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Abstract 

During the period from 1829 to 1962, the quail popula- levels and summer mortality of adults constitutes a three- 

tion of Wisconsin reached a peak level in the mid-1850's phase regulating mechanism of bobwhite quail populations. 

and then steadily declined, interrupted only by recurring While density affected the survival of adult quail, no 

peaks each at successively lower amplitudes. The decline such relationship was found to exist in young quail. Many 

from 1937 to 1962 was directly correlated with a loss of factors appear to be involved in their survival. 

hedgerow cover. On the major study area of 4,500 acres There was no evidence of any synchronized pattern of 

at Prairie du Sac, Wisconsin, the population fell from a population fluctuations. There was a direct correlation be- 
high of #59 birds in 1933 r° 0 in 1999. | tween spring and fall population levels. However, the mag- 

The Prairie du Sac quail population averaged 23 birds nitude of increase between these two seasons was tempered 

per mile of hedgerow cover from 1931 to 1950, during by the spring density. | 

which time the miles of hedgerow cover exceeded 1 mile The average hatching date of quail from 1944 to 1960 

per 450 acres. When the ratio of miles of hedgerow cover was July 18, with broods hatching from June to October. 

to acres of study area declined to 1:650, the quail popula- Age and sex ratios were comparable to those of other 

tion disappeared. The correlation of hedgerow cover and studies conducted throughout the United States and 

quail density together with other population data estab- showed no correlation with other population data. Vari- 

lishes a guideline for quail habitat management. ability and irregularity appeared to be the rule. This is 

Quail food supplies appeared to be ample except in pe- understandable in light of the many variables that control 

tiods of heavy snow. However, modern agriculture is quail populations. 

bringing about changes in this condition which may neces- Quail weights reached an annual peak in January and 

sitate deliberate efforts to produce quail food in the future. then declined to April. Other studies reported a weight 

Mortality rates at the Prairie du Sac study area, sub- increase after April. This weight trend is phenologically 

divided into ecological seasons and based on 100 per cent similar to that in pheasants where spring and summer 

for the start of each season, were: 50 per cent from No- weight changes are correlated with breeding, egg laying, 

vember 15 to March 31, 17 per cent from April 1 to July incubation and molting. | 
14, and 63 per cent from July 15 to November 14. Quail move an average of 14 mile in winter and 1.3 

The winter mortality from 1929 to 1950 was directly m iles in spring. F Tom spring to fall, 79 per cent of the 

correlated with the number of months during which 3 or Prairie du Sac quail left the study area. On a 10,000-acre 

more inches of snow covered the ground. This correlation study area in Dunn County, 42 per cent of the quail left 

led to the conclusion that the percentage of winter mortal- the study area in spring. . 

ity can be predicted within 15 per cent accuracy from in- Wild quail transplanted to areas containing good habitat 
formation on weather conditions alone. but surrounded by areas of marginal and quailess habitat 

. ; di ithi . This di 
Summer mortality of adults was directly correlated with saPP eared within two re three years. T disap Peavanes 

. ; ; .; was attributed to the spring dispersal habit of quail. They 
spring density and appeared to be associated with breeding j oer _ 

, ; eave good habitat in spring, moving in an unoriented pat- 
season stress. Field observations on quail and pen studies . ; ; ; 

. ws tern. Thus, if the surrounding area is quailess, breeding 
on pheasants showed that high adult densities prolonged ; é 

; , fails to occur and the relatively short-lived quail (85 per 
the period of young production, and this was deduced to 

; . cent turnover) disappear. 
increase the breeding season stress. Under high densities, ; or ; ; ; ; 

. Quail can be maintained in Wisconsin but only with a 
pheasants hatched two-thirds less chicks and at later dates. oe 

. concerted effort to preserve existing hedgerows and resto- 
Adult pheasants, 2 or more years old, were superior in all . . . 

; ; ration of this habitat feature so that large blocks of land 
phases of reproduction to 1-year-old birds. Miscellaneous . . 

. 4 ; . contain a minimum of 1 mile of hedgerow to 450 acres of 
field data indicate that this same adult superiority may ex- ; ; 

a . . land. This must be an interagency effort. Fortunately 
ist in the bobwhite quail. ; . 

’ hedgerows have multiple values to other game, songbirds, 

High spring density of quail suppresses summer gain, beneficial insects and also soil and water conservation 

the difference between spring and fall populations. Low values. Detrimental effects will have to be appraised against 

spring density allows summer gain to reach relatively high the assets. This must be done now. In some areas quail 

levels. Intermediate spring densities showed less impact on already have disappeared as at Prairie du Sac. The state- 

summer gain, with the same levels of population ScOmng wide population has declined from an estimated high of 1 

both high and low rates of gain. At these levels of density bird per acre in the 1850’s to a low of less than 1 bird per 
apparently other factors such as weather, disease, food and 40 acres in 1960. 

cover control summer gain. A complete management program and future research 

The interrelationship of winter mortality, spring density projects are proposed in this report. 
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PERSPECTIVE AND SCOPE 

Preservation and increase of any wildlife species can be mild climatic periods when food is generally available. The 
attained only by acquiring sufficient data to formulate basic actual factors involved in nonemergency losses were not known 
concepts on the primary factors that control populations. This but could include density-related stresses and atmospheric in- 
report contains a review and an analysis of the data obtained fluences other than temperature and precipitation. 
on bobwhite quail (Colinmus virginianus Linn.) populations When wintering quail populations in a given area survive 
particularly in Wisconsin by other authors for the period 1834— with little or no loss for a relatively long period, they are 
1944 and the results of our own studies, 1942-62. Special em- described as existing under a threshold of security, The im- 
phasis is given to the relationship between cover changes and plication here is that all facets of the environment are suffi- 
population trends. ciently favorable to permit the resident quail population to 

Our study is an expansion of those of Errington (1945 and be relatively secure from potential mortality factors. 
1957), Schorger (1944) and the unpublished reports of Winter losses from all causes varied from a reported 7 to 
Aldo Leopold. While the bobwhite quail was the species on 84 per cent during the period 1929-51 according to Erring- 
which most data were collected, the scope and the concepts ton’s and our own investigations. Despite heavy losses in some 
that evolved were aimed at all wildlife species. For example, winters, the following fall population always shows a signifi- 
laboratory-type studies were needed to supplement the field cant increase over the previous spring. This increase is called 
data collected on quail, and ring-necked pheasants were used summer gain. Generally the summer gain is highest percent- 
to get basic data on the relationship of density and age ratios age-wise when spring populations are relatively low; con- 
to reproduction in breeding populations of upland game birds. versely, the higher the spring population, the lower the sum- 

Errington (1945 and 1957) compiled, summarized and mer gain. This inverse relationship between spring density and 
analyzed in considerable detail the data obtained during the fall population is called inversity. : 
first 15 and 19 years, respectively, of Wisconsin’s 34 years of If winter losses were related only to weather and summer 
bobwhite quail and general game bird population studies. His gains were inversely proportional to spring densities with 
Jater study, while primarily on muskrat populations, included little or no exception, the number of birds that could be 
specific projections of his earlier publications on quail and safely harvested without detrimentally affecting the breeding 
game bird populations. The focal point in Wisconsin was a population could easily be determined. However, Errington’s 
4,500-acre study area lying on the east side of the Wisconsin analysis (1945) indicated that, while spring density generally 
River across from Prairie du Sac (Fig. 1). affected the size of the fall and winter population in most 

Leaning heavily on the Wisconsin study and drawing on years, this was not always the case, and that some factor or 
many other wildlife population investigations, particularly combination of factors might be operating to “depress” the 
those on Iowa muskrats, Errington advanced several basic wild- thresholds of security and the expected summer gains. He also 
life population concepts. Significant among these and form- advanced the theory that these nonconforming years seemed to 

ing some of the bases for the next 14 years of our study were fit into depression phases but that no satisfactory explanation 
emergency and nonemergency winter losses, thresholds of yet seemed to be in sight. However, in a later report (1957) 
security (formerly called carrying capacity), imversity and de- he seemed to give less credence to the importance of the non- 
pression phases. conforming years and depression phases to observed popula- 

Since Errington’s concepts were basic factors in the initia- tion trends. 
tion of our own studies, it is important to present a brief defi- Errington’s reports were based primarily on winter cen- 
nition of them at the onset in this report, although they in- suses. Leopold (pers. communication) hypothesized that 
volve complex phases of game bird population mechanisms Errington’s concepts were sound and that the mechanisms 
that must be illustrated in detail to be totally understood. We underlying these population phenomena might be revealed 
are taking the liberty in the following paragraphs of inter- through the results of winter trapping and banding studies 
preting the meaning and importance of these concepts, using together with censuses. 

examples and brief descriptive and explanatory notes, with Errington’s concepts formed the first premise for the early 
humble apologies for any differences that may be incident to years of our intensive studies initiated as the result of the 
Errington’s original ideas. Any references in this report to interest and inspiration of Aldo Leopold. During the period 
these concepts will involve our interpretations. 1929-43, Leopold carried out various banding studies in the 

Emergency winter losses are easily defined as that part of vicinity of Madison, Wisconsin through graduate students and 
the annual mortality occurring between fall and spring which other cooperators to determine survival and mortality rates 
can be clearly attributed to unfavorable weather. These losses (turnover) in bobwhite quail. The results of his banding 
result from food shortages caused by weed and domestic crop studies are included in this report. Our banding study at 
seeds being buried by snow or being encased in ice by sleet Prairie du Sac began in the winter of 1942-43. A few years 
storms. Conversely, nonemergency winter losses are those that after initiating this project we broadened Leopold’s hypo- 
cannot be attributed to adverse winter weather and occur in thesis and set up a relatively complete population and habitat 
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study aimed toward the substantiation or refutation of Erring- collected. Thus this phase of the study is one of the primary 

ton’s concepts. The additional study phases included habitat features of our report. 

requirements and changes, spring and summer movement, Our research began with a concentrated effort to get data 

early summer censuses (whistling counts) and observations, on winter populations and later was expanded to procuring 

the collection of fall population data and experimental studies year-round data on special study areas. After 1950 we in- 

on density and age relationships in breeding populations of creased our efforts to get related data on a state-wide basis 

penned pheasants. for comparative purposes and decreased emphasis on the study 

Although the population behavior studies were expected to areas, a 

provide data for formulating hunting regulations, it was also In view of the multitude of factors and combinations ot 

necessary to conduct habitat studies simultaneously, for the factors that affect the numbers and distribution of a wildlife 

future of quail depends on managing the habitat. Errington species, even a 34-year intensive study 1s relatively short when 
and Hamerstrom (1936) described the main component of population and habitat data are interpreted for biological 

habitat as brushy cover in proximity to available food, but signficance and translated into management practices. Thus, 

they did not quantitate the amount of brushy cover needed to it was necessaty to review past Wisconsin studies on quail 
support a given population. density, distribution and habitat changes for purposes of extra- 

a a polating and converting these statistics to numerical expres- 

Schorger (1944), in his review of historical accounts of sions comparable with ones obtained more recently during 
Wisconsin quail populations from 1829 to 1902, questioned the intensive 1929 to 1962 investigations. 

whether quail could exist in significant numbers in the future The broadening of the scope of the studies determined the 

in Wisconsin because of the tremendous rate of destruction of manner in which we presented the information obtained. In- 

brushy cover located primarily in hedgerows. This destruction cluded in the Methods of Study are the basic approaches and 

began with the expansion of agriculture following settlement findings related to the development of several techniques. Fur- 

and was accelerated by the advent of barbed-wire fences. ther details are presented in the Appendix, The material in 

Hedgerow destruction together with periods of adverse winter the Results and Discussion chapters is arranged in a parallel 
weather resulted in the decline of quail in mediocre or poor _ pattern with the following exceptions. Habitat studies are 

range. presented as a separate section under Results, but are inte- 

In this study, we endeavored to measure the amount of grated with other sections in the Discussion. A section on 

hedge cover existing in 1937 and lost during the period from Fluctuations (population changes between years) is included 

1937 to 1960, to determine the response of quail to this type in the Discussion, drawing on all population material previ- 

of habitat change, and to work out the type of habitat man- ously presented. 

agement program needed currently to maintain or increase The report is concluded with a section on Management. We 

quail populations in the state. Although general information tried to make this section directly useful to field personnel and 

on habitat requirements has been repeatedly studied, probably conservation program administrators. Recommendations are 

beginning with Judd (1905), sufficient quantitative data to included here for practices based on quantitative goals for 

develop specific management guidelines have not yet been habitat requirements. 

METHODS OF STUDY AND EVALUATION OF TECHNIQUES 

Population Studies 

Trends 
All available sources of information had to be evaluated distribution and abundance, and in addition Leopold conducted 

and interpolations made to obtain and express the population general surveys to get some quantitative data on density. While 

status of quail for the entire period from 1834 to 1962. Since the information from accounts and general surveys lacks the 

quantitative information on abundance based on field counts of quality of that given by the more recent census techniques, it 

quail in Wisconsin did not become available until 1929, popu- does provide background for adequately interpreting popula- 

lation trends up to this time are based on historical accounts tion changes and habitat relationships. 

and general surveys. Trends from 1929 to 1962 are based on Leopold used several approaches, General information on 

censuses and specific surveys. early historical distribution was obtained by reviewing pub- 

lished reports of various observers. For density data he ob- 

Accounts and General Surveys tained records from hunters on the number of coveys flushed 

Leopold (1931) and Schorger (1944) made exhaustive by their dogs, and requested selected farmers and sportsmen 

examinations of the literature for historical accounts on quail to estimate the number of coveys on their farms or to report 
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the number of coveys or birds on a sample farm of known region and Dunn County having a rolling-hill terrain showing 
acreage. He considered the last method as far superior to the more recent effects of glaciation. Dunn County has more low 
first one. land, including a swamp area, but both contain river bottoms. 

Schorger meticulously examined the records of other ob- Prairie du Sac is generally surrounded by a quail range with a 
servers documented in technical reports, diaries, historical ob- similar density of birds, while Dunn lies near the northern ex- 
servations and newspaper accounts. tremity of the Wisconsin quail range and has forested counties 

Our method of expressing distribution and relative density on or near its borders which have much lower quail densities. 
based on the historical accounts and surveys was to enter these The agricultural crop acreage varies somewhat with Dunn 
dates and note the reported status in general terms on a state County having about 30,000 more acres of hay and 24,000 
map. Since these reference sources usually contained informa- less corn. Otherwise they are similar in this respect. 
tion on only short periods, abundance statistics were necessar- The study objectives and procedures were generally similar 
ily relative and discontinuous. on both areas. However, Prairie du Sac quail were fed only 

Quantitative data for the 1800’s was general in nature and enough to be lured into traps which in some cases meant one 
consisted of records on quail shipments from various areas meal; censuses were intensive from fall to spring; debrushing 
and through certain railroad centers, a few hunters’ records on of coverts which was heavy and continuous was carefully re- 
birds shot, and occasional references to birds seen during a corded from 1937 to 1960. On the other hand, the Dunn 
specific time interval. These data together with the material County quail were fed from fall to spring (except in one year 
from Leopold’s surveys and the results of recent census studies under experimental conditions), censuses were less frequent, 
explained later were expressed in a narrative chronology and and debrushing, though occurring, apparently was not as heavy 
in tabular form showing population trends. during the major study years and was not as carefully re- 

Unfortunately the best quantitative data obtained by Leo- corded. The feeding activity was incidental to this study and 
pold (1931) were for other states and for the year 1928. How- was not intended to constitute an effort to manipulate the 
ever, he was able to project his survey results to an acres-per- population. 

bird expression which provided some statistics for comparison Quail densities on the two areas were very similar on an 
with data obtained later through actual censuses on specific acres-per-bird basis during the years when both were being 
study areas. simultaneously studied. However, in the early 1930’s the 

Conversion of the miscellaneous reports on quail abund- Prairie du Sac population was approximately double that on 
ance into quantitative expressions of birds-per-unit-area for the the Dunn County area during the mid-1940’s. Also, according 
period 1834 to 1902 reported by Schorger (1944) for com- to Buss et al, (1947), the Dunn County area population was 
parison with recent censuses was done through indirect ap- increasing during the period 1945-47 (322-447) while the 
proaches. Quail density was obviously so great in the 1800's Prairie du Sac population decreased about 50 per cent from 
that direct comparisons with populations in the 1900’s would 1929 to 1947. 

ne almost meaningless. We P nw) ected the reported miscel- Fall to spring. The procedure for obtaining fall to spring aneous observations of the 1800's and compared them to the . 
1900’s by calculating the approximate density that would have censuses was the same as the one employed by Errington and y § PP y ; 
had to exist to permit seeing or shipping as many birds as were Hamerstrom (1936), for which they calculated an accuracy Pp & pping y . . reported in the various accounts. of over 95 per cent. Quail censuses were made by obtaining 

flush and track counts from fall to spring. The inherent be- 
Censuses and Specific Surveys havior of Wisconsin quail at the population level and habitat 
Two study areas provided the opportunity for obtaining fall, conditions prevailing during these years made possible this 

winter, and early summer population dynamics and trend data. simple census technique. 
The 4,500-acre study area near Prairie du Sac in parts of Col- Our procedure varied from that of Errington in two some- 
umbia and Dane Counties, recommended by Herbert Stoddard what different ways. We usually commenced census operations 
and selected by Errington (Errington and Hamerstrom, 1936) in October whereas Errington’s counts usually started in 
for his intensive investigations, was the focal point of our field November and December. The purpose of the early counts was 
studies which began in the winter of 1942-43 (Fig. 1). Sup- to get data on fall populations at a time when coveys had 
plemental information was obtained on a 9,900-acre area in settled down to use their winter range and before the first fall 
Dunn County selected by Irven O. Buss (Buss, Mattison and mortality occurred. 
Kozlik, 1947). Although outwardly similar, the two areas do Each fall and winter, censuses of all coveys were made at 
show some major differences. approximately 2-week intervals from early fall to early spring 

From the standpoint of agricultural crop potential, the soils at Prairie du Sac and somewhat less intensively at Dunn 
are similar in both areas; those in Dunn County are grayish- County. An effort was made to get near absolute counts of all 
yellow silt loams and, in Prairie du Sac, grayish-brown silt quail on the study areas from 1942 to 1951 at Prairie du Sac 
loams. Both areas have an interspersion of hills with Prairie du and from 1947 to 1951 at Dunn County. When it appeared 
Sac having bluffs typical of Wisconsin’s southwest Driftless that such intensive efforts were no longer practical, midwinter 
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censuses were initiated at Prairie du Sac and conducted in the State-wide Studies 

years 1951-52, 1953-54 to 1955-56 and in November, 1958. Transects. On the basis of the results obtained on whistling 
To standardize our information with that of Errington we counts in the area studies, a system of county transects was de- 

reviewed all the previous census work beginning in 1937 with signed to get state-wide information on quail density. Tran- 

Albert Gastrow, Sr., the census-taker who personally made sects were run each year at the time during the season when 
most of the counts or accompanied us in the field from 1929 whistling activity approached a peak. 

