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o - L lntroductlon
Elton (1924) first dOCUmented populatnon cycles in many spemes of blrds and g
‘ mammals whnch sparked mtens:ve research into populatlon cycllng and denslty regulation, g\
and resulted in llterally thOusands of publlcatlons Desplte this. the advance in our
;understandlng of populatnon regulatlon has been rather modest. ]
e Part%f the blame for slow progress can be attrlbuted to the ad hoc nature of the
» yearch questlons asked the naive assumptxons made€ concerning mlcrotme social L
| organlzatnon and behaviour (basncally that they la‘cked any such attrlbutes) and methods ’
‘used The notnon that all mlcrotlne rodents undergo population cycles will: be dlfflcult to |
bury, desplte ev1dence that thls fundamental assumptlon may not hold for many specnes or
'popdlatlons (Fmerty 1981 Garstand Howard 1981) As recentjy as 1980 Tamarin .
| (1980) stated that voles, field mice and lemmmgs undergo regular cycles lasting about 3-4
'years and further that the populatlon of. M/crotus brewef/ on Muskeget lsland shows
" aberrent demography it does not cycle (Tamarm 1980: 128)
' Hypotheses that attrlbute populatlon cycles to extrmsxc factors’ such as predatlon
. (Pearson 1966), food (Pltelka 1857, Batzll and Pitelka 1971), winter condltlons (Fuller |
| 1988, 1977a 1977b 1979, Fuller et a/ 1969) have been largely rejected although
predators may have an 1mportant lnfluence on populatlons (Erllnge etal. 1983) and Batzli
L (Batzll 1983, Batzli arld Cole 18979, Batzll and Jung 1980, Jung ahd Batzll 1981) stnll
belueves in the lmportance of food and feels that cycles are caused by anegative
'v_'feedback wnth a tlme Iag between codent densuty and plant secondary compounds
» Those who belleve in lntrmsnc factors can be roughly dlwded into two schools
- Christian (Chrlstlan 1980 Chrlstlan and Davis 1964l belleves in phenotyplc plastlcuy _
medlated through endocrme changes durlng perlods of stress. Followers of the Chlttyb
| ~ hypothesis (Chltty 1967 Krebs 1978) belleve in behavioural plastnc;ty medlated atthe
gehotyplc level by selectlon for dlfferent behavnoural morplas durmg dlfferent‘;hases of a
: ‘~> cycle The Chltty hypothems is ardently pursued m search of a set of factors that
repeats every 3-4 years A From a theoretlcal point of vnew \cycles provnde a convenlent
model because one can manlpulate populatlons and make predlctlons as to how they o

s

-shouldrespond /f . ‘ ST e
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The mUItifactor hypothdsis of Lidicker (1973, 1975) is probably a reasonable .

approach in that nobody. | would think, w'ould argue against the fact that several"fact' rs

- influence demography of populations However the usefulness of such a hypo ‘ esls is

questlonable The multlfactor hypothesus is someWhat akin to a total ecosystem model
‘which Stenseth (1977) believes is of little value in helpmg us understand the real world
' because of its complexnty ) ) o , / |
_ Early in the' hlstory of mvestlgatlon of smalhrodent populatlon blO ay. researchers
pald little attentlon to. grid placem%d 5|ze trap Spacmg or vegetatzén type Voles
were thought to behave llke mere molecules of ga\ which show random motion. . Al )
anlmals were lumped for most analyses and one was lucky lf therp was even a separatlon
. of the sexes ' But in studying small mammal populatlons it hasfrecently been stressed
that grld sizeis lmportant (Bandrup- Nlelsen 1983), as'is vegefatlon type(Van Horne 1981
Batzll 1874, and that small mammals have complex and varled social orgamzatlons (Getz '
and Carter 1980, Jannett 1980, lelcker 1980, Madlson 1980a Wolff 1880a). ; Thus, -
detalls of-methods and assumptlons both explicit and lmplucut are lmportant in studles of
populations. o , A e o
Because of their secretive nature small mammals‘are‘ not particularly suitable for .

studies of behaviour and social organization. ,/ Nevertheless they do have some

‘ /
~-'redeemlng features - they generally occur )n large numbers they are relatlvely easy to ‘

/
capture and adequate samples can be kljled for detanled necropsy work: without apparent

/.
S

harm to the populatlon - // : o :
‘ That small mammals occur a}/ dlfferent densmes in dlfferent vegetatlon types, and
that they show annual or multlannual fluctuat:ons in densnty cannot be refuted. Buthow
much varlatlon - amphtude of fluctuatlon shouid one expect for animals that have a life

| expectancy generally less than 1'year, and that do not breed for 7to 8 months during the
fall and winter (eg ‘northern C/ethr/onomys gapperi)? 'The most direct way‘vto‘determine- .
sugnlflcant fluctuatlons in densuty of any small mammal would be to estimate densnty from
several replicated trap grlds in varlous vegetatlon types over several years and analyse ‘
the resulting data by 2-way analys:s of variance (ANOVA) ,,However{ this requires far

' too extensive an effort for ary one reseavrcher, and indeed, it has not been done to'my_
’knoyvledge. Whether or not Clethrionomys gapperi shoyy_B_-tl year population cycles.

{_ o
\B
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or show s’ignificant or insignificant fluctuations in number's | leave to|others to determine

The fact that individuals of narthern populatnons of C/ethr/onomy&gapper/ do not breed

durmg autumn and wmter that thay are |teroparous and that young may breed in the year

of theur bnrth makes’ them a good spec:es for studylng dens-lty regulatlon durlng the period

when one can convennently spend time in the field. e

e R

¢ o
Regulatlon requures the operatnon of a;densrty dependent negatlve feedback B

r mechamsm whnch causes a process tobe stable ~|f therels a time lag m,the_negatpve"

feedback mechamsm, the process wnll oscullate around the rnean and can be considered a

cycle, AThe-sho’rter the time lag of ‘the_.negative feedback, the more the process will "

®

e approach constancy. ' -

Many researchers have recogmzed the lmportance of habltat heterogenelty

spacmg behawour and duspersal in populatlon processes {Brown 1968, Anderson 1870\
1980, Watson and Moss 1870, Klomp 1972 ljldlcker 1975 1978 Bnrney et al. 19&‘
Hansson 1977 Myilymaki 1977 Lomnicki 1978, 1980 Rosenzweng ana\Abramsky 1980,
Stenseth _1980, Hestbeck 1982, and Erlinge et.a/. ‘1983). Recently Tamarm (1983) '

appiied the criteria of Watson and Moss (1970) to show that spacung behavuour regulates

density of voles.

I spacmg behavnour is operatmg ie. some mdnvnduals maintain exc!usuve use of the

' ma;orlty of their home range; and if home range size is a function of some resource such
as food; and if the envnronment is heterogeneous ie. contams a'set of habntats of varymg

' quallty Wthh are avanable to. mdnvnduals then excess ammals in one habltat will be forced )

¢

to dnsperse {3 habltats of lnfernor qualuty resultmg in densn y stablllty wuthm at least, high

quallty habitats. . | wnll term thls hypothesus the socxal fa tor hypothesns after Tamarm
'(1983). o e R

" For thns dlssertatnon populatlons of C/ethr/onomys gapper/ in central Alberta

were used to determme whether both condmons of the social factor hypothesns of

. densnty regulatlon namely habltat heterogenenty and spacmg behaviour were satlsﬂed.
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_ tall; 13%) and cut over areas (8%) ¢

| study involved capture-mark recapt ‘e (CMR) and snap trapplng of C/ethr/ag_gys :

- experimental animals.

'_recorded for-each anlmal necropsued unlque number date habltat line or grld total /

Study area and methods . ‘ v
This study was carried out 25 km SE of Lesser Slave Lake Alberta in the ‘Mitsue
Oil @eld (Chevron Std.  Ltd. Flg l) Wthh isin the Lower Foothllls Region llsa) of the

boreal forest {Rowe 1972)‘ The area is characterlzed by roliing topography,_ is underlaln_‘;/-.-' .

by Mesozo:c rock, and there is no exposed surface rock Mixed forest ltrees 20430 m.

tall) of tremblmg aspen (Populus tremu/o;des) and whnte spruce (Picea g/auca) charactenze‘

43% of the area and upland black spruce forests lP/cea mac/ g@ trees 10 ZOm talll cover ‘

: 23%'. Black spruce bogs (13%, trees Q 5- 3m tall) trembllnd aspen stands (trees 20- 30 m

stltute the restof. the area lBondrup-Nnelsen 1978)

lntensive field vv’orkWas ca led out durlng the sur,hrhers of 1980 to 1982. The

)

gapper/ experlmental rnanlpulatlon of voles in enclosures and; and select:ve removal

_ experlments on study plots. A colony of voles was mamtalned n the fleld asa source of X

3

~ Censuses of voles by CMR were done on hve trapplng grlds Each C. gapper/

caught was mdlvndually ldentlfled by toe-chppmg (Iast ;ount of twor toes removedl on frrst ‘

capture.  On each camﬁre voles were weughed with a Pesola sprlng balance and

,reproductlve condmon was 'noted (males testes scrotal or abdomlnal female‘s vagma v
' perforate or lmperforate nupples promment v:sxble barely wsnble or not visible, publc /

symphysls closed partlng or parted) The. trappung station at Wthh an ammal was caug t .

[ !

was recorded and ammals were always released where caught Counts are based on '

“minimum number known to be alive in each perlod, that is, ammals,actu\ally.captured,‘

together Witht'hose» previously marked animals that were missed at the time but captured
iater (Chltty and Phlpps 1966) o - ' ( |

Museum Speclal snap traps were used to obtain C. gapperi for necropsy.‘ n

' addltlon all voles found dead in live- traps were necropsued The followmg data were‘ |

S
length tail Iength sex; gross welght skull Iength morphology of second upper left molar

(Wi for age determmatlon (T uptkova et al. 1968) in addltlon posutlon Iength and W)dth,
of testes, presence/ absenee of sperm in smears of testls and eptdndymls snze of ‘

‘ epldldymns and whether tubules were vnsable or not and snze of semlnal vesncles were
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recorde@‘for males, For females thvfollowihg were rocordod v-g'” perforatecl or

not number aﬂd slze of folllclee or numbec of corpora lutea in ovary, ! tate of uterus.
L ““number of embryos or placental sgars elze and welght of e mbryos,relatlve amount of
Vrhammary tnssue relatwe size of mpples L {,r R o

Voles in capt:vnty were kept mdlvudually in. opaque plastlc shoe-box/(ouse caggp

B n(28x 1 8x 1 2cml w:fh metal tops. \ Tthere fed Purma Lab Chow and. water ad IlbitUm :\

e Ca\ges contained terylem fiber and wood'shav mge for b.ealng and w}m elumd wooluy ek i
- Captwe voles were housed ina tent and hence exposed to approxlmatély hatural R '
; ‘photopenod and temperature e e e

The follownng abbrevnanons and defmltlons wnll be used throughout the balance of thls

Py

- dussertatlon . X ’ . . :
. OW- overwmtered vole (borh the prewous summer’ year t- ll
- 'YG- young vole (born the current year? May be dnv:ded mto

" Age class 1- Mz ‘with open anterior groove
‘Age class 2- m:2 wuth closed antenor groove

Age class 3 JVI’ with roots formed

Mau:ure- a) lee- females welghlng more than or equal o 16 gor havmg,g’romment m" .'
P . . -’J)\‘l“ S e 5
or havmg a parted pubnc SymphySls males having scrotal testes B e

bl Necropsy- females havlng embryos placental scars or corpora lutea, males

showmg posutlve sperm.’smear of test|s or epudydlmys Age may be OW or YG..

lmmature~ voles _not sexually mature., Usually age_YG.y‘bu;t some _age OW in early spring. fk_

In expressmg the results of statlstncal tests o | K
» P<0.05 | = | N
» gm—P<0.o1 S L e RN

win- P<0.001

. e




e 'fneld of denssty reguletion of m:crotme rodents this approach has b
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" 1

._';;»wof compamm :tudm in zoology cannot bo (

The importar . w

" used extenstvely

B Most studnes haVe drawn comparasor\s among, specles (Krebs and Mey 's 1974, Krebs

‘ 1979) but only a few studnes ha)/e compared a smgle specves among vegetatton types
(Batzh 1974 an Horne 1981 West 1982, Ostfeld and Klosterman in prep)
Compar:sons of demography of a spec:es between vegetatnon types may suggest /» _

' processes é‘f populatnon r'bgulatnon ' -

: The term 'hab:tat" is 1

drather Ioosely in: the ecologlcal hterature Habltat may

refer to a botanlcally dlstnnct ‘segment of a geographncal area, or |t may also refer to the

' type of areas occupned by some specnes of ammal Confuslon may therefore aruse in

;that the habltats of an anlmal may only be a subsét of the botamcallyv’defmed abltats

}i Furthermore there may be some habjtats anlmals ocqupy only ddnng ceftain years N

‘wﬂl thenefore term the botanncally-defmed umts\of space vegetatnon types and habstat wull
be the subset of‘ vegetatlon types occupled in thJs case, by C/ethr/onomys gapper/ .
We may be able to deflne x botamcally dnstlnct vegetatnon types and determlne “

. that a specces occupnes x y of them but how that spec»es responds to vegetatlon types is o

. of |mportance (Wems 1976$ . We can approach this questlon by determnnlng

dnfferences in’ demographuc parameters mcludung ‘home range snze ‘ofa spec:es on gnds |

‘ contanmng varlous vegetatlon types. Based on demo hy of 2 specles these grtds can
then be ranked from hlgh performance to low perf nce. Whether or not a partlcular

specses recognlzes vegetatlon types is not of concern So habatat types must be -

o defmed as functnohs of the anumal in qUestlon Demographlc performance of a specnes o

”may be the sdme wuthan two dnfferent vegetatlon types in whlch Case these two vegetatlon

/:
types are one habutat type of the specles in questaon - - ‘
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ican hence be envnsuoned as ordered ina hyperspace deflned by considering each attribute .

' snap trapping ] dnd in the sarm study area for crlcetld rodents in 1976 (Bondrup-Nlelsen

. . 1

w P . '
. . ' +
B h - N 0 g i A h . . N
Wl

This chapter then comparea demography (dens ty per!lstence. trmslency

recruutment ancl litter ‘siza&} and home range size of C/ hr/anomys gapper/ among grids

- with dlfferent vegetatlon types during the breedmg seasons 1980 to 1982.

Methods - ]

. , . )
) ) ¢ ; R _ 5
) . ) . . °
‘ \) ) \\ * =
N . 3 - s R . '

o l-leb_l,tetqdemlﬂmtlonind an‘elyala L S T

On* all grids the vegetetlon of a20 x 20 m.area centered on each of 100 trap
statlons was scored for 9 varlables (Table 1).. Thls resulted in 100 observatnons for each
varlable for each grid and univariate comparrsons were made by use of the .

G
‘Kolmogorov-Smlrnov test Multlvanate analysns of’ vegetatlon types was done by use of

. the program TAXMAP (Carmlchael and Sneath 1869) to search fpr slmnlarltles among

grids.. L _ :
The TAXMAP program searches for natural clusters of OTU s (Operatlonal

Taxonomlc Units) where each OTU is descrlbed by a set of attributes or variables. OTU's

}

as arange of values along an orthogonal axis.” The ranges of the attributes are

determlned and their relatlve lnformatlon content is calculated. Raw data values are the'n
normallzed as factors of the range A welghted ‘average relative pl’Oleﬂlty is calculated

between each pair of itern's s QTU's are then partntloned statlstlcally into clusters whose :

, members forma contmuous relatNely dense populatlon WhICh is separ?&d from other _

OTU s by a completely surroundmg relatuvely empty space TAXMA/\Bt’accepts a varnety

of varlable types from continuous to presence/ absence For the present purpose the

original varlables were modlfled (T able 2)

: Census technlque and snep trapping

Based on habltat studies of C/ethr/onomys gappen (Iverson and Turner 1973) and

11978), two diverse vegetatlon types were chosen Vegetatlon type A predommantly
decnduous generally had a hlgh densnty of C gapperi; vegetatlon type B, predommantlyr

conlferous generally had alow densuty of C. gapperl Populations on three 4*ha grids

.t
e
i
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'Table 1. Eignht vegetation variables measured at each trap station on

s . Qriads A1, A2, B1 and 82. ’ , o
d‘ B ) . ' - A )
Trlug Groups - Ay; dist. botwcnn tr'o.ns . Trd. diameter
. Code Groug - : ' Code Dist’  Code' Dia. ‘
' A | | - . , . ~ o |
7 1, Mainly gggglgg spp.° ] 1 <2 m 1 <S5 cm
2 Yp. Yeciduous (2-4 m tall) 2 2<8m 3 : 5<10‘cm'
. 3 ' céﬁtforous/gmm 3 5<'10 m 3 ‘1o_<'20 em’
- 4 ‘Cgﬁiforousyﬂixgll papyrifers 4 510 m a4 . '50<ho cm
g Ma3nly Coniferous - 5 ‘ . .5, ’ >40 cm
Shrub groups . Shrubvhdight Shrub'densvty
. Code Type ‘ : Coqe‘ Height - Coage. ~poasjt;
v 1 Mainily Viburnum Q_Qy_]_g ' - 0 — NA& , o} none to ver,
‘ " sparse’
2 Mainty Lonicera inyo lgg:g‘ta 1 <tim ‘ - 1 Scattered
3 Mixture of V. edule, L. _5 1-1.5m 2 Medium
vnvglgg g;g and Rgg_g Spp . o :
-4 Abies balisamea (<im) and some 3 >1.5m . -3 ,De;ase
: dec iduous shrubs . . . ' :
S Nt:ne o v ‘ ' : ‘ .
;“-Hcr.b Cover ’ » Forest f,lobr
Céde Typev . . . Code bType )
- ‘ ' ‘ " , ) B . .
1 None ~ o Leaf 1itter
2 - Few .. 7' e . 2 . . Moss
e e 3 Leat/moss
| 4 J@Qdium_ , o 4 Moss/sp'o;uce needles
5 Mainly :grqss ' ' ‘
6 ",..'Mixed gras; and ho‘rb#




©

Table 2. Fifteen habitat codes used in TAXMAP ana]ys%s‘
~of the four grids (grid A1, A2, B1 and B2J.

