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Abstract
Chukar and gra) partridge are abundanr and slmparric in Hells Caryon. ldeho and Orcgon. \!c collcctcd crops (birds collected
during lhe hunting season) from both species to conprLre fall and *inler lbod habiB. $hich allo\\ed for conrpanson of food
\clcclion. csrinration of niche overlap. and identificrtion of importanl lblrd resources. \\'c collcctcd l,l3 chukar and ll2 gral,
panridge crofs during the 1999 and 2000 hunting seasons (late Septcnbcr through early January). We identified 2l items con-
sunred by chukar and 16 ilelns consumed by SIa) partridgc. Bolh bird spccies consumed similar foods. $,ith an 80% dietary
olerhp. Domhanl lbod itens lbr both \pccjcs included prairiestar root nodules and vegetative parls lioln vaious grasses and
lbrbs. Food items dilGred bcrwccn ),cars. r'"hich rnay have reflected lariation in $eathef and plani cycles. This is the iinl study of
gra)- parlridge iioln a non agricullural cnvironment. and the fir,it rigofous comparison of lbod habits lbr synpatric chukrr and
gra) paftridge populalion ir NorlhAmcrica.

Introduction

Chukar (A/eclorls chukar\ and gray partridge
t  P t rJ i . t  p t rJ i . r t  a reh igh l l  ' t r . ie . ' lu l  e rL ' t i c :pc-
cies in Nonh America. To ourknowledge, no other
re .earch  h i l s  r igorour l l  e \JmineJ  \ .ompar r l i \ c
ecology tbr sympatric populations of these spe
cics in North America. Interactions among sym-
patric Aleckrrl.r paftridge and othef patuidge spe
cies were explored in Europe and Asia byWatson
( I 962). He hypothcsized that competitive exclu-
s ion  har  e l i rn inu te t i  io rnpe l i l i on  among .pec ie :
across most of their original range, but they oc-
cuned together when two species had separatc
microhabitat requirements or bleeding biology.
or when huntiDg had kept populations below lev-
els where competitive exclusion may be expressed.
Like Watson (1962). we werc interested in iden-
titying possible niche partit ioning and potential
competition for certain tbod items. Monda and
Ratti ( 19E8), with similar objcctives, repoted that
dit'fercnt spccies of duck broods had high levels
ofoverlap in diet, but were segregated by micro-
habitat.
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Other North American research on gray par-
tridge fbod habits has bccn conducted in agdcul-
tural habitats (Hupp et al. 1988, Knight et al. 1979,
Westerskov 1966), and in both agricultural and
non-agricultural habitats for chukar (Knight ct al.
1979, Weaver and Haskell 1967). This study was
conducted in conjunction with a general assess-
mcnt of chukar and gray partridge populations
and habitat in Hells Canyon (Ratti and Giudice
2001). Although density estimates have not been
conducted for chukar and gray patridge in Hells
Can lon  {Ra l l i  e l  a l .  lq83) .  bo th  spec ies  uere
abundant tlroughout our Hells Canyon study re-
gion. Over a 2-yrperiod, Ratti and Ciudice (2001)
reported observing >2 ooveys/sunr'ey hour (,?=269),
with 5,17c chukar observations and 467, gray par-
tddge observations. Excellent geneml reviews of
chukar and gray partridge biology and ecology
were presented by Christensen (1996) and Carroll
(  1993) .

Our objectives were to l) compare fall and
winter fbod habits of chukar and gray paftridge
in Hells Canyon, 2) measure niche overlap and
niche breadth. and 3) comparc data fron Hells
Canyon with other studies. Our general research
hypothesis was that sympatdc chukar and gray
panridge in Hells Canyon consume the same pro-
ponion of identical food items during fall and early
winter.



Study Area

The Hells Canyon Reach of the Snake River is
situated in west-central Idaho and noftheastern
Oregon. Hells Canyon is the deepest (600-1700
m) and one ofthe most rugged dver gorges in the
continental United States. The topographical com
plexity of steep and broken slopes. otien domi-
nated by rock outcrops and talus, has produced a
mosaic ol vc-sctation typcs. Slopes are typically
covered by a thin mantle of residual soil from
weathered native basalt rock (Asherin and Claar
1976, Tisdale 1979, Bonncvil lc PowcrAdminis-
tration 198,+. U.S. Depaflment of lnterior 1987.
and U.S. Depafiment ofAgriculture 199,1).

Thc Hclls Canyon region is intluenced by a
rain shadow ofthe Cascade Mountains. Tempem-
tures runge fron 5"C in January to 35"C in July.
Avcragc annual precipitation ranges fiom 380-
500 mm (nearly 45% of annual precipitation oc-
curs November through January).

