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T h e social behav io r of a cyling m a i n l a n d popu la t ion of Microtus 
pennsylvanicus a n d a non-cycl ing is land endemic , M. breweri w a s 
s tud ied . Social s t r u c t u r e w a s de t e rmined by the spat ia l d i s t r ibu t ion of 
va r i ous sex, r ep roduc t ive , and age classes us ing a grid a r r a n g e m e n t 
of l ive t raps . T h e response of voles of g iven age and sex classes to 
o l f ac to ry cues l e f t by o ther voles of k n o w n age a n d sex classes in 
l ive t r a p s was s tudied in the f ield. D i f fe rences be tween the t w o species 
in social behav io r we re looked at as con t r ibu t ing f ac to r s in the observed 
d e m o g r a p h i c d i f f e r ences be tween the species. Res iden t and d ispers ing 
sub -popu la t ions of each species w e r e c o m p a r e d . The social behav io r 
w a s also e x a m i n e d in each of 4 dis t inct phases of a single popu la t ion 
cycle of M. pennsylvanicus. It w a s seen t h a t t h e in tens i ty of social 
in te rac t ions increased m a r k e d l y as popu la t ing dens i ty increased . 
Dispersers in a cycling vole popula t ion (M. pennsylvanicus) show 
a r a n d o m social d i s t r ibut ion , p e r h a p s ind ica t ive of social in to le rance . 
The d i sperse rs in the non-cyc l ing M. breweri do not exhib i t th is social 
in to le rance , bu t a r e less aggress ive in compar i son wi th res iden t s of 
t he s ame species. This d i f f e r ence is suggested as being a f ac to r in the 
d i f f e r ences in the popula t ion dynamics of the two species. Analys is 
of t he response to o l fac tory cues le f t in t r a p s r evea l s t h a t o l fact ion 
p r i m a r i l y f u n c t i o n s as an aid in r eproduc t ion , a n d is i ndependen t of 
m a j o r d e m o g r a p h i c changes in M. pennsylvanicus. I t is not a m a j o r 
f ac to r in the d e t e r m i n a t i o n of social s t r u c t u r e in e i the r species. 

[Boston Univers i ty , D e p a r t m e n t of Biology, Boston, Massachuse t t s , 
USA], 

1. I N T R O D U C T I O N 

Cyclic fluctuations in population densities of Cricetid rodents of the 
sub-family Microtinae (including voles, lemmings, and muskrat) have 
been studied for a number of years ( E l t o n , 1924; K r e b s & M y e r s , 
1974), yet there is still little agreement as to what regulates these cycles. 
In 1967, C h i t t y developed the behavior-genetic model of population 
regulation, which was applied by him and by K r e b s et al. (1973) to 
explain vole cyles. The model supposes that the cycle is driven by 
natural selection acting differentially at various population densities, 
on individuals which differ qualitatively in the social behavior. A 
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genetic link of behavior and an alteration of the gene pool through 
dispersal are important parts of Chitty's model. 

Attempts to test the model have mostly concentrated on laboratory 
assays of behavior (K r e b s, 1970; M y e r s & K r e b s , 1971; C o n 1 e y, 
1971). Field studies of behavior have been relatively few, generally 
being limited by the amount of behavioral data which can be generated 
with a minimum of interference in the normal course of the animal's 
life. 

The present investigation is an analysis of the social behavior of 
natural populations of voles. Two species are compared. Microtus 
pennsylvanicus (Ord, 1815), the meadow vole, is widely distributed 
throughout northern North America, while Microtus breweri (Baird, 
1857), the beach vole, is an island endemic restricted to Muskeget Island, 
off the coast of Cape Cod, Massachusetts. The most interesting contrast 
between the two species is that M. breweri has been found not to 
exibit the characteristic microtine population cycle ( T a m a r i n , 1977b). 

