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Abstract

Although partial forast harvestmg is practiced over large areas; managers know httle ghiout its impadts on sciufid rodents;

pamcufar!y on northert {Glgycomys sabirinus) and southern fying squirrels (G, volahs) in the. sorthedstern United: States and
Uanada. We exarmined habitat refationships of seiurid rodents {hortherm, ﬂy.ang squirrels, southem flying Squirrels, red squirrels
{ Tamlascivrus hudsonicus], ahd gastern chipmurks {Tamias striatus)i:-at. 2 spatial sca.fes in managed and unmanaged comiferous
aid hardwood forests of Algonquin Pravineial Park, Ontario, Canada. We live-trapped rodents in 26 northein Hardweotd stands and:
in 16 white-pine [ Pinus strobus) stands fropi 2002 to 2004. Non‘hem ﬂymg sSqufirre! and red squirrel dansities were significantiv.lower
in recantly harvested (3-10 s sr_n_cg' Har/eit) shaflerwtod srands than In-tnmanaged stands, in.captrast; :souther flying. squirre!
derstlias were higher in sefection- hariested stands than in qid-forest aréas, The dénsities of foftherr ﬂ}«mg sqtirrels and red
Squirrdis had- g ‘strong. refatioRship with the density of large spruce {Pices.sp:} and hardwood trees and snags in conifer sites.
Southem flying squirrel numbers had a pdsitive assoclation with the density of firast fress at the fandstape level but not at the stand
favel in hardwood forosts. Castern chigmbnk density had a positive correlation with'the vojlume of old dovimed iwoody debrs-and
the stems per hectare of declining trees. We recomrmend forest mariagers.retain moreé farge spruce and hardwood frees to m;t:gare
the-fmpacts of sheltervdodharvesting on ‘noriheri fying squirrels and red squirrefs, and that.they maintain High mast avaflabiiify af

the dandscape-level {o-ensure the petsistence of southern flying squirrels.’ WOURNAL OF WILDLIFE MANAGEMENT 7R 1735~
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Many jurisdictions in North America, including Ontario,
Canadd, have selected flying: squirrels (Glancomys spp.) as
indicitors of sustainable forest management practices. This
designation has resulted in a relatively large body of résearch:
on these and other tree squirrels in .l_ar'l_dscjapes managed
under dearcutlogging (Rosenberg arid Anthony 1992, Wit
1992, Carey 1995, 2000, Martin atid Anthony 1999 Cote
and Ferron 2001), However, partial harvesting techniques,
-such as selection and shelterwood logging, have received less
attention, These are common sdvicultural techniques
employed in temperate mixedwood forests in northeastern

Northern America. Tn these -systems; forest opérarors,

remove @ portion of the overstory atb relatvely shorter
intervals {approx, 20 ¥r), exéating a more fréquent, bur less
intensive disturbance’ regime, than under clearcut-loggiig:
The effccrs of partial harvesting on canopy-dwelling
organisms are likely to differ from those resulting from
cleafearting because partial harvesting maintaing.a relatively
closedcanopy niature forést throughout the ‘harvest-cycle.
Unfbrmn'ltcly, onty 2 studiés have examined the effects of
partial harvesting (shelterwood haweatmg) on flying squic-
rels (Waters and' Zibel 1995; Taulman et al. 1998). These
studies found thar relatively high harvest intensities {<10
m*/haresidual bagal aréa) regatively affected flying squirrel
populations. Researchers have not examined the cffects of

! E-mait: githar:holloway @utoronto, ca:

selection “harvesting systems in hardwood forests, whichi
typically leave greater residual basal areas thari shelterwdod
logging.

Although partid] harvesting systems retain canopy cover
on sites, impacts 6. tree squirrel pepulations may manifest
through other fogging-induced changes in .fore_sf shucture.
Partial harvesting typically involves a reduction in the
abundanee of 'disea_sé_‘d and dead trees (MoComb and
Lindenmayer 1999, McGee er al. 1999, Costello et -al.
2000) and often resules in more homogenous forest
structure, with rcduced tree dcnmty and size (Costello &t
al. 200_0)_. These changes may be important for arboreal
mammals (Gerrow 1996, Carey 2000} and could résult in
negative effects for cavity nesiers (Imbeau et 4l. 2001).