‘o 1957. This resulted in slight changes in the ” inter popula: Automobile routes of 35 miles were laid out through the 
tion figures. Thus, as will be shown later in this report, there better quail range in a particular county. avoiding where pos- 
are some differences in annual population figures between our coe é P Ys ike P 

. sible concrete roads and roads less than 1 mile apart. Fairly 
analysis and that of Errington for the period 1937-42. These 1 d tainless mornings were selected between June 24 and 
revisions do not change the winter counts to the extent that see EN ESS | Be wene sere 

, ; . July 8. Commencing at sunrise, 2-minute stops were made for 
they should affect any of Errington’s basic conclusions. . 1 

listening at 1-mile intervals. Two and a half to 3 hours were 
Early summer. While fall and winter censuses provide allowed for each transect. Records were made on standard 

valuable statistics for population trends and certain dynamics forms of all birds seen along the route and of weather condi- 
on study areas, more extensive methods were desirable for tions at the start and end of the transect (Appendix A). 

county and state-wide surveys. The reason for selecting better quail areas was to get 
| The early studies on quail whistling by Stoddard (1931), trends in the better parts of the range so that year-to-year 

Hawkins (1936) and Bennitt (1943) suggested that this be- changes would be more readily detected. Although we used 
havior might be adapted for censusing bobwhite quail in sum- 35-mile transects in order to cover more range in each county, 

mer in Wisconsin. The results of our studies (Appendix A) we selected only the 20 best stops for obtaining the average 
established the validity of using whistling behavior as a census count, and were thus able to eliminate transects where inter- 

technique in Wisconsin and showed that the number of males ference or interrupted range would depress the average. While 
heard whistling in late June and early July on the Prairie du desirable conditions did not prevail throughout each transect 
Sac study area closely approximated the number censused in for the entire 35 miles, they did occur in at least 20 of the 
late March (Table 13). Similar results were reported by Rip- stops and with these as the base, we had a comparable set of 
ley (1958). counts for each county. For example, weather factors might 

This agreement is evidence that most males, mated and un- delay the start of whistling activity, interrupt or curtail it, but 

mated, must whistle, and is contrary to the conclusion of Stod- would not affect the entire route. We did not expect, however, 
dard (1931) and Bennitt (1951) that it is generally the un- that this technique would produce an index that could be 

mated males that whistle this late in the breeding season. Ben- used alone to accurately determine the state-wide population 
nett’s conclusion was based primarily on the deduction from trend; other data were also used. 

~some field observations that the number of males heard In 1949 about one-third of the original transects were re- 
whistling on his study area was about equal to the surplus routed because it turned out that they sampled poor range. 

males. In a few cases discrepancies occurred because of untrained ob- 
The actual difference between our results and Bennitt’s can- servers. Such counts were not used in final tabulations. 

not be fully explained. In both studies the seasonal trends in The counts obtained on whistling transects on study areas, 
frequency of birds heard whistling and the peak of whistling when compared with winter census data, provided the means 
activity in late June and early July were similar. for computing actual quail density levels in the areas covered 

Generally, Missouri’s quail range supports about five times by transects. A method for determining significant differences 
as many quail as Wisconsin’s. The number of males reported between whistling counts obtained on any two transects is 
whistling by Bennitt was similar to the number heard on our shown in Appendix A. 
transects. Despite the fact that the Missouri sampling areas Lemke (1956) compared the results of the annual transects 

included all types of range and Wisconsin only the better run from 1948 to 1956 with the results of surveys conducted 
range, it would appear that unless there were some differences by the Crop Reporting Service for the Wisconsin Conservation 
in behavior their counts should have exceeded ours. Department on quail abundance and distribution (see next 

Bennitt preferred to use mid-July for making whistling section), and found close agreement. This strengthened con- 
counts because he believed that behavior was more stable at fidence in the validity of the whistling counts. The compati- 
that time. In contrast, in Wisconsin we preferred to make son was made using only the 20-stop section of these tran- 

counts in late June and early July because the whistling be- sects, and hence it was deemed that where extensive range 
havior was more stable in this period than at earlier or later information was not necessary, transect length could be re- 

dates and also because counts at this time provided total popu- duced accordingly. The greatest variability in the number of 
lation indices which could be used in population dynamics males heard whistling on quail transects occurred in the last 
studies. 15 of the 35 stops due to the decrease in whistling activity as 
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the morning progresses. Thus in 1957 and 1958 the whistling TABLE 1 
transects were revised and included only 20 stops. Results of Three Crop Reporting Service 

Crop Reporting Service survey. The spring dispersal at Questionnaires to Dairy Farmers 
the time of covey break-up and the whistling behavior of SSS SSS 
quail characterized by the widely recognized bobwhite call were : Fall ante Wene , 
of the male made it possible to obtain inexpensive supple- (July 1,1948) (Feb. 1, 1949) (July 1, 1949) 

mental information on abundance and additional data on dis- “Total Per Cent Total Per Cent Total Per Gent 
tribution by using the surveys of dairy farmers conducted by District Reports “Yes’* Reports “Yes”* Reports “Yes’* 

the Federal-State Crop Reporting Service. Through the West... :«486.~CS~a“t‘idS*‘“‘i !!SCO”C 
courtesy and interest of Dr. Walter H. Ebling, head of the Southwest.... 69 83 89 63 77 72 

Crop Reporting Service in Wisconsin, a question on bobwhite Gentral_ “oo 130 RB WE o 135 8 
quail was included in the July 1, 1948, dairy-farm question- ee 
naire. This was the first of a series of surveys of this type con- Totals..-.. 356 61.5 444 40.5 378 60.4 
ducted from 1948 to 1961. OT 

The question asked was, "Have you heard any bobwhite ,pisilt values fer forall surveys beyond che 1 pes cot 
quail whistling on your farm this spring?’ Space was pro- 1946:206). 
vided for the farmer to select one of three answers: ‘“‘yes,” 
“no,” and “don’t know.” The question was based on the A comparison of the differences between February and the 

expectation that farmers are more apt to hear the sound of the two July surveys failed to show any significant differences be- 
quail whistle than they are to see the birds. tween the two years by district. This was a reflection of a 

In the initial survey in July 194s, a total of 1,676 question- rather stable population over this time period, and also an in- 

naires containing the quail question was mailed to cooperat- dication that farmers reported in a consistent manner. 

ing dairy farmers throughout the state. The number mailed For comparing trends in the quail population by repeat 
was proportional to the number of dairy farmers in each questionnaires of the type discussed here, a numerical change 
county. A total of 1,060 reports was returned of which 907 of about 8 per cent in the percentage of “Yes” reports (which 
carried answers to the quail question. In later years about represents a proportional change of about 16 per cent) would 
1,000 questionnaires were sent out annually containing the represent a significant change in quail abundance. To detect 
quail-whistling question. a significant change in population in the individual districts, 

In 1949 the Crop Reporting Service questionnaire was used a change of about 16 in the percentage of ‘Yes’ reports 
to determine the relationship between whistling heard in would be required. Therefore, it appears that the question- 
spring and coveys seen in the winter by farmers. The results naires have sufficient sensitivity of results to show major 
of these surveys are shown in Table 1, primarily to point out changes of quail abundance in Wisconsin. 
certain features of the technique. Note that district differences In addition to providing population trend information, the 

within all three surveys were greater than would be expected Crop Reporting Service survey yielded a distributional pattern 
at the 1 per cent level, thus illustrating the sensitivity of the of quail in Wisconsin that would not have been practical to 
method. obtain through the whistling-count transects. Apparently a 

The ratio of the average number of quail coveys seen in small number of farmers were unable to distinguish between 
winter to the number heard in spring by farmers in the four quail whistling and the calls of other species, since reports 
districts of the state was 0.66 for 1948 and 0.67 for 1949. were returned to us on birds whistling in counties where this 
These ratios were obtained by dividing the average percentage species is not present. By disregarding the reports emanating 
of “yes” answers on the February survey by that on the July from areas obviously without quail, and plotting the plausible 
survey. Thus it would appear that only two-thirds of the reports, a range map showing occupied habitat was prepared 
farmers who hear bobwhites in spring see them during win- (Fig. 4). No attempt was made to correlate whistling reports 
ter. This ratio would vary, of course, with seasonal fluctuations made by farmers with actual density. 

in the quail population, and applies only under the condi- 
tions of these surveys. TABLE 2 

The ratios for each of the four districts for two years, The Ratio of the Numbers of Quail Coveys Seen in 
using the February 1949 survey to compute both sets of ratios, February 1949 to Quail Heard Whistling in July 

are shown in Table 2. 1948 and 1949 by Farmers 
Note the internal consistency between the years for all dis- 

tricts, except for the southwest area which for both years District July 1948 July 1949 
yielded a much higher ratio. It is not known whether this + 
observation means that quail are more easily seen or less ee aaa 0.83 0-69 

easily heard in the southwest or whether this is simply sam- Central. __._-_-.-.------------------- 0.66 0.67 
. South..___..---.-------------------- 0.60 0.59 pling error. 
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Habitat Correlations Mortality and Survival 
The direct relationship between the distribution and amount ; . ; 

“ P . , Winter mortality on the study areas was determined by 
of shrubby hedgerows and quail populations in Wisconsin _) 

- oe : _ conducting periodic censuses (flush and track counts) every 
provided a means for estimating quail densities even when two weeks as described previous! 

actual censuses were not conducted. P yo 
. .; a. Winter mortality records were obtained annually both for 

The method first involved making periodic measurements Se 
the total populations on the study areas and for each indi- 

of the amount of brushy hedges along roads, fences, and . co oe 
; eo vidual covey (covey histories). The covey histories for each 

streams and of quail densities in the same area over a period 
; . . ; year were plotted on graphs along with the information on 

of time sufficiently long to determine the relationship. This " 
.; - major causes of mortality, particularly weather. Since fox provided a statistic on the amount of shrubby hedgerow cover 

. oe . ; predation has been a controversial subject for decades, esti- required to support a covey of quail in areas having habitat . 
a , _ mates were made on winter fox populations and these are in- 

characteristics such as terrain and land use similar to those a 
_ ; a. . . cluded in the figures showing covey histories. The covey his- 

at Prairie du Sac. This statistic was applied to estimate the 
: . - ; tories enabled us to see at a glance the pattern of mortality 

quail population at Prairie du Sac for years preceding those for h individual 

when actual quail censuses were made and when habitat con- oF eaciy Inaiyicual Covey. 
ditions were determined. Spring mortality was determined by comparing counts of 

Hunting § 4 Kill Det whistling males in late June and early July with the results of 
unting seasons and Kill Data . March censuses. While these figures apply directly only to 

_If hunting seasons are set in accordance with the available . . 
cocks, they were projected to include the hens. Since the peak 

surplus and hunting pressure is relatively constant, annual £ whistl; a . . of whistling activity occurs in late June or early July, we 
hunting success can be used as a method for following popu- | Lo. 

acked total counts in the interim between the March census 
lation trends. A study was made of all the readily available oy , 

and the summer whistling counts. We determined from ob- 
information on hunting seasons in Wisconsin. : . .; 

servation of banded birds that ingress and egress were ap- 
Sport hunting success or annual kill figures based on report- ; . 

proximately equal from late March to the time when 
card returns were available only from 1932 to 1960 (com- at 

_— whistling counts were made. Hence we felt that the popula- 
P ations Py a S. Bersing, in the Wisconsin Conservation tions at the two periods could be compared. This comparison 

m es). oy ; ; : <partmen s) , indicated very little mortality in spring, and we therefore did 
From 1895 to 1931 there was no open season on quail in . ; 

not have the problem of trying to determine the magnitude or 
Wisconsin. Schorger (1944) reported practically all of the causes of interim losses 

existing records on quail hunting in Wisconsin for the period a . . . 
; } ; ; Summer mortality information was obtained in only one 1827-95. With the exception of kill records concerning matr- 

; year. In 1948 we made an effort to find as many young broods ket hunting (railroad shipments and market sales), there are aa . 
aa as possible in summer, and continued to observe them almost 

only a few records of hunters bagging quail in a manner . 
. . oer daily up to October 22. The technique consisted of traversing 

representing sport hunting as we view it now. ; . 
: ,; , .; . , roads by automobile at slow speeds and scanning roadsides 

The fantastically high commercial hunting kill for the mid- ; 
; and fields for quail broods. Summer mortality was then calcu- 

1800's serves to show that great changes have taken place in 
.; ; .; ; lated by measuring brood shrinkage during the period of 

the Wisconsin quail population. For the years between the ; 
. . . observation. 

time quail populations were extremely high and the first hunt- 

ing seasons in 1932 when census data became available, only . 
relative density information can be presented. Population Characteristics 

An examination of the length of seasons, counties open to Ordinarily, reproduction rates for upland game birds are 

hunting and kill records for 1932-60 (Table 10 and Ap- calculated from data on brood hatching and rearing success, 

pendix C) shows that these statistics cannot be used as an brood SIZE, age and sex ratios in the fall population and num- 

index of the Wisconsin quail population. The number of ber of young per adult. Because of the relative ease in census- 

counties open varied from 2 to 31 and season length from ing quail in spring and fall, however, it is possible to give a 

21/) to 44 days. Lemke (1956) compared hunting season kill direct statement of the increase in the fall population over the 
for 1948-56 with the results of the whistling index. By com- spring survivors. This increase was called “summer gain” by 
paring the percentage change between counties open in suc- Errington (1945). We continued to use this method from 
cessive years, he was able to eliminate the bias that would re- 1942 to 1951. However, summer-gain statistics alone do not 

sult from comparing years with varying numbers of counties show the contribution of young birds or adult survivors from 

open. The trend in hunting season kill was generally upward the previous spring to the fall population. To get this infor- 
while whistling counts fluctuated in two peaks. The disagree- mation we conducted a winter-trapping program. 

ment between the trends of whistling counts and hunting 

season kill was attributed to the difference in the number of Winter Trapping 
hunters, hunter interest (which for quail is low compared to For winter trapping quail, we used variations of existing 

such species as the pheasant) and length of season. traps such as those employed by Stoddard (1931) (Fig. 2). 
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Figure 2. One of the later designed quail traps used on the Prairie du Sac study area. 

In the Wisconsin climate where snowfall is frequent, quail Although the bursa in quail is relatively shallow, it 1s 
enter baited traps readily. We conducted all of our trapping nevertheless easily measured and the results of the method 
in periods when there was a ground cover of snow. Quail show an excellent correlation with the Leopold criterion. 
entered traps baited with corn and other grains when there Since the bursal aging technique was much slower in practice 

was as little as 1 inch of snow. In the Prairie du Sac area we than the use of the primary-covert characteristic of young and 

set traps without prebaiting. This practice decreased our effi- adult birds, we abandoned bursa measurements after 1946-47. 

ciency but prevented the wintering populations from getting To determine age ratios in fall populations, we obtained 
artificial feed. In the Dunn County area prebaiting was con- wings of quail and aged these on the basis of the advance- 
sistently employed in our trapping efforts. ment of the primary-wing-feather molt and the length of the 

growing primaries, a technique developed by Petrides and 

Aging Techniques Nestler (1943) and tested on Wisconsin samples by Thomp- 

. ; son and Kabat (1950). 
All of the trapped quail were aged, sexed, weighed, banded (1950) 

. . . . . Quail wings were collected from birds shot during the 
and released at the trapping site. All juveniles were distin- 

. ; , hunting season by us or by selected hunters known personally 
guished from adults by differences in the coloration of the . .; 

to us. In addition, a sample of quail hunters whose names 
outer primary coverts (Leopold, 1939), and some also by .; ; 

. were selected from report-card returns required by Wisconsin 
bursa of Fabricius measurements. Data on bursal depths were ; Lo. . 
btained f | birds that died j if law was contacted by mail and requested to submit wings in 

optaine rom several birds that died in traps an rom a . 
i le of live birds. Tabl h h P hly shrink the envelopes provided. 

m m ive birds. WwW ink- . . . 
smal sample © ‘ 8. lable 3 ane st ¢ monthly shrin We also examined a number of the wings for coloration 

age In the depth of the bursa of juveniles between July and patterns on the primaries and greater primary coverts to de- 
the following March. In adults the bursa is absent or retained termine if there were some characteristics that could also be 
as a loose shallow sac which is readily distinguished from the used as a method of age determination. Further, we examined 

regressed bursa in young birds. Maximum bursa depths are several thousand wings donated to us by the late Rudolf Ben- 
reached in quail by the time these birds reach the age of nitt from his Missouri studies. We concluded that while there 
60-79 days (Table 4). The average monthy shrinkage rate was a wide variation of color patterns, these overlapped and 

(October to March) was 1.4 mm. varied considerably even for birds from the same brood. 
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TABLE 3 movement in yards between the time of the first and last 

- Bursal Depths in Bobwhite Quail, 1946-47 census annually for individual coveys. 
a Spring to summer. Quail were tagged with aluminum 

Adults Juveniles leg bands when trapped. In the winter of 1946—47 the birds 
I in two of the trapped coveys were tagged with colored cellu- 

Depth in Mm. Depth in Mm. loid bands. Unfortunately these colored bands were of poor 
Month No. Mean Range No. Mean _ Range quality and fell off before any spring observations could be 

July-August..._ 2 0.5 0-1 1 ll 11 made. By the winter of 1947-48 colored-aluminum leg bands 
October. sores TT — i 0. ; o-18 (Chicago—Thrift Co.) became available, and they were used 
December...... -—— —— — — in various combinations to tag the trapped birds. 

Pop. TTT > o 4 5 td a ed From March to early summer in 1947 and 1948, we cruised 
March___-----. 1 2 2 14 2.8 0.6 all roads in the study areas two to three times each week by 
——————__-_- > automobile from a half hour before sunrise to 8:00 a.m., re- 

corded all quail seen, and determined whether they were 
Covey Composition and Hatching Dates banded or unbanded. All observations were made with 7 x 50 

binoculars or a 20 x 60 telescope. 
Where possible, we trapped entire coveys of birds as early Data on sptin f 7 ta: 

in fall as possible to determine sex and age composition. We Pring movement of quat were © tained by two 
. methods; the first was simply to determine the number of also sampled coveys by collecting 4 to 8 birds from each birds that moved off the study areas. Th € bird 

during the fall season. The number of different-aged young leaving the study area was co . ved f © beat oof b ied 
taken from the same covey showed the minimum number of to nan j val “beers ed P ure h ror i. ‘ 0 M oh ‘ 
broods composing fall and early winter coveys. These samples ly at Prait: q , Mu "hte monty From Mare ro 
had to be obtained prior to the time the young birds had July at Prairie du Sac and March to June at the Dunn County 
completely molted all of their primary wing feathers. area a 

The second method, initiated in 1948, was to obtain spe- 
The wings of all specimens collected in fall p tovided th c cific spring locations both on and off of the study area of the 

sample required to determine hatching dates of Wisconsin birds tagged with the colored-aluminum bands. The distance 
quail. To determine hatching dates, the juvenile birds in the moved was obtained by plotting the sites of the winter trapping 

sample were aged and back-dated from the collection date. and spring observation points for each color-banded bird, and 

measuring the straight-line distance between these points. 

_ «TABLE 4 Density and Age Factors in Reproduction 
Bursal Depths in Juvenile Bobwhite Quail, 1946-47 The correlation of spring density with fall quail popula- 
SS”: tions reported by Errington (1945) suggested pen experiments 

Depth in Mm. to study this effect. We used pheasants in these experiments 
Age in Days Number Mean Range because both birds and pen facilities were available. Further, 

"yO. 59... we believed that we could substitute pheasants because of the 
60- 79...................... 5 10.4 7-13 similarity of their biology. Also any basic information evolving 
otis; 3 Tae ets from the pen experiments would contribute to pheasant man- 
120-1389...................... 8 9.3 6-11 agement even if it did not apply to quail. 
140-159____.----------------- 5 9.4 6-11 While controlled studies obviously cannot be relied upon 

CN completely for interpreting wild bird behavior, they do allow 

the manipulation of certain conditions affecting the birds. Our 
Movement pen studies on density relationships consisted of the confine- 
Fall to spring. All the locations of each covey censused ment of varying numbers of birds in each pen, and study of 

at Prairie du Sac from 1936 to 1951 were recorded. These the reproductive behavior. Observations covered both yearling 
observations allowed us to calculate the minimum straight-line hens and birds two years old or older. 

