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The buff-throated partridge (Tetraophasis szechenyii) was only recently identified as a
cooperative breeder. Although helpers have been observed in foraging and communal nightroosting post hatching, including provisioning, brooding, vigilance, and territorial defense,
little is known about behavior relevant to cooperative efforts during incubation. Based on
observations on a cooperative breeding group comprising one mating pair and one male
helper, in this paper we describe shared guarding obligations that the breeding male and
the male helper both assumed of the incubating female and the nest during incubation. For
another cooperative breeding group that contained one mating pair and one female helper,
which was a daughter from the previous year, we report a likely event of egg movement
or a new nesting attempt by the philopatric daughter in response to nest predation and the
loss of her mother. The findings provide insights into understanding the fitness benefit of
cooperative breeding in buff-throated partridges.
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Introduction

Materials and methods

Cooperative breeding is a social system that involves more than two
individuals of the same species providing care for the rearing of young
from a single nest or brood.1,2 This breeding system is rarely found in
Galliformes, which have highly precocious young and usually provide
limited parental care.3 As a cryptic Himalayan galliform species, the
buff-throated partridge (Tetraophasis szechenyii) was only recently
found to breed cooperatively, with breeding groups comprising one
breeding pair, up to three helpers of either sex (but predominantly
male) and a single set of young if present; helpers have been
observed aiding foraging and communal night-roosting post hatching,
including provisioning, brooding, vigilance, and territorial defense.4–6
The patterns of behaviour during incubation are fundamental to
understanding social breeding systems in birds.1 For buff-throated
partridges, it has been reported that only females are involved in
incubation,7 and the limited available studies regarding incubation
have focused predominantly on activity rhythms of attending female
birds;8,9 thus, information on behaviours associated with cooperative
efforts during incubation is scarce.4,6 Here, we describe incubation
behaviour particularly relevant to cooperative arrangements of a
cooperative breeding buff-throated partridge group comprising one
mating pair and one male helper (#2), of which the nest was constantly
monitored until the eggs hatched. Based on observations of another
cooperative breeding group (#G) that contained one mating pair and
one female helper, which was a daughter from the previous year, we
report a likely event of egg movement or a new nesting attempt by
the philopatric daughter following nest predation and the loss of her
mother.

The study site was located at Pamuling (30°06′N 101°11′E; Figure),
Yajiang County, Ganzi Tibetan Autonomous Prefecture, Sichuan,
China. This site ranged in elevation from approximately 3,900 to
4,200 m. The site comprises mainly fir-larch forests, oak thickets,
rhododendron scrubs, and a small patch of alpine meadows where a
Tibetan monastery was situated (Figure). The buff-throated partridges
were tame in the site, because of supplementary feeding by monks of
the monastery and local people who worshiped the monastery. Group
#2 and group #G were observed in 2006 and 2008, respectively, as part
of a larger study on population ecology of buff-throated partridges.10
The mating pair from group #2 was marked with colored leg bands
during the early breeding season, and the breeding male was fitted
with one necklace-transmitter; for group #G, the breeding male and the
philopatric daughter were marked with colored leg bands. In addition
to marks and transmitters, we recognized groups by their exclusive
territory and details of plumage on the upper tail coverts and spurs.4
Daily observations generally lasted from 15 min before sunrise to 15
min after sunset (We downloaded the exact data on sunrise times from
www.time.ac.cn/serve/sunriseset/test.asp). One observer recorded the
identity of the bird attending the nest, and incubation shifts between
nest attendance and nest recess (e.g., departure times, return times,
and routes of departure and return). Other observers recorded the
locations and behaviour of non-incubating individuals by searching
randomly using radio-tracking wherever possible. All observers tried
to remain at a concealed site at a distance of approximately 10 m from
the nest or partridges where visual observations aided by the use of the
binoculars without disturbance was possible.
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Figure Map showing the study site (30°06′N 101°11′E) and nesting, feeding and night-roosting locations of group #2 overlaid on Google imagery. The green
triangle represents the nest location; yellow squares represent the locations where all group members fed together in the morning; and red triangles and
blue pentagons represent the feeding and night-roosting locations of non-incubating members (i.e., the breeding male and male helper) when the female was
attending the nest, respectively. Abbreviation: FF, fir-larch forests; OT, oak thickets; RS, rhododendron scrubs; AM, alpine meadows.