‘A, Trees '

.
]

'/ 1. Mainly deciduous trees

Deciduous/coniferous (1/2 / 1/2)  +

17 -

2
3. Mainiy coniferous
4 ‘Tree density

5

Tree diaméter

6.. Deciduous shrubs - o
7. Abies balsamea <im tall
8. No shr@bs - ' g
9. Shrub density;:
10. Shrub height
C. Herbs o

11, Noyherbs
12. Ub to several herbs -
13% Many herbs and grasses

D. Forest floor ' d

. 14, Leafy'foresf_floor

15. Mossy forest floor : - 242 B

10

.
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(Fig. 1).'two in vegetation type A'(wids Al'lnd A2) snd ona,:in vegetation type B (grid B1)
were enumerated by CMR in 1980. In 1 81‘\1 fourth 4-hs grid was, added (grid B2). In
1982 Only grids A1 and B1 were live-trappad. and grid B 1 was eniarged to 6.24 ha.

'Grnds A2. B1 and B2 (198 1) and gnds A1l and\m (1982) were snap trapped during the last-

_ trapping sess.on of the season.

The period May to September was divnd dinto 11 two-week penods (T able 3)
A hve-trapp{g session (rota) was carned out on ' ' gnd during rnost periods. For
- eachrota, traps were checked mornmg-and evenmg over three consecutwe”days
* beginning and ending with a morning check. Thus ammels were at risk. of capture 5 times
: per rota. B . : k :
All grids consnsted of a 10x 10 array (Gnd B1 was: aniarged to a12x13ar ay in
1982) with 20 m spacing. - One Longworth trap, ba.?g with sunflower seeds a d Purma
Lab Chow and supplied with terylene bedding~was set wnhm 1 mof each station. Onall
early and most Iate rotas, traps were pre-baited (doors locked open) one day before
trapplng started Beddmg and baat were repienished as necessary ‘and and traps were
checked for proper functlonmg before eachrota and after every capture. \
[ ) A

Trappability
Trappability, T, W_as calculated by the method of Boonstra and Krebs (1978): .

N ! ‘ : . . . o .
Z number of actual captures of individual i
T= « N

number of times i is at risk of capture
i=1

. : o
where N is the number of voles caught more than two tlmes First and last capture are.

not counted in either the number of captures or the number of times at nsk of capture

because an animal is necessanly caught atthose times. - . L
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Estimate of minm
Persistence may be caiculsted as the proportion of voles that survive from one

rota to the next.  Alternatively, if we assume constant rate of ioss with time, average

persistence can be computed as:-

.

>

n xr". S ‘
S e[\n N(t+1) - In N(t] - €

RIRIT

_ where r = number of rotas during which an animal could have been alive, n = number of

animals involved, N{ti= number of animals alive in rota t, and N(t+ 1)= number of animalis

alive in rota t+1, where t=interval length.

2 \

Estimate of transioncy

transieﬁts..a'i_though some of them may have'digd. .. The proportidn of transients is

§ c R |
Voles caught during only one rota (usually caught only once) were defined as

coh\putad as

/

» . i

-

- U T : . o
where ai = number of new voles during rota i, bi = number of these new voles not caught -

in a later rota, and r = number of rotas.

° -

'
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Estimate of recruitment ’ g

_ Total recruits el animais caught for the first time beginning kwm\ rota2. For
the comparison of immature to total recruits the initial period is the rota in which immature
animals are first caught.‘ Because only 1 1 days olabud bewﬁuh the end of one rota :nd
the start ‘of tho next, most immature recruits were probably born on the grid, whorgn
matere recruits most likely tmmmrm 5nto 7{91.%.

Estimate of home n’:gd size , ‘
. ,Various‘mothéds exist for estimating home range size from data acquired by .

live-trapp;ng at certain discrete points on-a grid (Hayne 1949, Stickel 1954, Harvey and
Barbour 1965, Jennrich and Turner 1969, Mazurkiewicz 1971, Wierzboraska 1972,
Metzgar and.Sh‘eIdSn 1 974, Ford and Krumme 1878).  Each method has its driwbacks.

-some rﬁorezevere than others. - For instance, the polygon meathods réviqwed by Stickel
(1954) are sensitive to“number of observations, and may include areas the animal never
u';e@. The mathod of Metzgar and Sheldon (1974) assumes that the number of capture
points for an animal reaches ah asymptote which may not be the case. In this study three
indices of home range size were used 1) numb?r of trap stations at which an animal Aw'as
caught, 2) mean ‘area use radius’ ;nd 3) mean 'activit:: radius’.  Only animals caughi at

'iaast five times and having less than 20% of all captures in traps on the perimeter of the

grid were used in analysis. Mean"area use radius’ and "activity radius’ were calculated by ¢

of same formulas except that the former index was based on a single observation

-

ight=1) of the.trap stations at which dn animal was caught; the latter index included ail
captures (weight=number of captures at that trap station).
The radius is computed as ‘

-

-]

where n is the sample size, and the ith distance (Pythagorean) to the center of gravity is

o

& . . . .

-

<\



; ; ‘ /)
ri= ﬁxi-i)z + ‘ryi-g)‘] :

™ .

- where (x,y), the center of gravity iscomputedas. -

o

i:[?gi].n" 7=[Zyi] o

& .

15
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~ Results

y,
Vegetatlon Types

. Vegetation %’ the A grlds was mainly decudu;‘us W|th grld A1 belng more
deciduous than grnd A2 Fig.2). The dEnSIty of trees was not dlfferent between the two .
grlds (Table 4), but grid A1l had a falrly even dlstrlbutlon. of moderate dxameter trees e
whereas grld A2 had a hlgh proportlon of large diameter trees (Flg 2) - ‘ '

Vegetation of the B grlds was mamly conuferous with. grld B'1 being more
conuferous than grid B2 [Fig. 2) Beth of the B grldshad malnly “small daameter trees

. compared to the two decnduous grlds (F:g 2). ‘ The frequency dlstrlbutmn of tree

diameter.dlffered among all'the grlds, (Table 4)., - The density of trees was greatest on

)

gridB1Fig.2. S ¥

Grrd Al hada very ‘uniform distribution of low bush cranberry (V/burnum edu/e)y
bracted honeysuckle (l.on/cera /nvo/ucrata) and rose (Rosa sp) up to 1.5 m tall (Fig., 2)
The predomnnant shrubs on grid A2 were Iow bush cranberry and bracted honeysuckle
wnth some rose, and densxty and height of shrubs were Iower than on grld A1 {Fig. 2, Table:
. 4). Scattered small balsam fir (Ab/es ba/samea) and a few decrduous shrubs domunated
'75% of grid B1 ‘with the rest of the grid beipg devo:d of shrubs; Grid 82 had malnly low
- bush cranberry but they were, low and scattened {Fig. 2). |

The herb layer on grud Alwwas mamly dense and grassy and on gnd A2 was less
dense’ and a mlxture of grass and herbs (Frg '2). TheB grids generally had few herbs :
and grass was not a component {Fig. 2) The forest floor on the A grlds was malnly leaf
litter and on the B grlds was mainly moss (Flg 2). Debrls (fallen trees and dead branches)
on the forest floor was promment on the two decuduous grlds but was a mlnor component
on the comferous grids: _' : o 7 . A

A TAXMAP classnfucatlon of the four grids produced four single member clusters

{Fig. 3). The two A'grids were closer to each other than they were.to gither of the B

grids..
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Figure 3. Taxometric djstance betwe;ngr1d§ Aj, A2, B
and B2 géneratedjby the program TAX >



tTrappabillty " ‘
-Trappability was generally hlgh Females terhded to have hlgher trappablllty than

ales and trappablllty was hugher on the A grnds than on gnd B1 (Table 5) - Lot

Mlmmum Number Allve ‘ ‘ »

The ltve-trapplng census results were based on approxlmately 37 OOO trap- nnghts
_ and atotal of 861 dlfferent C gapper/ caught ‘ o 3
Data from two perlods rotas l and 8 were used to\test\he hypothesns that there .
".was a hlgher densuty of C gapperi on the A grlds than on the B grlds Because | could
not calculate mean densltles for the two grld types for each rota the tull hypothesls
_ }tested was that the ratlo of MNA did not differ from aratio of 1:1 between the two
habltat types ' ' .

MNA was always hlgher in decnduous than |n conlferous vegetatlon type (Table 6)
However only in 18982 did the rat|o of voles in rota 1 dlffer sagnlflcantly from 1:1 l31 '
voles/4 ha on gnd Al and 7. 7 voles/4'ha on gnd Bl Table 6). & ln 1981 grnd B2 was not '
-‘ trapped untll rota 2, when the MNA ratlo between it and both grlds Al and A2 dlf'fered

. 'sugnlflcant_y from’ l 1 and there was no dnfference in MNA ratlo between it and grld Bl )
| (Table 6). Durmg rota 8 (rota i for compansons wuth grld B82) there were Stgmfncant "’
departureslfrom at: ratlo of voles b‘etween the A grnds gnd the B. grlds however, there a
‘was no difference within the A or B grlds (Table 6). o “
" ‘ After aslight decrease in numbers durlng the early rotas, especxally in 1980 and

' -1981, mcrease in numbers was generally exponentlal wnth sumllar rates of lncrease on S
.'_grlds A 1; A2 and B1 (Elg. ‘4). However MNA on the B gnds remalned low and relatnvely, - |
constant during most of the summer in 1981 and did not start to. mcrease untll late inthe

summer"(rota 7on. In 1980 the MNA on ail grids decreased in mid summer, mamly

. because of poor perSIstence of Voung (Fig. 5) However densutles did increase later in- - )

 the year In 1982, MNA on grld B dld not increase after rota 6 mamly as a result of a

<

iow appearance rate of young (Fig. 5) ‘whereas exponentlal growth contlnued on grld Al.
Gf'ld B1 generally had a higher proportlon of overwnntered voles though a much lower
| ' 'absolute number than the A grids {Fig. 5). In 1982 when MNA w(as very hlgh on grld A1

'the populatnon consasted of a hlgher proportlon of overwmtered aﬁnmals thanin oth
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"~ Table 6. Ratio‘of Minimum Number Alive betweean

grids. in spring (rota t) and late summer

(rota 8) tested for departure from 1:1 by

Chi-square. - v .

| JU b
T A2 81 82
A1 35:52 14:52 -
NS ) tfﬁt R
A2 --1 Wd.as --- LaTE

: L ewe " SUMMER
. o A
SPRING = ~.B1 =~ v.ug;d, -
a AR NS - .
82»_"---. . (-.. ) - - \
198 1 _
At a2 B1 ° g2l
. A1 66:87  12:87 4:87
N . ‘NS (R X ] S
- A2 10:12 12:66  4:66 - LATE

NS sex | exs  SUMMER

'SPRING B1 10:5 12:5 3:12

NS NS "NS
2. .
B2 10:1 12:1 5:1
tt‘t * attt Ns
" 1982 '
\} .
A1 A2 B1 82
‘ ; D ;
at -- 25:128 --
_ttn !
A2 -~ - LATE
" : SUMMER
‘ S
SPRING B1 31:7.7 - '
B i _’ L X %
B2 -- -=-

1- voles on grid not
2- rota 2 ‘ o

3- rota 7
3
. 2,
. \ B
“x
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25
years (Fig\‘. 5). By,Seeten'aber ,(Ro‘pt‘as 10 and 11) the poeqlation cqnsisted almest entirely
of youngy of the yeary, at least in 1980 and 1981 when trapping continued through Rota
n. | o , | "

| MNA of overwintered animals was similar between 1980 and 1981 I:Jut was mach
hlgher m 1982. - Late summer MNA was low in 1980 compared to 1981 and 1982 and :
was hughest in 1982 We may therefore consnder 1980 alow density year, 1982 a htgh
density year and- 1981 intermediate.

B

Persis;enc: Q‘ : o o | ' o P

J Mean persietence by grid, agecla:s's‘, sex, and year is pre'sented'in Table 7.

Persistence was lewe_r in 1980 than in 1981 and 1982 (Table 8) en all grids but the

difference was only signif"icant ongrid A2. lf’ers;istence was significantly differept

_ between grids Al ir?,oe/not between grids A 1. and A2 or between A2 and B1 (Table

- 8). OverWnntere emales persisted significantly better than did overwintered males but

there was no dufference among the sexes of the young of the year (Table 9).

h Overwmtered animals persisted significantly longer-than did young of the year (Table 9).
Overwintered animals persisted equally w.ell‘o'n grids AtandB1; however, there was a
significant difference'in persistence of the y0ung' of the y'ear with hiéher persistence on
grid A1 (Table 10). Persistence of overwmtered females was significantly lower in
1981 on grid B1 than during the other years, but on grid A 1 there was no dufference

-among years (Table 11).

-

| Transiency
"Wide variations occurred in the percentage of transients among years, grids, age
class and se,xes‘(Ta‘bIe 12).  Overall there w‘as no significant difference in transiency -
a"rnong years but there were sxgnlflcantly more transients among young of the year than
among overwmtered anlmals and sngmflcantly more transients among males than among
females (Table 12) . Among the grlds there was a trend from fewest transients on grid
AltomostonB1, and the differences were significant Transiency among

~ overwintered females on grid A1 and B1 was very low and not sngmflcantly different.

T
e -

Only transnence among young maies dlffered sngmflcantly between grids.
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;Tab1e 12. Percent transient volés (N) by grid, age, sex and year (sUperscripts refer to

means among which comparjsons were made) . . o 7’
- i : - ¢
. Pergent:rtransient o S TOTAL
Al I 1980 - 1981 1982 .Indiv. Grid ~ OW YG Male Ffemale
. . .
GRID Af . ’ SR i .
. Male 20.0 27.3 10.7 15.9
L CH 6D (11) (28) . (a4)
T oW i . . , .
' Female 0.0 ° 0.0 8.7 5.7 .
o ) (7)) (s) (23) (35) ,
: S . » C 25.45 o
A : Male 37.5-, - 31.6°  40:4 .36.8% (283) ‘ : E
: - (24), (38)-- (52) {113y .
YG o ‘\\\aé— A .
Female. . 16.7 - . 11.5 o) 23.3
(24) {26)- €40y - (90) - .
GRID A2
a Male, .  30.8 21.4 c--1 25.9 .
: : ; ST 013) (14) ° ' (27)
- ow : ' g : 0
Female 30.0 . 16.7 . -~ 25.0
- (10) (6) - . (16) .-~
: ‘ ; : S 32.6
Male 29.6 ©  36.8 -- 32.9% (181) .
o (44) - (38) Lo (82) S
YG . . - . e . S
. " Female 40.7 * 34.5 . -- 37.5 ’ s .
> RN (27) (29) : . (56)"
“.GRID B ‘ ,
' iMale . 36.4 - 12.4 36.8 .. 37.1
(1 4) (5) (19) (35)
Female . 0.0 26,0 Y'0.0 .. 5.8
‘ () (4) . (8) ' (18) '
R , © 3925
Male 71.4 33.3 . 62.5 64.6¢ (148)
(21) (3) (24) ' (48)
i~ YG: ae R .
Female _ 30.0 33.3 .23.8. 27.7
S (20} (8) (21) (a7)" X
ALL GRIDS  33.0% 28,2 31.22 '~ ™M9.43 3553 36.3% 23 71
s : (212) (185) * " (215) . (175)  (437) (350). (262)
1- volgs on - grid not enumerated .- :
2- Géggya, NS -
3- G= 51 xoH ok ’ ) . ) i

4- G=11.37, #==
5- G=8.54, o
6 - G=13.90, * % ¥
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'Recrunment . S Co.
There were no dlfferences in recruutment among gmds however recrujtment was

) sngnlfncantly lower on all grlds comblned in 1982 than in both 1980 and 1981 (Table 13)
The ratio of immature to total recrunts was sngnuflcantly lower i in 1981 thah in 1980 and
1982 and was dlfferent between grlds when all years were lumped (Table l4l In 1982
. the ratio of |rnmature to total recrults was slgnlflcantly hugher on grld Al than on grld B1 -
‘(Table 14). Thls type of analys:s ’rs of course plagued by edge effect i e. a '
dlsproportlonate number of mature recrwts may be caught in"the perlmeter traps
Dlsregardlng all recralts caught in the perlmeter traps in’ 1982-(the year fOr WhICh sample
size was high enough to do this and still be left with enough recruuts for analysnsl 94.8%
(N 58) of alI recruits on'grid A1 were |mmature whereas only 46.4% lN 28) were
ummature on. grld B1, and this dlfference is hlghly sngnlflcant (GT’25 96, ***l T

Home 'range

Average -activity radlus ‘was smaller.than average area use radius’ but the
difference was -not slgnlflcant (Table 15)." Male home ranges were approxlmately twuc,e

. the size of female home ranges and the dlfference was sagmfucant (Table 16). F'emale
‘home range size-was sugnlflcantly smaller on the A grids than on the: grld B1 (Table 16) but'

only grld Al dlffered sngnlflcanily from grld B1, and then only by the actlv:ty radlus

‘measure, among mal
i range sue for elther sex etween years whether measured by activity radius’ or area use
radius’ ‘(’l’a‘ble 17). , ' e Q . .
Litter Size | k SR - | .
Mean litter si‘ze was calculated from the number of embryos in pregnant females, v
\and the number of scars'in thebmost recent set of scars. There was no statlstlcally |

sagnlflcant difference in mean litter Slze between voles in- decuduous and conlferous

vegetatlon types compared by years (F Q. 65, NS, Table 18)

‘ 82 (F1,20=71 l *). Tl}ere was no dlfference in mean home =~
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‘Table 13ﬂ‘TOta1fre¢ruitment expressed as

percentage of Minimum Number ATlive. f

. Grid |
A1 22 B £
1960 45.1 43.0 491 451 %
C(113) (2230 (110)  (a46)
4981 51.2 435 - 34.9 .  45.3%
v “L211% (193] (43) -(447)
"o 1982 32,5 - +32.4 30,5 %
(486 | (225) 1711
Al 39.1 . 43.3 37:6 .
. (810)  (416)  1378)

1- Voles on gr1d not enumerated.