Habitat Studies 

Our study of quail habitat was based on the assumption that observations and crop-content analyses reported by Stollberg 
the qualitative aspects of food and cover requirements were and Hine (1952) and made by many other people in Wis- 
well known. Therefore, we directed our attention to the impact consin (unpubl. data). We personally examined about 200 
of quantitative changes in land use on the present and future crop samples, obtained primarly from fall and winter collec- 
availability of food and cover. In addition we obtained some tions. 
substantiating information on food requirements from field Since quail are almost entirely confined to agricultural land 
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in Wisconsin, we appraised changes in food supply by ob- propriate in 1951 but by 1958, with the exception of a small 
serving significant changes in farm crop production. Our ob- fraction of the existing hedgerows on the Prairie du Sac study 
servations included shifts in land use such as the conversion of area, all those that had been previously in the temporary cate- 
a farm to a residential or commercial area, the taking of farm gory were completely removed. 
land out of production for two or more successive years, road Maps were prepared of the Prairie du Sac study area show- 

construction and shifts in the kinds of crops grown. ing cover conditions as they existed in 1937, the first year 

The first step in determining what changes occurred in the of the period for which we were able to determine cover losses. 
cover conditions in the Prairie du Sac region was to review On these maps we superimposed the areas where cover had 
Errington’s numerous reports containing references to habitat. been removed by the debrushing of roadsides and fencerows 
His observations showed that the most obvious cover changes and by road construction, The amount of brushy hedgerow 

concerned brushy hedges along roadsides and fences. How- loss could then be determined along with the date when the 
ever, he considered that the changes in the quantity of brushy loss occurred. Then we divided the total quantity of cover 
hedgerows from 1929 to 1937 were minor. We traced the lost by the number of years in the observation period and cal- 
history of cover losses from 1937 to 1942 primarily through culated the average annual rate of loss. The rate of cover loss 
the records kept by Albert Gastrow and the memories of local was then correlated with changes in the quail population on 

landowners. From 1943 to 1960 we documented all of the the area. This provided us with a statistic which we could use 
changes in cover as we personally observed them. to calculate the cover requirements in terms of quantity of 

It was not possible to designate hedgerows as useful quail brushy hedgerows per covey of quail. 

cover on the basis of physical quality. Location frequently de- As a follow-up on the area habitat studies, we traced land- 
termined use. In some cases sparser hedgerows were used as ; . . 

. use trends in Columbia County, including road development, 

cover while relatively dense hedges at times were unoccupied. to obtain data on the factors that were involved in the state- 

Designation of brushy areas as hedge cover wes not based on wide distribution and abundance of the quail population from 
specific dimensions. Generally when Errington began his 1840 to 1960. We deduced that land-use‘trends in Columbia 
studies in 1929, hedgerows bordered entire sides of fields or County coul d be rojected to the stud for the peri d 

sections of roadsides. All were about one-fourth mile or more y ee coe Suey ance bonis pene 
‘a lenoth and were continuous. Only those hedges that were preceding the era of Errington’s report and our own research. 

8 y © aes Conversely, knowing the amount of food and cover required 
along field edges or roads were included in our measurements. Ys 8 . at 

6 oF ° ae to support the quail populations on the Prairie du Sac study 

peegerows varied from 3 to 12 ft. in width at the ground area we could then, through a process of extrapolation, esti- 
The short stretches of shrubby growths along woodlands mate county and state-wide population densities in the past. 

were few in number and were not specifically included in our We utilized the statistics on agricultural development pre- 

habitat evaluations. The wooded areas also contained many sented by the Crop Reporting Service (1948 and 1954) based 

scattered brushy thickets in which quail were occasionally on data from the U.S. census reports. These reports date back 

found, Such sites while important components of the quail to 1850 and are summarized at 20-year interv als. They contain 

cover in the area were definitely transient stops. Only sites con- statistics on the trend in farm growth and crop acreage. The 
taining continuous hedgerows, out of which quail coveys earliest records on location and miles of toads were obtained 

habitually ranged to feed and sometimes just to wander, were from Privately published maps filed in the Wisconsin Histort- 

classified as individual covey ranges. Coveys occupying these cal Library - From these maps the trend in toad development 

sites occasionally left them for periods varying from a day to was determined by measuring road mileage for the years 1861, 

a few weeks but normally returned daily. We employed the 1878, 1926 and 1958. These maps also showed the general 

use of winter cover by quail coveys as the criterion for classi- types of vegetation and cultivated areas which could be cot- 

fying those shrubby growths along fencelines, field borders or related with the crop reports. 

roadsides as hedgerows. Since various historical records showed that little or no 

Cover conditions (quantity of hedgerows) were expressed in agricultural development took place in Wisconsin prior to 

two categories: completely lost or present. In an earlier analysis 1840, the Crop Reporting Service reports together with the 

(Wis. Conservation Dept., 1951), we used three classifications existing early maps provided adequate information for esti- 

to identify cover conditions: temporary, completely lost or mating quail habitat conditions throughout the years of settle- 

present. Cover conditions classified as temporary consisted of ment and subsequent periods. Supplemental information on 

hedgerows that periodically were debrushed. In the year of de- cover loss relating to agricultural development in southern 

brushing or immediately following the operation, such hedge- Wisconsin counties was also obtained from a report on the 

rows had little quail cover value. This classification was ap- Town of Jordan in Green County (Curtis, 1959). 
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RESULTS: POPULATION AND HABITAT STUDIES 

Population Studies 

The population data are arranged to present a general per- Relative Density—State-wide (1834-1962) 
spective on Wisconsin quail and related species as well as to Accounts and surveys. From 1834, when quail were first 

report all of the basic data collected from the earliest sources positively recorded in Lafayette County, up to 1960, density 

of information through the years of our study. We have at- periodically fluctuated from relatively low to extremely high 
tempted to accomplish this by first presenting a historical back- levels, depending on the changes in environmental conditions. 
ground on long-term trends and then our data on average Rough estimates of density for the period 1834-1927 are 
seasonal changes. shown in Figure 3. Table 5 presents a chronology of quail 

fluctuations from 1834 to 1960. 
Long-term Trends The all-time peak of quail abundance in Wisconsin since 

General Distribution 1834 was reached in the years 1846-55, according to Schorger 

The information on quail distribution in Wisconsin from (19 44). The years when the population was reported to be 

1834 to 1927 obtained by Leopold (1931) and Schorger fantastically high in most areas were 18) 3 and 1854, and, 

(1944) is shown in Figure 3. The original range in 1834 was although not shown in Figure 3 this density prevailed 
generally south of an east-west line running through the throughout the central area where “it ceased to be a sport to 

center of the state—an area in which the counties or parts of shoot them’. . . 

counties containing quail had more than 80 per cent of the As some of the evidence for this peak, Schorger cited the 
land area in farms in 1945 (Ebling, Caparoon, Wilcox and following: In the fall and winter of 1849-50, C. A. Orvis 

Estes, 1948). Periodically quail were reported in isolated areas shipped 2 tons of quail from Janesville, and shipments on fall- 
north of their original range. and winter-harvested birds from Beloit totaled 1 2 tons which 

With the exception of the disappearance from an area ap- Schorger calculated to represent about 55,000 birds. He also 

proximately three counties in width along Lake Michigan, the cited fantastic abundance reports such as at Jefferson—‘‘saw 
quail range of 1948 reported by farmers in the Crop Repott- about 900,000” Accounts that could be compared to the re- 
ing Service survey was similar to that occupied in 1834 (Fig. sults of sport hunting of the present day were: “A good shot 
4). Actually Schorger (1944) reported quail disappearing can bag 50-75 in 4 day at Milwaukee.” .. . “There were on an 
from parts of their eastern range as early as 1863, and while average three bevies to every 10-acre lot.” . . . “At Madison, a 
quail were reported ‘“‘gone’’ in only three of the eastern coun- “at, 
ties during the period 1863-85 (Fig. 3), we can conclude that ES Leora 

this condition prevailed for many of the easternmost counties J ao: ene o 
of Wisconsin. a 2-PRESENT 

Also we would expect that periodically a few coveys of quail Aaiver FRE ASING 
would spill over into the lake-shore counties after 1900 as was i 
the case in 1905 in Milwaukee. The sporadic appearance of Ba 
quail outside of their generally occupied range was also indi- : | 3 
cated by the distribution of quail reported by farmers, although YP ae o 
some of the reports of quail in remote counties were un- a a me Fear St 
doubtedly due to confusion with other species, = a asset i 

Distribution of quail in 1958 was very similar to chat in Seta tee] we | i“ 
1949, again shown by the Crop Reporting Service survey of Fost] eee oer —— fates | __ Py 
whistling males. Except in forested areas and at the northern rol sre OlsegTo 
and eastern extremes, quail were found in varying densities in Be TT [TAR 
all the townships of the occupied counties. Our intensive stud- C2 soo a jon Ee | 
ies described in detail later show that quail do not, except fool eat 
occasionally, exist in isolated areas outside of the solidly occu- Pal counain ~Teo0ee 

- ~pied range. |B lo [0 9 1048 @ 
Hence we concluded that from 1834 to 1927 quail were Pek nas @ ed Pr Oe 

distributed throughout all the counties within the borders of be logs ( sg enh tess 
their original range in those areas where their food and cover HO | [BG mols 1885 @ 
requirements were met. The degree to which these require- sa a ro ter 

ments were met dep ended on land-use changes which will be Figure 3. Wisconsin quail distribution and status based on early re- 
described later. ports, 1834-1927. 
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one D 

, fp” While Leopold (1931) depended on a questionnaire survey 
* , : addressed to hunters and qualified observers to get his infor- 

mation for calculating quail densities, his estimates were very 

similar to statistics obtained by Errington (1945) in his inten- 
Toten Sive censuses on the Prairie du Sac study area. Within the 

_ ~~ period 1931-35 the fall quail population on this 4,500-acre 

area ranged from 400 to 433, or an average of 1 bird per 11 

LL Tt . . © acres, 

fie *, ol 4 Transects. Trend information on quail densities from 
_ pe os 1948 to 1962 obtained from county whistling transects is 

NZ fere$ 9 2 — ar Poe shown in Table 6. The location of these transects, established 
ed west ipo. O17, [2 Ge in 1948, is shown in Figure 5. The number of birds heard 

e he Ae ee cae . . . . 
60 is sain a: ees whistling on each transect varied considerably from year to 

A cccatly nae (oy year, but the average per transect for all counties revealed 
Ve So peaks in 1950, 1955 and 1958. The 1958 population, with the 

7 pigs eds ° . : 
; - en exception of that in Buffalo and Green Lake Counties, was al- 

Pale) fee most as high as the 1950 population. From 1959 to 1962 the 

Ber, . 5 mya ee population has remained very low. This trend (Table 6) is 
a, Be further substantiated by a comparison of the number of tran- 

Pea ee fhe TABLE 5 

Figure 4. Quail distribution in Wisconsin as shown by a 1949 Crop A Chronology of Wisconsin Quail Fluctuations, 
Reporting Service Survey. (Numbers are the percentage of positive re- 1834—1960* 
ports by farmers of the occurrence of quail coveys in fall and winter. a 

Reports from stippled area probably are cases of mistaken identity.) Period Relative Density 

Prior to 1830’s_ Present and possibly abundant at times within the 10-minute walk enabled you to put up your first bevy of original range. y 
quails.” 1834-46 Present and locally abundant. | 

Schorger reported the first decline from this peak population 1846-55 F antastieally jpieh in most southern and east cen- 
in 1855. The decline continued generally to about 1870. The 1856-59 Great decreases in many southern and eastern 

. . counties. 

population then apparently leveled off of gradually declined 1860-65 Numerous locally but not comparable toe the 1853- 
from 1870 to 1895. Kumlien and Hollister (1903) reported 1865-75 L 54 peal. dant but 

that a decrease was gradual to about 1895, and Leopold ~ “Cia iy abundant bu searee in some aTeas espe- 

(1931) further commented that this decline was substantiated 1863-85 Disappeared from the Michigan shoreline in some 
, .; counties. 

by the closing of the Wisconsin hunting season about 1894. 1895-1902 Abundant in western and central counties. Ap- 

That the decline was not general was evidenced by reports pearing in some northern counties. = = 
ee han f Period for which state-wide information is lacking, 

for these years from several areas of “more than for many but Leopold cited some area densities as follows: 

years” (Eau Claire) and ‘‘more numerous than usual’ (Trem- 1905 Waushara County—Quail spread all over. 
, 1916 Gone by war. 

pealeau, Black River Falls and Stevens Point). 1915 Trempealeau County—Abundant. 
, . 1917 Gone. 

Area censuses. Leopold (1931) calculated quail densities 1916 Mauston—High before war. 

for several midwestern states based on hunter and landowner 1923-27 Lake Puckaway, Green Lake County—Abun- 
questionnaires. The calculations for Wisconsin indicated that 1929-35 Populations generally increased from a low to a 

; ; high level. quail range contained a density of 1 bird per 4-32 acres in 1935-38 Relatively low. Adverse winters. 
1929. Forty-five per cent of the range contained 1 bird per 1938-43 Increasing to, peal 1942. Decreased sharply in 

' winter of 1942-43. 
32 oF more acres. In Missouri 93 p <t cent of the range had a 1943-50 Gradual increase in areas of good range. De- 
density of 1 quail per 0.5—8 acres, with 1 quail per 2—4 acres creased, or remained the same, in heavily de- 

rushed areas. Range extended northward. 
feP resenting the most common range density G3 per cent) 1950-52 General reduction in winter of 1950-51. Remained 
Comparing Missouri to Wisconsin on the basis of Leopold’s low or declined further. 

. 1953-58 Gradual increase to a peak in good range. De- calculations, we deduced that in half of our state’s best quail creased in deteriorating range. 

range, the density was approximately one-sixth of that in Mis- 1958-60 Drastic reduction. Population lowest in last 16 
souri’s average habitat during the late 1920’s. years due to adverse winters. 

There is little or no information on the state-wide quail gogchorger's report oa gfovers intensively the period from 
. 1a: . . 1829 to 1902. eopo presented some records prior to 

population from 1929 to 1948. The re‘ative density shown in 1902 and later information on the period 1905-30. For the period 
Table 5 for this period is based on a projection of informa- 1929-42 our reference source was Errington (1945). Recent records 

. btained the stud are our own or from the files of the Wisconsin Conservation De- 
tion we obtained on the study area. partment. 
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| vas 0 
pO ; ; ; ws ep? due to drastic changes in habitat conditions. For example, the 

decline in counts in the Green Lake County area between 
1956-58 was due to road building. However, this lowering of 
the quail count was not a misrepresentation of the density. 
Such changes in habitat resulted in net losses to the quail popu- 

| =~ lation and since the routes crossed a significant part of the 

quail range in each county, any change in habitat conditions 
Pe __| o that drastically lowered the count affected the entire population __ 

= i As in this land unit. 

i Po ({f Crop Reporting Service survey. The percentage of farm- 
\e be A = [_} ers reporting quail whistling during the spring prior to July 

cy - ) | fee 1 in the Crop Reporting Service (CRS) survey for the years 
1949-58 is summarized in Table 7. With the exception of 

> ff PITT 7 1953 and 1957 the trend is comparable to that shown by the 
a 7 “PF soak | ewan counts made on county transects (Table 6). 

Pett nf rtf We do not regard the CRS survey as being as sensitive a 
ane | J?) Fe technique as the transects for detecting changes in quail dens- 

ES ity. The “practical” audibility range of the whistling quail to 
eT el tt the human ear is half a mile (Bennitt, 1951). This means 
Da oe 7g i that a farmer could hear a whistling male within an area of 
re ele | be 640 acres from the center of his farm. Therefore, the chance 

that a farmer would miss hearing a quail throughout the entire 
Figure 5. Location of quail whistling transects. spring would be quite unlikely, particularly since quail move 

| an average of 1 mile each spring. 

sects showing an increase (up), decrease (down), OF a sus- A broad interpretation of the maximum change in quail 
taining level (same) between years. The telationships were density shown in the CRS surveys between the two extreme 

classified as “up” or “down” when the differences between years of 1950 and 1953 is that there were 7.6 per cent less 
successive years were beyond the 5 per cent level of proba- birds in the areas covered by the questionnaire. On the other 
bility of no difference (Table 58). When populations were hand, the transect counts showed a difference of about 75 per- | 
average or above, changes as small as 33 per cent can be de- cent between the extreme years of 1949 and 1959. The CRS 
tected by this method. method does provide the advantage of an inexpensive tech- 

Extreme differences within a transect series from year to nique for censusing quail where only general trend informa- 
year or between the counties in any one year frequently were tion is required, or for showing general distribution. 

| TABLE 6 

Total Number of Quail Whistling on County Transects 

County 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 

Towa_____---------------------- 12 41 47 25 13 14 40 40 3g 56 70 12 5 7 4 
Adams, Columbia, and Marquette. — 90 57 33 13 — — — — — 69 9 9 20 6 
Buffalo______.-_----------------  — 27 19 22 26 20 18 33 4 2 5 1 0 — — 
Monroe-_ -_-_-------------------- — 36 71 39 24 32 — — 39 16 18 3 4 — — 
Waushara.-.-__-----------------  — 17 17 ~=—36 8 — 17 —- —- — 44 12 8 29 3 
S. Dane____-------------------- — 3d 26 8 — 16 — — — — 15 1 4 0 2 
Columbia_.___------------------ 16 dd 23 — — 10 — — 4] 41 44 23 27 25 39 
Richland_____------------------ 41 69 94 61 25 32 65 — 76 45 60 13 13 22 11 
Vernon______.-----------------. 38 32 38 33 28 25 24 26 37 45 43 12 15 7 — 
Crawford.._-------------------- 18 44 17 24 18 27 — — — — 40 18 6 7 15 
Green Lake______._-_----------. 24 8 49 38 25 — — 47 30 26 8 — — — — 
Jackson___--_------------------ 69 ol 63 — 16 20 36 37 8 12 14 8 5 3 6 
Dunn______-------------------- 29 — — 21 20 26 37 36 6 16 32 32 18 10 7 
N. W. Sauk____-.__------------- 60 — 63 13 36 26 — — — — 60 — — — — 
Grant___.-_-------------------- 14 — — 49 7 — — 27 43 38 32 15 5 11 2 
Lafayette_._..__..._._._._---------. — — — — — — 46 45 17 29 31 6 7 15 11 

Average___________.--_.-_-.---. 31 42 45 31 20 23 35 37 31 30 36 12 9 13 10 

Annual changes from previous 
years*__..___._._..__....._... UP 4 2 1 1 0 3 0 0 0 1 0 0 0 0 

SAME 2 7 4 8 9 3 6 4 9 9 3 14 12 8 
DOWN 1 3 6 3 0 0 0 4 2 1 11 0 0 3 

*Based on Table 58. 
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TABLE 7 

Crop Reporting Service Quail Survey* 

Per Cent of Farmers Hearing Quail by July 1 

District 1949 1950 1951 1952 1953 1955 1957 1958 

N. W._--_-------------------- 25.4 25.0 27.9 22. 29.8 39.8 36.4 37.1 
N,__------------------------- 14.9 23.0 13.8 15. 15.2 17.0 13.3 20.5 
N.E.___--_------------------- 7.7 14.0 10.2 15.9 9.8 5.9 25.7 11.1 
W._---_-_--_------------------ 61.8 74.0 64.6 60.9 67.9 72.2 59.0 68 .8 
C.______.---_---------------- 43.1 59.7 56.3 56.5 46.3 66.7 68.0 58.9 
B.___---- + ---- 15.3 28.9 22.2 22. 15.2 18.8 23.1 23.6 
S.W.-_.----_----------------- 78.1 81.8 82.1 83.9 76.7 89.1 86.6 93 .4 
S..-------------- +--+ --- 03.4 59.8 48.0 47.6 44.2 49.2 48.2 49.0 
S.E._-__.-------------------- 16.9 22.4 18.5 26.8 23.0 15.9 23.3 19.6 

Totals__.._._.__------------ 38.0 43.3 38.6 37.4 35.7 40.6 42.4 41.38 

*No survey was conducted in 1954 and 1956. 

