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lntroduction

l  orcsl habitrts associated rt i th carlv -.ucccssional

slage-\ al icr t i rrrbef harncsl ing are frcqLrentlY domi-

nrtcd bl hetbaceous and deciduoLrs shrub spccies.

These habitats are highl1 desirablc for lar ious

small  mammal species sincc plant plodLrct (e.€i.

seecl. frLrits, vegetatilc p:rrts) and invertebratc ftxrd

soLlrces rlc leadilv available. Small nrarnmal com-

rnunit ics on cutovcr forest lancl in lemperatc areas

of North Anerica arc con4roscd of micc
(Peroml.rcr.r-s spp.). rolcs (,Ujcrotar spp. and Clelln-

oloar.rs spp.). chiprnunks (Ianrias spp.), shrevs
(Sorer spp. nnd Bloriza spr.), anrl several lcss com

rnon species (Cashti ler I970. Tlooven 1973,

Hoor'en ancl Black 1976, i\{artell ancl Radvanyi

1977, N{arLel l  1983. D'Anieri  et ol.  1987, Sul l i ran

1990  ) .

ln conlr-ast. thcre is l i t t lc inforrn:rt ion on small

marnrnal cornmutri t ies in similar post-hanest lbr-

cst habitats in tenlperl tc areas of Asia. Ternper

rtc fofe-rt  m{nagement in no|theast China
(Heilongj iang Province. Peoplc's Republic oi

China) has resultcd in some r-cports involving poptt

lat ion outbr-caks of thc blot ln backcd vole (C.

rufocttn Lt-s) and othcr rodents (Hsia I958. 1966,

Shu et al.  1975, Shu l985). Honcvcr. no detai lccl

studies of srnall manrrnal cornmunities in voung for-

esL habitats have becn conducted. In general,

Lnor,;lcdge of lbrcst-r ildliie rclationships is poorlv

knorrr or non-existent in Asia. Oomparatire studics

of wildlife communities in tonperate {brcsts olAsia

and North Arnerict could providc some di lcdion

in terms of both r:onccptual and management ob-
ject i !es.

This studv l,;as desigped lo comparc small

rnammal populat ions and diversity in similar for-

est halt i tats in northeast China and nonhwest
( lurada. This comparison t 'as conducLed in simi

lar earlv succcssional htbitat-q alier lorcsL harvest-

ing and cluring a period ofhigh populations ofsrnall

rnammals ul each of the respectivc slLld! areas

Materials and Methods

Description of study areas

The shrdl rrea representing northt'cst Canada t'as

localed in thc "rret cooi ccntral" (SBS-I) subzone

ol the Sub-boreal Spruce (SBS) Biogeocl imatic

Zone (llcidinger ancl Pojar I991 ). Replicate sturJr

b locks  (54 "16 '  \ .  I 22o l : 1 '  W)  r ' c re  l oca ted
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5,1 km northeast ofPl ince Ceorgc, Bri t ish Colum-
bia. Canrda. Thc clirnate is Dic (Kdppen) wirh cool
summers and moisture al l  year. Characterist ic
Ior 'ests in this area are composed of u,hitc spruce
(Picett gkuutr).lodgepole pinr lPinus contorto tar.
kxifol ia.),  vi th some subalpinc f ir  ( ,46ie,r
lo;itrt:arpa). Seleral dcciduous spec;es irrc comrnon
throughout: r'illor (So1ir spp.). aspcn (Populus
trerruloides). black cottont'ood (P triclutcorya). pa-
per hin-:h iBetula, paJt t alr a ), and Sitla alde r (4 lnus
srnuata).

Tt'o replicate blocks lr,ere chosen at this studv
r r ' . . r .  R luck  {  | | , t ) . ' }  h . r r  r r . r "  c l ea rcu r  lU ; ; . , 1  i n  r l r e
winter of 1976-77. broadcast burnecl in lal l  of
1977. and planted with nhitc spruce in J978. The
terrajn rlas essenti:rll,v flat at rn elevation of 750
m. Blocl B (56.2 ha) tas locatcd approxirnately
I .5 km liom A. Thc original lbresr srand vas clear-
cut loggr:d in 1978. broaclcast bulned in 1979.
and planted t ' i th rvhite sprucc in 1980. This arca
had a sl ight northt 'est asped at 800 m elelat ion.