27 G=28014, wex

e



‘.“T?b]e 14 .. Immature recruits expressed as

34

percentage of total recru1ts

Grid
A1 A2 Bl e
1980 61.9 65.0 62.2 63.8
o t2t) 0 (80)  (37). (138)
1981 43.3 57,1 28.6 47.7%2
o (60)  (42) (7} (109). y
1982 86.94 . -.1 50.9Y - 74.02
(99) - v,?v(ssyr (154)
Al 69,43 1 g2.3%.: m3 5%
(180 T(v22) o (89)
- VOleé on: gr1d not censused e
- G219.00, *xx L T
. G=7.00, = . S
G=23. 18, wxx ;
S
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Table 15. Mean +5.D. (N) activ!ty and area use radii as 1nd1ces of. home range
5‘29 of mature QlﬁlDLJQDQMMS gannanl bY 9P1d and year '

' L2~ Female ) )
3~ Voles on grid not enumerated

’ d1 .

38

A /“‘1930 S 188  '» 1982 Mean
] W Activity Radius .
o M'1.7120.38 (i0) 2.06$0.96 (7)  1.60+0.79 (13) """ '1.7420.72
Grid A1 : ' B . o s
i F20.8520.15 (11) 1.0430.40 (9) ~ 0.88+0.28 (11) 0.9120.31
M 1.81$0.96 (7) - 2.30£0.57 (6) --3 2.03:0.82
Grid A2 L o C
- F.0.9420.25 (6) .  0.8440.42 (4) -- 0.902D. 3
o "M 156520.74 (4) . 2.52%0.41 (3) . 2.40+0.53 (9) 2.2320 64
Gridg BT . - : ‘
F 1.1140.44 (5) 0.98$0.44(3) - . 1.25%+0.45 (9) 1.16+0.43
< M 1.73£0.66 - 2.23#0.73 © . 1.93:0.79 '1.9420.74
- Mean : R L : o S
S F0.93+0.27 - ' 0.9720.39 . ..1.0430.40 .0.9840.35
Area_Use.Radfhs“
: M 1.9120.39 (10) 2.34£0.89 (7) 1.84:0.71 (13) 1.98+0. 68
Grid A1 . S P , o
~+ F0.9520.15 (11) ¢ '1.11£0.50 (9) - 0.97+0.31 (11) '1.00%0.33
© . 'M:2.08:0.89 (7) ' 2.39+0.71.(8) -- 2.2220.80
Grid A2 : S Sl %, co o
: F 0.9320.24 (6)  _0,96:0.33 (4) -- -0.9420.26
K M 1.92:0.64 (4) | 2.6420.39 (3) 2.38+0.54 (9) 2.31:0.56
.Grid B1 : . . ‘ o ! . o v ' »
v, F1.2920.39 (5) . 1.1120.51 (3) - 1.48+0.71 (8) 1.35+0.59
‘ M 1.96+0.60 2.41:0.72 2.06+0.69
Mean . C : ! .
"F 1.02+0.27 - 1.07£0.44 1.20+0.58 .
i- Male T
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The vegetatnén of the four grlds dlffered in several of the variables measured.
The most important dlfference was intree cover. Both A grids were mamly deciduous
and the B grids were mainly coniferous.  Since the canopy cover influences the
understory, it is no surp’rise that the coniferous-type g'rids had few herbs and a forest
floor mainly of moss and conifer needles, whereas the deciduous-type grids had many
herbs and a forest floor mainly of dead leaves. The TAXMAP classification of the four .
grids did not place the A and B grids within cluvsters but produced four, single-member
clusters.  Grids A1 and A2 were more similar to each other than they were to grid B1.
'Grid B2 v:/as definitely a coniferous-type grid that | subjectively rated similar to grid B1;

however, TAXMAP placed grid B2 closer-to grid A2. Data from grid B2 will be largely

N ngnored in this dlscussmn because” ut was only trapped during one summer, the number oﬁ

\voles on it was very Iow The two A grids and two B grids were not meant to be
replicates so the fact that all grids were different from each other is of no consequence.
In this study minimum number alive (MNA) Was used for direct enumeration.

When trappability.is.greater than about 50%, MNA is considered to be quite close to the
actual population density (Hilborn et a/. 1976). Trappabilify was generally very high,
easily meeting the criterion for lconfid'ence in MNA. Direct enumeration by MNA, -
however, has recently been cntucnzed by Jolly and Dickson (1983) and Nichols and Pollock
(1983) They reason that estlmators;‘of populatlon size based on the Jolly-Seber
capture-recapture model are less biaseo than 'direct enumeration.  Jolly and Dickson
(1983) argue that :mequal catchability among individuals in an open population may result in
a greater negative bias in the MNA estimate than proposed by Hilbornet a/.  (1976). In
this study, | do not treat MNA as an estimate of actual population size on the grids, but
rather as an indicator correlated with actual density and densit‘y v‘change. Throughout,
MNA data from the different grids are used to compare demographic parameters between
grids and should despite the shortcommings, be adeduate for that purpoSe
Furthermore itis my feehng albeut intuitive and not quantlfled that the mature segment of
the vole populations on the grnds is fully enumerated, whereas the immature animals may
cause the greatest negative bias. During trap-out of enclo;sures (see Chapter 4) the

snap-traps never caught mature animals, but they did catch immatures that had not been.
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capture.d during earlier liye-t;'apping Boonstra and Krebs (1978) suggested tHat mature
Microtus townsendif are fully enumerated by MNA whereas immatures are not. Other
authors have argued similarly for other species (Hall 1974, Jouie and Cameron 1974)
I do not wush to make too much of the density data as estimated by MNA on the

_grids.  MNA _pnvthe A grids were very similar'and were higher than on the B grids,
especially in late summer- However, changes in MNA were not necessarily correlated
between the A and B grids as evidenced in ‘1 981 and 1982. That there can be
differences in densities among vegetation types is well known for small mammals Miller
and Getz 1972 1973, Van Horne 1981, Iverson and Turner 1973, West 1982, Suliivan
1879, 1980 , Petticrew and Sadleir 1974 Sadleir 1974). y

~ Since there are differences in MNA between grids it is necessary to show that

 other demographic differences between grids are not a resuit of those density
differences but of vegetation differences There are numerous studies comparing
demography between different phases of the ‘population cycle” (for a review see Krebs

. ahd Myers 1974) however different'densmes between grids and between years in this
study can not necessarily be equated with different phases of the ' population cycie ‘
After all, there is no evndehce ‘that populations of C/ethr/onomys gapperi in the Mitsue

| study areacycle. Itis more appropriate to compare other demographic parameters on
any one grid between years with differences in MNA to determine whether differences in .
those pardmeters are independent of density. . v

| | have used the term persistence rather than survival which is the term commonly
used to express how long animals are caught on a live-trapping grid (Krebs and Myers
1974).  When an animal is not. caught on a grid anymore we do not know whether it died
or left the grid and consequently the term persistence is more appropriate. ‘

At first glance mearﬂersnstence appears to be correlated with'density. " In 1980,
the low density year, persistence was low and in the other tv;o years, with comparatively
high density, persistence was high " However dens:ty was higher in 1982 than in 1981
yet persistence was the same.  On grid A1 mean persnstence did not differ between
years despite density differences. Persistence of overw:ntered females dld not differ
between grids A1 and B1 but pers:stence of overwmtered males and young of the year

did. - It can therefore be concluded that the observed differences in persistence among
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the grids were a result of differences in grids per se.

Transiéhcy differed among grids with the lowest proportion of transients on grid-

Al However, despite differances in density between years there was no differenge in

transiency. . Differences in transiency, therefore, appear to be aresult of different grids
and not different density. Van Horne (1 981), comparing demagraphy of Peromyscus
manicul atgs between different seral stages of coastal éoniferous forest, found no
différence iﬁ proportion of transients between vegetation typeé desTite differences in
other demographic parameters.

Recruitment appeared to be negatively correlated with density. However,
recruitment was .similar among grids except maybe‘in 1981. In 1982 significantly more
recruits on grid B 1 may have been immigrants. Overall recruitment may be a functioﬁ of
density but the ratio of imma/ture to mature recruits seemed to be function of vegetation
type when density was high. .Bo.onstra (1978) found that adult femaie Microtus
townsendii inhibit recruitment, that is, where there iisvé’h’igh proportion of adult females
recruitment is low.

Home range size for many species of small rodents decreases fn size with
increased density. (Getz 1_961, Sandérson 1966, VanVieck 1969, Maza et a/. 1973, -
Gaines and Johnson 1982). However, in this stljdy home range.'si'ze was smaller on the
high density A grids compared to the low density B grids ahd home raﬁge size was not

significantly different between years despite significant differences in density among '

_years.- Therefore, home range size, as well, appears to respond to vegetation type and

not density.  Van Horne (1981) found no difference in home range size of Peromyscus

manicul atus between vegetation types. ~ Van Horne had expected differences in homé

s range size; however, her results were consistent with those of Metzgar (197 1), who

found that with increased dénsity there was an increase in overlap between édjacent home
ranges. | found that with increased density on a particular grid, the number of captures

of adjacent mature fgmale voles at the same trap station increased.  This. may indicate

that overlap increased. : . ' /f‘ -

Although the energy demand during pregnancy for a vole is minirmal (Migula 19683,

Kaczmarski 1966), one might expect d.ifferences,in litter size'between vegetation types as

~ found by Krohne (1980) for Microtus californicus, but such was not the case for
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Clethrionomys gapper: .

It appears that the differences in demography and hon:? range size among the
grids Were‘generally not aresult of differenees in density but rather a result of the
vegetation type found on the grids. = These differencegs have been summarized in Table

9. Based on density, persistence, transiency, rey{tment ar‘:d home range size of

* Clethrionomys gapperi the two ma jor vegetation types represented on the A and B grids
£an be considered distinct habitats of populations of Clethrionomys gapperi in the Mitsue
study area. The vegetation type on grid A2 was intermediate between the vegetation
types on grids A 1 andB1 and the voles appeared to respond to it in that fashion.
However, MNA was lowest of ali on grid B2 yet TAXMAP‘pIaced drid B2 closer to grid A2

than to B 1. ' w

o What is it about the grids that make some mere {avourable to voles than others?
Miller and Getz (1972, 1973) found that at the southern edge of the range of ~
Qethrionomys gapperi, in southern Connecticut, voles were limited by gﬂoisture
» High densities of voles were only foumd in coniferous swamps. However,
Jer north in Vermont, density was not correlated with moisture but rather with amount
of’ debrls that is, fallen trees, dead branches and rocks. Debris was of secondary
importance to C/ethr/onomys gapperi in southern Connecticut.  Density ﬁvoles in both
Connectlcut and Vermont was not correlated with herbaceous cover.  Iverson and
Turner (1973) found that density of C/ethr/onomys gapper/ in Mamtoba was correlated
with shrub diversity. In this study shrub diversity was high on the A grids and low on the
B grids but what the dtversnty of shrubs has to do wrth voles neither lverson and Turner
{1973)-nor | know.- The A grids also had much debris thus supporting Mlller and Getz
(1972, 1873).  Miller and Getz (1972 1973) argued that in the south voles are limited by
" water because of high amblent temperatures and an inefficient kidney, whereas in the
north water is not limiting and cover is important because of high predator pressure
Water would not be limiting in the Mitsue study area because there was often standing
water on the grids, but as far as predator pressure On the study area, | know nothing.
During the study | only caught 4-5 Shorttail Weasels (Muste/a erm/nea) However ‘
populatlons of Clethrionomys gapperi in the Mitsue study area appear to respond to the '

’

vegetation types as a continuum from deciduous (high Darwinian fltness) to coniferous

J

'
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(low Darwinian fitness). Butlet me reiterate - altfiough | call the habitat types deciduous
: ' s coodh

~and coniferous, this dis_tinctioﬁ is'not necéssarilw't/he factor the voles respond to.

/
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-Spacing behaviour of C/ethrionomys gapperi: | The natural situation

Introduction R
Spacing behaviour‘l define as a form of social.behaviour that has the effect of |
' distrlbuting’o“rganlsms in space in'a. non-ra'ndom manner through some form of mutual
repulsion. If thereis a lower limit to the amount of space an orgamsm requires for
maintenance and reproductlon thatis, at a certain denS|ty all suitable space is occupled

and no more orgamsms can squeeze in and obtain space then spacing behavuour acts to

limit den5|ty
I

PR

Spacnng behavnour has been invoked as a densuty regulatlng mechanlsm in
C/ethr/onomys g/areo/us (Bujalska 1970, 1973) ‘and MlhOk (1979 showed that female -
Clethrionomys gapper/. have exclusive home ranges as revealed by captures in
' multlple-capture traps onllve-trappmg grids. ~ Thus spacmg behaviour may be operating :

in. thls species ‘, Aithough exclusuwty is best arrlved at by the use of bIO telemetry (see

for lnstance Madlson 1980b); bio- telemetry is not. always feasible, and data from o

IIVE trappmg studies can be collected and analysed in such a fashiorl as’ to lndlrec

questions about spacmg behavnou and whether spacmg operates in densnty rgd
“In this chapter I try to answer, from live- trappung results the followmg qu

~about northern populatlons %f C/ethnonomys gapper/

l Are home ranges of C/ethr/onomys gapper/ exclus:ve? S

2) Do home range locations shift with time? .

; 3) Does. hon‘1e range size change with density ?

4) Do mature C/ethr/onomys gapper/ dlsperse7 ,

5) Wlth density mcrease does a live trapping grid become saturated with mature female o

C‘7etﬁr/onomys gapperi ?



