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Abstract 

1 tested the hypotbesis tbat tbm are processes conmikdmg to the distn'bution and 

abundance of snrall manmals tbat are awkpeodent of the efkcîs of resource variation. 

The predrtion wastbaî w i r h i n t k d o a i s i a o f d .  - m p o p i b t i o m  

would exhibit spatial structure that was independent of the disÉniion of resources. 

Systemdtic live-trappiog naveys were conducted on nested grids at three spatial scak: 

(1) eaent = 4900 ha, grPm = 1000 m; (2) extent = 306 ha, grain = 250 and (3) extent 

= 3 1 ha, grain = 125 m From 1996 to 1999, surveys were conducted on a landscape 

inteosfveiy mamged fbr timber, and on a mfmnce ldscap. Spatial analysis of 

abundance data demonstrated thet SrWll-mRnnial populations (CIethnommys gapperi, 

Peromysctls manictljl'us, i3I(~l~na brevicauda, anci N m o z z p w  imignis) eexh'bited 

positive spatial autocornietion at distances of between 133 d 533 m depedhg on the 

species and the laadscape. No higbcr-order population IrtnrtiaP was detected Thus, 

vafiabiiity in smail-rmmami abriada#.R o c c d  over short distances (le., 133 - 533 m). 

Mean straight-hm distances moved between sarnpling phîs by tagged animais were: 

370 m (Peromysm manicuZattrs; N = 44), 225 m ( N ~ o a p w  insignis; N = 33), and 

224 rn (CIethrio11owzy.s gappe*, N = 23). Laodseap coatext was not signincantty related 

to the abundance of any species at radial extents > 250 rn. Partial coastrained ordination 



of smd-xnamtmî abudmce niabices dernoastrated tbat tbe amount of variation 

expiained ôy spatial modeis was hverseiy piopoitionai to the sampiing grain, whJe the 

amount of vanation expsincd by vegetation was consistent across scaks. I suggest ha î  

fine-scale spatial structure e&ed witbin the d-niamrnal populations - a result of 

p m e s x  occurring over b a  distances. 
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Chapter 1 

General introduction 

Introduction 

This dissertation is about the way that populations am distr'buted in opace. M y  inferest in 

this research begau with a kikf tbat organhs were scatterd aczoss thc lead in 

accordance with resources - the popular CLlVirOmmatahmntrol d e l  m e r  1956). 

Ideas about enviroCIInellfâl wntrol have i d b d  th design of many rrsecirch pojects. 

For example, it is common to assume tbat variation m thc of .nmial9 acmss 

sites is directly related to the var* quality of the sites (e.g., idea l -k  h a b i i  selection; 

Fretwell and Lucas 1970). 

The enviromœnîai-contro Bsslpllption is conmion m d-rrrsnanal ecobgy. 

Many empaical pojccts use s d  (< 2 ha) square quacirats with treps spaced 10-15 m 

apart. Population densities are estimated and related to vegetation witbin the quadrat, as if 

to suggest a causal ünk (Tevis 1956; ûashwilet 1959; Sims and Buckner 1973; KiiWsnd 

1977; Marteii and Radvanyi 1977; Miller d Gaz 1977; Swan et ai 1984; Momhey d 

Soutiere 1985; Cbugh '. 1987; Parker 1989). This staidard approach to shdying anhais 

seenis not to recognize the pot& importance of factors oîhcr than resource abundaace 

in structuring animai populations. Quinn and hmham (1983) suggested that patterns often 

are caused by muitiple iàctors, nichding vertical and horizontal biotic reiationships such as 

predation, cornpetition, and disprsal These pn>cesscs can -te spatial variation in the 

distribution of organisms that is idependent of resource variation (Ehrcard et ai. 1992). 



The idea that popuht'ins cm vary m ~pace ibdepcndently of the distrï'bution of 

resources is not new. In k t ,  it is impkit m many theoretical discussions of grnetics and 

population regdation in small mammaJs (e.g., Harrsson 1977; Anderson 1980; LLlicker 

1988). However, because so many empirical d-mammai  studies fokw a smiihr srnaIl- 

sale (< 2 ha) sampîing protoco~ therc has been littie ability to detect variations m rpace. 

Consequently, the amount and domain of Jpcitial variatkn mihm JmPn-msnnnsl 

popula.tions is unckar. 

There has been considetaMt research kto the spatial domria of bebaat sciection by 

d xmmmak. A numbcr of autbors eo- d i f h d a î e  rnictobaôitat (ic, feahacs 

< a home-range) fiom macrobabitat (te., féatures > a homc range) (e.g., Morris 1984; 

Morris 1989; Jorgensen and Demarais 1999). oeaerally, these d i e s  suggest that d 

manmwlli respond behaviouralIy to microhab'itat fktmes, but dec t  at tbe scak of 

macrohabitat (Morris 1987; Iorgenscn a d  Demarais 1999). Whik tbs area of rrscarch is 

c o n c e d  with spatial domain, tbere is iittle consideration of non-remme-based spatial 

variability. There is ofien an assumption of environmentai wntroL 

One area of research rbat has demonstrated spatial variation mlb9i d-nranrrnal 

populations is at tbe domain of a species' range. In recent yearo, aud*s have shown that a 

number of s m a l l - m  species exhi'bit spatküy-stnrtured population dyaamns m s s  

geographical regions (e.g., Steen et a i  19%; p p s  in Krebs 1991; Rmta et ai. 1997). 

Spatial variation could also exist at scaks smalla than a region (e.g., rmtapopulations; 

Krohne 1997; Goodwh and Fahrig 1998) ahhough there is littk enspirical research wahm 

this domain. One of the few studics, by Krohne and Burgin (MW), demonstrates 

demographic heterogeaeity within Per0myscu.s l eucop  populations at an extent of < 3 



ha Morris (1992) detected a kvel of erg-11 m Peronryscw populations at a distriacc 

of 140 m. Others (Patton and Feder 198 1; Krohne and Baccus 1985; Adler 1987; 

Dickman and Doncaster 1987; Keit et ai. 94; Paillet and Butet 1996) bave demonstrated 

the relative importance of local ( e - d e )  pn>cesses for d - m a m m a l  populationsLIS 

The devebpmcnt of spatial aaalytical techniques has albwed ecologists to mode1 

processes that vary m spacc (c.g., Legendre and Forth 1989; Borcard et aL 1992; Rossi et 

aL 1992; Tbonaon et aL 1996). 'Lbesc techniques geœdy mvoîve thc description of 

spatial pattem Patterns whiEh hive stmctme (Le., tbey are spatiany mn-random) can bc 

considemi syntbetic modcls of U I Y d C t ~  pn>ecsss, such as dispIsil or prcdation 

(Lxgendre and Fortm 1989; Borcard et al. 1992). As patterns have a scale, spatial 

anaiytical techniques can also k used to detect the sale of the underiyhg processes that 

spatial patterns repmsmt (Legendre ad Fortin 1989). Kwwledge of the scale of a 

profess inhnn, provides mPight a0 the pnicfiis. 

M y  approach with thio researcb project was to test tk prediction that there are 

processes contriiing to the d i s t r i i n  and abundance of small mrunnilils that are 

independent of the effkcts of resoutce variation. 1 modelied the spatial variation of d 

niarmnal populations acmss a range of sceles that had m t  previousiy ken sempkd m a 

systematic way. Ths appn,ach providsd unique insight in!o 4-nuurinwl popuiation 

ecology. The h a d  objectives were tbreefold. First, 1 wanted to assess wbether d- 

mammai populations exbiied spatial structure that was independent of tbe distri'bution of 

resources. The second objective was to determine the spatial over which structure 

occuned. M y  nnal objective was to meamre uiy disceniable relationship between forest 

management practices and the spatial structure of sxnaü-niammal populations. 



Study rrea 

The study took place in the private industrial forest of Fraser Papm Inc. (47% 67OW). in 

the Appalachian forest of mithwestern New Brunswick (Fig. 1 . 1 ) .  The area k within the 

Acadian forest region of Canada (Rowe 1972). U p M  sites were dominated by an 

overstory of sugar mapk (Acer sacchn i ) .  yellow birch (Betda afleghnie~~sis). and 

American beech (Fagus grdjroIia). Co~omn>n uphd understory plants hciudcd 

hobblebush ( E ~ M M I  aJn~oJim)). stripxi mapk (Acerpe~vunicum). muntah mapk 

(Acer spicam) and aa abunthce of reg- overstory species (bach, birch, and 

mapie). Lowland sites were doniirwtcd by ôiack spu~c (Piceu muriam), white rpnw 

(Piceu ghuca), balsam fk (Ables bolsamea), white k h  (Behrla papynnfe), and m tht 

most mesic sites, eastem white cedar (Tihja occidentaIis). Lowland understory plants 

were often regenerating mftwoods, as well as bardwood shnibs such as bealred bl 

(Corylrirr cormrtu), yebw biccb, a d  white birch, 

This dissertation is pari of a iargcr research pmject wahm the Sustamable Forest 

m e m e n t  Network ( S m ,  A Network of Centres of Exceknce. The objectives of 

the SFMN project inciuded derstandmg tht responses of wiU& to the structure of 

mmaged forests. Therefore, we seîected two 49001ha hdy ereao representiag opposite 

ends ofthe continuum of forest llwnapement intensitics: (1) a r e f e  area, with 

relative@ Iink managemnt dirhabence (ic, < 15% -nt (< 15 years) c h u t  or 

softwood plantation); and (2) an intensiveiy rrwruipeed a m ,  wbere clearcuts and sottwwâ 

plantations covered > 5 W  of the hdscape. My rcsarch pmject took place within these 

two landscapes. 



Fig. 1.1. Locat ionof theshdyana( . )mthe~hien~ofNewBnmSwick  

canada. 





Smaii mammab 

Small-mammal species conmion in tbe shidy area inchded r d - k k e d  voks 

(Nopaeozap hukonicccs), d sbort-tailed shrrws (BIarim brevicada) (Diîworth 

1984). The habitat associations of t b e  ad o h  small raannrak in nortbem forests bave 

been researched, ahhough somt specks (e.g., short-caüed sbrcws ad deer mioc) secm to 

de@ prodntion as îhey an occupy an array of oova types. Gccrnl t d  in baatat 

associations are as folkws: Getz (1968) indicated thaî red-bscked voks have high watct 

requirements,dsuggestcdtbattbcy~uldinbebamesicstesOtbasbaveconffmcd 

this (Gunderson 1959; Kÿkland aad G r i .  1974; Nagorsen d Peterson 198 1; Nordyke 

and Buskirk 1991; D'Eon and Watt 1994), also inàicatbg 8ssociations with maturc 

softwoods aad dedent cuarse woody debis. Woodlandjumping mioe are mst abuadant 

m areas wiîh herbeca>us cova (Whitaùer a d  Wrigley 1972; V È k y  198 l ) ,  and areas 

that are close to areanrp (Kirhd d Schmidt 1982). Deer niicc are 8SSOCiated with 

disturbanceandedgemallforrsttypesaiidseemtodecrrascm~mnmihirr 

forest (Nagorsen and Peterson 198 1 ; Sekgorornane and Diiworth 1995). Short-taikd 

shrews seem to be habitaî gencrali9ts, although they may tend mre toward bardwood 

sites with abundant ieaf litter tban sofhvoods (Grant 1976; Dihivorth 1 984; Swan et al 

1984).Oihetsmallrodcetstbet0~~~tmtheshwfyrpea.but.tbwcr&nsitiesmChderock 

voles (Microtus chrotowhimu), rneado w voks (Microiw pennsylwnicus), meado w 

jumping mice (Zrpus hudronius), and soukm bog lemmings (Sjnaptowzys ccopen'. 



Layout of d h e r t a t h  

A number of diffmnt rmhods were used depending on the objectives of each chapter. A 

summary of the chapter objectives is kMed below, and detaikd methods aze khded m 

each chapter. 

A Merature rrview, 8sscssing the spetisl oceles typidy rucd to study d ripnnrilP. 

Chapter 3 

An exploratory analyJis of the spatial stnrnac of d mimaiaik capturd Wahm tbe 

reference and inteLISiVCiy managcd b d s q e s .  Camd out . a o s s  a rqOe of scakq these 

adyses demonstrated devant scaks of spatial vatiabiiity for s m d  manairib. 

Chaprer 4 

A description of sd-nienmial mvements, which can k considerd an indication of the 

spatial extent of the pmcess of disprsal 

Chapter 5 

A correlative study of the effects of landscape conte- on d-rrtsninwl abwlsia. By 

using a range of spatial extents, tbe important extents were reveaied 

Chupter 6 

A variance partitionhg approach wbich tested for spetial varisbüay m smell-mimmsl 

aà>ndance that was inàependent of envirommtal variation. 

Chuptet 7 

A synthesis of tbe resuhs. 
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Spatial scales of trapping in smli-mammal research 

Autborship: Jeff Bowsmn, Crisiine Corkum, and Graham Forbes 



Introductioa 

Ecoiogical research often is camed out over a n m w  range of rehtiveiy d spatial 

scales (Kareiva and Anderson 1989; Brown and Rougbgarden 1990). This h a â  

observation also may apply to s r n a l l - d  research, Onc co~lsc~uence of wodaag et 

srnail spatial scaks is tbaî iarger-scale patterns and gmcescs can bt overkmked or 

misinterpreted ~~ et ai. 1993). For exangk, Wcgœr d Mmiam (1990) rbowed 

that white-hted mice, Peromyscu leucop, use aphdtud Wds s u r r o m  

hgments; a p h c n o ~ n  tbat'could bave k a  ovabokcd witbouî conderhg k b c a p  

wntext. Empkhd kld Jtud*s collldnnniy capby giid or trmscct of 

traps, the design of wbich establisbes tbe Jpariel scak of tbe stuûy. We siareyed the 

Merature to aoses~ the range of trapping array sizes, a d  thus spatial scaks, used m d- 

xIummalresearcb. 

Materiab and methods 

W e  surveyed publisbed studies of two w n m n  spef*s: the d-becked volt, 

CIethrionomys gqperi, a d  the d e r  mo-, Peromysms nimiidotrrr. Five joumais were 

chosenwhmeshdiesofttmetwospecYswacabundem:AmmepiMidhudNahaaüPt, 

The Cansdisn FiId-Naturalist, Canadh J o d  of Zoobgy, Ecobgy, and J ; o d  of 

MaiIimabgy. Aii ikld studies ofP. monidkrhrs or C. g- piblishrd bebwcn 196û 

a d  1997 mChisive were sekted for our adysk .  From each p u b W  manuscript, we 

tabulateci data on trap spacing, spatial extent of grid or transe& totd trapnigbs of the 

study, Iength of trsppiag period, lcagth of prebdt perbd, and the mrmkr of grid or 

tramect replicates. A d  imits were conveited to ha and Iength was converteci to a Som 



included one sampk. When multiple designs (e.g., traasect and grid) wem used in one 

study they were wnsidered as separate s~mples. We Ke out an exploratory srialysis of 

the tabulateci data 

Resuits and d k a d o i  

We sweyed 127 hid*s h m  1- to 1997 ( A p p d i x  5). The nisjority ofthese studk~ 

(N = 80; Table 2.1) cnipbyed îtapping grids ratba thau tmrmcts. Transcct sndws m 

W e d  in thet da&y canmt be cstimuted (dut to tk iack of a h i t e  m a  fit the 

deaominator of density cakuiatiom). The man extent of the g d s  was 1.8 ha while the 

mean extent of tmuects was 3 58 m (m. 2.1 ; Table 2.1). More than 50 % of tnuisects 

were < 300 m, and more than 50 % of grids werc 1 ha or s m a k  (Fig. 2.1). 

