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DISPERSAL OFJUNIPERUSofjuniperus occidentalisoccidentalsOCCIDENToccidentaleOCCIDENTALSALISalls WESTERN JUNIPER
SEEDS BY frugivorous MAMMALS ON JUNIPER MOUNTAIN

southeastern OREGON
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juniperus occidentoccidentalisoccidentalistalis hooker varvan occidentocciden
talis western juniper cupressaceae covers
more than I11 million ha miller and wigand
1994 from south central washington through
eastern oregon to northeastern california and
southwestern idaho adams 1993 like many
other junipersjuniperusjunipers in the west J occidentalisoccidentoccidentalistalis has
undergone extensive recent population expan-
sions increasing in density and invading down-
slope into shrub grasslands most believe this
juniper expansion has been driven by a combi-
nation of climate change severe overgrazing
and reduced fire frequency burkhardt and
tisdale 1976 eddleman 1987 miller and
wigand 1994 miller and rose 1995 but see
lanner 1977

the rate and pattern of expansion can be
fully understood only with knowledge of seed
dispersal however schupp and fuentes 1995
yet few quantitative studies of dispersal exist
for junipersjuniperusjunipers in general eg livingston 1972
salomonson 1978 holthuijzen et al 1987 jor-
dano 1993 chavez ramirez and slack 1994
santos and Tellteiltelitelleriaeriaerfa 1994 and none forjforfcorf occi
mentalisdentalisdentalis especially lacking are studies of
endozoochorous dispersal by frugivorous
mammals but see chavez ramirez and slack
1993 munoz reinoso 1993 schupp et al
1996 in fact seed dispersal ecology of tem-
perate frugivorous mammals in general has
been all but ignored willson 1993

with the linked objectives of increasing our
knowledge of juniper dispersal in particular
and seed dispersal by temperate frugivorous
mammals in general we quantitatively describe

mammalian endozoochorous seed dispersal of
J occidentalisoccidentoccidentalistalis on juniper mountain south-
eastern oregon USA we discuss results in
the context of disperser effectiveness where
effectiveness is the product of the quantity of
seed dispersed and the quality of dispersal
given each seed that is the number of seeds
dispersed multiplied by the probability a dis-
persed seed produces a new adult schupp
1993 although a complete evaluation is pre-
mature our data address aspects of both major
components of effectiveness thus providing a
useful framework

juniperus occidentalistoccidentalisoccidentalis is a monoecious or
dioecious tree found mostly on dry rocky slopes
from 1500 to 3000 in elevation the 5 to 10
mm diameter fleshy resinous seed cones
mature in their 2ndand fall and contain 2 3 seeds
each 2 4 mm long adams 1993 at least 12
species of birds feed on J occidentalisoccidentoccidentalistalis cones
and disperse seeds coyotes canis latranolatranslatrans are
the only frugivorous mammals reported dis-
persing the seeds gabrielson and jewett 1940
maser and gashwiler 1978 R E miller per-
sonal communication L E eddleman per-
sonal communication

juniper mountain is a relatively isolated
mountain rising to 2036 inm along the border of
harney and lake counties oregon USA

4255 N 11955 W most of the mountain
is covered with I1 occidentoccidentalisoccidentalistalis woodland that is
expanding into surrounding sagebrush steppe
of wyoming big sagebrush artemisia triden
tata sspasp wyomingensis and mixed perennial
buncligrassesbunchgrassesbunchgrasses we collected mammal feces at 5
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of 6 permanent plots for a study ofofjofaJ occidentocciden
talistabstails physiology and genetics by R tausch and
R nowak the 2 sites with an eastern aspect
are 1600e 1601 m elevation and 2000e 1994
m the 3 with a western aspect are 1650w
1653 m 1800w180ow 1801 m and 2000w 1987

m partial collections were made at 2 other
sites coyote feces at 1650 m on the east side
camp and deer pellets near the summit at
2000 m summit

