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ANTI-PREDATION DOES NOT FULLY EXPLAIN GROUPING IN THE
CHINESE WATERDEER (HYDROPOTES INERMIS)

SUN Li-Xing

( Department of Biological Sciences, Central Washington University, Ellensburg, WA 98926-7537, USA)

Abstract  The grouping behavior of the Chinese water deer ( Hydropotes inermis) was studied at Poyang L ake Nationd
Nature Reserve, Jiangxi , China. | made three predictions to test the hypothess that grouping is an anti-predatory
strategy: (1) group Sze is negatively related to vegetation cover , (2) animas in groups have more time to feed than
slitary animds, and (3) animas gpend less time in vigilance when they are in groups than when they are done. Results
showed that group Sze was largest in the mating season and smallest in the parturition season. Deer tended to form larger
groups when they were in short grass areas than in tall grass areas. Hence, the first prediction is supported. However ,
litary deer and deer in groups did not differ in time dlocated to feeding or vigilance. Therefore, predictions 2 and 3 are
not supported. Time budget andyss reveded that femaes with young alocated less time to feeding, but more time to
walking during the non-mating seaon. During the mating seaon , females grouped with maes pent less time feeding than
litary femaes, and litary maes pent more time looking for femaes than did maes grouped with females during the
mating seaon. In light of the complications found in the grouping behavior of the water deer, the antipredatory
hypotheds seems to be insufficient as the only reaon for the deer to group. Other socio-ecologica factors are d<
important in determining the grouping behavior of this ecies.

Key words Water deer ( Hydropotes i nermis) , Grouping behavior , Anti-predation, Group sze, Time budget

Socia grouping is intendvely sudied in
ungulates, egecidly in reation to foraging and
predation (reviewed by Kie, 1999). One exciting
recent development is that the scia grouping
behavior has been reported in severa rare Chinese
ungulate species (Jiang et al., 2000; Le et al.,
2001a, b).
dfected by a variety of scio-eoological factors (e. g.
Jarman, 1974 ; Wilon, 1975; CluttonrBrock et al. ,

1982) . The effect of vegetation cover on group sze,

Grouping behavior in ungulates can be

however, has been mos intendvely studied dnce
(1956) first observed the
negative asdciation between vegetation cover and
group sSze. Thisfinding has later been substantiated
and suggested as an anti-predatory strategy (e. g.
Franklin et al. , 1975; Hardin et al. , 1976; Hirth,
1977 ; Miura, 1983) . Thisis because animdsin large
groups, comparing with those in smal groups or

Dasmann and Taber

Qlitary individuds, are more likedy to detect

approaching predators early because only some

Received 11 March, 2001 ; revised 20 November , 2001

individua's need to be vigilant at any ecific time and
others, therefore, can channel more time to engage in
other important activities such as feeding. Studies
examining this hypothess as those cited above are
typicaly carried out by comparing severa populations
or loca demes in different habitats (e.g. Hirth,
1977) .
agpproach: it may not dlow us to separate the
confounding factor that these populations or demes
may have different behaviora adaptations to ther

There is one obvious weakness in this

repective habitats. As such, studies of grouping
behavior of the same individudsin different habitats,
such as that by Molvar and Bowyer (1994) , will
alow us to teae goart the interaction between
behavior and habitat , and provide a stronger test for
the anti-predatory hypotheds. Thus, | attempted an
investigation on this issue in the Chinese water deer
( Hydropotes i nermis) .

The Chinese water deer is a smal, territoria
gecies (Sadler, 1991; Sun and Xiao, 1995).
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During the mating seaon, maes occupy a smal
territory on feeding ground preferred by femdes.
Femdes feeding time (active period) during the
daytime is early morning and late efternoon. Between
the two feeding periods, femades vacate males’
territories and ruminate and rest on open areas
(resting period) . Maes may leave their territories to
follow femades (Sun and Xiao, 1995). Maes
typicdly avoid other males, whereas femaes often
form small , loose aggregations (Sun and Dai , 1995) .
In this paper , while presenting the seaona variation
in grouping pattern, | examined the anti-predatory
hypothess usng a population of the Chinese water
deer under severa wcid and habitat oconditions. |
gecificaly tested three predictions derived from the
anti-predatory hypothess: (1) group size should be
larger when vegetation cover is low than when
vegetation cover is high, (2) animas should spend
more time feeding when they are in groups than when
they are done, and (3) animads in groups should
time than olitary

allocate less to vigilance

individuas.

