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The Northern Flying Squirrel (Glaucomys sabrinus) as a Potential
Predator of Marbled Murrelet (Brachyramphus marmoratus) Eggs.

Abstract
Ma$led munclct (Brd.ryramphus tnarnnnttus) populations have been declinine in NofihAmerica for over a decade. As a result.
fte bird was listcd as thrcalened b], the U.S. Fish and Wildlife Sefvice in 1992. Nesi predation has been posed as one reason for the
dccline and se!eral foresi rodents. including nolthern flling squiffels (Clauco]Ds sabrinus), ate potential nesl predators. We
in\cnigatcd rvhcther the northern flying squirrel was capable of preying upon eggs similar in size ro marbled nurrelet eggs. \\t
dclcrmincd whelher sex or age ar capture from the wild afTected a squiffel's tendency to attack an egg. We exposed a capti\e
colony of Dorthcm flying squjrrcls to mulliple experiments using a single egg from bobwhite quail (Colinus lrginianus), blLte

sanse (Dendrdsdp|s obscarrrs). pigcon (Col&,nba /iftd), and chicken (Gd lhls donesticus) \tirh chicken eggs being most similar
ln size to narbled munelet eggs. Age al caplurc and scx of squifrels did not influence predatory behavior We found that flying
squinels were only able to break through cggs quail sized and smaller, so flying squirrels are unlikelt' predaiors of marbled
lnurrelet eggs. Both gapc of thc mouth and eggshell thickness could limit egg predation, so eggs with thinner shells and eggs
smaller lhan quail cggs arc potential prey for flying squirrels.

Introduction

During the later part of the 20'h century, marbled
murrelet (B,"acftl'ranphus nru nno rat u.t) popu],a-
tions have been declining in Nofth America (Ralph
et al. 1995), and in September, l992theU.S.Fish
and Wildlife Service listed the species as threat-
ened in Washington, Calit irrnia, and Oregon.
Cefiain rcsearchers believe that nrarbled murrelets
are declining in Alaska (Piatt and Naslund 1995,
Piatt 1998). but others believe that definit ive evi-
dence fbr the decline is lacking (Hayward and
Iverson 1998a.b). Potential causes for the decline
in the United States include pollution and oil spills,
habitat loss due to the reduction and t'ragmcnta-
tion of late successional forests. and predation at
the nest (Ralph et al. 1995).

Marbled mun'elets most olten nest in the tbr-
est canopy at a height ranging fron 57.4 t 8.2 to
73.1 I 10.,1 m in Washington, Oregon. and Cali-
fomia (Nelson 1997) making murrelet nests vul-
nerable to avian and arboreal mammalian preda-
tors. Marbled muffelets leave the nest unattended
while fbraging, which mal,also increase prob-
abil ity of predation (Nelson and Haner 1995).

Marbled murelets in the Pacific Nofthwest nest
upon natural plattbrms with a mean length of320
nrm and a mean width of220 mm covered in pre-
existing litter, moss, and lichen which serves as
nesti ng material (Hamer and Nelson 1995). Birds
then place their eggs in a depression in the nest
ing substrate. Predators ofmarbled murrelet eggs
include the common raven (Contrs corax), the
SteJler'. jal (Clonocirta telleri). cenain accipi-
ters. several species of tbrest owls, rodents, and
potentially, the American crow (Con,rs
brachl'rh1'nchos: Ndson and Hamer 1995). North-
em flying squirrels are most abundant in forests
typical of murelet nesting habitat (Carey 1996),
and are reputed to eat eggs and nestlings (Wells
Gosling and Heaney 198,1). In addition, northern
flying squirrels have been photographed in the
wildpreying upon quail eggs (VanderHaegen and
DeCraaf 1996). Marzluf'f et al. ( 1999) tiequently
photographed them at afiificial narbled murelet
nests, suggestingthat northem flying squilTels may
cornmonly encounter bird nests.

Given that egg size may limit the ability of
rcderts to prey upon eggs (i.e. DeGraafand Maier
1996; Ropcr 1992, but see Craig 1998), we tested
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the ability of a captive colony of northem flying
squirrels to open eggs of different sizes to deter
mine if marbled mufie]et eggs are vulnerable to
nest predation by the squirlels. We then deter-
mined a threshold egg sizc beyond which squir-
rcls could not open eggs. We also determined if
predatory behavior varied by sex or the age at
which squirrels were taken into captiyity.

Materials and Methods

We simulated marbled mutTelet nests by cons[uct-
ing nest platforms that were 229 mm wide by 310
mm long with slight edges on each side to keep
eggs from rolling off the platforms. We placed a
mat of Bryoria spp. lichen on the simulated nest
platfonn and placed a single egg in a depression
in the lichen because marbled munelets lay a single
egg (Nelson and Hamer 1995). On multiple oc-
casions, we exposed a captive colony of 11ying
squirrels to the simulated rlest containing an egg
from chicken (GalLus dome,sticus), blue grouse
(Dend ragapus obs<:urus), pigeon (Colunba livia),
or northem bob whit e q]util (.C olinus virginianu,s ) .
The width and length of each egg was measured
before each trial and eggshell thickness values
were obtained atter each trial using dial calipers
(SPI. model3l-,115). Grouse and pigeon eggs were
collected liom wild nests in western Washing
ton, chicken eggs were purchased from a super-
market, and quail eggs were obtained from a pri-
vate breeder in Wyoming.