The studl f fea representing northeast China
was localed in mixed coniferous and decicluous
broad-lcaved forest (Richardson 1990) at NanGou
ForesL Farm. 15 krr southeast of Langxiang

$6a56 '45 "  \ ,  128 '53 '30 "  W) .  He i l ong j i ang
Province. The climate is Dua (Kilppcn) wirh hot
summe$ and cold dry winters (Burger and Zhacr
l988). The charatrcristic lorest is composed ofKo-
rean pine (Pinus koraiensis) {r4r to 509/o of stand
volurne rr ired t ' i th, 'aluablc tolerant hardr,".oods
such as fillo amurensis, Belula (:ostata, li a.xinra\
nxoLdshuica, Ulnuu japonica, Acer nono. lu,glars
nnn* hurica. arul Plrcl Lotlendron amurensel ; pi-
oneer species arc B. p hhphyLLa and Populus dati-
tliana (Bnrger and Zhao 1988. Richardson 1990).
Boreal spccies such as Lan:r gneLini, Abies
nephtolepi.s. P it:ea .jezoensis, and Picea koraiensis
occur at higlher elevations ()900 m1.

' f lo 
repl icatc blocks u,ere also chosen at this

studr area. Blocks A and B lere clcarcut logged
in 1979 and plantecl t i th Korean pine in 1981.
'l'hese 

comparlments were 7 and 6 ha. respcctivcll..
but irere conl iguous l , i th a Jargr mosaic () 100
ha) of similar-:rged plantntions on cuLol.cr forest
iand. As was thc case rt the Catadian studv area.
compe t i t i . n  l i um  l r e r l ,  r r r d  - l n1 l  - pec ie :  r r us  l un -
. i r l e ra l , l -  i r r  t h r -e  p l an ta t i o r r s .  The .e  rege ra r i r , .
condit ions proviclcd excel lent habitat for small
rn arn rrals.

Srrall marnmal populat ons

Sanpling ofsrnal1 mammal populat ions las donc
on lour occasions at ileekly intcrrrals iiorn 28 Sep
tember to 22 October'  1986 in ( lhina. and on ibur
occasions al .3-week intcrr,als lrom 27 August to
30 October I987 in Canada. The shorrer samplnpl
intcrval in China rcf lccted the l imitcd arnount o{
t ime arai lable for the study. On each of the repl i-
oatc blocks at each study area, a l-ha checker-
board l ive-trappinEl grid with 49 (7 r 7) srat ions
set at 1,X.29-m inrerrals Ias operated l i th tr ln
Longtorth live-traps pcr station. Traps were baitcd
'witlr wholc oats (mixture of c,orn, sov beans, and
sunflot'er seed in China.i and a slice of car-rot
(potato in China). and coirsc bro$n collon $'as sup-
plicd a.s bedding. Traps t'ere set on day 1, chccked
on the morning and afternoon o{ day 2. and morn-
ing of day 3, and then locked open bcrweel Lrap-
ping periods.

All small mamrnals (cxcept shrervs and weasels
(I1uste1o spp.)) capturerl wcrc ear-taggecl nith fin-
gerl ing l ish tags. scxed, reproductive condit ion
r ro ted  h r  pJp r t i o r r  o f  mr l ,  t . - l p -  a r J  mumm. r r i e -
of the females. and leighed on l)esola spring
balances. All animals were relcdsed al the point
olcapturc immediately aftcr processing. There was
a high monality rate for shreu's becausc ol the over-
night trapping technique. Thus, shrews r lcre col-
lccted lbr subsequcnt species idcntilication ancl
measuremcnt of weight.

(iornpletr cnumeration using minimum number
of animals kno$n 1rl  be al ive (MNA) (Krcbs 1966)
provided densitv values for each of the four rrap-
ping periods at each study arca. Populat ion den-
sitics t'ere also estimatcd bv the Jolly-Scber model
(Seber 1982.| for reasons indicated by Jolly and
Dickson (19{33). The average MNA r.alue lor thc
last thrcc trapping periods and the averagc Joll,y-
Scber estimates for the second and third trapping
periods were calculated for thc major spe(i ies on
each grid. Values for the first trapping period vere
eliminated sincre this sample acted us a pre-baiting
per;od dt both studv arcas. Jol ly-Sebcr does not
cstimale populdtioD parameters for the last sam-
ple pcriod.

Spec es richness and divers ty

l leasurements of species r ichncss and diversitv
l r r .  l , u -ed  on  t h "  n r rmhe r  o l  i r ' d i ' i d . r r l -  i n  eac i r
small rnarnmal species ftrr thc lbur sampling
periods at each stud,v area. Specics r ichness was
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rncasured bv the Lolal numbel of spccies sampled
(Krebs l9tt9). Species dir.ersity was measured br
Simpson'-. index oftlir.crsilf (S;mpson 1949) rvhich
is scnsit i le l()  changes in the more abundant spe-
cies. Simp-son's index is thc probabil iL,v ol picl ing
tr{o organisms .rt Iandorn that are diflerent species
and ranges frorn 0 to almost l .  The Shannon
Wiener inde:i  of divcrsitr '  (Pielou 1966) tas also
used since i t  is scnsit ivr lo changes in the rare spe-
cics in a cl)rnrnunity sarnple (Peet I974). 