Althoughtbemcentrspspaciqpas 1 4 m . t h c ~ n o f ~ i s g s ~  

V i d a l ,  with paLs at 10 and 15 m (Fig. 2.2; Table 2.1). The convention of uPmg 10- or 

15-m trap spacing seems to k besd m part on papers by Burt (1940), Calhoun (1948), 

Kikkawa (1964) and Smith et al. (1 975). Cabun (1 948) presented a standerdized 

protocor for the North American Ccrisus of Smali Uenmials, wbich u d  trap stations 

spaced 2450. or 100 ft apart. Note thir 50 ft b rpproximateiy 15 rn KiLkawa (1964) 

suggesteà a 10-m speciug in a deciduous w o d d ,  whilc Smith et ai. (1975) indt.nted 

that 15 m is a good compromise for studying a range of species. The selection of a trap 

spacing should be bescd on the biology of the study speck: spacings should k skcted 

so that each animal has a trap within its ho= range. Tbis is balaneed agaiost the extent of 

the trapping design and the number of traps iogistically faible. In practice, the extent of 
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Table 2- 1. Descriptive ofsmdlaiunmrl W i n g  W p  publisbsd 1960 a d  1997 m 

five journais*. 

Variable Na* Man Madirn SE Min Mur 

T r a ~  spa~ing (m) 114 14 

Extcnt (gnd; ha) 80 1.8 

Extait (traas4ct; m) 30 358 

N u m k  of repli- 116 24 

LQ@ oftrapping paid (# nighîs) 68 4 

Lm@ of prcbrit paiod (# nigûts) 12 1 0.1 

Total trapnigbts 112 11238 



Fig. 2.1. Spatial extent of ttapping amys d m Jadrs of CIethn'ommys g w r i  andlor 

Peromyseus manidutw piblisbtd m 5 jociraib (Amarcio Midhni Natudst, c.ndim 

Field-Natudkt, Canadisri J o d  of Zoology, Ecobgy, and Journai of Mmmabgy) 

between 1960 and 1997. 
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Chapter 3 

The spatial scale of variabiliîy in srnaCrnad populations 

Abstract 

W e  studied sumll-nrmsirl populations amss a range of spatial sePlcs to detcrmint wh*h 

scales were relevant to dcmogcapk vaciabitayvaciabitay W e  pradicted th a scale of variability in 

popula~nstnrtracwouldoociaatthtsceLofdippA.L~hS~~~~~ 

d e s c r i i  as < 200 m for some smabmaumml qecks. S y s î d  k-îrappiilg aarcys 

were conducted on nested griàs at three scaks: (1) erdent = 4900 4 grain = Io00 m; (2) 

extent = 306 ha, grain = 250 m; and (3) extent = 3 1 ha, grain = 125 m. h r  to the 

present study, d nrannial populations had not been systematically hetrapped w o s s  a 

similar range of scelcs. From 1996 to 1998, sumcys wat coductcd on a h k a p  

intensiveîy mansged Eor timkr, and on a reféhnct hndsîspc. Spatial siiiilysis of 

abundancP data dermastnted that d-nilYianel populations (four spc*s) e x h i i d  

positive spatial autocomhtion at distaaas of bnween 133 a d  533 m d q e d h g  on the 

species and the landscape. NO higkr+r&r population stnicture was ddected. Thus, 

variabiray m d-mammai  abimdairc oceurrcd over short distances (Le, 133 - 533 m). 

Authorship: Jeff Bowmen, Grabam Forbes, and Ti Dilworth 

Pubkbed in Ecography, 23: 3 lM20,2Oûû. 



Understandirig the temporal and spatial scaks at which organt'snrs perceive and respond to 

their enviromnt is a centrai issue m ecobgy (WYM 1989). Tbm bas been a t e m k q  by 

ecologists to study niaay phenouma within a nanow range of scaks (Brown and 

Roughgarden 1990). A majoriiy of anpirical sirwll-mamumi rcsearch i done at spatiai 

extents of < 2 ha (e-g., Bwt 1940; Smith et al 1975). T k  SKD~II, rrphted pbts tbat arc 

!mlaIl-nmuimial species exhiba stnictured popdatbn dynamics eaoss gmgraphical Rgians 

(e.g., Steen et al 19%; papm in Krebs 1997; Ranta et ai 19974b). At spatial sules 

smaiier than a rtgion, ppulat'mns dyaamics can create subhgional sbuctuh (e.g., 

subpopulations and mtapopulations; Krobœ 1997; Goodwh a d  Fahrig 1998). T k e  is 

iittk e m p W  research on tht spatial Iltnicturr of d-m popuhaioar a tbip sub 

regiorml sde. Kiohne and Burgin (1990) and Morris (1992) f ô d  tba! structure m saalC 

mammal populations is, m part, a resuît of pn>ccacs ocamhg at a ocale of hundrcûs of 

metres. Morris (1992) detected a dispcrsal sale of 140 m for deer m k ,  Peromysnrr 

ntclnicuIutus Wagner. Krohne and Bipoà (1990) detccted a sclk of demograpbic 

hetemgeneity in P. lotlcoptrs R d k q p e  tbat is < 3 ha Morris (1992) d Krohnt d 

BurgÏn (1990) inay k refémng to thc same pocess: Peromysct~s populations are 

organised into s d  (1009 of mtres) patchcs. By patch, m an area of demographic 

homogeneity, or k w  variabiiity. Kmhne and Burgin's (1990) paîchy structure is dacctly 

mlated to Morris' (1992) dispersal scale - dispcrs'bg animais must travel out of a patch to 



establish a territoîy (Kmhnt eid B- 1990). Such patchts arc variousiy de- in tk 

literature as demes (Anderson 1970; Lidicker 1975; Krotme l m ,  operatonil 

demograpbic unîts (MeRiam 1995), or subpopulatio~~~ (&ohne 1997). 

A spatialfy-explkit design was used to asscss bow popuiatbns were organisai et 

d e s  mt previously asessai m a  systexnatjc way. Our objective was to dctect the spatial 

d e  (or scaks) of demognpbr vririiibility in srnaiî-nmmaal popuiations, thatby 

idenMyhg petch stnicture wïthin the popuhtDns. Again, we use tk tenn patch to 

dembeareasofbwdem,graphicvariability. W e ~ h m m o m t r s d i t i o d t n m r l J r c  

deme, because of the popdaibn g& commtatbn (Andason 1970). In fuhin shd*s 

we will reiate patches of bw variability in mammai abundance to biscape stnicture: a 

species-based approach to dethhg bdscape elcmaits The present shdy was 

expioratory, necessery because fèw ciareot data exist fi>r us to d e  stmng ~ ~ C F C Z W X S  

about b w  populations of the rekvant specics were diPtributad m spacc- W e  aPsrmrd that 

the Gadings of Krohnt d B u r e  (1990) and Morris (1992) (conccmbg Peromysctls) 

appiy broadly to otha speçics of s i d m  sizc- Thfore, we expected petchincsP, or bw 

variabiiity, onîyaîthc grainmtbe shdy(l2S 3, whichwas herthenMorrir' 

(1992)dispersalscale. w e n p e a e d t b . t o r a c o ~ ~ w a s t o o n r t o d e t c c t ~ y  

regionai population dymnks (e.g., Steen et ai. 19%). 



Materiab .ad metlodr 

The study took phce on tbc private idustrial forest of Fraser Paprs Lnc., m the 

Appgkchian forest of mrthwestern New Brunswick (470N, 67OW). Upianà sites were 

dominated by an overstoy of sugar mspk Aeer sacchmian M ~ L .  yebw birch Betulu 

ulleghmrensis Brîtt*, and Amcrican k c h  Fagus grdifil ia E k  towlad sites wac 

dominareci by b k k  qmce Pice4 mzrha ML, white ~~IUCC Picea g h c u  (Mocnch) 

Voss, and bisam fir Abies Wsmnecr (Z.) Mill, 

Our bng-tcrm objectives iachdcd the rrspoiric of srnail-mamumi 

populations to the amctiirr of m8n8gcd hrcsk ThcrtfOEe, WC wrsbctcd taio shdy areas 

representing oppsite ends of tbe continuum of firest nuimg- intdies: (1) a 

refmnce area, with relativeiy &le msnagemcnt disturbaoct (Le., < 15% (< 15 

years) clearcut or soffwood plantation); and (2) an intensive& mamgad ama, w h m  

ciearcuts and softwood phtations c o d  > SU% of tht W. We systcmaticaüy 

placed sample points 1000-m spert, m a square (8 x 8) grid, provicüng two 4900-ha, 

square grids (refèrence and mamgad) each with 64 sampk points. Nested wabin these 

Iarge grids were 8 x 8 grYis with @IS of 2Sû m (306 ha). In the rrfireiru ama on&, 

tbere was a thOd mskd grid with a grain of 125 m (30 points. 5 x 6,3 1 ha) (Fig. 3.1). For 

sampl ingre8~0ns ,pomiswacmt~waheH)mofroaQorwat~tbod*s ,so  

some imqghdh existai in th? sbip of tbe grids At tk top cd, our chojcc of scaks 

was a logistical one; wc wuld mt survq mre tban 4900 ha The nnct scales were chosen 

for biological misons wah the smallat of these f b r  then Morris' (1992) diSpcRal scaïe. 

To our kmwîedge, this project (and a pairrd pro* m Albnta; Corkurn et aL 1999) was 





Ourstatisticaladysisoftbtsmill-miimmalaphncdrtawrisani~ 

exploratory approach to de~cnbiiig the spatial structure of the sanpkd populations 

(Tulcey 1980, Hainhg 1990). We used patterns of v a r M i  m akiadaace of d 

mmmals as an index to demographic vaeiabüity (Krohnc ad Burgin 1990). W e  asund 

d-rrÿmnnal popuhtions wac isotropie m thea structure, and u> we devebpcd .II- 

directionai corrcbgranr~ (Mom's I; Legendre and Forh 1989) to study ptterm of 

spatial autocorrelation for m i e s  ribimdmces in each of tbe thnc refhncc-area s W y  

gnds (125-m, 25&1n, and 1W&m graino). ïhm, comiogmms werr denbped for the 

mmaged ana d contms&ed with thc plnair9 of autocomEation in aie nfiirace - 
As data w m  counts, distrïi'm departcd h m  mrmaüty, so we conducted our 

-ses on square-mot transformtd data Most techniques for sudce psnan a d y &  

(ie., structure M n s :  cooomlogmum, W g c a n x s ,  d covarbgmœ) requke 

assuniptions of mrmality a d  statioriarity but are mbust to d-. Hahihg (1990) 

suggests that stmctwe fimctions are usenil exploraiory toois for non-nod daîa 

providmg mtexpretaîbns arc W e d .  W e  chose combgmms ovpr the mre popdm 

SemivEviOgmms (Mekl a d  Turner 1998) because thcy are stada&& fkdhthg 

wmparison among wmkgrinis. Bothmcthods are comperable, m thet d c a k h g  

Moran's 1 ykkb a cbrrebgram that is vny shüac to thc invas of a eemniliiogmm 

(Meisel and Tunier 1998). A second reason h r  using combgrams was tbat tbey allow an 

obpctive test of si-. Signincaace was determined ushg the Bonfim,ni proctdure 

(Legendre and Forth 1989), and b u s e  our approach was exploratory, we rehxcû 

requirements for global correlogram sipifhnce to alpha = O. 1 (Bonferroni-corrected) 



(Steen et a l  1996). Distance clapscs wne estabarhad wah approramaiteiy quai numbers 

of pairs m each ciass. Data Malysa tuas cooducted ushg S-Pius 4.0 (M;athSoft Inc., 

Seattle, WA, USA). 

Resutts 

From 1996 to 1998 we camed out 20980 multipk-caphirr tnpmghts, &hg in 5920 

d-rilamnai caphaes. A rsnge of speck was captud, but wc ody wnducted spihi 

adysis of the four mst ahmdant spak (Tabk 3.2). PopuWons of sosm spcMs, 

e s p e c i a n y d e e r m i c e . i d ~ j i m p i o g m i œ , N 4 p a e ~ i ~ g " p M ï I k r , e x b i a t c d  

considerable inter-annuai ftuctuatio~~~ and fbr thac species spatisl anelysis was mt 

conducted during tbe lowest years cable 3.2). 

AU speck exb'bited heterogemous distributions on ali of the grids that wac 

samptad ( F i i  3.2 and 3.3 arc rep-e of tbe type of outputs avaüable h m  our 

spatiai anaiysis approach) Howevn, WC did detect s& ihn t  positive spatial 

autocorrelation, which is an Eidication of tbe scak of patchintss, or IOW variability 

(Legendre and Fortin 1989). ûn tbe refixena Lendscep diiriog the fidl of 1997, md- 

bscked vole, Cieaitriomnrys gtqperi Vigo~. popiletiom exhiatcd no sutocomlation 

(ie.,highvariabüity)~thctwolergestocsks(grrnis=1000md250m).Attbcfincst 

grain (125 m), voles exhi thj  s i g i h n t  poative auîocorrc)ation cp 133 m (Fi. 3.2). 

Deer mice populations were a b  bctemgeneous on aü gridS however they exhibitad a 

warser-grained dnrnue (than voles) with positive autoconeiation at 270 m - 275 m (Fig. 

3.3). We note here that combgram diPreaoc classes wae mt exact@ equal to the 



operational grah s k  (e.g., 133 m vs 125 m) b u s e  of Jman imeuQitrs m tbc d q c  

of the griàs. 

Table 3.3 simmiariscs tbe resuits of out spatiai adyses  fbr aU spaieo. 

landscapcs, and years. Thm was no significcrnt autocomlation at tk coarsest grain (1000 

m), either in the r e f m  or niaaeged hdscaps. I k p d h g  on spec*s anci Iadsap ,  

autooorrelation was detected rit di<ltrira rsqgisg h m  133 m to 533 m (Table 3.3). 

Si$nificant patchmcss was detccted on tbe marmged hmkapc h r  mre QpeCiCS ad fot 

larger distance chisses thrn on the rekmxx b h c a p  at the mid-sind grah of 250 m 

(Table 3.3; Fi. 3.4). 

Discussion 

In this study we systematkdy srarpkd rmall-maimnel popilstions over a broad mtge of 

spatïaI scales. Populations of d mmmaîs werc bcterogmeoudy d a t r i e d  on d grids 

(e.g., Fis. 3.2 and 3.3). The rrsults arc supported by br-scak rrsarch suggestbg thit 

many population proceses occiir bcally (e.g., Patton d Feder 198 1 ; Adler 1987). In our 

study, positive autoconeiation occurred at distances ranging between 133 m a d  533 m, 

dependhg on the species a d  the laidscape (Table 3.3). Tbe dcmographr wuhbBy in 

out study may have bsen rclated to: (1) tbe dispersal scale of 140 m fbr Peromysclcs 

munidatus de- by Morris (1992); a d  (2) the 3-im scak of dcmoBnpbic 

hetemgeneity detecteû by Krohne and Burgin (1990) for P. leucopui. Whiie we sndied a 

range of species, it is masonable tbat similar proceses w m  occuhg. W e  suggcst îbat 

dispersaloperatesatthessmcstakasdemographicvarisbility-~k~this 

variability that dispemers are tqhg to exploit. Dispersbg individuais seek vacant territory 



(Lidicker 1975; Krohne a d  Burgin 1990). This specuhtion raiscs a testabk pedietion: 

species wah coarser spatiel variaality m population structure should dispetse fivtber thiin 

species with fher spatial vsriability. 

Om inability to detcct any hrger-scak patchmess suggests that, withm the range of 

scaks we studkd, he-scak (133 - 533 m) YariatiOn m resowces, compctitbn, andlor 

predator abundancc afkted the stmctwc of the szdl-mrrrriawl popuiatiom. Thus, large 

scale patterns werc an agpcgate of tbe ibe-scakd variatho. At mn mer, m n a l  

d e s ,  spatküy-anrhmd popuiation k û m t b 1 1 ~  c m  occur in somc spceics (e.g., Steen 

dynamics considemi m our shdy (e.g., Goodwin and Fa- 1998). 

