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The California Quail (Lophortyx californicw) 
is not part of the native fauna of the state of 
Washington. According to the records of the 
Washington Department of Game, the first 
introduction of 108 birds was made in Walla 
Walla County in 1914. By 1920, SO per cent 
of Adams, Spokane, and Whitman Counties 
were being cultivated for wheat farming, and 
at present over Q7 per cent is cultivated (Buss 
and Dziedzic 1955). The California Quail 
presently attains relatively dense populations 
in canyons where shrubby vegetation still per- 
sists. Today, it is one of the important game 
birds of this region. 

Much is known about the biology of Cali- 
fornia Quail, but most studies have been con- 
ducted near the southerly limits of its range in 
California. Consequently, this study was de- 
signed to obtain information on the ecology 
and reproduction of this species in Washing- 
ton. Some phases of the study provide infor- 
mation comparable to the work of Genelly 
( 1955), Lewin ( lQ63), McMillan ( lQ64), and 
Williams ( 1967 ) . 

THE STUDY AREA 

All field work was conducted in southeastern 
Washington, mostly along the Snake River 
from 5 mi. S of Asotin to Central Ferry, but 
also including Asotin Creek, Union Flat Creek, 
the Palouse River, and Steptoe, Wawawai, and 
Almota Canyons (fig. 1). The topography of 
the area is characterized by undulating loessal 
soils over basalt, which outcrops frequently 
along the slopes of valleys. 

HABITAT COMPLEXES 

Based on physiognomy and present agricultural prac- 
tices in southeast Washington, there are four “habitat 
complexes” which quail inhabit and which differ in 
microclimate and slant mecies. They include ( 1) a 
Snake River Lowlands Complex, in&ding the lower 
river terrace and the present flood plain; ( 2) a Snake 
River tributaries Complex, including Asotin Creek 
and Steptoe, Wawawac and Ahnota Canyons; (3) a 
Wheatland Complex; and (4) a Palouse River-Ponder- 
osa Pine Complex. The following discussion of the 

four habitat complexes is modified from material 
suggested by Dr. Rexford Daubenmire ( pers. comm. ). 

The Snake River Lowlands are occupied primaQily 
by cattle and fruit ranches, and overgrazing is almost 
universal along the river and rocky canyon slopes. 
The dominant tree species are hackberry (Celtis doug- 
kzsii) and willow ( S&r spp. ). Willow occurs pre- 
dominantly at the river’s edge, whereas Celtis douglasii 
extends up the slopes of canyons a short distance. 
Sage brush (Artem& rigida), smooth sumac ( Rhus 
glabra), and rabbit brush (Chrysothamnus nauseosus) 
are the dominant shrubby species. Of the grasses, 
cheatgrass ( Bromis tectorum ) , drop-seed ( Sporobolus 
cryptandw), and wheatgrass ( Agrop yron spicatum) 
are the most important. 

The Snake River tributaries are characterized by 
permanent streams bordered with brush. Little or 
no cultivation is possible in these areas. The dominant 
tree snecies are white alder ( Alrtus rhumbifolia). 
chokecherry ( Prunus virginiana ) , Philudelphis lewisii, 
and hawthorn ( Crataegus douglosii), which occurs 
higher on the canyon slopes. Snowberry (Symphurt 
carpos albus) and rose (Rosa spp.) are the dominant 
shrub species on the north-facing canyon slopes, 
whereas Artemisiu rigida and Rhus glabra grow on 
the drier south-facing slopes. Agropyron spicatum and 
bluegrass (Poa secundu) are the most abundant 
grasses. Blackberry ( Rubw luciniutus ) , locally intro- 
duced, is a valuable species in the ecology of Cali- 
fornia Quail. 

The Wheatland Habitat Complex comprises the 
majority of the study area, since more than 97 per 
cent of Whitman County is under cultivation. Wheat 
( Triticum aestiwm) and peas (Pisum satimm) are 
the prominent plants of this complex. The native 
vegetation, where it has not been greatly disturbed, 
exhibits plants characteristic of the rolling hills of 
loessal deposits. The dominant tree species is Cratae- 
gus dougluaii. Symphoricarpus albus and Rosa spp. 
are important shrub species, and Festuca idahoensis 
is the dominant grass. 

The Palouse River-Ponderosa Pine Complex, as its 
name implies, is characterized by Pinus ponderosa. 
The presence of this species indicates a wetter micro- 
climaie than the other three complexes. The lower 
bottoms of the Palouse River are dominated by 
thickets of Cratuegus douglusii, Symphoricarpos a&&, 
and Rosa spp. On the drier south-facing slopes of the 
Palouse River Canyon, grasses become more impor- 
tant with Agropyron spicatum and Poa secunda being 
dominant. The north-facing slopes are mainly pine- 
covered. 

