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A fundamental problem in ecology is to find
the reasons for the relative stability of animal
numbers. Given that the intrinsic rate of
increase () is positive in all species, why
over long periods of time is the net rate of
increase (r) wusually zero? One important
stabilizing mechanism in some populations of
birds is the phenomenon of inversity (Erring-
ton 1945); that is, the rate of summer gain
is inversely proportional to the spring density
of adults. Inversity appears to be a function
of survival of the young between years rather
than due to annual changes in fecundity
(Hickey 1955).

We studied the demography and behavior
of California Quail (Lophortyx californicus
Shaw) on southern Vancouver Island from
1969 to 1972. The purposes of the study were
(1) to describe the demographic parameters
of the population; (2) to determine if inversity
occurred; and (3) to determine, if possible,
the underlying mechanisms that could cause
changes in survivorship between years.

The specific null hypothesis that we tried
to refute was that there was no intrinsic dif-
ference in the behavior of adults between
annual cohorts that might relate to chick sur-
vival. This hypothesis was suggested by some
recent studies of tetraonids which showed
that the intrinsic quality and behavior of
adults varied between cohorts and/or in
space, and was correlated with survival
(Jenkins et al. 1963, Watson 1965, Bergerud
1970, Theberge 1971, Mossop 1971). Other
workers who have documented the occurrence
of inversity in the Phasianidae have either not
discussed possible underlying factors (Bennitt
1951, McMillan 1964 ), or have postulated that
inversity results from phenotypic social stress
between pairs in spring (Kabat and Thomp-
son 1963). No one yet has investigated the
possibility that the quality (environmentally
induced or genetic) of adults might vary
between annual cohorts antecedent to spring
pairing and be a common factor both in
changes in density and the intrinsic viability
of the young.
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There are two general hypotheses of popu-
lation regulation that involve social behavior.
Christian and Davis (1964) have postulated
that at high density social stress causes endo-
crine changes which affect survival and re-
production. Chitty (1960, 1967) has proposed
a genetic-behavioral mechanism in which
selection occurs for aggressive individuals at
high density, resulting in reduced recruitment
and a decline in numbers.

The California Quail appears to be a good
species for such a study since it is noncyclic,
nonmigratory and has a rate of turnover of
about 70-80% annually (Sumner 1935, Emlen
1940, Raitt and Genelly 1964). In addition,
quail can be trapped and are sedentary, which
facilitates censusing. Conversely, a disad-
vantage is that quail are socially tolerant.
Coveys with 30 birds are common. The birds
are least tolerant in the spring when they form
pairs. Thus the spring period may be im-
portant if regulation is accomplished through
social behavior. We investigated the aggres-
sive behavior of adult males in spring and of
chicks in early summer. Only the latter, as-
suming negligible maternal influence, could
discriminate between intrinsic and environ-
mental aspects of behavior, as any differences
in behavior between coveys would probably
result from genetic differences.

STUDY AREA AND METHODS

STUDY AREA

The present study was carried out largely at Met-
chosin, about 15 miles SW of Victoria on the southern
tip of Vancouver Island, British Columbia (fig. 1).

The Metchosin study area is in a farming district.
The topography is gently undulating, with the av-
erage altitude less than 30 m above sea level. On
these farms there is an abundance of blackberry
bushes, wild roses, and other shrubbery which pro-
vides food and cover for quail (fig. 2).

The climate on the southern end of Vancouver
Island is characterized as Cool Summer Mediterranean
(Chapman 1952), with about 71 cm of rain annually.
Generally, temperatures are moderate, with a mean
annual temperature of 50°F.

The vegetation on the southern end of Vancouver
Island is in a dry subzone of the Coastal Douglas Fir
zone. The dominant tree species are Garry oak
(Quercus garriana) and Douglas fir (Pseudotsuga
menziesii). This zone is part of the Pacific Coast
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FIGURE 1. The study area, showing its position
on Vancouver Island (the black spot on the southern
tip) and some of the surrounding forested area. The
Metchosin study area is the area containing numbers
northeast of Caywood area. The numbers refer to
subsections of the study area for censusing purposes.

