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Abdract : Levds of aggressveness of females from freeliving populaions of Microtus ochrogaster and M. pennsylvanicus were
cormpared during phases o the populdion cycle M. ochrogaster digplayed no sgnificant difference in the proportion of aggressve
femdes or in the means of five behaviord variables (gpproaches, threats, atacks, retreats, attacks gpproaches anong phases
o the populaion cycle None o these variables sowed a sgnificant linear regresson againg populaion dendty Neither did the
proportions of aggressve M. pennsylvanicus femdes dffer among phases The mean number of threats in this gpecies was sgnifi-

cantly higher during the low than the increase and decline phases and the mean number of attacks was sgnificantly higher during
the low than al other phases The results of this gudy are smilar to those obtained for males and do ot support the polynorphic
behavior hypothed s regarding generation of population cycles in arvicoline rodents

Key words: Aggessve behavior; Chitty hypothes's; Prairie wole ( Micratus achrogaster) ; Meadow vole (Micratus pennsylvanicus) ;

Joyce E Hofmann Lowdl L. Getz

(lllinois Natural History Survey , 607 E. Peabody Dr. ,

Champaign, IL 61820, USA)

( Department o Animal Bioogy, University d Illindis, 505 S. Goodwin Ave. , Urbana, IL 61801, USA)

; Chitty
1 Q958 A

The polynomhic behavior hypothess* ! continues
to be condgdered in discusdons of factors involved in
cyclic fluctuations in population dendty of arvicoline (mi-
crotine) rodents, as well as other gpecies of smal mamr
malsi®” ©1. This hypothes's is based on the existence of
genetically determined behaviora polynmorphiams within
populations. Selection for aggressve gerotypes during the
increase phase of the population cycle and for norraggres:
dve gerotypes during the decline phase are presumed to
be involved in generation of the population cycle. If ©, a
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grester proportion of the population would be cormposed of
aggressve animals during the latter part of the increase
and during the peak than other phases When a large pro-
portion of the population is aggressve, a population de-
cline could be triggered by diverdon of energy away from
reproduction by the highly aggressve animd's during the
peak phase, by increased nortaity and by reduced repro-
duction asociated with ocid sress pheromenal” ® or by
increased emigrationt® %!,

Levelsdf aggresson of males in fluctuating arvicoline
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populaions have been assessed by observation of agonigtic
behavior during dyadic encounters in neutral arenas for
four gecies:  Microtus pennsylvanicus! ™t~ 31|
M. ochrogasterllS] , Clethrionomys  gapperi (141 and
M. townsendii '™®!. Only Krebs'™!found evidence of s=
lection for aggressve norphs during the increase phase of
the population cycle. Conley!™! and Mihok!**! have pro-
vided data related to changesin aggressvenessof femdes
Snce neither of these sudiesincluded a conplete popula
tion cycle, evidence for involvement of selection for ag
gressve behavior was not conclusive.

Rose and Gaing!*"ound increased wounding , an in-
dication of level of aggressveness, of mde, but mot fer
male M. ochrogaster during winter in conmparion to other
seans, while Rose'*®! observed increased wounding of
both male and femde M. pennsylvanicus during winter.
Such ssaond variation in aggresson may mask variation
in aggressveness resulting from selection during phases of
the population cycle.

During the course of a qudy of aggressveness of
males from fluctuating populaions of M. ochrogaster and
M. pennsylvanicus!®! | we obtained data for femaes of
these two Pecies Owing to srdl sanple dzes and Smi-
larity in the resultsfor both sexes, we did not present data
for females at that time. Because the polynorphic behav-
ior hypotheds oontinues to be included in discussons
about the generation of population cycles of arvicoline ro-
dents we present herein the data for femades

1 METHODS

The gudy dteswere located in the Univergty of Illi-
nois Biological Research Area (“ Phillips Tract”) , 6 km
NE o Urbana, lllimis USA (40°15 N, 8828 W) . We
obtained data for M. ochrogaster in dfafa, Medicagp
sativa, and bluegrass, Roa pratends, habitats and for
M. pennsylvanicus in bluegrass We have described the
sudy stes in condderable detail e savhere!™®~ 2.