Two analyses of social behavior were carried out. In the first analysis, 
we studied the spatial distribution of the population in terms of the 
occurrence of mice of given classes in adjacent trap locations on the 
first night only. Since the average home range of these species covers 
a distance greater than the distance between traps ( T a m a r i n , 1977b), 
this analysis may be looked at as describing the social classes of voles 
whose ranges abut or overlap in the field. 

G e t z (1972) employed multiple capture live traps to study the social 
structure of vole populations. In our second analysis, we approached 
the same problems as Getz from a different way. Rather than using 
multiple capture live traps, this study used single capture live trapping 
for two consecutive nights. We supposed that a vole present in a trap 
for a night would leave a considerable amount of odor in the trap, and 
we carried out an analysis of social behavior as a function of the sex and 
age classes of those voles which produced the olfactory cues and those 
which were subsequently attracted to the olfactory cues left by the 
mouse caught the night before. The concept of olfactory communication 
by pheromones is well known and widespread in many rodents ( R a l l s , 
1971; J o h n s o n , 1973). Studies have shown that the substances active 
in olfactory communication are effective at very low dilutions (D a g g 
& W i n d s o r , 1971), and this would suggest that their potency would 
not be eliminated in the time period involved in this study. In fact, 
J o h n s o n (1973) points out that scents involved in a scent-marking 
function would be non-volatile and would linger for long periods of 
time. Work done in the laboratory and in the field suggest that mice 
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are receptive and do react to olfactory cues left in traps ( S u m m e r -
l i n & W o l f e , 1973; B o o n s t r a & K r e b s, 1976). 

Microtus pennsylvanicus was t rapped on the main land at Manomet , south of 
P lymou th , Massachuset ts , on a site owned by the Boston Edison Company. The 
hab i ta t was grass land sur rounded by dense woodland. Microtus breweri is endemic 
to the 2.6 km 2 Muskeget Is land, Nan tucke t County, Massachuset ts . The is land is 
a lmost un i fo rm sandy habi ta t . The ecology of the island is discussed by 
W e t h e r b e e et al. (1972). 

At each s tudy area, 2 gr ids of 100 t raps each were established (B and E on 
Muskeget Is land, F and G at Plymouth) , each a r ranged as 10X10 square, w i th 
7.6 me te r s be tween t r a p lines (grid G devia ted slightly f r o m this squa re 
a r rangement ) . The two grids at each area were separa ted by approx ima te ly 
30 meters . The exact or ienta t ion of the gr ids is described by T a m a r i n (1977a). 
Grid B (Muskeget Island) and grid F (Plymouth) were both control grids, whi le 
gr ids E and G were remova l grids. T rapp ing was done month ly in each a rea 
f r o m May 1972 unti l October 1975, according to the fol lowing t rapping regime: 

Longwor th live t r aps were used, baited wi th oats, and cotton was supplied fo r 
nest ing mater ia l . 

On the control grids (B and F), all voles caught were ear- tagged with numbered 
i 'ingerling tags, and released at point of cap ture a f t e r da ta on sex, weight, and 
reproduc t ive condit ion were collected. For males, it was noted whether tes tes 
were in an abdomina l or scrotal position. For females , the following was noted: 
vagina pe r fo ra te or not ; nipples small, medium, or large; pubic symphysis closed, 
slightly open, or open; and pregnant or not. Voles on the remova l grids (E and G) 
were t rea ted similarly, wi th the same da ta taken . However , they were not 
released at point of capture , but were pe rmanen t ly removed f r o m the gr id. 
Voles which colonized the remova l grids were def ined as dispersers, while voles 
caught on the control gr ids were def ined as res idents ( T a m a r i n , 1977a). 

