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The breeding ecology of the Twite was studied during 2004—-2007 in a meadow environ-
ment at 4,300 m elevation, in northern Tibet. Twite laid eggs between late May and mid-
August in response to ripeness of seed food. Nests were located in firewood stacks, trees
and marshes, with average inter-nest distances less than 15 m. Pairs formed monoga-
mously and males used both proximity and frequent copulations to guard their paternity.
Clutch size averaged 4.2 (£ 0.7 SD; 3—7), seasonally increasing or remaining unchanged
according to year. Incubation by the female only lasted 12.2 days (+ 1.2 SD; 10—15) and
provisioning of chicks in the nest was continued by both parents for 14.7 days (= 1.1 SD;
13—17). Males performed courtship feeding when their mates were engaged in egg-lay-
ing, incubating and brooding. Breeding success, measured as the percentage of nesting at-
tempts from which at least one nestling fledged, was 64%. Compared to their lowland
counterparts, Tibetan Twite produced smaller clutches and larger eggs, suggesting a life

history strategy to cope with the harsh high-elevation environment.

1. Introduction

The Twite (Carduelis flavirostris) is a passerine
that weighs on average ca. 16g. It is found in two
separate areas, namely northwestern Europe and
southwestern Asia (Newton 1972). Phylogeo-
graphically, the European Twite, despite isolation
from the Asian race by 2,500 km, is considered the
only European bird species derived from the Ti-
betan fauna (Cramp & Perrins 1994). Surveys in
the UK have shown that the Twite has experienced
a serious population decline during recent decades
(Langston et al. 2006, Raine et al. 2009), and con-
sequently it is listed as a Red Data species (Brown
& Grice 2005).

Breeding ecology of the European Twite has
been well studied (Nuttall 1972, Marler &
Mundinger 1975, Stillman & Brown 1994, Brown

et al. 1995, Raine 2006, Wilkinson & Wilson
2010). In contrast, information on the breeding
ecology for its Asian counterpart is sparse, except
for occasional descriptive works (Zhang 1982,
Zhao et al. 2003).

Here, we describe the breeding ecology of
Twite inhabiting meadow habitats at 4,300 m ele-
vation in northern Tibet, a region that represents
the elevational extreme of the species’ range. Our
objectives are to provide baseline data on Twite
breeding ecology and examine the covariation be-
tween the species’ life history and elevation.

2. Material and methods

We carried out the field work at Dangxiong, north-
ern Tibet (30°28 N, 91°05 E, 4,300 m a.s.1.) during
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the 2004—2007 breeding seasons. The study area is
an open and flat landscape with annual mean tem-
perature of 1.7°C (minimum —9.3°C in January
and maximum 10.9°C in July) and annual total
precipitation of 441 mm, 78% of which falls be-
tween May and August (from the records of a
weather station situated in the area during 1980—
2009). The area accumulates almost no snow
cover as a result of low winter precipitation and
extensive solar radiation (2,911 hours per year).

The study area comprises a mosaic of steppes,
meadows and villages, which account for 60%,
25% and 15% of the landscape, respectively. The
wasteland soils are very dry and support sparse
vegetation (grass cover <10%, height <15 cm) due
to desertification, thereby providing no nesting
habitat for Twite. In contrast, the meadows are
well vegetated (grass cover >70%, grass height
>15 c¢m), from which a few Twite nests were lo-
cated. Villages are surrounded by meadows. Data
for this study were collected mainly from around
the human settlements where firewood stacks next
to the walls of courtyards and roadside trees pro-
vide the Twite with suitable nesting locations.

Twite nests were sought by inspecting poten-
tial nesting sites or by following nest-related be-
havior of the birds. Each located nest was labelled
and the nesting stage was described. Eggs were
marked individually with colored waterproof felt-
tipped pens, and nestlings were individually
marked by clipping specific tufts of down before
day 8-10 and thereafter with colored leg rings.
Nest dimensions and contents were also recorded.
Subsequent nest visits were made at least every 5
days to repeatedly estimate the contents and to
monitor nest fate.