Area Studies (1929—60) 1950, coinciding with the peak in the state-wide whistling 

Winter (November 15-—March 31). The results of 31 counts (Tables 6 and 7). Following 1950, the quail popula- 
years of censuses of all quail on the 4,500-acre Prairie du Sac tion declined steadily. The 1957 quail population index in the 

area are shown in Table 8. The data from 1929 to 1942 are Towns of Roxbury and Westpoint was equal to 31 per cent of 

basically those of Errington (1945) and Leopold (1944). the 1950 index. The eight stops in the Prairie du Sac study 

In the years 1931-35 quail were at their highest level. Fol- area showed a whistling male population that was lower than 
lowing this period, high points were reached in 1939 and the surrounding area, but this area still displayed the same 

1942. Since 1942 the trend has been downward both in fall downward trend. 
and spring. While we lacked spring counts from 1951 to 1958, Whistling counts are not as accurate as actual counts on 

information was obtained in early summer, as will be shown 
in the following section, which indicated that the spring trend TABLE 8 
paralleled the declining low fall population from 1950 to Fall and Spring Quail Populations on the Prairie du Sac 
1958. Study Area, 1929-60 

Fortunately, the severe decline from a high of 433 birds Ss 
in 1933 to a low of 19 in 1958 and “0” in the spring of 1960 Total Birds Present 
was not typical for the entire state (Tables 6 and 7). Although Year Fall Spring 
quail populations on 3 out of 16 county transects declined 1928-29... 29 
severely from 1948 to 1960, with changes comparable to those 1929-80____.___--.------------------ = 121 112 

mtai . 1980-31______-_--------------------- 257 236 on the study area, the other 13 transects maintained their pop- 1931-82777 00 990 
ulation levels through 1958. The drastic decline in 1959 was 1932-33_______...------------------- 406 339 

the result of the very severe 1958-59 winter and was expected Masag TTT aoe ase 
to be temporary. However another severe winter, 1961-62, 1935-86____________-_-__----_---_--- 416 65 

further reduced quail throughout Wisconsin. At this date, we 1336-3t----- cosss o 

do not have data on this last and wholly unexpected reduction. 1938-39____-_----------------------- 148 97 

The magnitude of the variations in fall and spring populations }g4g-4)72777277777TTTTTTITTIT 28s 142 
between many of the years at Prairie du Sac was also com- 9A AR ~~ == 2 onan nnc eect 264 122 

parable to that shown by the county whistling transects (Table Oa gad TTT 217 14 
6). 1944-45... 288 95 

. 1945-46._......._.--..-------------. 158 65 
Early summer. In addition to the fall-to-spring censuses, LONG AT === 22 necro enccesccntcoe 191 87 

quail population trends from 1949 to 1960 with the excep- 1948-49. 22222209 a7 
tion of 1952 and 1953 were obtained from whistling counts 1949-50_____------------------------ 41 87 
; ; : a 1950-51__________.------------------ 163 60 
in the Towns of Westpoint and Roxbury, which include the 1951-52............. «07 * 
Prairie du Sac study area (Fig. 6). For purposes of various soe pec onoconocorcececrecrc a1 . 
studies the whistling counts were divided into three categories 1954-55.............. 124 * 

and are presented to show the differences in the population of 1390 38. ---- === 2-2 nen een ene norco 108 . 
the intensively studied area and the surrounding areas (Table 1957-58..........................2.. * * 
9) 1958-59-19 ‘ 

: Loe _ 1959-60.___...-.-------------------- * 0 
The peak number of whistling males on the Prairie du Sac 

study area and in the surrounding two townships occurred in *No censuses conducted. 
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flushed birds, according to Norton, Scott, Hanson and Klimstra TABLE 9 

(1961). However, these authors evaluated the use of the Average Number of Quail Whistling at the Stops Along 
whistling index as a fall population estimate while we are Transects and Spring Populations at Prairie du Sac 
dealing entirely with a spring population. Hence we believe a and Surrounding Areas 
crude but usable estimate of the early spring population can SSS: 
be calculated from whistling counts (Table 9). A calculation Study Total Worypoint Spring Pop.* 
for the Prairie du Sac and surrounding area was made by Area Censused Only Acres/ 
converting whistling counts to spring survivors for the period (No. of Stops) (8) (20) (17) No. Quail 
1949-51 and substituting the average value for these years 1949 (June 10)_-.-_ 2.3 3.2 3.0 47 96 
aloebraically f£ h iods j hich th . 1950 (July 14)___-_ 3.5 3.5 3.6 87 52 gebraically for the periods in which there were no spring 1951 (June 27)..0.. 12 178 19 60 75 
population censuses. To eliminate some of the error caused by SS 
the uncontrollable factors of weather and quail behavior, which Avg.:1949-o1_--. 2.8 2.8 2.8 65 74 

caused variations in making whistling counts, the averages for 1954 (June 23)_---_ 1.9 2.1 2.1 
1955 (June 24)____. 0.4 2.0 1.9 the years 1949-51, 1954-56 and 1957-59 are compared as 1956 (July 10)..... 1.4 19 27 

units and are significant!y different at the 5 per cent level for —_—_ 
all 3 transect units. The estimated spring population of 46 Avg.:1954-56.--- 1.2 2.0 2.0 467 OTT 
birds for 1954-56 and 16 birds for 1957-59 is 71 and 25 1957 (July 1)__-__-. 0.5 1.0 1.1 

. ; , 1958 (June 19 and 
per cent respectively of the average spring population for the June 28)...... 0.7 0.9 0.6 

period 1949-51. 1959 (July 6).___-_ 0.0 0.2 0.1 

Hunting Seasons (1932-60) | Avg.:1957-59____ 0.4 0.7 0.6 16, 281f 

Hunting season kill frequently has been used as an index *The spring (March) populations from 1949 to 1951 are derived 
; I ; } : . from actual censuses of both sexes (Table 8). 

to density for many species. Quail hunting in Wisconsin, {Based on a conversion of whistling counts to spring population 

however, has not been based on availability but on interest. and quail per acre for the ‘“Large Area”, from 1954-56 and 1957-59, 
j ; } ; which includes stops both in the Prairie du Sac area and in the 

When quail hunting began in 1932 after a 36-year period of Towns of Westpoint and Roxbury. 

no hunting, only two counties were opened (Table 10). The 
number of counties open to hunting in 1934 was greatly in- 

SCALE Kt MILES creased, but only short seasons were allowed. Following the 
oF | “F ert population decline in the winter of 1935-36, a closed season 

N prevailed. 
Thus while the estimated quail kill increased steadily from 

a 8,592 birds in 1949 to 52,054 in 1957, the population level 

10 . throughout the state as shown by surveys and censuses did 

po 8 not exhibit a parallel trend. The harvest did, however, reflect 

u the drastic reduction of quail in 1959, following the severe 

own ot W loss in the 1958-59 winter. 
fn f . . . . a . . 

yes “me TION The kill for all counties open to hunting in Wisconsin is 
ot shown in Appendix C. The 1957 estimated kill, which was 

. . . . 

S 4 the highest for the period 1932-57, is shown by county in 
pa 5 : Figure 7. The 1957 kill figure provides a general basis for 
~ ef rating and comparing quail densities in Wisconsin counties. 

SY All kill estimates are 100 per cent expansions of hunter- 

ss “ounty report-card returns. 
a ante. 

Pd.s. ; Chir County Summary 

‘9 The distribution of quail in Wisconsin in the 1950’s was 
Sau C " T .ON similar to that of the mid-1850’s except for the southeastern 

City quarter of the state where they disappeared after 1900. Gen- 
, erally in the 1900's, quail have been present wherever 80 per 

cent of the land in a county has been in farms. 

Wisconsin quail reached peak population levels in 1845-56. 

Town of Roxbury They decreased rapidly for about the next ten years and then 
© entered a gradual decline which has continued to date, inter- 

a 7E rupted only by re-occurring peaks each at successively lower 
ae . amplitudes. From 1929-60, the fall population levels of quail 

Figure 6. Stops on the whistling transect in the Prairie du Sac study . . . h ks j 

area and the Towns of Westpoint and Roxbury. in Wisconsin reached peaks in 1934, 1942, 1950 and 1958. 
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TABLE 10 

Wisconsin Quail Hunting Seasons 

Number of 
Year Counties Open _ Dates (Inclusive) Days Limit* Harvest 

1895-19381______-_-_---------------- None 
1932_____.------------------------ 2 October 1 to October 3 214 D-4 P-8 551 
1938___._----_--------------------- 9 September 30 to October 4 5 D-4 P-8 10,171 
1934________________ Li eee 17 September 29 to October 2 4 D-4 P-8 12,496 
1935______..___ eee 13 October 19 to October 24 6 D-4 P-8 10,848 
1986—-40______---_----------------- None 
1941________ eee 10 November 3 to November 7 5 D-4 P-8 5,058 
1942____________-_----------------- 13 November 11 to November 15 5 D-4 P-8 7,963 
1948___________________- + --- 5 November 8 to November 12 5 D-4 P-8 3,444 
1944_________________ eee 5 November 1 to November 5 5 D-4 P-8 3,741 
1945_____--___-------------------- 6 October 31 to November 4 5 D-4 P-8 2,337 
1946_____-_-___-__--_---------------- 4 October 24 to October 28 5 D-4 P-8 6,770 
1947_______________-_----_---_-_--- 6 October 23 to October 27 5 D-4 P-8 4,986 
1948_________ eee 5 November 2 to November 5 4 D-4 P-8 5,149 
1949_______ ee 12 October 31 to November 4 5 D-4 P-8 8,592 
1950____-_-- eee 18 October 14 to October 29 16 D-5 P-10 18,487 
1951__________.___-- ----- ee 22 October 13 to November 11 2914 D-5 P-10 14 ATG 
1962____._-____..__--_------------- 23 Oct. 18 (1 p.m.) to Nov. 11 2416 D-5 P-10 19,182 
1958__________---------- eee 19 Oct. 17 (1 p.m.) to Nov. 11 2514 D-5 P-10 26.115 
1954____________ eee 17 Oct. 16 (1 p.m.) to Nov. 14 2914 D-5 P-10 25,309 
1955______--__-------------------- 27 Oct. 1 (12 noon) to Nov. 13 431% D-5 P-10 47 945 

Oct. 15 (12 noon) to Nov. 13 29% D-5 P-10 
1956_________.-.-_---------------- 31 Oct. 20 (12 noon) to Nov. 11 21% D-5 P-10 43 ,692 
1957_____________--.-------------- 30 Oct. 19 (12 noon) to Nov. 25 851% D-5 P-10 52,054 
1958______________.--_------------ 31 Oct. 18 (12 noon) to Nov. 30 44 D-5 P-10 49,400 

(12, part only) 7 
1959___._______------------------- 31 Oct. 24 (12 noon) to Nov. 11 19 D-3 P-6 15,100 

(12, part only) 
1960___________-__------------- =e 26 Oct. 22 (12 noon) to Nov. 6 16 D-3 P-6 8,500 

(12, part only) | 

*D—Daily. 
P—Possession. 

In this period the quail at the Prairie du Sac study area built : 
up to a peak of 433 in 1934 (1 quail per 10 acres) and fell 

to 0 in 1959. The general decline was correlated with a hd TOTAL KILL 52,054 

loss of brushy cover, and the peaks and troughs with favor- oo 
able or unfavorable weather conditions. 3 

The trend in the state-wide quail population from 1834— 
1927 was obtained from historical records as presented by 

Leopold (1931) and Schorger (1944). From 1929-49 the val he cm 

only specific information on population density was available _ 

for study areas at Prairie du Sac and in Dane County through y | > 

fall-to-spring censuses. Some general information was avail- . ey Po SK 

able from hunting season records after 1932. In 1948 the Po fae nn oa 

first state-wide surveys consisting of whistling count transects Po (f 

were initiated; these surveys were followed in 1949 by Crop Net feat "9 hese pont 
Reporting Service (CRS) questionnaires. . mee ncaa a 

The CRS surveys, while not as sensitive as whistling 2.989 = | 
counts, provided usable data on distribution and major ae] awed 

changes in trends. The transects were estimated to be sufh- er Weer peel aia An 
ciently accurate to generally show changes of 33 per cent or [2.842 pcx za J 

less at the 5 per cent level in populations at average or higher <eaPORD fempertet PE 
levels. on 

Hunting-season-kill records for quail in Wisconsin were Fase 2,037 my ER 
not reliable indicators of population trends because the num- pa ~ 
bers of counties with open seasons, the length of seasons and Fives | ave] sos | | mom 
hunter interest all varied greatly. The peak kill occurred in 
1958. The top-kill counties included Richland, Marquette, Figure 7. The estimated quail kill by counties in 1957. 
Sauk, Trempealeau, and Crawford. 
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Seasonal Losses 

The data in this section consist primarily of our findings in those years in which losses were classified as very light, 
at the Prairie du Sac study area. Some supporting data ob- there were few coveys that shrank to 0 while in those years 
tained in the Dunn County study area, in Columbia County, when losses were light, medium or heavy, there were almost 
and on the state-wide population are also presented. The always some coveys that shrank to 0. 
seasons used in this report are based on ecological periods The results of our studies on the relationship of factors 
tather than the Gregorian calendar. The ecological relation- responsible for winter losses are reported in the following 

ships include: onset of winter weather, mating season and paragraphs. 

hatching and rearing of young. Numerous attempts have been made to classify and express 
Winter (November 15 to March 31) winter weather conditions to show their impact on wildlife 
The winter losses from 1929 to 1951 ranged from 7 to 84 populations. Errington (1945) presented a series of charts 

er cent (Fig. 24). The 1929-44 losses were previously re- prepared by Aldo Leopold showing daily minimum, tempera- 
P ( 6 . P y tures and snow depths on the ground at Madison for the 
ported by Errington (1945) and included two years, 1942-44, years 1929-43. Generally, winter mortality was directly cor- 
of our study. This graph depicts only total losses for each related with the amount of snow and the length of time it re- 
year and the trend. ; , _ mained on the ground. However, to analyze all of the effects 

From the 29 yeas of quail censusing o the Prairie du Sac of adverse weather, it is necessary to have detailed informa- 
study area, we obtained 15 we of detailed data on winter tion on all winter conditions. For example, a blinding bliz- 
moray for a ° the coveys a the P opmation. oe ° zard of granular snow, an extremely heavy snowfall in a 
NESE BEONE WAN Une average are given ih Rgure Lis: Pe- short period of time, or a sleet storm can intensify the mor- 

tiod from 1797 through 17? 13 featured most of the environ- tality affect of snow particularly if available food supplies are 
mental conditions and variations in quail density that could be limited prior to the precipitation. Conversely, excess snow 

encountered fo. “ i P ulation ame . “ tae oe nis: which has accumulated over a prolonged period and is charac- 
OFIES, RAGECTORS, SNOW at a glance the terized by fluffiness is damaging only to the extent that it re- 

losses and th ¢ role the covey played in the total POP ulation duces food supplies. Winters with excessive amounts of snow 

los . m "hee, oy nilgbilivy a, 1 fox populs Cone te ah i on the ground for prolonged periods (for Wisconsin, thcse 
WERECE, WEBENGES TOO av ALAOUEY ancl 10x with 6 or more inches on level ground) will also have many 

othe | di da Bey histories also provided the data days of below-freezing temp rates. e individual covey i, 
needed to calculate a winter survival curve. The percentage To determine just how closely snow accumulations and 

quail loss at half-month intervals from October 1 to March 31 quail nA the reared bof tine ared the Pe ee os 

is shown in Figure 9 (curve C). Some quail were lost in sie coved the round fn any oe cant et (Tab le - . ° 

every month of the period from October to April. The aver- 
age from October 1 5 December 15, prior to the period when With few exceptions in any one year the number of months 
adverse winter begins to claim a heavy loss, was 22 per cent. of unmelted snow and the degree of winter mortality are 
From 1937 through 1951, an average of 55 per cent of the closely correlated. The years of apparent exceptions generally 
fall population disappeared by late March and for the period need only a more detailed study of conditions to show that 
1929-51 the winter loss averaged 50 per cent. The loss of 50 adverse weather did occur and was correlated with high quail 

per cent is more representative and will be used in subsequent mortality. For example, the winter of 1936-37 had little snow 
references in this report. but the precipitation at times was in the form of sleet, which 

During most of the years, the census counts began in No- has a relatively high killing effect on birds, directly or in- 

vember or early December. From 1942-43 through 1947-48 directly, by encasing food sources, and making them 
(excluding 1944-45), we commenced censuses early to get unavailable. 
some data on October losses. These are shown in curve D in Immediately after a period in which a winter storm oc- 
Figure 9. Approximately 4 per cent of the loss occurred be- curred (snow accompanied by driving winds, sleet or heavy 
tween October 1 and November 15. From mid-November to wet snow followed by freezing conditions), quail coveys lost 

mid-December the loss rate increased sharply resulting in an birds (Fig. 8). There were no known exceptions in the pe- 

average mortality rate of about 2 per cent per week for the riod 1937-51. The degree to which coveys lost birds as the 
entire fall (Sept. 21-Dec. 21). result of storms depended on the severity of the weather and 

The annual winter loss which ranged from 7 to 84 per cent the amount of exposure. Coveys in poor habitat showed the 
was divided into four classes: Very light (0-29), light largest losses. 
(30-49), medium (50-69) and heavy (70 plus) (Table 11). While we lacked winter census data for 1951-58, the win- 
Regardless of the degree of annual loss, some quail were lost ters that occurred during this period were in the “very mild” 
every winter from each covey at Prairie du Sac. Annual winter or “mild” class. This long period of consecutive mild win- 
losses for individual coveys varied greatly (Fig. 8). Generally ters exceeded that for any other series of winters favorable for 
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TABLE 11 

Comparison of Winter Quail Mortality With Snow Accumulation 

Nene ee eee ee OE eee 

Mortality Range an’ Weathem 
Very Light (0-29%) Light (30-49%) Medium (50-69%) Heavy (70+ %) 

(Very Mild) (Mild) (Moderate) (Severe) 

Mortality Months Mortality Months Mortality Months Mortality Months 

(PerCent) Year of Snow* (Per Cent) Year of Snow* (Per Cent) Year of Snow* (Per Cent) Year of Snow* 

7 1929-30 1 33 1933-34 <% 52 1934-35 2 84 1935-36 3 

8 1930-31 <\ 34 1938-39 1% 58 1939-40 2 82 1936-37 
28 1931-32 % 43 1943-44 <1 51 1940-41 2 76 1937-38 3 
17 1932-33 a 38 1949-50 1 53 1941-42 2 80 1942-43 3 

61 1944-45 2 72 1947-48 3 
60 1945-46 2 70 1950-51 3 
58 1946-47 2 90 1958-597 3 

: o7 1948-49 1% 

Avg. 15 Y% 37 1 58 2 77 3 
Average Mortality $$$.) 

*A pproximate number of months in which 3 or more inches of snow remained on the ground. 
tNo winter census data were obtained but whistling counts showed drastic reductions. 

quail survival from 1929 to 1958 on the study area and on a failed to survive to spring. Oklahoma’s average winter mor- 

state-wide basis for the past 110 years. The winter of 1958-59, tality was reported as 54 per cent of the fall populations on 

however, without qualifications fell in the ‘‘severe’’ class. refuges by Duck and Fletcher (1947). Virginia quail showed 

Generally when winters were “very mild’, mortality aver- a 60 per cent survival in winters having zero days of snow 

aged 15 per cent; ‘mild’, 37 per cent; “moderate’’, 58 per accumulations and 18 per cent with 26 days of smow and an 

cent; and ‘severe’, 77 per cent. If we include the winters average of 45 per cent (Mosby and Overton, 1950). 

from 1951 to 1958 as “very mild” or ‘“‘mild”, we have 16 Although the southern states generally lack the heavy snows 

of the 28 years in which mortality averaged between 15 and of Wisconsin, ice and rain storms, drastic changes in tempera- 

37 per cent. In Table 11, however, we averaged only those ture, drouths and food shortages make heavy inroads on quail 

years for which we had both winter censuses and other records populations. 

to get an average mortality of 50 per cent for 12 years of mild Throughout the Prairie du Sac studies, observations were 

and moderate winters. made in winter on the other major resident or transient wild- 

The pattern of losses for individual quail coveys during any life species using the study area to determine whether the be- 

one year together with the apparently random occurrence of havior or changes in the density of these species were related 

years of high or low winter mortality clearly shows that the to quail population changes. Those which were studied inten- 

major part of this mortality is directly attributable to weather sively for varying periods of time included horned owls 

extremes. The primary mortality factor is lack of food (Erring- (Errington, Hamerstrom and Hamerstrom, 1940), red fox 

ton and Hamerstrom, 1936). Further, these unfavorable con- (Errington, 1935 and Richards and Hine, 1953), cottontail 

ditions appear to act directly on the birds rather than through rabbits and mice (Hanson, 1943 and 1944). 

some indefinable complex of extrinsic factors such as the ‘‘great Population estimates made by Albert Gastrow, or with his 

cosmic oscillations’ that Elton (1942) suggests may affect assistance, were based on actual observations, trapped and 

rodent populations. hunter-killed animals, and the presence of tracks and 

Adverse winter weather apparently has always been a heavy droppings. These estimates, shown for only three years in 

mortality factor for quail throughout the United States. Fall Table 12, are reliable for indicating major trends, but we 

and winter losses of quail were significantly correlated at the have no way of evaluating them in terms of the actual 

5 per cent level with snow depths in Iowa with losses rang- populations. 

ing from 20 to 88 per cent (Kozicky and Hendrickson, 1952). Several species showed a major change in population trend. 