All voles w e r e classified as belonging to one of 12 possible classes, based on 
sex, reproduc t ive condition, and age. A male was considered to be in breeding 
condit ion if his testes were scrotal. A female was considered to be in breeding 
condit ion if her vagina was per fora te , or her nipples were either med ium or 
large, or she showed obvious pregnancy. Age classes were de termined by weight , 
according to the cr i ter ia of K r e b s et al. (1969) and T a m a r i n (1977b). The 
12 classes of voles a re summarized as fol lows: 

2. MATERIALS AND METHOD 

Day 0 
Day 1 
Day 2 

T r a p s set 
T raps checked and lef t set 
T raps checked and closed 

2.1 Spatial Distribution 

11 A.... 
i i s a . 

Male, breeding adul t 
Male, breeding, subadul t 
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11J Male, breeding, juveni le 
12A Male, nonbreeding, adu l t 
12SA i Male, nonbreeding, subadu l t 
12J Malen, nonbreeding, juveni le 
21A Female, breeding, adul t 
21SA Female , breeding, subadu l t 
21J ^ Female, breeding, juveni le 
22A Female, nonbreeding. adu l t 
22SA Female , nonbreeding, subadu l t 
22J Female, nonbreeding, juveni le 

In order to examine the social s t ruc tu re of the populat ion, we asked the 
fol lowing quest ion: a re each of the 12 classes of mice d is t r ibuted r andomly in 
space wi th respect to each other, or a re voles of a given class more likely or 
less likely to occur in an a rea over lapping tha t of a vole of ano the r given class? 
Thus, we are def in ing social s t ruc ture as the spat ia l d is t r ibut ion of these 12 
classes of voles and the spatial d is t r ibut ion is de termined by an analysis of 
captures of voles in ad jacen t t r a p locations. A given non-per iphera l t r a p has eight 
ad jacen t neighboring t raps , one at each compass point as well as t he 4 diagonal 
ad jacents . A corner t r a p has 3 ad jacen t neighbors, and a non-corner pe r iphera l 
t r a p has 5 ad jacen t neighbors. 

Using Day 1 t r a p resul ts only, we tall ied all instances of cap tures occuring 
in ad jacen t t r aps wi th in the same month ly t rapp ing period, and classif ied these 
as belonging to one of the 78 unique pair combinat ions of the 12 classes. We 
compared these observed values to a set of expected values, calculated by 
assuming tha t the probabi l i ty of ad j acen t captures of each of the 78 pai r classes 
was based on the f r equency of occurence of voles of the two classes of the 
pair for tha t t rapp ing period. In other words, the expected n u m b e r of ad j acen t 
captures for a given pair is the propor t ion of all voles caught belonging to 

Table 1 

Popula t ion cycle phases for Microtus pennsylvanicus, Grid F (Tamarin , 
1977b, Fig. 5). The indicated decrease phase (Spring 1973) may or may 
not be the t rue cyclic popula t ion decline. The low tha t spr ing (18 voles) 
was almost twice as high as the low levels, reached in the spring of 

1975 (10 voles). 

Phase of cycle Months 
Densi ty 

M a x i m u m M i n i m u m 

Decrease Dec. 1972 — M a y 1973 119 34 
Low J u n e 1973 — A u g . 1973 18 18 
Increase Sept. 1973 — A p r . 1974 75 32 
High May 1974 — N o v . 1974 138 77 

class I, t imes the propor t ion of voles caught belonging to class II, t imes the tota l 
n u m b e r of observed a d j a c e n t cap tures fo r tha t month . Expected values w e r e 
calculated for each month based on month ly observed va lues of tota l ad jacen t 
cap tures and class f requenc ies summed over 2—7 month breeding periods. 

Expected and observed values were compared by using a ch i -square goodness-
-o f - f i t analysis . Chi - square va lues w e r e calculated for each grid for the ent i re 
35 month period. In addit ion, da ta for M. pennsylvanicus were divided into 
phases of the populat ion cycle (Table 1), and ch i - square values were calculated 
separa te ly for these groups. In these analyses, if the observed n u m b e r of cases 
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of a d j a c e n t captures of a given pair of classes was s ignif icant ly grea ter t h a n 
the expected number , then this was def ined as a s ignif icant a t t rac t ion be tween 
these two classes. Inversely, if the expected n u m b e r was grea te r t han the 
observed number for a given pair , this was def ined as a s ignif icant avoidance 
be tween these pairs. 

