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Consumption of Wasps and Bees by Yellowstone Grizzly Bears

Abstract
I in!csrigalcd thc consunption of wa\ps and bees bi gfizzll bears in the Yello\!stone regi|)ll. 1977 1991. using dau collcclcd
during a study (rfradio 'narked berN. Although wasp\ and bees $erc nol r nla.jor source L'lcnergy. Y.llowslonc grirll) bcan arc
anong onl\ a f.w potulations of their species in Nofih America known 1() consume thcs. inscc6 in \omciimcs norc\r'orlhy
ilnoun6. Corsunrplion of lr'asps and bees $a\ grertest during the driest montls ol the study and dudng y.ars $h.n abundanl
unguhte canidr and fc!," $hilcbark pine seeds !l ere a|ailable. Peak consurnptnD durnrg dry lear\ prcbably rcilected increuses in
$.rsp and bee popul,rlions. rhcrcas liltlc consunrption during )ears when pine seeds were abundant probabl) reflected a rclative
pfefefe nce fbr pire seeds. The odds lhal bcars $'ould con sunre walps and bee\ lvere greatest whe n the) lvere in fbrest stands \\' ith
rbundant coar\e wood) debris and considcrablc li\c basal area. Excavation of ground nests also \\'as most exteDsive in dense
lbrcn srands.,A.ll delcclcd crploiulion inrolved ercavation of nests. almost all of which \i efe located in or under logs and ltulnps
or ir dull near lhc ba\c of lrccs. 1t is not clear if this pattern ofe{ploitatur reflected the distribution of $ asps and bees. and. il so.
$hr- sasp\ and bccs $ere concentrated in dense fofests $ith abundant coarse lrood] debris. ln shorl. Ycllownonc grizrl) bcars
lrpprrcnlly con\umcd \lasps and bees most often q,hen .Lnd $'here these insects \rere most abundanl as well as when known high
qual i t !  bcal  ioods $crc \carcc.

Introduction

Consumption of vasps lncl bccs (Hymenoptera:
Vespidae and Apidae) by bears has hithcno rc-
ceivcd l itt lc scientif ic attention. However, even a
casual survey of published research reveals that
wasps and bees are part of thc diets ofblack beals
(Ursu.s anrerk'enus or U. thibettuus) and brown
bcars (U. ..ll( t.).r) throughout the northern hemi-
sphere. In Nonh Amcrica, conslrmption of wasps
and bees by brown bears is relatively uncommon
compared to consumption ofthese insects by black
bears. Consumption was detected in only 6 of 21
brown bear diet studies vcrsus 20 of 2:l black bear
diet studies compilcd by Mattson (1998). Even
so. consumption ofrlasps and bees by brown bears
has been observed throughout brorvn bear range,
including studies as far north as the southem Yukon
(Pearson 1975) and central Alaska (Murie l98l )
and as fal south as celffal Montana (Aunc and
Kaswolm 1989) and north$estern Wyoming
(Craighcad ct al. 1995).

Details in thc scicn{if ic l i terature about con
sumption of wasps and bees by bears are l imited
to anecdotc and cntries in tables summarizilg bear
diets. It is unclear whether wasps and bces are
ever u impoftantbcar food and. if so. under \\"hat
c11c111n511nqqs.  Where  leeJ ing  hch t \  io r \  l . .oc i -
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ated with consumption of native wasps and bees
have bccn described. bears excavated these in-
sgcts from subtcrrancan ncsts (Sharal'utdinov and
Korotkov 1976, Slobodyan l976, Lloyd 1979,
Russell et al. 1979, Murie 198I , Servheen 1983.
Cicnjak et al. 1987). In places like the Yellowstone
region, at the cufent southern limit of North
American brown bear range. most social ground-
nesting species are wasps of the genus Vesprila,
most commonly V acadica. V pen.sylvanica. V.
vulgaris. a:ad V wnsobrirut (Evans 1970. Evans
and Eberhard 1970, Akre et al. 1981). Unfortu-
nately, little is known about ecological relations
of these ground nesting wasps, especially in bo
r e a l , r r  h i g h - c l c r . r t i o n  l ' o r r ' \ l c d  c n r i r o n r n c n t r
(Bohafi and Bechtal l957.Evans l970. Evans and
Eberhard l970, Spradbery I 973, Akre et al. 1 98 I ).