A gid sygemwith 10 minterva s was egablished in
both gudy dtes, with one wooden multiple capture live-
trap a each gation. Each nonth we pre-baited for 2 days
and then trapped for 3 days; cracked corn was used for
prebaiting and as bait inthe trgps We st trgpsin the &-

ternoon and checked then a approximately 08: 00 h and
15: 00 hfor the following 3 days

At firg cagpture, we toe-clipped dl animas (<2
toeson each foot) for individual identification. At each
capture we recorded ecies, grid dation, individua i-
dentification, sex , reproductive condition (males: tedes
abdomina or descended ; femdles: vulva open or closed ,
pregnant , as determined by palpation, and nipple sze) ,
and body mass to the neares 1 g

During each trapping sesson femaeswith body mass
> 20 g that were judged to be norrreproductive (i.e. ,
closed vulva, no embryos detected by pdpation and nip-
ples not enlarged) were renoved to a nearby fidd laborar
tory for behaviord trials The purpose of this sudy was to
teg for sdection for geneticaly discreet behaviora norphs
in regponse to population dendty. Because we were inter-
eded in determining if sdection for geneticaly discreet
behaviord nomphs occurred in reponse to population derr
dty, only ron-reproductive females (as defined albove)
were used in the behaviora trids This awided the con-
founding dfects of gdhort-term variation in aggressveness
related to reproductive date. Femde woles diplay varying
level s of aggressveness because of changing hormond lev
els asociated with reproductive condition, e g. , preg
nancy or lactation!?!.

To comrpare our results with those of our sudy of
males™® and other studies, we utilized a neutral arena for
the behavioral observations. Although Ostfel dt%*! predicted
renoval of animals from their home range may dter their
aggressve date , Harper and Batzli'®! have shown that dar
taobtained in neutral arenas are representative of levels of
aggressveness diglayed by individuds in ther home
ranges The observational arena consged of a 40 cm x 20
cm % 20 cm wooden enclosure with a Aexigasfront and a
renovable opague central partition. Approximatey 1 cm
o wood shavings covered the floor; the shavings were
changed dter every third tria. Although current protocol
calsfor changng bedding and sanitizing a chamber fol-
lowing each tria , we noticed no difference in behavior of
the wles in the seoond and third trias from that in the
firg triad. The arena was located behind a black plagic
curtain with a small opening though which observations
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were made. A 40 w fluorescent light was sugended 1 m
above the arena.

Non-aggressve adult female M. ochrogaster , of Snr
ilar body mass, from a laboratory colony were used as urr
familiar , gandard opponents in the behaviora trids The
mon-aggressve females were sected through a series of
behaviord trids (see below) anong laboratory-reared fe-
maes Use of gandard non-aggressve animals ensured
that aggresdveness in the trids was initiated by the field
animal. A dandard female was used in o nore than two
trialsa day. We observed few ingances of a ¢andard ani-
mal initiating aggressveness during any o the trids
When such behavior was observed the animd was rermoved
from the experiment. All gandards were replaced every 3
- 4 months

Because M. pennsylvanicus were difficult to breed in
the laboratory , dandard non-aggressve animal s were un-
avalable As for our sudy of males™® | we tesed two
fielctcaptured femae M. pennsylvanicus againg each othr
er. Pairswere matched for body mass Digance between
points of capture of the two females was maximized to err
sure low probability of familiarity. Behaviord data ror-
mally were recorded for both animalsin atrid. However ,
in order to ted as many M. pennsylvanicus as posible
during dternoon trgp checks, it was sometimes necessary
to use afemale that had aready been tesed in the mornr
ing. Inthese ingances, only datafor the new anima were
anayzed.

Each trial was preceded by a 2 min period during
which the woles were separated by the centrd partition.
The partition was then renmoved and interactions recorded
for 10 min with a keyboard attached to a 20 channd Es
terline - Angus evert recorder.