' l 'his in-

cic:. is basecl ol inlbnnation thcor,v and the degree
of diflicultv in prcclicing correcll! the species of
t l r e  r r r  r t  i n , l i r i , l r r . r l  - r r l r l , l e J .  l h i -  m e . r " r t t r ' i t r -
creases \! i lh thc number of specie-( in the commu-
nitv rnd ranges from 0 to approximatcly 5.0 for
biologic.al communities (Washingon 1984i. A I lest
(X{agurran 198B) al lous the diversit ies (Shannon-

si icner) of the l lo communit ics to bc cornpar-ed.
Elenness has bccn rncasured by scal ing each
mcasure of di\ersitv relat i le to i ts rrarinral ralue

rhen each species jn thc sarnple is repfesented
bv the sarnc numbcr-oi irrdividtrals (Krebs 19891.
All  cvcnncss measLlres range l iom 0 to l .

Results

-{verage populat ion derrsit ies per lu o{ the major
spccies are illustrated in lig. 1 t'ith C. ntlxnnus
ald II. pennsill ricrr,s (rncadow role) clearl,v
dorninatinEi thcir lcspcclive communilies. A\.elagc

Jol l l -Sclrc. populaLion estimates $ere I00.,[  (A)

and 10.1. t  (Bl lot C. rufocanus and 59.i ]  (A) and
10I.6 (Il) for XI. pennslluuit:us. In China. C. ra-
ti1u.s (northern red-buckccl volc) and Apodernzs
.?eci.rrra (Jilpanese field mouse) t'ere at compara-
h , ,  ' l '  n - i t i ' -  r F i g .  l r  t i t h  l u l l r - S , l ' ,  r  , . t i r n r t . .

ranging l |om I4.7 ro 2I.2 a'rd 13.1 to 18.0.
re-spectively. for thcsc species. ,4. ngrailr^s (striped

l icld moustJ occurred at clensit ies less than l0/ha.

C. gnpperi (boreal red-backcd lole) was the sec-
ond most abundant species at the ( ianadian study
area (Fig. 1) rvith J oll_v-Scbcl estirnaLes c.rf 2 7.0 (A)

and i3I.2 (ts). P. ntariaLLatus (deer mousc) oc-
culrcd dr densiries of 8.0 to 26.:l (\lNA) 1tith Jollr'-
Scbcr esLimales of 12.0 (A) and 29.0 (B).

Total number of indivicJuals captured for each
-.pecics or.cr lhc four sampling periods of cach
studv area i,. anothcr mcthod used lo complre
t h '  '  , , ' m m r r r r i t i - .  r T a l ' l e  l r .  

- l  
h i .  ,  u m p r r i s , , n

-h , , r ' s  . ,  - i n r i l a r  p r , r l l e l r r  f o r  t h ,  mr j u r  - p r ,  i . .  a -
discussed Ibr Fig. l .  Onc shrer, '  species (Sorern

arane&t appcrrcd at thc Lanpriang studv area with

N O R T H E A S T  C N I N A  L A N G X  A N G
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4 a_9I311!!

A B

M pennsy  vanr0us  q  93 ! ! j !  t .  man icura lus

l isur. L Alerige popL dion lensitie! (n;,idum rumb.r alire

per ha) t nan,llrl crrur l;r thr dajor small tranl

nal spccn* or grnls A ard B at Langrirurg a

Prin(, G.org, sLd\ aFas.

S. nnntico|rLs and .5. .inereur rccordcd at Prince
Ceorge. In addit ion. a rare species. the northern
bog lemmirrg (Sr.napronns borealkJ. occurfed al the
Cunadian stud,v arca along i!'ith t'easels o{ the gc-
nus rl.lu.rteld. lt is intcrcsting to note that lotal num-
bers captured ibr each communilv \ !ere verv
similar.

Total biomass lbr each small  marnrnal spccies
teDded to lbl loir thc same pattern as recorded fbr
total number of individuals ('I'able 2). Ovcrall. .r
greater biomass of prey species $,ere available lbr
pfedators rt  Langxiang (5.327 kg) than Prince
Ccorgc (,1.20{3 kg). This larger biomass at Lang-
xiang may be attributed to the signillcantl,v larger
dveragc body rveights of C nlfocanrLs than M. penn-

\h).uLk:us, and the considcrably larger A. specio-
s&.r than its No|th American counterpart P.
nnnicuLatus i[ig. 2).