Much of tk spatial structure th we detcaed m out smsll-memmal data might ôe 

explained by stmcture m avdable riesoimxs. WC wilt conduct adyses to adQess this 

question, however, it iP cxpected th.1 S O ~  of the denmgnphie variiib*ty occunibd 

mdependentiy of habitat stnicture. Kn,hne a d  Buigin (1990) deMed denmgraphic 

heterogeneîty in P. Ieturopur populations witbin apparently homogeœous herdwwd 

stands, and we have obsicrved demic stnichac m red-becked vole popuhtions wahm much 

larger, (appaicntly) Unifonn softwood siand9 (Bowman et al. 1999). 

Krohae and BiPgm (1990) suggested thit fiae-sciled populetion -es (or 

patchw)vaybdepadcidtymspscedth,dcpmdiqgontht.bmdiaceofmsourcn, 

or predators, which thernseivts Buctuaîe bcally m space and t h .  Single paîches are 

regulated by a single, dominant fàctor, but at tbe scak of t h  -pulation, Itlultiple 

&ton regulate popuktions (Lidicker 1988). This may explain the difficuity nsearchers 

bave had in ûying to relate smgk fàctors to population reguiation in arnill mamniiik 



(Krohne and Burgin 1990). This a h  may contribute to the bw proportion of variance 

explained inmanyd--habitat usestuâjcs. 

Our cross-scaJc design a d  riiplygs demonstrated that d - m a m n m i l  populations 

exhiiited spatial variabiüty at di<lunccs of betwcen 133 m a d  533 m Tbc aaproach was 

usefûl for expioring tbc data, raising x>mc questions about tk spathi rmiaurr of smaü- 

mammalpopulat io~Inpsarulrr ,one~predict ionwa9rri i sed:~wi ih  

c o a ~ e r  spatial variabüîty m popuhtion sïmctmc sbould disperse friitha tbsn speies with 

nnerspatialvariability. 
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Table 3.1. Live-trappày prids sameycd during autunm m 

northwestern New Brunsick. Three grids (125-m, 250-111, and 

1000-m grains) w m  bcated in a refcrracc hdscape. Two g d s  

(250-m and 1000-m grains) were kcateâ in a managed hckape. 

Aimunas when tnrpping was mt coducted arc bdbted by 'nt'. 



Table 3.2. Auîunm capture rates (ceptutcs/100 trap nights) fôr d- 

niamnmilspeciescapturcûinnVeshdygridsinmtthwtstemNew 

Brunswick. Listed in order of abrmdaace m mst abmdant ycar. 



Tabk 3 -3. Distance classes (m) of positive autocomhtian h m  gbb.lly s@ikaal 

correlograms for d-niSmmal populations cap& m auhum on nVe shdy griâs in the 

forests of northwestern New B d k .  A ref- bdsaip contaid tlira grids 

(125-111,250-m, and 1000-m grains) a d  a xrmnagod lendscape coatlmcd two (250-m and 

indicated by 'nt' (wt trapped). A hypkn '0' idkates tbat tbe correbgram was mt 

C g. = Clethn'ommys g q p r i ;  P. m. = Pmnysctrs maniad-, B. b. = BZm-M 

b r e v i c h ,  and N. i. = Napaeou~pt~~ im0gnis. 



Fi. 3.1. L a y o u t o f t b r r e s a d y g r i Q o r i a ~ a r m C e f o ~ ~ ~ a o ~ N e w  

Brunswick, Canada Three œsied scaks wcrt surveyed: A = 1000-m grain, 8 x 8 points, 

49ûûhaextent;B=250-mgrah, 8x8poiny 306hacxt~~lt;andC= l Z S - r n p h ,  5 x6 

poiats31 k E a c h r a a v y p o P t ~ ~ ~ o f s n ~ o f n v Z a c i p s ( ~ ) . ' I b c ~  

design was duplicated on an inrensnRly xxwmged fbtcst b k a p c ,  wah tht exCCprion of 

C ,  which was omitted. 





Fig. 3.2. Iaterpoiated gray-& oiaps and combpams for autumn ahdance of 

Clethrionomys gupperi, sampsanipbd at tbree spatial s& in a refetence forest in New 

Brunswick. T b ,  nested survey grids are represemted by: A (1000-m grah, 8 x 8 points, 

4900 ha extent); B (250-m 8 x 8 points, 306 ha extent); and C (125-m grain, 5 x 6 

points, 3 1 ha extent). Abrmdaiicc data range h m  O (white) to 12 (black) pt survey point. 

FiUed correhgram symbols indiCate: (1) global cornIogram sigdhnce; and (2) distance 

classes with sigilificant autocorrelatioa 





Fig. 3.3. Interpoiated gray-scak nrps a d  cmrebgrims for auhmm d n d a m x  of 

Perowzyscus mmiculatrrs, sampkd at tiuee spatial scaks in a refemnx ierest m New 

Brunswick. Three, nested swcy grids are represented by: A (1000-m grain, 8 x 8 points, 

4900 ha extent); B (2Sû-m grain, 8 x 8 points, 306 ha extent); anci C (125-m gram, 5 x 6 

points, 3 1 ha extent,). Abdance âata range h m  O (white) to 15 (black) per sumy 

point. F M  comlogram symbols mdifate: (1) @bal ~orrebgrsm sigiiificance; anà (2) 





Fig. 3.4. Interpolated gray-scalt maps and comcbgnuiis for autumn dmmbce of t h e  

s m d - m a d  specin in an intensïveiy managed forest m New Brunswick, sampled on a 

systematic grid (250-m grain, 8x 8 points, 306 ha extent). The three species are: B l m i ~  

brevicmrdo (A), CIethnommys gqpen' (B), and Peromyseus maniadatas (C). 

Abimdances range h m  O (white) to 1 1 (Mack) individuais pa point. Filbd wrrebgram 

Eymbols indiCate: (1) global mmkgram significance . . 
; and (2) distauce classes with 

significarit autocorrelation 
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Chapter 4 

Distances moved by srnail w d l a n d  rodents withh large tmpping grids 

Abstract 

' 
Diiring a four-year dniarmial shdy m New Brunswick Canada, we documentcd 

movemnis (> 125 m) kr three spacies. Mean straight-line distances 10%- wwd 

wete: 370 m (Peromysw manid-, N = 44), 225 m (Napcle- imfgnis; N = 33), 

and 224 m (CZethn'ommys gqperi; N = 23). More woodlmd jumpibg m k ,  N. id@, 

moved than aay o h  species, relaîive to abuodaiw: 9.4% of captures were made after a 

long-distance movernent . 

Authorship: Jeff Bowrnan, Graham Forbes, and Tim Dhorth 



Introduction 

Movement is an miportant pn>cesg which c m  contribute to the temporal and spatial 

structure of populations (Wiens et ai. 1993). However, empempLical descriptions of 

movements for small rmmnds are rare, in part, because of the mthods used to q k  

populations (Howard 1960; Clark et ai. 1988). Trapping g d s  h p a t l y  are too s d  m 

spatial extent to detect bng-di<daw moverncais (e-go, Burt 1 W, Smah a ai. 1975; 

Wegner and Merriam 1990). Dcspite the difnailty of data collection, there are reports of 

longdistance movemmtJ for a vàciy of SIIWII-nwnnrial species, fbr eirsnpk: Peromyscus 

ltuntidlatur (Howard 1960, Bownmn et al 19993, Pen,myscus Jeucoptcr (hbœ et al. 

1984; Wegner and Merriam lm), Napoeotaptls insignis (Oraska and Hermen l988), 

Dipodomys stephensi (Price et aL 1994), Reithrodontomys megalon's ( C M  et al. l988), 

and papers m Kozakiewicz d S-ki (1995). Tbese reports are an important sounv of 

data which am help ecobgists to d e r s t a d  the process of àisped (Kozakiewicz and 

Szacki 1995). 

W e  carried out a fois-year shdy of the spatial stnrhac of d-mammaI 

populations m a manageci forest m New Bruuswick, Canada Our shdy design involved 

iarge (4900 ha) liw-trapping g&is which providcd us wah an opporninity to assess long- 

d i s t a n ç e m o v e ~ f o t ~ s p c c i e s L a t h i s p s p r , ~ d e s c n I b e t b e ~ d  

variabüity of long-dirrsna movetœnts d e  by Peromyssnrs waaniddirr, Napaeoulp~~s 

insignis, and CCIhn'ommys gapperz: 



Materiab and metbods 

The study took place m the private indusirial forest of Fraser Papers Inc., in thc 

Appalachian forest of northwestem New Bnmswkk (47W, 67OW). Upland sites were 

dominated by an overstory of sugar mapk (Acer sacchrrrum), yehw birch (Betula 

ulZeghcminmS), and Amcrican bcech (Fagw grond~jiolia). Lowhnd sites were dominated 

by bkck spruce (Piceu mdanu)7 wbae sprucc (Picea glouca), a d  aid 6-c (Abies 

balsameu). 

Taestudy~Pdesi ikdmdaai lbyBowma~etaL(2000) .  Tw049OOhs 

forested landscaps. oiw intCILSIVCly managa& the otkr  a rcfiitcbct7 were systenmtidy 

he-trapped using a set of nested grids. Tbe two larges# g r h  (one per laadscap) had 

grains of 1 0  m and extents of 4%lO ha (8 x 8; 64 points each). Nested within each of tbc 

large grids was a smailer grid with a grain of 250 m and an extctd of 3 10 ha (8 x 8; 64 

poiutseach), &ontbertf;ircce,therrwltsaWgridwahagiainof125maad1m 

exte~t of 3 1 he (5 x 6; 30 points). A total of260 sample points were spcad systemttkdy 

across the two lendscaps withm tbese grids. At each pint  an array of 5 Victor T i  

muhiple-capture h e  traps (Woodstream Corp., Li&, PA, USA) was used to sampk 

smali-mnmmal populations. Traps were pheed at pomt centre ami 35-m h m  the centre 

on each compass ordmpl; cach trap was placed m a 'mst lilrciy nm~~iy'  pooitiom Traps 

were prebaited for thtee âays with oats and sudower hccirts and then set n>r four 

consecutive nights. The trapping protocol was cerried out twice per amum m *ring (May 

- June) and autumn (August - Septaber). Captured ammals were weighed, identified to 

species and gender, checked for reproductive coidition, mark& with a 1-g monel ear tag 



(National Band and Tag Co., Newport, KA, USA) and rcleesed. Oia protoc01 was 

approved by the University of New Brunswick Animal Care Cotmnittee. 

W e  considerd tbst an animal ùad moved ifit was recaptuted (Le., with an ear tag) 

at a -le point whm 5 bad not been captured previously. The fiaest grain in o u  shdy 

was 125 m (Le., tbe space ktwan sampk pomts on the 3 1 ha trappe  grid) so 125 m 

was our definition of a bng-distaia movement. Shortet mvements were mt long 

emugh to move an animai betwem sampk points, and w m  mt coasidered iii out 

analyGs.MovemmtdistPnccs~mcalculatcd~strri ight-l ine~betwee~lthc 

centres of tbe capture a d  mcqtmc smpk points. Calculatio~~~ wae d e  usbg digital 

maps of the study a m  and a Geographic Lnformatioa System (GIS; Arcnriew). AU long- 

distance movements werc suimned across seasons and Yeats @er species) to m a x h k  our 

sample. In other woràs, we made m distslctbn ôetween spring a d  autumn movements. 

W e  present descriptive amlyses of tht mommmt data that enable som comparison of tbe 

magdude and variabüity of bag-distaace movements across specics. 

Resrilb and discusaioi 

The three most abundant d e n t s  captured were red-ôacked voles, (CJethn'onomys 

gqperi; 9.40 capnnes/100 trap nighds (tn)), deer mia (Peromysclc~ manidcrfirs; 7.66 

capturedl 00 tn), and woodlaad jumping inice (Nqeozqpirr immgnis; 2.78 capturedl00 

tn). These thra wcrr the ody species for which long-distance m~vements were witnessed. 

Relative to dmdarxe, morr woodiand jumping mice mved between sempüng points 

than any other species: 9.4% of captures occurred after longdistance movements, 

compared to 4.2% and 1 -8% for deer mice and red-biieked voies, respectiveiy (Table 4.1). 



These proportions were cakuhted by omitting captures on the two kgest (1-m grab) 

grids because m movements were ever rccorded at the hrgest scak. 

While distances moved were of simiiar magaitude among species, deer mice made 

longer movements than either woodJami jumping mice or mi-bked voles (Fig. 4.1, 

Table 4.1). The bngest of these (1768 m) was reported by Bowman et aL (1999). Other 

authors recognize the ability of deer mice (and cbsciy-relateci white-bted mice, 

Peromyscus ieucopirs) to move iong distanCCS. Howard (1960) nxdeà a movemeat of 

100  rn for P. manidutus, anci W d  a d  MMemam (1990) rrported a rno- by P. 

letlcoptrs of > 1000 m Whilc ûvaska and Hamim (1988) dao~nstrated a movamt  by a 

woodlanà jumping mouse of > 800 m, we am imaware of other shsdics reportkg bng- 

distance movements by either X iMgnis or C. goppn', with the exception of boming 

midies. For exarnple, Bovet (1980) recorded sucocssfiü homing by d k k e d  voles h m  

asfàras600m 

Two sources of error must k considered when mterpreting these &ta. F i  we 

have not correcteû for the uneven distribution of trap pairs among diflrérent disiaacc 

classes. The nianber of trap pairs varid with distance (Fig. 4.1) and m $ct, appeamd to 

bias out resuhs bng: tbm were fmer trap pairs at the shortest This uns fiaiher 

confoded by a second bis: the density of tmps *-aried tbroughout the hdy grids as a 

result both of geometxy d the nesied trapping design Ratbcr than make questionable 

corrections against two bisses, we present UIIII>DdifiCd data and caution the reader 

agamst over mterpretath. Even with the inberent bisses, îhese data are of vaiue because 

of the scarcity of infoniiation on s m a l l - d  movemcnts (e.g.. Wegner and Merriam 

1990; Kozakiewicz and Szacki 1995). 



We e m  that many of the movements which we have operatiodlydefuxd as 

'long-distance' are acnially dispersal rnovements. Krohne and Burgm (1 990) specubted 

on a relatiomhip between dispersal and spatial population structure. Dkpersing animais 

exploit openaigs c a d  by demographic heterogeneity - thm k, accordhg to this 
- 

speculation, a rebtionship between the spatjal scak of dispersai and popuktion structure. 

Similiitiy, Morris (1992) suggested tbat thm is a dispmal SC&, which is a levcl of 

organil.ation for popuhtions. For exampie, Bo- et al (2000) demonstratecl tbat d&r 

muse, red-becked vok, and woodleadjimiping muse p o p ~ n s  exhiba ptchy 

~ a ~ r e a t d i s t a n c e s o f 1 3 3 - 3 5 0 ~ o n t h t s a n r s h d y ~ m t h C m ~ v c m m t d e t r i  

presented here. The magxhdes of the patchy stNcture and the dispersal m v e m e n t ~  are 

simikr, supporting Krohne and Burgm's (1990) speculation tbat the spatial scales of 

dispersai and population strucnirc are relaîed. 
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Table 4.1. Distances moved by small woodlrmd d e n t s  withm hrge trapping g d s  in 

New Bninswick, Canada. 