Grizzly bears (U. a. lrorribllis) in the Yellow-
stone region lLIe among the North American bro$,n
bears known to consume wasps and bees
(Claighead et al. 1995). Yellowstone grizzly bears
obtain most of their energy from whitebark pine
(.Pinus ulbicdulis) seeds and tissuefiom elk (CerL,as
eluphus) ar'd bison (Bos ,ison)(Mattson et al.
1991). Most ungulate tissuc is consumcd by bcars
during April May as canion from animals that
dicd of natural causes dudng the previous three
months (Mattson 1997a). Whitebark pine seeds
are consuned by bears primarily during Septem-
ber-October. t'rcm concs in groundJcvcl cachcs



rnade by red squirrels (Tamiasciurus hLrtlsortitus)
(Mattson et al. 2001). When pine seeds are abun-
dant, the bears eat little else besides them (Mattson
et al. 2001). During years when pine seeds and
carrion are scarce. grizzly bcars in this rc-tion eat
diverse other foods. including insects such as ants
(Mattson 2001).

In this paper I describe fbmging on wasps and
bee.  h1  gr izz l l  he . r r .  in  Ihe  Ye l l r '$ \1 . 'ne  rep i ( ' r l
using data collected during a study ofradio-marked
bcars t 'rom 1977-1992. My analysis was explor-
rtorl and designed to lddre.' the lbllou ing quer-
tions: (l)How did the l ikelihood and level of
consumption of wasps and bees by grizzly bears
vary with season and monthly weather? (2) How
did the l ikelihood of consumption vary with avail-
ability of known high-quality bears foods, spe-
cifically ungulate carrion md whitcbark pinc sccds?
(3) Ho* did l ikelihood and levels of consump-
tion vaD' with sitc and vcgctation fcatures'l

Methods

The approrimately 23.000 kmr study area, from
:13'30' to .15'15'N latitude and f'rom 109"30'to
I I l'30'W longitude. corresponded to the knou'n
rangc of Ycllowstorrc's grizzly bear population.
Most of the arca occupied by grizzly bears is >2100
m in  e le r  a t iun  JnJ  (  on) i \ ( !  o f  remote  tn t ,u  n la in r
and plateaus surroundedby valleys and plains morc
intensively settled or used by humans. Annual
tenrperatures average about OoC. Monthly aver-
ages during April thlough October range from
2'C to l3'C . Temperatures rarely exceed 27'C
in most areas. Prccipitation varies in amount and
timing with elevation and region and talls mostly
as snow thilt reaches accumulations of 20-260
cm, depending on location, before melting dur
ing March June (Dirks and Martner 1982). About
75% of the study area was lbrested and nost of
this tbrest was dominlated by lodgepole pine (Prrr./.!
.otortd) (Despain 1990). Craighead et al. (1995)
described the study area in detail.

Grizzly bears were trapped, marked, and ra-
dio-relocated according to methods described by
Knight and Eberhardt (1985) and Blanchard and
Knight ( 1991). A subset of radio-relocations was
visited and descdbed according to methods de
scribed by Mattson (1997b. 2000). Field creu's
also described sites where grizzly bear feeding
or bedding sign \las encountered en route to and
fiom telemetry locations. At each location. f ield

crews established a variable-r'adius forest inven-
tory plot (Avery and Burkhart 1994) at the center
of grizzly bear activity. Trecs wcre tall ied, iden-
tif ied as l ive or dead, and the diameter of each
was measured at 1.4 m aboveground. Additional
information was collected within l0 m of plot
center including descriptions of coarse woody
debris. These descriptions werc indices ofamount
(l 7, none to heavy), size (l 7, small to large),
and degree of deconposition ( 1 {. solid to wcl1-
decomposed). Based on double sampling, indi
ccs ofsizc and amount wcrc rclatcd to volumc of
woody debris, in kg n ', as fbllou': total volume
= -0.0008 + 0.76:1ln(amount x size); f = 0.75
(Mauson 1997b).

Field crcws describcd all signs of fccding and
collected all feces (scats) found at telemetry lo
cations and clsc$,hcrc tiom 1977-1992. Fmm 1986
to 1992, descriptions offeeding activity included
measurements ol excavations. For excavations of
wasp and bee nests in duff or soil, length (A).
width (B), and depth (C) were nreasured. Where
a log or snag had bccn cxcavatcd. average diam-
eter of the log where it was tom by the bear (A),
total tear length (-B), and avenge tear as a per-
cent of total log circumference (C) were measured.
Total excavatcd volumc (in dmr.l r,as calculated
as the product of A x B x C for simple excava
tions and as ft (A/2)' x B x C lbr logs and snags
(Elgmork and Unander 1998, Mattson 2001).

