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Interrelationships among northern flying squirrels,
truffles, and microhabitat structure in Sierra
Nevada old-growth habitat

Sanjay Pyare and William S. Longland

Abstract: During 1997-1998, we investigated the influence of both the relative abundance of truffles, preferred food
items, and microhabitat structure on the occurrence of northern flying squie&sidomys sabrinuShaw) in old-

growth forest habitat of the Sierra Nevada Range, U.S.A. Following live-trapping sessions, we searched the forest floor
for truffle diggings and sampled the soil for truffles. Diggings were more abundant where flying squirrels were cap
tured, suggesting squirrels were active near areas of the forest floor where truffles had recently been excavated. The
frequency of sampling plots with truffles was higher where squirrels were captured, further suggesting preferences for
microhabitats where truffles were more abundant. We also measured 15 microhabitat variables at trap stations to evalu
ate the influence of alveground microhabitat characteristics on squirrel occurrence. Results indicated that flying squir
rels preferred microhabitats with understory cover, which may minimize predation from aerial predators like spotted
owls (Strix occidentalisMerriam). Neither abundance of coarse woody debris, a feature conducive to fungal growth,

nor the abundance of potential nesting sites (i.e., snags) measurably influenced squirrel occurrence. While various
abovegound forest-microhabitat characteristics affect the use of old-growth forests by flying squirrels, these animals refine
their use of these forests based on fine-scale changes in the availability of a highly preferred and ephemeral food item.

Résumé: Durant les années 1997 et 1998, nous avons investigué I'influence de I'abondance relative des truffes, la
nourriture préférée, et la structure du microhabitat sur I'occurrence de I'écureuil v@&idomys sabrinuShaw)

dans I'habitat des vieilles foréts du plateau de la Sierra Nevada, aux Etats-Unis. Suite & des sessions de piégeage
d’animaux vivants, nous avons examiné le parterre forestier pour y déceler des indices de fouilles a la recherche de
truffes et échantillonné le sol pour la présence de truffes. Il y avait plus de fouilles ou des écureuils volants avaient été
capturés, indiquant que les écureuils étaient actifs prés des endroits ou des truffes avaient récemment été excavées dans
le parterre forestier. La fréquence des parcelles échantillons avec des truffes était plus élevée ou des écureuils avaient
été capturés indiquant également les préférences pour les microhabitats ou les truffes sont les plus abondantes. Nous
avons aussi mesuré 15 variables relatives au microhabitat ou étaient placées les trappes pour évaluer I'influence des ca-
ractéristiques épigées du microhabitat sur I'occurrence des écureuils. Les résultats indiquent que les écureuils volants
préferent les microhabitats avec un couvert en sous-étage qui réduit au minimum la prédation par les prédateurs aériens
comme la chouette tacheté8ti(ix occidentalisMerriam). Ni 'abondance des débris ligneux grossiers, un élément qui
favorise la croissance des champignons, ni 'abondance de sites potentiels de nidification (i.e., les chicots) influencent
de fagon mesurable 'occurrence des écureuils. Tandis que diverses caractéristiques aériennes des microhabitats fores
tiers affectent I'utilisation des vieilles foréts par les écureuils, ces animaux raffinent leur utilisation de ces foréts sur la
base de changements a petite échelle dans la disponibilité de nourriture hautement prisée et éphémere.

[Traduit par la Rédaction]

Introduction are particularly important for the conservation of forest-bio

Detailed studies of habitat use by forest-dwelling animaldiversity. For instance, specific habitat features associated

provide a basic understanding of the ecological features thatith the occurrence of spotted owlsSt(ix occidentalis
Merriam) were among the most important types of biologi

cal information incorporated into the forest conservation
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tant ecological role by dispersing the spores ofsmall diameter trees (e.g., poor “landing pads”) may be
ectomycorrhizal fungi in their feces to the forest soil, whereavoided by these animals.