~ p e c i e $  MnuiDïsî. (m) SE (m) Mai<Disi. (m) N percentB f h f  

gappen 

Percentage of captures that bad moved > 125 m 

Juveniles and s u ~ u t t s  

Adult fernales 

E~duff  d e s  



Fig. 4.1. D i s t n i n  of distances mved by woodhmd redents within 1-e trappbg grids 

in New BCUIlSWiCk, Caasda White bsR are Peromysm municuIutus, solid bus are 

Nupueozupus imignis, and hatched bers are CIethrionomys gapperi. The rebtiw number 

of trap pairs withm eech dktance chss is mdicatcd by the solid liac. 
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Chapter 5 

Landscape context and srnd--1 abundance in a managed forest 

Abstmct 

We assesseci whethet d-maminil abundenoe ans reiatcd to bdscape context, w k n  

context was considered independently of wahm-stand vegctation and at diffrreiii qm!hi 

extents 'Ibt study took place m an idustnB1 fbrest m northwestern New Bruaswick 

Canada Withm-stand vegetatjon models explained 9 - 32 % of chc deViance m the 

abundancc of mdividuaJs h m  î k  foca rmst abdani  qx&: Clethriomrnys g-, 

Peromysm municurlcius, B i a r ï ~  brevicQtcda, a d  Napaeowpu insignis. Landscap 

context was reiated to the distri'butions of two speck C. gapperï were kss abundant 

within wntexts of softwood plantations; d and insignis abdancc wa9 dhxt ly  relateci to 

the amount of soAwood forest. Variables at the larges radü of landscap 

context (500 m) were never sigmficantiy associated wiîh the abrmdaace of smaU mnnailals. 

Most species appeared robust to forest managemmt with the exception of the negative 

rehtionship between C. gappri a d  s o b d  plailitations. 

Authorsàip: Jeff Bo- Grabem Fortes, auà Tim Dilworih 

Accepted for pubkation m Forest Ecobgy and Management 



Introduction 

Forest management can inaueace populations of s m d  tmmmals in at kast two ways: (1) 

by aitering conditions within forest stands; or (2) by ahhg conditions l u a d  sta& fie., 

aitering the landscsp context). Ahhough the efl[écts on d-nmrnma i  populations of 

iandscape context m llrqna~ed forests are not weii h w n .  the withi~-stand eltkts of 

various fonst management ÏnterveatiOns bave bari shdicd d have generaüy mdicatcd 

that smaii-mamnial popdations arc robist. For exampk, KiiLland (1990) rrvKwsd 21 

published studies to dcmonrarste tbat in eastern North Amerieq imiiy small-mmuxnai 

species nspond positivtîy to ckar cuîthg. He suggested that this rrspo- is Qe to tk 

increased amount of herbaceous ders toy  fbliage on recentiy cut sites. Similrrtiy, a 

number of stand-scak scudieJ bave demonstrateci that d - n i e m m s l  populations either 

respond psitiwly, or do mt respond to rkction (or partiai) cuîthg (Swan et aL 1984; 

Monthey and Soutïere 1985; Me& anci Booth 1989; Steventon et ai. 1998). Bmadly, it 

seems that b r e  is a positive relationshqp between d-nwrrntwl populations and the 

amount of understory foliage. Thug stand interventions wbich d u c e  the amount of 

herbaceous uncierstory (e.g., herbicide application, nahameal site preparation, softwood 

plantations) also duce popdations of folivorous siiall niiuiimak untii such a timc as thc 

understory regrows (Leagky and S b .  1980; P a r k  1989; L a u t ç ~ ~ s c ~ e r  1993). 

The m v a l  of coarse woody debris (CWD) 8SSOCiBfed with ~ o m  stand 

interventions (e.g., m i o n )  can be deieterious to d-mamumi populations (sec 

IIamioa et aL 1986 and Fmedman et aL 19% for reviews). Dead logs are a source of 

fungi and mycophagous sniell mammais (e.g., Clethn'ononys) use CWD for fora& 



(Maser and Trappe 1984). The distribution of mycophagous smAll ma& bas ken 

linked to the distniution of CWD (Nordyke d Buskirlr 199 1 ; Bowman et ai. 2000a). 

The raany shdKs of within-stand effccts of forest management on sxnaü m d  

demonstrate a d e  range of often spcies-specific relationships However, £êw stushdies 

assess these reletionships at the scale of a forest Iandscape. By forest Iandscapc, we mfir 

to spatiai extents Iarger t h  single fôrest stands. The shdia tbaî do exist suggcst, like 

many within-stand shidrs, thst sInaBnrannrai specrs oftemare rokut to forat 

management. Rosenberg a d  Rapbael(19û6) did mt detect a negatM rrsponnc by d 

m a d  to forest ârgmaMion m thc Rocb  Mountaim, suggesting mstad tbat dscr 

rnice (Peromyscur mmiculattlr) ruspond positiveiy to some edge and ciearcut v. 

Sekgororoaae and Dilworlh (1995) and Bayne a d  Hobson (1998) also found deer mice 

associatexi with edges. Otber sndies bave suggested that deer mke aad rebbecked voles 

(Clethrionomys gcg>pon, two of tbe most c o m a  small-nisnirrwl species m eastern 

North America, are not adverse@ a f f ied  by the cumuIoitive e&cts of s t d  mtervemtions 

across forest landscapes (Y- 1992; Bayne and Hobson 1998; Hayward et al 1999). 

However, most studies of d-rrwnarel populations bave not considerd the maience of 

landscape context independently of the e&ts of withibstand vcgetation. 

The spatial extents over wbrh lsndscape wntext Pdhwnces d-m 

populations wiiî dcpend on the extents over Wnrh populetion processes of smaR-miimmsl 

species occur (e.g., Roland and Tayîor 1997). Ktohne and Burgin (1990) and Bownian et 

ai. (2ûûûb) have demonstrated tbat demographic variab- m d mamumi populations 

occurs over relatively short distances (1009 o f  m). These authors bave suggested that 

the variability is a result of processes such as predation, habitat sekction, and cornpetition 



occurhg lady (Le., within lOûs of metres). If such procmes do indeed occur over 

small extents, then kger-scak lendrap context b u i d  be reIativeiy unimportant (e.g., 

Dickman and Doncaster 1987). The objective of tbis papr was to apscss whetber s d k  

niammal abundance was related to matl~igenient-iodd bndscape context, when c o n t a  

was considerrd independently of within-stand vegaation and at di&rrent spatial erdeLltS. 

Materiab and mtthods 

Som aspects of the shdy design wcre also &scriibcd by Bownisn et al. (2ûûûa,b). Thc 

study took place on tk privite idusûd forest of Fta~er P m  Iac., in the Appalacbian 

forest of nonhwestem New Brunswick Ca& (4794 67OW). Upland sites were 

dominated by tolerant bardwood communities, with an overstory of sugar -le (Acer 

sacchanmi), yebw b i h  (BetuJu alleghaniensis), and aad Aw*anh (Fagus 

grcnd~~oliio). Lowiand sites werc domiruired by Mack spruce (Picea -dm@, white 

spruce (P. glauco), eastern wliae cedar ( W a  occidenta&), a d  balsam iic (Abies 

balsamea). We selected two study areas representing opposite ends of thc contiauum of 

forest rnanagemcnt htensitia: (1) a refaaw a m ,  with relativciy WC mamgenmt 

disturbance (Le., < 15% rccent (< 15 years) ciearcut or softwood plaatation); aud (2) an 

inteiisively niensged a m  w k e  ckatcuts d s o f t w d  pimtations CO& > 503C of tb 

laodscape. We systcmatically placcû sempk poids 100û-m .piirt, m a square (8 x 8) gri4 

providing two 4900-ba, square grids each with 64 sampie pomts. For samphg rrasons, 

points were not established wahiii 50 m of mads or water bodies. 



Small m m m l s  

We trapped the sample points to esiirmîe d-m abundaace m spring and autimm. 

1997. Five Victor Tin-Cat muhipleupîwe ]ive trap (Woodsirrrmi Corp., Lititz, PA, 

USA) were used to survey each simple pomt. ûne trap was placed at pomt centre, and 

four other traps were p l a d  at each cirdiuel direction, 35 m h m  centre. The five-trag 

array was desjgœd to suwcy a 50-m radius a r o d  eech point. AU traps were placed m 

'most me$ nimivay9 positions and p d m M  for three days wiîh oats and sudower hearts 

Traps were tben set for four consecutnh nights. Ihrcfore, a single poht t w k  seven days 

to sample: thr& nighîs of pretnùting and fôur mgbss of trrpphg. The nudm of 

points precluded us h m  trapping ail the points simuhaneou~iy. Durhg a h  m n ,  

trapping spann#l tbree sevenday pmods. Caphved nnimnk wem weigbed identified to 

species and gender, cbccked for rrpoduEtne condition, m k e d  wah a 1-g monel ear tag 

(Nationai Band a d  Tag Co., Newport, KA, USA) and rekescd Our protoc01 was 

approved by the Universiîy of New Brunswick Aiimial Care Committee. Trapphg success 

was expressd as number of ixJividuak per species per point ovri four nights, end this 

was comidered a relative index of abumhx. S k w s  werr mt d e d  a d  so trappe  

success for sbrews was expsseù as number of ospnms per point. 

Within-std vegetîztion 

Within-staadvegdationc~wnesanipled.tcs~hpomtir9iagthrre10-by20- 

m quadrats. One quacirat was placed at the centre of the plot (o*t 5 m to the West to 

avoid the effects of observer traffic at the point). Two other quadrats were placed 75-m 

fiom the centre at two of the fobwing positions (selected randody): north, southwest, 

southeast. WRhin each quadrat, trees 2 8 cm m diatneter-at-ôreast-height (DBH) were 



counted, identined to species, and mcapured for DBH and decay cLss (1 = healthy iive 

tree, 9 = decayed stump; Maser a ai. 1979). Stems < 8 cm DBH were coasidered 

understory. Understory plants were subsampled on a 10- by 2-m tramect wahin the 

quadrats. All woody derstory stems were identified to specks and stratined by height: 

0.5 - 1 m, 1 -2m,2-4m,4-6m,and>6m ThepuadlayerOeafüner, herbs,bare 

ground, bryophytes, khcm. and gramimids) m cach quadrat was mclisrÿcd by 

subjectively assigniqg a vahc h m  O to 5 (O = 5 = vay dnmht). Coarse woody 

debris was masured ab- the two 20-m edges of ach qwdmt. Logs 2 8 cm m e r  

(mid-log) were ta&eû a d  msrsimd for diatœta, spsk (whcre possibk), and deçry 

ciass (1 = soumi, 5 = bighly dccayed; hilaset et ai. 1979). Vegetation siaveys were 

completed during J d y  and August of 1997. 

Lmdscapt? context 

Digital forest inventories, basd on 19% aeiial pbotographs, w m  okaMd h m  the land 

owner and were used to descn'be the forest landscapes. We used a Geographic 

Information System (GIS; A d h f b  and ArcNiew) to devebp lanlgan &S. We 

wanted metrics that would descn'be th effits of forest maiiagenipnt on the laadscape, at 

a range of spatial scales. We reclassified thc lrrndPcapeJ into 6 coaroe petch types: t o m  

hardwood, partkdy-cut tolci.nt hardwooâ (< 15 years), softwood, mixedwood, clear cut 

(< 15 years), end piantatbn (< 15 y-; inchded tk ouest availabk). Most plantations 

were SCafified and bad received an applicaîion of herbicide, so we did not separateiy 

rneasure these eflt9cts. Bu&rs of varying iPdïl(100 m, 250 m, 500 m) w m  estabüsbed 

a r o d  each sample pomt and witbin each ài&r the composition of patch types was 

calculated, as a proportion. We calcuhted total edge (m) within each bunei (related to 



disturbance iineariy; Ekgk et ai. 1998). To calculate edgcs, landscapes were dissolved 

into thre cover types: (1) plantation + c h u t ;  (2) road; and (3) al1 other types. Only 

management-induced edges (mads, clearcut + plantation w other forest types) were 

uicluded. We also inchdecl separate variables rmamhg amount of road edge (m) anci 

cluucut + plantation edge (m) wahin each Mer. In addition. tbe dizdance to the nearest 

road was meamred for each s q l e  poiai. As roads arc a result of hmit managexmnt, wc 

fèL that distance to ma& should Plso lx mbited to mauagement disturbance. F i ,  we 

calculated the numbcT of patcbts wabin each buthr (a ricimess measilrr) and Simpson's 

diversity index for each buf]tff* 

Data analysis 

A previous study (Bowman et ai. 2000b) demonstrateci that d-iaanimsl populations at 

points 1 0  m apart are not spatiaily eutocomlated Therefore, we incMed aü 128 

smpie points m pammtrk aiialyscs. 

A set of local vegetation variables was dected by pertormiag a phcipal 

components adysis (PCA). W e  used the broken-stick mode1 as a stopping ruk for the 

PCA (Jackson 1993). keephg the original vegetation variable that was most stroagly 

loaded ont0 each PCA axk W e  did mt us the actual PCA scores because many 

vegetation variables e x h i i d  no~normal disbi'bution~. T h s ,  Thus, K A  was just an 

exploratory tocd used to select &les. 

Sd-n iamnia l  data were founts, so we used P o h n  regrrssions (fiom the fàmüy 

of Generalized Linear Models (GLMs]) to buiEd optimal models relating the abundance of 

s d  rnamnak (by species and season) to bcal vegetation cbatacteristics. Optimal &eh 

were those explainiug the most deviance in the response variable. S i g d k m a  of these 



regression models was determined using -1s of deviaace tables (alpha = 0.05). 

DeViance residuals h m  these regressions w m  saved and used as new variables, 

representing small manad d i s t n i n s  dependent of the effits of bcal vegetation 

This aew set of varkùies was regmsed (ushg Gausskm GLMs; the deviance residuals had 

Gaussian distnautious) against thc set of hdscape e s ,  to xœasure î k  adepedent 

effècts of kndrap context on tbc distrikdion of smd nianiiaik. Composioiod VLVjabk 

thaî were proportions wete arcsine ~o~ 

Resab 

During 5 120 trapnights, we made 1500 captures of > eight species (see Bo- a ai. 

2000a). We ody ca&d out out analyses of the four most abundant species: deer 

mice; red-backed voles; sbort-tailed sbrews, BIariru brevic&; and woodland jumping 

mice, N 4 p c r e o q  insignis. S h î k î b i  amlyses w m  not carried out on M h i p i s  data 

fiom autunm b u s e  of bw abundaace. 

Amlys& of 114 diffèrent sample points demonstrated tbat d four species were 

significantly rehited to withio-stand vegetation cbaracteristics. Depeidmg on species a d  

season, between 9 and 32 % of the deMance in d-nwmniril d i s t r i i ~ ~ ~  was explaiœd 

by vegetation (Tabk 5.1). 

S d - m  specics wcre distributed similariy 8m0ng cover types m both spring 

and autumn (Table 5.2). Generally, red-backed voles d woodland jumping mice were 

most abuadant in softwood sites, while deer mice and short-tailed shrews were mst 

abundant in hardwood stands and m ciear cuts. No species was abundani m plantations. 



When the e h  of m<hm-stancî vegetatwn were removed fiom d-numtilPI 

abundances, two species wexe sigdkmtly relateci to variables d e s c n i  landscap 

wntext. In both spring and autumn, red-bscked voies were negativeiy associated mth the 

amount of plantation. Tbe best mode1 (Le., most e x p h i d  deviaaw) for tbs relatioasbip 

was for a 250-m radius in spring and a 100-111 radius in auhmni (Tabk 5.3). Woodland 

jumping mice were positively asochW with the armunt of S Q ~  wahai a 1Wm 

radius of sampling p o b  (Tabk 5.3). No spscks were n g m b d y  . . related to any edge 

variables at aw radius, mr to tk distance of tbe ne- road. Nor were thcrt aw 

s igdka~t  relatioi.isbips with tbc r i c h  or dk rs i t y  of ptches. 

Discussion 

Our resuhs were indicative of the resource generaüom of mmy snnin-niammPf species. 