METHODS 

1 Present address: Arizona Cooperative Wildlife Research 
Unit, University of Arizona, Tucson, Arizona 85721. 

Collections by shooting began in February 1967 and 
continued until October; additional specimens were 
acquired from hunters between then and January 
1988. Observations of behavior were recorded prior 
to collections during the breeding season. 

The Condor, 72:278-287, 1970 [2761 
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FIGURE 1. Study area of California Quail in southeastern Washington. 
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FIELD PROCEDURES weighed, and saved for further analysis. Weekly 

Reproductive organs were removed immediately after counts of birds were made in the field, and sex ratios 

collection and placed in AFA solution. They were were recorded when possible. Brood studies were 

allowed to remain in this fixative for approximately conducted throughout May, June, July, and August 

24 hr, at which time they were transferred to a 10 per 1967. Location, date, and age of young were used to 

cent formalin solution for storage. Total body weights eliminate multiple observations on the same brood. 
were recorded to the nearest 0.1 g, and the left wing From many broods one member was collected to 
of each specimen was saved for molt analysis and a acquire an estimation of age, utilizing development of 
permanent record of age. Crops were removed, the primaries (Raitt 1961). 
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TABLE 1. Sex and age ratio” of California Quail from southeastern Washington for 1967. 

spring SUIIUMY Fall 
Mar.-May June-Aug. SeptrNov. 

Sex-age group It % n % n % 

Winter 
Dec.-Feb. 

n % 

Adult males 

Adult females 

Immature males 

Immature females 

Juvenile males 

Juvenile females 

150* 22.9 130* 8.0 I32* 18.8 40 22.3 

82* 12.5 69* 4.2 3f3* 10.9 25 14.0 

203 31.0 274** 16.9 - - 63 35.2 

220 33.6 207** 12.8 - - 51 28.5 

- - 483 29.8 117 35.5 - - 

- - 459 28.3 115 34.8’ - - 

Total 655 100 1622 100 330 100 179 100 

8 Totals and overall sex ratios for each season were acquired from field observations. A e ratios witbin each sex were obtained 
from collections during s rin and summer, and from hunters during fall and winter. 

P .?I 
TB ese 

(estimate) the number o bu 
age ratios were used to calculate 

s in each age group within each sex. Percentages follow from the estimated number of birds in 
each sex-age category for each season. 

* Difference between sexes statistically significant, P < 0.05; ** P < 0.003. 

LABORATORY PROCEDURES 

Reproductive organs were weighed (from formalin) 
to the nearest 0.001 g and measured to the nearest 
0.1 mm. Weight and diameter of the first through the 
fifth largest nonovulated follicles were recorded after 
dissection from the ovary. 

Microslides were prepared routinely of the left testis. 
Tissues were dehydrated through the standard alcohol- 
benzene series and embedded in Waterman’s paraffin. 
Sections were taken from approximately the middle of 
each testis, cut at 8 c, and stained with Heidenhain’s 
hematoxylin. 

METHOD OF SAMPLING 
AND STATISTICAL DESIGN 

The technique employed by Krumrey and Buss ( 1969) 
was used to analyze testes slides; a reticle with a 200- 
square grid was inserted into the drawtube of a 
microscope. The reference points used in the cell 
counts were the 200 intersection points of the squares. 
To eliminate bias, fields within slides were selected 
by the use of a table of random numbers obtained 
from Fisher and Yates ( 1949: 104-109). Sample size 
was determined by Stein’s formula (see Steel and 
Torrie 1960). 

The statistical analysis of testicular tissue consisted 
of an analvsis of variance of a hierarchial model ( Steel 
and Torrie 1960) with unequal numbers of observa- 
tions. The model is mixed with the stages (S) of 
spermatogenic activity fixed, age group (A) fixed, 
birds ( b ) within stage-age classifications random, and 
grids (e), or samples within birds, random. The model 
is: 

The model states that the amount of testicular tissue 
counted (Y&,x,) in the k” bird (k = 1,2,. . . , 75) 
of the j’” age group (i = 1,2) in the i’h stage (i = 
1,2, . . . , 5) is a linear function of the grand mean u, 
the fixed stage effect (Sa ), the fixed age effect (At,), 
and the random bird effect ( b+,k). The errors (e*,rr ) 
are assumed to be normally and independently dis- 
tributed with mean zero and homogeneous variance. 

SEX AND AGE RATIOS 

The basic terminology used here for denoting 
age is after Williams (1957) and Lewin (1963). 
“Juvenile” refers to any young bird that had 

not completed the postjuvenal molt; “imma- 
ture” is any bird that had completed the post- 
juvenal molt but not the first postnuptial molt; 
and “adult” refers to a bird that had completed 
the first postnuptial molt. According to Raitt 
( 1961), completion of the postjuvenal molt oc- 
curs around the twenty-first week of life. 
Buffy upper primary converts and pointed 
primaries 9 and 10 distinguish immatures from 
adults. 