2.2 Sequential Trapping 

All ins tances of a given t r a p being entered on both Day 1 and Day 2 of 
a t r app ing period were tall ied. Excluded f r o m this g roup were all t r aps which 
caught the same individual on the two nights of t rapping . Each of these observed 
cases of sequent ia l t r a p use was classified according to the sex and breeding 
condit ion of the Day 1 and Day 2 voles. There are 16 such combinat ions. 

The expected number of cases of sequent ia l t r ap use for each month for 
each of the 16 pair categories was de termined by mul t ip ly ing the to ta l month ly 
observed value by the proport ions of the two classes of the pair combinat ion 
for tha t month . Since fac tors such as microhabi ta t d i f ferences , t r a p sensitivity, 
and other possible fac tors may resul t in the probabi l i ty of a given t r a p catching 
a vole on Day 1 to be al tered, we el iminated f r o m f u r t h e r analysis , t r a p locations 
at both the high and low ends of the f r equency dis t r ibut ion unt i l the point was 
reached at which the use f requency for all r emain ing t r a p locations did not 
d i f f e r s ignif icantly (by a chi -square analysis) f r o m the mean Use f r equency for 
all t r a p locations on the grid. This resul ted in effect ive grid sizes of f r o m 72 to 
91 t r a p locations, r a the r than the original 100 t r ap grids. 

Expected and observed values were compared by the ch i - square goodness-of-
f i t test . Separa te ch i - square values were again calculated for each of the four 
phases of the populat ion cycle of M. pennsylvanicus. 

3. RESULTS 

3.1 Spatial Distr ibut ion 

There are 56 cases of on-random associations on all four grids, and 
these are shown in Table 2. Thirty-eight are avoidances and 18 are 
attractions, for a ratio of avoidances to attractions 1.1:1. Grids B and 
F (the resident grids) had the highest number of non-random associa-
tions, with 23 and 20, respectively. Grid E, the Muskeget dispersal grid, 
had 13 significant cases, while grid G, the mainland dispersal grid, had 
cnly random associations. Out of the 23 cases grid B, the Muskeget 
resident grid, 17 were avoidances while 6 were attractions, for a ratio 
of avoidances to attractions of 2.8:1. On grid E, the mainland resident 
grid, the ratio was 2.3:1 with 14 cases of avoidance and 6 cases of 
attraction. On grid E (Muskeget removal grid), the significant cases 
represented 7 avoidance and 6 attractions for a ratio of 1.1:1. It is 
interesting to note that all 3 grids had the same number of attractions, 
and the differences between grid E and the two resident grids is the 
reduced number of avoidances on the removal grid. 

Male/male, male/female, and female/female interactions accounted for 
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11, 27, and 18 of the significant cases, respectively, and the ratios of 
avoidance to attractions in these three groups were 2.7:1, 2.0:1, and 
2.0:1. In the male/male group, the greatest number of avoidances were 
seen on the mainland resident grid. All 3 cases of attraction occurred 
in the same category — nonbreeding subadult males were attracted to 
each other on all three grids. There were no cases of attraction between 
breeding males on any grid. In the female/female group, most cases 

Table 2 

S u m m a r y of significant cases of non - r andom associations be tween the indicated 
classes for all four grids. For ident i f icat ion of classes, see text , pages 297—8. 

Avuidances a re indicated by (—), a t t rac t ions by ( + ). 