fungal spores form symbiotic relationships with the roots of The purpose of this study was to investigate the use of
conifers (Kotter and Farentinos 1984; Maser et al. 1985pld-growth forest habitat by flying squirrels. Specific objec
Maser and Maser 1988; Pirozynski and Malloch 1988; Johntives were to determine)(whether the within-stand occur
son 1996; Claridge et al. 1997). Despite their importancerences of flying squirrels were influenced by the fine-scale
few studies have yet revealed the habitat associations of thidistribution of food (truffles) andii) which forest micre
species. habitat characteristics also influence the occurrence of flying

Flying squirrels predominantly consume the fruiting bod squirrels.
ies of hypogeous fungi, or truffles, which occur 5-15 cm be
low the surface of the forest floor (Brink and Dean 1966; -

Maser et al. 1985; Hall 1991; Water(s and Zabel 1995; Zabe‘vIaterlals and methods

and Waters 1997; Rosentreter et al. 1997; Cazares et al. The general protocol of this study was to livetrap flying
1999; Pyare and Longland 2041 Truffles are ecto  squirrels using standardized methodology (Hayes et al.
mycorrhizal symbionts with the roots of trees and hence typ1994) and sample and compare truffle abundance and micro
ically occur withn 2 m of thebases of trees (Fogel 1976). habitat characteristics among trap stations where flying
As in other regions, hypogeous fungi appear to be among thequirrels were and were not captured. Truffles fruit at heter
most frequent food items in flying squirrel diets in the Sierraogeneous temporal scales and persist only 2-3 weeks in the
Nevada Range during snow-free periods (Hall 1991; Pyareoil (Fogel 1976; Luoma et al. 1991). Thus, truffles were
and Longland 200d). This empirical evidence, coupled with sampled immediately following each live-trapping session
observations that truffles are relatively scarce, concealed bgdescribed below). In contrast, microhabitat characteristics
low ground, and heterogeneously distributed, suggest a higfe.g., tree size, abundance of coarse woody debris) were
degree of dietary specialization. Among the many factorssampled once at the conclusion of all live-trapping effort,
that might influence habitat use by flying squirrels, the-spa since these did not change appreciably over the duration of
tial pattern of truffle distribution may therefore be especially this 3-year study.

relevant. Waters and Zabel (1995) and Cazares et al. (1999)

