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Population density of Microtus ochrogaster on grid B, 1970~73.

FiG. 2.

tailed account of reproductive changes based on
autopsy data will be reported elsewhere by R. K.
Rose and M. S. Gaines. The annual breeding cycle
of M. ochrogaster has been arbitrarily divided into
winter (November-February) and summer (March—
October) months. The most reliable index of breed-
ing activity of all the parameters listed above is
lactation (Krebs et al. 1969). We plotted the per-
centage of adults with medium or large nipples on
all four grids during each month in an attempt to
discern any general pattern in breeding activity
(Fig. 5). Voles weighing 34 g or heavier were
arbitrarily defined as adults based on autopsy data
(Rose 1974), which indicated that 33 g is the
median age of sexual maturity. An adjustment of
3 wk from the onset of breeding activity to the ap-
pearance of voles with medium to large nipples was
made to compensate for the 21-day gestation period.

Several facts are evident in Fig. 5. First, there
was low breeding activity during the winter 1970-71
and winter 1972-73, whereas there was a higher
incidence of breeding during the winter 1971-72
just before the peak year. Second, the summer
breeding season in 1973 following the peak year
was shortened by at least 3 mo. There was a notice-
able decline in breeding during May 1973, followed
by virtuaily no breeding in June and July 1973 on
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all grids. Additional data collected from August
through October 1973 indicated that voles were still
not in breeding condition. Third, there was a de-
pression in breeding during the summer (June, July,
or August) of each year on most grids.

The data for different reproductive parameters
were pooled over seasons for each grid (Table 4).
Chi-square analyses were performed on reproductive
data to test the following: (1) homogeneity among
grids in the same season; (2) homogeneity among
seasons on the same grid; and (3) homogeneity for
the same season over years on each grid (e.g., grid
A—summer 1971, summer 1972, and summer 1973).
Eight of the 24 comparisons (6 seasons, 4 param-
eters) among grids were statistically significant
(p < .05). Most of the heterogeneity occurred dur-
ing the summer 1971 in which testes position, nipple
size, and condition of the pubic symphysis were
significantly different (p < .05) among the four
grids. This heterogeneity was due to a higher in-
cidence of breeding activity on grid C. There is no
obvious explanation to account for this result. There
was a considerable amount of heterogeneity in re-
productive data among seasons on the same grid.
The following comparisons were significantly heter-
ogenous (p < .05) among seasons: grid A-—testes
position, nipple size, and condition of pubic sym-
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Fic. 4. Population density of Microtus ochrogaster on grid D, 1970-73.

recruits over a long period of time showed an
sess of males.

We pooled sex ratios for each trapping period
:r seasons for each grid. The sex ratios of resi-
1t animals and new recruits were analyzed sepa-
ely. A chi-square homogeneity test indicated that
re were no significant differences in sex ratios for
aer residents or recruits among seasons on any grid.
t ratios were pooled over the entire study for each
d. There were no significant deviations from a sex
io of 1 in residents or recruits on any grid. The
:a were pooled for all grids and again there were
significant deviations from a sex ratio of 1.

Mortality

We measured mortality in the trappable popula-
n from minimum survival rates per 14 days. In
lition, an index of early juvenile survival was
culated from the ratio of the number of juveniles
ruited into the population to the number of lac-
ing adults. Since Krebs et al. (1969) found that
vival rates of males and females were not cor-
ated, we analyzed the sexes separately.

Survival of the trappable population.—Survival
es of the trappable population summed over sea-

sons on each grid are presented in Table 5. We
first tested for heterogeneity in survival rates among
three weight classes (adults [Z= 34 g], subadults
[22-33 g], and juveniles {< 22 g]) during each sea-
son for each grid using a chi-square homogeneity
test. For example, do adults, subadults, and juveniles
on grid A have the same survival rates during the
winter 1970-71? Survival rates among age groups
were significantly heterogenous (p < .05) for the
following season and grids: grid A, males—summers
1971 and 1972; grid A, females—summers 1971,
1972, and 1973; grid B, males—summer 1972 and
winter 1972-73; grid B, females—summer 1972;
grid C, males—summers 1971 and 1972; grid C,
females—summers 1971 and 1972; grid D, males—
summers 1972 and 1973; grid D, females—summers
1971 and 1973. In all cases where survival rates
were significantly heterogenous among age classes,
juveniles and subadults had lower survival than adults
for both males and females. Most of the statistically
significant differences occurred during the summer
breeding season.