we made field collections 22 23 may 1994
based on the presence of seeds and dried ripe
fruits on the ground we are confident a rea-
sonably abundant cone crop was produced in
the season preceding sampling at each site
we spent 1.515isls 2 h collecting feces of sylvilagusSylvilagus
nuttalliinuttalhinuttalnuttallialiihiilliel nuttall s cottontail odocoileus hem-
ionus mule deer cervus elaphusclaphus elk and C
latranslatrano coyote we did not use defined plots
but most feces were collected within a 50som m
radius the goal was to quantify frequency of
seed occurrence more than density we slowly
walked the area carefully searching for rela-
tively recent feces based on our experience in
west central utah we believe most feces were
from the preceding fall through early spring
for each site we combined all S nuttallianuttalliinuttalkinuttalnuttaikialkiliiill pel-
lets into a single sample and individually
bagged ungulate pellet groups and C latranolatrans
feces we returned feces to the laboratory
where they were refrigerated until processing
this involved moistening in plastic bags to
soften 5 15 min before breaking them apart
to carefully search for whole juniper seeds and
fragments of broken ones

seeds were very rare in mammal feces
table 1 and no patterns were evident across
elevation or aspect on a per site basis disper-
sal by S nuttalliinuttalnuttallialii was most frequent seeds were
found at 4 of 5 sites followed by C latranolatrans
36 0 hemionus 26 and C elaphusclaphus 02
on a per pellet feces or pellet group basis C
latranolatrans was the most frequent seed disperser
13.8138138 of feces contained seeds the next high-
est frequency was an order of magnitude
lower 1.21212 ofofo0 hemionus pellet groups con-
tained seeds similarly we found 437 seeds in
C latranolatrans feces compared to only 8 6 and 0
in S nuttalliinuttalnuttallialii 0 hemionus and C elaphusclaphus
feces respectively

seeds dispersed by C latranslatrano tended to be
deposited with many conspecificsconspecifics while seeds
dispersed by the other mammals tended to be

deposited singly the 4 C latranolatrans seed con
tainingbaining feces had 1 59 175 and 202 seeds in
contrast pellets of S nuttalliinuttalkinuttalnuttallianuttaikialkiliiill and 0 hemionus
never contained more than I11 seed and pellet
groups of the latter contained no more than 4
seeds

although we have no data on the effects of
gut passage on seed viability most seeds were
apparently undamaged only a single seed in
an S nuttalliinuttafflinuttalnuttallialiiill scat had been broken due to
the size and hardness of juniper seeds it is
unlikely any were destroyed to the extent they
were missed

results of this study provide new insight
into dispersal of J occidentalisoccidentoccidentalistalis and add sup-
port to a growing perception of taxonomic pat-
terns of seed dispersal by north temperate
mammals while rabbits smith 1948 schupp
et al 1996 and deer martin et al 1951 were
known to eat fruits and disperse seeds of
junipersjuniperusjunipers the most recent compilation of J
occidentoccidentalisoccidentalistalis fruit use maser and gashwiler
1978 lists C latranolatrans as the only mammal dis-
persing seeds endozoochorously although we
add 0 hemionus and S nuttalliinuttafflinuttalnuttallialiiill to the list
these species disperse very few seeds with
respect to the quantitative component of dis-
perser effectiveness it appears that only C
latranslatrano may be important

considering the qualitative component of
effectiveness our data address aspects of both
the quality of treatment in the mouth and gut
and the quality of deposition gensusensu schupp
1993 the preliminary interpretation is that
all species may provide high quality treatment
virtually all seeds were passed intact without
evidence of damage very low rates of juniper
seed damage by carnivorescarnivores herrera 1989
chavez ramirez and slack 1993 and lago
morphsmorphe schupp et al 1996 have been previ-
ously reported and may be a common result
note however that the european rabbit
oryctolagus cuniculus feeding on fleshy fruits
in spain munoz reinoso 1993 and the canary
islands nogales et al 1995 breaks seeds and
reduces germination of surviving seeds carni
vores which often pass seeds with most of the
pulp attached may be less likely to reduce
viability and may even increase germination
rate bustamante et al 1992

in contrast the quality of deposition may be
relatively low especially for C latranolatranslatrans which
deposited large numbers of seeds in individual
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TABLETABLL 1 numbers andand frequenciesas of juniperusjumperlumperlamperus occidentaccidentalisillsgilsgitsallsails seeds inin defecationsdefecation of 4 mammaldamnmamnlallai species inni southeast
ern oregon see site descriptionsdescnptions inin the text NA not applicableappliaepli cabiecableeabie for thatthiit site