Although witbïn-dsnd vegetation was ahuays s@&ady  related to spscïes-specific 

s d - m u n m a l  abimdance, a relativtly bw amount of deviance was explaiaai (betwan 9 

and 32%; Table 5.1). 

Landscape context wa3 related to the distributions of two specks: C. gapperi a d  

N. insignis. Atîhough context was important, it was irva important at the largest radius 

of 500 m (Tabk 5.3). We b e h  tbit this is consistent with the suggestion of Krohne a d  

Burgin (1990) and Bowman et aL (2000b) tbat proccsses occur locdy to stnictute smAn- 

mammal populations m spea. Bowmiin et al. (2ûûûb) f o d  C. gqpen' and N. imi'is 

populations spatially autocomhted at scaks of 275 m or kss, depnding on the 

mscape* 



The negative reiatioarhip between C. goppen' and the amount of phntation 

accords with other studies that reâ-kked voles to k negatively related to forest 

manapeemnt indices Müls (1995) found western reù-backed voies (c cal~ornicu~) to be 

more abuadant m heriors than forest edges and shdarly, Sekgororoane and Worth  

(1995) found that C. gqperi arc most abundant in forest interiots conparrd to forest- 

clearcut edges Ahhough some stuâics bave not mdicated a mgatÎve aswckîkn betwccn 

red-backed voies a d  manageci fores& (e.g., Kirkhind 1990; Y-1992; Bayac a d  

Hobson 1998), Norme a d  Buskirit (1991) suggested tbat C. ge is an Pidiciitor of 

oid-growth cobditions in the Rocky Mountains bcçaus of a positiK rclationsbip wiih 

decadent coame woody debris. W e  also found a relationsbïp between reû-boicked voles 

and warse woody debris (Bo- et aL 1999; Bo- et al 2000a) and this niay 

explaiq in part, why voies w m  negatively-related to plantations. Ahhough young 

plantations might be suitable for voles (Parker 1989), m our study area plantations had 

received site pteparation (e.g., s a d h t b n  and herbicide) tbat rcmoved much of tk 

structure and forage. 

Woodlendjunpïngmicewaem>rrabuudantduringspriiigmlandscapcsMth 

softwood forest (Tabk 5.3). At a consMnsal scale, the d i s c n i n  of tbis species is 

relatexi to the distriadion of hembck spnia, and belsim fi (-id 19%4), a d  thm is 

a microhabii reiationsbip between softwood species a d  woodhî  jumping mice (e.g., 

Vickery 1981). 

Our data do not support studies tbat fiad a positive rebitioaship between &- 

mmxd species (partkulariy deer mice) and edge (Rosenberg and Rapbael1986; Bayne 

and Hobson 1995; Sekgorornane aad Diiworth 1995). Deer mice in our study were related 



to hardwood understory variables m both spring and fhll (TaMe 5.1). Hardwood shnibs are 

themselves ofien assofiated with edges, so an a 5 i t y  by deer mrC for sbnibby sites could 

be the basis for the apparent relationship between deer mke and cdge. 

The study demonstrated that in m e d  forest, fora d-niamnial v i e s  were 

significantiy reiated to bcal vegetatbn variabies, Two of the species demonstraîed weaic 

relationships to kdscapc oontext at spatial extcnls of 100 and 250 m IIigbüghiai wae 

the nsouice generaüsm of slnan mamumis a d  tbe rnbusîms of army sluin-mamami 

species m the ikc of intcILsive forcst manageniest. Furthei Jhdig shouki be csrried out to 

study d-backed vole popilstion drmtwe m tOrests pdora td  by sofhnood phtati011~. 
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Tabk 5.1. Rauhs ofgmmIiaad Imu moddr reiatiag vegctation vuiibks to auunmal 

abundances in northwestern New Brunswick- Varinblcs ut r H  m t s  and are listad in order of 

entry. Rehtimhips are signifïcant at: P < 0.001 (*), P < O 0  1 (cc), a P < 0.05 (+). AU 

relationships are positive. For ail tegressiom, N = 1 14. 

P. m. HarctWood s h b s  4 - 6 m 

Balsam fir stems 

N. i. Total saap 

Yellow birch sbnibs < 1 m 

Coarse wooây debris 

* C. g. = Clerhrionomys gapperi; P. m. = Peromyscus manidatus; B. b. = BImino btevicoudcl; 

and N. i = Nupaeou~plrr insignis 

** Viburnum alnifoliwn 



Table 5.2. Mean numbcr of individuah 95% COllfidcaa intena!) capturai by season in major 

stand types d u ~ g  a smaU-rnamrrml trappiog projcct in Mnthwesteni New B m w i c k  in 1997. The 

sarnpling design was systcr~tk, so some tmppiag @ds wae h f s ~ ~ t s d  by > 1 stand-type. T h e  

ïntersected samples were excludai ficm the summuy. 

C. g. = Clethrionomys gqperi; P. m. = Peromyscrrr mani&; B- b. = Biarim b r e v u  

and N. i. = Npeorrrplrs insignis. 



Table 5.3. Resuhs of GcncmLized Li- Models & h g  LnbPcripe COlhtext wirbks to mamnirl 

abundances in northwestmn New Brunswick. Mammal (respoirsc) variables ue abundances witb 

local vegetatioa trends tcmovd througb wgmsion. Rclationships arc significant at: P < 0.0 1 (- -) 

or P < 0.05 (+, -). Directioo ofrelationships is indicrtd by + or - si-. For all rcgressicms, N = 

114. 

-- - - -- -- - 

C. g. Plantation (250 m)*** 4.3 - Plantrticm (100 m)** 7.2 - - 
P. m. No significance No significance 

B. 6. No significance No si&aifiamx 

IV- i. Softwoud (100 m)** 4.8 ' (No uiafysis) 

C. g. = Clethrionomys gîappereri; P. m. = Peromyscs~i~ manidatus; B- b. = Bkàrina brevic4Ud4; 

and N. i- = Napeozcrplrs imignis. 

** Variable calculatal w i t h  a 1 Oem radius 

"* Variable cakulated within a 2 5 W  raâius 



Chapter 6 

The spatial component of variation in sd-mammal abundance at three 

d e s  

Abstract 

W e  studied d-rirsnaiial popilatiom m a  a range of qa?hi scaks to determine if 

populations exhi'bited splitial variabiliry tbat was M e p d m t  of the distrikdion of 

vegetation. Betwan 1996 aad 1999, systematk live-îrapping sutveys wm conducicd on 

wstedgridsatthrcescaies: (l)extent=49oOha, grah= lûûûm;(2)exte~1f=306ba, 

grain = 250 m; and (3) extent = 3 1 ha, grain = 125 m. The four most abundant species 

were CIethnommys gapperi, B B l o r ~  brevicaudo, Peromyssw manicuIatlrs, and 

Nupaeozaprrr iasïgnis. The m u n t  of variation in the sxdLnwnnrial maîrkcs e x & k d  

by spatial models was mverseiy proportionai to the sampling grain, wbile t h  emount of 

variation explamed by vegetation was coasistent across scaks. W e  suggest that ke-scale 

spatial structure occurs m snian-& populations - a rcsult of pn>cesscs occuniqg 

over short distaoces. 

Authorship: Jeff Bowman, Graham Forbes, and T h  Dilworth 



la trodactioe 

Spatial variabüity m popdation a t t n i c s  bas oAen ban relatai to variabk rcsource 

quaiity (e.g., enviromamtal controi, Whittaker 1956; ideal-îree k b h t  xlection; Fretweil 

and Lucas 1970). Howevcr, Quiun and Dunham (1983) suggested that patterns are o h  

caused by multiple &tors, kiuding verticai a d  horizontal processes such as pedation 

and cornpetition. For example. Krohne and B e  (1990) demonstrated demographic 

heterogeneity in Peromysscus l e w o p  witbia a forest tbat the authors perceived to be 

homogenous. fiohne and Burgin's (1990) study and others (Anderson 1970; Krohne and 

Baccus 1985; Cooke 1997) suggest tbat demographic structure which is independent of 

resource use can exist within populations. This structure reflects a level of organization, 

equivalent to a local or subpopulation (Krohne 1997; Goodwin and Fahrig 1998). 

The idea that populations can vary in space independentîy of the enviromnent is 

not new. In kt, it is impkit in many theoretical discussions of genetics and population 

reguiation m d mammals (e.g., Haa~ron 1977; Anderson 1980; Lidicker 1988). 

However, the scale over which such variabiiity occurs has been addressed infiequently by 

empiricists. Some suggest that d-nuunmal populations can exhibit spatial heterogeneity 

over relative& short distances of hundreds of metres (Krohne and Burgin 1990; Bowman 

et al. 2000). Krohne anâ Burgin (1 990) suggested that subpopulations (demographic 

units in their language) arise such that expbitabk variation iu population structure exists 

within the spatial domain of &perd. For example, Morris (1992) demnstrated a 

dispersal scale of 140 m for Peromysm maniculuttcs. 

The developrnent of spatial atlqhrfical techniques bas aiioweâ ecologists to mode1 

processes that vary in space (e.g., Legendre and Fortm 1989; Borcard et aL 1992; Rossi et 



al. 1992; Thomson a ai. 1996). Tbes techniques gcncdy involve thc description of 

spatial pattern. Panmis which bave structure (Le., thy arc mt tandom) can k considetcd 

syntheîic modek of undetiying spatiai prooases, such as disprsl or preûation (Legendre 

and Fortin 1989; Borcard a ai. 1992). As patterns bave a SC&, spatïai adytical 

techniques can a b  k used to detect the scale of the ULderiybg pmceses tha! spatial 

patterns rrpresent (Legendre and Fortin 1989). 

We tested the prediction that processes occurriag indepndentiy of  thc effects of 

resource variation contribute to the distriition and abundance of smaü mamxds. Our 

objectives were: (1) to assess whether d-m popufatio~s exhiWied spatial 

structure that was independent of the distribution of resources; and (2) to determinc the 

spatial d e ( s )  over which structure occumd The shdy was cMied out at three di&rent 

scales witbin a 4900-ha landscape, with o u .  finest grain smalla than Morris' (1992) 

dispersal scale. 

Materials and methods 

The study took place on the private industrial forest of Fraser Papm Inc., in the 

Appalachian forest of northwestem New Brunswick (47ON, 67OW). Upland sites were 

dominated by an overstory of sugar mapb (Acer sacchmuin), yekw birch (Behila 

olleghaniensis), and American bcech (Fagw grand~jloiia). Lowland sites were domiruited 

by black spnrce (Picea marianu). white spruce (Picea glmca), aad balsam fïr (Ables 

balsama). 

The overd study design was d e s c r i i  in d e t d  by Bowmm et al. (2000). The 

present study was camed out on a 4900-ha foresteci h d s q e  tbst was xmnageù with a 



low intensity for htest products (e.g., < 15% recent ckar cuts or softwood pkawioas). 

A set of nested grids was used to ssnpk the 4900-ba bdsmpc for SmPn nianimlp (Fig. 

3.1). The iargest grid bad a grain of 1000 m and a n  extent o f  4XlO ha (8 x 8; 64 points). 

Nested withinthe large grid wasasnallagridwithagcainof250 mand anextentof310 

ha (8 x 8; 64 points) and a third grid with a grain of 125 m md an extent of 3 1 ha (5 x 6; 

30 pomts). A total of 141 sampk pomts were spread systexmtbüy ecloss the hdscapc 

within these grids. At each poiut an array of 5 Victor T M  muitpleuqture lk traps 

(Woodstrram Corp., Lit& PA. USA) was used to sample snd-ma& pop&tiom 

Fig. 3.1 inset). Traps were placed at pomt centre and 35-m h m  the centre on each 

compass ordinal; each trap was placed in a 'most Wreiy nmway' position. Traps w m  

prebaited for three days with oats and sunfiower hearts a d  then set for four consesutive 

nights. The trapping protocol was carried out twke per aanum in spring (May - June) and 

autumn (August - September) beginniug in autuum 1996 untii sphg 1999. The numbet of 

sampling points precluded us from trapping aii the points simultaneousiy. Trapping on the 

iargest grids (1 000-m grain) spanneâ three seven-day periods, while the smaller grids were 

trapped withm one or two periods and we assurned a negligiile temporal drift m the 

samples. Captured animals were weighed, identified to m i e s  and gender, checked for 

reproductive condition, marked with a 1-g monel ear tag (Nationai Band and Tag Co., 

Newport, KA, USA) Md released. Our protocol was approveü by the University of New 

Brunswick Animal Care Committee. 

Vegetation characteristics were ssmpled ai each point using three 10- by 20-m 

quadrats. One quadrat was pkced at the centre of  the plot ( o e t  5 m to the West to avoid 

the effects of observer trifnc at the pomt). Two o t k  quahts were placed 75-m h m  the 



centre at two of tbe n>lbwiilg positions (sckcted randomîy): mrth, southwcst, southW. 

Within each quadrat, trees 2 8 cm in diameter-at-hast-height @BH) wcre counted, 

identifid to species, and meagimd for DBH d decay c h  (1 = hcahhy live ~EC, 9 = 

decayed snunp; Maser et al. 1979). Stems < 8 cm DBH were considered understoy. 

Understory plants were subsampled on a 10- by 2-m transect w i t h  the quadrats. AU 

woody understory stems were identined to spccics end stratified by height: 0.5 - 1 m, 1 - 2 

m, 2 - 4 m, 4 - 6 m, and > 6 m The ground layer (leaflittcr, herbs, bare groumi, 

bryophytes, lichens, and gramimids) m eech quaârat was masured by subjectiveiy 

assigning a value h m  O to 5 (O = absent, 5 = very abundant). Coarse woody debris was 

mea~u~ed dong the two, 20-m edges of each quadrat. Logs >: 8 cm diameter (mid-bg) 

were tallied and measured for diameter, species (where possiôle), and decay class (1 = 

sound, 5 = hi& decayed; Maser et al. 1979). Vegetation surveys at each point w m  

cornpleted during Juiy and August of 1997. 

Patterns of varkbiiity in abundance of d mammais werc used as an index to 

demographic variabiiity (Krohne and Burgin 1990; Bowman et al. 2000). S d - M  

data were CO-, so abundances were square-root transford prior to paramtric 

anaiysis. Matrices of d - 4  abundance were related to vegetation and spatial 

location in direct gradient anaiyses ushg camnicai correspondence (CC& ter Braak 

1986). We used the method of partial coastrained ordination (Borcard et ai. 1992) to 

partition variance in the small-nisnmial matrices hto four parts: (1) variation &ted to 

vegetation and independent of eny spatial effits; (2) variation related to space and 

independent of any vegetation effects; (3) variation dated to both spatial and vegetation 

effects (i-e., shared variance); a d  (4) unexplained variation A set of 20 vegetation 



variabks was devekped by eximiiaiqg a wmhtion matrix of vsriaMes and subjectiveiy 

eliminating one variabk wimc r > 0.6. Spatial stn#:ture was esthted ushg a set of two- 

dimeasiod geographical coordmates in a CU& potynomial (Borcard et ai. 1992): 

Z = ~ I X + ~ Y + N + ~ X ' + ~ ~ Y ' + ~ ~ X ~ Y + ~ J C Y ' + ~ & + ~ Y ~  (1) 

where Z is spatial variation i~ d-nismmal abundimce, X is bagitude and Y is latitude m 

Cartesian CO-ordinates. T k  cubic poîynod was used kcause it has some abiiity to 

model non-Iinearities. Our decision to use more vegetation variables than spatial variables 

was conservative: b i i  rrsulting h m  bnequal ~wmbers of variables wouki have 

underestmiated the spathi, rather tban the vegetation, component. 

Partial coistrained ordination was camed out using CANOCO (ter Braak 1988). 