Mesothermal Forest Region (Krajina 1965). Besides
oak and fir, there are scattered patches of arbutus
(Arbutus menziesii). Douglas fir is the dominant
species a few miles north of Victoria, while Western
hemlock (Tsuga heterophylla) is dominant on the
west coast of the island. Thus the area favorable to
quail is quite limited and the distribution of the quail
coincides almost exactly with this xeric subzone. Only
isolated groups of quail occur in favorable habitats
north of this dry subzone. The numbers and per-
sistence of quail in the area suggest that the habitat
is favorable, although local extinctions have takcn
place on some of the Gulf Islands nearby following
years with persistent snow and cold weather.

California Quail were first introduced to Vancouver
Island in the 1860s (Carl and Guiguet 1957). The
largest population of quail presently exists in the
vicinity of Victoria. However, a few quail persist in
favorable habitats approximately 161 km NW of
Victoria.

DEMOGRAPHIC METHODS

Complete censuses were obtained each autumn from
1969 to 1972. A house-to-house canvass was made
to determine if quail were present on each farm and
a complete count was attempted of each covey lo-
cated. The canvass probably missed some isolated
groups, hence an intensive effort was made to find
coveys in the few large uninhabited areas.

Fach September (1969 to 1972) the age and sex
composition of much of the population was deter-
mined by direct observation. Not all coveys could
be examined, however, and the data from the study
area wecre augumented by sex and age ratios taken
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FIGURE 2. The Metchosin study area showing
vegetation cover and land use. The locations of all
coveys found during the fall censuses are shown.

from the Greater Victoria area. It is likely that the
ratios from these two areas were similar, since the
two areas are only 24 km apart.

During the winters of 1968-69, 1969-70, and 1970-
71, weekly counts were made of some coveys. These
counts were used to estimate the sequence and extent
of mortality.

Wild chicks (less than 7 days old) were captured
in 1970 and 1971 and hand reared. Also in 1970, eggs
were collected and hatched in a small incubator.
Feather and wing lengths and body weights were
recorded from these captive chicks in both years.
One brood hatched in captivity was measured daily
to obtain an accurate set of growth curves. In 1970
and 1971, wild chicks were captured and aged on
the basis of the growth curves from the captive birds
in order to establish hatching curves. When broods
were encountered but no chicks captured, the age
of the brood was estimated based on a rough estimate
comparison of characteristics with those of hand-
reared chicks.

BEHAVIOR METHODS

In April of 1970, 1971, and 1972, we placed wild-
caught males together to compare aggressiveness of
yearlings (8-12 months old) vs. adults (over 19
months old). Two cocks and a hen were placed
together in a cage (18 in X 18 in X 24 in) and
it was noted which cock established dominance. In
every pairing, the accompanying hen came from a
different covey than either of the two cocks. Each
trial consisted of a 15-min period during which the
number of agonistic acts of each cock was recorded,
the cock with the greater total of aggressive acts being
the winner, Only if the scores of the two cocks were
considerably different did we decide on a winner.
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FIGURE 3. Winter mortality for the years 1968-69
to 1970-71. The lines are regression lines. The
winter 1968-69 has two lines due to much higher
mortality during January than for the rest of the year.

The agonistic criteria recorded to decide on the
winner between males were:

1. Pecks—One bird would peck the other or pull at
a feather.

2. Rushes—One bird would suddenly run toward
the other. This usually ended either in a peck or
by the aggressor stopping short.

3. Frontal Display—A stance in which the chest is
pushed forward and the head held high and
slightly forward. This is sometimes accompanied
by the sneeze call (Williams 1969). The wings
are held pressed tightly to the body.

4, Jump upwards—Helped by a flap of the wings;
often ends with a peck.

5. Intention movement—The start only of a rush or
peck.

The matched pairs of cocks were of similar weight
and were usually from different coveys, one member
of each pair being adult and the other a yearling.
No bird had more than two paired encounters during
one day.