found a broad correlation between flying squirrel abundancesydy sites

and abundance of truffles among stands with different tim- \we selected three, old-growth forest stands (Blackwood
ber-_harvest regimes. Within ;tands, howevgr, thgre exists “tCanyon, Upper Ward Canyon, and Lower Ward Canyon)
tle information about the fine-scale relationship betweenyithin the western region of the Lake Tahoe Basin Manage-
flying-squirrel occurrence and the local abundance of trufment Unit (Toiyabe National Forest, Placer County, Califor-
fles. nia, U.S.A). Stands were 10-15 ha in size, separated by 2—
Aside from fungal distribution, a variety of forest micro- 7 km, and located on upper elevation (2200-2400 m), north-
habitat characteristics may influence the spatial pattern ofacing slopes. Red firAbies magnificaA. Murray) was the
habitat use by this species. Flying squirrels may be influ most common conifer in both the overstory and understory,
enced by the presence of specific features that provide rend white fir (Abies concolor(Gord. & Glend.) Lindl.),
uge from predators, serve as indicators of the relativdodgepole pineRinus contortaDougl. ex Loud.), and west
availability of food, and enhance or limit movement. Whenern white pine Pinus monticolaDougl.) were infrequent
foraging for truffles on the forest floor, flying squirrels may components of the overstory and virtually absent in the
be particularly vulnerable to predation and, hence, prefer arunderstory (Oostings and Billings 1943). These sites were
eas that are located near protective cover, such as understoriygin timber stands with old (>250 years), large-diameter
vegetation (Lima et al. 1985; Lima and Valone 1986;(>2 m diameter at breast height (DBH)) live trees, snags,
Newman and Caraco 1987; Newman et al. 1988). Coarsend downed logs; they were devoid of stumps or logging
woody debris, in addition to potentially providing protective roads. The matrix that surrounded study sites, however, was
cover, may serve as a moisture-rich reservoir for fungi{Ma a combination of second-growth habitat that exhibited copi
ser and Trappe 1984; Amaranthus et al. 1994; Clarkson anaus evidence of past logging activity (>25 years from pres
Mills 1994), particularly in more xeric forest habitats such ent), and small tracts (0.25-1 ha) of remnant old-growth
as those found in the Sierra Nevada mountains, U.S.A. Thudabitat. The study area was located in a subalpine zone in
decaying organic debris, such as a log, could be a specifizhich snow remained on the ground 8 months of the year
aboveground microhabitat feature that flying squirrels assoand, thus, was characterized by a short growing season.
ciate with truffles. In captivity, for instance, flying squirrels Snow persisted on the ground at study sites 3 weeks longer
tend to forage near logs for buried truffles (Pyare andduring spring of 1998 than spring of 1997.
Longland 200b). In addition, given that flying squirrels
move primarily by gliding between trees and infrequentlyLive trapping
move along the forest floor (Mowrey and Zasada 1984), We livetrapped flying squirrels in the Upper Ward and
structural aspects of forest microhabitats could constrain theower Ward sites in 1997 and all three stands in 1998. In
utility of gliding behavior in the forest overstory (Thorington each stand, squirrels were trapped during two sessions:
and Heaney 1981; Mowrey and Zasada 1984; Hokkanespring (May—June) and fall (August—September). The timing
1992; Ims 1995). For instance, microhabitats with high-denof these sessions corresponded to the phenology of fungal
sities of trees (e.g., restricted gliding space), large gaps ifruiting, which peaks in spring (beginning just after
the forest canopy (e.g., excessive distance between trees), smowmelt) and then again in late summer — early autumn
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(Hayes et al. 1986; Luoma et al. 1991; North et al. 1997)number of truffles, as the best estimator of relative abun
Based on an expected 3-5% live-trapping success of flyinglance given the inaccuracy in estimating the abundance of
squirrels (Rosenberg et al. 1995), we estimated that a sesrganisms that tend to clump inconsistently, like truffles
sion consisting of four or five consecutive trap-nights would (Bigwood and Inouye 1988).
yield 12-25 captures per stand. This provided a sufficient
sampling size of trap stations around which we would subseMicrohabitat sampling
quently sample truffles and microhabitat characteristics (de At the conclusion of trapping, we described microhabitat
scribed below). characteristics around a subset of trap stations in each of
In each stand, we livetrapped flying squirrels @9 x 12  three stands. We randomly selected 15 capture-yes trap sta
grid with 25 m intertrap spacing. We attached one Temations and 15 capture-no stations. Witid m radius sampling
hawk live trap (18 x 18 x 40 cm) horizontal2 m high on  plots centered on the trap station, we collected data on 15
the trunk of the largest tree withi3 m of each grid point  forest-microhabitat variables (Table 1). We selected these
(Hayes et al. 1994). In each trap, we included a nest box (theicrohabitat variables based on published studies of north
bottom 40 cm of a 2-gallon milk carton; 1 gallon = 3.785 L) ern flying squirrels, southern flying squirrelSkucomys
and cotton stuffing as nesting material. Each trap was baitedolansL.), and mycophagous small mammals (Mowrey and
approximately 1.5 h before dark with a small ball of peanutzasada 1984; Wells-Gosling and Heaney 1984; Rosenberg
butter — rolled oats mixture and checked at 06:30-07:00 thend Anthony 1991; Clarkson and Mills 1994; Mills 1994;
following morning. Captured animals were removed fromWaters and Zabel 1995; Bull et al. 1997).
the trap, marked in one ear with a numbered, Monel-metal We divided each habitat-sampling plot into quadrants, the
tag (National Band and Tag Co., U.S.A.), weighed, and reaxes of which were oriented along cardinal directions. To

leased. evaluate the influence of overstory characteristics on flying-
squirrel occurrence, we recorded the followind: the total
Animal digging and truffle surveys number of trees (>10 cm DBH) in the ploij)(distance (m)