The number and percentage of quail in the 
different sex and age classes are presented in 
table 1. The overall sex ratio favored males, 
there being 120 males to 100 females (54.6 
per cent males). Males typically outnumber 
females in populations of California Quail 
(Emlen 1940; Storer et al. 1942; Williams 
1957, 1963; Lewin 1963; McMillan 1964; Raitt 
and Genelly 1964). Assuming a 1:l sex ratio 
at fertilization and no differential mortality be- 
tween sexes throughout life, there should be 
unity of sex ratios for all age groups during 
all periods of the year. (Unity can be thought 
of as acceptance of the null hypothesis of 
no difference in the number of males and fe- 
males at the 0.05 level of significance. ) The 
juvenile sex ratios show unity; x12 (&i-square 
value with one degree of freedom, computed 
from figures in table 1) equals 0.611 (P = 
0.450) and 0.017 (P = 0.897) for summer and 
fall, respectively. There was no significant dif- 
ference between the number of immature 
males and females for winter and spring: xi2 = 
1.263 ( P = 0.267) and 0.685 ( P = 0.426), re- 
spectively. The summer sex ratio of imma- 
tures, however, was significantly different, 
( xl2 = 9.332, P = 0.003), indicating a differen- 
tial mortality of females during their first 
breeding season. Emlen ( 1940) and Williams 
(1963) have also reported a high mortality 
among immature females going through their 
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FIGURE 2. Mean monthly ovary weights with asso- 
ciated photoperiod in California Quail of southeast 
Washington. (Vertical bars indicate 95 per cent con- 
fidence intervals.) 

first breeding season. Sex and age ratios show 
that adult females were definitely the minor 
sex-age group. There was a significant differ- 
ence ( xl2 = 3.841, P = 0.05) between the num- 
ber of adult males and females for the spring, 
summer, and fall seasons. The lack of a signifi- 
cant difference for adults during the winter 
( xl2 = 3.461, P = 0.067) is probably a reflec- 
tion of small sample size. Williams (1963) 
believes that the breeding female among Cali- 
fornia Quail populations suffers greater risks 
and stresses during laying and incubation of 
eggs and the caring of young than does the 
male. Kabat et al. ( 1956) found that resistance 
to stress (starvation) among hen Ring-necked 
Pheasants (Phasianus colchicus) was least 
following egg laying and that this ability to 
withstand applied stress was directly related 
to the birds weight. Apparently, females suf- 
fered high mortality during the breeding sea- 
son in the present study. 

FEMALE REPRODUCTIVE CYCLE 

The sequence and pattern of changes in 
weight, size, and macroscopic appearance of 
the ovary, ovarian follicles, and oviduct were 
analyzed from a sample of 62 specimens col- 
lected 9 February-7 October 1967. Cyclic 
changes in the female reproductive organs are 
discussed according to the four natural stages 

of the annual cycle: wintering condition or 
quiescence, recrudescence, breeding, and re- 
gression. The number of ovulated follicles was 
not used to determine first egg dates because 
it is difficult to distinguish a lo-day postovu- 
latory follicle from an early-stage preovulatory 
follicle in California Quail (Lewin 1963). 

OVARIAN CYCLE 

Mean monthly ovary weights for the breeding 
season of 1967 are presented in figure 2. Re- 
crudescence of the ovary began around the 
middle of February and continued through 
March, April, and early May. The gradual 
increase in weight and size during early recru- 
descence was accelerated shortly before the 
start of egg laying. Considerable variation in 
ovary weights occurred during late recrudes- 
cence as seen by rather wide confidence inter- 
vals. This variability is caused by variation in 
the time of laying the first egg by individual 
females. Both adult and immatures began lay- 
ing at approximately the same time, so this is 
not a cause of variability. The entire period of 
recrudescence involved a period of about 
10-12 weeks. 

The mean monthly size of the ovaries 
reached a peak during the early part of June; 
this is in close correlation with the longest 
daily photoperiod (fig. 2). Ovary weights 
were highest and females were laying for 
approximately two months from May to early 
July. Renesting attempts came in July. Lewin 
(1963) indicates that breeding activity was 
highest during May for female California 
Quail near Berkeley, California, in 19541956, 
which is approximately a month earlier than 
the laying peak of California Quail for the 
present study. This difference in the peak of 
the breeding season is in accordance with 
Baker ( 1938)) who related breeding phenology 
in birds to latitude. In the present study the 
wide variation in ovary weights during June 
and July was apparently caused by the regres- 
sion of the ovary after incubation for some 
females, while others were still laying or re- 
nesting. According to Mackie and Buechner 
( X%3), the time of ovulation in relation to the 
time of collection will also cause some varia- 
tion. 