The concurrent collection of scats and intbr-
nration on feeding activity maximized compara
bility ofdata tiom thcsc two sources at broad scales.
I did not ascribe scat contents to specific feeding
sitcs bccausc tbods found in scats were otien not
consumed at the site ofcollection given thc 7-13
hr transit time of digesta (Pdtchard and Robbins
1990). Thus,l compared data from scats and feed-
ing sites by month but not by spccific ftcding
sites. Scats were dricd and analyzed tbr perc^ent
content according to methods described by Mattson
et al. ( 1991). Results were reported by month and
ler r  as  toml  f requencS o f  occur rcncc  in  . ,a1 . .
percent of total fecal volume. and mean percent
tbr scats in which the item occurred.

l uscd logistic regression analysis (Demaris
1992) to specily the effects of explanatory vari
ables on thc likclihood that a bear hld or had not
excavated wasp or bee nests at a given location.
Radio-telemetry locations or leeding sites u'ere
units ofanalysis. I specitied two models: one using
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only data from telemetry locations. including sites
wherc no feeding sign had been found. and thc
other using only data from sites with feeding sign,
but including plots not at telemetry locations. I
gavc priority to the first model and used the sec-
ond to confim pattems. When wasps or bees had
been er,. itr ule,.l. T u'eLl multiple l ine r regression
(Wcisbcrg 1985) to specity the effects of exphura-
tory variables on the total volunlc ofcxcavations.
I uscd maximunr l ikelihood methods fbr param-
eter estimation and the sample-size-adjusted ver-
sion of Akaike's Infbrmation Criterion (AIC")
(Bumham and Anderson 1998) for model selec-
tion. I used change-in-AlC. (A) to quantify the
relative etTect of each variable in a given model
(Bumham andAnderson 1998). Because the valuc
of AIC. is atl-ected by sanple size, A is compa-
nble withinbul not among modcls. I deemphasized
statistical hypothesis testing tbrreiNons well stated
elsewhere (Johnson 1999) and I present P-values
solely as confimatory infomation.

I considered both proximal and distal effects
in the analysis (Mattson 2000, Mattson 2001).
Distal el'fects were those operational atbroad tcm-
poral and spatial scales while proximal eflects
\vere operational at the scale of the inmediate
site. Proximal efl'ects were represented by mea-
sures taken at telemetry locations or other sites
of grizzly bear activity. Distal effects were enu
merated from other sources. as lbllow. Numbers
oI trngulatc carea..c. on clk rnd bison u inter range.
during spring and numbers ofcones on whitebark
pine hees were taken frcm counts al llxed transecls.
Monthly temperaturesand precipitation weretaken
from regional summaries published by the U.S.
National Oceanic and Atmospheric Administra-
tion (NOAA). I also used a running two-month
sum of growing season (i.c.. April-October) prc-
cipitation in the analysis. Mattson (2000) provided
a more detailed description ofthese distal facto$
and their sources.

Besults

During this study.6662 scats were collected and
1853 telemetry locations of radio-marked bears
\r,ere investigated to detennine activity ofthe as-
sociated animal. Feeding sign was found at a to-
tal of 2769 sites, including sites not associated
with a telemetry location. Remains ofadult wasps
or bees were tbund in 33 scats whereas sign of
foraging for *asps or bees was found at 35 sites.
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No identifiable remains of wasp or bcc larvae or
pupae \!ere detected in scats.

Grizzly bears consumed teu' wnsps and bees
in the Yellowstone region, generally <lclc total
scat volume (Figures 1a and 1b). However, use
was grcater during some years. as during 1988
when rcmains of wasps and bees accounted for
3c/a and 6c/a of total t'ecal volume during August
and September On average, levels of consump-
tion and related foraging peaked during these two
months (Figures la and lb). I calculated the ratio
of total volunc of wasp or bee remains in lecal
material to total volume of nest matedal exca-
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Figure L Monthl) patlems associated u ith consumptlon of
w asps and bees by Yellorvstone grizzly bears, 1 9?7
1992: (a) re'nai'rs of wasps and bees as a perceDt
ol |oul lecal volume, averaged anong years (t 1
SE). and as a pcrcent of scats in which they \\'ere
fbund. averagcd among scalst (b) propoftion of
scats and fccding silcs wherc the remains of \L asps
and bees or associated leeding sign were found;
and (c) indices of reward obtained by consuming
wasps or bees.