For each d - m s n m i a l  matrix, the op- vegetation model was detemiined ushg the 

forward selection procedure avaiiable m CANOCO. Spatial models were determined in the 

same way. Partial ordiriritinns were carried out by removing effects of the spatial model 

fiom the vegetation modei, and vice-versa Sisnifiuace of models was assesseci ushg 

Monte-Carlo permutation tests with p < 0.05. 

Resu Its 

During 16320 trapnights, the mst abundant species were CIethrionomys gappen' (9.40 

captures per 100 tn), BImt*na brevicauda (7.89 captures per 100 tn), Peromysnrs 

manicufatus (7.66 captures per 100 tn), a d  Nclpaeowp insignis (2.78 captures per 100 

tn) (Table 6.1). These four, abundant species were iIiciudeà in the ordination eoalyses, 

with the exceptions of P. mcmicuJutus h m  autunm 19% and Al insignis h m  autuma 

1997 due to insufficient abundance those seasons. 



In each auhmn tbaî we sampkd, vegctation modeb cxplained a signübnt m u n t  

of variation in the small-mannial spccies mvix at evcq spatial scak (Tabk 6.2). 

However, the spatial modcls wae only signincant at the 125-m a d  250-m grains, aad 

never at the 1000-m grain. T h  was ünk variation m d-m abunchcc that was 

shared by both the vcgetation and spatial models (Table 6.4). No models bst significanx 

during jwtial ordinations. 

The spring data revealed rcsutts that were very smiüat to resuits h m  the autwm. 

Vegetation modeis explamed a significant m u n t  of variation in the small-msminil 

species matrix with the exception of the 1000-m grain during spring 1997 (Table 6.3). 

Spatial models nom spring analyses were always significaat at the 125-m grain, but ooly 

signiscant durhg spring 1999 at the 250-m grah Spatial modeîs were mver signifiant in 

spring at the 1000-m grain (Tabk 6.3). Again, as in the autumn, no models lost 

signiscance during the partial ordinations, ind'katmg tbet iittle of the variation in the srnail- 

rnammal matrices was sbared by both the vegetation and spatial matrices (Table 6.4). 

Regardless of season or sde, vegetation explained more variance in the smaii- 

manrmal matrices than either the spatial or the sbsred (spatial-vegetation) components 

(Table 6.4; Fig. 6.1). The 95% confidence mtervais for the mean amount of variation in 

s m a l l - m a d  matrices explained by vegetation overhpped across the three scaks (Tabk 

6.4). The spatial modeIs expned mon vsriance et the 125-m grain than either of the 

coarser graias (Table 6.4; Fig. 6.1). 



Discussion 

SW-manmmil populations in our shrdy exhi'b'ied spatial d b ' i  tht was indepndcnt 

of the distn'bution of vegetatbn. Spatial structure was mst importcmi at our finest 

samplllig grain of 125 m (Fi. 6.1). These resuits aie consistenî with the notion tbat sub 

population structure occurs Wahin the spatial domein of dispaslil (Krohne and BUrgm 

1990). For example. mean iong-distance movements d e  by species in the present shdy 

ranged fkom 224 m (C. gapperii to 370 m (P. inmiculalirs) (Bowxnan a ai. submitted). A 

time series of the spatid patterns of red-backed voie abundance reveals that while the 

scale of spatial structure was consistent, the actual patterns wm, taaporaily, re-kabiy 

dynamic. For example, the= was m t  one site within the 125-m grain sampliag grid that 

was consistent& occupied by dbacked  voles (Fig. 6.2). The îhe-scak structure that we 

okrved suggests that vertical and horizontai proçesses. such as preùation and 

cornpetition, can act ovex a short distance to cmte spatial structure withm yxd-mamnial 

populations (Krohne and Bwgh 1990; Bowman et ai. 2000). 

While the amount of variation m the d-nmuinnal matrices explaiwd by the 

spatial models was inverseiy proportionai to sampiing g- îhe amount of variation 

eqlained by vegetation was consistent across scales (Table 6.4, Fig. 6.1). In other words, 

the portion of population structure that we attnite to resource-use was constistent 

across scales. ?nis suggests a b a r  transfer of the resounu-use component across the 

scales that we sampkd (Wiens et ai. 1993; Keit et al. 1994). However, the vegetation 

variables contri'buting to models were m t  consistent across scales. We think that t h  was 

a consequeme of the restricted range p r o b h  - vegetation diversity Mvitably UK:reased 

with grid size (e-g.. Stoblgrcn a al 1997). 



At each of the spatial scaks wc sampkd, there was a large amount of uœxp,leined 

variation m tht small-nienmial matrks (Fig. 6.1). Sornc of this nugget variation niay bave 

r d e d  fiom Wequate samphg of small-mammaî, vegetation, and spatial metrioes. For 

exampie, the spatial nia& was mastraincd to a cubii poiynomial. However, we think tbat 

much of  the umxplained variation can be attrihted to the resource geacralism of th 

d - m a n m i a l  species in our shidy (e.g., Grant 1976; Kozakjewicz 1995; Morris 19%). 

The four speck in this shdy are ail wideranghg, and exhi'bit a variety of habitat 

associations across their ranges (Diîworth 1984). Another possible source of variation was 

landscape context (Tumer 1989), although Bowman a aL <m press) demonstrated tbat 

context is wt an important iàctor for d-d  populations within this foresteci study 

area. 
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Table 6.1. Reiative atnmdPace (caphirrs/lûû trap nights) of four d-m species 

captured fiorn 19% to 1999 m mrthwtstm New Brunswick, Canada 

brevicauda; and N. i. = Napaeozap insigis 



Table 6.2. Rcsults of cuioaicrl concspondcncc uvllysis (CCA) of rutumn srnaIl- 

mamrnal distributions (1 996 1998) in lKUthwestern New Brunswick. SrnaIl-munmal 

comrnunity ineluded Clethrionoonrys gappri, Peromysw m m i d a t d .  BIarina 

brevicada, and N o p e o z a r  insipisB. Variables are listed  JI orda of nbiy into modeis. U n k s  

o m i s e  indicated, vegetatiori vaciabks ue coullts. NS indicates p > 0.05. 

125 96 - (NA) - (NA) œ 

97 30 Mean daay class oflogs 3.58** XY 2.56* 

Betula alleghaniensis sbnibs 

98 30 Al1 coarst woody debris 3.60" y2 5.06** 

Al1 stems 

250 96 64 Picea spp. stems 3 -43 ** XY2 3-48.. 

Acer sacchorum shrubs 

AI1 snap 

97 64 Al1 coarse woody &ris 

Mean decay class of logs 

98 64 Ali snags 

Al1 coarse woody debris 

Mean decay class of l o p  

Logsdecayclass5 

Table 6.2 continued ova 



Table 6.2 continucd 

Grain (m) Year N Vegctrtioa mode1 FE Spatial mode1 F * - ~  

1OOO 96 61 Acer sacchotlpn s t e m  5.50*+ - NS 

Fagus grand@iofia shrubs 

HafdwOOd shnibs 

Vibranaun alnifoiium shnibs 

Al1 snags 

97 59 Picea spp. stems 

AU stems 

Logs decay class 2 

Sofhvood shrubs 

98 60 Sofhuood shnibs 2.46* 

Abies bolsamea stems 

A) P. mmicuIutus was not included in auturnn 19% models due to low abwidance 

B) N. insignis was not included in autumn 1997 models due to low abundance 

C) Vegetation mode1 

D) Spatial mode1 

E) Monte-Carlo permutation test; p < 0.05; ** p < 0.0 1 



Table 6.3. Rsults of d c a l  comspondaice anilysis (CCA) of sprhg small-rnammal 

distributions (1 997-1999) in northwestcru New Brunswick SmalE-in8mmal community includod 

Clethrionomys guppri, Peromyscur maniculatus, Blmina b r e v i d ,  and Napaeozap 

insipis. Variables are listai in or& of enûy Uito modeis. Unkss othcmise indicateû, vcgctatioii 

variables are counts. NS MiCstes p > 0.05. 

Grain(m) Year N Vcgctationmodel F~' Spatial mode1 F~' 

Abies bakcunea stems 4-40" XY 4.49- 

Acer saccharwn stems 

Acer sacchanun shrubs 

Ber da  dleghaniensis shmbs 

softwood shnibs 

Al1 stems 

LW decay clas; 4 3.09~ Y 

Befula aileghaniensis stems 

H a r d w d  shrubs 2.72** - 
Ali sterns 

deZay class 3 

Acer sacchanun shnibs 

Tabk 6.3 continued over 



Table 6.3 continued 

--- 

Grain (m) Year N Vtgetation modtl F~~ SptiaLmOdd F~~ 

250 98 64 Allstcms 4.11** - NS 

Acer saccham stems 

99 64 Logsdecaychss 1 

Logs dacay class 5 

Mean log d m e r  

IO00 97 56 - 
98 62 Ali herbs 

Mean log diameter 

Picea spp. s t e m  

Al1 stems 

Al1 shruôs 

99 55 S o A w d  shrubs 

Abies baisamea stems 

A) Vegetation model 

B) Spatial model 

C) Monte-Carlo permutation test; p < 0.05; ** p < 0.0 1 



Table 6.4. Results of partPl cocrstniaed ordination (cuioirical corrospacdaice) c.qrcsssd as 

variance in small-mimmal distributions explrinad (96) by: vegctation (widi sprtirl cffects 

removed), spatial ewrdinatcs (wiîh vcgetatkm removed), and a s b v d  spatial - vtgctotioa 

component. Srnali-manmirl community includad Clethrionomys gqperi, Peromyscw 

nioniculntd, Bhrinur brevicau&, uid Nqpaeosqpvp insi@&. 

Matrix Grain (m) % 97 98 97 98 99 95% C- L~ 
- - 

Vegetation 1 25 

250 

1OOO 

S pace 125 

250 

1OOO 

Shared 125 

250 

Io00 

A) P. maniculutus was not included in autumn 1996 mOdeIs due to low abundance 

B) N. insignls was not included in autumn 1997 modtls due to low abuadance 

C) Mean _+ 95% confidencc interval 



Fig. 6.1. Variance in the abrmdence of srnail nrunmala in a forest landscape amibueci to: 

(1 ) an unexplaineci component; (2) a spatial component (with vegetation effécts removed); 

(3) a shared spatial - vegetation wmponent; and (4) a vegetation component (with spetiai 

effects removed). Amounts are mcaas of sampk taken during sprbg and auhuni (19%- 

1999). Standard errors are indicated by error bars. Saniplhg was camed out at three 

spatial d e s  (grains = 125 m, 250 4 and 1ûûû m). 



Unexplained 
Spatial 
Shared 
Vegetation 

Grain (m) 



Fig. 6.2. Interpolateci gray-scaie meps for the abundance of Clethrionomys gapperi 

duringfive consecutive trapping sessions m New Brunswick, Canada Sampies were taken 

on a 3 1 ha grid (5 x 6; 125-m grain) during: (A) spring 1997; (B) autunm 1997; (C) sprhg 

1998; (D) autuoni 1998; and (E) sprjng 1999. Abundances range fiom O (white) to 12 

(black) per survey point. 





Chapter 7 

S ynthesis 

This dissertation demortstratecl thst s n d - b  populations in mrthwestern New 

Brunswick exhibitecl structure withh the spatial domain of dispersal, Abimdences were 

autocorrelateci over distances of between 133 and 533 m depeadmg on the specks and the 

landscape (Chapter 3). Some of this s p a t l  structure occurred mdependently of the 

cikitniution of resources (Cbapter 6). The mean straight-iine distances mved by anenals 

between samphg points were: 224 m (CIethn'onomys gapprr); 225 m (Nqpaeomps 

insignis); and 370 m (Peronryscw maniculattu) (Chapter 4). The abundances of two 

species (C. gapperi anà A? imignis) were related to landscape context variables at extents 

of 250 m or less (Chapter 5). 

The r d s  suggest tbat there is a kvel of o r g h t i o n  in smali-mammal 

populations within a 133 - 533 m spatial d o d  Theoreticiaas bave referred to such a 

level as a demographic unit, a subpopulation, a deme, or a local population (Lidicker 

1975; Krohne 1997). My h i i n g s  are consistent with Krohne and Burgin's (1990) report 

of demographic heterogeneity m a population of Peronrysczcs leucopus within a 3-ha 

trapping grid. Krohne and Burgin (1990) speculated thst processes act bcaiiy to create 

variation, and dispersers exploit that variation. Thus, variation e&s wahin the spatial 

domah of dispersal, 

A number of processes could create spatial structure that e&s independently of 

the distniution of resources. These inchde vertical processes, such as piedation, and 

horizontal processes, such as cornpetition (Quinn and D u n h  1983). For example, a 

weasel (Mustela eminea) wuld extinguish a local population of red-kked voles, C. 



gapperi, wide ka* a neighbouing vole population (in otherwise equivalent vegetation) 

to perskt (Debmt and M d  1983). Such an event would create variation within vole 

populations over short diciances. 

A time series of the spatial patterns of srnail-riÿunmal abundance reveak that while 

the scale of spatial structure was consistent, the actuai patterns were, tmiporaUy, 

remarkabiy dynamic (Fig. 6.2). Thus, 1 envision a sccnario wheteby the processes are 

dynamic m tirne as weii as in space. A site thaî is "good babiin one year is aot necessariiy 

good the next year. W-1 home ranges SM over k, thus the e f f i  of pradation shüt 

(Debrot and Merrnod 1983). For exarnple, there was mt OIE site withm the 125-m grab 

smpiing grid that was consisteatiy occupied by rad-backed voks (Fig. 6.2). Temporal and 

spatial patterns of abundace fluctuate within a range of naturai variabiity. 

The notion of a kvel of o r g h t i o n  in saall-maunnal populations wiihin a 133 - 
53 3 m spatial domain has .implications for censusing small ammais. Although small, the 

size of subpopulations within my shidy were generaUy farger tban trappmg grids 

tmditionally used in smaii-mammril research (Le., < 2 ha; Chaptei 2). Whik the sale of 

spatial structure in smali-mammal populations likely varies across regions, these resuits 

reinforce the idea that populations are not distributad putely through environmental 

controL Subtle variations in d - m a &  demographics obodd be encompassed by 

trapping regimes, anâ researchers shouid recognize tbat siogle subpopulatioos might be 

controiled by different processes (Lidicker 1988; K r o b  and Burgin 1990). AU of tbir 

argues for pilot studies pRor to sd-maromai research projects in areas where spatial 

population parameters are not kmwn. 



This dissertation has m t  deait expkitiy with thc possibiüity of regionai popdation 

dynamics. Whik thm is no evidcnce that s d  msmmels m New Brunswick exbiibit such 

large-de fluctuations, sniall mananai+ in other regions certarmy do (Stem et el. 1996; 

papers in Krebs 1997; Ranta et ai. 1997). The kind of fine-scak spatiai stmctwe tbat 1 

detected (i.e., local dynamics) could occur in the presence of lerger-scale strudme (i.e., 

regional dynamics) as a nested h iemhy  of population dynaniics (Utban et al. 1987; 

Goodwin and Fahrig 1998). It would be interesting to test whether populations that are 

known to e x h i  regional dynamics also exbibit spatial structure at finer sades, ad vice- 

versa. 

One of the objectives of the dissertation, to masure any discemile relationship 

between forest management and the spatial structure of small-niammal popuhtions, was 

or@ partially achieved. The project was desigaed with an experimental West in mind, 

and pst-harvest sampling tbat has yet ta be completed. It is clear that mail mammak 

fluctuate in time and in space within a range of var ïabi i .  A .  mis of the e E i  of 

forest management shouid test whether management creates fluctuations that are outside 

of that range, and this was not accomplished. However, 1 have demonstrated that red- 

backed voles were the species that most obviously responded in a negative way to forest 

management. Vole abuadanas w m  negativeîy related to landscapes that were dominated 

by softwood plantations (Cbapter S), and in such an intens~eiy managecl wntext, voie 

disttiiutions were coincident with decayed coarse woody debris (Appenda 2). 