Methods S . |
The data for this chapter come from "cer‘:’suses of Clethrionomy’s gapperi on thr‘ee
grlds (Al A2 and B1) m 1980, 1981 and 1982 (see Demography of C/ethr/onom{s
_ gapper/ in two dnverse habltats) Y '
R All estlmates of home range size were based only on animals caught at Ieast 5
- times and for WhICh 80% of the capture points occurredmsnde the perimeter of traps
statlons on live- trappmg ngdS in order to determlne whether or not home range size
_ changed wlth density the range Iength technnque {(Abramsky and Tracy 1980) whuch 8
\ based on the maxnmum dlstance between two capture pomts for each anlmal was used as

\.
v ooan lndex of home range size. L =

To determine whether or not mature voles that had been established on an area

o would disperse, the followmg assumptlons were made 1 voles caught durmg rotas one

" and two were considered to be the orlglnal group of animals on the grid and were
ztherefore not considered in the analysns 2) ali other animals caught were divided into two A
age classes A) voles weighing 20 g or more were considered |mm|grants that had matured
elsewhere and had been reproductnvely actlve befo;e they were caught for the flrst time -
on the grld, and B) voles weighing less than 20 gy consrdered either |mmlgrants that
had r'\ot matured elsewher‘e or recruits born on the grid. ~ Voles ‘weighing 20 gor more
at flrst capture are therefore considered possmle dlspersers that had already been’
establnshed ona home range. | :

Home range size. estlmated by the excluslve bounda'ry strip method (Stickel 1954)
was used to determine the numbe‘> of mature ‘females on breeding home ranges to be
expected on the grid. The number of actual females on breedmg Home ranges was
determmed by summnng all mature females in rota ras well as females immature in rota r
that were present ‘mature and on the same site inrotar+1. '

Results

If animals have exclusive home range's:(territoriesl then one would expect that two “

or more different individuals"of the sam‘:'se} would se'ldom b‘e%cdalught at the same trap

site during a particular rota.  Two or more mature females were seldom caught at the

same’tra‘p site during any rota, especially in the low density year, 1980 (Tabie 20).
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1
»

‘ Different’rhature males were caught at the same trap-site during any rotamore of‘t‘enithan
females but the difference was only sngnlflcant in decnduous habut%t in the high densuty
year, 1982 (Table 20) .Percentage of capture of different |’/|duals of either séx at
_the same trap site durlng a partlcular rota mcreased s:gnlflcantly w:th denslty except for
females in conlferous vegetatlon type (Table 20). Only for mature males and only in the
high density year 1982, were different individuals caught more often at the same
trap site in dec:duous than in coniferous habitat (Table 20) ' | |
ThlS type of! analysns of space ‘use does not paint the true plcture however as

captures of mature males often revealed extenslve overlap wuth each other,. whereas

when different mature females were caught at the same trap station, that trap statlon was

L"w_\,

iperlpheral to both.
' The more trap stations found within the home range of an animal the more

captures are necessary for the animal to reveal its home range C/ethr/'onomys gap,ber/
males have significantly larger home ranges than females but male home range size did not
dlffer between grlds whereas femaie home range size was slgnlfxcantly larger in

: conlferous vegetation than in dec:duous vegetation {see Demography of C /ethnonamys

. gapper/ m_ two diverse habltatsl. For the f_ollowlng analysns therefore, males on all
grids were lumped but females from deciduou,s and coniferous vegetation types were

| treated seperately There was a posmve linear relatlonshlp between the lengthco“ :tirne
that a mature anlmal was present over the breeding season.and the number of dlfferent .
trap statlons at which it was caught for both males (Y=1.34+1.38X, R’= O 61, Appendix
lla) and females in both decnduous {grids A1land A2, Y=3.11+0.49X, R1=0.27, Appendlx
Ib) and'conlferous {gridB1, Y 0.64+1.13X R*=0.70, Appendlx fic) vegetation types (Table
21).. The dlfference in sIOpe of the regressnon between males and females on ngdS Al

: yand A2 was sngnlflcant (t=4.07, df=84, »*#).  Over runnlng four week periods (3 rotas) a

_positive llnear relationship exlsted in three out of five cases for males but did not exist for
females in dec:dqous ve'getatnon type (Table 2 1)—:—‘ i There were not enough data to do a_
similar'analysis'for femates in coniferous vegetation type (Tabie 21). * Two of 13 female§
“and five of 10 males that were caught on six consecutlve rotas showed significant
changes of "activity center (see Methods, Demography of C/ethr/anomys gapperi in

Q

two diverse habitats for definition) between the first set of three rotas and_ th,e second.
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. Table - gression of number of diffeEent trap stations a vole was
< Caught at against the number of rotas the vole was alive for
(calculated fdr all rotas and running sets of 3 rotas).

Rotas . Slope R F P

Male (Grids A1, a2 a%vd 81) -
la

- 2-8 1.38 . 0.61 8la 73 0.000
2-4 1.70 0.46 22.70 ' 0.000
. 3-5 . 1.07 0.23  9.69 " 0.004
| ale 0.40°  0.02 0.57 0.456
5-7 1.16 0.11 . 2,15 0.160
6-8 - 2.20 0.31 6.68 0.021
Female (Gr,ias Al and A2)
2-8 0.49 5%27 To14.71 " 0.000
2-4 0.35° ' 0.08 1.68 0.206 ’
3-5 0.48 - - 0.06 ( “1.20 0287
' 4-6 1.27 0.25 . 4.s6 0.051
5-7 ©.58 = 0.06 0.55 0.480
6-8 -0.50 0.03 0.22 0.651
| Femaleb(GM.d';Bﬂ

2-9 1.13- . 0.70 34.76  0.000

49
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set of three rotas but the difference between males and females was not sngnificant

. (Gladj)= 075 NS).

HorrJe range stze as measured by range length was not a function of density of

mature females in decnduous habitat (Y=26.8+0.0004X, R‘- 0.002, Appendix Hlai or in

coniferous habitat (Y=48.4-0.006X R=0. 12. Appendix i),

o Animals immigrating onto a grid may either settle on the grid first and then start to
enter traps or they may enter traps as they move onto and across the grid The former
appears to be the case, ‘especially for females as oniy a low proportion of animals (28 5%

for males and 12. 2% for females) showed a shift in location of more than two trap

~_stations (40 m) between the site of first capture and subsequent captures (Table 22).

Therefore if new animals show up randomly on the grid one would expect the frequency

of first capture by trap band to be sirvilar to the ratio of number of traps in each band of

traps na 10x10 array of trap stations there are five successive trap bands with a ratio
.of traps from outer to inner band of 0.36. 0.28, 0.20, 0.12 and 0.04. In the 13x12
array of trap stations of grid B1lin 1982 the ratio of traps is 0.29,0.24, 0.19, 0. 14

0.09 and 0.04.
The frequency of first capture by trap band of new animals by age class, sex and

grid is presented in Table 23. .Female voles, greater than or equal to 20 g, were caught

-vdisproportionately in-the outer band of traps (Table 23).  Only on grid A2 did voles of

o 'bo'th sexes less than 20 g depart significantly from the expected frequency (Table 23).

When the frequenc:es of first capture of new males and females less than 20 g are

summed for grids the-frequencies depart significantly from expected (Table 23). More

_yoles than expected are captured in the outer band of traps which is generally recognized

as’edge effect (see Appendix .. The summatlon of frequency of first capture of. new
females greater than or equal to 20 g for all.grids is sngnificantly different from expected
whether the expected i is calculated from the number of traps in each: trap band or on the
combined frequency of captures per band of males and females weighing less than 20 g
(Table 23). A similar treatment of males waeighing greater than or equal to 20 g was not
significant (Table 23). | S 3

If spacing behavio f rnature'female voles operates in density regulation then

one would expect the number of mature females to reach a plateau even while the total
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number of females‘was increasing. In1 SBQ )hgr;g,wasﬁg indication that; density of _
mature females levelled off whereas density of all females continued to increase (Fig. 6).
in 1981 there was an indication that density of mature females was starting to level off at
about 22 individuals on g‘rid ;\1 and 19 on grid A2 (Fig. 7).  The clearest expression of
the prediction occurred on grid A1 in 1982 {(Fig. 8), when the number of mature females
stabilized at about 26 beginning at rota 5 On grud B1in 1982 the density of mature
females levelled off and showed a shght drop between rotas 7’and 8 but this trend wa;/
observed in the total density as well (Fig. 8)." The denSIty ‘of mature females on grid B1 in’
1982 did not ’show a substantial increase until rota 5, the period when the density of
mature females’ stabilized in deciduous habitat (grid A1). In 1§81 the density of mature
females on grid B 1 was low and stable until rota 7 after which it appeared to increase -
slowly as did the total densuty while the rate of increasé of ‘ature femalef ongrid Al .
was decreasing and A2 was declining (Fig 7). / '

After rota 8 no young females of the: year appeared to mature sexually during the
three years of the study So apparently only in 1982 and only in deciduous habitat did
the.density of mature females reach saturation of approxnmately 26 animais on the'4 ha
grid. |

A second estimate ef satur—_ati'on density can be obtained by eetimating‘hdme range
size and determining the number of home ranges onaéd ha"grid Home range 5|ze of
mature females as calculated by the excluswe boundary strip method was 0.26 ha (Table
24). The nurnber of female home‘;;anges in 4 ha should therefore be between 1"5 and
16, rather than 26: but the number of mature females stabilized at about26. From
Appendux i, when the ratio of grid size to home range size is 16 the animals on the grid dre -
overestumated by a factor of 1.6. Therefore, the true number of mature females on
grid Al is 26/ 1.6 which is approximiately equal to 16. On grid B1 where the home
' range size for mature females was 0 33 ha (Table 24) one would have expected
approxumately 21 mature females when that grnd was 4 hain'size, and approximately 28
mature females when it was 6. 24 ha in size. In 1882 the maximum densxty of mature
females on grid B1 was 22 which was well below the predicted saturation level carrying

capaC|ty. “
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-Table 24.

=

~
/

N

Estimate'of-fémé]e Clethrionomys -

. gapperi home rahge size based.on

the¥exclusive bOungaPy strip

e " method. \ e
- Grad N # bf-trap“statibns. " Area (ha}\ -
. ’ ’ - : . N : ’ ‘ VS
A1 31, 6.40+2.72 0.26
P2 fo 6.60t2.97 " 0.26
Bt % 17 8.18+3.79 ©0.33
7 ‘ L i




Discussion
There have been many studies of small mammals by mearis of live-traps placed in a

grid pattern, but such studies are fraught with’problems whenone wants to understand

3

use of space by the animals on the plot.  For instance, what is the most approprlate

- -allow the aninggy

required for ré

study plot size (Bopeen -Nielsen‘11983)? ) What is ghe optimum trap spacing that will

press their rno"vemer}ts {Nikitina 1965)? How many captures are
: ,stimates of home range size (S.tickel 1954, Mazurkiewicz 1971,

Tanaka 197’2 : Myllymaki 1977)?. That there are numerous methods for calculatlng h

- range size has already been alluded to in the Methods section (see Demography of

Clethr/onqmys gapper/ in two diverse habltats). - ‘ : . v 6
Obviously data from live-trapping grids on use of space by animals can oniy be
used to hint at what is going on.  Experimeptation and use of bio-telemetry is necessary

to elucldate more accurately how space is used by dn‘ferent age classes and sexes of

animals.

As stated inthe introduction this analysis concerns mainly female voles for itis in
this sex that spacing behaviour may-act in-derEft\regulation (Kaleta 1957, Koshkina 1965,
Bujalska 1é7O 1973 Mihok 1979).  Mihok (1979) usmg multiple capture traps
recorded only 6% muiltiple captures of two mature females and recorded only 15 cases
%?) of two mature females caught at the same trap site in any one rota.  As well, Mihok
{19786, 1979) found that overwintered females were dommant over all other age‘and sex
classes. From thls evidence Mihok sugge/sted that female C/ethr/onomys gapper/

malntaln excluswe home ranges however, /thlS is not apparent tome. In thts study the

percentage of captures of two or more mature females at the same trap snte durlng any

rota was low especnally in comferous vegetatlon type and dld not increase w:th denSlty

wvthm vegetation type. From this | wou/ld lnfer that there was probably some overlap of 7

mature female home ranges. That there was Iess overiap in conlferous vegetation is

pr‘dbably aresult of the even dispersion of the few mature females. Bujalska (1970,

1971 1973) working w:th C/ethrlonomys g/areo/us on a4 ha. lsland in Poland found that
r~

overlap of mature female home ranges mcreased Wlth density of mature females

‘hOWever the deQSIty/)of mature females onthe island levelled off each year of her study

" at about 60 indjviduals which is far more than the(_maxlmum number"of mature females in

\‘ . - o

oy
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my study. | ’ , o
. The home range size of female'voles in this study did not appear' to .change with
density as‘l‘fg?beEn found to be the case with some other small mammatls (Forsyth and
: Smuth 1873, Ma;f etal/. 1973, 0’ Farrell et a/ 1975l However, Gaines and Johnson
{1982) found thaWange length was not an accurate index of home range s:ze Mares et
al. |1 982l, in a detailed study of spacing of Tamias striatus in northwestern |
, Pennsylvania found that home range size was not a functlon of density but";o-fcfood
‘This |s what one would expect since the optlmlzatnon of reproductlve success mvolves
maxxmlzlng benefits and minimizing costs associated with increased terrltory or home *

e

range snze (,Maynard Smith 1974) This is. supported by findings of Smith {1968) that red
, -

<

squirrel, (Tam/a.SC/urusl terrltory size IS a functlon of food quantlty Myllymaki {1977)
found no evidence that home range size of. M/crotus agrest/s was a function of denssty
i and suggested, based on weak evndence that home range size was a function of food.
Home range size as estlmated in this study by mean area radius and( mean activity radi‘t.,s dnd'\
“*not differ significantly betWeen years but did differ between vegetation types -
| In'some species of rodents-mature.tiemal\es‘\t‘:hange or shift home range after
weaning litters (Tast 1966, Brooks and Banks 197 l Myllymaki 1875, 1977, Jannett )
) 1980) This | is thought to be a strategy to increase ﬁtness in temporary envnronments ¢
(Tast 1966, lelcker 1975) and Stenseth (1978) has shown by modelllng that r- strateglsts
compared to alpha strateg:sts should be more Ilkely to select a new nest when another
' Iltter IS imminent (whether Stenseth equates nest thh home range is unclear) It can be
argué&that forests are relatlvely stable enwronments and itis there%@re not surprising that
only 2 of 13 e females changed activity center between the first three rotas and the
subsequent three rotas for whuch they were alive.  Also, the analysis on number of traps
used with time, mdxcates that female C/ethr/onomys gapper/ show only minor shifts over
time. However, | know nothing about nest placement W|th|n the home range and females
s may indeed change nest with /each litter. -~ - C _" » |
For several M/crotus/spp. adults_are believed to disperse, although when this
ewdence comes from remoyal grids | questlon the results because edge effect is generally
not cons:dered (Myers and l‘frebs 1971, Hllborn and Krebs 1976 Krebs et a/. 1976

Tamarln 1977 Fairbairn 19}78) a However mature femaie C/ethr/onomys gapper/ |n this



i ‘
study- did not appear to disperse as revealed by, ‘hon-random settlement of mature females
on live trapping grids. : The majorlty of mature female recruits that had most likely -
reproduced elsewhere first Were caught in the outer band of traps These were likely
females peripheral to the grid that by chance got caught it therefore appears that once

a mature female is settled oha home range she is not likely to show a significant shift over
. a short period nor to disperse

All this ewdence suggests one conclusion that spacing behavaour of female‘

C/ethr/onomys gapper/ may actin density regulation Only in 1982 and only on grigkA 1~
did the number of mature females stabilize foraé 'Week pe‘riiod It so happened that this
density corresponded to the number one would have expected based on home range size,
grid size and an allowance for edge effect Mihok (1979) did not find evudence that
- female spacing behaviour acted in density regulation l:kit the densrty n hlS plot was low

~and may have been below saturation, in which case one would not expey

reguiation. .

lt-app'ears then that under circumstances of relatively high densit;z regulatibn of
density of mature femailes, through spacing behawour is operating in the same way as
described for C/etgr/onamys g/areo/us (Bu;alska 1970). Imust reiterate, however, that
this findmg (s based on data from live-trapping and must be viewed ’with caution To
confirm that spacnng behav10ur of females operated in densxty regulation needs to be

tested experimentally and the followmg two chapters deal - with such experiments.

A

S,\‘\

BN
.
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" behaviour (Klomp 1972). X

. : !

Introduction ‘

That there can be far more potentlal breeders in a populatnon than actually breed
was furst documented dramatlcally by the experlments of Stewart and Aldrich (195 1) and
Hensley and Cope (1951).  These investigators enumerated 50 species of birdsina 16
ha plot and then shot as many birds as possible. " Atthe end of a three yyeek peridd they

had removed three.times as many birds as they originally counted.: This phenomenon

- ) N . - ya “a
now appears general for a variety of organisms (Wilson 1875:276). Does this kind of

evidence imply that spacing béhaviour is ac‘:ting‘inprev‘enting potential breeders from

breedlng?‘

Watson and Moss (1970) drew up a set of condmons that they felt had to be ot
v

satvsfued in order to show that territorial behavnour limits breedung populations.  Klomp

(1972) revrewed those condltlons and found them restrnctavely narrow. He reformulated

the condltrons as follows: 1 if potential breeders are excluded by breeders already in an

area and 2) nf the proportion of potential breeders becoming surplus tends to rise with an -

»~ increase of potentval breeders, then the density of the population is limited by terrltortal

s

- Most birds are obvnously terr:torlal and rﬁany removal studies done have tested

v'yhether territorial behavuour can limit the densuty of breeding populat;anS (’see Klomp

1872).  Krebs (1966‘) and Smyth (1968) were some of the first investigators to car’ry out
removal studnes of small mammals, not for the purpose of studying spacing behaviour but
rather to.create dlspersal smks ' Howaever, they had problems maintaining veles at low
density because of |mm|grat|on whnch hnnts at the poss:b:hty that spacmg behavnour mlght
have been operatmg r ¢ '

Some early studues of the effect of removais of C/ethr/onomys spp unvolved :

males (Elliott 1969, Watts 1970) and were generally inconclusive. ~ Bujalska (1973)

carried out removals of females, the more appropriate sex since female Clethrionomys

61
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spp use space more or less excluswely

Small rodents are secretive and consequently are not good candldates fon

P

behavnoural observatlons in the field: It |s'therefore not possible to observe whether

female C /ethr/onomys gappen defend home ranges (terrltornes) and whether potentnal

] s ﬁ

breeders are prevented from settling by adult females already present on an agea A
removal experlment was therefore carried-out to test the hypothesis that ﬂ}aél

~behaviour of mature females limits the denslty of mature females in north% popu}atlons .