Lay (1952) reported winter losses in Texas in the following Skunk, opposum and raccoon increased; only the gray fox 

percentages: 1946, 44: 1947, 10; 1948, 62; 1949, 45 and decreased, but this change was paralleled by an increase in the 

1950, 27. Phelps (1942) in a three-year study of winter mor- red fox in almost exact proportions. These changes in the 

tality in Virginia reported an average loss of 43 per cent on mammals were similar to those occurring throughout the state. 

45 coveys under observation. The covey size of quail in Ala- Aquatic mammals are limited in the area which has only 

bama decreased from 13.9 in November to 7.3 in April about five acres of wetlands excluding the river banks. The 

(Barkalow, 1948). In Missouri, Crawford (1946) reported river banks are steep and generally contain poor aquatic game 

that approximately 62 per cent of the fall quail population habitat. 
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Figure 8. Winter survival of Prairie du Sac quail coveys. 
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|. Red fox densities- population high-25 early winter — 15 late winter I.Red fox densities- Winter 25-28 
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Figure 9. The shrinkage of Prairie du Sac quail coveys in winter. (The numbers on curves C and D 

express covey survival in per cent.) 

Pheasants increased as they did in the rest of the state up In the first years in which red foxes began to increase in 
to the early 1940's, after which they maintained their numbers the early 1940's, a few more quail kills caused by foxes were 
at a relatively constant level. The area contains only marginal found. The highest number of quail kills directly attributable 
pheasant range, which has remained fairly constant from 1929 to foxes in any one year was six. However, the incidence of 
to 1960 with the exception of a steady decrease in the amount quail predation by foxes did not increase in subsequent years 
of available corn as a winter food source. Pheasants have even though the red fox population became more abundant, 
been artificially stocked on the area since 1939, with 30 to reaching a peak in 1945 and remaining relatively high from 
100 birds being released annually. Hunting pressure on pheas- 1945 to 1960. 
ants is moderate. Each winter, pheasants concentrated ina few The pattern of winter losses in quail coveys was similar 

flocks wherever favorable habitat was created by fortuitous both in the early and late 1940's. The distribution of quail 
circumstances such as in fields of uncut weedy corn, in un- coveys in the area also showed that they were found wher- 
harvested soybeans or on idle farms. Pheasants frequently fed ever brushy hedgerows were located regardless of the presence 
in fields were barnyard manure was spread. or density of other species. This association, which will be ex- 

Ruffed grouse increased during this period. Good ruffed panded upon later, indicates a greater correlation between quail 
grouse habitat is found in the wooded hills, and although populations and habitat and weather variations than between 
most of the wooded hills had been heavily grazed by cattle in quail density and the presence of other species. 
the past, decreased grazing and the cutting of trees for use as 
railroad ties, firewood and lumber have permitted brush to en- Spring to Summer (April 1 to July 14) 
croach and establish cover. Spring losses in quail populations have been an enigma in 

There was no evidence in the winter covey histories of quail the quail life equation. On the basis of early winter and 
in any year that indicated either a significant loss from preda- spring censuses, Errington (1933b and 1945) assumed that 
tors or the protection from loss due to buffer action of other spring and summer losses of adults were negligible. Buss et al. 
species. (1947), using information from censuses and sex and age 
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TABLE 12 loss of 29 per cent (Table 13). For purposes of calculating a 

Estimates of Other Resident or Transient Wildlife Species life table later in this report, we averaged the maximum and 
on the Prairie du Sac Study Area in Early Winter minimum spring-loss estimates (5 and 29 per cent) to get a 

ee value of 17 per cent. Although these are still estimates, they 

y Red. Foxes represent the best information we have on spring losses. 
ear | ——_—__—_—_—_—_— 

Species “4985. «1942 ~=S«—«1949~ Year Num Summer and Fall (July 15 to November 14) 

TTT TT We obtained information on summer and fall losses of 
Pheasant_-_-------- 3 30 18 1937 3 ; ; ; 
Ruffed Grouse...... 15 30) 50 1938 g juveniles through observations on 27 broods from early July to 

Cone haw 2227 7 6 5 10 2 late October, 1948, in Dunn County. We plotted the size of 

Red-tailed hawk.... 6 6 4 1941 8 each brood observed in the week in which it was sighted. Since 

Rough tegged hawk Erratic 1043 i our objective was to get a statistic representing the average 
Bald eagle...._____. # x 3 1944 30 weekly loss, the approach was to subtract from the number of 

Goldeneye.--------- * . 25 roae 8° birds in each brood at the date of the first observation the 

Gray fox____.____-. 30 2 6 1947 25 number remaining at the time of the last count. In some cases 

Cottontail rabbit. -- 50 . “8 iS ee broods were larger on subsequent counts than when observed 
1950 30 initially. These gains, due possibly to incomplete initial counts, 

PPossum----------- Me 2 ” 1951-26 should be compensated for by subsequent observations in 

Mink.__.....-----. 38 2 * which some birds might also have been missed, The total loss 

Weasel..----------- 6 4 " in per cent was then divided by the average length of the | 

aNoestimatesavailable period of observation in weeks for all broods (Table 14). 

The 361 juveniles observed initially shrank to 328 in 4.8 

ratios obtained during winter trapping, deduced that adult weeks for an average mortality of 9.1 per cent. Computed as 

losses were high in spring. Marsden and Baskett (1958) cal- an instantaneous mortality rate, 7, this equals 0.020 for a l- 

culated from data on trapped birds that spring losses were less week interval which is close to 2 per cent per week. This was 
than 5 per cent. opserved over aout a ewes Period, mt wath moet “ the 

— observations grouped in the middle part of the period. Thus it 

The whistling-count method provided the first OPP ortunity 1S only an spproximation of the ‘astantaneous: mortality rate 

to measure spring losses directly. During 1946-48 we obtained of chicks from early July to late October. Applying this mor- 

both early spring censuses on the population and counts on the tality rate to 17 weeks, the average age of juveniles in weeks 

number of males heard whistling in June. The results of these at the time of the opening of the hunting season, we get a 

counts indicated that spring losses in the male component of juvenile loss of 29 per cent from the time of hatching. 

the quail population on the study area were 5 per cent (Table Broods up to 4 weeks of age when first seen were broken 

13). However, we believe that the actual number of quail down into monthly classes to show the difference in brood 
whistling was overestimated. Since our counts extended over size between early and late hatches (Table 15). Only 20 of 

several days, some of the birds may have moved from one the 40 broods observed were 4 weeks of age or less when 
unit to another before the census was complete and may have first seen. Late-hatched broods averaged 20 to 30 per cent 

been counted again. Therefore a 5 per cent spring loss was smaller than those hatching earlier though these differences 

minim. were not statistically significant. This decline of brood size 

To reduce the effect of the movement factor we ran several has been reported for quail by several authors including Leh- 

daily transects during the next three years covering 60 per mann (1946), Errington (1933), Klimstra (1950a) and 

cent of the area and projected the number of males heard Pierce (1951a) and for pheasants by Stokes (1954) and 

whistling to 100 per cent. These results showed a maximum Wagner (1961). 

TABLE 13 

Comparison of Spring Quail Censuses and Early Summer Whistling Counts on the Prairie du Sac Study Area (Males Only) 

eee eons NNN eee—ewa(“yss§s 0 

Avg. Avg. 

1946 1947 1948 1946-48 1949 1950 1951 1949-51 

Spring census_____-_--------------------| 38 56 31 40 30 44 31 35 

Summer whistling counts*____..-.-------- 42 52 20 38 24 34 17 25 

Average loss____.__.------------------- 5% Minimum 29% Maximum 

*For 1949-51, only part of the study area was covered, so a projection to 100 per cent of the area is made for these years. 

29



TABLE 14 

Shrinkage in Brood Size (Dunn County, 1948) 
serve eee 

Brood Size (Recorded at Mid-Point of Week of Observation) 

July August September October Observation a eS Period 
Brood No. 9 16 23 30 6 13 20 27 3 10 17 24 1 8 15 22 29 Initial Change (Weeks) 

L__----------- 12 10 12 —2 5 2-2-2 -------- 20 15 15 20 —5 5 8__------------ 16 12 7 10 12 16 —A4 14 ae 9 8 9 9 0 6 Be ------- ee 19 177 10 16 19 — 3 10 6..------------ 16 17 17 16 +1 9 V2 -e eee enn 16 14 16 —2 8 8_------- 8. 4 14 15 15 14 +1 4 a 7 8 8 | 7 +1 2 10_-_-----2---- 10 10 6 10 —4 4 11-22-22 ---- 11 10 8 11 — 3 7 12-2222 -------- 8 8 10 8 + 2 5 18_---- 2-2-2 14 14 16 14 +2 2 14____ 2 10 10 10 10 0 4 15_-_-----_-_-.- 14 18 16 14 +2 4 16----------- 2. 10 12 11 10 +1 4 17___ 2-2 15 9 15 — 6 2 18___ 2-2-2 14 12 14 —2 3 19_-_ ee 11 11 11 0 2 20----------- + 8 8 9g 8 +1 2 21.22 _ Lee 27 29 27 +2 5 22.2222 10 10 6 10 —4 3 
23_.------------ 5 5 5 5 5 0 4 0 24__ 2 18 18 #18 18 18 0 3 , 18 14 9 18 —9 4 26__-- 22 4 12 12 1 10 12 14 —2 5 27.2 ------- oe 20 20 20 0 3 

TOTAL 361 33 4.8 Avg. 
eee 

An inspection of Table 14 suggests that there was no dif- July, 9 in August and 7 in September. These averages are 
ference in the weekly rate of shrinkage over the time span dur- about 3 birds less per month of hatch than reported in our 
ing which each brood was observed. The average size of the 1948 study (Table 15). 
27 broods listed in Table 14 at the initial observation was Klimstra (1950a) reported a loss of 29 per cent from 
13.4 which is very similar to brood sizes reported by Pierce hatching to 8 weeks of age, based on 18 brood observations. 
(1951a) and Klimstra (1950a). An instantaneous mortality The average brood size at hatching was 13.1 birds. Highest 
rate of 0.020 (1-week basis) would reduce the average brood losses were observed in the first 2 weeks after hatching. 
of 13.4 in summer to 9.5 by late October or 8.7 by late Therefore, from the results of other studies and our own 
November. , we concluded that mortality rates in juveniles are highest 

To determine whether this same rate of shrinkage per week within the first 2 weeks of life and level off after that to 
held throughout the summer, we compared the size of broods average about 2 per cent per week into the fall. 
in coveys collected in October and November with those ob- On the basis of our chronological presentation of losses 
served from July through October (Table 14). Our data on thus far in this report, we should logically enter here the re- 
fall broods were based on samples of young and adults col- sults obtained on summer and fall loss of adults. However, 
lected from coveys of known size. In addition, we trapped the supporting data involve a process of extrapolation using 
whole coveys and aged all of the birds in them in 1947. 
These data indicated that the brood size in late October and TABLE 15 
early November ranged from 7 to 10 with an average of 8.5 
which is similar to the value obtained in the calculation above. Average Size of Broods Four Weeks of Age and Under 

Data on summer and fall loss rates of juvenile birds are (Dunn County, 1948] 
generally lacking in the literature. Pierce (1951a) estimated 

that “approximately 25 per cent’ of the chicks on a Missis- September 
sippi study area were lost each month. We assume that this July August October 
loss included all mortality beginning with the newly hatched No. of broods.......--------. 7 5 3 
chicks. Further, from a study of 31 nests, he reported that the Brood size__._____._...-._-.. 16.0 14.2 11.3 
size of chick broods at hatching time was 13 in June, 11 in Standard error------.-.---.-. 1.4 a I. 
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age ratios with spring and fall censuses. Since age ratios will pressed in Table 17 by 4-week classes. In contrast to quail, 
be discussed later, we are entering here only the basic results the majority of Wisconsin pheasants (Buss, Meyer and 
on average spring, summer and fall loss for 23 years of data. Kabat, 1951 and Wagner, 1961), ruffed grouse (Hale and 

The average loss of adult quail from April 1 to November Wendt, 1951; Thompson, 1958) and Hungarian partridge 
14 on the Prairie du Sac study area was 69 per cent (Table (Hickey and McCabe, 1953) are hatched in June, and the 

40). This loss exceeded the average winter mortality of 50 peak of hatching is comparatively sharp. The seasonal distri- 
per cent for adults and juveniles combined. bution of quail hatching dates for Wisconsin essentially is al- 

most identical in the span of weeks to that found in most 
Summary other states, including Missouri (Stanford, 1952b), Florida 
The percentage mortality of quail that occurred during the (Murray and Frye, 1957), Texas (Lay, 1952), Indiana 

winter (November 15—March 31) when divided into four (Reeves, 1954), Alabama (Haugen and Speake, 1958), Kan- 

classes (very light, 0-29; light, 30-49; medium, 50-69 and sas (Robinson, 1957), and Massachusetts (Ripley, 1958). 
heavy, 70 plus) was directly correlated with the number of However, in an 8-year Iowa study, Stempel (1960) reported 

months during which the ground was covered by 3 or more that in 2 of the years most of the quail hatched in July, in 2 
inches of snow. This correlation was so striking from 1929 to yeats hatching extended from June to September and in 4 of 

1951 that it appears possible to predict the degree of winter the years the hatching period was 114 to 2 months long. Simi- 
mortality, within an accuracy of about 15 per cent in the quail lar prolonged hatching periods occurred in scaled quail 
population, from snow accumulation records alone. (Schemnitz, 1961) and California quail (Raitt, 1960). 

Whistling counts obtained in late June and July were con- It is expected that a species with a widespread hatching 
verted into rough estimates of the actual quail population distribution could also have average and median hatching 

surviving in these months. These data were then used to- dates that would vary considerably between years. The average 
gether with early spring censuses to calculate an average mor- hatching date for the period 1944-60 was July 18 and the 
tality rate of 17 per cent for the spring-to-summer period range of yearly average was July 9 to August 3 (Table 16). 

(April 1-July 15). The median hatching date was July 13, ranging from July 5 
The size of broods hatched varied in decreasing order with to August 5. Despite the limited samples of quail hatching 

the month of hatch: July—16.0, August—14.2 and Septem- dates in many years of the study, the extremes of the range 
ber to October—11.3. However, these values are not signifi- occurred in those years when our samples were largest, ex- 

cantly different at the 5 per cent level of confidence. The cept in 1960 which was exceptionally early. The size of the 
mortality rate of broods from July to November, which sample was not usually proportional to population size. 
ranged from 1 to 4 weeks of age when first observed, aver- In analyzing the data in Table 16. it mich h 

; . yzing the data in Labie 16, it might appear that 

aged 9.1 per cent per 4.8 weeks. The value of 7, the instan- these figures do not represent true hatching-date distribution 
taneous mortality rate, is 0.020 on a 1-week basis or about 2 b é .; Pres’ ert 

ecause they include only birds alive at the time the samples 
per cent per week. were collected in late October and early November. Inspec- 

; . tion of data in Table 14 suggests that mortality among juve- 
Population Characteristics nile quail in summer is relatively uniform. If this pattern of 

Hatching Dates mortality occurred on a state-wide basis and every year, then 

Hatching dates for Wisconsin quail from 1944 to 1960 are more of the early-hatched juveniles would have died than 

shown in Table 16, based on samples taken primarily during those hatching later and therefore would not be included in 
late October and early November. The minimum period over our fall collections. Thus, the data shown in Table 16 should 

which the hatching dates are distributed is 18 weeks. Twenty- slightly “under-represent’’ the early-hatched birds. 

four, or 1.3 per cent of the birds had molted their eighth To determine the possible error that might occur from 
primary juvenile wing feathers and were full grown by the using fall collections in calculating hatching dates, we cor- 
date of the collections. They were classified as hatching in rected the hatching dates by estimating the mortality occur- 
the ‘‘Pre-6/1” period, which, on the basis of the distribution ring between hatching and November (Table 17). These 

of the hatching dates we deduced to be within the last 2 corrections ranged from 0 to 3 per cent in the distribution of 
weeks of May. This means that Wisconsin quail hatched dur- hatching dates computed for four-week intervals. 
ing a period of about 20 weeks. The characteristics of the distribution of quail hatching 

The cumulative percentage of weekly quail hatching shows dates fail to convincingly suggest why young are produced 
that half of the birds were hatched by July 13 during a pe- over such a prolonged period. In other species such as 
riod of approximately 8 weeks. The remainder was dis- pheasants (Buss, 1946; Blouch and Eberhardt, 1953; and 

tributed over 12 weeks. The week of peak hatching was June Robertson, 1958) and other gallinaceous species (Westers- 
22-28. However, this point is only a few per cent above the kov, 1957), renesting is common due to large nest or brood 
weeks immediately preceding and following it. losses in early nesting attempts and a second peak of hatching 

For purposes of comparing quail hatching dates with those is well defined in some years. Despite the strong renesting 
of other Wisconsin species, the hatching distribution is ex- drive of pheasants, the length of their brood production pe- 
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TABLE 16 

Bobwhite Quail Hatching Dates in Wisconsin, 1944-60, As Determined by Fall Collections 
-—W—06000weweeee eS ——s—sss—Ss—ssesesesSsSsSse——ss>:--rSESE ee 

No. of Birds Cumula- 
I II tive Per- 

Weekly Periods 1944 1945 1946 1947 1948 1949 1950 1951 1952 1958 1954 1955 1956 1957 1958 1959 1960 ‘Total Per Cent centage 

Pre —Junel.. — 1 _— — — 2 2 — 1 2 1 2 3 3 6 — 1 24 1.3 1.3 
June 1-7.----- 2 — 1 — 4 3 1 1 28 8 56 8 83 10 18 #6 4 62 3.4 4.7 

8-14..---. — — 1 3 8 7 2 1 #2 5 2 8 9 16 2 4 2 90 4.9 9.6 
15-21... 1 — 2 6 ll 9 12% 5 8 4 #2 1 2% 42 4 #5 5 174 9.5 19.1 
22-28... — 1 1 WW 1 1 14% 4 #6 12 8 5 2% 51 #39 WW 6 221 12.1 31.2 
2o-July5... 1 1 2 1 8 5 WU 5 8 9 9 5 2 228 4 1 8 181 9.9 41.1 

July 6-12... 4 1. 2 8 5 1B 5 8 1 8 8 #5 2 84 8 5 4 158 8.6 49.7 
| 13-19.-.--- 2 — 1 9 6 9 8 5 1 5 2 8 1146 28 2 6 2 120 6.6 56.3 

20-26...--. 1 1 1 6 65 8 9 2 1 #8 1 8 12 2 2 4 — 111 6.1 62.4 
27-Aug.2.. 2. — 1 1 6 6 4 2 14 8 8 8 2 2 246 #38 2 98 5.4 67.8 

Aug. 8-9...-.. — — 2 6 56 lt 9 1 #6 8 8 1 2 28 2% 56 — 98 5.4 78.2 
10-16------ — — 2 10 5 7 5 2 1 2 4 +6 2 414 9 5 2 104 5.7 78.9 
17-28... 1 — 8 28 5 9 8 2 4 14 2 8 19 6 2 14 2 116 6.38 85.2 
24-30.----- 1 1 — 6 8 8 10 1’ 7 8 8 #1 10 2 64 8 — 105 5.7 90.9 
3l-Sept.6-- 1 1 2 ll 6 6 10 38 — 1 14 14 128 #1 4 #8 2 88 4.8 95.7 