1 Study Area and Methods

| conducted the study at Poyang L ake Nationd
Nature Reserve, Yongxiu County, Jiangxi , China
from 1988 to 1989. The habitat of the water deer is
the vast grasdands at the mouth of the Ganjiang
River (see Sun and Xiao, 1995 for map). Mog of
those grasdands are submerged for several weeks
between May and August every year when the water
in the Changjiang River isimpounded into the lake.
The deer take shelter in nearby hills during this time
and return to the grasdands ater the water retreats.
Because there are numerous small pockets of suitable
habitats in these hills, the deer are never forced to
form any large congregations as a result of lack of
open grasdand.
retreats, providing the deer with bountiful food and
shelter.
the grasses between

Grases grow back d&ter water

However , loca farmers clear-cut amost all
late October and early
November, which is the beginning of the mating
seaon of the deer. Grasscutting, though extensve,
is concentrated in smal areas each day and therefore,

few deer are affected at one time. The mating seaon
lasts two and a haf months. During this period the
habitat islargely open except for afew patchesof tal
grass areas. More details about the habitat can be
found elsewhere (Sun et al., 1994; Sun and Dai ,
1995; Sun and Xiao , 1995) .

From May 1988 to January 1989, | counted the
number of deer in each group. A group here is
operationaly defined as a gathering of animas with
the maxima inter-individual distance less than 20 m
and showing coordinate behavior (see d Cluttonr
Brock et al., 1982). This definition of group does
not require a relative stable relationship: it is a
convenient way to describe gatial proximity among
congpecific individual s.

A wdking or standing adult deer , because of its
sze, can be easly seen in areas with grass height
lower than 30 cm, athough it is not 0 congicuous if
the average grass height is higher than 30 cm. | thus
dichotomized the habitat as tal-grass areas where the
height of grasswasover 30 cm, and short-grass areas
where the height of grass was bdlow 30 cm for the
entire study period. To avoid underestimating group
gze in tall grass areas because of poor vighility, |
counted the number of individuas in the vicinity
numerous times to ascertain al individuds were
included. Fortunately, because the group sze is
characterigicaly smdl , it was unlikely to misoount
deer in a group in practice.

A year was divided into the mating seaon from
the end of October until mid-January , and the norr
mating seaon (remaining months). The latter was
further divided into the parturition season (May and
June) and the nomrbreeding sean ( remaining
months) . | used a pair of 10 x 7 binoculars and a 10
x 30 Nikon gotting sope for observation. |
discriminated between maes and femaes by presence
or absence of tusks. Yearling males without goparent
tusks were recognized by their mae ecific behavior
during the mating saon. Casstte-tgpe recorders
were used to aid in recording behavior of the deer.
The behaviora patterns and their regpective durations
were then transcribed onto notebooks. Snce it was
difficult to find and observe a deer in thick and tall
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grasses, the sample szes were reatively small except
for the mating season, when the land was open & ter
the grasses were cut. | used the continuous recording
method (Altmann, 1974; Martin et al., 1986)
whenever possble to monitor the behavior of the deer
and obtained approximately 30 hoursof tgpe recorded
in the entire study. No observation was made during
grasscutting time because of possble disturbance to
the norma behavior of the deer.

The behavioral patterns of the deer in activity
were categorized into feeding, looking, waking and
others. The last category included al the infrequent
behaviors such as grooming, defecation, urination,
marking and socia interactions. Resting-rumination
and deeping during inactive period were not included
in the analyss. For comparions of group Sze in
different seasons, | used a parametric Ztest because
the sample sze waslarge (n>100). To compare the
difference in the proportion of <litary individuas
versus individuads in groups, | used the norr
parametric X ’test. For dl the time budget data, |
first caculated the percentage of each behavior in an
activity bout and then normalized the data by arcane
trandormation before performing a t-test for small
sample sizes (n <100) . For al parametric tests, the
normality and equal variance prerequidtes had been
tested and meet before performing the tests. All
statistical tests were two-tailed withd = 0. 05 as the
sgnificance level , and the data were expressed as
mean £ SE.

2 Results

Regardless of the vegetation height , the group
gze of the water deer in the study area was 1.40 +
0.22 (SE) (n=1 326 dghtings) with the smallest
in May to July and the largest in November (Fig.
1) . The group sSzein the nonmating season (May to
September) was 1.21 + 0.01 ( n = 124 dghtings;
range: 1- 4) , dgnificantly different from that in the
mating seaon (1.64 + 0.08; n = 1080 dghtings;
range: 1 - 7; Z = 9.326, P < 0.001). The
percentage of litary individuas in different periods
decreased from the parturition season through nonr

breeding and mating seaons, whereas that of

individualsin groupsincreased (Table 1) . During the
69.90 % of
individuas were maes, sgnificantly more than that
of olitary femaes (30.10%) (X *=22.57, df =1,
P <0.001). The most frequently observed type of
group during this seaon condsted of a mae and a
female (58 % of al groups). In dl observed groups,
90 % were composed of two or three individual s while
only 10 % had more than three individuds.
observed two malesin the same group.