In 1970, the only quail tested were those caught
during the spring of 1970. In 1971, in addition to
wild birds captured that spring, several hand-reared
quail were tested which had been captured as chicks
the previous summer. This latter group permitted a
comparison in aggression of the same birds both as
chicks and as adults (see following).

Aggressive behavior of captive chicks. Chicks were
captured in June and held in cages 2 ft X 2 ft X 1 ft.
Most of the chicks were about one day old when cap-
tured, thus minimizing maternal influence on be-
havior. Each cage contained the chicks from one
brood. Each day a 5 X 7 in mirror was put into each
cage and the total pecks at it by the brood were
noted during a 5-min period. The tests continued
until the chicks were 5 or 6 weeks old.

During the summers of 1970 and 1971, behavioral
observations were recorded on free-ranging quail in
the study area. Six behavioral attributes were re-
corded as being possibly relevant to measuring ag-
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TABLE 1. September density statistics from the
Metchosin study area.
Means
and
1969 1970 1971 1972 totals
Total coveys 21 26 34 28 27
Total quail 305 411 407 362 1485
Quail per sq. mile 161 216 214 191  195*
Mean covey size® 14.5 158 123 129 139
C. V. (covey size) 0.37 042 0.61 040 0.456*

2 A weighted mean.
b Obtained by dividing total quail by total coveys.

gressiveness: (1) whether or not the birds hid while
being disturbed; (2) whether or not the birds flushed;
(3) flushing distance—the distance of the birds from
the observer when (if) they flushed; (4) the distance
flown if they flushed; (5) whether or not they flushed
to the nearest available cover; and (6) the general
type of habitat in which they landed if they flushed.
We also recorded 10 environmental factors that we
thought might possibly influence these above be-
havioral attributes: (1) the year; (2) the bird’s po-
sition—on the ground vs. up on some structure; (3)
the number of birds present—few or many; (4) the
vegetation type—open or dense; (5) time of day;
(6) temperature; (7) degree of cloud cover; (8)
wind direction; (9) wind speed; and (10) date.

POPULATION CHARACTERISTICS
POPULATION STATUS

The quail population was likely reduced in
the fall of 1969 due to the cold winter of
1968-69 (fig. 3). The annual Christmas bird
count in 1969 indicated 172 quail, compared
with 582 in 1968. The mean annual Christmas
bird count, 1958-70, was 341.5 and ranged
from 151 to 584. The number of runs (i.e.,
increasing or decreasing trends) was 10, which
was one more than the expected value of 9.
Thus the population changes appear to be
compensatory in that runs occur more often
than at random. The small ranges of these
counts suggest that the population may have
been fairly stable for these 14 years. The num-
ber of quail found during these counts was
not correlated with any of seven different
annual weather statistics: June-July rainfall,
total annual snow, June-July wet days, April-
May temperature, number of Dec.—Mar. freez-
ing days, Dec.—Mar. precipitation, and June~
July temperature. There was also no signifi-
cant correlation between these weather data
and the population trend (increase or decrease
relative to the previous year).

During our study, the population in the
study area in the fall increased from 1969 to
1970 (305411 birds, table 1), remained the
same in 1971 (407 birds), and decreased in
September 1972 to 362 birds.
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FIGURE 4. Hatching curves for 1970 and 1971.
Points on the X axis are pairs of adjacent days which
are lumped for ease of graphic portrayal.

MORTALITY

Winter mortality for 1969-70 was calculated
at 62% and for 1970-71 was 55% (table 2).
The slopes of the survivorship lines for 1969-
70 and 1970-71 were not significantly dif-
ferent, but both differed from the slope of the
line for the latter half of the 1968-69 winter
(fig. 3). This latter period was of cold
weather, with a daily mean temperature of
23°F for the two weeks of heaviest mortality
and a total snowfall in January of 734 cm,
with 18 days of January having snow on the
ground.