Ccollection sitesite

species 1600e 1650w camp 1800w 2000e 2000w summit total

sylvilagusSylvi lagus nuttallianuttallnnuttalliinuttalnuttallnliiill
no pellets 970 121 NA 228 359 368 NA 2046
no prop

with seeds 100101.00101 0010 00000 NA 20088 20056 300823.0082300823 0082 NA 80039
no seeds 1 0 NA 2 2 381 NA 8

odocoileus hemionus
no pellet groups 50 24 NA 40 26 14 16 170
no prop

with seeds 102001.02001 0200 00000 NA 00000 00000 107141.0714107141 0714 000000.00000 oooo0000 20118
no pellets 5459 2394 NA 4387 2911 1887 2376 19414
no prop

with seeds 20004 00000 NA 000000 oooo0000 00000 40021 00000 60003
no seeds 2 0 NA 0 0 4 0 6

cervus elaphusclaphus
no pellet groups 0 0 NA 0 2 2 NA 4
no prop

with seeds 00000 00000 NA 00000 00000 00000 NA 00000
no pellets 0 0 NA 0 256 302 NA 558
no prop

with seeds 00000 00000 NA 00000 00000 00000 NA 00000
no seeds 0 0 NA 0 0 0 NA 0

caniscams latranslatrano
no seats 6 3 9 3 6 2 NA 29
no prop

with seeds 23333 00000 111111iiiilili1111 00000 116671 1667 00000 NA 41379
no seeds 261 0 175 0 1 0 NA 437

includes I1 broken sedseed

defecations seed clumping may greatly reduce
dispersal success by increasing density diepen
dent seed predation and competition luringduring
establishment howe 1989 chavez ramirez
and slack 1993 schupp 1993 in addition all
species probably deposit few seeds in the
most suitable microhabitatsmicrohabitats while successful
J occidentalisoccidentoccidentalistalis establishment is apparently most
likely beneath shrubs burkhardt and tisdale
1976 miller and rose 1995 carnivorescarn ivores bus-
tamante et al 1992 chavez ramirez and slack
1993 lagomorphslagomorpha schupp et al 1996 and
ungulatesungulaungulatedtes E W schupp J A gomezcomez and
A fuentes unpublished data tend to defe-
cate and deposit seeds disproportionately often
in open interspacesinterspaces

mammals with the possible exception ofofcofaC
latranolatranslatrans do not appear to be very effective dis
persersparsers ofjofa occidentalisoccidentoccidentalistalis while these mammals
have some role in juniper expansion it appears
to be minor unless rodents harvest seeds from
feces and cache them preferentially beneath
shrubs we cannot evaluate the existence and
or importance of such an interaction between

phase I1 and phase 11II dispersal gensusensu chambers
and macmahon 1994 at this time

from the perspective of mammalian fru
givorydivory in general our results support WillsowillsonswillsorcswillsoneWillsonsrrsrCs

1993 suggestion that C latranolatrans is one of the
most highly frugivorous north temperate mam-
mals and is along with several other carni-
vora likely to be among the quantitatively most
important mammalian dispersersdispensersdispersers of fleshy
fruited plants in the region in contrast lago
morphsmorphe and ungulatesungulaungulatedtes have been viewed mostly
as dispersersdispensersdisper sers of nonfleshynonfleshy grass and forb seeds
consumed incidentally while feeding on foliage
eg welch 1985 zedler and black 1992

malo and suarez 1995 there is a growing
realization however that lagomorphslagomorpha are fru-
givorousgivorous and potentially important dispersersdispensersdisper sers
of some fleshy fruited species eg smith 1948
dantonio 1990 munoz reinoso 1993 nogales
et al 1995 schupp et al 1996 and that unguangu
lates may occasionally consume large numbers
of fleshy fruits although they may often destroy
seeds rather than disperse them sargent 1990
englund 1993
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