Ovaries regressed during late June, July, and 
August as incubation was completed. Soon 
after incubation, regression of the ovary was 
exceedingly rapid and further regression 
through August was slow. Most ovaries had 
reached their wintering condition by Septem- 
ber. The entire period of regression was ap- 
proximately eight weeks, much shorter than 
the period of recrudescence. 
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FIGURE 3. Mean diameters of successive maturing 
preovulatory follicles in California Quail. (Vertical 
bars indicate 95 per cent confidence intervals.) 
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FIGURE 4. Mean weights of successive regressing 
postovulatory follicles in California Quail. (Vertical 
bars indicate 95 per cent confidence intervals.) 

OVARIAN FOLLICLES 

Mean diameters of successive maturing fd- 
licles from the ovaries of laying females are 
presented in figure 3. “Units” on the horizontal 
scale represent follicles before ovulation; one 
unit is equivalent to 1.4 days per egg laid, the 
laying rate of California Quail ( Genelly 1955). 
Growth of the ovarian follicles from seven to 
four days before ovulation was slow. There- 
after follicles developed rapidly with an aver- 
age daily increment of 3 mm. Three days prior 
to ovulation, growth decreased slightly, a de- 
cline parallel to that described for domestic 
chickens by Warren and Conrad (1939) and 
for California Quail by Lewin ( 1983). The 
largest ovarian follicle was usually 14-18 mm, 
but at the time of ovulation it was about 20 
mm. The rate of involution of postovulatory 
follicles for California Quail was similar to 
that of the Ring-necked Pheasant (Meyer et 
al. 1947) and the Chukar Partridge, Alectoris 
grueca (Mackie and Buechner 1983). Postovu- 
latory follicles involuted rapidly during the 
first three days after ovulation (fig. 4). Invo- 
lution during later days was slower. After 
seven follicles have been ovulated, (approxi- 

mately 10 days), they are difficult to identify 
macroscopically. 

OVIDUCT CYCLE 

Mean monthly oviduct weights for the 1987 
breeding season are presented in figure 5. 
Recrudescence of the oviduct began in late 
February, and weight increase was slow 
through the first two weeks of March. In the 
later phase of recrudescence, there was a very 
rapid development and growth of the oviduct. 
The period of oviduct recrudescence was ap- 
proximately 8-10 weeks, compared with 10-12 
weeks for ovarian recrudescence. Thus, re- 
crudescence of the oviduct was more rapid and 
reached completion earlier than recrudesence 
of the ovary. 

Oviducts were at maximum size during late 
May and early June, corresponding to the peak 
of hatching in mid-June (fig. 10). Oviduct 
weights were highest for about three months 
between late April and early July. Evidently, 
the oviduct maintains its functional status 
longer than the ovary. Regression of the ovi- 
duct began in July and was practically com- 
plete by mid-August. Regression of the ovi- 
duct, like the ovary, was rapid for three to five 
days post-incubation but conspicuously slower 
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FIGURE 5. Mean monthly oviduct weights with 
associated photoperiod in California Quail of south- 
east Washington. (Vertical bars indicate 95 per cent 
confidence intervals. ) 

thereafter. Oviducts reached their wintering 
condition by late September, but did not re- 
gress to an immature condition as did the 
ovaries. Oviducts showed less variation in 
weight during the breeding season than did 
the ovaries. The postnuptial molt of females 
did not begin until shortly after eggs hatched, 
and regression of the reproductive organs was 
usually not complete. Thus, recrudescence of 
the ovary and oviduct could occur if nest de- 
struction occurred during incubation. Seubert 
(1952) found that renesting of Ring-necked 
Pheasants can occur within a few days after a 
nest has been destroyed during any stage of 
incubation. 

MALE REPRODUCTIVE CYCLE 

Three criteria were used in determining the 
stages in the reproductive cycle of male Cali- 
fornia Quail in the present study: (1) weight 
and length changes of the testes, (2) sperma- 
togenic activity as determined by histological 
analysis, and (3) behavioral changes during 
the breeding season. This part of the study 
is based on 75 male specimens (48 immatures 
and 27 adults) collected February-September 
1967. An analysis of testicular histology was 
used for two reasons: (1) to compare the 
breeding po,tential of adult and immature 
males and (2) to compare the rate of testicu- 
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FIGURE 6. Mean monthly testes weights with as- 
sociated stages of spermatogenesis and photoperiod 
in California Quail of southeast Washington. (Verti- 
cal bars indicate 95 per cent confidence intervals.) 

lar regression of males rearing a brood with 
those not rearing one. The histological se- 
quence of recrudescence and regression of the 
testes for California Quail described by Lewin 
(1963) is similar to that of the present study 
and will not be discussed. However, Lewin’s 
stages 2 and 3 of spermatogenic activity were 
combined in the present study for statistical 
reasons. Since stage 3 is very short in dura- 
tion, very few specimens collected were in 
this stage. Combining stages 2 and 3 created 
a sample of sufficient size to warrant statistical 
tests, and the variance of stage 2 and 3 com- 
bined did not differ significantly (P > 0.05) 
from variances of other stages. As a result, 5 
stages of spermatogenic activity are discussed 
here: (1) wintering condition, (2 and 3) 
early recrudescence, (4 ) late recrudescence, 
(5) breeding condition, and (R) regression. 