After each trapping session, we randomly selected sevefiom the trap station to the nearest-neighboring tree in each
trap stations at which flying squirrels were captured (hereimuadrant; i{i) DBH (cm) of the tree to which the trap was
“capture-yes”) and seven at which they were not capturecttached and its nearest neighbor in each quadrant; (4) per-
(“capture-no”). For the selection procedure, we allowed trapcentage of overstory cover in each quadradnm from the
stations where the same animal was captured to be potefrap station using a forest canopy densiometer (Forestry Sup-
tially selected, because animals were rarely caught morpliers, model C); andv whether an overstory gap was cre-
than once per session. To survey truffles and microhabitaated in the forest canopy above the plot resulting from a
characteristics near these selected trap stations, we delifallen tree (Gilmore and Gates 1985). To evaluate the influ-
eatal a 7 mradius (154 M) habitat-sampling plot around the ence of potential nesting sites, we recorded the following:
tree to which each trap was attached. We selected plots i) total number of snags (i.e., potential nesting sites) in the
this size to maintain independence between any two adjaceptot (Cowan 1936; Thomas et al. 1979yiif DBH of the
trap stations (11-m separation distance between plots).  largest snag (>10 cm DBH) in each quadrant; avid)(total

Firstly, we searched the forest floor within a 3-m distancenumber of witches’ brooms (dwarf mistletoArceuthobium
from the bases of all trees (>20 cm DBH) that occurredspp., or rust fungi,Chrysomyxaspp.; Bull et al. 1997),
within the 7 m radius habitat-sampling plot for evidence thatwhich are also used by northern flying squirrels as nesting
mammals had excavated truffles. We counted the total-nunsites (Mowrey and Zasada 1984; Waters and Zabel 1995). To
ber of these diggings in each of these habitat-sampling plotsvaluate the influence of coarse woody debris, we measured
These excavations resemble small pits in the upper foregbe following: (x) total number of logs (>10 cm DBH) in
soil layers (Waters et al. 1994), yet differ from other types ofthe plot; ) DBH of the largest log in each quadrant; and
soil disturbances, like seed-cache retrieval sites, excavatior{gi) number of “class 3", or heavily decayed, logs in the plot
for plant roots or bulbs, and burrow entrances of fossoriaBull et al. 1997). These types of logs are moist and
animals, because truffle diggings are typically deeper yenutrient-rich microhabitat features that are especially impor
terminal. Fragments of partially consumed truffles occasiontant for fruiting of hypogeous fungi (Maser and Trappe
ally remained near these diggings as further evidence th&t984; Amaranthus et al. 1994, Clarkson and Mills 1994).
these diggings were associated with mycophagous activityWe also classified the substrate feature that pRysio

Secondly, within the plots used for animal-digging -sur gnomically dominated each quadrant as rocky, bare soil,
veys, we established three rircular truffle sampling small litter, or coarse woody debrigii). We also measured
plots at random distances (0—3 m) from the bases of rarnthe distance from the trap station to understory cover <2 m
domly selected trees (>20 cm DBH). We dug up trufflesheight in each quadranki(i), and documented whether a
within each truffle-sampling plot using a three-tine, metalstream, which typically was overgrown witinusspp., fell
rake to sift gently through the litter and organic soil layerswithin the habitat-sampling plok{v). Finally, to account for
(15—-20 cm deep). Excavated truffles were placed into waxethe influence of microtopography on flying squirrel occur
paper bags and subsequently identified to the genus levelence, we measured aspect using a compags (

We superficially restored all soil layers, and marked the-cen

ter of each truffle-sampling plot with a white, 10 cm long Statistical analysis

garden stake. We then recorded the frequency of truffle plots For analysis of truffle-foraging data, we used two-way
that contained truffles at each trap station (i.e., 0—-3). WANOVA to analyze the relationship between two predictor
chose the frequency of truffle plots, rather than the actuaVariables, season (fall or spring) and capture status (capture-
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Table 1. Fifteen microhabitat characteristics that were sampled within each 7-m radius @54 m
habitat-sampling plot in three stands in the Lake Tahoe Basin, 1997-1998.