Riparian. grassland, shrubland. and forcst habi-
tats exist in close proximity (Tisdale 1979). Grass-
Iands are dominated by bluebunch *heatgrass
i P s e udo ro e gne r ia splcala) cheatgrass (Bromrs
te(torLlml , ald ldaho fescue (.Fe stuca idahoens is)
(Asherin and Claar 1976. Tisdale 1986). Shrub
steppe communities are also common and domi-
nated by sagebrush (Arternisia spp.). bitterbrush
(Purshia t I ide ntata) - hackbery (Celtis reticulata).
scrvicebcrry (Amelanchier alniJolia), and
bittercheny (Prunus emttgirtuta) (Tisdale and
Hironlku | 98 | . Bonner i l le Pou erAdministration
198.1. Tisdalc 1986. Franklin and Dyrness 1981:]).
The predominant tbrest corrmunity is dominated
by ponderosa pine (P intrs porule rosa), whrch typi-
cally occurs as a savanna with wheatgrass under
story (Garrison et al. 1977. Johnson and Simon
1987) .

Methods

Our study area extended from Weiser, Idaho, on
the Snake River to Hells Canyon Dam, and in
cluded Idaho Power Company's 3-dam hydro
electic complex. The study area contained - 167
river km (i.e.. rkm 397 to 565). We collected birds
with a shotgun during habitat and population sur
veys (Ratti and Giudice 2001). We attempted one
survey every 6.4 rkrn bctween Weiser and Hells
Canyon Danr. Surveys generally followed a cir-
cular pattern from the reservoir shoreline to thc

nearcst adjacent rim (- 0.8 km laterallv from the
reservoir. and approximately perpendicular from
the general river-f1ow direction), and back to the
stafiing point. Deviations from this pattcm wcre
common due to terrain that could not be safely
traversed. Elevation change during surveys was
300-350 m tbr most surveys. Birds were collected
on thc Idaho and Oregon sides ofthe river during
fall-winter surveys in 1999 and 2000. All birds
were collected during open hunting season in ldaho
and Oregon. We used trained bird dogs (setters
and retrievers) to assist with locating birds. Each
suNey consisted of -,+ 6 hr of walking but the),
seldom exceeded 6 hr.

We examincd food habits ofbirds collected in
He l l .  Can5on by  ana ly \ i :  o l  c rop  con l (  n l \  u \ ine
standard methods (Korschgen l980, Hupp et al.
1988). Crops were removed tiom birds on the day
collected and frozen until dissection. Contents were
later sorted, and volumes ofeach food item mea-
sured.Items that displaced < 0.1 ml were recorded
as trace amount (Hupp et al. 1988). Volumes were
transformed to aggregate percentages (Martin et
al. 1946) to minimizc biascs that occur when a
single bird gorges on one food item (Swanson et
a\. 19'74).

Food items were grouped into live classes simi
lar to those used by Knight et al. ( I 979): vegeta-
tion (green grass shoots and other green fbliage),
roots (the bulbous stem base ofgrasscs, root nod-
ules, roots, and bulbs), seeds, beries. and insccts.
Clusses were ranked within each crop sample, and
differences in ranked classcs analyzed. We used
Mann Whi tne l  tes l  5 la t i s t i c :  lo  compare  \pec ie \
and years. Our sample size was inadequate for
cornparisons betwgel] month and location. Per-
cent of total vdume was also calculated for each
itcm by species. month, and year to help depict
differences.

We calculated two niche measures to quantify
resource use tnd overlap. These measures included
Levin's measure of niche breadth. calculated for
each specles as:

B = l[pi

where p 2 is the fraction of items in the diet of an
individual using resourcej (Krebs l989). Niche
breadth describes diet vadability, with a low value
being a monophagous specialist, and a high value
a generalist (Cody 1974). We also calculated the
percentage overlap:
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where p, is the proporlion that resource i repre-
sents ofihe total resources uscd by speciesj, and
p[ is the propofiion that resource i is of the tota]
resources used by species k (Krebs 1989). This
index describes the amounl of overlap between
resource utilizalion curves of species (Cody 1974).

Results

We collected 255 crops tiom 5:l chukar and 3,1
gray patridge in 1999, and 89 chukar and 78 gray
partridge in 2000. We identified 30 fbod items
(Table 1). Chukar consurned 2l items in l999 and
19 itcms in 2000. Gray partridge consumed 16
items in 1999 and 13 itens in 2000. Only 1 I itcms
individually accounted for >57c of the total vol-

une for eithel species during both years: prairiestar
root noduJes (llthophf.Ema sp.), vegetation (green
grass and forbs). bulbous bluegrass stem-base (Poa
Dullroszi ), s unfl o* er seed (.H e li unt lu s ann u s).
Scotoh thistle seed (Orutponlun a(ttnthiwn), hack-
berry (.Celtis reticulala). cheatgrass seed (Br.rmrr
t e c to rum), fiddleneck seed (Am.rircft la sp.), knot
wecd seed (Polygonum sp.), gromwell seed
(Lithoqtenna sp.). and insects.

