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Home range, population density, and habitat utilization of
the Sichuan Jay (Perisoreus internigrans)
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Abstract We assessed habitat preference and population status of the Sichuan Jay (Perisoreus internigrans),
a poorly known Chinese endemic bird, at two sites (Zhuoni and Jiuzhaigou) in the Qinghai-Tibetan
plateau between 2001 and 2004. Mean group size was 3.8 jays. Each group occupied a mean home range
of 42.0 ha during the breeding season, and the mean internest distance was 2.7 km. These data indicated
that the jays used less than ten percent of the available habitats and occurred at an overall density of only
0.6 jays per km?. Radio-tracked Sichuan Jays had a strong preference for mature montane coniferous
forests and avoided areas dominated by shrubs, while the utilization of young conifers, grassland, and
human residential habitat types did not differ significantly from the values expected from the home-range

availabilities of these habitats generally.
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Introduction

The Sichuan Jay (Perisoreus internigrans, Fig. 1) is a Chi-
nese endemic designated as vulnerable and decreasing by
the IUCN (BirdLife International, 2008). This species is
apparently restricted to the southeastern portion of the
Qinghai-Tibetan plateau and associated with high-altitude
old-growth coniferous forests (Sun et al., 2001). However,
nearly all the potential habitats within this restricted range
have been fragmented in the past 30-40 years due to log-
ging activity (Jing et al., 2009). Compared to its two con-
geners, the palearctic Siberian Jay (P. infaustus) and the
nearctic Gray Jay (P. canadensis), the Sichuan Jay breeds
in cold, snowy conditions in late March and early April so
that the birds have a low nesting success in spite of receiv-
ing assistance from nonbreeders during the nestling period
(Jing et al., 2009). All Perisoreus species rely on stored food
for winter survival and to some extent for the feeding of
nestlings in their late winter breeding seasons (Waite and
Reeve, 1992; Ekman et al., 1996; Jing et al., 2003). Since
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the stored food items are highly perishable, these species
may be vulnerable to climate warming (Waite and Strick-
land, 2006). Given this vulnerability to direct and indirect
habitat destruction and climate change, conservation for
this species is urgently needed. To aid conservation, here
we assessed the population density, home range size, and
habitat utilization of the Sichuan Jay.

Study Area

Field studies were carried out at the Kache Forestry Farm
in Zhuoni County of southern Gansu Province (34°27'N,
103°26'E) and the Hongyan Forestry Farm in Jiuzhaigou
County of northern Sichuan Province (34°27'N, 103°26’
E). See Jing et al. (2009) for full details on the topography,
climate, vegetation, and disturbance history of these sites.

Methods

Population estimates

We used two methods to estimate jay population density.
(1) At Jiuzhaigou, we established a grid of 264 bait sta-
tions at the centers of imaginary contiguous 200 m square
blocks covering 10.56 km? of the study area. Captures with
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Fig. 1 The Sichuan Jay (Perisoreus internigrans)

mist nets or walk-in traps of jays encountered at bait sta-
tions were continued until all individuals detected in the
study area were color-banded and usually fitted with radio
transmitters (Jing et al., 2009). (2) Following Strickland
and Ouellet (1993), we used the mean, GPS-derived dis-
tance (d) between adjacent nests to calculate the land area
per nest in our study area by the formula 3/2(d4*tan30)
on the assumption that nests were located at the centers
of adjacent equal hexagons. Nest density was equal to the
reciprocal of this ratio and, knowing the mean number of
birds in each breeding group, we were then able to calcu-
late an estimate of jay density in our study area.

Habitat utilization

In both study areas we trapped and color-banded jays and
affixed radio transmitters to some or all individuals in
each social group (Jing et al., 2009). We then re-located
focal groups twice daily throughout the breeding season
(March—-May) and used GPS to record group locations.
Home range sizes were calculated by the 100% minimum
convex polygon (MCP, Lawson and Rodgers, 1997) and
fixed kernel methods (Worton, 1989; Seaman et al., 1998)
based on all sample locations, and using ARCVIEW GIS,
version 3.2, in combination with the Animal Movement

Extension (Hooge, 1998). For the 95% fixed kernel meth-
ods we used the Least Squares Cross Validation (LSCV)
smoothing parameter selection (Seaman et al., 1999; Ack-
erman et al., 2007; Pattishall and Cundall, 2008). We then
defined the utilization frequencies of five habitat classes
(mature coniferous forest (trees 10-20 m in height), newly
planted replacement forest (trees 2-5 m in height), scrub,
grassland, and human residential) as the number of ob-
servations made in each habitat type divided by the total
number of observations made in all five habitats. Then,
using the 95% confidence intervals (CI) around the ob-
served frequencies (Manly et al., 2002), we compared the
observed utilization frequencies with those expected from
the proportion of each habitat type within their 95% fixed
kernel home ranges (Graves et al., 2007).