Management prescriptions that teduce structure m vegetaîbn and w d y  debris are not 

good for red-ôacked voles. The fine scale of 1 0 4  population dynamics tbat 1 detected 

suggests tbat d manmals shouid be somewhat r o b  to forest mamgenmt, and 



indeed this seemed to bt the case (Chapter 5). Such bcal dynamics, by definition, do not 

require a lot of space. For exampk, d bu&r sûips were large enough to contain bcal 

populations of red-backed voks (e.g., Bowman et al 1999; Cbapter 3). Provided that 

forest remnaats, like M e r  strïps, are cormected to larger source areas, small mannaals 

should remain extant in badscapcs that are umaged at reasonable Ieveis of intensity. 

However, this question rnerits furt&r research. In Appendix 1.1 bave inciuded more 

forest m e m e n t  consideratioas. 
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Appendix 1 

Preliminary forest management considerations 

In t d u c t i o n  

The Sustainable Forest Management Network (NCE) project, of whrh my dissertation is 

a part, is just beginning to fulfill as potentiai as regards the study of forest management 

effects on wildüfe. The NCE project was designed with the mtention of an experimental 

&est after the initiai sampling. In effect, my dissertation represents the initial saniplhg 

of the sd-mamnral component. A greater understanding of the effkcts of forest 

management on smaii manmials could be achieved with fiiture resampling of the study 

areas. The reference study area (Haky Brook) is currently king hantested, so füture 

sampling could yield information on short- and long-term responses to a variety of 

harvesting activities. Resampling the intensïveiy maiiaged study area (Big Cedar) in the 

future could provide ïnsight into the long-term respoases of Small-mammals to plantations 

(Le., What happens to the structure of plantations as they age?). 

Regardless of firture work, th .  current project bas yielded some interesting points. 

We demonstrated that s d - m  populations exhibit spatial dynamics over a reiatively 

s d  atea (e.g., 1 33-533 m; Chapter 3). The fine spatial sa l e  of dyuamks suggests that 

srnail mammals should be sornewhat robust to forest management, and indeed this seemed 

to be the case (Chapter 5). Such local dynamks, by definition, do not require a lot of 

space. For example, sxmîl M e r  strips were krge emugh to contain local populations of 

srnaii d (e.g., Cbapter 3). Only red-backed voles, Clethrionomys gapperi, were 

negatively-related to a forest-management index (the amount of plantation within a 250-m 



radius of the samphg point; Bowman a al. in press; -ter 5). Nom of tbe s d i  

mamnials that 1 studied could be considercd an mdicator of mature &test conditions: aii 

were abuadant in a variety of cover types bhlding recent ckaK:uts (Bo- et aL in 

press; Chapter 5). 1 have detaikd a few considerations below. 

Coarse w d y  debris 

Several studies indicate tbat s m d  nmmds  (and red-bked voles m particulrr) use 

coarse woody debris (Cm) exteusiveiy for foraging, travebg, and msthg (e.g., UR 

and Maser 1982; Nordyke and Buskjrk 1991). Io the inteasively maaaged Fraser sady 

area (Big Cedar), we found that red-backed voies wen more abuodant in stands with 

decayed CWD (Bo- et aL 2000; Appeadiic 2). The intensive@ maaaged hndscape had 

0.76 decayed logskample plot, while the mference area (Haky Brook) had 3.06 decayed 

logdsample plot (Bowman a al. in press b; Appendix 2). We suggest that voles were 

possibly limited by the amount of CWD on the mtensively mmïged landscape. Intensive- 

forest management often renilts in a loss of CWD, in part as a r e d  of site preption 

techniques and this seems to be the case in the Big Cedar area Co- woody debris is an 

important structural feature to retain for s d  rmmds.  

Plantations 

The current Woung) age ciasses of softwood plantations are not suitable habitat for mi- 

backed voles or woodland jumping mice, Nopoe0ap.s insignis (Bowman et ai. in press; 

Chapter 5). This is in contrast to natudty-regenerated sites which are used fkquentîy by 

both species (Bowman et aL in press a; Cbapter 5). It seems that there are two main 



reasons why plantations arc mt suitable: (1) mcchanjcal site pmparation of plntatiom 

reduces coane woody debris (see above); and (2) the even age structure means tbat as 

plantation canopies cbse, growth of ground-layer vegetation ïs limited (Parlrer 1989). 

Ground-layer vegetation provides d-m with forage and cowt. As there were 

no mature plantations w i t h  Fraser's freehold to sampk during our study, only time can 

teii whether the s @ W  ~tnrtiae of plantations will change with hnasing age. This is 

a strong argument for future resampiing. For now, the data suggests tbat plantations 

should be used with caution, and that structure within plantations (e.g., CWD) should be 

aiaximized. 

Rare species 

Species which were too rare to be deait with quantitatively were not adequately 

considered in this dissertation. Six species o c c d  in the study areas at such low 

population densities: (1) the meadow vole, Microtus pennsyIvanim; (2) tbe meadow 

jumping mouse, &pus huabonius; (3) the rock vole, Microtus chroton-hinus; (4) the 

southem bop lemming, S'aptomys cooperi; (5) the arctic shrew, Sorex arcticw; and (6) 

the Gaspé shrew, &rex gaspemis. Two of these, the meadow voie and the meadow 

jumping mouse are primarily early-successional species (Dilworth 1984), suggesting that 

they are not iikeiy at risk fiom forest management. The other four species use mature 

forests to a greater extent. These forest-using species could be at risk âom forest 

management without our lmowledge because of theù natudly low densities in the area. 

For example, we never caught a rock vole m the mtensiveiy nianageci Big Ce& are% 

although we captureà several in the reference area The shrew is of  particular 



concem because it bas the most rcstricted range of thcsc rare spcies a d  has been listed 

as Milnerable (COSEWIC 1997). 
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The association of smaii nvunmals d coarse woody debris at log and stand 
scales 

Abstract 

Couse woody debris is an miportant structurai ekmnt in forrsts. We ernpiricaüy 

investigated the relationsbqis between s u d  niamnÿilr and coarse woody debris decay 

stage at two diBiirent individual logs and forest stands. Tbm were no sigaificant 

relationships between srmU nrennialr and iadividuai logs of diffierent decay classes. W e  

investigated the stand scak ushg areas with wntrasting management intensities (a 

reference area anci a mon intensively manageci area). No significant relatiomhips wen 

found between small mammsl abundance (any species) d either man decay c l a s  of logs 

in a stand, or o v e d  abuadaace of bgs. There was evidence of a lendscape context effict. 

Red-backed voles, the most abundant microthe m the region, were significantly related to 

the abundance of the most decayed logs. This relationship was only signiscmt on the 

intensively managed îandscape, where highty decayed logs were rare. 

Authorship: Jeff Bowman, Darren Skep, Mark Edwards, and Graham Forbes 

Pubüshed m Forest Ecology and Management, 129: 1 19-124,2000 



Introductioa 

niere is a growing awarenas that it is critical to retain coarpc woody debris (CWD) in 

nianaged forests as baW for niany opcies of a n i d ,  inchaihg d maniinals (Hamu>n 

et al. 1986; Freeàman et ai. 1996). A nrmikr of studies have enipaically explored the 

reiationship between 4 m a d  and CWD, most often rit a microhabitat scaie. 

Several mies ,  aich as Clethnonomys gupperi, C. califomi~tli~, Perowzyscus 

rnaniculatus, P. leucopus, and Microtuspinetorum use d o 4  logs and shimps for 

travelling, foraging, and ms& (e.g., MiUer and Getz 1977; Hayes anci Cross 1987; 

Graves et al. 1988; P h  and Kitkiand 199î; Taiimon and Miils 1994; and McMillan and 

Kadimin 1995; but see Bany et aL 1990, Miils 1995). 

While the distribution of woody debris b Unportant for small ummmak, it may be 

the decay stage of the CWD tbat determines its use. Maser et ai. (1979), Ure and Miser 

(1982), and Maser and Trappe (1984) have ail indicated that there is an important 

relationship between Nagi decayed CWD, and mycophagous 4 mammals. Logs in an 

advanced stage of decay might provide microenWonmnts for small mammak to forage 

and nest (sensu Freedman et ai. 1996). However, studies are few and results are not 

conclusive. For example, T a h n  and Müls (1 994) found that C. eaIijiomi~t~~ are 

associated with decayed logs, but Hayes and Cross (1987), slso studying C. cal~~rnicsls, 

found no relationsbip with decayeâ logs. Gderson (1 959) dernonstrateci a positive 

association between roning shuiips and C. gapperi. Nordyke and Buskirk (1 991) 

developed a predictive mode1 diredy relathg bg decay and C. gclpperi abundance: 4% 

of variation m vole abunciance is explained by the stage of log decay. Their shdy was at 



the forest stand scak, and did not address whether voles were actualy associated with 

decayed iogs within the stands. 

We studieà the tbelationship ktween decay stage of coarse woody debris and its 

use by sniall inamnialS. Use was assessed at twr, scales: ( 1 )  individuai logs; aod (2) forest 

stands. We predicted that 4 brest mammals would k closely associatcd with logs that 

were in an advanced stage of decay, as decadent kgs sbouki be good substrates for 

nesting, travelling, and foraging. We expected positive relationships between kg decay 

and &-mammal abundance at both log and stand sales. 

Materials and methods 

The study took place on the Private Indudrial forest of Fraser Papers Iac., in the 

Appaiachian forest of noithwestern New Brunswick (47O22'N, 67°îS'W). Upland sites 

were dominated by an overstory of sugar niapk (Acer sacchmun), yebw birch (Betda 

allegheniensis), and American beech (Fagus grand~jlolia). Lowland sites were domùlated 

by black spmce (Picea mariana), white spruce (Picea glouca), and balsam fir (Abies 

balsamea). 

Individual Logs 

Using apriori knowledge of the snall mamnmil community gamed during a concurrent 

study (Bowman et ai. 1999), we siected tbree mature conifèrous forest stands (primarüy 

spnice and ik) with similar d m d  communities. Selected stands occurred in a 

forest with low nianagement intensity (< 15% recent plantations or clearcuts). Stand 

variablity was rnmmmed . o .  

by selating stands of e q d  age, tree species composition, 

location relative to drainage, and CWD distnition. in each of the three stands îine 



transects were conducteâ to select bgs for smell aiamnal ~ainpüqg. Selected bgs mt the 

foUowing requirrments: (1) > 10 m h m  adjacent kg; (2) > 3 m m kngih; and (3) > 20 

cm in diameter. We selected fhe bgs in each stad h m  each of the five Maser scak 

decay ciasses (1 = sounâ, 5 = higbly decayed., Maser et al. 1979). This approach lefi 25 

logs around a centrai point in eseh stand, each kg a minimum of 10 m fiom an adjacent 

log. Seventy-fie logs were sampied over three stands. 

The smaii mammai abundence at each Log was sampieà with a Sbemuui h e  trap. 

Traps were placed akmg the side of the log, in the 'rnost Bely runway'. Traps were 

prebaited for three ùays with a mixture of oats and sunflower hearts. W e  conducted two 

trapping sessions, on 17 July and 1 August 1998. Traps were set for fïve consecutive days, 

and checked each moming and evening. Captures were weighed, identined as to sex and 

reproductive condition, m k e d  with a 1-g monel ear tag (National B a d  a d  Tag Co., 

Newport, KA, OSA), and released at the same site. 

We report trapping success for the log-sde shidy as nurnber of capturedl00 trap 

nights. The data did not appear normaîly distributed, so we analyzed for di&rences in 

d-mamrnal  captures per log class using nonpammtric Kruskall-Wallis anaiysis of 

variance. We only used d mammai species in -sis if the species was captured at a 

rate > 1 .O capture per 100 trap nights. 

Forest Stands 

We selected stands using a stratined systematic approach. We first sekcted two different 

study areas: (1) a refemnce with relativeiy kw management intensity (recent 

clearcuts a d  plantations < 15% of the landsape); and (2) an intensively mmaged area, 

where clearcuts, and softwood plantations covered > 5W of the landscape. Note tbat the 



log-scale study took plaa withïn the reférmce cuca Tbes two areas represcnt opposites 

in the continuum of management intensity. Both arcas wac 4900 ha m extent. We placed 

sampk points 1 km apart, m a square (8 x 8) griâ: tberefôre, we bad two square grids 

(reference and maaaged) each with 64 systematic sample points. In practice though, som 

points had missing data and for this mis we had N = 115 difkrent forest stands, 

representing a variety of stand types. 

At each point we sampkd coarse w d y  debris in six 20-m transects. Two paàed 

transects were locateû at pomt centre, whïle two other transeçts were hxated 70-m north 

and two were located 70-m south of the center. AU logs > 8 cm in diamter and 1 m in 

length that crossed a ttansect were tallied. DifKerent minimum âiameters for CWD at the 

log and stand d e s  were chosen (8 cm vs 20 cm); we wanted to characterize all the logs 

in the stand, and so we were more inclusive at this scale. There was no intention to 

quantitatively compare r e d s  fiom the two scales, so this dflerence shodd not be an 

issue. Logs were identified to species (where possible), and assigned a Maser-scale decay 

class. Logs fkom all six transects were summed fiom each sample point for statistical 

malysis. 

We sampled the stands for d mammals from 10 May to 10 June, and fiom 15 

August to 15 September 1997. Five Victor T h  Cat repeathg live traps (Woodstream 

Corp., Lititz, PA, USA) were used to survey each stand. ûne trap was p h d  at point 

center, and four other traps were placed in the cardinal directions at 35 m h m  center. AU 

traps were piaced m 'rnost Wteiy runway' positions. AU traps were prebaited for three days 

with oats and sunflower hearts. Traps were then set for four consecutive nights. Hamihg 

protocol was the same as at the bg scale. The numôer of forest stands prechded us h m  



trapping aii tbe stations at once, so instead m prebaited a d  trapped di 1 15 stands withiu 

a four-week period. 

Trappiog success at the stand level was e x p d  as nlmikr of indiduais per 

stand, considered a minimum esthte  of abundence in each stand. Again, data did mt 

appear wrmaily distn'buted, so we p d e d  with non-- anatysis. Spcammui 

rank correlations were used to explore the relationships between CWD variables a d  d 

mammal abundance. W e  only used d niammal species m adysh ifthe species was 

captured at a rate > 1.0 individual per 100 trap aights. We conducteâ analyses on tk 

reference and manageci landscapes separately, and on the combmed sample. 

Results 

Individual Logs 

A total of 741 trap nights at the log scak resuhed m 142 captures of six species (Table 

A2.1). No signiscant relatiooships between any species of small nnund and the decay 

class of logs where they were captured were evident (Fig. A2.1). Further, there was no 

relationship between the total capture success of all species and log decay c h  (Fia. 

AS. 1). 

Forest Stands 

A total of 5 120 trap nights at the s t d  scale resuited in 1500 captures of 1015 iadMduals 

fiom eight species pable A2.1). Spearrnan correlations demonstrated that there was no 

relationship between tk mean decay class of logs h m  1 15 different stands, and the 

number of individuais cap& in those staads. Thip was consistent for ail species and 

regardless of season or study landscape (Table A2.2; Fig. A2.2). Figure A2.2 is 



represmtative of out resuits for the correlation of d manmai akudure a d  

decay class. For snipücity, we pmsent O& rcsultr in Table A22 h m  our e i s  of the 

combineci study lanrlpaurp. Tbe refmnce and managed landscapes were also Pnalyzed 

separateiy, demonstratiag no signiocant relationships. Usmg the same statistical epproach, 

we detected no relationship ktween the abindance of CWD and the number of 

individuais captured m a stand (Table A2.2). 