Sept. 7-18------5 — 1 — 6 1 9 $8 2 14 56 8 — 3 10 5 4 1 54 3.0 98.7 
4-20......— — 1 3 1 2 ee 1 so o— — — 13 0.7 99.4 
21-27.----- — 1. — 40 a aaa a eee a 5 0.8 99.7 
28-Oct. 4... — — — 20 — 1 — — = = = — — 1 — — 1 5 0.3 100.0 

| Totals.........-. 16 9 22 189 94 126 116 99 41 74 56 45 245 934 345 89 87 1,827 100.0 

Avg. date..._..--- July July July Aug. July July July July July July July July July July July July July July 

166800 25 C85 Hiei aDsiadBSCiaBesCiadCi‘<‘i‘a kt (tC 18 

Median date__... July July July Aug. July July July July July July July July July July July July June July 

12 238 26 %5 6 2 2 18 2 8 #8 10 17 «210 #2=+5 £415 29 13 

riod is short compared to quail. Possibly the prolongation of that adult California quail laid earlier. Penned adult ring- 
nesting in quail concealed any peak of such renesting in many necked pheasants laid eggs earlier than young hens (Ap- 
years, yielding a sustained-level curve. Second peaks were ap- pendix B). In the great tit adults laid eggs earlier than young 
parent in our data only for the years 1947, 1950, 1956, 1958 females and 66 per cent of the adults and only 21 per cent 
and 1959. Some of the factors that affect hatching dates for first year hens have a second brood (Kluijver, 1951). | 

quail and other species are cited below. Although bobwhite quail rarely have second broods, two 
The percentage of nest break-up by predators and other instances of this were cited by Stanford (1953b) but the age 

factors is high (Stoddard, 1931; Klimstra, 1950a; Lehmann, of the adult hens was unknown. Quail can lay eggs as early 
1946a), and, although most authors report that quail renest as 19 weeks of age when subjected to artificial light (Bal- 
readily, only a few actually observed this behavior. One ex- dini, Roberts and Kirkpatrick, 1952), which indicates that 
ception was Stanford (1952b) who described several suc- sexual maturity is not the only physiological factor in the date 
cessful renesting efforts by different hens including one hen of laying. 
which succeeded hatching a clutch in her third effort. Heredity is obviously a factor in the date of the first egg of 

The effect of weather on hatching dates has also been re- at least some species. Kluijver (1951) reported that some 
ported frequently for bobwhite quail. Droughts in the sum- adult females of the great tit laid late every spring, others 
mers of 1953 and 1955 in Iowa shortened the period of in- early. 

tensive hatching (Stempel, 1960). Stanford (1961) reported Other studies by Kluijver (1951) do not shed much light 
that more lone adult hens were seen in Missouri in June 1960 on the hatching dates of bobwhite quail. He reported that day 
than usual indicating that many hens were not occupied with length was a dominant factor in the first egg laying date of 
nesting and rearing duties. The preceding winter was severe the great tit but that this was conditioned by winter tempera- 
and prolonged followed by a cold, windy and wet April. tures particularly those occuring after January 1. Generally 

A few observations have been reported on the relationship there was a significant correlation between the date when the 
of age of breeding bobwhites and the hatching date of their aggregate of daily temperatures exceeding 0° reached 320° 
young. Lehmann (1953) reported that 10 of 16 adults and and the peak date of first eggs laid. However, this was quali- 
only 5 of 37 young bobwhite hens were breeding in early fied by his observation that if the 320-degree ‘“‘warmth-sun”’ 
spring. Based on an examination of bobwhite ovaries, Parma- was reached early in winter, a higher level of this factor was 
lee (1955) also suggested that adults may nest earlier than needed to affect the first egg date. Precipitation amounts, 
hens of the year. In other gallinaceous species this age differ- humidity and food availability were not correlated with egg 
ential in the date at which eggs are laid or the number of laying. Somewhat similar observations were made by Nice 
young produced was more apparent. Genelly (1955) reported (1937) who found that in the song sparrow higher tempera- 
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tures were required to start egg laying in spring than later in TABLE 17 

the season. Frequency Distribution of Hatching Dates for Quail from 
The possibility that winter temperatures and hatching dates 1944 to 1960 (Based on Specimens Collected in 

are correlated seems remote for bobwhite quail because of the Fall and Corrected for Mortality) 
lapse of time between these two events. gy 

The above factors and conditions all contribute to pro- Mortality Frequency 

longed nesting. Possibly high nest loss of early attempts, fol- (2) Tee hee it atehing Dates (% , 
lowed by renesting, is an important factor in the prolonged Agein Date to ———______Y 
nesting behavior of bobwhite quail. However, the large num- Hat ching Period Weeks a None Based 16 Corrected} 
ber of other factors involved suggests that no one factor —___ —_|___T 

predominates. June 1-28.80 BBG 
The fact that the over-all distribution of hatching dates for june 20-duly oo. 18 oi a8 Sts 

Wisconsin quail is similar to that in states with more moder- Aug. 24 Sept. 20__. 8 15 14.2 12.3 

ate climate and different habitat conditions indicates that this Sept. 21-Oct. 3-__ - 5 10 0.6 0.5 
population characteristic of a prolonged hatching period is ~ *Based on instantaneous mortality rate (i) of 0.020 on a 1-week 
inherent in bobwhite quail wherever they are found. This basis. 
similarity suggests that summer day length and genezal food {Frequency distribution of hatching dates based on fall speci- 
oe j mens corrected for the percentage of mortality occurring between 

availability (seeds of herbaceous weeds and domestic crops the hatching date and November 1 for each class. 
and insects) are dominant factors controlling the average 
starting date of hatching. Variations in the length of the snow cover, we were able to obtain data in only one year, 
hatching period are controlled by secondary factors such as 1947 (Table 18). For comparative purposes we also showed 
density, food quality and weather variations. This specula- the frequency distribution of hatching dates for the quail 
tion is supported by Marshall (1959) who reported that obtained during October and early November, the cumulative 

many factors could be involved in all phases of reproduction. percentage of birds hatching each week and age when 
He based his conclusion on observations in variations of sampled. Further, by projecting these data to December and 
breeding for different species. For example, waterfowl do not January, we presented a theoretical age distribution of a quail 
breed if water is lacking, zebra finches produce spermatozoa population in early winter. The assumption here was that all 
in darkness if well nourished, and the sooty tern ordinarily of the quail alive in fall survive into winter. 
has one brood but on Ascension Island it breeds twice. Though we failed to trap the entire population on the 

Data on winter survival of late-hatched birds in Wisconsin Prairie du Sac study area in 1947, we did get some birds from 
were lacking. We used two procedures to acquire such data. 8 of the 12 coveys (40 out of a maximum of 215) on the 
The first was to make careful observations on all of the area. The lack of juveniles younger than 13 weeks (hatched 
coveys we flushed during the fall-to-spring Prairie du Sac after September 6) in our trapped sample, which was obtained 

censuses from 1944 to 1948. Our experience in this technique between November 29 and December 20, though not statisti: 

usually allowed us to distinguish between birds that were cally significant, suggests that bitds of this age class failed to 
hatched before and after September 1. When the broods com- survive beyond the middle of December. The projections from 
posing coveys were too difficult to classify into these two age fall wins collections in Table 18 indicates that 2 P er cent of 
groups from size and flight behavior, we collected a bird or the winter population should have consisted of birds hatched 

two to verify our observations. Some of these birds were also after August 31. 
trapped later during our regular banding studies. Sex and Age Ratios 

Of the 774 quail from 49 coveys we observed using this Sex and age ratios for 2,865 quail collected throughout the 
technique, 99 in 7 coveys were classified as late-hatched (after state in the fall from 1944 to 1958 do not show any specific 

September 1) Juveniles. These 99 birds together with 21 trends (Table 19). Little variation is shown in the sex ratios 
acu and earlier. fate (before September 1) quail com- for both adults and juveniles in those years when our samples 
P ee early October ee oe por Javentles disappeared were largest. The average sex ratios of 61 and 51 per cent for 

; .; , adult and juvenile males respectively are similar to those re- 
all winter mortality of the 654 earlier-hatched juveniles and ported in many states where a preponderance of males has 

adults was 58 per cent. been found repeatedly (Table 20). Possibly the most striking 
All of the late-hatched birds showed high mortality rates aspect of adult and juvenile sex ratios in quail is this similarity 

with the advent of the first moderately unfavorable winter between quail populations located in widely separated states 
weather. Coveys containing full-grown birds showed moder- with great variations in habitat and climate. 

ate losses between October and mid-January. While it seems unlikely in view of the results obtained in 
Our second procedure was to trap birds early enough in Wisconsin and other states, it is possible that the extreme 

fall to age them. Since our trapping technique depended on variations in sex ratios shown in the years when our samples 
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TABLE 18 

Computed Age of Quail (in Weeks) from October to January (Based on Projections from Hatching Dates of Fall Collec- 
tions Together with a Frequency Distribution of Actual Hatching Dates for a Mid-December 1947 Trapped Sample) 

Age of Juvenile Quail 
$$ Batching Dates of 

Frequency Distribution (%) of Hatching Dates Actual Projected a Trapped Sample* 

No. and (Age) 
Period Weekly Cumulative Oct. 15 Nov. 15 Dee. 15 Jan. 15 on Dec. 15 Per Cent 

Pre—June 1____------------ 1.3 1.3 20.2 24.4 28.5 32.6 
June 1- 7__--------------- 3.4 4.7 19.0 23.2 27.3 31.4 

8-14______________--- 4.9 9.6 18.0 22.2 26.3 30.4 
14 (28+) 35.0 

15-21_______________-_- 9.5 19.1 17.0 21.2 25.3 29.4 
22-28___._------------ 12.1 31.2 16.0 20.2 24.3 28.4 
29-July 5.._-.________- 9.9 41.1 15.0 19.2 23.3 27.4 

July 6-12____.---------_-- 8.6 49.7 14.0 18.2 22.3 26.4 
18-19_______-________-- 6.6 56.3 13.0 17.2 21.3 25.4 4 (21) 10.0 
30-26... t«é 62.4 12:0 16.2 20.3 24.4 1 (20) 2.5 
27-Aug.2..____....... 5.4 67.8 11.0 15.2 19.3 23.4 2 (19) 5.0 

Aug. 3-9..-...etCO A 73.2 10.0 14.2 18.3 22.4 8 (18) 20.0 10-16... LT 78.9 9:0 13.2 17.3 21.4 4 (17) 10.0 17-23... 6.3 85.2 8.0 12.2 16.3 20.4 5 (16) 12.5 24-30... 5.7 90.9 7.0 11.2 15.3 19.4 1 (15) 2.5 31-Sept. 6..........t«4;B 95.7 6.0 10.2 14.3 18.4 1 (14) 2.5 
Sept. 7-138___-------------- 3.7 98.7 5.0 9.2 13.3 17.4 

14-20_____--_-_------- 0.7 99.4 4.0 8.2 12.3 16.4 
21-27_____--__-------- 0.3 99.7 3.0 7.2. 11.3 15.4 
28-Oct, 4_---_--------- 0.3 100.0 2.0 6.2 10.3 14.4 

40 100% 

*The hatching dates for these birds are shown in Column 1 and they are the same age in weeks as that of the projected sample shown 
under Dec. 15. The figure in ( ) represents their age in weeks. 

were relatively small were biologically significant. The near from 1953 to 1954 might suggest a relationship. However, 
50:50 sex ratio found in juveniles in fall and winter did the percentage of adults in fall from 1955 to 1958 alternated 

change significantly between spring and the fall in which from high to low while the early summer population remained 
these birds first became adults. Studies on pheasants by Kabat, high or gradually increased. 

Thompson and Kozlik (1950), Kabat, Meyer, Flakas and It is difficult to determine the specific effect of spring and 
Hine (1956), and Wagner (1957) indicated that in addition summer weather on age ratios. Since the span of the hatching 
to the direct losses of hen pheasants incurred while nesting period from May to October encompasses many weather con- 

and brooding young, the stress of reproductive efforts reduces ditions and is characteristic of quail populations over the con- 
their stress resistance and thereby further increases mortality. tinent, favorable and unfavorable factors apparently tend to 
Most biologists agree that nesting and brooding losses in compensate for each other. Biologically a difference of only a 
adult quail hens are also responsible for at least a part of the few per cent in adult age ratios between years could make a 
difference between the juvenile and adult sex ratios, and pos- significant difference in the breeding population; however, 

sibly for some of the variation between years. with the exception of possibly a few years it is doubtful 
The age ratios showed greater variation than did the sex that such precise data are required to evaluate population 

ratios (Table 19). Similar variations have been reported for mechanics for management purposes. 
other states. The average percentage of adults for the period While late-hatched broods appear to contribute little to the 
1944-60 is 16.1 with a S.E. of 0.7. The differences in per- size of the breeding population because of their low winter 
centage of adults between the average of 16.1 and the aver- survival, they may affect sex ratios. Westerskov (1957) re- 

ages for 1953, 1955, 1956 and 1958, which showed extreme ported an increase in hens in late hatches of partridges and 
variation, are highly significant. cited similar observations by Mills (1955), King (1915) and 

The manner in which the percentage of adult population Jull (1923) on rabbits, rats, and fowls respectively. 

levels, and other population ratios (Tables 6 and 19), Winter sex and age data came from studies on two areas 
bounced from low to high and down again between suc- located approximately 200 miles apart and revealed almost 
cessive years with little apparent synchronization indicates identical ratios for each area (Table 21). These area winter 
that many factors affect the production of the young and the averages are also very similar to the state-wide fall ratios in 
survival of the adults from hatching time to fall. The striking Wisconsin and other states (Table 19 and 20). 
increase in the early summer population level of 52 per cent Some of the differences between individual years are due to 
and the difference in the percentage of adults (8 and 20) chance because of small numbers. With the exception of 
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TABLE 19 

Sex and Age Ratios for Quail Collected in the Fall, 1944-60 

oe eeeeeeoeoe*®=®n oeeueeaeeueqe=ellalel_uo=“oaeeeeeeeeeeeeeeeueeeeeeeeeeeeeeee SSS 

Per Cent Per Cent 
No. of Males Among Males Among Per Cent Young Per Young Per 

Years Specimens Adults Juveniles Adults Adult Female? Adult 
ee 
1944-46_______-_-------------------- 62 60 42 8 26.5 11.4 

1947_______------------------------- 349 59 52 14 12.8 6.0 

1948__________-_-------------------- 168 71 D3 11* 22.0 7.8 

1949___________--------------------- 222 72 49 14 22.8 6.4 

1950_______-__-_-------------------- 209 67 50 16 12.9 D.3 

1951___._-_-------------------------- 85 71 52 19 17.5 4.3 

1952_______.___--------------------- 80 —! 56 13 —— 7.0 

19538______-------------------------- 125 — 57 St 24.5 11.5 

1954_____.--_-.--_------------------ 91 40 D2 20 6.8 4.0 

1955_________.-___------------------ 90 — 64 Sf 14.0 11.9 

1956___.___-.____------------------- 341 61 50 23 f 8.9 3.3 

1957_______--__-__-------------------- 405 56 51 14 15.4 6.1 

1958_______-_.-_-_------------------ 485 61 50 22T 9.1 3.90 

1959___________-_.--__-------------- 107 — 48 12 — 7.2 

1960_______--.-__-__---------------- 50 — 57 12 — 7.3 
ere 

TOTAL_____.___-------------------- 2,865 61.1 d1.1 16.1 13.3 5.4 

95% C. L.-_--_-__---------------------- 55.8-65.6 49 .0-50.8 14.7-17.5 

1No values entered where component of sample is less than 20. 
2T he calculation of the number of young per adult female is corrected for the number of sex-unidentified juveniles. 
*Different from average at 5% level. 
+Different from average at 1% level. No tests were made for the 1944-46 birds. 

1945-46 at Prairie du Sac, we trapped over 50 per cent of the not change from October to the following summer in their 

spring survivors each year. Generally we trapped entire coveys, study area. Emlen (1940) reported that this was not true for 

missing only a few birds. The quail at Prairie du Sac, with California quail in which the age ratio changed from 165:100 

the exception of 1947-48 were trapped late in the winter, in November to 99:100 by June and the sex ratio from 

while at the Dunn County study area birds were trapped 105:100 in September to 127:100 in June. 

throughout the winter. A number of relationships between the ratios shown in 

Data obtained from repeat trapping of the same coveys and Tables 19 and 21 were explored, using information from 

fall collections showed no change in sex and age ratios be- tables presented in Mainland, Herrera and Sutcliffe (1956), 

tween fall and spring. These study results support those of but no statistically significant associations were apparent. For 

Haugen and Speake (1958) during an 11-week hunting the most part the results for the years which showed extreme 

season period and Marsden and Baskett (1958) who demon- variation at Prairie du Sac could be attributed to chance 

strated very convincingly that bobwhite quail age ratios did sampling or extreme differences that occur in small-area popu- 

TABLE 20 

Sex and Age Ratios in Quail from Hunting Season Specimens 

ee eee... Se ae 

Per Cent Males 
———__—_— Juvenile 
Among Among Per Cent Per Adult Juvenile Total 

State Author Years Adults Juveniles Adults Female Per Adult — Birds 
ee 

Alabama___.-_--- Haugen & Speake (1958) 1952-58, 1957 16.5-30.0 2.3-5.0 40,616 

Indiana____..---- Reeves (1954) 1947-51 62.6 50.2 15.1 17.7 6.6 3,484 

Florida_...__...--- Murray & Frye (1957) 1954 54.3 50.8 22.3 7.27 3.3f 17,049 

lowa_.......-._--- Kozieky & Hendrickson (1952) 1948 13 6.8 2,327 

Stempel (1960) 1952-59 14 13,206 

Kansas_......---- Robinson (1957) 1952-53 64.6 49.6 28.2 6.7 2.4 181 

Louisiana__...._-. Reid & Goodrum (1960) 1947-57 28.2 2.8 7,762 

Massachusetts_--- Ripley (1958) 1953-55 57.8 50.5 20.7 11.1 3.8 1,465 

Missouri__....---- Bennitt (1951) 1944-48 59 50.8 18 11.8 . 4.7 45,016 

Leopold (1945) 1942-43 17.4 6,067 

. 1939-43 61.7 50.6 23.2 8.6 3.3 1,633 

Marsden & Baskett* (1958) 1950-57 63 5d 18 12.0 5.2 961 

Tennessee___.---- Legler (1955) 1951-55 23.9 3.2 14,496 

Texas___.___..---- Lay (1952) 1949-50 59.3 50.5 11.8 11.8 4.5 2,074 

1950-51 53.3 52.9 24 7.3 1,356 

Wisconsin ___. ---- This Study 1944-58 61.1 51.1 16.1 13.3 5.4 2,865 

A I I 

*Data from live-trapped specimens. 
tCalculated from other data listed. 
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TABLE 21 

Sex and Age Ratios of Quail Trapped in Winter (December 1 to April 1) 

No. of Per Cent Per Cent 
Trapped Males Among Males Among Per Cent Young Per Young Per 

Winter Birds Adults Juveniles Adults Adult Female Adult 

Prairie du Sac | 
1942-43 ________-_-_------------------ D0 71.4 60.4 13.3 24.0 6.9 
1943-44__________-_----_-------------- 75 50.0 44.6 16.0 13.0 6.5 
1944-45__________-_------------------ Aq 20.0 45.2 10.6 10.5 8.4 
1945-46________---------------------- 23 40.0 55.0 21.7 6.0 3.6 
1946-47________-_-------------------- 99 76.5 03.7 17.2 20.4 4.8 
1947-48 (1)______--_-_---------------- 141 68.0 52.0 17.7 14.5 4.6 
1947-48 (2)*___-____-_----------------- 105 62.5 48 .0 17.2 14.8 5.7 

Weighted Average____________________- 78 63 50.4 15.4 14.4 5.4 
95% C. L._.-------------------------- 52-73 44.7-55.1 12.5-18.7 

Dunn Co. 
1945-46______-_-_--------------------- 275 63 .2 53.7 16.0 13.3 5.2 
1946-47________-_- 2 ------- 318 61.8 03.6 17.3 12.5 4.7 
1947-48 ______-_-_-----_--------------- 348 65.6 45.0 17.5 13.7 4.7 
1948-49___._. eee 332 51.0 04.0 12.3 13.9 7.1 
1949-50______---.---------.---------- 307 67.0 49.0 16.6 13.9 6.0 
1950-51_____.--------- eee 238 71.0 49.0 14.3 21.0 6.0 