Results
We found the nest of group #2 on 20 April, 2006, which was
considered to be the first day of incubation because the breeding
female had roosted together with her mate and the male helper for
the previous two nights and no new eggs were laid on subsequent
days. The nest of four eggs was built at the base of a fir tree. We
started observations on incubation behaviour on the 22 April, 2006.
The incubation period lasted for 24 days, with the breeding female
incubating the eggs alone. While the female was attending the nest
during the daytime, the mate and the male helper foraged together
at 147.7 m±5.1 SE (n=43) around the nest site (Figure 1). At night,
they approached the nest attended by the female, roosting on trees
34.0 m±3.0 SE (n=7) from the nest. The female left the nest at most
once daily to feed, on average 18.5 min±5.6 SE (n=17) after sunrise.
The two males usually (95.4%, 21/22) accompanied the female to the
feeding area, which was sited approximately 125.6 m±14.0 SE (n=31)
from the nest; all individuals fed together until the female returned to
the nest. The female generally returned the nest after feeding for on
average 51.0 min±4.9 SE (n=17). The breeding male often (47.1%,
8/17) escorted the female back to the nest, and left after 13.2 min±3.1
SE (n=5) of vigilance. The male helper attended 50% of the events,
but did not act alone.
We found a nest of group #G on 14 May, 2008, located at the base
of a rhododendron scrub. It contained four eggs that had incubated for
approximately 1 week. We visited the nest daily without causing any
disturbance and, on 24 May, 2008 we found the incubating female
predated 3 m west from the nest, probably by a mammalian predator.
The four eggs were missing from the nest scrape, and we did not find
the eggs, nor any evidence of them (i.e., eggshell fragments), in the
vicinity of the nest. For further reference, we put small stones inside
the nest. When we revisited the nest 2 days later (26 May, 2008) and
found one egg 2 m northeast from the nest with a small hole in its shell.
All the reference stones had been moved out of the nest. Interestingly,
we found that the philopatric daughter was incubating about 20 m
from the nest. Despite this nesting failure, the philopatric daughter
and her father remained in the territory until the next breeding season.

Discussion
This paper describes behavioural activities particularly relevant

to cooperative arrangements during incubation in a breeding buffthroated partridge pair with one male helper. While the breeding
female bore complete responsibility for incubation, the mate and the
male helper shared guarding obligations of the female and the nest.
The mate and the male helper remained together around the nest while
the female was attending the nest, generally remaining within the mean
territory radius defended by this species (183.7 m11). In particular,
they were closer to the nest during the night for providing more
protection for the nest and the attending female, probably because
nocturnal predators were common in the study site.5 The breeding
male and the male helper usually accompanied the female when she
left the nest, possibly to enable her to maximize her feeding efficiency.
However, the male helper contributed less than the breeding male in
escorting the female back to the nest from feeding. Interestingly, this
observed difference in contributions to cooperation between males of
different status is contrary to that observed during foraging and in
roosting nocturnally post hatching, when male helpers make a larger
contribution to cooperative efforts of territorial defense, vigilance or
thermal protection.4,5
For the cooperative breeding group that contained one mating pair
and their philopatric daughter, we found that the philopatric daughter
incubated in the vicinity of the original nest 2 days after nest predation
and the loss of her mother. This phenomenon might be explained by
egg moving, although this is rarely documented in avian species.12–15
We suspect that the eggs might have survived and been elsewhere
following the death of the parent bird from predation, given that no
eggshell fragments were observed in the vicinity of the nest after the
mother had died. The egg with a small hole in its shell might have been
discarded while it was being moved. The philopatric daughter might
have wanted to reuse the original nest, indicated by her removing
the reference stones that we placed inside the nest, but eventually
abandoned it and reformed a new nest adjacent to the original site.
Alternatively, the daughter might have made a new nesting attempt
in the natal territory as the result of incestuous mating between her
and her father, given that the predator might have consumed the eggs
whole, thus leaving no eggshell remnants.16 Despite the rarity of
incestuous mating,17 incest was recently reported in a cooperatively
breeding group in the study site where a philopatric son mated
incestuously with his mother, confirmed using genetic techniques.18
In either case, we argue for the increased probability of reproduction
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under the umbrella of cooperative breeding, despite a risk of pairing
with the father, which can result in inbreeding depression or other
potential costs of inbreeding.17
Our findings provide insights into understanding the fitness benefits
of cooperative breeding in this species. Given the cryptic behaviour
of this species in densely vegetated habitats, we suggest that further
studies should make a special effort to find active nests. Using new
or inexpensive technologies, such as infrared video-cameras, to
investigate behaviour will enable us to gain deeper insights into the
breeding ecology of this cryptic species.19
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