Specries r ichness n'as 1.33 t imcs highcr lur
small  mammals at Pfince (;eorpie than Langxrang
but diversiry- indices verc similar (Shannon-Wiener

, test = 1.39, P : 0.17) (Table l3). ln addit ion,
cvcnness measures i!'ere similar.

Srnal l  Nlarnmals in \orthcast China and NorLhlest Canada 1 9 1



T\lll ll l. Torll nunrbers of n irnhrals captLrred for erh smrll nrammal species based on an arerase ol rh.i Lw) gfi,ls ar , ai,h
s ru( la  ! fed .

Clctlnontm\s tuft.alb

Clethrionnt: nLtil.u:

rpdd.rtar rPc.rora

XI ic ro nts p e rLrts vlt orLic ts

CIctlutonomys gnppctt

I'ennrcus nLnictlata

llimtu lansvau,Lus

Synapton*s botcalis

13,t.0
29.5
29.0
1 2 . 0

t . 5

|  1 . 0
,19.5

29.t)
1 .5
1 .0

I 1 . 0
3 .0
3 .5

201.\) 209.5

' l A B l - } - 2 ' ' l . ( ) t ! l | n ' ! ! s s t h a g 1 o | r a r l l r s n r a l l n l a d l I n ! l s p l ! | j . s ( s i l l . I . (

o f  thc  t$o  gr ids  a t  . r ( jh  nudr  d ( . , .

Langxiarg

E. ribni.us

i l .56l l .2
333.3
8 ;5 .0
223.1
10 ; . 0

5-i ]20.,)

2.()11.2
878 .1
51,1..3
.15.5

20.5
37 .5
rJ.o

:t.20i l . l

TllSl,Fi 3. Species richness. dirersirv indnres. and erenness

lor small manrnals n ternr of the total rurrber

ofildiriduals r:aptured based or arerage ofthe t*o

gr ids  u t  carh  " tud '  an .a .

l .angr iang Pf inc i ,G i l rsc

Discussion

Study design

Three basic assumptions under'1;_ing Lhe stucl l  de-
sign vere (I) the two stud,v areas, although on
djfferent continents, had similar temperate climatic
condil ions and legelal ion stnrcture in tcrms ofsuc-
cessiona[ stage after loresl harvesting. (2) thc sarn-
pling grids t'ere true replicates at eacn area, ano
(i3) the di l ferenL sarnpl ing intcrvals ncre not l ikd,v
an important iuctor'. In terms of the first assump-
t ion, Lhe successional sLages ranged from 7-10
years of age and there iras a remarkable similar-
itv in plant spccics richness for herbs (Langxiang:

25 sJrecies; Princc Ccorge:31 spccics) tncl shrubs

-ch!rnon-$nJ, . r  i ,x l . \

(,

0 . 5 1

0.65

1.6,1

0.63

I

0.6,t

0 .73

1 .87

o.62

I  q2  Sr r l ln . rn .  J in .  T  i .  unJ  V ung



Figure 2. Arefose Lrodv *eights !.d '1504, (1,,,lid.n.e Lirnits

ol,nales i]{l and femrles (F) tur .a.h ol Lhc najor

uull namnial specie: at Langxiang and Prince Ce

orge. Sarrpli siuls arl aborr Lqrper confidence lirnits.

(Langriang: 16 species: Prince Ccorgc: 14 spe-
cics) between the t$'o areas (unpubl. clata). This

simjlariLr in \ ,egetation $'as ref lected in similaf
population lcr.cls ancl biomass of small mamrnal-".
Thc rcplicrLe samplimg ppids yielded average valucs
used Lo make comparisons bettccn arcas (I lur- l-

bert 198,1). As lbr the thircl  assunrption" althotrgh
clifllrent sampling intervals t'crc uscd" lhe acLLral
sampiing ir'as conducted ovcr a rclalivelr- shorl
period { l  2 molrths) $ith thc same number of lrap-
ping pcrirxJs at each area. Thus. a relat ivel_-v
rel)resenlat i !e sample of populat ion data $as col-
Iected ibr each communilv.