In order to estimate summer mortality of
adults, it was necessary to estimate the total
quail alive in April. The April population was
estimated by subtracting the number of quail
estimated to have died in winter (based on
fig. 3) from the total quail counted the pre-
vious September (table 1). The calculated

TABLE 2. Calculated summer and winter mortality
rates.
1969-70 1970-71

Mortality September to

February* 449, 39%
Estimated mortality from

September to April® 62% 55%
Estimated spring population® 116 185
Estimated mortality April

to September? 33% 36%

a Based on regression lines of figure 4.

b Sample calculations for 1969-70: (7/5)(44) =62 (ie.,
extrapolation factor times observed mortality).

¢ Adults in April calculated: (100 —62)/100 (305) =116
(i.e., % surviving the winter times fall population),

4 Adults in September = 18.9 (% a(?ults) X 411 (total
population) = 78; (116 —78)/116 = 33%; where 116 is the
estimated spring population.

summer mortality was 33% in 1970 and 36%
in 1971 (table 2).

ANNUAL REPRODUCTIVE CYCLE

Nesting began about the beginning of April
and continued throughout the summer, with
only a small fraction of the quail nesting at
any particular time (fig. 4). Peak hatching
occurred in 1970 and 1971 about the second
week of June; there was apparently little dif-
ference between these years in the date of
hatching (fig. 4).

Nesting success may have differed between
these two years. The percentage of pairs with
chicks in July 1970 was 86% (n = 14), whereas
in July 1971 only 36% of pairs had young (n =
59, binomial probability of no difference
< 0.05) The high percentage of pairs with
chicks in July 1970 indicates that the nesting
success may have been nearly 100% that year.

Recruitment also varied between years
(table 3). The most favorable young : adult
ratio was in 1970: 81.1:18.9 or 4.27 young/
adult. The lowest ratio was in 1971: 70.9 : 29.1
or 2.45 young/adult (table 3).

TABLE 3. September age and sex ratios from the Metchosin study area and greater Victoria.

1969 1970 1971 1972 Means and totals
Percent adults 20.2 18.9 29.1 23.8 23.0
Percent juveniles 79.8 81.1 70.9 76.2 77.0
95% conf. limits (adults)* 14.9-26.8 13.7-25.0 22.9-35.9 18.6-30.2 20.4-25.7
Sample size 203 336 282 291 1112
Percent males 514 54.6 58.9 53.4 55.1
Percent females 48.6 45.4 41.1 46.6 449
95% conf. limits ( @) 34.2-63.1 38.4-53.9 34.2-48.3 39.5-53.8 41.4-48.4
Sample size 66 360 204 227 857

a Conf.dence limits obtained from tables for confidence limits for percentages in Rohlf and Sokal (1969).
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FIGURE 5. Chick aggression plotted against the
years in which the parents were hatched. Since ob-
servations were made in two summers (1970 and
1971), the chicks with two yearling parents in 1970
and chicks with two adult parents in 1971 both had
parents hatched in 1969, hence the two dots above
1969-69. Also shown is the percent win and lose of
the yearlings captured as chicks in 1970 and tested
using nine cock pairings in 1971, These birds are also
classified with respect to the age of their parents.

BEHAVIORAL CHARACTERISTICS
BEHAVIOR OF CAPTIVE ADULTS

The results of the dominance tests between
yearlings and adults suggest that the yearlings
usually dominated the adults in 1970 and
1971 (table 4). In 1972, adults usually domi-
nated yearlings. Since the birds were matched
according to weight, any weight differences
between dominant and subordinate birds
would have been partially masked. However,
if weight was important in determining domi-
nance, any behavioral differences due to
weight should have been consistent in the
data. In 1970 and 1971 the dominant birds
weighed less than the subordinates, whereas
in 1972 the subordinates weighed less (table
4). A 2 X 2 chi-square test done on the fre-
quencies of birds classified with respect to
dominant-subordinate vs. light-heavy yielded
a x? value of 294 (0.05 <P <0.10). Thus it
appeared that dominance behavior was not
simply a matter of age or weight but varied
between annual cohorts. Further, a compari-
son of all the weight data indicated no sig-
nificant difference between years (P < 0.747).