For those nests that were estimated to approach
hatching or fledging dates, the frequency of nest
inspection was increased to every 1 or 2 days to de-
termine when these events occurred. Breeding be-
havior, including nest building, egg laying, incu-
bation, mate guarding, copulation, courtship feed-
ing (a male feed his mate), brooding and provi-
sioning, were recorded through observations for
selected nests during different breeding stages. Al-
though the birds were not shy and allowed observ-
ers to approach within a few meters of the nests,
the observations were made at a distance of 20-30
m from the nests to diminish the likelihood for dis-
turbance of nesting activities. The measures of be-
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havior were averaged over all observation bouts,
and nest was used as the analysis unit.

In total, 208 Twite nests were located during
this study. However, sampling efforts differed
among years and individual nests. Investigations
were systematically conducted from April through
September in 2004 and 2007, but were restricted to
the late breeding season (August and September)
in 2005 and 2006. Therefore, only the data cover-
ing the entire breeding season were used to assess
seasonal patterns of egg laying and clutch size. Not
all the nests located were regularly revisited so that
sample size may differ for different breeding pa-
rameters. Only the nests found before hatching
were used to establish clutch size. For nests that
were located during the incubating or nestling pe-
riods, the dates of clutch initiation were deter-
mined by backdating from the means of nesting
parameters established based on closely moni-
tored nests. All statistical values are given as mean
+SD.

3. Results
3.1. Social organization and social behavior

Twite were present in the study area year round.
Outside the breeding period, they occurred in
flocks of several to hundreds of individuals, some-
times mixing with other passerine species, such as
Snowfinches (Montifringilla spp.). The Twite
flocks were also observed to move into alpine hab-
itats around the study area in autumn and stayed
there for about 20 days, suggesting non-breeding
flexibility of habitat use by Twite populations. Of
187 color-banded, nearly-fledged nestlings, none
was located during the subsequent breeding sea-
son.

The earliest pair formations were observed in
late May. The mating system seemed to be socially
monogamous. Before hatching, males spent most
of their time mate-guarding, following female-ini-
tiated flights, staying close to her and chasing off
any conspecific males that approached her.
Territoriality was lacking, as in most cases the
birds did not chase off conspecific or heterospeci-
fic individuals that approached their nest.

Copulations were noted during the nest-build-
ing and egg-laying periods only. On average 2.7
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Fig. 1. Distribution of Twite clutches according to
the laying date of first egg in 10-day intervals.

copulation events (+ 3.0; 0-11.7) were seen per
hour during focal observations on 15 nests (78.5 +
30.5 min for each; 37—-135). Fourty-one of the ob-
served 48 copulations (85%) occurred immediate-
ly after females had finished lining the nest or egg-
laying, and were perching nearby, and copulations
took place more often in the morning than in the af-
ternoon (3.6 £3.4 perh, 1.0-11.7,n=9and 1.5+
1.8 perh, 0-5.0, n= 6, respectively; ftest, = 1.36,
df=13, p=0.20). Copulating attempts were initi-
ated by males in 46 out of 50 cases (92%) or were
occasionally rejected by females (4%), but some-
times females solicited through approaching the
male with tail erected and wings dangling (8%).

3.2. Nest building and nest-site selection

Only females constructed the nest, followed by
their mates during each trip of carrying materials.
Observations on eight nests (72 + 35 min for each;
30-135) showed that hourly trip rates averaged 15
(£ 12; 2-40). The nest-building period, from the
day on which a few materials were present in a nest
site to the day after which no regular material
ransporting activities were observed and soft ma-
terials inside the nest had well been lined, lasted 3—
7 days (5.6 £ 1.7, n=5).
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The nests were bulky, consisting of twigs, and
occasionally human-made fibers outside, and fur
of yaks and sheep inside. Females continued to
bring soft material to the nest during incubation
and even during the nestling period. The outer di-
ameter of 14 nests was 92.5 = 18.8 mm (51.4—
115.0), the inside diameter was 62.1 £ 8.3 mm
(50.0-80.0), and the depth of the nest cup was 41.8
+ 6.6 mm (34.0-55.0). The dry mass of 29 nests
averaged 33.3 +22.0 g (10-96), with animal fur
accounting for 31.9% (£ 11.0, 24.2-47.6).

Twite nested in a variety of locations, includ-
ing firewood stacks (67% of 208), small conifers
(20%) and tall trees (8%) in human settlements,
and on the ground (5%) in marshes. As a result, the
heights above ground of the nests varied between 0
and 3 m. In continuous nesting habitats, the mean
nearest neighbour distance between two nests was
12.6 m (£ 9.6, 2-45; n = 49).