Sma I  mammal  communi t ies

Srnall marnrnal cc,mmunities in both L.rn;liang ancl
Prince Oeorge had gencraLl_-v high populat ions ol
al l  specics in thcir rcspective sampling vears. The
rJcrnrinant species at Lang:iiang. C. ntfotrnus, has
a:l-year l luctuation in abundancc lhich appears
to be svnchronous across nor-thcasl Clr ina (Shu et
tLL. I975). ln addit ion to this brown-backed vole.
populations of C. rutilut. ,{. sperrosur. and A.

alfanar Ncrc also peaking in 1986. and this pat-
tcrn occurred again in I989, but at relativel,v lot'er
populations of all species compared to 1986 iclcls
(Sull ivan er a. l .  unpubl.).  The dominant species aL
Prince Ceorge \\t'd.s lll. penlslh)anicus. lhich like
oLher roles of this genus in North Arnerica tcnds
lo lluctuale on a ll-4 vear cycle (Krcbs ancl !l_-vcrs
1974). As in northeast China in 1986, al l  nrajor
-species at Prince Ceorgc t'crc at high levels in
1987. Clcarlv, in both these ( 'ommunit ies. there
must be one or more driving l ictors lhich pro-
duce lbvoulable condit ions ancl s,vnchronize higir
populat ions of dJ thc major species.

C. tufocants appcals to bc thc counterpart of
M. pennnbanicus i tnd indccrl ,  they prefer similar
habitats dominated b! grasses and herbaceous spe
cies llith some shrubs on cutolcr forcst lan{ls (Ban-
f icld 1974. ,shLr 1981. 1985. Sul l ivan and Xlart in
199I). A specics in thc plcnus 'Uicrrars does l i , 'e
in forcsts ofnorlhcast China. the reed r'ole (,U. fbr-
fii-J. but is resLricted to i!'et lo\,lands and meado$s
(Allen I940). A. .rpeciosus has similar gcncral hab-
itat recluirements * P. rnttniculatw- parlicularlv
!,'ilh fcspect to a varielv of successional lin cst
staf les and a cathol ic diot (Baker l96t ' l ;  Smirnor
1970). A. sylxaticus. the t'ood mousc. of Europc
and Asia is a very similar spccies to A. .ilcrtorrl.\.
and is r.cr-y much lhe "deer mouse" or ' '$hite-

footcd moLrse" of the Eurasian continent (Mont-

gomery l9B9). A. aganus is primarilv assocralcd
with agricultural habitats and o('ur-c mainly in
forests bordeling on cultir.ated liclcls (Hsia J958).
'llrc 

trlo rccl-backed voles, C rutillrs an,J C. gtLp'
pcri. afe both second:u-\' spccics ifithin cuto\er for-
est habitats with ncithcr species reaching
populat ion clensit ies similar to C. nLJbcartus or X'1.
penfLsfltQ,trk:ttti.

q ^ o . 6 a  r i ^ h n a < <  , n d  d  \ / a r a i t \ i

' [ 'hc 
highcr species r ichness aL Prince (]eorge than

Langxiang \\,as caused by the additional spccics
ol shret 'and the t 'easels. Horlclcl .  thcrc was l i t-
tle diffcrcnc,c in thc rneasrrres oldilersit,y. Although
not appearing in the samples. three species ol
,lluslela occur at the gencral Langriang sturly area:
M. siDinco (Siberian or yel low weasel).  M altaica
(black-yellot' neasel.i. and M niz,dir (sihcr-rhitr-'

rcascl). Tn arlrlition. the narten \Mates JknipgLlo)
and the badger (,l1ele-r zrcle-s) complete thc mustclid
communitv of pledfl tols (Tatc t  947). This clom-
munity is vcry similar to Prin<re Geolge u'here

u .  p e n n s v r v a n  c ! s

T

i

9
t

i ]

q !!!!t!9
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ag:rin. thefe are thrcc spccics ol Muste[a: ]ll.
ennizen (short-tailed weasel). .ll frenato. (lLtng-
tailed lretrsel). and M nirolir (lcast weasel), alonp(
rlith the pine rnartcn ll[ortes ameicantt) anrJlisher
lXlartes pennantiJ (Banlielr l  1971).

Thc most signi l icant l inding of Lhis sturlv is the
remarkable similari tv in relat ive abundance and
r l i r " r . i n  o l  -ma l l  r na rn rn r l  sp , r  i ,  s  , r .  up r  i ng  161ng
cutorer [rrrest lands of nired conilerous and decid-
uous species in no heasl China anrl northlr.cst
( - . r n rd r .  Be ,  eu - "  o f  t h i .  - i r n i l . r r i t r .  i l  i .  no t  - u r
prising that the mustcl id predator communrtres are
dlso quite con4)arable. I t  is l ikcly- that similur lac-
tofs arc rcgLrlating the population flucluations of
these srnal l  nammals in tonpclrtc aleas t l1  ̂ sia
ancl \orth Amcrica. This is part icularlv relevant
to u underslanding oI thc rclat ionships of these
small  marnrnal communit ics to ibrest succession
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