BEHAVIOR OF CAPTIVE CHICKS

In the mirror tests of chick pecking behavior
in 1970 and 1971, those chicks whose parents
were both yearling (YY) pecked the mirror
most while chicks with two adult parents
(AA) pecked least (fig. 5). Chicks with
yearling parents pecked the mirror signifi-
cantly more in 1971 than any other group in
either year (P <0.05). Chicks with adult
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TABLE 4. Establishment of dominance by pairing
two captive cocks with a hen in spring.

1970 1971 1972
Number of times:
Yearling wins 23 8 7
Adult wins 11 0 13
No win occurred 22 32 21
Mean agonistic acts
per 15 min period®
Yearling 24.6 35.3 8.7
Adult 72 1.3 14.6
Total number of
birds paired 27 24 22
Mean weight of (g):
Dominant birds 165 171 183
Subordinate birds 170 173 179
Sample size 68 16 40
Yearlings 167 175 179
Adults 175 175 186
Sample size 27 24 22
Probability of no
difference between:
Age of winner
and loser <005 <001 <014
Weight of winner
and loser >015 >025 >020

a Based only on pairs in which a win was recorded.

parents pecked the mirror significantly less
(P <0.05) in 1970 than any other group in
either year (fig. 5).

The chicks in the summer of 1970 were kept
in an outdoor aviary over the winter and re-
tested using cock pairings in the spring of
1971, as well as with mirrors. These yearlings
with YY parents pecked the mirror an average
of 41.2 times (% 9.79) per test period, those
with YA parents pecked 27.7 times (= 4.98),
and those with AA parents pecked 15.7 times
(#+4.45). This was the same rank order that
had been displayed when these same birds
were chicks. Also yearlings from YY parents
most often dominated over yearlings of the
other two parental types in cock pairings (fig.
5). Yearlings with AA parents pecked less
than the other two groups and were least often
dominant while yearlings with YA parents
were intermediate (fig. 5). These results were
consistent with the pattern observed in mirror
tests when these same birds had been tested
with the mirror as chicks (fig. 5).

BEHAVIOR OF FREE-RANGING WILD BIRDS

In the initial multivariate analysis of environ-
mental factors, year, location, number of
birds, and vegetation type were used as inde-
pendent variables. The other six factors mea-
sured were used as covariates. However,
cloud cover and wind direction were corre-



320

TABLE 5. Field observations multivariate analysis of variance (MANOVA

strengths of effect

H. J. BARCLAY anp A. T. BERGERUD

program) probabilities and

Dependent variables

Flushing F1, nearest
Hide Flush distance Distance fly ‘Where land cover
Factor p 7% p n? P ”? P 7* p 7? P 7*
Year (Y) 0.001 6.86 0.052 141 0.004 295 0215 053 0.180 095 0.006 3.72
Bird location (L) 0.527 0.15 0.328 0.36 0.963 0.00 0.001 3.85 0.383 040 0.012 3.13
No. of birds (N) 0.851 0.01 0.004 3.07 0.174 066 0471 0.18 0592 0.15 0.142 1.05
Vegetation type (V) 0.212 058 0670 0.07 0962 0.00 0.118 084 0479 027 0520 0.20
YXV 0.046 1.48 0.030 1.75 0.197 0.60 0.027 169 0.815 0.03 0.497 0.22
LXN 0.936 0.00 0.042 1.53 0537 0.14 0232 0.49 0.881 0.01 0.863 0.02
YXL 0.863 0.01 0.029 1.77 0.646 0.00 0.155 0.70 0.837 0.02 0.777 0.04
Error df 241 241 264 264 183 183

292 is given as a percentage and is the strength of effect measure found by dividing the SS(X 100) of the factor by the total
SS. It is the correlation between the given pair of dependent and independent variables (Hays 1963).

All main effects and interactions had one d:

Only significant interactions are shown (i.e., interactions significant on at least one dependent variable). Probabilities indicate

the probability of no factor effect.

lated with the independent variable year,
invalidating their use as covariates. Also, day
was correlated with bird location. None of the
remaining three covariates apparently had
much effect on the six behavioral attributes
(flushing distance, distance fly, hide, flush,
where land, and flush nearest cover), though,
as all the associated probabilities were well
above 0.05.