Saven agonigtic postures and acts were recorded dur-
ing the dyadic enoounters: threat , upright , lunge, box
ing, wredle, chase, and retreat/ awid. See Hfmann et
al. ' for a description of each category. For the purpose
of determining aggressve behaviord sores, threats and
uprights were lunped as threats, while lunges and boxing
drikes were counted as atacks™!. The number of gp-
proaches (within 5 cm of the other anima) made by the
teg animal was a© recorded.

1.1 Daa andyss

To determine if the proportion of individua's display
ing aggressve behavior varied during phases of the popu-
lation cycle and seasons, each female was categorized as
mn-aggresive or aggresive. Aggressve femdes were
those that performed threats, attacks, or chases during
dyadic encounters Chi-quare analyss of ocontingency ter
bles was used to teg the null hypotheses that the numbers
of norraggressve and aggress ve fema es were independent
o phase or sean.

To conpare the behavior digplayed by different
groups of females without arbitrarily choosng one parame-
ter as an index of individual aggressveness, multivariate
andysdsd variance (MANOVA) was performed on five
behaviord variables for each trid. This data anadyds was
conparable to those of Krebs'™! and Hofrmenn et al. 121,
Variables were the numbers of gpproaches, threats, at-
tacks, and retreat/ awidances, and the adjused frequerr
cy of attacks (the number of attacks divided by the total
number of gpproaches made by both woles during the 10-
min trid , heredter referred to as attacks per encounter) .
The number of chases was excluded from the andyd's be-
cause of alack of variation (chases anpgt never occurred
during the dyadic encounters)
rormel digribution , the firg four variables were converted
by the square-root trandormetion. Multivariate analys s of
variance was performed udng the MG H procedure of SY-
STAT!?* and reveded the proportion of the variation in
the behaviora soores that could be explained by phase or
saon  In addition, a linear regresson®! was run for

. Because of ther o

each of the five behaviora variables againg population
dengty.
1.2 Population cycles and seans

Population dendties representing low, increase,
peak , and decline phases, were arbitrarily defined , based
on oorfiguration of each of the population cycles™!
(Fg-1). The uper limts for the low phase of
M. ochrogaster populationsin the bluegrass and dfafa ar-
eas were 20/ ha and 28.5/ ha, repectivey. The peak
phase included trapping periods with dendtiesof > 45/ ha
in the bluegrass area and > 70/ ha in the dfdfa fied.
Periods of intermediate densties were classfied as part of
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the increase or decline phase, depending on the popula
tion trend. There was an increase in population dendty in
the dfdfa area during ring 1976 , but anadyss o repro-
duction and survival indicated that this period represented
atype H decline!™.

50 1

Number Per Hectare

Fig 1 Popuation dendtiesdf Microtus ochrogaster (MO) and M. pennsyl-
vanicis (M P) indfdfa (AL) and bluegrass (BG gudy stesin the Uni-
verdty of Illiros Biologica Research Area, 1975 - 1976.

The followi ng periods were included in each phase of
the population cycle of M. ochrogaster in the dfdfafidd:
low, June - early Augug 1975, May - December 1976 ;
increasxe, late Augugd - September 1975; peak , October
- November 1975; decline, January - April 1976. The
next population cycle in afafawasin 198112, Phasesof
the M. ochrogaster cycle in the bluegrass area included
the following periods: low , March - December 1976 ; incr

eax, June - Augus 1975; peak , September - December
1975; decline, January - February 1976. The next cycle
in bluegrasswasin 1982 - 3.

For M. pennsylvanicus the deimiting dendties for
low and peak phases were 20/ ha and 42/ ha, reective-
ly. Phases of the M. pennsylvanicus cycle included the
following periods: low , June - November 1975, Decemr
ber 1976 ; increase , December 1975 - April 1976 ; peak ,
May - early July 1976; decline, late July - December
1976. The next cycle began in February 1977.

Because sanrple 9zesdf M. ochrogaster femalesfrom
me nonths were very sl , seaond andyss was per
formed on data from two seaond periods: ring - early aur
tumn (15 March - 14 October) and late autumn - wirter (15
October - 14 March). For M. penrsylvanicus Seaons were
ddined asfollows: gring, 15 March - 31 May ; summer, 1
Jure - 14 Sptember; autumn, 15 Sgptember - 30 Novent
ber ; winter , 1 December - 14 March.