We used a captive population of 15 nofthern
flying squin'els held at the University of Wyo-
ming in Laramie. WY during experiments. Squir-
re l .  \ \e re  he ld  indoor '  in ;n  enc lo iu re  appror i -
mately 2.7 m tall. 3.7 m wide, and 2..1 m long,
but were cxposed to ambient tempenture and light
via an open window. The enclosure contained fivc
nest boxes and two tees heldby metal tree stands.
Most squinels were collected t}om the Payette
National Forcst in central Idaho in the summers
of 1996-1998. Five males and tive lemales werc
captured as adults. One male and three females
were captured asjuveniles, whereas one male was
born in captivity in July 1998. All squirrels were
full grown adults at the time of the trials. Preg-
nant and iactating females were removed from
all trials to avoid infanticide.

Prior to obseNation, erch squirrel in thecolony
was marked with non-toxic permanent markers
on the ventral side to distinguish sex and age at

capture. The squinels were fed urd llbllam Purina
rodent feed along with nuts, mushrooms, and
Bnoria spp.lichen. For each trial, an obseryer
entered the enclosurc approximately 20 minutes
before sunset and attxcbed the nest platfbrm to a
tree and placed a single egg on the platform. The
platlbrm and egg were easily viewed from out-
side the enclosure using red lights and an ultra-
violet light. Animals were observed during their
fi$t evening activity period only. Egg type, time
of emergence fiom boxes, foods available to the
animals, age class of individuals present, absent
individuals, time and duration ofeach visit to the
nest platfbrm, the sex and age at capture of each
animal that visited the plattbrm, and the behav-
ior observed at the platform were recorded. Ani-
mds classified as adults were greater than a year
old at capture andjuveniles were less than a year
old at capture. Observation lasted the duration of
the tirst activity period, usually two to three hours
and ceased when most animals retumed to the
nest boxes. Trials were coDducted from March
through August 1999.

Stat stica Analyses

We compared egg width and eggshell thickness
among bobwhite quail, pigeon, blue grouse, and
chicker eggs and used a one way ANOVA with
Tukey-Kramer multiple comparisons on the means
(Zar t974). We used chi square test of homoge-
neity (Jelinski 1991) to determine ifthe tendency
to bite an egg was independent of age at capture
and sex of squirrels. We grouped squirrels based
on sex and age at capture and compared groups
based on the number of biting visits ro the total
number of animal nights (number of nights ob-
served multiplied by the number of squirels in
each category observed pcr night) for age at cap-
ture and sex based on the outcome ofthe tests for
eftects ofser and age. We used chi square analy-
sis to detemine (l) the eff'ect of egg type on suc-
cess in breaking the egg and (2) the effect ofegg
type on the attaction of squirrels to eggs. Egg
atfactiveness was detemined by the ratio of plat-
form visits that inyolved biting to overall plat-
forn visits by egg type. In addition, we calcu-
lated the total time (in seconds) that squillels were
attempting to bite each egg type and the roral time
that squirrels were on the platfbrm lbr each egg
type. Given the tine spent on the nest platform,
we examined the propofiion of time biting the
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egg and time not biting the egg and then tested
the proportion on egg types using a Z approxi-
mation of a binomial distribution (Zar 1974). For
a l l  rn r l l ses .  ue  u \ed  ! r  =  0 .05  lu  de le rmine . ig -
nificancc.

Results

Eggs differed in width (F = 259.71, df = 3,15. P
< 0.001) and eggshell thickness (F = 3l .58, df =
3,19, P < 0.001). In general, eggshell thickness
increased with egg size. Quail eggs had a width
of 19.42 t 0.77 (SE) mm, pigeon eggs were 29.5.1
t 0.59 mm wide, grouse were 37.75 t 0.94 mm
wide, and chicken cggs were .12.31 -l 0.,14 mm
wide. Eggshell thickness values were: quail,0.11
t 0.02 mm, pigeon, 0.27 :! 0.02 mm, grouse, 0.33
t 0.03 mm, and chicken, 0.37 I 0.0l mm. AIl
possible multiple comparisons were significantly
different for egg width, but eggshell thickness
results yielded four significant comparisons; Quail-
Pigeon. Quail-Grouse, Quail-Chicken and Pigeon
Chicken. Quail eggs were signihcantly diflerent
from all other egg types fbr both egg width and
eggshell thickness (Table 1).