Of the independent variables, the year had
more influence on the behavior than any other
single factor measured (table 5). The birds
seen in 1970 hid more and flushed less than
in 1971 (tables 5 and 6). Those birds in 1970
who did flush flew more often to trees or
bushes than to the ground, whereas in 1971
birds flew more often to the ground. Also in
1970, the birds flushed beyond the nearest
cover more than in 1971 (tables 5 and 6).
Suggestive, but not significant, was the indi-
cation that the birds in 1970 flushed closer
to the observer and flew farther than in 1971
(tables 5 and 6). Thus it appeared that birds
in 1970 were more wary than those in 1971.

TABLE 6. Comparison of the effects of year on
four behavioral attributes in the field study on wild
birds. The two attributes not included were not sig-

nificant. The numbers are means.
Year

Attribute 1970 1971
Hide® 51 18
Flush® 81 90
Flushing distance

from observer (yards) 11.7 16.6
Flush nearest cover® 41 68

s In percentages—the complementary percent is found hy
subtracting from 100, e.g., percent which did not hide in
1970 was 100 — 51 = 49%.

Bird location (ground or tree) significantly
affected the distance flown and the propensity
to flush to the nearest cover. Birds who
flushed from trees flew farther than those on
the ground and flushed past the nearest cover
more often (table 5). This latter point, how-
ever, is mainly a matter of semantics as birds
in trees are, by definition, at the nearest cover.
The number of birds present significantly af-
fected only whether or not they flushed.
Large groups flushed more often than small
groups. The vegetation type did not affect
any of the behavioral attributes (table 3).

There were three significant interactions
in the field observations, all of which were
two-way interactions (table 5). The year X
vegetation interaction was significant for both
flush and distance fly. The location X num-
bers was significant for flush, but this is easily
explained on the basis that groups with very
young chicks would always be seen on the
ground and they would never flush. Year X
location was significant only for flush.

DISCUSSION
POPULATION DYNAMICS

The quail population around Victoria has ap-
parently been fairly stable for several years,
although at the beginning of the study the
density was probably below the average level.
However, the population increased rapidly in
1970, remained stable in 1971, and decreased
in 1972.

The fall juvenile : adult ratios reflected the
observed increase between years, while the
adult winter and summer mortality appeared
to remain relatively constant. Thus the popu-
lation trends during this study appear to be
largely a result of differential recruitment of
chicks rather than compensatory mortality of
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adults at any time during the year. Further-
more, the recruitment of chicks was inversely
correlated with the spring density. Summer
recruitment appeared to be the only factor
that varied enough to account for most of the
changes in numbers which were recorded
(with the exception of the winter of 1968-69).

The mechanism responsible for this dif-
ferential summer recruitment may result partly
from differences in nesting success as well as
possible differences in chick mortality. Cal-
culations shown in table 7 suggest that a large
part of the differences in fall juvenile : adult
ratios may have been due to differences in
nesting success. Thus, if the assumptions of
these calculations are correct, chick production
per brood was 47% more in 1971 than in 1970.
There are two basic assumptions: (1) adult
mortality of pairs with broods is the same as
for pairs without broods; (2) little renesting
occurred in August. If adult mortality of pairs
with broods was greater than that of broodless
pairs, then the summer adult loss should have
been greater in 1970 than in 1971. This would
tend to inflate the figures of chick production
for 1970. Thus, the chick production in 1970
may have been even lower than calculated.
However, the assumption of no renesting in
August is almost surely false, and this would
produce a bias in the other direction; that is,
the number of broods in the fall would be
underestimated by the above calculations if
much renesting took place in August in 1971.
Thus, the chick production per brood was
probably overestimated in 1971. Another
factor that makes this overestimation probable
is that the peak hatching occurred a little
over a week later in 1971 than in 1970. Also,
the fact that the average age of the broods was
greater in 1970 than in 1971 probably means
that 1970 broods would have been easier to
see in July than would 1971 broods. These
biases are a strong indication that the number
of broods hatched in July 1971 was under-
estimated, and hence chick production was
overestimated. Also, the sample size in 1970
was quite small.