2 RESU TS

2.1 Microtus ochrogaster

Phase andyds. The proportion of aggressve fermdes
dd rot dffer dgnificantly in the dfafa and bl uegrass popu
lations during the lov (x* =0.36; d =1; P>0.50) , in
creae (¥ =117; d =1; P>0.20) , and pesk (x* =
0.74; d =1; P>030) ; there were o data from the de-
dinre for the bluegrass popudion (Table 1).

Table 1 Proportion of aggressve female Microtus ochrogaster in respect to phase o the population cycle and ssason in alfalfa

and bluegrass gudy sites. N=sample size

P n N Alfdf_a N Bl uegass N Total_
Agoresdve Agoresdve Agyressve
Phase
1 1
Low 5 0. 357 1 0. 467 29 0.414
Increase 9 0.333 é 0.538 35 0. 486
1 2
Peak 7 0.588 0 0. 450 37 0.514
Decline é 0.264 19 0.264
Season
. 2 4
Soring-early autumn 1 0.523 8 0.437 69 0. 464
Late autum-wirter ; 0.316 : 0.547 51 0.372
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Acoordingy , data from the two populations were
combined for the three former phases in order to achieve
larger saple Szes  The proportion of aggressve femdes
did not differ dgnificantly ammong the low , increase, and
peak phases (x*=0.68; o =2; P= 0.70). The pro-
portion of aggressve females was lower during the decline
phase for the dfafa populaion than during the other three
phases of the cycdle (Table 1) . The proportion of aggres:
sve femdes during the decline phase, however , did not
differ from expected values caculated from the overall
proportions of aggressve femaesfor the other three phases
(0.475; x*=3.38; ¢ =1; P>0.05) .

Smilarly , MANOVA for the five behaviora variables
for females from the afdfa and bluegrass areas reveded
o daidicaly dgnificant difference during the low
(WilksA =0.854; F=0.79; & =5, 23; P =
0.57) , increase (WilK sA =0.847; F=1.02; o =5,
28; P=0.43) , and peak (WilK sA\ =0.787; F =
1.63; & =5, 30; P=0.18) phases When data for
the two populations were combined , there was o dgnifi-
cant difference anong the three phases (WiIlK s A =
0.941; F=0.57; o =10, 184; P=0.84). Phazd
cycle acoounted for only 5.9 % of the variation in the be-
haviord data.

Seaond Andyds. Becaus the sarple from late
autumn - winter for the bluegrass area was svdl (Table
1) , data for femaes from the dfafa and bluegrass areas
were conpared to determine if they could be combined for
the seand andyss The proportion aggressve femaes
did not differ dgnificantly between populations during e-
ther pring - early autumn (x* = 0.47; o =1; P>
0.40) or late autumn - winter (x*=2.14; d=1; P>
0.10) . When data from the two populaions were conr
bined there was no sgnificant difference between the pro-
portion aggressive femdes during the two seaona periods
(¥=1.02; d=1; P=0.30) .

Means of the five behavioral variables did ot differ
sgnificantly between the two populations during oring -
early autumn (WilK sA =0.953; F=0.68; o =5,
68; P =0.64) or lae autumn - winter (WIlK sA =
0.969; F=0.24; & =5, 37; P=0.94). When data
for females from the two populations were combined,

MANOVA revedled o seaona heterogeneity (WilK sA
=0.948; F=1.22; o =5, 111; P=0.31). Only
5.2% o the variation in the behaviord data was at-
tributable to seaon.

Dendty andyss. None o the five behaviora vari-
ables for al M. ochrogaster females, both populations
combined, showed a dgnificant linear regresson againg
population dendty (agpproaches: r =0.11; P =0.25;
threats: r =0.03; P=0.73; attacks: r=0.0; P=
0.70; retreat/ awidances: r=0.10; P=0.27; atacks
per encounter: r=0.11; P=0.25) .