Most past studies on sciurids hdve only considered local.
{site-level) cffécts; however, organisms may démonstrate.
différent fesponiées to the same factor at different sciles
(Widns 1989). Studies in fragmented landscapes suggest
that flying squirrels may be sensitive to avea effects (Nupp
and Swihart 2000) and indicate that large clearcuts. may-act
as barriefs to dxspcrbal and ruovement (Bendel and Guates

1987); Taalman (1999} found that fying squirrels nested:in
adjacent unharvested forest following partial harvcc:tmg,_

suggesting that the amount -and configuration of unhar-
vested: stands might modulate flying squn’re{ rcs;mnses 1o

forest. h;wesung. In coneerr, these studies raisé the’

pQS_sib_ﬂi'tyifhi_l’_t loeal résponses to forest harvesting.might,
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Tabie 3. Mean (= S8 vaiues tor site-lavel habitat variables that differed amiang logged and ofd hardwadd and gine forest sites.in Algonauin Provincial

Park. Onrtario, Canada, 2002-2004. Varighls Units dre the number of stoms per hactara urless oiherwise stated:

Recent cut n = 8, 7° Old cut nr = gb Old forestn =40, 9
Habitat variable® Mean SE Mean SE- Mean SE P
Hardwood .
BA (m®/ha) 9.0 1.2 207 a8 310 1.4 <0001
Conifer 131 7.7 1.5 8.9 39.9 B4 a.020
Con > 25 8.1 5.4 8. 23 83,6 58 7028
Hwd 225 545 3.4 82,4 3.0 70.4 L] "0:ba4
Spruce. = 25 0.5 0.4 ok 0.3 35 1.1 0.014.
Shags 10.8 ar 183 38 28.8 48 .0.008
.Snags > 25 3.0 o7 8.0 1.4 10:1 1.1 <0.001
Pine - '
BA {m%ha 200 1.8 NA, NA 207 1.3 <000
Sanlios (3% 78.2 3.2 NA NA B9.4 1.6 0.004
Conffer 1838 25 NA NA 2293 25.4 0.047
Hwd > 28 12,4 3.9 NA, NA 27:4 39 2018
SBprice = 25 ; 1.0 A

Snags > 25 47

ch__ w

NA A 23 0080
NA it 20 0.022
£ _

2 Sample sizes fof hatdwood and pirie.forests; respectively.
Pwe. sampled old cut stands only in hardwoad forests.
. See text for definition of Habitat variables:

logging histories cvenly between years; and hence allow
equal application of any biases among comparisons.

Habitat’ vatiable reduction and variance partition-
ing.—The various sciurid-species tended to be more or less
abundant in one forest type (hardwood or conifer), bur
uncommon in the other; hence, we undertook community
enalyses scparately for hardwood and white pine sites.
Because squirrel densities differed between trap. yeurs (see
Table 1}, we first pactialled it out of the models. To gdarnine
speucs—habltar relatmnshipc;, we performed partidl redun-
davcy analysis (RDA), which served to reduce the mimber
of site-level habitat variables (some of which were highly
correlated with each other). Initially; we entered the 17 site
habitat variables irito the RDA (see Habitar Measucements,
above). We computed the ‘statistical significance of edch
vartible using Monte: Carde simuldtions and 4 forward
selection routine (9,999 perriutations), We sequentially
removed wvariables that contributed. fittle (highest non-
mgmﬁcant Peyalue) until the inflation factor was <10 (fer
Braak.and Smilaver 1998), We tetained 171 varisbles in the
hardwood model and 9 in the white pin¢ model.