-~
* .

of Clethrionomys gapper;. ‘ S e ; - - / ]

R
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Methods =~ ' I b

Three woodlots near Edmonton, Alberta each approximately 4 ha in size were
chosen. to serve as male removal female removal and control plots Alt three were . ! K
surrounded by open fields, and all were ssm:!ar in vegetatlon type to grid A 1°in the Mitsue
study area {(see Demography of C /ethr/anomys gapper/ in two diverse habitats). In M
‘1_98 1. voles on the male and female removal areas were enumerated between 21 and 25
July.  in. 1982 census. of voles on the female removal anp the control areas took place
_between 18 and 20 July Approx:mately 120 Longworth live-traps, set out ina grid -
pattern were used on each area and anlmals caught were processed as descrubed under
‘ Study area and methods. . At'the time of Ilve-trapplng (mutlal census) approxlmately half
the mature mdnvuduals of the apprOprlate sex were removed by selecting every second
quahfyung ammal caught.. Animals on the control area were not enumerated during the
initial census in 1981 but were in 1982. ' | »

Approximately two weeks after removals between 9 and 18 August in 1981, and -
between 2 and © August in 1982, voles on the removal and control areas were snap

trapped and necropsied as described under Study area and methods

&

{.
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Results - o o / ‘ |
| in 19Q1 40 C. gapperi were counted on the male removal area 6f which 16 wére
'ture males and of those 8 were removed: on the female removal area 30 C. gapper/
were present and of those, 12 were mature- females of Wthh 8 were removed (Table 25).
\ 'On the male removal area in 1981, persistence of marked anlmals was 40% and
there were two fewer ammals caught ln snap traps than were enumerated 2 weeks
previously (Table 25).- Of 19 males caught only 2 ware mature, and of 19 females
. caught 10 were mature, a drop of 2 from 12 mature femaies present 2 weeks before.
On the female removal area in 1981, perSIstence of marked animals was 55% (Table
25). 0Of34 females 22 were mature, which was an increase of 550% over the 4 that

—
were left after removal.  Six females, four mature and two rmmature were left on the

—

female removal area after iitial enumeratlon - Of these four surv ved the two week
period - three of the mature females and one of the immatures which was now mature.
The rest of the females (ie. 30) were new individuals that had either moved onto the area
or were too young at the time of the initial census to be caught. Of the 30, 6 were in
age class 3 and were mature.  Of the remaining 24 only 12 were mature (2 in age class 1
and 10 in age class 2) and 7 of them were pregnant for the first time’(Table 26).

Only one new mature male showed up on each of the male and female removal

plots after the |nmal census. As well, on both plots density of mature males decreased

- from the number released durmg the initial census. However, on the female removal plot
the density of females went up from the original number censused although on the male
removal area density of females decreased slughtly (Table 26}

The ratio of mature to immature females on the female removal plot _were
significantly higher than on the control plot fof’ age classes 1 and 2 (Table 26, X2=11.30,
¥ and X?= 6.27, * respectively). The ratio of mature to immature males in age classes 1 .
and 2 was not sngmflcantly dlfferent between control and female or male removal plots
(Table 26).

In 1982, 55 C. gapperi were enumerated on tt'le female removal area (the same
area as the year before) of which 26 were mature females and of those 12 were

- removed: on the control area (the same area as the year before) 92 C. gapperi were

live-trapped and all were released except 2 that died in traps (Table 27). Persistence of
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Table 26. Age distribution of females and males from female
. removal and control areas in 1981 approximately two
weeks after removal of a proportion of mature
individuals.

~

Age class Total
1 2 3 ow
Females
Mature 0 < 2 =
Control
' Immature 15 4 0 0 1S
Mature 2 13 6 1 « 22
Female . P
Removal - Immature 7 5 0 0 12
Mature ol . 6 T 3 10
Male < '
Removal Immature 6 3 0 0 9
Male
Y ;
Mature 0 0 1 7 8
Control. : * .
: Immature 8 25 0 0 33
Mature 0 3 2 3 8
Female ) . ’
" Removal  Immature 4 10 0 0 14
.~ Mature 0 o0 0 2 2
Male :

Removal *° Immature 3 14 0 0 17
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marked anlmals on the oontrol area in 1982 was 52% and on the female removal area was
77% (Table 27). Between the mmal census and the snap-trap census the density on the
female removal area doubled because of an lncrease of immatures, but on the control area
d,en'sity increased by 1 1.% (Table 2:7).‘ \‘On the female removal area 14 mature females -
were left after remoQaI. Only 18 mature females were-snap trapped.(13 marke/d, 93%
persistence) which is only 4 more femaies than were left and, 8 fewer mature females than
were iMitially present. , Of the five mature females that were new, three. were pregnant
for the first time and two had new placental scars.

In 1982 few females became mature in the 2-week period between initial and flnal .
trappnng The-ratio of mature to,lmmature females in age class 2 on the removal area
was not significantly different from that of. the control (Table 28). On the female
removal area there were four females in age class 2 that were classmed as nmmature'wuth :
opaque rather than transpafent uteri whereas on the c:ontrolplot there were no females .
classified as suc_h. o f‘ound that an op'aque uterus may indicate commencement of
/maturi_ty.b' | : -, B I | E
l.)isoussiﬂon' ~

’ The interpretation of the experiments involving removal of mature ‘voles is far-
from straightforward. - A census of the voles on the control ptot was not made during
the initial census perlod in 1981 but was made in 1982. .How_ever, I do not believe that
this dlfference was of any consequence During the first Iive"'ce'nsus of a population of
voles some nndlvnduals may not be caught, that is, trappabuhty islow. However, when
voleg On an area are snap-trapped, the captured mdlvuduals are removed and consequently
the presence of dominant individuals: thouqht to'be a factor in preventing subordmate
individuals from enterung traps (see for mstance Kikkawa 1964) is no longer a factor.
Furthermore the snap traps were in operation for four days and on the f!nal day onJy
_reoently weaned individuals were caught..

The results from the male removal plot can be interpreted in atleast two ways.
Al_together 40 voles were enumerated during the initial census, 30 were released and 38

were snap-trapped. Does this indicate'a population at a stable density?  The number of

mature females decreased siightly but was this a significant drop in density or could the



- Table 28. AgeidisfribUtibn'of females andmales from female
and male removal and control areas in 1982

approximately two weeks after removal of a ‘
proportion of mature individuals. : S R
&ge class , Total
1 2 3 ow
Female
" - . A
‘Mature 0 5 16 11 033
Control ‘ <
Immature 8 14 0 0 22 - ‘

h Mature 0 4 3 18’ .
Female - . { v ' .
Removal ~ Immature 5}- 16 0 o . 21 T
’ ‘ Male |

Mature . S0 3 0, 5 9
Control . - S ‘
. Immature 10 27 1 0 38
_ Mature 0 ’ 2 10 13 '
Female '

‘Removal  Immature 6 17 0 0. 30 o
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dehsity of matul'e females be said to be stable as well?  The ratio of mature to immature
fernales on W male removal plot was not significantly different frof than on the control.
Se if we accept the argument that the population was stable then the removal of
mature males had no effect on overall c}ensity or on the females. That removal of
mature males had no effect on the immature males May be a consequence of timing. ) .",;"i
That is, by late July early August the photoperiod may be such that immature males can no
longer mature.  On all plots, in béth ybeai's, the density of mature malles dropped slightly
between the initial and last census and no immMiature males appeared 1o mature in the
interim. | )
~There is another possilSle interpg‘étation of theresuits of the male removal
-experiment.  The density on the female removal plot nearly doubied between the original
enumeratiori and the period of snap-trapping. | Why did density on the male removal plot
not increase as well? Both plots were snmllar in vegetation type and were only separated
by approximately 300. meters although the male removal plot was quite irreguiar in shape
' wuth two long narrow extentlons. Soif we argue that the overall densnty and density of ;. {1
mature females should have increased. did it fail-to do so beca%se of the removal and lack ‘
of replacement of mature males?  Elliott {1969), in a study of dynamncs of
) 'C/eth:r,/’ohomys gapperi populaticns, found that mature females tended to leave areas
from v%hi'ch mature males had been removed Watts (1970) however, in a study of the
effects of removal. of mature male C/ ethr/onomys gapperi found’that immature ammals ‘
waere caught in luve traps at an earlier age on the removal grid than on coritrol areas. This
caused an apparent\increase in the density of immature voles aithough the numper of
immature voles on the male removal plot did not increase following removal o'f mature
maies. -' |
On the female removal plot | do not think there can be any argument about the
results. A-removal of mature females was followed by a sugmflcant increase in the ratio
of mature to mmature%emales in age classes 1and 2 compated to the control:area in
1981. Bujalska (1973} obtained snmulat results in a similar study o@/ethr/c;ﬁomys
g/areolus.  Six mature females in age class 3 were caught for the first time during the
second census. Did those individuals move onto the plot after th‘g}emovals or were
theycmissed durihg the initial census? Elliott (1969) found that a low proportion of

* -
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. / females on the control plot in that condltlon TR ) R ,

- mature females dlspersed and found snmllar evudence (see Spacing behavuour of

N ) i

’;,‘ .

C/ethr/onomys gapper/ | The natural situation). L the six females were missed du,

the lnltlal Census then the density of mature females during the initial census was mlnlmally

18 lO of these were released During the second census 22 mature females were:
caught so the dens:ty of mature females was relatlvely stable over thefxperlmental |

perlod. ThlS assessment of the re5ults does not alter the’ lnterpretatlpn of the

o ‘
experlment but lends support for the first. mterpretatlon of the resylts of the male removal

N experlment That is, the densuty of mature females was more or. Iess stable over the

//-?

expernmental perlod on both’ removal plots. =

The results of the female removal experlment in 1982 do not support the

b2 EhaN

) hypotheSls that spacmg behavrour acts in denSlty regulation. Nold the control area the

densxty of mature females decreased by 6% between the start and finish of the

experiment. Therefore for all practlcal purposes the densrty of mature females’ was

o

"stable. On the female removal plot the denslty of mature females dld not increase to the :

= 2
original level but was 31 % lower than the initidl-number. Why did the populatlon not:

, respond in the same fashion as.it did the year before or was 1981 an aberrant year? | .

belneve that 1982 was the aberrant year and that there are at least two explanatlons for o

the observed response. The duration of the experlment was shorter- by 5 daysin 1882

 than in‘-1981 Consequently the voles in 18982 may not have had a long enough peﬂod to

‘ respond » There was some evidence for this mterpretatuon in that there’ were four

lmmature females on the female removal plot th[w opaque uteri whereas there were no

\

,I,-

A The results of the male removal experlment in 1981 and the female removal

experlment in 1982 are unclear and open to lnterpretatlon However the female B

) removal‘exper:ment in 1981 does support the hyp’othesns that spacmg behaviour of .' A ;

rq;(ture females acts to regulate the densnty of mature females in populatlons of

o

C / ethr/ onomys gapper;. . .
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Spacing behaviour of C/ethrior’lomys gapperi: il Experimental ma(éipulation of mature

voles in enclosures

lntroduction : : . ' S S
One way of testm.g& hypothes:s that spacing behavxour operates in den51ty

regulatlon is by carrylng out removal experiments (Klomp 1972) An alternatlve method, .

| if dlrect observations of animals cannot be made, is experlmental manlpulatlon of numbers

of mature voles in englosures }iﬁ ) ﬁ*‘ " o ' ‘ O

~ Early experiments with .\9‘6les lnﬁeld‘enclosures (Krebs et al. 1969) revealed the

) lmportance of dlspersal as a demographlc characterlstlc of populatlons of small mammals
if dlspersal was frustrated populatlon densnty could increase dramatically (goonstra and
Krebs 1977). Consequently experlments with voles in enclosures have generally
addressed questlons of dlspersal (Krebs 1969, Myers and Krebs 1971, Beacham 1980),
such questlons as the effect of castrated males on populatlons tGibbs and Jewell 1979{
and habitat use (Wecker 1963 Hoffmeyer 1973, Grant 1975) have also been addressed.

Saitoh { 198 ‘ll used large enclosures |n natural habitat of C/ethr/onomys rufocanus to

’ determine the role of densuty in maﬁ’;ratlon of femles

Expernment?‘wnth voles in enclosures must contend with the problem of anlmals
escaping(see for mstance GlbbS and Jewell 1979) This is espec1ally a problem in long
term studles and Wlth enclosures in forests Nevertheless a study in enclosures was
’ \r

undertaken to test the hypothesus that mature C/ ethr/onomys gappef/ at saturation prevent

:mmature from maturlng

.

. 'a "
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Methods .. ' _ “,»
o Four enclosul‘es were constructed two in decndu0us vegetation type {Enclosures
\Al and A2) ‘and twoiin conlferous vegetation type (Enclosures B1andB2). Pairs of
‘enclosures had one lde in cbmmon.  The borders of the encloswes were cleared of all
.A?small trees, shrubs, herbs and debrls to & yidth of 2 to. 3 meters. Pleces of galvanlzed
roofing tin-81 cmrhigh by 91 cm wide sunk approxu'nately 20 cmiinto the ground along the
center of the swaths constltuted the enclosure fence.  Individual sheets were bolted
together Enclosures Al and A2 were each 1 ha{100 x 100 m) in size, whereas
: enclosures B1 and 82 were each 0. 56 ha (75 x75 m) in size. Constructlon of the A
- enclosures was completed in earty June 1980 and the two B enclosures were completed
in early May 1981 S ~ ‘ ' '_; : /
The enclosures were not totally leakproof and voles could and presumably d/d

escape probably by | umplng over or dlgglng under the fence or by followmg subte ranean

tunnels.. In 1981, the height of the fence was extended from approxnmately 40 cm to.

.. 80or 70 cm by stapling strlps of plastic to stakes hammered into the ground outS|de and

flush with the fence at 2 to 3 meter intervals. - The bottom edge of the plastic was taped
to the top o&he tin. - Trees up to one meter from the fence were wrapped with-30.cm
wnde plastlc strlps to. prevent voles from climbing up. and jumping over the fence lf th|s

4

was lndeed a method by WhICh they could escape. Thls made the B enclosures vnrtually

'leakproof’.  To further increase theghfﬁculty of escape clay and/or sand was spread

T

along the inner side of the fen¢e and packed downin 1982 In splte of all precautions,
however, the two A enclosures never became totally leakproof g . ‘

A grld pattern of trap- stations was laid out'in each of the two' A enclosures /
(5x5 25) and two B enclosures l4x4 16).  Each spring anlmals were trapped and
removed from the enclosures by l|ve trapping followed by aperiod of snap trapplng
Similar live- trapping followed by snap trapplng.was used to termmate each experlment in
‘the enclosures Durlng each experlment the fences were checkedwdally to remove dead;
branches or trees that occasno?ally fell over-the fence and to repair any torn plastlc

Voles to be used in enclosure experlments were captured in the w:ld and kept in
’captlvuty (see Study area and methods) thters bornin captlwty were weaned at 18 to

21 days of age. If the you&g of a Iltter were to be used |n an enclosure expenment litter

4 :
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mates were kept together in the same cage until initiation®f the experiment, to retard

maturation (Batzli et a/. 1977). As far as possible only young of very recently weaned

fitters were used in enclosure experlments

o

In"1880 the experlment in enclosures A1land A2 was long terrn;” On 11 June
1980 two mature males and two mature‘emaleswere‘releas‘ed inenclosure A1 and four
mature males and four mature femaleswere released in enclosure A2. 'On 14 June

A S
1980.two immature males and two ummature' females were mtroduced into enclosure Al

- and four lm ature males and four lmmature females were lntroduced into enclosure A2
o

Censuses of the two enclosures were then made during rotas 4 to 8 (17 June to 21

August). The two encloﬂsures were cleared of all voles by snap-trapping duringrota 11

(27 to 29 September).

Only short term experlments (13 to 24 days in length) were conducted in 1981

.

v 'and 1982 For each experiment a hugh density of mature adults was released in one _

enclosure and a low dens:ty of mature adults was released in the ad;acent enclosure
g

‘ ‘,‘For most experlments in 1981, young were lntroduced just prlor to weanmg with thevr

mother, ina nest box.. In 1982 varying numbers. 6f recently weaned voles, dependmg on

avanlabllnty were released in the enclosures I young were not released wnth their
other care was taken not to release snster-suster or brother brother palrs inany

enclosyre. Nor were young released in tl‘l‘e same enclosure occupled by their mother

All animals released in the enclosures v‘\:ere mdlvndually identified, by toe cllppmg " The

details of number age ‘and sex of amma?s used in dlfferent experiments, appear in

Appendlx lV - .