We also assesseci whether relationships existed between 4 mrunmnl species and 

the abundance of particular decay classes. Chdy clas 5 logs (the most decayed) were 

signifïcantly related to smali mRmmal abundanee, and so on& class 5 logs wiii be àiscussed 

fùrther here. When we considered the landscape wntext, we detected a positive 

relationship between the abundance of class 5 logs and the number of red-backed voles 

captured. On the întensiveiy managed landscape, voles were significantly correlated with 

ciass 5 logs both in spring (r, = 0.51, N = 58, P < 0.001) and fàil (r, = 0.40, N = 58, P < 

0.01). The relationship was not s i p i f k a n t  on the reference landscape in spring (r, = -0.07, 

N = 57, P > 0.05) or fidl (rs = 0.04, N = 57, P > 0.05). 

Discussion 

We detected no relationship between the decay stage o f  logs and the use of ù d ~ d u a i  bgs  

by s d  m a d .  Thus, our work supports the conclusion of Hayes ami Cross (1991) 

who iïnd no relationship between smali manniial activîty at individuai logs and log decay, 

using two classes of logs @ard vs sofi). Ahbough we found tbat logs of ail decay stages 

were used with quai mtensity by d mammak, we suggest that the reasons for d 

mamds ushg logs would vary with decay stage. For example, red-backed voles will nest 



m rotted logs, whik using thc sudice of souad bgs as runways (Bo- pers. obs.). 

Our study design did not tease apart tbesc differences. We rcstrict o u  hterpretation to Say 

that the overall use of logs was consistent reg& of decay stage. 

We have considered that srrmli mmmaîs were attracted artificialiy to kgs by 

M e d  traps. However small mannwlr are generaüy ody attracted to traps h m  a s d  

radius (e.g., Hayes and Cross 1987) ancl m most cases this wouid man they were aiready 

associated with the log. 

At the stand scale, our study demonstrateci no re~ti011sh.i~ between the abundance 

of any sdl-mananal species and either the abuadaace or mcan decay class of logs, 

regardless of season or Iandscape (Table A2.2). Most studies that iink the distrilution of 

small-rnammal species to the distnition of downed logs (e.g., Gunderson 1 959; Doyle 

1987; Tallmon and Mllls 1994) have deait with rnicrohabiit, wbeas the stand-scale 

component of out study provided a broder view. Microhabitat associations may not 

translate across d e s  (Wiiens et al. 1993). The resuhs of our stand-scale study refiected 

the notoriously broad niches and the variable response to forest management of -y 

d-mamnial species (e.g., Martel and Radvanfi 1977; Clough 1987; Steventon et ai. 

1998). 

Red-backed voles are linked to old-growth conditions, including decayed logs, ôy 

Nordyke and Buskirk (1991) anâ our findmgs at the stand scale add to their study. 

Nordyke and Buskïrk modelied Ciethrionomys gapperi abindance as a fùnction of mean 

CWD decay stage in forest stands. We cannot support their mode1 oubigét, based on our 

hdings. However, we did detect an interesthg relatiormhip b e e n  Clethrionomys and 

decayed logs that may add to our derstanding. Highly decayed bgs were abunâant m 



our reference laadsclpc (Table A2.3). We beüeve tbat this akudana is why we f o d  no 

relationship betwem Clethrionoinys d b g  decay (sensu Nordyke and Buskirk 1991) in 

the reference area, either at the bg or s t d  scaks: CWD decay was not a limitiqg ktor .  

On the intensively managed laadsfPp highly decayeà bgs were rare (i.e., possibîy 

limitiag; Table 3). This is a resuit of sihcicuhure practices which reduce the amount o f  

mature forest anci protective overbead cover, chcteristics associated with highiy 

decayed CWD (Gore and Pattmon 1986; Stwtevant et aL 1997). In particuiar, the 

practice of scarification removes a h t  of CWD (Freecban et ai. 1996). Many pianted sites 

in the nianageci laadscape were scarined When ciass 5 logs were rare, a relstiooship with 

red-backed voles became apparent. In other words, the mode1 of Nordyke and Buskirk 

(1991) may only apply to contexts where decayed CWD is relativeiy rare. 

It is possible tbat the relationship between Clethrionomys a d  decayed logs is 

related to moishue balance. Red-backed voles have d e d i n g  water requirements (Getz 

1 968) and this is believed to be a major nason why they are associated with mature 

forests, which are often high in moshirr content (Franklin et al. 198 1). These areas are 

also the last areas in a manageci forest to have an abuodance of decayed logs @ber 

1990). 

We suggest that fiiture work could explore the causaüty o f  relationships at both 

the log and stand scales. By isolating manageci forests, where decayed logs are rare due to 

siiviculture activities, the relatioaships between red-backed voles and c k  5 logs couid be 

explored experimentaily. 
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Table A2.1. Species caught during a d-mammai research project in riorthwestern New 

Brunswick, expressed as: (A) caphaesllûû trap nights; and (B) individuaWlO0 trap 

nights. 

Species L O ~ S ^  standsB 

August 1998 May 1997 August 1997 

Clethrionomys gapperi 

Peromyscus manicultatus 

Napaeozapus insignis 

Zapus hudsonius 

Microtus pennsylvanicus 

Microtus chrotorrhinus 

S'uptomys cooperi 

BIarinu brevicauda 

Sorex spp. 



Table A2.2. Spearnian correlation ooefkicnts 6 r  xelarioashipa bctween srnail aymmrl 

abundance in 1 15 forest stands ad: (1) man dcfay chss of bgs in the same s tadq or (2) 

number of logs in the staods. No relationships wm sigdbut (P > 0.05, N = 1 15) 



Tabk A2.3. The eàladrma of highiy decayed bgs (Marti scaie cias 5 ; Mnsr et ai. 

1979) in reference a d  intensively rilaaaged hctsts. The distri'butions wae  siBnificaaiy 

different (P < 0.00 1; two sampk Kolmogorov-Smimov test). 

Forest Mean No. C h  5 Logs SD 

Reference 

Managed 



Fig. A2.1. Kruskai-Wallis rank sums for species captured adjacent to logs assigned 1 o f  5 

different Maser et al. (1979) decay clssses. No relatioaships were statistically signifiant 

(P > 0.05, N = 75). 



-o- Total 



Fig. A2.2. Relationsbip ktween mean decay class of logs end abundance of 

Clethrionomys gappri in 1 15 ditferrat forest stands m New Brunswick The relatiooship 

was not significant in spring (r, = -0.03, N = 115, P > 0.05) or fâli (rs = 0.01, N = 115, P > 

0.05). 





Appendix 3 

Record distance for a non-homing movement by a deer mouse, Peromysm 

maniculatus 

Abstract 

We report a record distance of 1768 m for a nobhoming movement by a Deet Mouse, 

Pemmyscus maniicdattrs. 

Authorship: Jeff Bowman. Mark Edwards, Lisa Sheppard, and Graham Forbes 

Pubhhed in the Canadian Field-Naturalist, 1 13: 292-293,1999 



During a study of the spatial stmctwe of d mammai popuhuians in mrthwestem New 

Brunswick (47O N, 67* W) we obsemed a kng distance movement by a Decr Mouse, 

Peromyscus mnicufatus. T 'k  pmpoject design requireâ large, nested trapping grids (pins 

of 125 m, 250 m, and 1000 m) anâ consequently we were capable of assessing long range, 

non-homing movements. On 9 September 1997 we capnired a subaduit, male Deer Mouse 

(weight = 15 g). The mouse was d e d  with a l g  monel ear tag (National B d  and Tag 

Co., Newport, Kansas, USA) and released at the same site. Tbe site was a second-growth 

tolerant hardwood s u .  Sixteen deys hter, on 24 September 1997, we-recaptured the 

mouse at a trap that was a straightinie distance of 1768 m away. The muse weighed 18 g 

and was in good condition at recapture. The recapture site was dorninated by mature 

softwoods (Picea spp. and Abies balsamea). Appmximateiy halfof the 5 16 d 

mammals that were captured and m k e d  during 1997 were recaphired multiple times at 

the same site. Aninials not recaptured had either moved, becorne trap shy, or been 

depredated. Ody 24 iadMduals were detected moving distances > 125 m. W e  have m 

evidence tbat the acts of handhg and marking srna11 mammnlz are themselves sufficient to 

stimulate a long-distance movement. 

To our knowledge this L tbe longest reported distawe for a non-boming 

movement by a Deer Mouse. Howard (1960) reports a movement of 1 0  m, and Wegner 

and Merriam (1990) mvemmt by the closeiy-relatecl Peromyscus leucopur of > 

1000 m. Long-disiance homing movements by Deer Mice have been reported (Murie 

1963; Furrer 1973). Tefai and Mîllar (1993) report the bngest of these et 1980 m 

W e  suspect, based on time of year, age cias, and weight of the mouse that this 

movement represents a dispersat High densities of Deer Mice (IO-fold increase îiom tbe 



same month a year prcvious; J. C. Bowmui a d  G. Forbes, unpuMished data) may have 

beea the incentive for such a ioag-distance displacement. l'bis observation supporn rcccnt 

suggestions (e.g., Kozakiewicz and Szacki 1995) that s d  manmais are more vagile than 

previousiy bekved. 
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Appendix 4 

Annotated List of small rnammals h m  Victoria County, New Brunswick 

Rodents 

Red- backed vole, CIefItr20noonrys g- 

Very common (> 2000 captures) 

Distniuted throughout boreai North Amrra. these voks were the most cornmon m i e s  

during the study. Primarily forest dwellers, red-backed voks were abundant m moist 

soAwood stands with p h @  of structure (e.g., woody debris). Red-kked voies use 

rotted stumps and logs for nedng, travelling, and kra%ing. Consequentiy, intens~ety 

managed sites iacking in structurai diversity (e.g., plantations) were hquentiy e u t  

red-backed voles. A smali numbet (< 2%) of voles captwed were of a dark, or melanistic 

phase. One ind~dual exhiiiting partial a i b i i  was captured. 

Deer mouse, Pemmyscm mruriculcrt~~s 

Very common (> 2000 captures) 

With a continent-wide distribution, deer mice are true habitat generalists: we captured 

them in every type of site dwïng the study, regardless of forest type or age. Habitat 

generalism aliows this species ta accommodate human activity (e.g., they commonly nest 

in buildings). Deer mouse populations demonstrated a tendency to impt during the study: 

year-to-year changes in abuadance were as much as ten-fold. This species was receot'y 

impiicated as a vector for Sin Nombre (hanta) virus. 



Woodhnd jumping mouse, N-us im@& 

Cornmon (> 700 captures) 

The North American distn'bution of these micc is limiteci to tbe Hemlock and Spruce-Fit 

forests of the east. We found woodland jumping mice to be most abundant in shrubby sites 

with a softwood component. This mouse cbsely resembks tbe meadow jumping muse 

but can be disthguished by its white-tipped taiL 

Rock (Ôr yellownme) vok, ~ ~ r v s  c h ~ r r k i * i u î  

Rare (9 captutes) 

Rock voles are uncommon across much of their range, which is coïncident with the b o r d  

forest in North America. Rarity is keiy due to habitat specificity - rock voles are 

thought to be associated with roclry sites (as the aam suggests). W e  capturrd these voles 

primarüy in sofhvood riparian sites. A number were capnued at one site, on the side of a 

steep ravine. No association with rocks was detected drning our study. 

Soutbern bog kmming, Synaptomjs coopd 

Rare (8 captures) 

Southem bog lemmings are distriied throughout southeastem Canada and the 

northeiistem United States, but are uncornmon throughout much of this range. We 

captured lemmings in moist, soAwood sites. They resemble red-backed voles and d o w  

voles but are Merentiated by s r d e r  size a d  short tail (les than the length of hind legs). 



Meadow vok, ~ I I S  pam@m&ns 

Rare (6 captures) 

Commonly d i i n i d  in g m d d s  across much of North A b a ,  these voles wert 

rarely captured in our foresteci study arca Meadow voies eat gras sced, and this limiis 

their distnition to sites whcrc forage is avsiilable- The d o w  voles that we did capture 

were in grassy, creekside sites, or rseatly dishirbcd sites. 

Meadow jumping moase, 2-KS hdwnius 

Rare (2 captures) 

Meadow M r n g  mice are wideîy distnibutd across the breai forest region of Canada 

and the northem United States, bwever, they are associated with sites having grasy or 

herbacmus cover. Both individuais captured during our study were m the same white 

spmce plantation, which bad a thick layer of grass. 

Insectivom 

S bort-tailed shrew, BIurina bcwiW& 

Very cornmon (> 2000 capîures) 

Widely distniuted across b o r d  and temperate North America, these shrews were 

abundant in a variety of sites during our study. However, short-tailed s h w s  were most 

closeiy associatecl with hardwood sites: it was apparent that hardwood kaf litter d e  a 

good substrate for burrowing. Short-taüed shrews are wtabk for ushg  echolocation, and 

for having toxic saliva which can hcapacitate prey. 



Note on S o m  sbirns: 

First, our trapping mthodobgy was not designed to capture Sorex shrrws. Captures werc 

incidentai, thus 1 expect that Soru species iisted bebw were more abwdaat than our data 

suggest. Second, identifications of shrews to date are besed on externa1 morphology, 

rather than more accurate skull and dental chsraicteristics. For this reason, nucnbers of 

captures should only k considered as estimates. 

Masked sbiew, Som c h m m  

Common (> 40 captures) 

The rnost common Sorex shrew across most of its distn'bution of the northern United 

States, Canada, and S1'berïa. Occas'inaily we captured niasked shrews m moist r i p a .  

- sites, however they were kquentiy associated with soâwood plantations. Previous 

researchers have speculated that masked sbrews succeed in piantations because these sites 

offer a high density of insects. 

Smoky sbreu, Sottzxfùmeus 

Cornmon (> 20 captures) 

The àistriiution of smoky shrews is iimited to the northeastem United States anâ 

Southeastem Canada Through much of this range these shrews occupy deciduous sites 

with abundant leaf mer. Likely more common m the study area tban our captures mdicate 

(see note about Sorex shrews). 



Arctic sbmv, Somx lVCICCus 

Rare (< 10 captures) 

Arctic shrews are wideiy distniied through tbc norihem Unitcd States, Canada, and 

Sikria We captured a few specimens which are archived at tbe University of New 

Brunswick, but these shrews were probabiy more abuadant m the study area than our 

-le suggests (see note about Swex shrrws). Arctic shrews occupy moist forestcd 

habitats and are important predators of insect lervac. Easily diffemtiated h m  other 

shrews by triwloured markhgs. 

Pygmy shrew, Som ICUyi 

Rare (c 10 captures) 

The srnailest mammai in North Amerka, pygmy d m w s  are wideiy distriited across the 

wrthem United States and Caoada Inhabit moist, grassy sites within forests. E x t e d  

features suggest that we captured a small number of these tmy sbrews. 

Gaspé shrew, Sora gaqplLSiS 

Rare (< 1 O captures) 

This species is listed as wlnerable by COSEWIC, largeiy because it has a range that is 

restricted to the northern Appaiachians. Gaspé shrews are similar to Sorex dispm of the 

southern Appaiacbians, both opecies occupying moist tahu slopes and stream beds. B a d  

on extemal features, 1 suspect tbaî we captured a few Gaspt shrews, ahhough this can not 

be confinned until skuii htures are analyÿsd. Skulis are archivecl at the University of New 

Brunswick. 



Note about speeies mot captirrd 

There are a couple of speck whox distnkitioas arê thought to corncide wah our shdy 

area, but were not captureci durbg our study. These & M e  the water shrew, Sorex 

palustris, and the star-mscd mok, Com@Zia<l misroto. Our shidy design was not intendcd 

to capture these two species: they were undoubtedly m the ana. even though none were 

captured in > 25000 trap nights. 
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