Only differences in nesting success were
inferred from this study as no estimates of
chick mortality were obtained. It is possible
that differences in successful pairs between
1970 and 1971 were not due to nesting success
but that the complete loss of broods was much
higher in 1971 than in 1970 If this were the
case, differential mortality would be almost
solely responsible for the lower survivorship
in 1971. We were not able to separate the
effects of nesting success and chick mortality
in arriving at the recruitment figures.
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TABLE 7. Calculations for a comparison of summer
chick production for the years 1970 and 1971.

1970 1971
Fall adults 78 118
Estimated fall pairs 35 49
% pairs with
broods in July 86 36
Pairs with broods
in July 30.1 17.6
Estimated chicks 30.1X = 0.39X 17.6X = 0.15X
per adult 78 118
Estimated ratio of 0.39X = 2.59
1970 to 1971 0.15X
Observed ratio of 4.29 = 1.76*
1970 to 1971 2.44
Estimated/observed 2.59 = 1.47
1.76
Percent that
estimated is more
than observed 47

d“IObtained by dividing the percent yearlings by percent
adults.

BEHAVIORAL DIFFERENCES

We observed several kinds of behavior, some
of which are probably agonistic and others
are probably not. As we do not know of a
thorough study of the behavior of the Cali-
fornia Quail, we must refer to the behavior of
closely related species that have been studied
in detail.

Stokes (1967) considered pecks, attacks,
chases, frontal displays, and bill fighting to
be aggressive in Bobwhites (Colinus vir-
ginianus ) while such acts as turning away, the
absence of motion, walking or running away,
nudging beneath the rival, taking flight, and
giving the avoidance trill are submissive or
avoidance behavior. We saw most of these
acts in California Quail and interpreted them
likewise. Similar behavior has been recorded
as being agonistic in the Chukar (Alectoris
graeca) (Stokes 1963) and the Hungarian
Partridge (Perdix perdix) (Jenkins 1961).

Phylogenetically, the California Quail is
most closely related to the Gambel Quail
( Lophortyx gambelii). Most of the calls of
Gambel Quail (described by Ellis and Stokes
1966) are nearly the same as those of Cali-
fornia Quail (described by Sumner 1935 and
Williams 1969). Ellis and Stokes (1966)
elicited fighting behavior in Gambel Quail
by introducing a hen into a pen of sexually
deprived males. This is essentially how we
attempted to measure aggressiveness of two
cocks. In addition, all of the acts that we
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recorded as being aggressive in the paired-
cock encounters have been described, with a
few slight modifications, as being aggressive
in Gambel Quail. Thus we feel it reasonable
to consider that we were measuring aggression
in the cock pairings.

In the paired-cock encounters, yearlings
were significantly more aggressive than adults
in 1970 and 1971, while adults were more
aggressive than yearlings in 1972.

The birds hatched in 1970 seemed the most
aggressive. As yearlings in 1971, they usually
dominated adults hatched in 1969. As adults,
the 1970 cohort dominated the yearlings
hatched in 1971 (table 4).

The interpretation of chick behavior is less
clear, but not without precedent. Theberge
(1971) counted pecks at a mirror to measure
aggression in ptarmigan chicks. He later used
the same technique on some of these same
birds as adults and found that the results
were similar, although not identical. Our
results show the same trend, the birds ex-
hibiting similar pecking behavior both as
chicks and later as yearlings. In addition,
yearlings tested using a mirror and also using
the method of cock pairings yielded similar
indices of aggression. These findings support
the interpretation of chicks pecking a mirror
as a measure of aggression.

If pecking a mirror does represent aggres-
sion, then we found some evidence of differ-
ences between coveys in the amount of ag-
gression displayed by the chicks. Chicks with
AA parents in 1970 pecked significantly less
than chicks of other parent combinations in
1970 or any groups in 1971. Also, chicks
from YY parents in 1971 pecked significantly
more than all other groups. These results
suggest that there are intrinsic differences in
behavior of coveys from parents of different
generations because the chicks were captured
while very young and were presumably ex-
posed to negligible maternal influence before
capture.