'Results R 5 ' ' L ‘ ‘ v E J
In 1980 the den3|ty of voles in enclosure A 1 fluctuatedbetween 5 and 9 animails |
up-to rota 8 and by rota 11, when the enclosure was trapped- out there were 13 animais
(Fig. 9). inenclosure A2 th/densrtyﬁﬁ)pped and stablllzed at approxnmately 9 animals
upto rota 8, aw there were still 9 animals. 2 The density of mature females
fluctuated around the number introduced into each enclosure up to rota 8 (l.to 3, average
2:2in enclosure A1 and 3 to 6, average 4.3 in enclosure A2, Fig. 10) When all voles
were trapped out during rota 11 there was only one female vole in each enclosure that
had been mature The denSLty of mature females lr‘fenclosure A2 was almost twice that
in enclosure Al however the number of |mmatures that showed up inthe populatlon was
‘ ‘not markedly dlfferent between the two enclosures By rota l_l the density of voles
| was in.fact h|  in enclosure Al than in enclosure A2 despite enclosure Al being the
one wrth the lower densnty of mature females durlng the simmer ‘ |
Four enclosure experiments were conducted in 1981 one in the A enclosures arzg ‘

W three inthe B enclosures The experlment inthe A enclosures lasted 24:-days.’ None

oo
2 1 .of the young mtroduced 13in enclosure Aﬂiand 15 in enclosure A2 were recaptured

#lAppendlx lVa) " Thrge new ammals entered enclosure Al and five new animals entered
A : Enclosune AZ &‘There were three mature animals of each sex ln”enclosure A2 and in
= enclosure dl there \fyere four kﬁture females and'three mature males L
<77 Thefirst experlment in thg B encloyires lasted 14 da(s lA&?erﬁlx lVb) All
. mature adults released survived-the duratlon of the experlmént except' for two mature 7
. females in enclosure B1 (Appendxx IVbl Only one lmmatu&e female was recaptured in
the low density enclosure B l) whereas none were. recapturéd We high. densnty
enclosure B2). Four males, |mmature when released, were fgyecaptured, two in eack-
'er)closure and theyy all were mature (Appendix Vb). - O'ﬁe)l’r:mature‘female and four
immature males, ‘all new, were'captured in the high density enclosure C
» TbS second exgerlment in the B enclosures lasted 17 days (Appendlx lVb) 'Here
\ only enclosure B1was used because of a lack of animals. All annmals released were -
\ ¢
v récaptured except for one mature female- and one mature male. There was one new
) mature ,female. Three males released as immature’ were mature on recapture and one

_ female released as lmmature had opaque uteri-on recapture

com

)
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The thlrd experlment in the B enclosures was 21 days in Iength (Appendix IVb).

Persustence was good. g Of the mature aduits released only two males in enclosure B 1
and one male in enclosure 82 were not recaptured.  Of elght lmmature voles released in

enclosure B1.-two females and three males immature) were recaptured and of eight

»

‘immature voles released in enclosure B2, two males and two females (lmmaturel were

recaptured. 'fhree ”?‘f’ mature females and one mature male entered enclosure B2.

New immature voles entbred both enclosures one female and one male in enclosure B 1 #

and one female and three males in enclosure B2.
7 In 1982, six enclosure experiments were conducted, three in each of the A and B
) ) &k . . .
enclosures.  Only adults were involved in the first experiment which lasted 13 days in the

A enclosures and 14 days in the B e'ndosures (Appendix IVc, 29).  This experiment-was

run mainly to test-whether or not the enclosures were ’Ieakproof‘. Some animals

escaped from enclosureAl (determined by trapplng outside the enclosurel and some may m E
s

have been kllled by a Great Grey Owil | Stfg,x nebylosal. that was seepn lnspe the eﬁ“closur'e
Of ten mature females released in” e'tclosure A1 only two were recaptured 13 days later
# two new mature females had entered the enclosure.  Of six mature males released
only one was recaptured and there was one new individual lAppendlx lVd)

No marked anlmals were captured outsnde the B enclosures Of four animals
released.in enclosure B2 none was recaptured and of ten anlmals released in enclosure Bl

only five were recaptured (Appendlx Ve, ?’ o ' . o

The second experlment usmg the A enclosures lasted 23 days (Appendlx ch)
Fourteen new anlmals entered enclosure A1l and seven entered encl05ure A2. Both .

mature voles released in enclosure A2 weére recaptured buf only three of flve mature -

females and four of five mature males were recaptured in enclosure Al. Inthe high

i

. density, enclosure (A1) only two of seven immature females were recaptured and both

. were pregnant. In the. Iow densrty enclosure: (A2) six of seven lmmature females were

recaptured and five of them.were pregnant Only one of the immature’ males was ‘,
recaptured in eﬂl!h" enclosure and only the one in enclosure A2 had matured. At the end
of the experlment there were 10 mature fermales in enclosure A1 and seven mature

females in enclosure A2
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The third experiment in the A enclosures Iasted 13 days (Appendix IVc).  Six new
animals entered both enclosures.  Persistence of mature voles in the low density
enclosure (AZ) Wwas 100% whereas in the high density enclosure (A1) three of six mature
females surv:ved and two of six mature males survived. . Three immature females -
released in enclosure A T all survived but only one was mature when recaptured. One of
two'immature females released in enclosure A2 survived and it matured. In total
there were four mature females caught in enclosure A1 and fivﬁenclosure A2.

For the B enclosures, the second experiment lasted 21 days (Appendix IVd). In
the high density enclosure (B 1) two of three mature females wer'e recaptured and none of
the five immature females was caught. Inthe low densuty enclosure (82) however, three

~of five immature females were recapturedﬁnd they had all matured Ome of four and
three of five lmmature males were recaptured in enclosure B1 and B2 respectlvely and

they had all become mature. At the time of recapture there were: bzgo mature females in
i

N X

enclosure B1 and three mature females in enclosure B2.
Experlment number three in the B encl03ures lasted 23 days (Appendlx IvVd).
None of three mature females survwed in enclosure B1 but one new mature female had
:entered this enclosure. - . Of six immatute females released in enclosyre B 1 one survived
and matured:; all five immature males released survived but’all failed to 'mature. A new
mature female had entered enclosure B2 a%cl two of fi\le immature females released
survived and matured.  In enclosure B2 only. one of flve immature males survived and it _
was S‘tl” immature at recapture At the end of the expenment there vwere two mature
females in enclosure B 1 and three in ehclosure BZ v
‘ ln analysing the experimental results from the enclosure studies one may compare
densmes between pairs of enclosures or density change within enclosures over the
experimental period.  The number of mature females and males released in the the high
and low density enclosure for the shbrt-_term experiments Were significantly dif ferent, but
at the termination of the experiments there was no statistical dif ference between pairs of
A and B enclosures (Tablesf29 and 30). Density of mature females did not change over
the experlmental perlod in the hl\g\h density enclosures but increased s:gnlflcantly in both
the A and B low densuty enclosures lTable 29). . Survival and maturation of lmmature

females were higher in the low density enclosures in both deciduous and coniferous

s,
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B L and short- “term experlments were run, hence 'leakage’ was of little consequence The

‘ | S T 8,@
' . X@ %‘@‘ Y~ %
. ’ - s ‘
vegetation type than in the high density enclosures (ggble 31), Maturation of lmmature
males’ was highest in the low density enclosures but surwval was highest in the hlgh dens:ty
enclosures in the A and B enclosures (Table 3. : / ‘\
Discussion
C/ethr/onomys gapperi have large hofne ranges and it would have been ldeal if the
enclosultes could have been 3 to4hai in size so that more animals could have been used in
the experlments Nevertheless the experiments did reveal some. lnterestmg results -
th 1980 voles could readlly escape from and into the enclosures and the
experiment was long term so ‘leakage’ was a’ problem - The results from 1980 are
therefore questionable. Based on home range size of mature females on the two A
grids, | expected approxlmately 4 to 5 mature females in each of the 1 ha enclosures.
This was approxumately the density about which the numbers of mature females fluctuated
in enclosure A2 but the density of mature females in enclosure &1 was only half the

expected over the summer.

. . v E i

’ The rate of escape from and entry into the enclosures was low in 1981 and 198"% \ :
results show quite convmcmgly that the density of mature voles affects maturatlon of \
immatures and that spacing behawour appears to be operatlng at least among f;emales ”
For the females the resuits were consistent in alf short-term experiments. The dens:ty
of mature females equalized between palrs of enclosures, with numbers of mature ’
females in the high densut\@enclosures not changlng and numbers in the low densuty
enclosures increasing significantly.  Immature females survuved better and a higher
percentage matured, in the low densnty enclosure than in the high denchy enclosure "~ The
results were not as consistent for males. For mstance the density of mature males
within enclosures. did not change sngnlf;cantly over the experimental perlod however, the -
density did equalize between pairs of enclosures \At first sight this may appear
mcongruous put not: when the hlgh varlance is consndered Survuval and méturatlonﬂof

immature males was not as l predicted.

was high at low densuty
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©ne question of importance is which col‘nes first, maturation or settlemeht on a’

'héme range? Thislcan not’ éet at directly from thesexperimental design HoWeveF
Jfor bothWes and females, maturatlon rate was higher at fow densuty compared t@hcgh
. o

density of mature lndlwduals / However | cannot separatgethe effect of denskty and
available space. Bramble and Rowlands (1936) found that 50% of young of the vear
female C/ethrionolys g/areo/us undergo a number of sterlle oestrus cycles. ThIS may
serve as a clue to the mother that her daughters are approachlng maturity and she may
become aggressuve towards them which causes them to disperse in search for vacant
home ranges. However, this can only bea part of the picture as maturation'rate was
slow in the high densnty enclosures |

. : ,
\ Saltoh (198 1) carried out enclosure studles of C/ethr/onomys rufocanus in Japan.
He introduced high densities of voles in two adjacent enclosures in suboptimal habitat in
the fall.  The following spring, nurnbers were manipulated so that 'there were equal
densities of voles in both enclosures, but i inone enclosure the density of mature females
was 26, 16 of which were overwintered. In the other enclosure there were. 19

sprmg born females that were in the process of rnaturmg, Althou h his experiment was
long term his results were simifar to mine in that denslty of mature, females equallzed in the

)

two enclosures, mature females occupled space more or less excldsnvely and lmmature

/

females did not mature ih the presence of a hlgh densnty of mature females. /

The density of mature maies may have an effect on the densuty of mature fe 'ales.‘.

Elliott l1969) found that foIIow:ng removal of mature males the mature females also

tended to leave. One lnterpretatlon of the removal experlments i conducted indidated a

snmllar trend (see Spacmg behawour of C/ethr/onomys gapper;: Il Effect of. removal of_

adults). However due to the time-consuming nature of the experlments expﬁrlments o

.to determine the effect of mature males on females and mature females on males were

not conducted. The experlmental resuits do lndtcate that at a high, density gf mature

i

voles, immature voles are prevented from maturing. ‘ 4

.

-
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L hn monumental work The Orqgm of Spec:es 'Darwm ( 1859l ponrﬁdout that all
| specnes»produce more young than are needed for replacement “Da wm used»thus

observatlon to construct in part his theory of evolutmn through nat ral selectlon _ To a .

' populatron ecologlst thrs observatlon begs the questlon why do populatlons not mcrease

wnthout llmlt?’ L ‘ . o .
Two groups of factors affect populatlon snze those that cause an mcrease lnatahty ‘
and lmmngratlon) and those that cause a decrease lmortallty and emlgratlonl A balance S
| between the actlons of the mcrease and decrease sets olf fac‘:tors produces populatuon 2
stablllty Factors qperatlng on the dynam»cs of populatuons may be dlwded lnto _
' / densuty-dependent and densvty mdependent categorles Densuty-mdependent factors o
| caq'\ certalnly affect populatlon size but W|Il not by de lnltlon regulate lt Only .
o dens:ty dependent factors wntch act through /negatlve feedback can- regulate populatnon
’ Slze because thq mtensuty of their effect varles with the mteractlon ‘of populatlon s:ze and L
faotor(s) in the envuronr'nent e ’ ‘1 o T : ‘. . ,
, What is the most approprlate measure of densnty7 n a seasonal breeder the
annual maxnmum densuty normally occurs just after the end of the breedmg season and the ,
" annual mmnmum densuty usually occurs just after the onset of the next br‘eedmg season /
Another possmle lndex is the density of mature mdwuduals Wthh contrlbute thrOugh ‘
reproductlon to populatlon lncrease “ie..one SIdB of the - equatlon that rnust be balanced for ,
j\ populatnon stab:llty  The ma Jorlty 97%) of rnammallan specles are polygynous lKlenman
~_* E?\'A and consequently the densnty of mature females is the crmcal parameter If there
o IS a Ilmnt to the number of females breedlng then there is necessanly a llmlt to the number N
: of youngprodgced : = T P - R T
: ' Mudg theory and some emplncal evndence suggests that?populat:on exhnbmng
spacmg behawour (i. e requlres exclusuve use of at least the ma jority of ltS home range |
and lives in a heterogeneous en\uronment) should expenence stable densnty especlal y
w:thm habitats of high quahty Stablllty of densnty over a large area encompassrng' S
~several habltat types may not be apparent each year. ' This. hypothes:s of densuty stablllty ‘

| have termed the social’ factor hypothesns after Tamarm (1983).

o e
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3 resources but is mdependent of the densuty.of mdlvnduals

'enough to mature but were prevented from domg so because of a Iack'of terrutor .

B behav:our Skeel l1983) recently presenfed mdnrect ewdence that’ spacmg behawour

/types ls] dlspersal movements He defmed pre-saturatlon dlspersal as dlspersal of

g 861 ,

¢ .
N t oo . ! . L - : . -t
. . .o, . § s, .

{

Spacmg behav» , u .' has probably evolved to ensure that an mdlvldual has enough ,

B resources for lts excluswe use (Wulson 1975 '266). The amount of space occupned by

[ I

‘an. ammal depends rn part on the. amount of food avallable (Wllson 1975 266 Mares et. a/ /

. 1982) Durlng\the non-breedlng season an ammal only- needs resources for |ts own

;- ~

" maintenance but durr%breedmg season therd must be enough esources for

successful reproductloLanﬂ\'earmg of young Smce an mverse relatlonshup usually
S

o . exusts betw the srze of space needed and the avallabll;ty of resources tn a partlcular
_ (A
j-‘area a con equence of spacmg behavuour then is that a flnlte area w:ll only support a. -

o certam number of mature mdlwduals Spacnng behavnour is dependent on the densuty of ' _

l -have already alluded to the set of crlterna necessary for shownng that spacmg

behalhour operates (WatSOn and Moss 1970 Klom1972) Brownl1969l developed a ’, r

graphlcal model for birds to show how spacnng behawour (terrntonahty) sets a llrmt on the :

number of terrltorlal mduvxduals in- an area.’ Once the llmlt is reached in hngh quallty

‘ .,‘habltat excess ammals are forced to establnsh m lower quallty habltat He further

hypothesuzed a category called floaters whlch were blrds that were chronologlcally old :

Klomp (1972) showed that the denslty of some specres of birc “_‘ '
[t e :

lmlted by spacmg

llmlts the breedmg densnty of Whurhbrels lNumen/us phaeopusl at Churchlll Mamtoba B

.«.-\

\\_ lf an arnmal must have excluswe use of ahome range in order to brvéed then when
thére is room for no more mature anlmals any excess must remain. subdofmnant and
refraln from breedmg or dlsperse in search of: another unoccupled swtable sute : ln hus

/
/study bf the' Callforma vole lM/crotus ca/ /fam/cusl lelcker (1962 1975) ldentlﬁed two

mcﬁvnduals in search of unoccupled sltes lnot necessarlly of hngh qualltyl wuth successful

‘ establushn\ent Saturatlon dnspersal on the other hand, is dispersal of doomed /o

'_”mdwuduals at hlgh densnty that cannot flnd unoccupled s:tes lencker (1975) defmed a

. dlspersal sml< as n area that can accommodate duspersers Such an area may only

‘“operate as-a slnk until saturat|on is reached or lt may operate contmuously as a'sink by ;

. dralnmg away \dlspersers,s A duspersal smk need not necessaruly be a result of the actlon o

\
i
A
|
\
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of predators A sink may ;ust as. wen be an. area where aurvwal or birth rate |s extremely . |
“low for whatever reasod - Lud: or (1975) further éiefmed "fruatrated dnspereal” as total
preventnon of dlspersal such as may occur in enclosures or on small 1slahds‘ The o |
presence of a drspersal‘smk therefore ensures that frustrated daspersa1 wnll not come

about ahd the. denslty of the mdwnduals exhtb:tlng spaclng behavlour in

populatnon wul
have an uppqr; 1|m|t ’

.