Results

Population assessment

We obtained two indications of population density. First,
through the 10.56 km? bait grids at Jiuzhaigou in 2003, we
detected 11 Sichuan Jays in three social groups within 20
days (i.e. suggesting a population density of 1.04 jays per
km?). Second, in 2003 at Jiuzhaigou we found the nests

© 2011 Beijing Forestry University and China Ornithological Society



96

on all three territories and in 2004 we found the nests
on two of them (Fig. 2). Giving equal weight to the two
observed distances between successive nests on the same
two territories, the overall mean value for the three intern-
est distances (d; Table 1) was 2706 m. Using the formula
1/(3/2d*tan30), we calculated the nest density to be 0.16
nests per km?and, since the mean group size was known to
be 3.8 (Jing et al., 2009), the population density was there-
fore estimated to be 0.60 jays per km?.

Home range and habitat utilization

We radio-tracked two family groups at Zhuoni (F1 and
F2) in 2001 and two groups at Jiuzhaigou (F3 in the years
2002-2004 and F4 in 2003-2004). Mean home range size
was 42.0 ha (SD = 19.5, n = 7) using the 100% minimum
convex polygon method and 34.6 ha (SD=19.0) using the
95% fixed kernel method (Table 2). The home ranges of
seven cases and the vegetation base map are shown in Fig.
3. Assuming a mean home range size of 42.0 ha, only 8.4%
of the Jiuzhaigou survey area was utilized by Sichuan Jay.
Our estimates of habitat utilization frequencies revealed
a strongly significant preference for mature conifers and a
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significant avoidance of shrub areas in all years within the
home ranges of the five groups (Fig. 4a, b). Utilization of
young conifers, grassland, and human residential habitat
types did not generally differ significantly from the values
expected from the home-range availabilities of these habi-
tats (Fig. 4¢, d, e).

Discussion

The two direct methods we used to calculate Sichuan Jay
density in Jiuzhaigou gave quite different results (1.04 vs.
0.60 jays per km? respectively for the “grid” and “internest
distance” methods). We suggest that the latter approach
yields the more accurate result because, unlike the grid
method, it is insensitive to how close home ranges or nests
are to study area boundaries. In our study, home ranges
were invariably located closer to study area boundaries
than they were to each other. This means that areas “as-
signable” to the pairs we observed lay beyond the 10.56
km? grid at Jiuzhaigou and this must have led to an over-
estimate of jay density. Both methods, however, strongly
indicated that the density of Sichuan Jays in our study area
was far below that of the Gray Jay in North America (3.2—
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Fig. 2 Nest sites of three Sichuan Jay family groups (F3, F4 and F5) in Jiuzhaigou between 2002 and 2004 (w2002, A 2003, €2004).
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Table 1 Internest distances of Sichuan Jay

Territories 2003 2004 Mean of
involved?® 2003-2004
“F3-F4” 2032 m 2032 m
“F4-F5” 3206 m 3206 m
“F3-F5” 2988 m 2770 m 2879 m

* Specific locations of these three families were indicated in Fig. 2.
Grand mean (d) = 2706 m;

Corresponding area = (3/2)d*tan30 = 634 ha;

Nest density = 10°/area = 0.16 nests/km>

3.5 jays per km?, Strickland and Ouellet, 1993).

In our analysis of the Sichuan Jay’s habitat preferences,
we found a strong association with mature montane conif-
erous forest (Fig. 4a), at least during the breeding season.
This may be partially attributed to the relatively higher
food quality and less predation risk (Sjoberg and Danell,
2001), but it is also possible that mature forests are impor-
tant as places to store food. The fact that the social groups
in both our study areas centered their activities in smaller
fragments of mature forest, rather than in more extensive
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Table 2 Home range sizes of Sichuan Jay families, estimated by
100% minimum convex polygon (MCP) method, 95% and 50%
fixed kernel method

Family® Number of radio  Minimum convex  Fixed kernel
location points  polygon method method (95%)
F1 108 82.3 76.4
F2 98 51.2 29.2
F3 (2002) 59 33.6 23.8
F3 (2003) 72 33.3 32.0
F3 (2004) 95 33.1 22.1
F4 (2003) 85 36.0 34.7
F4 (2004) 103 24.4 23.9
Mean + SD 89 + 18 42.0£19.5 34.6 +19.0