Microhabitat variable Description

(1) No. of trees Total no. of trees (>10 cm DBH)

(2) Intertree distance Mean distance (m) from center tree to nearest neighbor
(3) Total tree DBH Sum (DBH) of nearest neighbors to centre tree

(4) Overstory cover Mean percentage canopy cover

(5) Gap Whether or not a fallen tree resulted in a gap in the canopy above the plot
(6) No. of snags Total no. of snags (>10 cm DBH)

(7) Total snag DBH Sum (DBH) for largest snag in each quadrant

(8) Brooms No. of witches’ brooms

(9) No. of logs Total no. of down logs (>10 cm DBH)

(10) Total log DBH Sum (DBH) of largest log in each quadrant

(11) Total class 3 DBH Sum (DBH) of largest class 3 log in each quadrant

(12) Substrate No. of quadrants dominated by coarse woody debris
(13) Distance to cover Mean distance to understory cover

(14) Stream Presence or absence of stream within 7 m

(15) Aspect Direction of slope

Note: See text for more precise methods of data collection for each variable.

yes or capture-no), and both response variables: the numb#e surveys. Truffle diggings occurred more frequently near
of truffle diggings observed per trap station and the- fre capture-yes trap stations than capture-no statiéns 6.84,
guency of truffle sampling plots containing truffles per trapdf = 1, 134,p < 0.01; Fig. 1). There was also a seasonal ef-
station. fect on the total number of truffle diggings observed
Prior to evaluating the influence of forest microhabitat (spring > fall; F = 7.58, df = 1, 134p < 0.01). Interaction
variables on flying-squirrel occurrence, we reduced the orighetween flying squirrel occurrence and season, however,
inal set of 15 microhabitat variables in three ways to avoidwas negligible F = 1.14, df = 1, 134p = 0.29). In addition,
model over-fitting and increase interpretability (Hosmer andfrequency of plots containing truffles was significantly
Lemeshow 1989). First, using the binary response variablegreater near capture-yes trap statiofrs< 11.97, df = 1,
capture status, we performed univariate analysess{s for 134, p < 0.001; Fig. 2). Although frequency of plots in
continuous variables and chi-square contingency tests fawhich truffles were harvested were significantly greater in
categorical variables) of individual microhabitat variablesspring than fall collecting periods=(= 12.93, df = 1, 134,
and only included variables in the subsequent multivariatgp < 0.001 for mean number of plots), interaction terms in-
analysis that based on these univariate tests, yigide®.5.  volving season and flying-squirrel occurrence were not sig
Secondly, because microhabitat variables may have beatificant (F = 2.44, df = 1, 134p = 0.12).
nonindependent, we used a Pearson’s correlation matrix t0 For microhabitat analyses, we compared 15 capture-yes
reveal correlation coefficients >0.50 between pairs of -vari stations to 15 capture-no trap stations for individual stands
ables and eliminated the variable that yielded the hlghe(i_e_, these data were not pooled). Sixty-three different ani
probability in the univariate test procedure described aboveygis were trapped at the 45 capture-yes trap stations se
Finally, we used a stepwise logistic regression procedurgscted for microhabitat analyses. Among the 15 microhabitat
(SYSTAT version 7.0) with forwa_rd variable selection and a, 5riaples measured, logistic regression indicated that a
tolerance value of 0.15 to arrive at the best subset ofyodel including two variables, proximity to understory
microhabitat related predictor variables (Hosmer and.qyer (distance to cover) and the cumulative size of the larg
Lemeshow 1989). For this subset of variables, we reran thggt trees in each of four quadrants (total tree DBH), best ex
multivariate logistic regression analysis, this time includingpained the occurrence of flying squirrels in the Upper Ward
any significant pairwise interaction terms, to interpret thegjieo (Table 2). Understory cover was significantly cloger (
rglative influence of_different microhabitat variables on the2_506, df = 28,p = 0.018) to capture-yes trap stations than
binary response variable, capture status. capture-no trap stations. Total tree DBH was significantly
less at capture-yes statiorts<2.109, df = 27.2p = 0.044).