2.2 Microtus pennsylvanicus

Phase andyss  The proportion aggressve females
did rot differ dgnificantly among the four phases of the
population cycle (x> =1.43; o =3; P= 0.70; Table
2 .

Table2 Proportion of aggressive female Microtus pennsylvanicus
in respect to phase o the population cycle and season

in bluegrass. N=sample size

Phase/ seaon N Aggressve

Phase

Low 23 0.739
Increase 44 0. 659
Peak 54 0. 741
Dedline 64 0. 656
Season

Sring 58 0.759
Summer 89 0. 640
Autum A 0.735
Winter * 4 0. 500

*Winter data not included in gatigica andyses (see text)

MANOVA , however , reveded a dgnificant differ
ence in the behaviora variables anmong phases (WilK sA
=0.853; F=1.92; o =15, 483; P=0.02) . The
mgjor contributors to this difference (as indicated by
squared multiple correlations) were the mean numbers of
threats and attacks The mean number of threats was Sg
nificantly higher during the low phase than during the in-
crease ( P=0.03) and decline ( P<0.01) and the mean
number of attacks was dgnificantly higher during the low
phase than during the other three phases (increase: P =
0.02; peak: P=0.04; decline: P=0.02). Prase o
the cycle explained 14. 7 % of the variation in behaviora
data.
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Seaond andyds. The number of trids during win
ter was too grall to be included in the datidical andyss
(Table 2) . There was no dgnificant difference in the
proportion of aggressve femaes anong Pring, summer
and autumn (xX*=2.62; o =2; P>0.20; Table 2) .
There al® was o ggnificant difference for the behaviora
variables anong these three seasons (WilK sA = 0. 933;
F=1.21; & =10, 344; P=0.28). Only 6.7 % of
the variation in the data was attributable to season.

Dendty andyds. Linear regresson andydsfor each
o the behaviora variables againg population densty re-
veded sgnificant negative rdationships for both the nunr
ber of threats (r= - 0.19; P=0.01) and atacks (r=
-0.15; P=0.04). It sould be noted, however , that
populaion densty accounted for a relatively svall propor-
tion of the variation in the data.

3 DISCUSSION

Proportion of aggressve Microtus ochrogaster females
and means o five behavioral variables did not vary dgnifi-
cantly in regect to phase of the population cycle. Linear
regresson analyss reveded no dgnificant correlation of
the behaviora variables againg population densty.

The proportion of femde
M. pennsylvanicus d did ot differ sgnificantly among
phases However , means for two aggressve behaviors,
threats and attacks, were sgnificantly higher during the
low phase than the increase. The mean number of attacks
during the low phase d® was dgnificantly higher than
that for the peak. A dgnificant negative corrdation was
found between mean numbers of threats and attacks and
populetion dendty. These reaults are opposte of what
would be predicted by the polynorphic behavior hypothe-
ds

aggressve

Variation in aggresson for femde M. ochrogaster
and M. pennsylvanicus did ot differ ssaonaly. Thus,
sand dfects did ot mask any phase dfects that might
have exiged.

That saple dzes for females were limited , reduces
the power of gdatidicd andyses Thus, combining data
from dfafa and bluegrass may not have been entirely jus
tified. However , the proportions of aggressve femdes a

nong phases in each habitat tended to be approximately
the same asfor the grouped data. Further , the reaults of
this gudy agree with the conclusons regarding aggresdve
behavior of male M. ochrogaster and M. pennsylvanicus ,
for which subgtantive data were available!™!. From analy-
s o datafor both males and femaleswe sugges o smr
ple rdationship between aggresdveness and phase o the
populetion cycle in these two oecies As such, our re-
sults db ot agree with those of Krebs™who found selec-
tion for aggresdveness in maes of both gecies during the
increaze and peak. The results do agree with those of
Turner and Iveront™! who found no sgnificant difference
in frequency of aggressve acts by male M. pennsylvanicus
during periods of increasng and high densties We con-
clude that sdlection for aggressve femaleswas ot a mgjor
factor driving cyclic fluctuetions in abundance in our sudy
populetions.
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