We. investigated the- relutive importance of site and
landscape variables using variance parﬂtmmng (Borcard et
al. 1992, ‘Cushman and McGarigal '2004). This -analysis
measures the varidtion in a4 community matsix, explained
indepeéndeéntly and. jointly by different sets of. explaniatory
variables. We calculated. the untque variation at each level
{stte and landscape} by pastialling out (as a cova,nate)
vdriation due to-the other level. We. perfarmcd all multi~
variate amalyses with CANOCO 4,5 for Windows (ter
Braak and- Smllauer 1998)

Individual speties responses.—We: piotted the deasity
of each squirrel species. against all habitar viviables to ensure
thut assumptions of norm‘lllty and homiogeneity were
satisfied and to check for the possibility of curvilineay
rcla.t:onshlp_s_ We In-transformed southern’ flying squirrel,

—
. _ ¢

il — 4.7= ‘«.55/&3'
dengities in hardwood sites aid red : squirrel densities in pine
sités to normalize the variance. We perforried analysis of
variance (ANOVA) with. Bonferroni-corrected post hoc
tests for each species to comipare densities among years.
Where 2 sxgniﬁcant vear éfféct existed (P < 0:050), we
mielpded it in all the. following regression and: ANQVA
analyses. We analyzed the infuence of logging history on
squirrel density and hiabitat variables with ANOVA,

We used linedr regression to develop sciurid habitat
rélationship, except i 2 instances (potthern fying squirrels
and red squirrels in hardwaod sites] where densities were
low and- we therefore used logistic regression (on presence/
absénce). For oll species, if a year effect was sxgniﬁmn’c we
included it in ol models. To develop sire-leve] hablmt
models, we used 2 methods, stepwise regression and a priort
selection of candidate variables followed by use of Akaike’s
Information Criterion (AIC; Burnham and Andersp_n 1998}
to compare among-models created from these iandidate
variables, In the former method, we used the. site-lgvel
habitat-variables rempining after the RDA forward selection
routine. In the latter-method; we picked 5-6 variables for
each species that we reasoried to be most 1mportant based on
rel.monalups observed of hypothesized in the Jliterature
(Jisted in Table 1), From these candidate varjablés, we
constructed all possible models of ap to' 3 terms and used
ATC; to compare among them: Specifically, we caleulated. -

the difference between the #th model and the miniiun

AIC, (ie,, AAIC,) and the ‘Akaike weight (w) for éach.
model, _

To tncorporate landscape-level variables irito these aial-
yses, we first forced the best site-level model -into the
analysis -and then evaluated the value of the landscape
vaiables in éxplaining additional variation in squirrel
densities. We followed this hierarchical procedure: for 2
reasons: 1) site~level vartubles. proved to be moré fimportant
than lundscape-level variables in explaining squirre] captures.

Hesltoway and Malcolm » Sciurid Habitat Relationships in Managec Forests.

1739



ibundance of Hymg squirrels: and Hypogeous fungi was

significantly lower in shelterwood stands than in uncut old-
growth stands in California (Waters and Zabel 1995).
Beyond the local site=level effécts of harvesting, we observed
additive effects of logging on the surfounding landscape.
This. suggests that the inteispersion of large: harvested and
untharvested blocks on the landscape may be important to
ensyre the persistence of réc red squirrels dnd northern flying
squirrels.

We: developed tigbitat models usmg both stepwise
regreqsron dnd: rmodels devéloped a prioti. Stepwise regres-
ston has fallen into:disfavor récently because of misuse of the
technique (excessive data dredging); its reliance on arbitrary
cutoffs (e.g, o = 0.05), and model over-fitting (Burnham
and Anderson 1998, Stephens et al, 2005). However,

medels’ devcloped 2 priori may be equally prone to problents.

when considering a large number of potential variablés (i.e,,
model dredgmg, Stepheng et al. 2005) Thoughtful model
devcloprncnt is critical in both' stepwise tt.chnlqucs and a.
priori model building. If researchers take cace in developing
models, we believe stepwise regression is a powertful tool and
should continue ‘to be used in habitat studies. Habitat
studies often lead to the development of largé sets of
potential variables, and the inelusion of novel variables can
lead to new insights,

Management Implications:

Shelterwood harvesting ‘decreased the density of large
spruces and hardwoads below critical thresholds fof torth-
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Table 1. Variables.used in a grior habitat model building for northern and:southern fiying saulels, sastem chipmunks, and red sguirrelsaf site and
landscape sealds in logged and old hardwoond and ping forest sites in Algonauir Srovincial Park, Ontafio, Canada, 2002-2004,

Scale Species No. of models Varidhies®

Hardwood ) )
Sia Southern fying suinel 15 Year, BA. Mast > 26, Cenifer, Daclin » 25
Landstape Bouthern fiying sguirre! 15 Litast, LaverBa, LConlfér
Slter Northem fiying squirrét 15 Cantlos, Conifér, Spruce » 25, Bnags, DWDr > 28
Landscape Norttgm fying souimat B LAverBA, LConifer, LSpruce
Site Eastem chipmunk 15 Year, Conifér, Declin = 25, Undérstory, DWE > 25, DWDdcelﬁ
Lantiscape Eastern chipriunk 4 LAverBA, LMast, LConier
Siie ) Rag squirref 15 CanClos, Conlfer. Sprucé > 25, Snags, DWD > 25
Landseaps- Fad squivrel 8 LAverBA, LTonifer, LSpruce.

ial]
Sité SBouthem flying squitrel 21 BA, Coniter, Hardwd, Hwd > 25, Mast > 25, 8nags > 25
Lendscape: Southem flylng- squirre! LaverBA, Liast, | Mixed _
Site Northerr Tving sduire) 21 CanGlos, Hwd =25, Spruce > 25, Snags. » 25, DWD = 25
Landscaps Northern flying sauime! 4 LAver8A, LSpruce, LarsaCut
Site Eastern chipmunk 5. Year, Hardwd, Conifer, Srags = 25, Hunderstgry, DWDdgI-3
Landscape Cagtern chipmunk 4 LAverBa, LMast, LOonifar
Site Fed soulrrel 10 “Year, Hwa > 25, Spruce 2 25, Spags = 25, DWO > 25
Landacaps Read sdtirrel g Soruce, LAreaCui LMlixatt

-®'Sed tevt. for definitiSnof habitat. variables.

since the 1950s. Average forest age in the 3 logging histories
(from FRI data) was 148, 142, and 135 years, reépectively,
and average'basal area was 30.98 m?/ha (SE = 1:43), 18.96
m¥%ha (SE = 1.16), and 20.65 m*hi (SE = 0.82),
respectively, f_n-‘lddl_tmn, within eich logging history we
atrempted to systematically sample grids from 4 diverse artdy
of 'mast and. conifer compositions. We défined mast trées as
those producing mast (both hard and soft mast; American
beechi, red oak [Quercus rubral, and plack cherry { Prosizis
s otvrza]) Specifically, we' selected approximately equal
aumbers of seands where the fofest composition was 1}
sugar maple-domiinated, 2) mixed sugar maplé-beech
stands, or-3) mixed sugar maple-conifer starids. The
dominant conifer species ifr hirdwood stands was eastern
hemlock, with smaller amounts of whiré spruce, balsdm fr,
and eastern white cedar (Thuja ociidentalis).

In the eastern pinelands, we only sampled old-forest white
pihe stands and recent (3- t6. 10-yr-old) pine shelterwood
euts. Average FRI-based ages of both st:md types was: 100
years, and average basal arens were 30.68 m’/ha {SE=1.28)
and 20.01 m¥ha (SE = 1.79), respectively.

Sciurid Trapping

We sampled 10 gﬂds 1i1:2002, an-additional 26 in 2003, and
an ‘additional 6 in 2004, We tmpped all grids for 5
tonsecutive nights. twice per summer, for a.total of 10 trap-
-d'ws/gnd with an interval of 4-7 weeks between trapping
sessions. We attempted to sample recent cuts, old cuts, and
old-forest sites’equally in each trap session. For all grids, the
average nearest neighbor distance between’ gr;d_a was 2.1 kin
(ranige: 0.6-13.6 km).

