green bee-eater, Meropy orieniglis, has eight races,
easily the most geographically variable among bee-eaters
with slight plumage variation. They are common in open
cultivated fields, nest on face of perpendicular banks of
canals and ravines, sandy river banks and sandy bunds and
gently sloping bare grounds, around cultivated tracks. The
nests are in loose colonies, with a distance between any two
nests being more than 10 m. The nesting season around
Bangalore is February—August, with peak breeding around
April-May. Only one helper is seen with a pair, arriving
normally after the complenion Gf nest excavation or begin-
ning of incubation and staying with the breeding pair, even
after the chicks have fledged.

A total of 24 pairs were observed for three years (1990 -
92) during breeding months (February 1o August) at GKVK
Campus of the University of Agricultural Sciences, in North
Bangalore (13°N77°E, rainfall 890 mm,; altitude 930 m).
Three nests were observed daily for 2 h (4.00 PM 10 6.00
PM) from the period of nest site selection till the chicks
fledged, while the other 21 nests were observed twice a
week.

Birds visiting the nest were marked using indelible
nontoxic dye for identification. To do this we erected mist
net in front of the nests under excavation during night.
When the birds leave the burrow or approach the burrow the
next morning they became harmiessly entangled in the nets.
After taking measurement we put the non-toxic dye (Fevicryl
fabric paint), different colours for different individuals caught
at each nest. Frequency of food provisioning by individuals
(parents and helper) in nests with and without helpers was
recorded. Data on each stage of the breeding cycle which
included duration of nest digging, incubation, feeding the
chicks and feeding the fledglings were also recorded. The
average duration of each stage of nest cycle was taken for
determining the time spent On primary nestng activifes
(excavation, incubation and feeding). The peak breeding
period was determined by finding out the months in which
maximum number of active nests were observed compared
o previous months,

Nest digging activity in small green bee-gaters, com-
menced aroynd mid-February and excavation was com-
pleted in (5 10 20 days, A lag pertod of 5 to 10 days was
noticed before egg laying and mcubation. The peripd of
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Table 2. Companson of nests with and without helper
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No. of No. of No of Feeding

days chucks chicks hatched
Nests Predaled Nested (analysed) to fledge hatched (freq./h./nest)
Helped 9 0 4 2.25(x1) 6.5(+1) 14 75
INot helped 13 3 5 4,6(+1) 5(x) 10.50
Mann—Whitney U test 1o compare nests with and without helper P < 0.02 P <0.05 P<005

Values In parentheses indicate SD.

incubation varied between 20 and 25 days. The period of
feeding the chicks at nest asted for about 25 days, subse-
quently the fledglings started emerging.

Nine out of twenty-four (40%) nests were {requented by
one helper each, where the helpers normally arrived after
the commencement of incubation and assisted in the nesting
activities such as incubation, feeding the breeding female,
feeding the chicks (for 6 to 7 weeks). The helpers also
vocalized with the breeding pairs and chicks.

[t was noticed that in the nests with a helper, the nest-
lings grew rapidly and all the chicks fledged within (2.25 +
1) days, whereas in an unhelped nest the chicks were at
different stages of development; hence the fledging period
(the time period between the first and the last chick emerg-
ing out of the nest) was significantly higher (4.6 + I days)
(Table 2). On an average, the nests with a helper fledged
sigmficantly more number of chicks (6.5 + 1), compared to
nests without helpers (5 + 1) (Table 2). None of the nests
helped were predated while 20% of those without helpers
suffered predation, this difference is marginally significant
(G-test of independence, 0.1 > P > 0.05). The frequency of
feeding the newly hatched brood at the nests with helper
was significantiy higher (14.75 h/nest) compared to the rate
in unhelped nest (10.5 h/nest) (Table 2).

The nests initiated following poor monsoon (rainfall
< 890 mm) were more likely to receive help compared to
nests initiated following good rains (rainfall > 890 mm)
(*=738, df= 1, P <0.001) (see Table 3).

In one particular instance, the same individual was seen
helping the breeding pair at the same site in two consecutive
years (1990 and 1991) thus, suggesting natal philopatry in
helpers.  In this case the helper was seen preferentially
feeding a particular chick after it has fledged from the nest.

Helping increases the number of chicks fledged per nest

Table 3. Influence of rainfall on nesting sirategy of Bee-eaters
Poor seasons Good sgason
1989—90  1990-91  199]1-92 Total
Rainfail tmm) 641) 504 1261
Helped 3 4 P 9
Unhelped 4 3 8 15
Tota) 7 7 10 24
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and decreases the days taken by the chicks to fledge. This is
possible because of the increased frequency of food re-
ceived by the chicks in the nests with helpers. Helpers also
reduced the probability of a nest being predated. This is
accomplished through increased vigilance of the nest by the
frequent presence of one of the three adults in these nests.

The question why the ‘*helper’ should help has been
addressed in different ways. One of the arguments is that
this happens when the auxiliary has a lower probability of
being successful as a breeder’-*; that 15 1t is constrained to
breed due to prohibitive cost of independent reproduction
(ecological constraint mode!’). Such a situation occurs dur-
ing harsh season (breeding season following poor monsoon)
when the insect population is predicted to be low, it then
pays to increase ones own fitness by helping a closely
related, established pair to reproduce. This is supported by
the present work; the frequency of helping was high follow-
ing a poor monsoon than following good monsoon, the
helpers are expected to have a lower probability of success
if they attempt to breed on their own following a poor
monsoon. Though this report demonstrates that nests re-
ceiving help have a higher fitness compared to unhelped
nest, more data are required to determine whether helping is
directed only towards close relatives.
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