L e ln deahng wsth duspersal mvesttgators generally assume or Jook for advanteges to, 2
. . the dnspersung nndlvudual (Howard 1949 1960 Murray~1967 Ludncker 1975) lt i / .‘!. :
- duffncult to see how dnspersers gaun any evol&owy advantage espec }uy”/ A the case of .' SR
saturatlon dlspersal HoWever when‘offsprungsdlsperse g\eidvantage to estabhshed
mduvnduals through reduced competstlon cah/./great, Anderson (1980) argued this’
S pomt and it makes much mtumve sens&/ A logucal consequence of spacmg behavnour of
‘ estabhshed mature l/ndl\adeals |gspersal through Zﬁepulsnon of rmmatures about to ‘ «

. mature / R - . ’ ‘,' ‘

e

P 2 Heterogeneous envuronments are mosarcs of dufferent habntatpatches where

| patches of several d|fferent habutats lie wnthm the dlspersal range of an mdwndual of a
partncular specles A homogeneous area would be a habltat patch many tnmes the
duspersal range of a parttculhr mduvnddal so that ammals m the core of thns area could rpt
dlsperse outsude the thch because f sheer dlstanf:e b - '

| Hansson (1977) ané Andersqz (1980) recogmzed the cmportance of heterogenetty '

of the envnronment to small mammals and their contrvbutlon hes mamly in giving names to

f the various types of habntats | Hensson (1977) reo\%nlzed four. types of hatftat that he

~ called donor recebtton unduced donor and transmon '- Anderson (1980) recogmzed R

urvuval colomzatlon traversable and barner habitats. The names of thase habltat,types

‘are sel planatory Traversable and transmon habltats are equnvaLent and barrier habltat

was not consadered smportant by Hansson (1977).
Lomnlckl (1978;-1980) showed theoreﬂcally d

'(A'nderson 18¢ -

_ P -t glvm spatial and temporal
| heterogene|ty of the naturamw:onment and unequal resource partltlomng among '
- mdlvnduais populatlons will-be regulMemngratnon H0wever Uchmanskl (1983) has
" recently : shown that stabie equuhbnum pomtsMxtst, for systems wnth and wuthout

ermgratron. Stenseth (1980) modeﬂed populatnons nn heterogeneous and homogeneous N

i

N | v ,.",v o



s _;populatlon regulatlon thus far axpoundad? Parameters that lnduroctl"mm V ;Darw
fltness of Clethrronomys yappari clearly dlffared g vegetatlontype n tl'[w Mitsue
However thls in ltself does not m&an

“ .study area.

[ 'v in the Mntsue study area 12 vegqtatnon types” have bean descnbed (Bondrup~N' Bls¢
o Based on unpmllshed data the mean diameter and standard devm:on of 10 com _
. vegetatlon types are presented in Table 32. The rnean dlameter of the 0. veqetatlon

types was less than 450 m excebt for the cut-over areas and all standard devlatlons\ /
a 'were very hlgh : Although | do not know how far C/ethnonomys gapper/ wrll travel /lﬂ\ |
“Wlﬁ;the Mutsue study area l do know that some mature males moved throughout the 4-ha study\
.grids and I recorded a few cases of lmmatu.re voles i\ovmg up to 2 om across the grlds
'No doubt the voles can move dlstances much geater than 200 metjrs and b thrrefore -
conclude that much of thd' habrtat mosalc in the Mltsue study area was heterogeneous wuth

<

. respect to C/ethnonomys gapperf _ L o o
‘ l ey The soctal factor hypothesas of populatlon regulatlon mvestlgated requlras that

' wheh an‘area (regardless of. qual l becomes saturated wnth mature ammals lestablushed cn R
: home ranges) excess,anm'tals on the verge of rnaturung are 70rced to leave Saturatlon ‘

o and dlsgersal are then consequgnces of spacmg behav:our From this study lt is. s
[apparent that at least mature females do space themselves out; female home range ‘s.z’é »
appears to be mflexnble wuthm habltat type and at saturatlon mature females on home o

'-ranges prevent |mmature females from establlshlng and matunng el w |
‘ Factors other than sr!acnng behavuour appear to have affected Populataons of
: C/ethr/onomys gapper/ ll"l the Mltsue study area Two lnstances can be cited. Flrst in /
| 1980 denslty on all gruds decreased in mld-summer (Frg 4) and only showed a recovery .
after approxlrnately four weeks Densnty of mature females never approached Sl - [ '
saturatton The cause of the decrease may well have been the act:on ofa .
t densuty-mdependent factor The weather durlng the densnty decrease was wet and cold

= »and could: have reduced survaval of young Second in 1982 total densny on gnd 81



Coeizs .~ sero-imy
chmmm. u,. mmgm¢m>mpwcos/

U pLo Umxps
C Lmz.muos\ RSN
,.gmgm>m.ogos/ e
SRR o BunoA qu.=¢L
;.o.mow  sesd) poompyey adoy; -
9 _¢¢ momguzcmmgmgw>mw3mu/u,,. o
BRI " N omp e
ﬂw mmw mmw;u.comgm;m>m“050m\ N

S B {$ ‘9onudg
RN ‘\.uu—m.mo:gam

8 89z, )
e mcw mmwgu

i (w)ouesw o edAy \6;_5%&; .

mwu com_uwz.a:cn:Om L@uwm mmgm >U:uw m:wuks;w

104 sadA) .uotjejaben jo. Amuman#n:a::. w T v
QN@ mﬂnsum vcm re) um~>mn vgmucmum gmumsm,n.cmosk.wm,mpnm»




N

:csuuar'_ 969 1977a 1977b 1979 F-ull.r eta/ 1969)

whole aru mto conscderatlon. lt was only in 1982 Mfthe dhn ty of mturo fmlcs on

i Tged

y grid A 1 w-.I htgh enough ;odrcvw rogulttnon trrouw spacmg bohmnour Thls is mloko .
" the study ° sumska ( m?o 1973) in wh,ch the dmsnty of matm fmlo cmmiommys

Hoﬁu ranga of maﬁure femaip

3“7

was rueorded in 1974 whon in arly sz thera were lpproxlmataly 40

‘ mdwaduals bn«a 2, 25 ha gnd of wh:ch 13 wnro mature famaias (Fullor 1977:! The
ratto of gnd saze to homa ra

' srze for maturo fomates wts 7.2 and
byafnctmof&outZ S(Abpondlx

a

ware ccnsaqmntly overe A

v‘ meu'mmmberofmme-famdoswassz or231/ha Wlthamaturcfomalehoma
<range size of 0.3 haone would expoct q:proxnmataly 7 5 mature femdos onme 2.25ha

gﬂd and, allowing for edge offoct about 18 should have baen cauy':t Thore was

-another puk in tho popuht:on of Clethrmnomys goppen at Heart L*e in 1976 (Fullar .
n;pers comm ) - ln lata July 26 matura fomales wsra caught on a6ha gnd Followmg

_ the smlog:casabovemecorrectdd donstty of mature femalesonshawas 17. 4and




. ; ) camot ehow fmmmd fklctmtrom it is, juet dﬁfﬂouit to conceive of s popquon crash
" s of m kmd cnvow-d in typicll cycles [Krebs and Myers 1974) . that hrg- qureuive,'
NS poor-cbreeding gemtype had been selected
o Clethrianormrs gleréo/us undergoes cycles in northem Sweéden whereas in
- - . southern Sweden.populanons are stable’ (Wuger 1979, Hensson 1é79 Jensen 1982)
- Recently Erlmge etal. ,(1983) determmed for a number of ﬂmﬂ rodents mcluding

Clemr/onomys glareolus that predators were responsoble for keepmg density down by
removmg most of the yeerly productlon of biomees That smdy took place in southem
‘, Sweden ina heteroqeneous area Predetors were more successful at removmg prey in

| .'-some habitats then in others.’ Erhnge et al. (1983) argued thet facultative predttors

. were mamly responsible for removmg excess voles which they did by swutchmGto a .
\ ' par‘acular species of prey when that prey reached hngh dehstty | would arque that it was
: not the predators per se that were umportant in regulatmg the populatnons studned but

.| rather the dlspersel sink created by them. — The presence of the dtspersll sink in turn, .

o mamtamed a2 stable densvty of the varvous species of muce and voles. ‘, .
&5 v Abramsky and Trecy (1979) studied M/cratus ochrogaster on watered and fertnllzed
‘ plots in /Qjoradoj ‘The ‘population studied dud not cycle but attained a sumllar density bach '
- year. ) The atthors argued that the populaﬂon studied was stable because of emugratnon
The a'ea surroundmg the etudy plot supported few voles and clearly can be mterpreted as
adtspersalsmk B ‘(' . e
' Snowshoe hares (l.epus amer/canus) cycle in Alaska and Alberta (Wolff 1980b
'Ke:th 1974) whereas in Colorado and Uteh they maintain stable densmes (Dolbeer and

;
./
{

o



.- not develop. ' - } ' : o /

:av' IR j i ; %

ggrk mm smmmnmm"/wtouummm

hab&mmmoprm-ofm«ai?w_yuﬁwp*aw coomwcm\u(m This

'is muar to tho situation aoscrm for voles and mice in southern Sveden bv//Eﬂlnéo otal.

' (19837* Amnmh&mmahﬁprumofamww sink Mhof

‘ mormcorm Mthopndnonporn. MAW(Wolff 1sooumm
- vegetation.was pmhy (hot.romcousi tntmnudy.ru. there may rmobou\nodi.porw
. _Sink. - There are tm mﬁmmy mmmmmm fewtindtobs
65'!9!!‘ Obﬂmprmtond\owamhgrmbmtomherminprw (X}
that the mgty of prey (hares) reaches very high hmibers and then crashes (Wolft)

ISBOb) Althoum : ' M survive a crash do 30 in so-called nfugc habitat
(Woltt 1880b), | think R ’ ure of the preditors there
i$ NO dosporsal sink durmg the mcrmo phase of | p whona dispersal sink
should thaorstncally functnon to submzo density. lt is notoworthy that snowshoa haro\

f 'cycle in the absence of lynx on Anticosti island (Keith 1963)

' From the forogomg dnscussnon it appa-'s that, for a number of species, spacmg
behaviour and the prosance of a dnspersal sink may rosult in relatively stable density, at
least within habmts of.high qualtty Howovar it has been. arguod thct spacmq bohavvour
|  (Krebs 1978) and tho prounco ofa dnspurul sink (Tamarin 1977) sre nccessary for,
cyclmg - Where dooq the discrepancy Iue? Aqmls may be spaced out but if homo
range size decreases (Gaims and Johnson 1982) and ovmap incféuos (Metzgar 1;97 1)

with mcremg d}nssty oxtrama overcrowding may devolop Howevar if home range

size is dapendem on the amount of some resource such as food rather than on populat:on :

density, and if adj ;acant home ranges only overiap mmnmaﬂy then extreme crowdmg
Tamnarin (1977) bases his argument that a dsspersal smk is necessary for cyclmg to -’
develop ona compmson of the ‘demography of an msular population of M/crotus
_breweri on Muskeget ‘sland and amain
Massachusetts.  Tamarin detecte

differsrices in dispersal tendencies of these two
species. He considered dispersal irrfhe stable population of Microtus brewer/ to be of
- the saturation type and d:spersal in the cychcj'mamland Mlcrotus pennsyl vanicus to be of |

. the pre-saturatlon type On the basis of dtfferent dnspersal types ha concludad that the’

3

i . . : . . Wl
# e : ' ' . . ' ' to
) ) gy S . e

po ulatnonof Mlcratus“pqnnsylvamcus in__
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83 .

mairiand vole hed # diepersal sink While the insular vole id mvmmmmm
/ ‘ﬁopndatcuonmu uundwu citadu evidence by Tamarin that there couldbeno
| cpcrulmmtn Howom 1 cdrndy Pointed dut that a disperssl sink rmdnot (,
b.mmmmdbyprmm ’ R S
e Tmm is-8 propm of tho Chitty hvpoum.- (Chitty 1967, Krebs 1978) and
arp(m M a dilporul sink is' mcnury for cycling which means thltonly pro-mmon
mum. Mmmnmmmmformlrm lggrucm '
poor-brudor gonotvpo hypoMzod by Chitty (1967) to bcnhractomﬂc of ponutmon .
_ peaks.’ Anhough thoro is svidence that dlff.nncos in raprodbctivo stiributes between
cyclic and stablo C/mitlonomys glo/oo/ua are genetic {Gustafsson do/ 1983), thers is as
yet little' evidence thn thcro is 8 cmnqo in gonotypq of voles during the cycie. The best
"evidence that selection occurs durmq a cycle comes from chmqqs in dlozmnc .
frequencies (SMmfi and Robc“rtsah 1968, Canham 1969’ Tamarin and Krebs 19689,
Gaines and Krebs 1971, Kéhn and Tamarin 1978, Gaines et a/ 1978 Muhok et a/ 1983)
- but doubt as to the significance of those results has been axpressod McGovern and Tracy
1981  McGovern and Trs’cy nss 1) found differences in transterrin and leucine "
aminopeptidase within indiividuals of the same order of magnitude as those reported: :
between individuals during different phases of a cycle.  Miiok and Ewing (1983) have
recently questioned the results of Mcovern and Tracy (198 1) and suggest thair vamble
results were due to poor techniqdé However, one must still quest»on gomral work on
aﬂoenzymes related to populmon cyclcs because if McGovern and Tracy (1981) canbe
accused of using poor technique why not other wc:rkars7
| would like to advance the hypothesns that strlct spacmg behaviour and the
, presence of dlspersal sinks, are necessary for population stability and that populations |
~wuth relaxed spacmg behavnour {(home ranges show increase overlap and comﬂressaon wuth
. mcrease density) that do not have duspersal sinks available to them tend to cycle {show -
. Muitiyear fluctuations). A flow chart of the hypotheslzed events is presentad in Figure
If young female Clethrianor;vys gapperi are weaned before about August first they
will mature, otherwnse the photopenod is such that the young are physnologacally incapable
of maturmg The ycun¢ will probably stay on thetr mother's home range where they are

.’
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k Appendlx l y Denelty eetlmetlon u a funotlon of llve-tr/hpplng grld Il'ld home renge

‘ o size. c L ,
v R . ’ ‘ ' '

e

e
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l

- |

) s

| ABSTF\ACT R | g . .
‘ Edge effect |s an lnherent problem when uslng luve-trepplng grlds to censu

) erumels in P The relatlonshlp between grld slze and home renge slze, shepe

» and daspersl A pattérn was mvestlgated by a mathemetucel model and computer snmuletlon.{ -
A srmple rel’ ‘tnonshlp between overesttmate of populatlon dehslty and grld slze to home - !

l range ‘size waslfound To mur/\imlze the effectof home range size, shape and dlspersuon’. -
pattern on census results grld Slzes at least 16 tlmes larger than the average home range

size should be used. S e

-

lNTRODUCTION o ,
) ,' ‘ . lee-trappmg gnds are often used when censusmg small mammals (Smith et a/
. 1975). Itis usually assumed that all anlmals on the grid are captured and marked and
- numbers are expressed as mlmmum number known allve (MNA Chltty and Phlpps 1966)
However census grids usuall\g cover only a fractlon of the area OCCupled by the
' ': populatlon except v:hen censusmg animals on small islands or ammals restrlcted to lsolated :
E habltat patches where the whole po:u&on can be enumerated For most llve-trappmg
~grlds therefore some annmals have only parts of thelr home. ranges overlap the grld whnch

, results in edge effect" Thatots ammals censused on the. gnd occupy a Iarger area than

. the grid Wthh results in proportlonately more ammals belng caught in the outer penmeter o

of traps (see Barbehenn 1974 and Smith et 4. 1975 for rewewsl Slmllar "edge effect”
is also of concern when snap-trappmg on grnds ~Several methods h;ave been‘ developed :
. - 1o correct for edge effect" (Grodzmskl et a/ 19686, Aulak 1967 Pelikan 1968, Hansson
" 1969, Faust et al. 1971, Gentry et al. 1971, Kaufman et . 1971 ‘Smith et W
Smith et a/. 1972, Stenseth et a/. 1974, Swrft and Steinhor st 1976 Stenseth and.
‘ Hansson 1979) But there has been little work done to quantlfy the effect of grld snze

and’ edge effect" on census information. ‘ -
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Tho clrcwnfarence ofa squro grld is dlrcctly proportmhal to the longth of a side,
whereae its area is proportloml to the length ofa side ralsed to the second powor it

therefore follows that for a population of anlmals wuth a gwen mean home range size and a

dlsperslon pattern that i is, not affected by the grid, the larger the census grid used the less ‘

the "edge effect’. Thls leads to the following Questions: 1) What is the relatlonshlp

‘ between grid size, home’ range size and actual populatlon density? 2) is this relatlonshlp
' ,affected by shlpe and dlsperllon plttern of home rmges? ' Tbese que‘ttions are_ '

/

exammed by a mathematlcal model and computer simulation.

. : > : L b N o ' , '
MATHEMATICAL MODEL

* A mathematical model was. developed to determine the functlon relatlng the ratio

" of grid size to. home range size ln estlmatmg animal densuty

Mode/ ,

Assume contlguous\square home ranges of area 1.