We used: different trapping methodology in 2002 and in
2003-2004. In 2002 followmg Carey et al {1991}, we
sampled each site using a 9 X 9.prid with 40-m spaciag. We
established 6 grids in. ha_r_(_iwpqd stands (2 old forest, 2 tecent
cut, and 2 old cut); and 4 i white pine (2 old fbre{;'t’ and 2.
recent: cut), We set 2 traps at every station, one attached to

tree at 1.5 i in height.and one on the ground. We-placed

‘tree fraps on topof 2 large nails and secured them with an

elastic cord. We set extra-large Sherman traps (10.2 x114.
X 38.1 em) in the trees and standard-sized Sherman traps’
(5.1 X6.4.X22.9 cm) on the ground. We baited traps witha-
peanut butter and oats mixture and a slice of apple.

‘We modified this method in 2003-2004" for several
reasons. First, we found that even within-a treatment type,
sciutid densities varied considerably among grids. Thercfore,
we increased :feplication of our trapping grids. In order 6
trap more grids,. given a limited trap supply and limited
person-poer, we- decreased the grid size. Second, because
ground traps contributed little to captures of tree sqiiirrels,
we used only one extra- la.rge Sherman tree trap per grid
station. Finally, we changcd our baiting regime due: to
extensive black bear (Ursm RIETICRINS). depredatzon. we tsed
soaked, unsheﬂed surflower seeds and.a slice of apple inside
the trap; and peanut butter smeared on the trée near the trap
door. In 2003, we live-trapped 18 grids in hardwood sites (6

old fo.rest?_ 6. recent cut, dnd 6 old cut) and 8 in white'pine
sires{5old forest:and 3 .recent cy t). Twenty-three grids were
simall {4 9) with 40-m spacing and.3 were larger (either &
X 11 or 8 X 9). We established the large grids In suppoit of

:adi_o_té'i'emetry' studies {Holloway. 2006). We "live—t'raépcd.-é

-sites in 2004; consisting of 2 old-forést white pine-stands (4

X 9 grids), 2 recént shelterwood cuts (4 X g'g_ri'ds)_,- and 2
old~forest hardwood grids (6 X 11 grids).

Habitat Measirements

Site-fevel measurements.—We used prism sweeps-
{basal area fictor=2) ro quantify forest composmon and’
striieriyal characteristics at each of the 42 sites. In the
sweeps, we measired all trees and snags with dbh above 10
¢tn and identitied them to species. We made prismsweeps at
4-5: randomily selected statlonsfgnd line for a total of 16-36
sweeps/grid, dcpendmg o grid-size. We noted live- treesas
dechining if more than one-half of the canopy showed signg
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Tabie 4. The hast I Akaike's infofmation Criterion adfusted for small sample sizé (MC) models predicting dénsities-far northerm and southerm fiying:
sauireels, eastern chipmunks, and red squirels af site and landscaps scales in hardwiood forest in Algonquin Pravineial Park, Dntatio, Canada 2002 -2004.

Sp_ecle_s Model rank Variables® AAIG: Wy 12 i P
Site-scaly ) )

Southern fying souirrel 1 Year, Snags, Sonifer 0:00 027 (.48 0.001
' ' 2. Yedr, Snags, Mast & 25, 048 D28 048 0001

3 Year, Snags™" 094 .17 Q.51 <(La01

Narthem flying sqtiirrel 1 GahClos:- otesl a7 0.04 0.369
2 Spruce: = 25 033 Q15 4.03 0:488

3 Canifer Q.67 Q33 0.07 4710

Eastam chipgrmunk 1 Year, DWOded5, Declin 3 2559 0,00 0.54 0,64 <0001
2 Year, DWildcds 1.76 .22 0.59 <Q.00%

3 Yaar, DWDde45, Cortfer 486 0.06 0:58 <0607

Red squlrfel i Spruce = 25, Shags” 0.00 0.27 0.49 G003
2 Spruge = 25% 0,45 0.22 0.37 0.004

3 _Snags 1.72 Q.11 0.32 0.008

Landscape scale _

Southern fying souirret 1 Year, Snags, Coniiar, LAverBA feiely 0.20 .56 2.001
' 2 Year, Snags, LMast®d 0:05 0.20 0.58 <0001