TESTICULAR CYCLE 

The growth cycle of the testes and the associ- 
ated photoperiod and seasonal distribution of 
histological stages of spermatogenesis are 
given in figure 6. Recrudescence of the testes 
began around mid-February and continued 
through April. The entire period of recrudes- 
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FIGURE 7. Developmental history of seminiferous 
epithelium and tubule lumen in California Quail of 
southeast Washington. Filled circles represent sper- 
matogonia; open squares, spermatocytes; open tri- 
angles, sperm-spermatids. 

cence involved about IO weeks. Increase in 
testis weight was rapid from the start of re- 
crudescence but declined in late April and 
May. Wide confidence intervals for February 
reflect a small sample size, since variation was 
small. In March, however, there was much 
variation in testis weight, associated with the 
variation in time when recrudescence began 
for individual males. 

Testicular weights reached a peak during 
late May and the first part of June. Lewin 
( 1963) indicates that testes of California Quail 
were in breeding condition during April, May, 
and June in California for 1954 and 1955. 
Testes in the present study were in breeding 
condition during May, June, and July. Thus, 
gonads of both sexes indicate that the breeding 
season of California Quail in Washington lags 
a month behind that of quail in California. 

Highest testes weights did not correlate di- 
rectly with breeding condition of the testes as 
determined histologically. Quail were able to 
maintain testes in breeding condition, histo- 
logically, while both testicular weight and 
photoperiod were decreasing (see stage 5 of 
fig. 6). Males in the present study were, there- 
fore, in breeding condition longer than fe- 
males. 

Testes began to regress in late June and con- 
tinued regressing through July and August. 
Regression of testes, like recrudescence, was 
very rapid, and most had reached the winter- 
ing condition by late August. 

The developmental history of the seminifer- 
ous epithelium and tubule lumen before, dur- 
ing, and after the breeding season is presented 
in figure 7. The percentage of spermatogonia 
in the tubules of birds in the wintering condi- 
tion was high and those of other seminiferous 
elements low. A decided break in the curves 

occurs at about mid-March as recrudescence 
began. At full breeding condition sperm and 
spermatids were the most abundant cell types, 
spermatocytes were intermediate in abundance, 
and spermatogonia least abundant. The actual 
number of spermatogonia did not seem to 
change, but their relative abundance did. Near 
the end of July there is another decided break 
in the curves following the beginning of testic- 
ular regression. By September, testes were in 
the wintering condition, and percentages were 
similar to those in February. The tubule- 
lumen curve follows the same pattern of 
changes as the curve for spermatids and sper- 
matozoa. 

The testes of California Quail show a pig- 
ment variation throughout the breeding sea- 
son. During fall and winter, they were blue- 
black, but with the onset of recrudescence they 
became lighter, and at the height of breeding 
condition they were pearl white. With regres- 
sion during late summer, testes became dark 
again until the next spring. This change is 
correlated with the abundance of melanin 
pigment per unit area in the inter-tubular areas 
of the testes. According to Serventy and 
Marshall ( 1956), this change is the result of 
pigment dispersal with increase in testicular 
volume during recrudescence. 

STATISTICAL ANALYSIS OF 
TESTICULAR HISTOLOGY 

A statistical analysis was conducted to test 
the hypothesis that there was no difference in 
the mean testicular histology of adult and im- 
mature California Quail. Slides of the left 
testes from 75 quail were analyzed and as- 
signed to one of the five stages of spermato- 
genie activity. The analysis of variance was 
applied to data for each of three different cell 
types (spermatogonia, spermatocytes, and 
spermatid-sperm) . 

As expected, means for stages of spermato- 
genie activity are significantly different for 
spermatogonia, spermatocytes, and spermatid- 
sperm; with 4 and 65 df, the F-ratios (and P 
values) for each cell type, respectively, are 
93.81 (P < O.OOl), 2.77 (P < 0.05), and 78.47 
(P < 0.001). The F-ratios for the age effect 
(grand means, table 2) show that there was 
no significant difference between means of 
the two age groups for spermatogonia, sperma- 
tocytes, or spermatid-sperm (F = 0.04, 0.10, 
and 0.42, respectively, with 1 and 65 df). Since 
the interaction of stage x age was significant 
for spermatogonia and spermatocytes (F = 
3.21, P < 0.025; F = 4.45; P < 0.005, respec- 
tively, with 4 and 65 df), the means for each 
stage-age combination for each cell type should 
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TABLE 2. Means and sample size for stage x age interaction in testicular histology of California Quail. 