At the Blackwood site, distance to cover and proximity to
nearest neighboring tree (Table 2, intertree distance) were
For analyses related to truffle foraging, differences be significant variables in the model that best explained flying
tween sessions, stands, and years were insignifigar#t ( squirrel occurrence. Understory cover was significantly

0.10), so we pooled these data. Thus, we ultimately percloser { = 4.350, df = 28,p < 0.001) and the nearest tree
formed comparisons between a total of 70 capture-yes andas located significantly closet € 3.045, df = 23.7p =

70 capture-no trap stations (i.e., 7 stations of each type duf.006) to capture-yes trap stations than capture-no stations.
ing 2 trap sessions in each of 2 stands in 1997 and in each &finally, distance to cover, the percentage of canopy cover
3 stands in 1998). Fifty-eight different animals were cap (Table 2, overstory cover), and presence of a canopy gap
tured at the 70 capture-yes trap stations selected for the truivere all included in the best model for the Lower Ward-hab

Results
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Fig. 1. Comparison of the number of truffle diggings between  ing that habitat use of flying squirrels may be hierarchical.
capture-yes and capture-no trap stations. Truffle diggings were At a relatively static level, structural microhabitat variables
sampled around 140 total trap stations: 7 of each type of trap like understory cover, tree density, and canopy cover ex
station in spring and autumn in 2 stands (1997) and in 3 stands plained 63-78% of the variation in flying squirrel oceur

(1998). Error bars are SEs. rence. At a more dynamic level, the concordance between
25, Spring Fall flying squirrel occurrence and truffle fruiting sites further
S ' suggests that flying squirrels may have been “tracking”
= 20l short-term changes in the spatial pattern of fungal fruiting.
ffg Understory cover, which was significantly closer to trap
S 15| stations where flying squirrels were captured (distance
£ 4.36 + 1.26 m (mean + SEj = 45) than where not captured
2 10/ (6.20 + 0.93 m;n = 45), was the only influential predictor
3 variable common to all three stands. Both Doyle (1990) and
'é 0.5 | Rosenberg and Anthony (1991) found similar evidence that
© shrub cover was an important factor in explaining either-den
2 00 sity or trapping success of flying squirrels, although
Yes No Yes No Rosenberg and Anthony speculated that their finding may
Animal Capture Status have been a statistical artifact of model over-fitting. This

was not the case in this study, because we reduced the origi
Fig. 2. Comparison of the number of truffle-sampling plots (from nal set of 15 variables by eliminating both highly correlated
a total of three) that contained truffles between capture-yes and and highly insignificant variables prior to application of
capture-no trap stations. Truffles were sampled around 140 totalmultivariate models. Furthermore, given that correlation
trap stations: 7 of each type of trap station in spring and autumnanalysis failed to reveal any significant relationship between
in 2 stands (1997) and in 3 stands (1998). Error bars are SEs. understory cover and any of the 14 other microhabitat vari-

ables, it appears that flying squirrels were responding to the

5 14 proximity of cover rather than some other microhabitat vari-
8 Spring Fall able we measured.
2 1.2 Understory cover could not have provided permanent
2 1.0 shelter, because flying squirrels are known to nest well
E 08| above the forest floor in cavities or witches’ brooms
s (Harestad 1990; Mowrey and Zasada 1984). It is also un-
= 0.6 likely that the dominant types of understory vegetation at
2 0.4 these study sites (deciduous shrubs Iikius and Ribes
a spp.) provided significant sources of truffles. Although
5 021 Alnus are known to be associated with alder false truffles
2 0.0 . (Alpovaspp.), we rarely found the spores of this truffle-ge
Yes No Yes No nus in fecal samples from flying squirrels captured at these
Animal Capture Status study sites (Pyare and Longland 2@p1nor did we find