We $'ere unable to test for difltrences tbr in-
dividual food items consumed (Table l) because
the data matrix contained too many zero values.
creating unacceptable variation. Zero values were
created by individual birds consuming large vol-
umes of one or two fbod items, while the overall
diet was varied. However. wc tested volume dif
ferenccs anong fbod categories (Tables 2 and 3).

TABI-El .Foodi temsl iomchukafrndgfr lpaf i r idgeinHel lsCanlon.  Food i rems not fbund iDdicaledby (- ) .  Plan!namcsfrc 'm
Hirchc0ck et  a l .  (1969).

Clhular

(seed urless spccificd)

1999
Cra) paflridge Chukaf

Volune E

2000
Gray parlridgc

Volunre % Volumc 7. Volume 'L

Prairiestar rool nodules
VeSetation (guss and fofb\)
Uulbous blucgrrss stem base
Sunflo\\'er
Scotch dr is t le
Hackben),
Black hawth0m berry
(lhcatgrasr

Unidentified insects
tinidcnrilied r001s
Fiddleneck
Filafee
Knot$eed
Crtllrv\e1l
Uulbous blucgrass

Niedusahcad
Ar|or\'leaf brlsallnoot

L0lnrtium
Blucbunch $healgras\
Sand fringcpod
Salsiry
Oni|)n bulb
Big sagebrush gall!

Snooth sumac ber|y
Thisllc
Bur ragwaed
Hou.d 's tonguc

1 5 . 2  I ] . l
,13.0 37.0
:1.0 3.,1

.1.0 L.l

0.6 u.a
0.2 0.2

18.2 2,1.3
0 . 1  0 . 1
1.1 6.1

t2 .3  10 .6
0 .  |  0 .1

30.8
23.3
19.1
1 8 . 1
r3 .0
9.0
8.0
7.6
1 .3

1 .5

0.2
l . l

t . 5

21.0

1 1 . 0
9 .3
8 .5
6 .1
1 . )
3 .8
3.6
3.:1
3 .0
2 . r

0 . 1
0.5

0.7

l 5 . l
9.5
-l .5
1 . 8
,1.0
0.7

3.,1
9 .6
0 . i
) .6
1 . 3

0.9

0 l l

2l.1
1',7.1
6.,1
1 .3
'7.3

1 . 3

6 .7
1',7.6
0.2
4.11

1.1
1 .1

0.:

1 . 1

t 5

38 .2
90.1
5 .8
7 .8

8 .3

:l .l

0 2
33.5

22.8
I 1 . 7

LU

:1 6
1 . 5

| . 1
1 . 8
3 . 9
0 . I
1 . 5

15 .4
36.1
2.3
3 . 1

3 .3

l ' 1

0 . 1
11 .5

9 .1
1 .1

0 ,1

1 .5

1 . /
0 . /

<0.1

0.3

0.7

1 . 0
0.2
0 . 1
0 . 1
3 .0

0.5
t J . l
u , l
t , .  I
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TABI-E 2. Monthlt percenlages oftbod items consumed lbr
.  hu\r f  JnJ i r " \  Dtx InJ: .  in qaa.

breadth was 7.5 for chukar and 6.3 lbr gray par-
ffidge.

Discussion

Chukar consumed 21 food items and gray par-
tridge consumed l6 lbod items. Dominant food
items for both specics included praidestar rcot
nodules, grass. and forbs. Although niche ovcr-
lap  uas  h igh  r8U ' ,  , -  uc  L l id  de lcc l  consun lp t ion
dift'ercnces among food categories. Howcver. these
differences werc not consistent among months and
years. Forexaunple, gray paftridge consumed more
seeds in October 1999. but chukarconsumed morc
seeds in November 1999 (Table 2).

Although chukar and gray partridge are im
portant game birds in westem states, there has
been litde research on these specics. Consequently,
few data arc available to compare with our study
results. Only one other North American study.
conducted in Washington, compared chukar and
gray partridge (Knight et al. 1979). However, that
study contained onll' one year of data, was not
fiom a totally non-agricultural environment. and
sample size of crops for gray pafiridge $,as kx)
small (n=20) 1br comparison with our study. In
addition, our results were substantially different
fuom those reported by Knight et al. (1979). For
example. Knight et al. ( 1979) reported that seeds
dominated chukiudiet in all seasons. In our study,
prairiestar roots. vegetation, and bulbous blue-

Deccmbcr

Chukrr

Vcgctalion

Sccd

Insect
B e n !

(;ray partridge

Vcgctation

Sccd

Insect
Ben )

29
6

1 1
65
6
9

J5
t 1
28
32
ll

l 1
I

6 l
t 6

l 2
3

39
:19
3
6

62
6

<1

3).