No. spermatogonia No. spermatocytes No. spermatid-sperm 

Testis;f stage Adults Immatures Adults Immatures Adults Immatures 

spermatogenesis~ f n f n f n f n f ?I f ?a 

1. Wintering condition 69.93 40* 80.32 llO* 14.95 40* 5.90 llO* 9.30 40 0.81 110 
2,3. Early recrudescence 42.44 50* 23.67 70* 19.36 50* 27.47 70* 17.36 50 22.56 70 
4. Late recrudescence 14.34 50 15.78 50 30.48 50 26.46 70 32.14 50 38.62 50 
5. Breeding condition 9.54 110 10.87 190 22.70 110 26.23 190 50.25 110 48.02 190 
R. Early regression 13.75 20 25.57 60 25.45 20 22.53 60 34.35 20 25.35 60 

Grand mean 25.78 270 31.25 180 22.58 270 21.31 480 33.56 270 29.67 480 

a Stages of spennatogenesis (from Lewin 1963) may be briefly described as follows: 1 = seminiferous tubule and lumen 
small, spermatogonia abundant, melanin pigment present, tunica albuginea thick; 2 & 3 = tubule enlarged, but lumen small 
mary spermatocytes in cynapsis, pigment sparse; ? = tubule large, spermatids and sperm present, pigment sparse, tunica ‘&$ 
5 = tubule and lumen largest, sperm abundant, pigment absent, tunica thinnest; R = tubule large, but lumen collapsed, cells de: 
generate some igment. 

* Dif&ence Ee tween adult and immature groups statistically significant at the 0.05 level of confidence. 

be compared. These means are presented in 
table 2. There are no significant differences (at 
the 0.05 level) between means for the two age 
groups at stages 4, 5, and R, so the testicular 
histology of adult California Quail during the 
height of the breeding season is not signifi- 
cantly different from that of immatures. If 
there is no difference in the testicular histology 
of the two age groups, then they are obviously 
not different in reproductive potential. Con- 
sidering the population dynamics and particu- 
larly the high mortality of California Quail, 
these findings seem very reasonable. Males 
going through their first breeding season are 
equally as capable breeders as are second or 
third year breeders, as suggested by their 
monogamous mating and annual recruitment 
to the population. However, experiences of 
adult males that have gone through a breeding 
season probably give them an advantage over 
immature males in some instances. This would 
be especially true when competition for the 
same female is involved. 

The reproductive organs of female gallina- 
ceous birds undergo rapid regression after a 
clutch of eggs has hatched and rearing of the 
brood begins. Of all broods observed in the 
present study, 24 per cent were being reared 
by males only and 69 per cent by both parents. 
Therefore, the question arose as to whether 
the stimulus of rearing a brood of young ini- 
tiated faster regression of the spermatogenic 
activity in these males than in those not rear- 
ing a brood. A second statistical analysis was 
proposed to test the hypothesis that there was 
no difference between the mean testicular his- 
tology of males rearing a brood and that of 
those not rearing one. The statistical design 
used is identical to the previous one except 
that the fixed age effect (A) is replaced by 
the fixed brood effect ( B ) . The mean stage 
effect was again statistically significant for 

spermatogonia, spermatocytes, and spermatid- 
sperm (with 2 and 15 df, F = 21.30, 9.97, and 
37.66; P < 0.001,0.005, and 0.001, respectively). 
The brood effect was not statistically signifi- 
cant for spermatogonia, spermatocytes, or 
spermatid-sperm (with 2 and 15 df, F = 4.43, 
1.88, and 3.16, respectively). Since the inter- 
action of stage x brood was also not signifi- 
cant (F = 0.05, 0.66, and 0.54, with 2 and 15 
df) the null hypothesis is accepted. Thus, the 
rearing of a brood initiated no pronounced 
regression in spermatogenic activity. 

BODY WEIGHT FLUCTUATIONS 

Male gallinaceous birds of North America are, 
on the average and with few exceptions, heav- 
ier than females during the fall and winter. 
However, mean weight reverses during the 
breeding season, with females becoming heav- 
ier than males. This change in body weight 
during the breeding season has been reported 
for Ring-necked Pheasants (Kirkpatrick 1944; 
Nagra and Buss 1959), Bobwhite Quail, Coli- 
nus virgin&us ( Hamilton 1957)) Gambel’s 
Quail, Lophmyx gambelii (Gullion and Gul- 
lion 1961; Raitt and Ohmart 1966), and Cali- 
fornia Quail (Storer et al. 1942; Williams 1952; 
Genelly 1955; and Lewin 1963). Males showed 
a sharp decline in mean body weight during 
early spring in the present study, whereas 
mean female weights increased (fig. 8). Male 
weights were lowest during July, after which 
time weights increased. Female weights 
dropped to a mean low in early August, when 
most females had incubated. These low body 
weights for females in early August are cor- 
related with the season of high differential 
mortality among females, mentioned previously 
in connection with sex and age ratios. 