TABLE L Regfession models 1or reladoDs bctwccn citbcr rhc logit lranrlbrmed probabilitt that wasps of bees had been con-
sumed, or the natural log lnnslbmed !olumc oftotal ercavations. and distal and proximal factors, forYellow\tone
grizzly bears. 19'71 1992. Il is a paramccr eslimate aDd ,\ is change in AIC. with deletion of the conesponding
!arirble lioln |he nrcdcl. S!a!inics tbr loeistic resression models are for soodness-of-fit tesrs.

Probability of consunptionl
Telemetn ld.r l i .nr .n l !

Probabilityofconrumpdon: \blumeof

Fccding sitcs onlJ crcalations fdnr'J"
S E A p s E ^ P \ E AlndcpcnJcnt  \ r r i3h cs

C0rstrn l

Di\lal iaclors

Cumulati\,e precipilation (cm)

Number of ungulate cafcasses

Nunber ofwlirebark pine concs (n trcc')

Pro.limal lactors

Tot.rl lile fine\t basal area onr hr r)

Anount ofcoarse woody debris (indcx)

Sl.rlislics

G' or r (dl)

10.3 1. '7

4.1i.  1.2 39
3 .3 "  1 .6  9
2 . r .  0 .9  8

1.02" 0.39 r0
0.038i 0.016 ,r

r6 (879)
1 .00
0.96
1556

-9.8 3..1

5 . 8 '  1 . I
3 . t ,  t . 2
2.0" 0.7

0.E6' 0.2,1
0 . 0 t 5 , 0 . 0 1 3

117  (937 )
1.00
0.95
2t19

0.067, 0.028 t.6
-0.03'f  0.01I 0.1

6 .1 (2  /  ) 6 )
0.ljl-J5
0.33
29

88
l0
t l

r6
5

"Coefiicient rvas estim.rred lbr dau lransformcd b_vi ln(x + 1).
"Coellicienl was eslimarcd 1br data lransfonned by: x'.
'Coeflicienl lras esdmalcd for dala transiomrcd by: (lnlx + ll):.
Jsarnple sizes used for modeling lvere less than total sample sizes because olmissing values.

vated by bears, and the ratio of total number of
scats with remains of these insects in them to to-
lJ l  number  o f  teed ing  s i te .  uhere  con.umpl ion
was detected, to indicate the monthly level of
energetic reward obtained by bears. Both indices
peaked in September (Figure 1c). coincident with
peak fractions of wasp and bee remains in scats
where they were detected (Figure la). I did not
calculate these indices forApril June or October
because offew samples ofscats (n ( 3) and t'eed-
ing sites (n < 2). Thcre were 5, 12, and 12 feces
containing the remains ofwasps or bees collected
during July, August. and September and 6, 20,
and 6 sites with sign of feeding on these insects
fbund during thc same three months.

The probability that Yellowstone grizzly bea$
had consumed wasps or bees at a site, versus en-
gaging in any other activity. was rclated to flve
factors considered in this analysis. Probability of
consumption was more strongly related to proxi-
mal t'actors describing vegetation structure (A =
3?) than to distal factors related to weather and
availability ofknown high quality foods (A = 20).
Of single factors, consumption was most stongly
related to the sum ofprecipitation dudng the cur-

rent and previous month, number ofungulate car
casses available on ungulate winter ranges dur-
ing spring, and amountoflive overstory basal area
ar the site (Table I ). The negative relation to pre
cipitation was acute (Figure 2a); probabil ity of
consumption dropped sharyly with increased
moisture. Proximally, probability of consumption
increased with increasing amounts ofboth co se
woody debris (deldtall) and l ive basal area (Fig-
ure 2b). When wasps orbees had been consumed,
total volumes excavated by bears to reach nests
also increased with increasing live basal area but
declined with increasing amounts of woody de-
bris (Table 1).

The gray remains of paper nests were observed
at the center of grizzly bear excavations at 33 sites
where consumption of wasps or bees was docu-
mented. Diameters of 14 nests sufficiently intact
to measure averaged 1.1 t 0.4 dm. Wasps. sone-
times numerous, werc observed in 30% ofthe 49
individual excavated nests. Of these nests, 267c
were located paftially in the base of stumps and
snags,22a/c were under logs, l77r were in logs,
l77c were in fbrest dufi <3 dm trom the base of a
tree, ancl47o were in soil in the open.
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in seasonal population dynamics ofsocial ground-
nesting wasps. Single queens usually stafi a colony
in spdng with numbers ofadults, pupae. and nest
combs peaking by August (Evans and Eberhard
1970, Spradbery 1973). Comparatively high lev-
els of consunrption by bears in September may
reflect delayed phenology of colonies in the
Yellowstone stud.y arca because ofa climatc colder
hcre than where nrost investigations ofwasp popu-
lation dynamics have occurred.