7
100

The btal volume of foods consumcd by chukar
and gray piutridge varied forboth species between
years (P< = 0.05) for thrce of tlve tbod classes.
Thus, dala from the 2 yr were not pooled. AIso,
foodcategories wcrc diffelentbetween chukarand
gray partddge. including vegctation (P g 0.0001),
seeds (P 3 0.001). and insects (P 3 0.0001).

Dicts of the two species wcre similar: niche
overlap was estimated at 80c/c for both years. In
1999. Levin's measure of niche breadth was 5.2
fbr chukar and 4.3 tbr gray paflridge: in 2000 niche

TABLE 3. \'lolrlhly percentages of lbod itcms consumed for chukar and gra] panridge in 2000.

September Novcnbcr Decembel Januarr

Chukar

\tgclarion

Seed

Rool

Beny

(lral partridge

Vegetatidr

Sced

Root

Bcny

2 1

36

37

l 3

I

6

20

t 2

59

21
.1

J8

33

36

25

I

1

32

50

38

l 0

I

21

70

25

5

78

l 8

5

2

100

-l

l 5

65

l2

100
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grass stem bases dominatcd our sample over a
two year period (Table | ). Some of these di1l'er-
ences are likely due to geographic differences and
fbod availability; others may be related to sample
size.

Weaver and Haskell ( 1967) have the best pre-
viously published data on chukar fbod habits. but
they had no gray partridge data. For chukar in
Nevada, they reponcd a greater importance of
cheatgrass in the diet. However, like our study,
they fbund significaDt levels of fiddleneck seeds
and prairiestar loots.

To our knowledge, this is the lilst study to
document praidestar roots as a food item tbr gray
plutridge. Our data suggest that prairiestar was
consurned less by gray panridge than by chukar,
hut overrl l. lhir nllnl .pecies repre\enl. an impor-
tant lbod item for these species in Hells Canyon.

From our obscrvations both chukar and gray
partridge consumed morc vegetation in the folm
of green grass shoots as time passcd from fall to
winter (Tables 2 and 3). We suspect that this trend
simply retlected availabiliry. Late summer;rnd early
fall in Hells Canyon are extremely dry and green
glass shoots are non-existent on most slopes.
Houcrer -  l le  fu l l  and  ear l l  u in te r  p rec ip i ta r ion
o l ten  re .u l l .  in  p ro l i l i L  emergence o fgreen gr r . .
shoots, especially iftemperatures were mild. We
also noted that diet of our birds changed slightly
during the second yelr; birds consumed rnore green
vegetation and tiddleneck seeds, and reduced use
of prairiestar root nodules. Again, we suspect this
change was relatcd to availability. We have ob-
served in many locations that birds scratch soil
uu ay from .teep .lupe\ lt, e\pose prairie\lrr rool5.
During periods ofcold after precipitation, frozen
soils probably render most root nodules inacces-
sible to birds. Howevcr, temperature data for the
local region did not support this hypothesis
(Edelmann et al. 2001). An alternate explanation
would simply be that prairiestar was less abun-
dant on the study area during thc 1999-2000 winter.
but we have no data on prairiestar abundance.

We estimated an 807c overlap in tbod niche
between the species for both years, and these data
are consistent with comparisons among similar

species in Europc by Watson (1962). Although
our niche overlap measurcment reveals a similar
diet by thcse species, our niche breadth data sug-
gested a narrower range offood items consumed
by gray partridge in both years. Knight et al. ( 1979)
also notcd that gray partridge had the leasr di-
verse diet of the tbur species compared in their
study. Fewer dietary items used by gray parrridge
lnay be related to habitat use. In Hells Canyon,
$'e know that gray partridge use a narrower range
of habitat than sympatdc chukar At the popula-
tion leyel observcd during this study. wc specu-
late that competition is low or non existent be-
tween chukar and gray paftridge. We have no data
on fbod-resource availability, but u'e suspectmost
foods are abundant in Hells Canyon. In addition,
the relalivcly even proportion ofchukar and gray
partridge and the relatively high population level
(Ratti and Ciudice 2001). fail to indicate compe-
tition at a level that has negatilely aft'ected sur-
vival and rcproduction ofeither species. In a niche
overlap study ofAme rican coot (FuLica anericena)
and Gadwalls (Anas streperal, high niche over-
lap was consistent with convergence on a super-
abundant resource rLnd suggested that fbod in their
study was not limiting (McKnight and Hepp 1998).

Given the impoftance of relatively few plant
species to both chukar and gray partridge, tuture
rcsearch should document abundance and distri-
bution of these plants. and management of live-
stock in Hells Canyon should consider potential
impacts of grazing on these plant communltres.
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