Presumably, cro,p weights can be used as an 
indication of food consumption, since “feeding 
proceeds intermittently throughout the day 
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FIGURE 8. Body weight changes of California Quail 
through the breeding season of 1967. 

with stomachs receiving only slow streams of 
food from the crop” ( Sumner 1935: 185). The 
average amount of food consumed by males 
and females throughout the breeding season, 
as reflected in crop weights at the time of col- 
lection, corresponds to body weight changes 
of the sexes (figs. 8, 9). Like mean weights, 
food consumption of the sexes was reversed, 
compared with the prebreeding season. This, 
however, is only part of the total picture, since 
some decrease in body weight for males may 
be correlated with stressful behavioral changes 
associated with display, pairing, and aggres- 
siveness during the breeding season. Nagra 
and Buss (1959) reported that seasonal body 
weight of female Ring-necked Pheasants paral- 
leled the pattern of growth and regression of 
the ovary. Also, organs associated with diges- 
tion and assimilation of food hypertrophied 
with increased caloric intake. Increased food 
consumption in female California Quail seems 
to be indirectly associated with increase in the 
size of the reproductive organs. 

BROOD STUDIES 

The study by Raitt (1961) provides an ade- 
quate means for estimating the age of young 

0” 2- 

t Males 

>+/*~% /’ 

6 
I - 

r” 
Feb Mar APT May June July Aw 

FIGURE 9. Crop weights of California Quail through 
the breeding season of 1967. 

FIGURE 10. Distribution of hatching calculated by 
backdating from the age of broods of California Quail 
in southeastern Washington during 1967. (Numbers 
above columns indicate number of broods.) 

California Quail from development of the pri- 
mary wing feathers. His technique is accurate 
to within 4 days up to the age of 70 days and 
to within 9 days up to 125 days of age. The 
peak of hatching could be estimated, there- 
fore, to within the nearest week. The distri- 
bution of hatching calculated by backdating 
from the ages of broods for California Quail 
on the study area during 1967 is shown in 
figure 10. The earliest hatching record was 
May 1, and the latest was August 23. June was 
the peak of hatching, with an estimated 66 
per cent of all young being hatched during 
this month. Hatching declined slowly through 
July and August; these records probably rep- 
resent renesting attempts. 

The average clutch size of California Quail 
has been reported as 13.7 eggs in New Zea- 
land (Williams 1967) and 14.0 eggs in Cali- 
fornia (Lewin 1963). Both of these studies 
were carried out over a period of 3 or 4 years, 
and clutches were averages for observations 
made throughout the laying season. By use 
of Lewin’s data and table 3, a mortality of 
12.1 per cent is estimated for quail on the 

TABLE 3. Brood sizes according to age in California 
Quail of Southeastern Washington during 1967. 

Approximate brood age 
No. broods Brood size 

observed Mean 2 SD 

4 weeks or less” __ . . . . . . . . . . 

6 weeks or less” . . . . . . ______ 

8 weeks or 1esP . . . . . . . . . . . . . . 

10 weeks or less” __ . . . . . . . ___ 

12 weeks or less” . . . . . . . . . . . . . . . . 

15 weeks or les? __..._ ______ 

11 12.3 & 3.24 

24 12.0 f 2.32 

46 11.9 z!z 3.83 

35 11.2 f 2.25 

14 11.0 + 2.21 

5 10.4 f 2.00 

a Includes only those broods thought to contain a complete 
complement of chicks. 

b Computed for all broods observed. 
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study area during the first four weeks of life. 
Mortality was 3.3 per cent between 4 and 8 
weeks of age; 7.6 per cent between 8 and 12 
weeks; and 5.5 per cent between 12 and 15 
weeks. Although the first four weeks of life 
appear to be the most critical, mortality for 
the present study was very low in comparison 
with Williams’ (1957) figures. There was an 
estimated 25.8 per cent mortality (74.2 per 
cent survival) through the first 15 weeks of life 
for quail in the present study. 

DOUBLE BROODS? 

Evidence for double broods has been pub- 
lished for both captive and wild California 
Quail. McMillan (1964) witnessed early broods 
being reare’d by male California Quail only, 
while the remainder of the adult population 
continued to nest and rear additional broods. 
Francis (1965) observed this happening with 
two captive female California Quail and their 
mates. Additional evidence suggesting a stim- 
ulus for rearing double broods was found in 
the present study. Of 35 broods observed dur- 
ing June and July, 29 per cent were being 
reared by males only, 14 per cent by no parent, 
and 54 per cent by both parents. During 
August and September, 17 per cent of 62 
broods were being reared by males only, none 
of the broods by no parent, and 81 per cent 
by both parents, indicating either that there 
was high early female mortality or that early 
broods were delegated to males while females 
attempted to hatch and rear a second brood. 
Seemingly, more female mortality would have 
occurred during the late part of the breeding 
season, so that percentages would be reversed. 
More convincing evidence was obtained with 
collection of females no. 76 and 85 on 11 and 
27 June 1967, respectively. Both of these fe- 
males were mated, were accompanied by a 
three- to four-week-old brood, displayed a 
conspicuous brood patch, and contained ova- 
ries and oviducts in laying condition. The 
ovaries weighed 10.0 and 1.5 g and the ovi- 
ducts 5.7 and 5.0 g, respectively. These find- 
ings suggest that these females had hatched 
the first brood and were about to attempt a 
second clutch of eggs. Whether double broods 
are ever hatched by California Quail in Wash- 
ington is not certain, but obviously the poten- 
tial for raising double broods exists among 
these birds. 