3.3. Egg laying and breeding season

The time interval between the completion of nest
building and the date for the first laid egg was 0—4
days (1.6 £ 1.5; n= 7). One egg was laid daily, in
early morning (07:00-08:30), and in this process
the time between the female’s arrival to and depar-
ture from the nest took 21.2 min (4.1, 16-27;n=
5 eggs in four different nests). While a female was
sitting in the nest to lay the egg, she received food
from her mate once (n = 2 nests) or twice (n = 1
nest).

The earliest laying dates differed annually, ad-
vanced by May—June rainfall (2004: 23 May and
229 mm; 2005: 3 June and 122 mm; 2006: 16 June
and 94 mm; 2007: 27 June and 30 mm). The latest
clutch initiation was observed on 17 August in
2007. Clutch-initiation dates exhibited a single
peak in late June for 2004 and in mid-July for 2007

(Fig. 1).

3.4. Egg and clutch size

The observed Twite eggs were white, marked with
brown spots. Fresh eggs weighed 1.6 g (0.1, 1.2—
2.2;n= 124 eggs from 41 nests), and their average
length was 1.8 cm (+ 0.1, 1.6-2.1; n = 365 eggs
from 116 nests) and average width was 1.3 cm
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(£ 0.04, 1.2-1.5). Fresh egg mass did not depend
on laying order (one-way ANOVA; F4,118=0.17,
p=0.95).

The average clutch size was 4.2 (£ 0.7,3-7, n
= 170) and did not significantly differ between
2004 and 2007 (4.2+£0.6,n=43 and4.2+0.8,n=
64, respectively). A seasonal increase in clutch
size was observed in 2004 but notin 2007 (Pearson
correlation; »=0.52,n= 43, p<0.001 and =0.10,
n= 64, p=0.42, respectively).

3.5. Incubation and care of young

Incubation by females only began with laying of
the last egg in 96% of the cases (54 out of 56
closely monitored nests), or in a few cases with the
second egg (4%). The incubation period, defined
as the time elapsed from the last egg laid to the first
egg hatched, was 12.2 days (1.2, 10-15; n=26).

During incubation, females received food
from their mates at a rate of 0.7 trips/h (£ 0.6, 0—
2.1; observations on 22 nests, 84 + 54 min for
each; 40-311). Females also left the nest to feed
themselves, which occurred 1.1 times/h (= 1.0, 0—
3.2; n= 22). Nest attendance averaged 82% (£ 25,
16-100; n = 22).

Both parents provisioned the nestlings, and fe-
males brooded the nest in the early nestling period.
While females were brooding, males fed them.
Data for 18 broods with nestlings older than 5 days
(duration of a single observation period 82 + 23
min; 57-149) showed that both sexes visited the
nest at similar rates (female: 1.3 + 0.8 per h; male:
1.5£0.8 perh; r=0.61,df =17, p = 0.55). Direct
observations and detection of nestling crops re-
vealed that diets of the birds consisted of Poacea
grass seeds.

Hatching was finished within 24 hours in 19 of
22 broods, but was 2-3 days in 3 of 22 broods.
Nestlings on the day of hatching weighed 0.6-2.0
g(1.4£0.3; n=46). Nestlings fledged at 14.7 days
(= 1.1, 13-17; n = 20). At that moment they
weighed 13.7 g (£ 0.2, 13.4-13.8, n = 4), which
was 87% of the average body weight of a female
(15.7 £ 1.4 g, 14.1-17.5; n = 12). The logistic
growth equation for body weight was w =
13.5 1/(1_’_62‘3774)‘3891 ).
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3.6. Reproductive success

Brood size at hatching averaged 3.5 (0.9, 1-5, n
= 100), with a marginally significantly higher
value in 2004 than in 2007 (3.6 £ 0.9, n = 25 and
3.2+0.9,n= 33, respectively; t=1.84,df=56,p =
0.07). Brood size at fledging was 2.9 (0.9, 1-5,n
= 76), with no difference between 2004 and 2007
3.1+ 1.1,n= 18 and 2.9 + 0.8, n = 34, respec-
tively; t=0.54, df =50, p = 0.59). Of 118 nests for
which the outcome was known, 76 (64%) fledged
at least one chick, with no annual difference being
detected (2004: 69% of 26; 2007: 52% of 65; Chi-
square test, xz =2.17,df =1, p = 0.14). The total
nest survival probability estimated by Mayfield’s
method (nesting period =36 days) was 0.34 (2004:
0.43;2007: 0.24).