In our field study, the birds were shown
to behave differently in 1971 than 1970. The
1970 birds hid more, flushed less, and flushed
to trees more often than the birds in 1971.
These findings might be interpreted as in-
dicating that the 1970 birds were generally
more nervous and less ready to remain in the
vicinity of possible danger than the birds in
1971. This nervousness might be conceived
as being negatively related to aggressiveness.
If this interpretation is valid, then the 1971
birds were generally less nervous and per-
haps more aggressive than the 1970 birds in
the field. With a 70-80% rate of turnover

annually, most of the birds in any one year
would be of one age class; most of the birds
in 1970 would have been hatched in 1969.
Thus the field data suggest that the young of
1969 were less aggressive than the young of
1970. This agrees well with the results of the
behavioral experiments, which show the same
trend.

SOCIAL BEHAVIOR AND

POPULATION REGULATION

In general, the 1970 cohort was more aggres-
sive than the 1969 or 1971 cohorts in paired
encounters. Furthermore, chicks hatched by
the 1970 cohort in 1971 were more aggres-
sive than chicks hatched by the birds of
1968 and 1969 cohorts in 1970 and 1971.
In 1971, when the population was dominated
by the 1970 cohort, wild birds appeared less
secretive than in 1970 when the population
was composed primarily of the 1969 cohort.
Also in 1971, these less secretive birds pro-
vided fewer recruits than in any other year
and the population declined in 1972. Con-
versely, the less aggressive cohorts in 1968
and 1969 produced more chicks in 1969 and
1970, the population increased in 1970 and
remained the same in 1971.

We tested our birds in paired encounters
free from density effects. Also, the chicks
we tested could not have been influenced
directly by density interactions. This sequence
leads us to suggest that density interactions
and physiological stress were not causes of
inversity in this study, but that density con-
siderations, behavior, and survival of young
all may have depended, in part, on the pre-
pairing quality of the stock. The intrinsic
quality of the stock might vary in response
to the magnitude of natural selection. The
winter of 1968-69 was severe and many birds
died. This selection may have “improved the
quality” of the stock, resulting in many non-
aggressive birds that produced viable young
in 1969 and 1970 causing population increase.

These findings are more in agreement with
Chitty’s (1967) views on population regu-
lation, which involve genetic changes in the
quality of the stock, than with the views of
Christian and Davis (1964). The latter feel
that the regulation of numbers can be ex-
plained solely on a phenotypic basis in which
physiological stress results from social inter-
actions at high densities.

A crucial experiment that would predict
different outcomes between the rival hypoth-
eses of Christian and Davis vs. Chitty might
be to remove birds of a specific quality from
a population. For example, removal of birds
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of “high quality” (e.g., birds of high weights,
or nonaggressive, or more secretive) from a
population would, according to the stress
theory, be expected to result in high survival
of young and inversity because of the lowered
density; however, from the Chitty view,
there would be no improvement in survival
of young and inversity compared to a control
population.

SUMMARY

California Quail were studied from 1969 to
1972 on the southern end of Vancouver Island,
near Victoria, B.C,, in an attempt to test the
null hypothesis that there are no intrinsic dif-
ferences in the behavior of birds between
cohorts that might relate to the regulation of
numbers. Hatching curves, fall sex and age
ratios, fall censuses, and winter mortality gave
measurements of the population. In addition,
behavioral data were gathered which might
relate to aggression. Chicks from several
coveys and three parentages were compared
during the summer by observing pecks at a
mirror. Mature cocks were subjected to paired
encounters in the spring to establish domi-
nance relationships and this dominance was
related to aggressiveness of cohorts. Several
behavioral attributes that may relate to ag-
gression were recorded in field studies. Popu-
lation change was apparently a function of
differential recruitment of young between
years, the summer rate of gain being inversely
proportional to the spring density. Behavioral
differences were found between cohorts in
the adults in both the pairing experiments
and in the field studies and both studies ap-
peared to indicate the same trend. We hy-
pothesize that social behavior based on in-
trinsic differences between cohorts plays some
part in these differences in annual recruit-
ment.
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