ﬂ

5 6 7 9 10 11 12 1 3 4
Month (1998-1989)

mating seaon, identifiable litary

| never

N

Group Size

o —_
S L o= W N W W
P N S

Fig.1 Changes of group size over time
Error bars are standard deviations

During the mating seaon, group Sze in the tall
grass area (1.49 + 0.03, n = 567 dghtings) was
dgnificantly smaler than that in the short grass area
(1.79£0.04, n=551 sghtings) (2=5.779, P<
0.001).
However , no sgnificant differences were detected in
group Sze between active period and resting period of
the day, nor in the ratio of slitary versus grouped

This supports the firs prediction.

individua s between the two periods.

The time budget of femaes during the nomr
mating sean is shown in Fig. 2. There was no
dgnificant difference between solitary females and
females grouped with males in the four behaviord
categories. Theonly difference was that females with
young pent dgnificantly less time feeding but more
time waking than that of wlitary femaes (for
feeding: t = 2.57, df = 14, P = 0.022; for
waking: t=2.75, df =14, P=0.016) andfemdes
grouped with males (for feeding: t=2.95, df =8,
P=0.018; for wdking: t =2.96, df =8, P =
0.018). The timebudget of males during the non
mating seaon is shown in Fig.3. There is no
sgnificant difference in any behavioral categories for
litary maes and males grouped with females.
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Tablel Goup size of water deer in different ssasons
Group sze Sample sze
(Number of
Range 1 2 3 4 5 6 7 sghtings)
Parturition seaon Number of groups  1- 3 60 9 1 70
(May and June) % 85.71 12.86 1.43
Number of individuds 60 18 3 81
% 74.07 22.22 3.7
Norrbreeding seaon Number of groups 1- 4 a4 7 1 1 53
(February to April and % 83.02 13.21 1.89 1.89
July to September) Number of individuds 44 14 3 4 69
% 63.77 20.29 4.35 5.8
Mating season Number of groups  1- 7 594 345 100 29 5 5 2 1080
(November to January) % 50 31.94 9.26 2.69 0. 46 0.46 0.19
Number of individuds 594 690 300 116 25 30 14 1769
% 33.58 39.01 16.96 6. 56 1.41 1.7 0.79
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Fig.2 Time budget of females when in activity Fig.3 Time budget of males when in activity during
during the non-mating season the non-mating season
SF: dnge femdes FM: femdes asociated with maes FY: SM: dngle mdes MF: madesasociated with femades Bars are
femaes with the young Bars are standard errors standard errors
100 OSF 807 OsM
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Fig.4 Time budget of females when in activity during Fig.5 Time budget of males when in activity during
the mating season the mating season
SF: dnge femdes FF: femdes asociated with femdes FM:

femdes asociated with mdes Bars are sandard errors

The time-budget of females during the mating
savnisshownin Fg.4. Snglefemaesand femaes
grouped with other femaes alocated statistically equal
amounts of time to the four behavioral categories.
Females grouped with maes, however, ent less
time feeding than <litary femaes (t =2.11, df =

SM: dnge mdes MF: mdes asociated with femdes Bars are
gandard errors

27, P =0.044) and femdes grouped with other
femaes (t =2.22, df =20, P=0.039). The time
budget of maes during the mating seaon is shown in
Fig. 5. Sngle mdes dlocated more time to looking
around (t =2.41, df =38, P=0.021) and less
time to other behaviors (t =2.88, df =38, P =
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0.007) than maes grouped with femaes. Sngle
males tended to spend more time feeding than males
grouped with femaes,
marginaly non-dgnificant (t =1.99, df =38, P=

but the difference was

0.054) . These resultsfail to support the second and
third prediction.

3 Discusson

The group Sze of the water deer in my study
area was 1. 40 on average, dightly larger than that in
the introduced population in Britain (1.28) (Cooke
et al., 1981, 1983). It isdmos the same as that
of the Indian muntjac ( Muntiacus muntjak) (1.41)
(Barrette, 1977) but larger than that of the musk
deer ( Muschus chrysogaster) (1.01) (Green, 1987)
and the sotted chevrotain ( Tragulus meminna)
(1.0) (Eisenberg et al., 1972). | lack the data
from February, March, April and August, which
would likely make the mean of the group sze dightly
larger.

The reaon why the group dze fel into the
lowest point in the parturition seaon was that each
female actively ought a quiet location to give birth
and carefor her fawns. Maesthat used to be grouped
with al-female groups became Qlitary , too. Asfawns
grew and could follow their mothers, femaes with
fawns could group with other deer and consequently ,
the overall group dze rose again. The main reason for
large group Sze during the mating seaon was that
males actively asmciated themselves with females,
seeking for mating opportunities. Males disasociated
themsdves from femaes during the non-mating
sean due to lack of mating opportunities, resulting
in a high proportion of olitary individuas (Table 1)
and thus, smaller average group sSze.