Tendency to bite an egg was not atlected by
squirrel agc at capture (Xt = 0.40, df = 1, P =
0.94) or sex (X'= t.SO, df = I, P = 0.58). As a
result. we pooled results from all squirrels for re-
maining analyscs. Squirrels were attmcted to eggs
equally, regardless of egg type (Xr = ,1.34, df = 3,
P = 0.23). but quail eggs were succcssfully eaten
more often than the other egg types (Xr = 26.67,
df = 3, P < 0.001); squinels were successful in
breaking through only quail eggs. \4/hen L omprrinp
the propoftions of time biting egg and time on

TA U LE L Comparison statistics for egg types. For pairwise
comparisons of pfopoftions of tiDe biting egg
comfared to rotaltime on platfofm b) egg tlpe, t
statistics and P-values are given. For multiple
compaisons on egg width and eggshell tliclness.
values are di1-1!rences in means.

Clomparison

platfom by egg type, interesting pattems emerge
(Table 1). Quail eggs were not handled for long
periods of time because squirrels were success
f'ul in breaking through these eggs quickly. Of
unopened eggs, squirrels spent significantly more
time attempting to open the smallest eggs, sug-
gesting that they considered smaller eggs to be a
food source more than larger eggs.

Discussion

Northem flying squirels were able to penetrate
bobwhite quail eggs, but were not able to break
through larger and thicker shelled eggs. Rodents
may be gapelimited in their ability to open eggs
(i.e., Decraaf and Maier 1996; Roper 1992). If
gape limits the ability of northem flying squir-
rels to open eggs, mffbled rnunelet eggs are likely
srfe from predation b1 .quinel'. for our .quir-
rels could not open eggs that were considerably
smaller (pigeon eggs) than those of marbled
murrelets which are 37.6 t 1.4 mm (SD) in width
and 59.8 t 2.2 mm (SD) in length (Nelson 1997).
Hypothetical gape limitations. however, should
be considered with caution, tbr recant work sug-
gests that rodents may open eggs of a size larger
than their gape should allow. Blight et al. (1999)
found that P?ronl,Jcls sp. on Triangle Island off
British Columbia opered eggs ofrhinoceros auklets
(Cirorhinca no ocercla). de'pite lhe.e egg. be-
ing much laryer than their gape should allow. Craig
(1998) showed that chipmunks (Zarulrrs spp.) use
le rerage to  open qua i l  egg.  b5  or ien t ing  egg.
between their bodies and the nest unti l the small
end is exposed. Chipmunks then break through
the small end of the egg. We did not observe tly-
ing squirrels using leverage to break open eggs.
Squinels would hold eggs in their forepaws and
occasionally hold eggs next to their bodies, but
the eggs did not touch the edge of the nest plal
fbrm while squirrels were trying to break through.
These conflicting results suggest that a complete
understanding of egg predation by rodents will
require fufther experimentation.

In this study. quail cggs (shell thickness of
0.ll t 0.02 mm) were potential prey for flying
squirrels. but pigeon eggs (shell thickness of0.27
t 0.02 mm) were not. These results suggest that
the threshold eggshell thickness for predation by
flying squirrels lies between 0.11 t 0.02 mm and
0.27 t 0.02 mm. Given that this threshold range
includes the marbled murrelet shell thickness of

Widrh
Eggshell

Thickness

Quail-Piseo'r
Quail Grouse

Quail-Chicken
Pigeon-Grouse
Pigeon Chickcn
Grousc Chickcn

13 .33  (0 .006+ )  10 .12+  0 .15*
6.38 (0.02:1*) 18.33* -0.22*
2.73 (0.I 12) -22.89* 0.26*
20.87 (0.002*) 8.21* 0.06
21.29 (0.002") 12.t]+ -0.10*

8.18 (0.015*) -,1.56* _0.0.1

'N denotes significance at c[ < 0.05.
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0.21 mm (Sealy 1975), marbled murrelet eggs may
be potential prey for t lying squirels. especially
i f  egg.he l l  th iekness  de ter rn ine \  \ucces-  o f  eg !
pfedation. However. itis likely thateggshell thick-
ness and egg width interact to determine whether
a mammalian predator can open an egg. There-
fore the large size of mzLrbled murrelet eggs ln
combination with their cggshell thickness likely
prevent flying squirrels from opening these eggs.

Tbe tendency and ability of our squirrels to
consume smaller eggs suggests that nofthem fly
ing squirrels may be significant egg predators of
many forest-nesting passerines, prLrticularly those
with eggs smaller than pigeon eggs. This is sup-
ported by work with captive squinels in Wash-
ington state. where Bradlcy and Marzluff (unpub-
lished data) showed that nonhern flying squirrels
will readily consume eggs from zebra finches
(Taeniop,tgirt guttuta; eggs 15.8 t 0.03 (SE) mm
x 10.8 t 0.03 mrn, shell thickness = 0.076 t 0.001
n]m). yet cannot open small chickcn eggs (eggs
50.3 t 0.25 x 39.I I 0.1lJ mm, shell thickness =

0.256 t 0.002). It is unlikely that adult passcrines
could successfully defendtheir nest against a flying
squir:rel (Bradley and Marzluff, unpublished data).

In conclusion, it is unlikely that northem fly-
ing squirrels are capable of preying on marbled
munelet eggs.Ifsquinels are gapeJimited in their
ability to prey on eggs, those ofmarbled murelets
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