POSTNUPTIAL MOLT 

Since the molting of all other feather tracts is 
completed within the span of time required 
for the replacement of the 10 primaries, the 

IO 
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FIGURE 11. Postnuptial molt in California Quail 
from southeastern Washington during 1967. 

stages of primary replacement are an accurate 
indication of postnuptial molt ( Genelly 1955). 
Information on the postnuptial molt was, 
therefore, obtained from the wings of quail 
collected during the latter part of the breeding 
season and through the hunting season. Males 
began the postnuptial molt in mid-June and 
completed it in mid-October (fig. 11). Fe- 
males began to molt about one month later 
(mid-July) and finished during the first part 
of November. The phenology and duration 
of the postnuptial molt of California Quail in 
Washington is like that of California birds as 
described by Genelly ( 1955) and Raitt ( 1961) . 
Molting was much less synchronous among 
females than among males, presumably be- 
cause of the frequent occurrence of renesting 
attempts which retard the molt (Genelly 1955). 
C’onvergence of the molt curves indicates that 
females molted faster once the molt had begun. 
Additional evidence of rapid progress of molt- 
ing is the fact that many females exhibited 
several successive growing primaries. A simi- 
lar lag in the postnuptial molt 04 female galli- 
naceous birds has been reported by Kabat 
et al. (1956) for the Ring-necked Pheasant. 
They found that individual hens molt at the 
same time as do the chicks; hence the hens do 
not begin to molt until after the brood hatches. 
Indications of this phenomenon have been re- 
ported for California Quail by Genelly (1955) 
and Raitt ( 1961) and for Gambel Quail by 
Raitt and Ohmart (1966). If California Quail 
molt one primary weekly, as do pheasants, the 
postnuptial molt for females does not begin 
until a short time after the clutch has been 
hatched. Young collected with females in the 
present study were all older than the length 
of time it would have required for the females 
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FIGURE 12. Breeding phenology of California Quail in southeastern Washington during 1967. 
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to molt the number of primaries already 
molted. 

The bmreeding phenology of California Quail 
in southeastern Washington for I967 is shown 
in figure 12. Time relationships of gonadal 
activity, social organization, laying, hatching, 
and molt can easily be determined from this 
figure. 

SUMMARY 

Research on the ecology and reproduction of 
California Quail in southeastern Washington 
was conducted from February 1967 until Jan- 
uary 1966. The annual cycle of gonadal activ- 
ity, body weight, and molt was studied. The 
left testis of males was studied histologically, 
and statistical treatment was applied to cell 
counts taken on these tissues. 

Recrudescence of testes began in early 
March and was completed in May. Increase 
in size and activity of the ovaries and oviducts 
started in late March, laying in early May. 
Recrudescence of the oviduct was more rapid 
than that of the ovary. 

Gonadal regression began in late June for 
both sexes, but the time of onset of regression 
was much more variable for females. Laying 
females were found as late as 29 July. Breed- 
ing condition for males, as determined histo- 
logically, persists a month after regression 
begins. The hatching distribution was calcu- 
lated by backdating from the age of juveniles. 

The length of the hatching period was approxi- 
mately 110 days, the peak occurring during 
JLlXl0. 

Variation in body weight of male and fe- 
male quail during the breeding season was 
correlated, in part, with food consumption as 
evidenced by crop weights upon collection. 
Males were heavier than females during the 
non-breeding season, but females were heavier 
during the breeding season. There was a pro- 
nounceid weight loss among females following 
laying and incubation. Sex and age ratios in- 
dicate that females suffered high mortality 
during the late part of the breeding season. 
This differential mortality among females dur- 
ing the breeding season probably leads to the 
12O:lOO sex ratio favoring males. 

An analysis of variance was employed to 
analyze statistically the testicular histology of 
California Quail. The difference between the 
mean testicular histology of adult quail and 
that of immature quail during the height of the 
breeding season was not statistically signifi- 
cant. Although male quail that were rearing 
a brood showed tendencies for faster testicular 
regression than males not rearing a brood, 
there was no statistically significant difference 
between the mean testicular histologies of the 
two groups. 

Evidence for a tendency to produce double 
broods was found during this study, but 
whether double broods are ever raised by 
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California Quail in southeastern Washington 
is not known. The phenology of the postnup- 
tial molt was very similar to that reported in 
other studies of this species. 
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