2Radio location data of F1 an F2 were collected in Zhuoni in 2001,
while F3 and F4 were collected in Jiuzhaigou.

stands nearby (Fig. 3), suggests that a heterogeneous home
range may be nutritionally most productive for Sichuan
Jays provided, of course, that some mature coniferous for-
est is available for food storage and nesting. All seven nests
we observed were in mature conifers (mean height 15 m

5
308
0
5

S

%
5
s
%

o

o
s
5
2%
S
oo
5
S50
%
5

3
%
X
%
%
X
%

3
o
3
X
s
':t

s

s

(55
%S

5%

%ot

-
5

e

0

%5
5

35

o

S

G
ZERHARLLKA
eeases]

Rl

R

22 Mature conifers
[Z711 Young conifers
Shrub

Grass

Il Human residential ;

R
K
XK //
K555

%

R
S
55
-w.*.'&::::::f////// o
e Y
SRR s
RS o
%5 &
45
X '0‘:

.
=

"

o

ooy

5
3

E2538

y AT
fo35

et
295t
2

Sartesiiatesinst
2555

8%

Paess

35
X
o

XX
3
SR

o
3
%
3
&

goreses
S
5
S
5
58
208636

i
) \
H
SN
XN
2
S0
R
SRS
SERS

0%
55
2958
8%
%
%

5
it

%

0250 500 1000 m
. SV N -

Fig. 3 Home ranges of four Sichuan Jay family groups (F1, F2, F3 and F4) showing radio-location data and the corresponding 100%
minimum convex polygons. (a) F1 and F2 at Zhuoni in 2001, (b) F3 at Jiuzhaigou in 2002-2004; F4 at Jiuzhaigou in 2003-2004.
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Fig. 4 Utilization of three Sichuan Jay family groups for (a) mature conifers, (b) shrub, (c) young conifers, (d) grassland, (e) human
residential habitat types in four study territories in different years (F1 and F2 are in Zhuoni, while F3 and F4 are in Jiuzhaigou). Open squares
represent observed utilization frequencies and the whiskers are the upper and lower 95% confidence intervals (CI), and the black rectangles
represent the expected utilization frequencies.
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above the ground in trees with a mean diameter at breast
height of 32 cm (unpublished data)).

Our observations suggest that even the Sichuan Jay
population in Jiuzhaigou, close to the center of the species’
known historic range (Sun et al., 2001), was also in some
difficulty. First, the population seemed to be far below
“saturation” levels. In spite of the large distances between
neighbors, radio tracking nevertheless indicated occupa-
tion of small home ranges (i.e. mean 42.0 ha) amounting
to less than ten percent of the available, seemingly suitable
land through the survey area. Second, the invariable pres-
ence and long-term persistence of nonbreeders compared
to the other two congener jays (Jing et al., 2009), suggests
a serious constraint on independent breeding and/or a
powerful benefit accruing to delayed dispersers. Third,
only 22.2% of the nestlings at 6 nests survived to fledg-
ing, and chicks from half of these nests died from a cause
other than predation, including at two where allofeeding
was observed intensively (Jing et al., 2009). The relative
high nestling death rate indicates that the alloparenting
behavior of nonbreeders was clearly even unsuccessful in
achieving high production of young. It may be relevant
here that both of our study sites experienced heavily com-
mercial deforestation before 1998, with the resulting frag-
mented habitats possibly contributing to the abnormally
low productivity. Additionally, we also speculate that the
extremely stable membership in the family groups (Jing et
al., 2009), i.e. the failure of nonbreeders to establish new
breeding territories, might be related to the relative likeli-
hood that dispersing individuals may encounter each other
in places and at times suitable for pair formation, territory
establishment and sufficient food storage effort to ensure
subsequent winter survival. Therefore, we suggest that
more intensive and specific work should be conducted to
evaluate the habitat fragmentation effects on Sichuan Jay’
s behavior and population dynamics. Although the Chi-
nese government stopped logging in such forests in 1998,
some illegal logging has continued (Sun et al., 2006). We
recommend that conservation of the montane coniferous
forest conservation in Qinghai-Tibetan plateau be given
the highest priority. For the effective conservation of this
rare endemic species, we believe that a thorough inventory
should be undertaken to determine the location and status
of all remaining populations, and that nature reserves be
established to protect them.
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