_ . ) Alpova in truffle-sampling plots during this study (unpub
itat data. In addition, there appeared to be a strong interagished data). Instead, flying squirrels may have utilized
tion between distance to cover and gap in determining flyingnicrohabitats characterized by abundant understory vegeta
squirrel occurrence in Lower Ward. Univariate analysis,tion to obtain other food items such as insects, seeds, ber
however, indicated that distance to cover was not signifi jjeg seedlings, and mushrooms, although these items were

cantly different { = 1.662, df = 1.082p = 0.110) between yg|atively uncommon in their diets (Pyare and Longland
the two types of trap stations, whereas overstory cover wasgq1g)

significantly greatert(= 2.587, df = 22.2p = 0.017), and
gaps were less likely to occugq = 4.658, df = 1,p = 0.031)
near capture-yes than capture-no trap stations.

Preferences for microhabitats in which both truffles and
vegetation cover occur, however, are not necessarily incom

The strength of each of these models can be evaluated atible. Animals may not be able to simultaneously forage in

testing their accuracy in successfully predicting whether of o c OP€N understories (i.e., where truffles occur) and de
9 y yp 9 crease risk of predation (Gilliam and Fraser 1987; Newman

not a flying squirrel was likely to be captured at a trap station S
based on microhabitat data (Gilmore and Gates 1985; Hosmgpd Caraco 1987; Lima et al. 1985). Thus, preference for

: . nearby vegetation cover could simply reflect a strategy in
and Lemeshow 1989). Using the reduced models derived by : . e it :
stepwise regression (Table 2), jackknife-classification proce%h'Ch animals attempt to minimize vulnerability by foraging

dures successfully predicted 63, 76, and 78% of the trap stdear rTfUQ'ﬁ' Although d we Iackedd obsehr_vanons of _fIy|r:_g
tions at which animals were captured in Upper Ward squirrels when exposed to a predator, this strategy Implies

; . ‘that flying squirrels use a “rush for cover” tactic to avoid a
Blackwood, and Lower Ward sites, respectively. predator (Endler 1989). Alternatively, because flying squir

. . rels have been observed to consume food in locations other
Discussion than where collected (Mowrey and Zasada 1984; Thysell et

This study reveals important predictors of flying squirrel al. 1997), cover may simply provide a safe microhabitat
occurrence using two different sampling protocols, suggestnearby in which to manipulate and consume food items.
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Table 2. Results of logistic regression analyses performed on reduced model in each stand.

95% ClI
Parameter Estimate  SE t Odds ratio Upper Lower p
Upper Ward
Constant 4.050 1.693 2.390 — — — 0.017
Total tree DBH -0.011 0.007 —1.550 0.989 1.003 0.976 0.120*
Distance to cover -0.523 0.274 -1.912 0.592 1.013 0.346 0.056*
Blackwood
Constant 7.319 2.928 2.500 — — — 0.012
Intertree distance -0.846 0.454 1.865 0.429 1.044 0.176 0.062*
Distance to cover -0.922 0.375 2.458 0.398 0.830 0.191 0.014*
Lower Ward
Constant 32.161 13.837 2.324 — — — 0.020
Distance to cover -3.019 1.697 1.779 20.467 569.840 0.735 0.075
Overstory cover 0.224 0.092 2.436 1.251 1.497 1.045 0.015*
Gap 21.946 9.840 2.230 3.3 x990 8.1 x 107 14.290 0.026*
Distance to cover x gap -4.023 1.979 2.033 0.018 0.866 0.000 0.042

Note: Unless included in analyses below, all possible pairwise interaction terms were nonsigniicaftd5). Regression
probability values that are marked with an asterisk indicate that univariate comparison resulted in statistically sigpificant (
0.05) differences between capture-yes and capture-no trap stations. Cl, confidence interval.