3 Year, Snags Lavers3a, .32 0.7 0.5 0.001

Northern fiving squirret 1 LAverBAS 0.00 0.35 .24 G023
' g LaverBA; 1-8pruce 108 0.2 0.18 0205,
3 LAverBA, LConifer _ 164 R ] 0.20 0.134

Eastarn chipmunk 1 Year, DWDdc45, Declin > 25, LConifer .00 0.48 088 <0.001
' 2 Year, DWDdc45, Declin. 3 255 1.29 0:25 0.54 <0081

) 3 Year, DWDUc45, Dagin >. 25, LAVEIBA 1.79 0.2 0.86 0,001
Bed sguirret 1 Bpruce. 2 25, LConifer 2.00 0.15 0:49 4003
2 Spruce. > 25, Snags? 0.01 0.15: 0.49: 0,003
3 Spruce > 25, Siags: LSpruce 0.27 .13 0.58 0.003°

2 Models-for southern fiying squlmels arie eastérn <¢hipmiunks, ahd those for northern flying squirrels and red squirrels were developed using,

firiear-ahd logistic reégression, respactively,
6 See text for definition of habitat variables:

© Best rrigdel pradicted by stepwise linear/lagistic fegression..
4 We give parameter estimates for this modet in text.

Table 5. The best 3 Algike's nforration Giterion adjusted for smalk samiple size-(AIG,) miodels predicting-densities for northern and southern fiylng
squitreis, eastem ehipmunks, and red stiuimals af the site.and landscaps scales In pine-forest in Algonauin Provingial Perk, Gntaric, Canade, 2002-2004.

Species Model rank Variables® JAAIC, . W P P
SHte scale _
Southen fiying soukrel 1 Hwid > 2B, Snags = 25 .00 032 0,53 0014
2 Mast > 25%¢ 042 028 085 0:025
! Mast 25, Confer _ 3.05 047 039 0.043
Norterh fiying sauirral 1 Spricé » 25, Hwd > 25, DWDdg13%° 0.00 058 675 <000t
2 Spruce > 25.DWD > 25 233 816 0B85 <DOM
3 Spruce 3 95, Hwd > 25 2.78 013 0B 0.001
Eastern chipruink L Yaar, Confa®. 0.00 0.30 0,55 0.002
' 2 Year, Canifer. Hunderstory 1.02 0.18 0.88 0.003
3 Yegr, Hunderstory .91 .12 0:49 0008
Red squirrs! i Year, Spruce > 25. DWhde1s 000 0.28 0.83 0,402
2 Year; Spags. > 2670 0.54 020 087 0.002.
3 ‘Yaar, Sprice = 28 129 045 086 0.002.
Landscaps soale o .
Sautnem #ying sauiriet 1 Hwd. 225, Snags » 25 0.00 D4 0.53 0,014
2 Mast z.25%% D.42 086 035 0028
3 Mast & 25, LAVeBA 441 605 042 6070
Nohemn flying squirel i .Spruce_a 25, Hwd > 25, DWDrg 13 0.0 o7 0.78 <0.081
' 2. Bpruge > 25, Hwd > 25, DWDd13, Lhixed 433 0,08 0.74 £.001
3 ‘Spruce # 25, Hwd & 25, DWDde13, LSpruce 512 0.05 073 0.001
Eastern afsiprunk 1 Year, Conlier, LMasi™® .00 Gss 04 <0.001
2. Yeir,. Conifer ‘5.58 .05 D.5% 0.002
3 Year, Conifar, LConifer 540 0.03 0.61 o0
Red souirrel 1 Yigar, Snags » 25, LArgaCu® 0.00 053 0,78 <0001
2 Year, Spruce = 25, DWDde13, LAreaCuy 1.93 24 Q.74 a.001
3 005 065 0,062

Year, Sprute 125, DWDdo13

5490

2.8es text for definition of habltat vanables

2 Best modet predicted by stepivisé fineéar regress:on
© We give parameter estiinates for. this mode! In text,.
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