In terac t ion 
Muskeget P l y m o u t h 

Control, B Removal , E Control, F Removal , G 

Male/Male 

Male /Female 

11A/11SA(—)* 11A/12A(—)* 11A/12SA(—)***  
11SA/11,12(—)** 11A/12SA(—)* 11 A/12 J(—)**  
12SA/12SA( + )*** 12SA/12SA(+)*** 12SA/12SA(+)* 

12A/12J(—)*  
12SA/12J(—)*** 

11/21A(+)*** 11À/21A(+)** 11A/21A(+)*** 
11A/21SA(+)*** 11A/21SA( + )** 11A/22A(-)*** 
11A/21(—)* 11A/22A(—)* 11 A/22 J(—)* 
11A/22A(—)*** 11A/22SA(—)* 12A/21A( + )*** 
11A/22SA(—)*** 11A/22J(—)*** 12SA/22A(-)*** 
11A/22J(—)*  
11SA/21(—)*  
11 J/21,22(—)***  
12A/21SA(—)*  
12SA/21A(+)*** 
12SA/22SA(+)*** 
12SA/22J(—)***  
12J/22SA(—)*** 

Female /Female 21A/21A(+)**+ 21A/21A(+)*+* 21A/21A(+)*** 

12SA/22SA(+)*** 12SA/22SA(—)*  
12SA/22J(—)*  
12J/22A(—)*** 

21A/21 J( —)*  
21A/22A(—)***  
21SA/22A(—)**  
22A/22A(—)***  
22A/22J(—)*  
22SA/22J(—)*** 

21A/22SA(—)*  
22SA/22SA( + )* 
22SA/22J(—)* 

21A/22SA( + )+* 
21A/22J( + )* 
21SA/21,22(—)*  
22A/22SA(—)***  
22A/22J(—)*  
22SA/22J(—)** 

* p < . 0 5 
** p < .01 

*** p < .005 

of avoidance were seen by nonbreeding females for other nonbreeding 
females. Adult breeding females were attracted to each other on all 
three grids. In interactions between breeding and nonbreeding females, 
attractions were more important on grid F, and avoidances were more 
important on the island grids (B and E). Most of the interactions in the 
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male/female group were seen on the island resident grid. Most cases 
of attraction in this group occurred between breeding males and 
breeding females on all three grids. Avoidances were seen between 
breeding males and nonbreeding females, and between nonbreeding 
males and females. These latter avoidances were more important on 
grid F (mainland resident) than on grid B (Muskeget resident). 

The results of the analysis of social distribution during the four 
phases of the population cycle in M. pennsylvanicus are summarized 
in Table 3. On grid F, there are 26 significant cases of non-random 
associations occurring in a particular phase of the cycle. Nineteen of 

Table 3 
S u m m a r y of the significant cases of non- random association between the indicated 
classes, b roken down into individual phases of the populat ion cycle on main land 
grids F and G. For ident i f icat ion of classes, see text , pages 297—8. Avoidances a re 

indicated by (—), a t t rac t ions by (+ ) . 

Grid F (Control) Grid G (Removal) 
In te rac t ion High Decrease Increase Decrease 

Male/Male 11A/11A(-)* 
11A/12SA(—)*  
11A/12J(—)*  
12A/12SA( + )* 
12SA/12SA(+)* 
12SA/12J(—)*** 

12A/12A(+)* 
12SA/12(—)* 

11A/12(—)* 12A/12(+)* 

Male /Female 11A/21A(+)** 
11A/22A(—)***  

11 A/22 J(—)*  
12A/21A(+)*** 
12SA/22J(—)***  
12J/21A(—)***  
12J/22A(—)*** 

12A/22SA( + )*** 
12SA/21,22(—)* 

12SA/21,22(—)* 12A/21,22(+)* 

Female /Female 21A/21A(+)*** 
21A/21SA( + )* 
21A/22SA(+)* 
21A/22J(+)* 
22A/22J(—)**  
22SA/22J(—)* 