Weighted average__________________-_- 303 62.9 50.9 15.7 14.4 5.4 
95% C. Li. .-------------------------- 57. 1-68 .4 47 4-52 .4 14.0-17.5 

*Data obtained in a bordering area. 

lations. The Dunn County data, which revealed less variation, fact that there are no clear differences between years that can 
were obtained from a larger area and population and showed be attributed to one or two conditions and tested statistically. 
no statistically significant differences. While the average variation in age ratios and that between 

There are many factors which can affect the sex and age years is considerable, it is small compared to the total annual 
ratios of populations on small areas. These include the move- loss of adults from one winter to the next. An analysis of the 
ment of adults off the study site from year to year, their re- relationship of population characteristics and changes (Discus- 
placement by ingressing adults from the surrounding area, and sion Section) will show why a lack of correlaton between sex 
the manner in which coveys are formed. The following sec- and age ratios and density frequently prevails. 
tion shows that the age ratios of different coveys vary tre- 
mendously. The presence of one or two coveys containing a Covey Size 
proportionately large number of adults or juveniles on the The relation of covey size to population dynamics in quail 
study areas could greatly distort sex and age ratios. has not been demonstrated to our knowledge. Some authors 

The determination of the relationship of changes in the seem to imply that covey size varies directly with population 
annual young-per-female and young-per-adult ratios to quail density, while others seem to regard the covey size as a con- 
population levels is complicated by several factors, The first of stant. Stoddard (1931) reported “Coveys tend to keep their 
these is the inherent brooding characteristics of males. Stod- organization of normal size.’ He defined a covey as “an ag- 
dard (1931) reported that out of 273 nests, 73 or 27 per gregation of individuals of convenient number (10-30).” In 

cent were incubated by males. While the percentage of males a trapping study concerning 78 coveys he found average covey 

observed incubating nests varied during the four years, our sizes of 12.7 in 1925 and 14.6 in 1926, Errington and Hamer- 
analysis of these data shows the variation is not significant. strom (1936) stated ‘“The average size of a bobwhite covey is 

Only rarely did the sexes alternate incubating. How often 15 birds.” 
males took over the incubation process because the hens were Wilson and Vaughn (1944) reported observations in Maty- 
killed or the nest was deserted was not reported. Therefore it land from October to January on 18 coveys which averaged 
is not possible to determine at this time how highly distorted 11.7 birds. Some of the coveys were exposed to hunting, hence 
adult sex ratios affect productivity. Also Bennitt (1951) the 11.7 average is minimum but the indicated hunting mor- 
found that in Missouri “the greater the breeding density, as tality seemed to be very light. 
indicated by the call index, the lower the percentage of young Lehmann (1946b) n a Texas study sported a population 
in the bag.’”” Lehmann (1946a) reported a similar observation of 22 coveys, consisting of 284 quail, which averaged 12.9 
in a Texas study area. However, Stanford obtained a great vari- birds. Population correlations were not given by Lehmann. 
ation between the call index and the percentage of young for Reeves (1954) presented some of the better data reported in 
Missouri quail in recent studies (Table 53). the literature on covey size and population density on an In- 

The important point in these sex and age data lies in the diana study area. His report showed the following average 
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covey sizes from September to November (size of study-area 1935-51 is significantly greater than would be expected by 

populations shown in parentheses) : 1946: 13.3 (319); 1947: chance but when differences between any two given years are 

14.0 (335); 1949: 11.3 (329); 1950: 14.9 (357); and 1951: compared, only those of the extreme years are significant. 

13.2 (278). Our calculation of the correlation between his Differences in average covey size as small as 1 bird could 

covey sizes and populations shows it to be far below signifi- be very important if associated with a proportional change in 

cance (tf = 0.39; 0.88 required for significance). population density. In Figure 10 we compared covey size and 

The Prairie du Sac area studies provided an opportunity to summer gain (per cent of population increase from spring to 

get accurate information on covey size from early fall to spring fall) and found that there was not a significant correlation. 

(Table 22). According to Errington and Hamerstrom (1936) The correlation of covey size and fall populations (Fig. 11) 

it was difficult to get covey-size information from 1931 to was also not significant (t = .316 and .497 is required at the 

1935 when the population was at its peak levels (400-436) 5 per cent level). Although there was a tendency for high 

because individual quail covey ranges overlapped. populations to have larger coveys, the reverse was also true 

The fall populations for the period 1936-50 differed from in some of the years for some low populations. 

those shown in Table 8 because we standardized the proced- Despite the presence of slight though nonsignificant corre- 

ure for presenting the fall covey-size data. In some years fall lation, the Prairie du Sac data suggest that the use of quail 

censuses wete started later than in others, In years when cen- covey size as a population index has limited possibilities be- 

suses were conducted in early fall, some mortality occurred be- cause fall quail populations fluctuated as much as 180 per 

fore the November 1-15 interval for which we have shown cent between any two consecutive years while the maximum 

covey size. For coveys not found until December we entered difference between covey size was only 36 per cent. Apparently 

the highest covey count for the month as the size of the covey quail determine in some way the relative size of the coveys in 

in the November 1-15 period. The fall population shown in which they live. Although large populations of quail on an 

Table 22 represents the total of the highest counts for all area afford a much greater opportunity for the formation of 

_coveys on the date they were first censused in fall. Coveys that larger coveys than do those occurring at lower density levels, 

left the area completely or left and returned are not included coveys of similar size were nevertheless found under both con- 

in the covey averages but are included in the fall population ditions. For example, the 1935 fall population of 416 quail or 

figures. 1 bird per 10.9 acres at Prairie du Sac afforded a much greater 

During the period 1935-51 the population ranged from 81 opportunity for the formation of large coveys than did the 

to 416 and the number of coveys from 5 to 23 or a difference population in 1949 which had 129 birds at a density of 1 

of 414 and 360 per cent, respectively. The average covey size, bird per 35 acres. Still, the average covey size for these two 

however, ranged from 14.0 to 19.3 for a difference of 38 per years was almost identical. 

cent. The variation in the average covey sizes in the period Thus it does not appear that small fluctuations in covey size, 

TABLE 22 

Fall and Spring Quail Covey Size and Population Statistics at Prairie du Sac, 1935-51 

Oooo = 0OOoOoqo*oqeleoQuOoneeeeeeeeSsSsoooeeeeSSeSeeew—ooowowowsx““m—om_w_mumw’m—m«mn 

Average Per Cent Average Per Cent 
Fall Pop.* No. of Covey Size Summer Covey Size Winter Spring 

Year Nov. 1-15 Coveys Nov. 1-15 Gainf Mar. 15-31 Loss Pop. 
TTT Sn 

1935-36+__..----------------------- 416 23 18.0 
1936-37 ____------------------------ 149 9 16.4 100 3.8 77 34 

1987-38____------------------------ 138 9 15.3 532 3.2 79 29 

1988-89. ___------------------------ 136 7 19.3 279 13.8 29 97 

1939-40____------------------------ 321 17 18.9 228 9.9 48 168 

1940—-41___._.---------------------- 293 16 18.3 117 9.2 50 147 

1941-42_____.._-.------------------ 246 15 16.4 86 8.3 53 116 

1942-43____.----------------------- 350 18 19.1 189 4.8 74 91 

1948-44____.___-------------------- 222 15 14.0 210 8.3 44 124 

1944-45____--_--------------------- 242 14 16.8 98 6.8 61 | 95 

1945-46_____-.--------------------- 150 11 17.1 61 5.9 of 65 

1946-47_____----------------------- 202 12 15.3 194 7.1 58 85 

1947-48_____..--------------------- 180 12 15.4 147 4.1 73 49 

1948-49______---------------------- 81 ° 16.2 85 8.0 51 40 

1949-50____.----------------------- 129 7 18.4 200 12.9 30 90 

1950-51__..------------------------ 174 10 17.4 75 6.8 61 68 

Totals__.._.------------------------ 3,013 177 254.3 — 112.9 845 1,298 

Average____.-_--------------------- 201 11.8 17.0 173 7.5 56.3 81 

S. E.....--------------------------- 0.4 0.8 

a 

*Highest early fall count and includes or excludes some birds that entered or left the area before or after November 1-15. 

+We lacked complete information on the 1935-36 population; these figures are therefore excluded from totals. 

{Computed from data in Table 8. 
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Figure 10. The relationship between covey size and the percentage of Figure 11. The relationship between covey size and fall. population on 
summer gain on the Prairie du Sac Study area, 1937—50. the Prairie du Sac study area, 1936—50. 

even for quail occupying large areas could be used to reliably birds composing the coveys, probably because birds scattered 
show year-to-year differences in fall populations, by shooting or by natural enemies are apt to encounter and 

One possible factor in combination with others that may join another aggregation while wandering about in search 

determine covey size is the roosting behavior involving the of their own.” 
familiar “circular roost” pattern. It would be impossible for During trapping operations from 1943 to 1948 at Prairie 

quail to maintain a tight circle with their “heads generally du Sac, we were able to catch at least 85 per cent of the quail 
pointed outward, if the covey size was much larger than in 42 coveys. These coveys were divided into four categories 
15-20. It might appear that observations on larger numbers based on size (Table 23). The small coveys composed of 5-10 
of birds appearing as seemingly single coveys would contra- quail in many cases represented the balance of winter sur- 
dict this simple hypothesis. But, this may not be a valid con- vivors, but in this class were also some coveys that were small 
tention because while these large groups have been observed at the beginning of winter when they were trapped. 
as single coveys during the daytime they also have been fre- . re . , 

. The haphazard-appearing distribution of juveniles and 
quently observed to segregate into smaller groups when . . 4: . dushed or when coine into night roosts adults in coveys indicates that the formation of coveys was 
us B0Ins é not an organized process, at least from the standpoint of age 

Covey Composition (Winter) preference or covey size. The two coveys which had the high- 

Sex and age ratios for bobwhite quail populations have est percentage of adults (4 out of 8 birds and 10 out of 22) 
shown considerable variation between years, particularly on differed greatly In size. Of the 42 coveys trapped there were 

the study areas. The relationship between these variations and jt different combinations of juveniles and adults. Some coveys 
population behavior between years was not clear. Therefore, consisted entirely of juveniles while others contained many 
we looked to winter covey composition as a source of addi- adults. The possibility that the adults found in any one covey 
tional information, since coveys are the basic units which make were drawn into it by some mutual attraction 1s refuted by the 

| up quail populations apparent random distribution of adults in coveys and by ob- 

Although a considerable amount of quantitative information servations on birds banded one winter and tetrapped the fol- 
is available on sex and age ratios for populations of quail, lowing winter. For example, in the winter of 1945-46 in a 
reference to covey composition is scarce and at best only of covey from which we trapped 8 birds there were 4 adults. 
general nature. Stoddard (1931), on the basis of observations Three of these adults were returns from previous years’ band- 
in the field and during banding studies, concluded that “‘late ing, and each came from a different covey. 
in summer and in fall quail coveys may be composed of one Similarly there was no evidence of organization in the man- 
to three pairs of adults and their surviving young, with the ner in which males and females occurred in coveys (Table 
addition frequently of one to several unmated cocks, or of 24). In some coveys females predominated, in others, males, 
pairs that failed to bring off broods. In general, the greater regardless of age. Nor was there evidence of any relationship 
the quail abundance, the more mixed is the relationship of between covey composition and the size of the fall population. 
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TABLE 23 

Age Composition of 42 Coveys of Various Sizes Trapped in Winter at Prairie du Sac, 1943—48* 

me 
ees. 

aec——T—T—esomomo 

Covey Size Range 
I 

5-10 11-15 16-20 21-30 

Coveys Coveys Coveys Coveys 

—————_ No. No. —_—————_ No. No. —_—__——_ No. No. —_—___——_ No. No. 

Size No. Juveniles Adults Size No. Juveniles Adults Size No. Juveniles Adults Size No. Juveniles Adults 
eee eee eee Ee eee AP TTT 

5 5 4 1 11 4 10 1 16 1 15 1 21 1 19 2 

5 1 3 2 11 1 9 2 17 1 13 4 22 1 12 10 

6 2 5 1 11 1 8 3 18 1 17 1 30 1f 25 5 

7 1 6 1 12 1 10 2 19 1 19 0 

T 1 7 0 12 1 9 3 19 1 16 3 

8 1 8 0 12 1 7 5 20 1 15 5 

8 2 7 1 14 3 14 0 

8 1 6 2 14 1 12 2 

8 1 4 4 15 1 14 1 

9 1 7 2 15 1 13 2 
10 1 9 1 
10 1 8 2 

18 74 17 15 106 21 6 95 14 7 3 56 17 

(19% adults) (17% adults) (18% adults) (23% adults) 

a 

*Includes only coveys where at least 80 per cent of birds were caught. 
+Three coveys combined in late winter into one. 

Covey Composition (Fall Broods) ference between the ages of broods within coveys varied from 

Data on the number of broods per covey are very limited. as low as 9 to as high as 81 days. While most of the coveys 

Agee (1957) teported 2.0 broods per covey; Robinson examined were composed of broods whose ages varied by an 

(1957), 27 broods in 9 coveys for an average of 3.0; and average of 27 days or less, these broods predominated in the | 

Loveless (1958), 2 to 5. Stoddard (1931) commented that population and hence the opportunity for them to form coveys 

coveys commonly consisted of quail from 2 or more hatchings. was greater than for those of other ages. While it reasonably 

Through the fall collections made from 1945 to 1952, we would be expected that the age spread should be larger among 

sampled birds from 76 coveys to get data on the number of the coveys with 3 or more broods, the data are insufficient to 

broods in coveys. It is possible that a few birds occasionally demonstrate any such difference statistically. It seems clear 

separated from a brood and joined a different covey. Since that when coveys were formed, there was no tendency for 

there were only a few observations of this, we classified any broods of common ages to combine. Thus, covey composition 

different-aged young found in a covey as a separate brood. depended largely on whatever broods were present in a given 

The average number of broods per covey was 1.7 (Table locality when coveys formed. 

25). This is a minimum figure since the technique used in- 

volved examination of only the quail shot from each covey Weights 

sampled. We deliberately limited the sample to 4-8 birds from On the premise that quail weights might reveal some aspect 

each covey, depending on its size, in order to leave 10 or more of population mechanics we obtained weights on most of our 

birds in each. collected and trapped samples. Average weights for quail have 

Table 25 also contains the distribution of broods found in been obtained for fall hunting season and winter samples by 

eight coveys during trapping operations from November to several investigators. The degree to which these data were cor- 

December in 1947. The average number of broods per covey related with the many factors that affect weights, including 

was 2.4, This average is a better statistic than the one obtained date of hatch and collection, environmental conditions during 

from fall hunting season collections, since we sampled all of the hatching period, and the physical and physiological condi- 

the birds in each of the coveys trapped. tion of the parents, was very limited. For example, Buss e¢ d/. 

Data on the difference in the age of 52 broods composing 23 (1947) reported average winter weights for the period 1941— 

coveys were obtained from samples collected in 1944-47 47 and compared the winters of 1945-46 and 1946-47, but 

(Table 26). We designated classes of age differences by 9- lacked data on the age of the birds in their samples. Reeves 

day intervals, since quail differing in age by 9 days could be (1954) obtained data that was partitioned to show quail 

distinguished from each other when found in the same covey weights for birds under 20 weeks and over 21 weeks of age 

(Thompson and Kabat, 1950). To show the disparity between but not to show comparisons between quail hatched in the 

ages of different broods in coveys, we had to subdivide our same calendar periods. 

data into coveys containing 2 and 3 or more broods. The dif- We were able to partition our samples of 227 fall juveniles 
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TABLE 24 autumns of some years but not in others. Similarly Stokes 

Fall Population and Sex and Age Ratios of 37 Quail (1954) found mid-June-hatched pheasants to have a higher 
Coveys Trapped at Prairie du Sac, 1943-48 tate of weight gain. If higher weights and more rapid gains 

indicate superiority in physical condition, those years in which 
Juveniles Adults more July birds were hatched may have reflected this ad- 

Fall Covey — ——¥_—__1_—. vantage in proportionately higher reproductive gains, 
_Winters Pop. Sue Males Females “Males Females We partitioned the weights of quail trapped in late fall and 

1942-43.___ 353 ° : ri } 5 winter at the Prairie du Sac and Dunn County study areas ac- 
11 6 4 1 0 cording to the months in which the birds were trapped (Tables 

1943-44..._ 217 iu ® , i J 27 and 28). These weights could not be elated to date of 
15 7 5 1 2 hatch since the primary molt on which aging is based was 
8 S 10 3 ' complete. 
19 12 7 0 0 The weights of the quail shown in Table 27 are from dif- 1944-45.___ 246 5 2 2 1 0 ; 7 1 6 0 0 ferent birds in each month. Therefore, the data only simulate a 
iu 3 3 4 t weight series. The sample size and conditions encompassed 
14 6 8 0 0 should be sufficient to show significant patterns if these 

1945-46_._. 153 i ° 7 “ strongly prevailed in winter quail populations. We found that 
1946-47__._ 191 8 6 2 0 0 average weights of adults were slightly but significantly (be- 

re 3 3 S 5 yond 1 per cent probability level) higher than in juveniles, as 
12 6 3 2 1 has been shown in other studies (Buss ef al., 1947). While 
4 5 3 , : there are some differences in weights of borderline statistical 
30 11 14 3 2 significance between years for comparable age and sex groups, 1947-48____ 215 ° ‘ s r p these do not reveal the results of any discernible biological or 

6 3 2 1 0 environmental impact. 

if 2 7 ° i Quail generally weighed more in January than later in the 
i ° 3 3 4 winter and were lowest in March (differences between months 
14 7 6 1 0 significant beyond 1 per cent probability level). Although food 
15 i 6 , availability was generally restricted by unusually heavy snows 
16 7 8 0 1 in 1942-43 and 1947-48, this was not necessarily manifested 
16 1 8 5 in quail weights because only those coveys that were in better 
22 6 6 5 5 habitat survived to be caught later. 

Total........._. 447 197 181 45 24 Unlike pheasant hens which showed a weight increase in 
Avg..----------- 12.1 5.38. 4.9 1.2 0.7 late February and March (Leopold, Sperry, Feeney and Caten- 
Percent...---.-- 100.0 44.1 40.4 10.1 5.4 husen, 1943 and Kabat, Thompson and Kozlik, 1950), quail 
Ce continued to decline in weight. Quail weights in January and 
according to their hatching dates but did not obtain data on February would be expected to vary because of significant 
environmental conditions or stress relationships of their par- differences in the availability of food supplies due to adverse 
ents. These results (Thompson and Kabat, unpubl. ms.) show weather, but this factor should not prevail in late March. By 
that July-hatched juveniles of the same age groups generally the end of winter in March food availability was generally 
weighed more in fall than those hatched in earlier or later good, as indicated by reduced mortality in this month. There- 
months; also that July-hatched birds predominated in the fore, even though our samples are small and the birds in the 

TABLE 25 

The Minimum Number of Broods Per Covey Obtained From Fall Collections, 1945-52, and a Trapped Sample in 1947 

No. of Coveys in 

Broods/Covey 1945 1946 1947 1948 1949 1950 1951 1952 Total* 1947+ 
1_____ eee eee 2 1 4 6 5 7 2 27 1 
2_-_.---------------------- 2 3 10 10 6 6 1 5 43 4 
38__------------------------ 2 3 1 6 2 
4. ~~~. 2-222-222-2222 2-2 --- 0 1 
Total______________-_______ 4 6 14 19 12 13 3 5 76 8 

*Average broods per covey from fall collections = 1.7. 
tAverage broods per covey from trapping sample =2.4. 
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TABLE 26 in spring and summer (Stoddard, 1931 and Hamilton, 1957), 

Age Differences in 9-Day Intervals Between 52 Broods while the females do. However, other factors may be involved 

Composing 23 Coveys, October to December, 1944-47. in other species because Genelly (1955) reported that male 

oe California quail gained weight in March. 