This may be particularly relevant for evading an aerial pred- All microhabitat characteristics relating to the amount of
ator like the spotted owl, which ambushes prey in open areasoarse woody debris were unimportant in explaining habitat
and appears to be a specialist on flying squirrels (Carey atse by flying squirrels. We found this surprising for two rea-
al. 1992; Williams et al. 1992; Zabel et al. 1995). sons. Firstly, similar to other investigators that have found a
In general, the availability of cover has significant impli- general association between coarse woody debris and truf-
cations for predation rates and microhabitat preferences dfes (Amaranthus et al. 1994; Clarkson and Mills 1994; Wa-
many small mammals when exposed to aerial predatorters et al. 1997; Carey et al. 1999), in a related study at these
(Leger et al. 1983; Kotler et al. 1988; Longland and Pricesame sites we, too, found that coarse woody debris was
1991). In addition, distance to cover influences many parammore prevalent where we found truffles: truffle sampling
eters related to sciurid foraging behavior, including food-plots in which we found truffles were both closer to logs and
handling times, vigilance rates, and food intake rates (Limanore frequently composed of cubical rotting woody debris
et al. 1985; Lima and Valone 1986; Newman et al. 1988)than plots in which we found no truffles (Pyare and
Therefore, it seems conceivable that spatial use of habitat byyongland 200b). Despite that, truffles are ectomycorrhizal
flying squirrels could be influenced by the relative availabil and, thus, more likely to be associated with live hosts and
ity of protective cover as well. not decaying substrates, like saprophytic fungi are, coarse
Two additional variables that influenced habitat use in theVoody debris may provide moist microsites for truffle fruit
Blackwood and Lower Ward sites were “mean distance tdnd. especially in the xeric conditions characteristic of these
the nearest-neighbor tree” and “mean percentage of cano@'erra Nevada for_ests. Sc_acondly, in .semmatural cage experi
cover’, respectively. Trees where animals were captured€nts, captive flying squirrels exhibited a propensity tc for

more frequently had nearest-neighbor trees located clos@d€ near logs for buried truffles (Pyare and Longland
(3.76 + 1.64 mn = 45) than trees at which animals were not 2001). Thus, we expected the relative availability of decay
captured (5.28 + 1.03 m = 45). Although flying squirrels  ing matter on the forest floor to influence animal occurrence,
at these sites are capable of gliding linear horizontat disPut we found no evidence for such a relationship. One possi
tances >50 m (personal observation), shorter glides may pale explanation for the absence of this relationship is that
advantageous, perhaps because vulnerability to aerial predgoarse woody debris was so abundant in these old-growth
tors like spotted owls may be reduced (Carey et al. 1992stands that it was simply not a limiting resource. Alterna
Williams et al. 1992; Zabel et al. 1995) and energetic costdively, perhaps simple counts of surface logs do not accu
associated with longer climbs (i.e., higher launching sitesyately measure the abundance of the appropriate types of
may be minimized (Thorington and Heaney 1981; Scheibe etoarse woody debris that are conducive for fungal growth.
al. 1996). Regression analyses also indicated that great¥¥e crudely classified logs into three general stages of decay,
overstory cover was associated with flying squirrel oecur and perhaps, this does not reflect the complex relationship
rence, although we could not detect significant differenceghat may exist between coarse woody debris and hypogeous
between trapping locations using simpler univariate test§ungi (Amaranthus et al. 1994; Bull et al. 1997). Yet another
(74.24 + 7.20% where captured versus 64.51 + 12.689&xplanation for the lack of this relationship is that truffles
where not capturedn = 45 for each category). Greater are ephemeral, and hence, few logs may have been associ
overstory cover may provide greater protection for animalgted with truffles at the time of sampling.

moving on upper tree limbs in the canopy and, hence, may The capture probability of flying squirrels within a stand
also reflect a strategy to limit exposure to predators. (ca. 5-20 ha) is notoriously heterogeneous and varies sub
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et al. 1995; this study; and personal observations in souththroughout this study. W.P. Smith, E. Cazares, and J. Waters
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