22/22(+)* 

* p < .05 
** p < .01 

*** p < .005 

these cases occur during the high phase, 5 during the decrease phase, 
2 during the increase phase, and none during the low phase. Of these 
26 cases, 15 are avoidances and 11 are attractions, for a ratio of 1.4:1. 
During the high phase, there are 11 cases of avoidance and 8 cases 
of attraction. In the decrease phase there are 3 cases of attraction and 
2 cases of avoidance, while the increase phase shows 2 cases of avoidance 
and no attractions. 
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3.2 Sequent ia l T r a p Use 

There are 7 out .of 64 cases which reach at least the .05 level of 
significance, and these are shown in Table 4. Three of the significant 
cases are attractions while 4 are avoidances. The Muskeget Island grids 
account for only 2 significant cases, one an attraction and one an 
avoidance, and both appearing on grid B (resident grid), while the 
mainland shows 5 significant cases, 4 on the resident grid (2 attractions 
and 2 avoidances) and one on the removal grid (an avoidance). 

Table 4 
Chi -square values for pair combinat ions of sequential t r a p use analysis fo r all 
four grids. Avoidances a re indicated by (—), a t t rac t ions by ( + ) . C indicates t h a t 
the category was analyzed as pa r t of a combined category and found to be not 

s ignif icant . Br r e fe r s to breedding and NB to nonbreeding individuals . 

Muskeget P lymou th 
Control Removal Control Removal 

In terac t ion B E F G 

Male/Male 
Br/Br 1.69 0.11 0.71 0.99 
Br/NB 1.52 0.72 0.07 2.32 
NB/Br 1.52 0.40 1.67 0.03 
NB/NB 0.03 0.00 0.00 0.03 
Male/Female 
Br/Br 0.87 0.00 0.21 C 
Br/NB 0.91 1.02. 2.27 C 
NBJNB 0.46 0.99 2.57 C 
NB/Br 0.09 0.40 7.90(—)*** C 
Female/Male 

6.85(4-)** Br/Br 30.37(4)*** 0.06 6.85(4-)** 0.00 
Br/NB 2.95 1.45 0.81 3.20 
NB/NB 0.00 1.22 6.15(+>* 0.05 
NB/Br 0.14 0.28 0.98 0.01 
Female /Female 
Br/Br 6.20(—)* 0.90 0.07 C 
Br/NB 0.09 0.02 0.58 C 
NB/Br 0.00 0.36 4.72(—)* 5.40( 
NB/NB 0.06 1.24 0.01 C 

* p < .05 
** p < .01 

*** p < .005 

There are no cases of males being attracted to or avoiding other 
males on any grid. The strongest attractions are of breeding males for 
breeding females, occuring on grids B and F (the resident grids). Two 
of the strongest avoidances involve breeding females for other females, 
occurring in both species. When the data for each phase of the cycle 
were analyzed separately, there were no significant cases of attraction 
or avoidance. 
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4. DISCUSSION 

This discussion will focus on three topics — differences between the 
two species, Microtus pennsylvanicus and M. brenveri, differences 
between residents and dispersers of each species, and differences 
between the various phases of the population cycle in M. pennsylvanicus. 

4.1 Spatial Dis t r ibut ion 

In terms of spatial distribution, Microtus pennsylvanicus on grid F 
and M. breweri on grid B show similar patterns, but have interesting 
differences. In each, the number of significant deviations from random-
ness in both the attraction and avoidance directions is about the same, 
as is the pattern of interactions between males and females. However, 
in M. pennsylvanicus, we see that avoidances between males, particular-
ly nonbreeding males, are more important than they are in M. breweri, 
which shows considerably more avoidances between females, primarily 
in the nonbreeding category. Within a species, avoidances by M. penn-
sylvanicus are no more important in males than they are in females, 
while in M. breweri, avoidances between females are more important 
than avoidances between males. 