Yellowstone grizzlv beaLrs consuned the most
wasps and bees dudng the ddest months of the
entire study. This agrccs with observations by
Sharafutdinov and Korotkov (1976) who noted
heavv consunptiol of ground-dwelling wasps by
brown bcars in the Ural Mountains dudng a year
when \r'asp populations proliferated because of
hot dry u,eathel Although resealch donc clscwhere
is equivocal about relations betwccn weather and
wasp abundance, there are somc indications that
dry weathcr promotes the growth of wasp popu-
lations (Spradbery 1973). I speculatc that bears
consumed wasps and bees more often during the
driest nronths of the driest yea$ simply because
*asps and bees were then more abundant.

Consumption also increascd when whitebark
pine cone crops were small and ungulate carnon
was abundant earlier in the vear. As with ants
(Manson 2001). Yellowstone's grizzly bears prob
ably consumed whitebark pine seeds in prefer-
encc  Io  ua \ps  i rnd  hc . \ .  The po . i l i \e  u \ .oc id l ion
with availabil ity of carrion during spring is not
as easily cxplained. One speculative possibil i ty
is that growth of wasp populations ',r'as acceler-
ated by availability and use ofan energy-rich fbod
(uDgulate tissuc) carly in the growing season. Meat
is readily consunedby wasps (Evans and Eberhard
1970, Spradbery 1973). Olhcr cxplanations lbr
this relation could involve changes in grizzly bear
.clcction ol l irrLls l i le uir.ps und bee. in respon.c
to availability of carion and effects of wcather
correlated with over-rvintcr moftality of ungulates.

The odds that Yellowstonc grizzly bears con-
sumed wasps and bccs wcre greatest at sites with
abundant deadfall and considerable basal area of
live trees conditions often associatcd with older
forest stands (Ron'mle 1982, Mattson 1997b).They
also exploited morc nests more thoroughly in dense
fbrcsts. although not where deadfall was abun-
dant. This association with live trees and woody
debris is consistent wilh thc frequent location of
exploited wasp and bee nests in or under logs or
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Figure 2. Rel.Ltiurs tretxeen proponions ofsites where wasps
or bccs had been consuned and (a) sum ofprecipi-
laljon during thc currcnl and previous nonth anLl
(b) tot.Ll live forest basalareaand amountofcoarsc
[oodt  debf i \  (deadfal l ] .  F i l led c i rc les and sol id
lines in (a) and the gr.r) sudace in (b) depict fela-
lions firr telemetry locations onl,v: open circles and
dashed lines and the open Dresh \ufrce depict fe-
lat ion\  l i r r l l feeding \ i tes.  Ci fc les denot ing means
and bruckels denoling SEs are sho\rn fbr qunxiles
of thc dala to illustrarc goodncss ol liu R' ldues
afe for fehtions based on telemetrt locations.

Discussion

Peak consumption of wasps rnd bees by
Yellowstone grizzly bears occurred late in thc
growing season, during August and September.
This coincided with an apparent peak in the re
rvard, or probable energctic bcnefit. of consum-
ing these insects. A late season pcak in rclative
abundance of wasps or bees, and related ener
gctic bcnefit of use. is consistent with general tends
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at the base of trees. Presumably, gtizzly bears
concentratcd their foraging 1br wasps and bees
in these kinds of sites because ground nestug
\\ J\p\ \\ ere mo\l i lbunJrnt th. rc. L\ en .o. e\ i.t-
ing research gives no indication where wasps of
boreal environnents tend to nest. why this might
be at sites where woody dcbris and live trees eLre
more abundant, and, if so. how these stand f'ea-
tures interact wilh effects of drought

Although in North America wasps and bees
are a conrmon food of black bears. this is not thc
casc for brown bear-s. Nowhere but in Yellowstone
hal e North American brown be s been obscrved
to consumc wasps and bees ll]ore than a tcw times
(Pcarson 1975, Lloyd 1979. Russcll el al. 1979.
Murie 1981, Servhccn 1983, Aune and Kasworm
19U9). Yellowstone's grizzly bears arc thus some
what unusual anrong Nonh American brown bears.
not only in consuming thesc insects. but also by
sometimes consuming notewofihy quantit ies of
lhern .  t r t  n  \o .  wr \p .  and beer  uere  no l  rn  im-
po ant source of energy and nutdents for bears
in this population during the study pedod, except
during thc extremel.v dry year of l9ll8 rvhcn re-
gional precipitation dudng June September was
J97c of normal. As u'ith rnany of Ycllowstone's
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