Hatching failure occurred in 192 (36.6%) of
525 eggs, due to infertility (9% of the 192 failed
eggs), embryo death (14%), breakage (7%), partial
egg disappearance (19%) and nest desertion
(51%). Sixty-nine (27.6%) out of 250 hatchlings
failed to fledge successfully. Death of these nest-
lings may be attributed to predation (45%, includ-
ing those in which all nestlings disappeared),
brood reduction (some of the nestlings within a
brood disappeared, 36%) and desertion (19%).
Nestlings that hatched late and had a light body
weight were more likely to die (7 of 11 broods).

4. Discussion

Twite were present throughout the year in the
study area. In autumn, a number of Twite were ob-
served to move up to alpine habitats, coinciding
with peaks of plant seed production (Lu et al.
2007). However, none of the 187 marked fledg-
lings were relocated in the breeding populations
during subsequent years. This may be attributed to
high mortality or extensive individual movement
among young individuals during the non-breeding
periods. In England, Twite migrate to coastal areas
in winter, with only small numbers remaining be-
hind on their breeding grounds (Raine ez al. 2006).

At the present study area, Twite generally did
not breed until late May or early June, 3—6 weeks
later than other sympatric passerines (Ke & Lu
2009, Lu et al. 2009, authors’ unpubl. data). Such a
delay in breeding time, as observed in many alpine
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Table 1. A comparison of the mean values of severa
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| reproductive parameters of different Twite popula-

tions. Data from Scotland, UK (Cramp & Perrins 1994, Wilkinson & Wilson 2010), South Pennines, UK
(Cramp & Perrins 1994, Brown et al. 1995, Raine 2006), North Quinghai, China (Zhang 1982), South Tibet
(authors’ unpubl. data) and North Tibet (present study).

Parameter Scotland South Pennines North Qinghai  South Tibet  North Tibet
Latitude (N) 57.7 53.5 37.5 29.7 30.9
Elevation (m) 0 <500 3,200 3,650 4,300
Breeding season (Julian date) 116-212 117-207 165-230 130-? 155-230
Breeding season length 96 90 65 - 75
Annual breeding attempts 2-3 1-2 - - -
Fresh egg mass (g) 1.4 15 1.3 - 1.6
Egg volume (mm®) 2,568 2,862 2,635 2,816 3,042
Clutch size 5.2 5.5 4.5 4.0 4.2
Brood size at fledging 4.6 4.8 2.7 2.5 1.7
Incubation period (d) 11.3 - 12-15 - 12.2
Nestling period (d) 15.5 - 14.0 - 14.7

seed-eating birds (Potapov 2004), should be a re-
sponse to the peak ripening of the seeds, which are
used as nestling food. The importance of food sup-
ply was indicated by the close link between the
breeding start date and rainfall level preceding
clutch initiation. Moreover, the later onset of
clutch initiation by Twite at the present, high-ele-
vation site, compared with other lowland habitats,
also suggests the role of food availability in trig-
gering breeding (Table 1).

Nests of Tibetan Twite were located in various
habitats and locations, a situation similar to their
European counterparts (Cramp & Perrins 1994).
Such weak selectivity for nest sites could contrib-
ute to the abundance of individuals over most of
the species’ European and Asian distribution
(BirdLife International 2004).