More striking differences are apparent when the dispersers of the 
two species are compared. Microtus breweri dispersers (grid E) showed 
13 cases of significant non-random association, while M. pennsylvanicus 
dispersers (grid G) did not show any at all. Within a species, M. breweri 
residents show many more cases of avoidance than do dispersers, while 
the number and distribution of attractions are about the same in these 
two grids. Residents and dispersers were most similar in male/male 
interactions, and least similar in female/female interactions. Female/ 
female avoidances were more important on the resident grid than on 
the dispersal grid. Residents and dispersers of M. pennsylvanicus 
differ markedly, considering that the dispersal grid shows no cases 
of significant non-random associations. Hence, attractions and avoidances 
between all classes are more important on the resident grid. 

When each phase of the population cycle is examined separately in 
M. pennsylvanicus, we see that on grid F, most non-random cases (15 
cut of 20) occur during the high phase, where there are more cases 
of attraction than of avoidance. 

Examining the data closely, it appears that there is a trend in number 
of significant cases of non-random association and population density. 
Peak densities of M. pennsylvanicus on grid F approached the level 
maintained by M. breweri on grid B. The dispersing sub-population 
of M. breweri on grid E had a maximum density somewhat lower than 
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that on grid B, while the dispersing sub-population of M. pennsylvanicus 
on grid G had a much lower density than the grid F population ( T a r a a - 
r i n, 1977ib), Th'is is the sam*3 order as the ordering of number of 
significant comparisons. 

A difference is social behavior related to density is predicted by 
C h i 11 y's (1967) hypothesis. We would expect from the hypothesis 
that as the population density increases to its peak, the level of social 
intolerance should also increase. If our analysis of deviation from 
iandom spatial distribution is in fact a valid measure of social inter-
actions, then we see that the level of social interaction at the peak 
seems to predict the decline in M. pennsylvanicus. But why doesn't 
a similar level of social interaction bring about a decline in M. breweri? 
The answer lies in the nature of the dispersers, as predicted by T a m a-
r i n (1977b, 1978). The dispersers of M. breweri do not differ as much 
from the residents, as dispersers and residents of M. pennsylvanicus 
differ from each other. Dispersal in M. breweri, then, might not bring 
about the genotypic alteration that Chitty's hypothesis says is necessary 
for a decline to occur. Yet we do see differences between dispersers 
and residents in M. breweri in this study, and these differences relate 
mostly to the degree of avoidances. Perhaps this is an important factor 
in the regulation of M. breveri at high density. There is constant disper-
sal from the population, not of the socially intolerant individuals as 
in M. pennsylvanicus, but of a class of voles who would avoid agonistic 
interactions, and continue with a social distribution characterized by 
a relatively higher level of attractive interactions. These voles may be 
classified as non-aggressive. The relationship between levels of social 
intolerance between resident and dispersing voles may be sufficient to 
account for the demographic differences between the two species. 

4.2 Sequent ia l T r a p Use 

The analysis of sequential trap use is a modification of a commonly 
used laboratory procedure. The response of individuals to urine of 
conspecifics has been studied in a variety of rodents ( A u g u s t , 1978; 
M u r p h y & S c h n e i d e r , 1970). Similar experiments have been 
performed in the field ( S u m m e r l i n & W o l f e , 1974; M a z d z e r 
et al, 1976). However, each of these experiments involved the investiga-
tor introducting a scent obtained in the laboratory or under artificial 
handling conditions. In the present study, the scents were left in the 
trap by trapped voles. Thus, urine was produced under conditions which 
more closely resembled natural conditions. 

We noted 3 cases of attraction and 4 cases of avoidance of voles of 
a given age/sex class to scents left in traps by voles of another given 
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age/sex class. It is seen that M. pennsylvanicus has more significant 
deviations that does M. breweri. Within a species, both M. pennsylvani-
cus and M. breweri show more deviations in the resident than in the 
dispersing sub-populations. The statistically significant deviations in M. 
pennsylvanicus lose their significance when each phase of the cycle is 
analyzed separatelly. Thus, it appears that the attraction and avoidance 
of individuals based on olfactory cues, as determined by this method, is 
not related to major demographic changes. 