LetY: equal the: length of ane snde ofa square trapping grid in units of home range size lFlg
n . ; _ . _ - :

Let F equal fractional part of Y-leg. for Y=4.4, F=0.4) '

E Letequal integer part of Y (eg. for. Y—44 =4 - T

Let a home range be counted lf it overlaps the grld

In order to determine the expected number of home ranges whlch would be counted on

" the grld we flnd how many home ranges, on average would be counted in.a slngle row,

and how many in a single column of home’ ranges and multlply ‘,

To find the average number of home ranges counted on the gnd ina column we move the

entlre gnd one unit up: the columns and average how many home ranges are counted lFlg
0. |
Through adistance O to ll-F) we count fi+1) home ranges

Thr\ough a distance (1-F) to 1 'we count lI+2l home ranges

_Therefore on the average we count

! ' L (1-F)Mi+ 1) + (FY1+2
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"Figure 1. Mathematical model.
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If we move the grld one unrt along the rows of horﬁe ranges then by the same argument :
we count Y+1 home ranges. S ‘\

Therefore overall we count (Y+ 1) home ranges on the grid where in reahty there are only
' Y? home ranges since the area of each home range is 1

Therefore

# counted S | N\
actual # ' )

. | ) O ‘4 !!4. 1 zz 4

-~ b ' Y - :
Let A= Y*—area of gnd relative to area of home range, that |s the ratio of gnd snze to home
range suze Therefore

. . A "# counted’
o S actual #

. ‘/A_+ 1 lu . . \»
[ . . B ) A-\ - ) ‘:\ ) ¢
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This lunctlon is graphed in Figure 2. It is ssymptotic to Y= 1 levorutamaw ang

X=0 (grid size/home range size). Therefore. when usmg 8live trapplng grid toestimate
b the denslty of a population of. ammals we will always overestimate the actua' dens:ty anc

the smaller the size of tho grid used in relatnon to the home range size. the greater the

overestimate: But wnth grid sizes approximately 10 times larger than the home range
size, thoaut'imato of sctual density is net_.nmch,,affecud/ However, mmals do not mm
- square home rangu so how realistic is this functlon? The effect of home range shapn

and dispersion on the function was determined by simulation .

‘ y . . ; o
A computer program was written in HASlC for the Sinclair ZX8.1 mini-compute- 1o

COMPUTER SIMULATION

s-mulate a population of animals and censys them. To determine the'effect of home -

range shape on the estimate of densuty as a function of the ratio of grid size to'home -

. range size, five different home range shapes lsquare size=1 unit; 2 rectangular, one of -
size= 2 units and one of suze-3 units; L- shaped snze—3 units; and hexagonal size=4 units) .
were used that were contuguous and non-overlappmg For different grnd sizes, 10
censuses were repllcated five times to-give fnve estimates of mean density for each home

: range shape Each run consisted of Pplacing-a grfcl randomly on the confuguratnon of

" home ranges and countmg how many home ranges were totally or partlally encliosed by the

grnd Two random numbers determuned the locatron of one corner of the grid. and a

) randomlx chosen angle (1 45°) determined the rotation of the grid abou: one corner.

) Pomts spaced 0.5 units. apart around the penmeter of a home range (eg. 8 pomts for a

square of area 1, or 16 points for an L-shape of area 3) were tested against the four

linear equatlons that descrlbed the gnd boundaries. A horne range was mcluded in the
census if any of the test pomts on lts penmeter fell on the grid boundary., or within the

o grid. Because home ranges were contlguous ad jacent home ranges shared the points N
/ A
aalong their common boundary The amount by which a census overestimated the number - N

1

_of horne ranges sampled by the gnd was calculated as the mean number of home ranges

counfed over five repllcates lCM) divided by the rat:o of grud slze (GS) to home range suze ) MQ//
lHS) or ' ' o V

Y
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The compgter simulation resuits (Fig. 2) are very similar to predictions arising frorr?
the mathematical model.  They are particularly convergent in cases where the grid size is
urgcr than home range cizo Thq two rectanguisr and thn L-shapod homma ranges
ruumd in slightly hiw ov-ruﬁmtn of density than did m square nnd hoxogonnl
shaped home ranqos With increase ratio of grid size to homo rango size, sundard
deviation of the mean overestimate decreases. Clearly, as the ratio of grid size to home
range size increases-the ovorastima"ta of density becomes less sensitive to home range
shape. - N

Although these home range shapes are what one might obtam by mapping the
statnoni at which animals are caught in g live trapping study on orthogonal grids, how
roahstnc are coﬂtuguous non-overlapping Home ranges? Dnsperslon of home ranges is
often wregular with some areas inside a grid having a higher density of home ranges than
others and some areas are probably novor used (Jannett 1978, Mihok 1979, Pers. obs.).
Male C/ethr/onomys gapperi (Mihok 1979, Pers. obs.) and male Microtus pennsylvanicus
(Madison 1980) have overlapping home ranges whereas female home ranges overlap o’nh}

minimally, and a home rangc of-a male overlaps those o' several femaloé
' e To investigate the effect of randomly-placed, overlapping, umform home ranges
“on the overestimate of density as a function of the ratio of grid scze to home range size
the followmg computer simulation was run.  Ellipses, which have been used to estlmate
the size of home ranges (Mazurkiewicz 1969) of the?orm X+2Y*=1 (area=1.57 units)
were randomly placed and rangiomly rotated about thgur centers within a large area which
was sampled 10 times with five replications as before, by random placement of different
grid sizes.  Elliptical home ranges Wer_e included in the census if any one of 14 points
spaced evenly around their perimeters were found on or within the grid boundary.
Adjacent ellipses, if sharing the same ma jor axis, would overlap by approxnmately 25% and
if sharing the same minor axis would only justtouch.  Approximately 18% of the ellipses:
shared the same center but probable rotational dxfferences would result in less than 100%

overiap.



W Densxtles ol&O 82 0. 41 and 0 21 home ranges per unit area were chosen The
' : overestlmates\for the smaller ratlos of grld size to home range suze are about 1.5.to 2
times higher than the results based on the mathematucal model (Fig. 2).- At a value of 16
for the ratlo of grld size to home range suze the overestlmate for overlapplng elllptlcal /and
‘non- overlapplng square home ranges are veny sumllar and at a value of 25 they are

virtually the same Therefore the maln conclusnons drawn from S|mulatlng contlguous

‘ square home ranges also hold for randomly placed overlapplng elllptlcal home ranges

DISCUSSION .~ - e

0

» Results from the mathematlcal model and computer sumulatlons show that when the -

< .suze of the live- trappmg grid used in censuses |s less than about 4 tlmes the average home ,

:range size, marked overestlmates of populatton size will occur. At ratlos less than about

: 16 of grld size to home range suze the varlatlon |n overestlmate caused by home@ﬁge
, ’shape and dlspersmn is consnderable : : ‘

Home range size: may dlffer markedly between specnes and between sexes of .
‘small mammals and may even dlffer between populatlons of the same species in d:fferent
localutnes (eg Peromyscus man/cu/atus Stackel 1968). ThlS .means, that a grld of a
- particular s:ze may be approprlate for census of only one species, or even one sex of a
' .vsmgle species. S o '

' Results of live trapplng studles are often used to dlscuss d;fferences or snmllarltfes
in demography between dlfferent specnes or the same specues between dlfferent areas
" leg. Krebs and Meyers 1974) and fo dlscuss aspects of demographlc‘strategles based
“on sex ratlos (Hansson 1978 Jannett 1984 : How reahstlc are sjch comparlsons if, m
_one study the densnty was overestlmated by a factor of five but Jin another study’ was only C
.' ‘overestlmated by a factor of two? As a pount of lllustratlon Blair (1942) recorded 27 - ~__
adult male deer mice Peromyscus mamcu/atus with ; a'mean home range’ SIZS of 2. 31 acres. |
{0.93 ha) and 14 adult females with a mean home range suze of 1. 39 acres (0. 56 ha) onan
R 8 18 acre (7.4'ha) live trapping: grld Thrs gives a ratto of grld size to home range size |

ot 7 8. for males and 13.1 for females _Thls means that»males_areaoveres_tlmated by



l 85 and females are overestimated by 1.6 based on the function derlved from the
mathematlcal model Ifalha llve-trappmg grld had been used to census this populatlon

h .males would have been overestlmated by approxnmately 4 and females by approxnmately

3. Assumlng that the same number of ammals had been caught, a S|gn|f|cantly dlfferent

T sex ratlo of 27 males to 14 females {Xi= 4 12, d.f. —1 P(O 05) would have been reduced

to an actual densuty of 6. 8 males and 4.7 females Wthh is not sngnlflcantly dlfferent from o
: 1 1. _ ] 2 . - .
| For comparative analyses theref’ore if the ratlo of 'grid snze to horne range snzeof
the sexes and/or species mvolved is less than about 16 one should correct for '’ edge
effect” due to the. var'latuon caused by differences in home range shape and dlsperSlon

pattern
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. Appendix Illb. Regression of range length (m) of \mature
\females on grid B1 in 1982 Caught at least five tiimes

d with 80% or more of captures occurring insidel the
perimeter of traps against density. ; o
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Enclosure A2
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Appendix LVat Result of expariment in the 4 enclosures in 1981,

*

Exper iment 1

Released Captured
Marked Unmarked Total

Date 23-6 16, 13-7
Duration (oays) ‘ «24d
Condition Sex o
‘ Female 3+24 3 1 1
Ma}ure . . ‘
Male 5 1 2 3 .
- Female \ : 0 0 o]
Immature 7+6% - s
Male / 0 0 o)
.Total 23 4 3 7
")
. Female 2 1 2 3
Mature ) .
- Male 2 1 2 3
Female \ . 0 1 i 1
Immature o 6+9
- Male e 7/ . : o] o} o]
Total ’ \5 19 ‘ 2 S 7

1-mature animals released

2-immature animals rejeased

3-immature animals released have become mature
4-mother released with young in nest box
\5-young réleased with mother _

6-uterus opaque . _ ,



o f

Enclosure B

€nclosure B2 .

o

“Appendix va1, Résulx of exper iment in“thé.a,gnglosurés in 1981%.

’ Experiiment 1.
- Released ‘Captuned‘v
N ° i .- Marked Unmarked " Total
Date , . 17f6;, 30-6. 4-7
. ’ .- 21-6 ‘ . O .
Duration (days) 14 ) : : .
”Cohditloh' Sex - S NG 5
ond L . oL
L Female 1 R ) ¢
. Mature:’ . e _ .
i - ‘Male ' 1, St 0 1
. . Female - 4. 9. e} 1
, Immature - - o= g ,
' - Male SR 2 0 2
EY R 5\
° Totatl 10 5 o] 5
. ) |
el e e ol e e e e e e e i e ———
o Female & - ' 3, L 1 o o
Mature - ) : . o f"
Maie 3 T3 o] 3
.- Femate . 3 o e 1
Immature ’ S . s )
= Male . .5 > 23 g 6
Totatl 14 6 .. 5. K
S 1t-mature animals released c ] P
' 2-\mmature animals released
3-immature.animals released have become mature
4-mother released vith young in nest box
. 5-young released with mother
“e-uterus opaque . ;
& M -
o ;
| ~

126
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Enclosure. 81

§

Enclosure. B2

. : = "
» ‘11‘ -
: . 1Y
" »
” ‘~ -~ .
. - w0t 4
T. . [ i
i - .
. i : N . v [ R . . = "
Appendix IVb2. Result of experiment.in the B enc losures in 198i%
. " ’ . " N p ". - ’.
v \ t - ) ) . !
o Experigpent 2.
’ y : e
. Released - Captured )
, Marked Unmatrked Total
- e o . . . ) ’ N .
Date . 19-7 4,8-8
‘Duration tdays) .
a . | :
Condition Sex ) e
et CI o . :
-Female ) 241 2 - . ‘ 3
Mature . S P
: Male - 3 . 2 0 2
. L Y R - . :
. Female 2. t+1°.7. 0 ’ 2 . o .
- Immature : . ) B
: ‘ Male - 30 S0 3 - 0 . 3
- . : . .
. “. L .
Total 11 9 1 10
N L . el T
Female . ’ . B :
Mature ‘ . ) ’ : .
Male _ B .
o . X - .
) Femalte :
Immature . .
. Maltle
Total - . . )
. . 3 c .
. 1-mature animals released:
2-immature animals. released v
3-immature anvmals released have become mature
4-mother released with young in nest box
5-young releasead with.mother o o .
6-uterus opaque - - ‘ S
e
¢ .
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thclosure Bt

Enclosure B2 -

.Cond{tibn CT o Sex ﬂl\\\;;; et s :
‘ , pai g i )

Mafqhg

b e Lol T 128

: . L - . ’
. 1 ' ( ’
i ¢ : f : :
\. . . \\
- c
Appéndix 1Vb3. Resudt of‘ekperimgnt'in the B encldsures in 1981.

v

A
P
. Experiment 3.
. L . h Lo v N
BT S g . Released - Captured-

"Marked Unmarked - Total

.

A N ' ‘ L
Date' Sl 14*8 _ -3,5-9

Deration (days) ,/. S 2t
. ; g

Femate -
Mature, . T AR PR )
: Male 3 1 o} 1
S < Femaje - o \._ . VL3 - T4
Immature : 97 S ' B
Tt imate o/ 30y 4,

?emale T @ B R
N Male S LY« S TR X

Female =\ ' T 20 J <

'meafure‘v ., 8% . s : S o . T

Male -/ ; 2 -3 .8

. . L . L . ) S . v

Tatal ‘ 10 .5 8. 12

I-mature an|mals released

Q—Mmmature animals releas d : N
3-immature animals released have become mature’
4-mother ‘released with: young in nest box~

5~ young released with mother E
6-~uterus opaque’ k
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Enclosure A

Append ix Ivct. Result offexperimedt in,tﬁé A encilosures in 1982 .

. - Exper.iment 1: - .
: , Released ' Captured, . -
. e . . Marked Unmarked Total
" Date R £ T T o
. Duration (days): ' . : 33-!‘;‘ e -
"Condition Sex -
. . Femaije 10 . o2 © 2 4
Mature s L T . ) . A )
: s Male o L6 L SRR
_ Female s
ITmmature
Male
B R *
Total | 16 3 3- , 6
Mature

RN Female B
Immature . !
IRV Male

Total

e .

t-mature-animals released
2-immature animats released

caffmmatuﬁe animaIS‘neleased have ‘become mature
-d-mother released with young -in nest box :

S-young released. with mother :
G-utenus opaque. :

i
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Appendix_IVc2. Result of experiment in the A enclosures in 1982 .
| ' N * @
Experiment 2.
: Released R Captured: ; :
: ‘Marked Unmarked ~Total -
Date. -~ i 47 oo 23,267
DQra(ioni(days)'i "'5-»; a "23 .
e 'Conditipn Sex . . :
: . fw :
<. Mature
LW
N
3
n . .
0. oo
-~ Immature
Q- :
C
w .
Total
o .
< Mature
K :
el
3
0
0
o 'Immatgne
€.
Y
o s ; : : ;
Total R v SR 9. 7 “4g-

't-matureganimals released

2-immature .animais released T .
‘3-immature animals released have become mature
4-mother released with young in nest box
:S-young released with mother -

6-uterus opaque : S
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‘Enclosure At

g

Enclosure A2

mAgpéndix:TVca‘

. . ’
. X -
. * N . -
.
4
L3
g
‘ + )
. \
) .
1 . ‘4 )
[ ' .
g .
’

'Resdlt of .experiment in the A encloéﬁrés in 1982;

" T Experiment 3.
A . . R
h “Released Captured . : :
o T Marked quarked Total ?
Date . . 267 : 7.9-8
o . ' 27-7 i
vDurat1on (days) . 13
Conditfon Sex - !
. Female 6 3 "0 3
.Mature: e )
Male ‘8 2 1 3
S Femala - 3. 2edi2 o Ts)
I'mmature - R o . L o B
: : ‘Male . 4 3 3 6
2y, .’ .
Total 19 1t 6 17
‘ L vFemale 1 1 3 4
- ‘Mature: ) :
; ' Male: 1 1 1 2
o ‘ 3 i
; : Female. 2 1 [0} - 1
Immature- ok :
' Male 4 0 2 2
“Total ¢ 8 3 6 9
T

’-|-mature an|mals released

.2-imhature animals relaeased
3-|mmature animals released ‘have become mature

4 -mother released with: young in nest. box
' 5-young released with mother. - . - Sy
_6-uterus opaque L, . :

1
i

| f;si
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Appendix Ivdl. Result of exber{ment in: the B enclosures in-tgg2. . . . f(. '
A IR . e
RS ‘ o R Experiment t B
KRR Co  Released . Captured - )
L FEEE o [7 . Marked Unmarked Total ‘
i Bate S2= 25-5
Duration (days) - - B T
R : i : : :
‘ o o Co ‘ .
) Condi.tion .~  Sex . - » PR _
’ _ i L ,”Femélle ; . 5)" R I . B . g
- @ Mature = . S '14 o ! E
D S0 Male s 2 o] 2
L S ' . )
] T Female - S N ‘
0 e - : ‘ . T . ~
—. - Immature ; N ) . e
2 o Male o ./
[¥¥93 > - - 13
- - ‘Female 2 e o 0. S PR
‘@ Mature o o P el e
e SMate o0 2 0 ) L0 SO0 .
ol > { L e 3 .
S c = ) . ; ! SR
0 LA Female.
Ne] R . - ey
,;, Immature - o B ; ) L S ) L. . . - . ]
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