In stressful environments, such as at high ele-
vations, birds tend to have reduced annual repro-
ductive output as a result of producing fewer
broods and small clutches, as shown for, e.g.,
cardueline finches (Badyaev 1997, Badyaev &
Ghalambor 2001). Although the realized number
of clutches per each Twite pair remained unknown
in the present study, the 75-day long breeding sea-
son may allow a pair to produce two clutches. Only
12 females had been marked here, and no data on
their fate after the first clutch were available. Nev-
ertheless, the observed single peak of nesting phe-
nology suggests that at least not all individuals
produce more than one clutch. In contrast, lowland
Twite in Europe may raise up to three broods due

to the long breeding season (Table 1). As a buffer
to harsh conditions, birds may allocate more en-
ergy into each offspring in terms of increased egg
size along with reduced clutch size, and provide
more parental care for their offspring in terms of
prolonged incubation and nestling periods (Lu
2005, Lu et al. 2008, 2009, 2010a, 2010b). A com-
parison of breeding parameters for several Twite
populations at different elevations suggests a
trade-off between clutch size and egg size along
elevational gradients, but the life-history shift
seems not to occur in the length of incubation and
nestling periods (Table 1).

Multi-brooded temperate passerines produce
largest clutches in the middle of the breeding sea-
son (Perrins 1970), suggesting that selection fa-
vors those species that start breeding before the
clutch size is largest to maximize seasonal produc-
tivity (Crick et al. 1993). As a multi-brooded
nester, European Twite follows this pattern
(Brown et al. 1995; Wilkinson & Wilson 2010).
However, clutch size of the Tibetan Twite, re-
ported here, tended either to increase seasonally or
showed no obvious seasonal variation. A possible
explanation is that the food resources of the Ti-
betan Twite continue to be sufficient as more plant
seeds ripen in autumn so that it is unnecessary for
late breeders to reduce their production of eggs.

During the presumed fertile period of females
(nest building and egg-laying periods), male Twite
spent most of their time mate-guarding, and they
also frequently copulated with the females. This
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behavior suggests that to protect their paternity,
male Twite simultaneously adopt both anti-cuck-
oldry strategies, which are often separately per-
formed by socially monogamous species (Birk-
head 1998). As observed in their close relative, the
Linnet (Carduelis cannabina; Drachmann et al.
1997, 2000, Benlekke-Pedersen et al. 2002), the
spatial clumping of Twite nests could promote the
use of the double paternity protection, because in
such cases females are expected to have more
chances to find potential extra-pair males (Wagner
1993).

Acknowledgements. We thank Dianhua Ke, Zhiwei Peng,
and Tonglei Yu for field assistance, Dr. Rowena Langston
for comments on the draft of the manuscript, and Drs.
Andra F. Raine and Lars Erik Johannessen for providing
critical references. This work was conducted in the Field
Research Station for Tibetan Wildlife, which is jointly ad-
ministered by Wuhan University and Tibet University. Fi-
nancial support was provided by National Sciences Foun-
dation of China (Grant 30670337).

Vuorihempon pesimibiologia
Pohjois-Tiibetissa

Tyossa tutkittiin vuorihempon (Carduelis flavi-
rostris) pesimébiologiaa niitty-ympéristossé Poh-
jois-Tiibetissd 4 300 m korkeudella merenpinnas-
ta vuosina 2004-2007. Muninta tapahtui touko-
kuun lopun ja elokuun puolivélin vélilld samanai-
kaisesti siemenravinnon kypsymisen kanssa.
Pesid 16ytyi polttopuupinoista, puista ja kos-
teikoilta, ja ne olivat usein alle 15 m pdéssé toisis-
taan. Parit olivat monogamisia, ja koiraat varmisti-
vat isyyttdan oleskelemalla naaraan ldheisyydessi
ja parittelemalla timéin kanssa usein. Keskimaa-
riinen pesyekoko oli 4,2 (+ 0,7 keskihajontayksik-
kod; vaihtelu 3—7), mikd kesén edistyessd joko
nousi tai pysyi samana, vuodesta riippuen. Naaras
hautoi vain 12,2 pdivad (+ 1,2; 10-15), ja molem-
mat vanhemmat ruokkivat pesdpoikasia 14,7 péi-
vad (£ 1,1; 13—17). Koiraat kosioruokkivat naarai-
ta ndiden muniessa, hautoessa ja hoitaessa poika-
sia. Pesimdmenestys, mitattuna niilld pesimayri-
tyksilld, jotka tuottivat vahintadn yhden lentopoi-
kasen, oli 64 %. Alavampien alueiden vuorihemp-
poihin verrattuna Tiibetin yksilot tuottivat pie-
nempid pesyeitd ja suurempia munia, mitka liene-
vét sopeumia ankaraan vuoristoilmastoon.
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