My study showed that group sze was larger
when deer were in short grass areas than when they
were in tal grass areas. This supports the first
prediction by the anti-predatory hypothess.
Allocation of time to different behaviors was &fected
by the interaction among group members. During the
non-mating season, my results showed that the effect

* SUN, L.

of this interaction was not sdient in either males or
females, but it wasfor femades with young. Females
with fawns devoted more time to waking at the
sacrifice of ome feeding time o as to care for young.
Interestingly , femaes with fawns did not pend more
time looking around for predators than did femaes
without fawns, contrary to findings in Whipsnade
Park, England (Zhang, 1996). Perhaps, thes
females may ad be paying attention to predators
while they were walking.

The effect of interaction among group members
became dgnificant with the presence of males during
the mating seaoon. It gopears that the presence of
males had a negative efect on the feeding time of
femalesin this study. Males actively pursue females
during the mating seaon, egecialy within their
territories, which are ds femaes prime feeding
dtes (Sun and Dai, 1995; Sun and Xieo, 1995).
Femaes’ feeding was often disrupted due to
unwanted courtship from maes. This may be the
reaon why slitary females could alocate more time
to feeding than did femaes grouped with males.
Comparing with maes in groups, litary maes had
to alocate more time to looking around for the
presence of femaesor for the invason of other males
into ther Therefore,,
alocated more time to looking or marking (in the
form of stemrrubbing, urination or defecation, see
Sun et al., 1994) within their territories. They
could o gend more timefeeding in their territories

territories. litary males

when no females or potentid mae invaders were
nearby. However, once maes were grouped with
females, males showed more interest in pursuing
females. Thisincluded following and courting females
(Sun, 1989) , resulting in a lowered proportion of
feeding time.
there was a cost of grouping in terms of feeding
eficiency during the mating season.

Historicaly ,
predators preying on water deer, including tigers
( Panthera tigris) , leopards ( P. pardus) and red
dogs ( Cuon alpinus). Currently , domestic dogs are

Thus, timebudget anayss showed

there were many sympatric

1989 The cid behavior and organization of the Chinese water deer. MSthess. East China Norma Universty.
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the main predator of the deer: about 5% - 10 % of
adult water deer and a much higher proportion of
fawns were killed by dogs (Sun, unpublished data) .
Although dogs are not water deer’ s natura predator ,
the way they prey on deer is not fundamentaly
different. As such, it is unlikely that water deer’ s
antipredatory regponse to dogs would be different
from that to its historica predators. Because grouping
can reduce the rate of being preyed upon, the
hypothess of grouping as an anti-predatory strategy
predicts that litary individuals should be few and
that grouping oould increase feeding efficiency by
lowering the time dlocated to vigilance for each
individua in the group. However , snce there were a
substantiad number of litary individuas present
during the nom-mating seaoon ( Table 1) and no
evidence from my study showed that deer in groups
ent less time looking around , the grouping behavior
in water deer can not be fully explained by the anti-
predatory hypotheds. Other cio-eologica factors
are d important in determining the grouping
behavior of the deer.

oould be the differentia
reproductive strategies in maes and females.
gecies like the water deer where males do not
contribute anything but gametes, males are more
strongly sdlected for obtaining mating opportunities
than females, whereas females are more strongly
sdlected for improving feeding eficiency (Bateman,
1948; Trivers, 1972). In my study area, athough
there was ome excess of females (Sun, 1989) , the
competition among males for access to femaes was
intense during the mating seaon (Sun and Dai,
1995; Sun and Xiao, 1995). Snce only one mae
could be present in a group, and maes were

One such factor
In a

congtantly attempting to asociate themsalves with
femaes (Sun and Dai , 1995) , more litary males
than slitary females were observed during the mating
saon. Maes in generd ent less time feeding o
that more time ocould be channeled to behaviors
directly related to gaining mating opportunities, such
as marking territories, and following and courting
femaes ( Sun, 1989; Sun et al., 1994).
Additionaly , time-budgeting in males was dependent
on whether they were slitary or were grouped with
females. Female deer, however, may have
maintained a dmilar feeding eficiency during the
mating seaoon asthat in other seaons. Whilefemaes
grouped with maes may reduce their food intake
rate, they may get access to better feeding grounds
occupied by males.
that grouping is an anti-predatory strategy is
obvioudy not suitable. Rather, males and femades
group for different reasons, reflecting differences in

In this scenario, the argument

their strategies of gaining reproductive success. This
has been demonstrated in the milu, Elaphurus
davidianus (Jiang et al., 2000) . Thus, | conclude
that grouping for the reason of anti-predation is an
overgmplification and can not be used to fully explain
grouping behavior in the water deer. More researchis
other

needed to uncover cio-ecological  factors

important for the grouping behavior.
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