We also tested for heterogeneity among survival
rates for each age class over seasons on the same
grid. For example, do adult males on grid A have
the same survival rates over all seasons? Fifteen



Grid

Season and group A B C D
Winter 1970-71
Testes scrotal .84 (62) .82 (52) o .83 (63)
Nipples medium to large 21 (40) .18 (41) .18 (33)
Pubic symphysis open .03 .06 - .09
Obviously pregnant .00 .00 - .03
Summer 1971
Testes scrotal .88 (57) 94 (34) 1.00 (48) 95 (43)
Nipples medium to large .50 (92) 46 (35) .82 (49) .58 (48)
Pubic symphysis open 12 14 37 27
Obviously pregnant .02 09 .16 13
Winter 1971-72
Testes scrotal 93 (148) 85 (66) 94 (109) 94 (69)
Nipples medium to large 36 (125) .50 (54) 41 (110) .56 (54)
Pubic symphysis open .10 13 .06 .19
Obviously pregnant .02 06 .09 09
Summer 1972
Testes scrotal 1.00 (180) 99 (172) 1.00 (121) 1.00 (102)
Nipples medium to large .50 (212) .59 (222) .69 (156) .54 (111)
Pubic symphysis open 13 19 .24 21
Obviously pregnant .06 09 22 08
Winter 1972-73
Testes scrotal .92 (167) .93 (155) 97 (35) .92 (50)
Nipples medium to large .29 (176) 51 (134) .25 (36) .38 (48)
Pubic symphysis open .07 16 .03 .13
Obviously pregnant 03 06 .06 . 08
Summer 1973
Testes scrotal 75 (53) 91 (33) 1.00 (8) .94 (35)
Nipples medium to large .66 (67) .69 (42) .60 (16) 71 (42)
Pubic symphysis open 21 14 20 29
Obviously pregnant .09 12 20 17

of the 24 possible comparisons of each age group
on the same grid over different seasons (4 grids, 3
age groups, 2 sexes) were significantly heterogenous
(p < .05). All comparisons of survival rates among
the juvenile and subadult age groups were not sig-
nificant. The heterogeneity observed in adult males
and females was due to higher survival rates in the
winter breeding seasons compared to the summer
breeding seasons. There were no statistically sig-
nificant differences between adult males and adult
females on each grid within the same season.
Finally, we determined whether changes in sur-
vival rates were seasonal by testing for heterogeneity
in adult males and females among the same breeding
seasons over different years on each grid (i.e., grid
A—summer 1971, summer 1972, and summer 1973).
The following grids had statistically significant dif-
ferences (p < .01) in adult survival rates for the
breeding seasons indicated: grid A—males, winter;
grid B—males, winter and summer; grid B—females,
winter and summer; and grid C—females, summer.
There was a trend on all grids for adult males and
females to ha' higher survival rates in the winter
of the peak year (1971-72) compared to the pre-

ceding and succeeding winters. These results sug-
gest that changes in survival rates cannot be ex-
plained seasonally.

Survival rates for M. ochrogaster on grid A over
a density cycle are presented in Fig. 6. Patterns in
male and female survival rates in this population
are similar to those found on other grids. Two points
can be made from the data: (1) male and female
survival rates were significantly correlated (r = .54,
N = 69, p < .01) and (2) survival rates of males
and females were relatively low during periods of
decreasing density.

Early juvenile survival—We estimated survival
during the period from weaning until voles reached
a trappable size (= 25 g) using an index (Krebs
and Delong 1965) which relates the recruitment of
young voles into the population to the number of
lactating females. The index can be expressed as

no. new voles < 30 g

index of early juvenile in wk ¢

survival at time ¢ =

no. females with
medium to large nipples
caught in wk -4
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