All of the cases of attraction fall into the category of males being 
attracted to the scents of females. There are no cases of females being 
attracted to the scents of males, or of same-sex attraction. The strongest 
cases of attraction involve the attraction of males in breeding condition 
for females in breeding condition. The attraction of rodents for members 
of the opposite sex through olfactory cues has been demonstrated in 
many other species ( A u g u s t , 1978; L e M a g n e n , 1951), and it has 
been suggested that this functions to improve the ability to locate 
mates. 

Most of the avoidances are seen in female/female interactions, 
particularly as avoidances by breeding females for breeding and non-
breeding females. There are no instances of males avoiding each other. 
Thus, it appears that while breeding females actively avoid other 
females, they are passive with regard to male attraction, appearing 
to wait for males to be attracted to them. Perhaps female social structure 
is important in population regulation, as was suggested by B u j a 1 s k a 
(1970). 

If this attraction and avoidance of individuals by olfactory cues is 
independent of major demographic changes as is suggested here, then 
upon what factors is it based? The pattern of significant cases suggests 
ihat breeding condition is the most important factor. T u r n e r & 
I v e r u o n (1973) suggest that cycles of aggression in M. pennsylvanicus 
are independent of demographic changes, and are more influenced by 
the reproductive cycle. The data presented here seem to support this 
view. It also appears that there is not a strong relationship between 
the response to olfactory cues and social distribution, indicating that 
some mechanism other than olfaction must be important in determining 
the social structure in both species. 
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L a w r e n c e M. REICH i Robert H. TAMARIN 

WYKORZYSTANIE PUŁAPEK J A K O WSKAŹNIK BEHAWIORU SOCJALNEGO 
NORNIKÓW 

Streszczenie 

Badano behawior socjalny u Microtus pennsylvanicus w populacj i o cyklicz-
nych zmianach liczebności (Tabela 1) i n iepodlega jące j zmianom populacj i ende-
miczne j M. breweri z wyspy. S t r u k t u r ę socjalną określano na podstawie prze-
strzennego rozmieszczenia różnych g r u p płciowych, rozrodczych i wiekowych tych 
ga tunków łowionych w żywołówki (Tabela 2). Badano również w w a r u n k a c h 
te renowych reakc ję norn ików z różnych klas wiekowych i płciowych na bodźce 
zapachowe związane z używaniem żywołówek przez inne norniki , o znanym wieku 
i płci. Różnice w behawiorze socja lnym między dwoma g a t u n k a m i rozpa t rywano 
również pod ką tem ich udziału w obserwowanych różnicach demograf icznych 
między tymi ga tunkami . Po równywano osiadłe i rozproszone sub-populac je każ-
dego ga tunku . Behawior socjalny badano też w każde j z 4 faz pojedynczego 
cyklu populacyjnego M. pennsylvanicus (Tabela 3). Zauważono, że natężenie so-
c ja lnych in te rakc j i wzras ta znacznie ze wzros tem zagęszczenia populacj i (Tabela 4). 
Osobniki mig ru jące z cyklicznych populac j i norn ików (M. pennsylvanicus) wy-
kazu j ą losowy rozkład s t ruk tu ry socjalnej , być może wskazu jący na socjalną nie-
tolerancję . Migru jąca część niecyklicznej populacj i M. breweri nie wykazu j e t e j 
socja lnej nietolerancj i , ale jest mnie j ag resywna w porównaniu z osiadłymi osob-
n ikami tego samego ga tunku . Uważa się, że jest to pods tawowy czynnik różni-
cujący dynamikę populacj i obu ga tunków. Analiza reakc j i na bodźce węchowe 
związane z pu łapkami wskazu je na to, że ma ona przede wszys tk im związek 
z rozrodem i nie zależy od zmian demograf icznych u M. pennsylvanicus. Nie jest 
ona is totnym czynnikiem de t e rminu j ącym s t r u k t u r ę socjalną obu badanych ga-
tunków. 