For Coveys Containing Movement 

2 Broods 3 or More Broods Winter. Findings on the winter movement of 130 fall- 

Average Difference banded quail during a five-month period reported by Stoddard 

Average Difference Number ee oe reed Number (1931) in Florida were: 74 per cent moved less than 14 mile, 

in Days Coveys Oldest Broods Coveys 25 per cent less than 14 mile, and 1 per cent over 1 mile. 

OOBt”~*«S Errington and Hamerstrom (1936) concluded from observa- 

18__....----------- 3 18___..------------ 2 tions on approximately 11,650 unbanded quail in coveys in 

eer ° SRT i Wisconsin that they usually could be found within a range of 

45_.....----------- 1 45___..------------ 1 Y/, mile and that longer movements resulted only infrequently 

oT a OTT i from the occurrence of various emergencies such as cover re- 

72__...------------ 1 72__--------------- = moval. A few coveys moved a mile or more for no determin- 

81_---------------- a 81_---.------------ i able reason. 

Total___-.-.----- 17 6 Lehmann (1946b) concluded from banding studies and ob- 

Avg. difference—32 days Avg. difference—41 days servations in Texas that there was “considerable mid-winter 

TT shifting of coveys that did not appear to be under stress of 

monthly samples were different, we should have been able to starvation or scarcity of cover. Bobwhites in many areas may 

detect an upswing in the weight trend in late winter if one not be as sedentary . . . as has been long suspected.’’ His con- 

occurred. Similar observations were made in Massachusetts by clusion seems somewhat surprising in view of the fact that the 

Ripley (1958) who found quail heaviest in January and average movement of 105 birds trapped in late autumn in 

lightest in late March and early April. After April 9, Ripley's 1942 and retrapped in January and February was only 324 

birds showed an upswing in weight to May when his study yards. In a similar trapping period in 1944 the average move- 

period ended. Other authors who reported similar weight ment for 63 quail was 459 yards. 

trends from January to April for bobwhite quail include Other reports on winter movement based on very limited 

Wickliff (1932), Hamilton (1957) and Robinson (1957) samples of Missouri quail include those of Murphy and Baskett 

for Ohio, Missouri and Kansas respectively. (1952), Lewis (1954) and Agee (1957) who cited move- 

Spring weight increases in bobwhite quail were also re- ments of less than 4, less than 14, and .08 miles respectively. 

ported by Stoddard (1931), but his sample was obtained from We traced covey movement from fall to spring for the 

April through September (12 birds), and by Hamilton Prairie du Sac quail during the years 1936-51. Generally our 

(1957). The increase in the weight of hens has been com- findings on winter covey movements are similar to the 440 

monly reported for several species: blue-winged teal (Ben- 

nett, 1938), wild turkey (Mosby and Handley, 1943), red TABLE 27 

grouse (Wilson, 1911) and California quail (Genelly, 1955). Monthly Weight Averages in Grams for Quail Trapped 

Baldwin and Kendeigh (1938) presented weights on 85 in Winter at Prairie du Sac (1942-48) 

species of birds and concluded that the greatest weights are Ne 

generally reached in winter and the lowest in summet and Males Females 

that these were inversely correlated with temperature. Month “No. Weight. No. Weight 

The difference in the winter weight trend of pheasants and ST — 

quail is correlated with the time when their reproductive proc- J uveniles 50 «187 56 186 

esses begin. Pheasants commence egg laying, incubating and January_._..---------- 65 198 72 199 

brooding earlier than quail, and are generally through hatch- February sr oF 109 E ye 

ing their young early in July in Wisconsin (Buss, 1946, Buss Total | a7 07StCtT — 

et al., 1951 and Kabat et al., 1950). Quail, on the other hand, Aven 192 192 

begin their reproductive process in May and may not complete S. E._._------------- 1.1 1.2 

it until sometime in September. Therefore, in view of the fact Adults 

that both female pheasants and quail gain weight in the December_-.---------- 18 205 7 190 
. , . . January_____.--------- 16 199 6 212 

months just preceding egg laying, there appears to be a physio- February_........._--. 10 187 7 205 

logical similarity between these two species but with a time March. ---_----------- 9 190 3 204 

lag correlated with egg laying and incubation. Further indica- Total....___.______- “48 02~2~Ct«“‘<‘é<=C a 

tion that reproduction and weight trends are correlated are ANEe-2-- =~ =o 20 7=o= 197 1 202 1 

shown in the findings that male bobwhites do not gain weight 7 
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TABLE 28 

Monthly Weight Averages in Grams for Quail Trapped in Winter in Dunn County, 1948-52 
eo SSS Sa ee————a—eSSSSSeeeeeeeeeeeeeeeeeoeeee 

1948-49 1949-50 1950-51 . 1951-52 All Years — 

Month No. Wt. No. Wt. No. Wt. No. Wt. No. Wt. 

Juvenile Males 
December.____._____---- 58 203 16 213 62 192 — — 136 199 
January______._________- 81 202 65 201 29 193 7 202 182 200 
February_____.____-_--__- 22 195 38 185 6 196 22 195 88 191 - March..__.._.......... — 4 175 3 177 — — 7 176 

Total___-_---.-.-.---. 161 123 | 100 29 413 
Avg.__-..------_--_--- 201 197 192 197 197 
S. BE. ---------------- 2 2 2 2 1 

Juvenile Females | 
December-_____________-- 54 204 19 213 60 192 — —— 133 200 
January________________- 59 206 69 197 34 195 6 201 168 201 
February____.__________- 17 197 38 190 6 190 14 183 75 190 
March__________-------. = —— — 8 173 3 173 — — 13 173 

Total__._.-_.-...--.-. 180 134 105 20 389 
Avg..--------_------ 204 195 192 188 198 
Se Oe 2 2 2 4 1 

- Adult Males 
December-_._________-__- 14 211 7 222 16 203 — — 37 210 
January_________________ 6 207 11 205 7 207 8 205 32 206 
February______-_-------. — — 13 197 1 183 7 193 21 195 
March ____---_-_-_-_-_-- 1 169 — — — — 1 169 

Total____._-----_____- 20 32 24 15 91 
Avg..--.-------------- 210 205 203 200 205 
S. E._. 22 e---e-- 3 3 3 3 2 

Adult Females 
December___._________-- 14 215 3 214 4 198 — — 21 212 
January___.____________- 5 216 8 211 6 214 1 206 20 213 
February_______.-______- 3 204 6 189 — — — — 9 194 
March____-__-__--_-----. — — — — — — — — — — 

Total........--------- 22 17 | 10 1 50 
Avg._.------_------__- 214 201 207 206 209 
S. BE. --_-- 2 +e -- 3 4 4 — 3 

eee 

yards (14 mile) cited by Errington and Hamerstrom (1936). Knowledge of winter movement is basic to habitat man- 
For Table 29, data were selected for two years each, in which agement programs, as will be stressed later, for it has a great 
average movement was at a minimum (1940-41, 1943-44) bearing on the determination and location of the number of 
and at a maximum (1938-39, 1946-47). Movement in other winter food patches as well as brush coverts. 
years fell between these extremes but even in these cases the Spring. Murphy and Baskett (1952) and Lewis (1954) 
differences were not statistically significant. Although quail reported that 88 per cent of their Missouri quail moved less 
coveys moved an average distance of 530 yards, there was wide than 14 mile. Quail in Florida moved less than 14 mile 
variation in their movement which occurred regardless of (Loveless, 1958). 
weather conditions (Fi gs. 1 . and 1 *) ; a 938-39 oe We employed two methods of obtaining spring movement 
1943 44 winters were quite mild and the 1940-41 and 19 data in our studies: observations on the change in the ratio 
47 winters were moderate. of banded birds (aluminum bands) in known populations 

Although the amount of available winter cover decreased during the spring, and observations on movement of indi- 
significantly from 1936 to 1951, the average distance quail vidually color-banded birds in spring. 
coveys moved did not change perceptibly. Coveys tended to We assumed that changes in the ratio of banded to un- 
move to better habitat but some moved f rom good range to banded birds on the study area represented movement for the 
starve in poor coverts. Still others remained in poor coverts following reasons. Whistling counts both on the area and the 
throughout the winter and gradually starved until all were surrounding lands showed an estimated population reduction 
gone. of only 17 per cent between April 1 and early July. Also 

There are many factors that could be involved in winter banded birds from the study area were seen in bordering areas 
covey movement, but we did not find any predictable pattern (Fig. 14). This proves that the majority of birds alive at the 
or relationship to known factors. end of winter were still alive in spring. Thus changes in the 
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tatio of banded birds on the area would have to primarily rep- TABLE 30 

resent movement, and indicate that mortality of banded and Movement of Quail Based on Observations of Banded 

unbanded birds was similar. Birds at Prairie du Sac, 1947 

We were fortunate to be making observations on a popu- ooo 

lation that contained 97 per cent banded birds (Table 30). Number Observed 

These data show that 79 per cent of the banded adult quail Banded Unbanded Per C 
$$$ —______—_ Per Cent 

which survived from late March to November moved off of Month Males Females Males Females Banded 

the 4,500-acre Prairie du Sac area, Sixty-six per cent of this me 

d before the end of The July observa- March.----------- 49 36 2 i 4 movement occurre ore the end of June. The J y | April............. 6 i 3 31 

tions on only 8 birds or 9 per cent of the total seen in spring May-..------------ 22 8 14 7 59 
- 4: : tially t inated i ne June____._.-- ee 11 0 19 3 33 
indicated that spring movement essentia y erminated 1n Ju . July_____________- 2 1 4 1 37 

This cessation of movement was expected since nesting activ- — — — — — 
we 8 Eee ; P 6 Total_.___.._.._. 91 51 40 14 
ities reached a peak in July. November...._..... 5 20 OO* 

Changes in the ratio of bandéd to unbanded birds for late _ *This figure equals 21 per cent of the banded quail on the area 

summer and early fall were based on trapped adult birds, the in March. Thus 21 per cent remained on the area and 79 per cent 

survivors of the previous spring. We were able to trap 66 " 

per cent of the fall population which provided an adequate Of the 19 banded birds moving over 1 mile up to June, 23 

had an east component of movement, and 5 a west component 

TABLE 29 (Fig. 14). This difference is not statistically significant from 

Winter Movement (November to April) the expected ratio for random movement. Likewise, a test of 

of Prairie du Sac Quail* direction of the observed against the expected movements on 
———————————— ————OooOooeeeoeoeaeaeeeeeeeeeeeeee ee YYYEomom a quadrant basis gave a nonsignificant value of Chi-square 

Movement NG of Goveys (3.003; 7.815 required at the 5 per cent level). In these anal- 

(Yards)+ 1938-39 1940-41 1943-44 1946-47 Total yses no allowance was made for the Wisconsin River which 

75- 224 5 4 9 borders the area on the west restricting movement and also 

225- 374____--- 9 1 10 precluding observations on movement in this direction, Thus 

ee oT 5 é 2 1 7 direction was nonoriented and unrelated to cover types; quail 

675- 824_____-- 2 1 3 were observed throughout the area and appeared almost as 

Bo ea } 9 9 often in areas devoid of cover as they did in sites having good 

1125-1274___._--- 1 3 ; winter range. Most of the observed birds were males but there 

1275-1924. _.---- | was no sex differential in the distance moved. 
—_—— 

. . . / ' 

*The winters of 1938-39 and 1943-44 were mild and the other A comparison of spring to-summer quail movement at the 
two were moderate. two study areas, Prairie du Sac and Dunn County, showed 

+Direct distance between fall and spring covey location. 

sample for computing movement for this season of the year. TABLE 31 

The difference between the percentage of banded birds on Distance Moved by Quail Between Their Winter Range 

the study area in July and the following November indicates and Spring Observation Points at Prairie du Sac, 

that an additional 17 per cent of the adult quail left the area 1947—48* 

in the summer and were replaced by unbanded birds from eee eee 
in the P y Observed Observed 
the surrounding area. Distance Moved April 8-May 26 May 27-June 23 

From Banding ee 
Buss et al. (1947) reported on the movement of 115 birds Site (Miles) Number Per Cent Number Per Cent 

observed in Dunn County during the late spring of 1947. The Ness UE OO egw 

percentage of banded birds decreased from 81 in March to 47 Less than 0.25. - --- . 8 7 2 

by June. This is a decline of 42 per cent. The Prairie du Sac 0.51-0.75.______--- 3 11 3 11 
, 0.76-1.00__.__-_--- 11 4 15 

population showed a movement of quail off the area of 66 per 101-1 2500 3 7 3 tb 

cent during the same period. The larger size of the Dunn 1.26-1.50_.______-- 1 3 1 4 

county area accounts for much of this difference. Tae ca A f ‘ ® 

The second method for obtaining information on spring oe ee TTT ° 3 2 é 

movement involved observing individually color-banded birds 326-4.00......___- 0 _ 9 8 

(Table 31). The movement from April 8 to May 26 (0.6 4.01-5.00_--------- 0 — 1 4 , 

miles) was about half of the average movement observed be- Total number-__--- 28 . 26 

twen May 27 and June 23 (1.3 miles). The same degree of glean distance--_ -- e-6 mile re miles 

total spring movement was also indicated in the change in wT 
ratio of banded birds (Table 30). *249 quail in 27 coveys banded; 27 per cent survived to April. 
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Figure 13. Quail covey movement at Prairie du Sac in the winter of 1946-47 showing maximum ranging. 
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that in both cases the average movement and the frequency 
distribution of distances moved are similar (Table 32). The SCALE —— MILE | ‘red 
similarity in the magnitude of movement is even more striking N “4g , 
when we consider that the areas are different in geographical 
location, shape and bordering areas. 

Although it was possible through the study on changes in Ot — 
. . ea ZZ r) ‘ 

percentage of banded birds on the Prairie du Sac area to ob- x? 
tain data on only the minimum distance moved, these data are LORS ts \\ J; 
important in interpreting population behavior and developing (i Df \\ v= ZI 
quail habitat-management programs for specific areas. It is as f CAN \ UX 
important to know how many birds leave an area as it is to LE . Vj \ 
know the actual distance resident birds move. ff \ hop OV s Mov fe? VN \ 

TABLE 32 WYO He , 
Comparison of Spring-to-Summer Movement Dam Wl \ ke 

of Wisconsin Quail , GPR fe \60f a De ff oN 
Prairie du Sac (1948) Dunn County (1949) \ey— iC 

ellie)" No. Per Cent. No. Per Cent he iy iles 0. er Cent 0. er Cent OUNTY. 
I ~ CY XS mite 

0.0-0.5..._________ 22 41 84 52 Rds. Fr 

0.6-1.5---__--__-_. 20 37 43 26 | 
1.6-25............ ~~» 8 15 19 11 \) 
2.6-3.5.-...---_-._ 8 5 12 7 | 
3.6-4.5__._____-___- 1 2 1 1 SAU 
4.6-5.5._.____.___- 0 0 2 2 CITY. 2 
5.6-6.5__-._-_------ 0 0 1 1 

Total number-_-_-__- 54 162 ’ 
Mean distance__-__- 1.0 mile 1.0 mile 
S. E._------------- 0.1 0.1 

*Minimum distance moved based on observations of color-banded b O->-> Winter to Winter 1942-48 
quail from April 16 to June 15 and includes some birds that had O Banding Point 
not completed their spring movement. —> Last Observation Point 

. ‘ . . . . i . i f M J i i 
Winter to winter. Studies to determine winter-to-winter Figure 14. Quail movemen Prairie a scx. uly and winter to winter 

movement were based on only those birds that were retrapped 
on the study area, and tended to yield only minimum statistics If winter-to-winter movement exceeded spring movement, 
(Tables 33, 34 and 35; and Fig. 14). Birds that moved be- the banding studies at the 9,900-acre Dunn County area which 
yond the study-area boundaries possibly traversed distances is much larger than Prairie du Sac should show these differ- 
greater than those for which we obtained data but obviously ences. Buss et al. (1947) reported some movements exceeding 
are not included in our study. The limited Prairie du Sac ob- 3 miles for 1946-47 banding studies. 
servations show that the average movement between winters The average distance of 0.78 miles moved from winter to 
was 1.1 miles which is similar to the spring movements shown winter by all of the quail in the trapping sample, males and 
in Table 31. The latter observations, however, included both females (Table 33), was 20 per cent less than the spring ob- 
the banding area and adjacent lands extending up to 1 mile servations indicated (Table 32). This difference is due in part 
away from the closest point at which birds were trapped and to the inclusion of a greater percentage of females which 
released. moved less than males (F = 12.2; 7.17 is required at the 

TABLE 33 

Average Movements of Adult Quail Between Winters (Miles) 
—_66On@S Ose eee eos 

Dunn County Prairie du Sac 
(1946-52) (1942-48) 
a — SE ZB oth Arras 

Males Females Total Males Females Total Total eee EE 
No. birds_____-_------------------------- 59 28 105* 9 2 11 116 
Mean distance_-___-_----_---_------------- 0.89 0.61 0.76 1.1 0.78 
S. BE. ------------------------------- 0.11 0.03 0.08 0.2 0.08 

*Includes 22 unsexed birds. 
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TABLE 34 

| Distribution of Movements of Adult Quail Between Winters* 
cn 

Miles 

0-0.5 0.6-1.0 1.1-1.5 1.6-2.0 2.1-2.5 2.6-3.0 3.1-4.0 Total 
Cnn 

Dunn County 1945-52 
Males____.____------------------------ 26 8 10 5 3 3 - D0 

Females____.._._----------------------- 19 4 1 2 2 - = 28 

Not sexed____------------------------- 18 7 — 1 - = 1 22 
Total including sex (?).__._----------- 58 19 11 8 5 3 1 105 

Prairie du Sac 1942-48 
Males and females_____.---------------- 2 1 7 2 - - - 12 

a 
*If a bird repeated twice in the year of recapture, the point farthest from the original trapping was used as the move. 

1 per cent point); spring observations included more males Even though the average distances moved were considerably 

than females at Dunn County. It is also possible that some of different, the variation between distances moved by individual 

the quail, which when last observed had moved distances that birds (Table 34) makes statistical tests for anything but great 

exceeded the spring average, continued afterward on a route differences highly impractical. 

that curved back toward their original banding site. . Apparently Wisconsin quail move much greater distances 

The fact that the movement for the one-third of the birds than Missouri quail. Marsden and Baskett (1958) calculated 
which exceeded 1 mile or more was distributed over a dis- that 16.6 per cent of the quail emigrated from a 2,240-acre 

tance of 1-4 miles (Table 34) raises the question as to why area annually which is about 1/5 of the rate for quail in 
“the long-distance movers’ didn’t settle down sooner. Possibly Prairie du Sac (4,500 acres). | 

these birds didn't move farther in total distance between Summary. Trapping and banding studies from 1942 to 

winters than birds trapped much closer to the original band- . _ 
.; ; . ; . . ‘ne. Thi 1948 at Prairie du Sac and at Dunn County from 1947 to 

ing point, but their wanderings were in a straight line. This 1951 provided data on fall, spring and winter movement. 
conjecture could only be tested by following many marked . | 

:; The movement of quail between winter and mid-July averaged 
birds throughout the year, a procedure that was not practical . _") 

1.3 miles. Changes in the percentage of banded birds showed 
and probably not possible. : . | 

£ the adul d duri that 79 per cent of the quail residing on the study area at 
At Dunn County 42 per cent of the adults trapped during Prairie du Sac (4.500 left it b b and No- 

. rairie du Sac (4,500 acres) left it between March and No 
three winters, 1948-51, consisted of birds that did not leave 

. vember and at the larger Dunn County area (10,000 acres) 
the area between winters. Half as many birds, 21 per cent, : . 

.; . egress was 42 per cent of the population during a comparable 
remained on the area between winters at Prairie du Sac, . . - Lo ah 

: . i period. The banding studies at Prairie du Sac also showed that 

1942-48. Since the Dunn County area is almost twice as large 62 per cent of the birds left the area between March and July 
iti hi for the diff i P : j as the Prairie du Sac area, this accounts for the aiiference in . 

.; ; and an additional 17 between July and November. 
egress from the study areas, as also was the case in spring 

movement. The 0.5-mile greater movement found at Prairie Movement between winters is about 20 per cent less than 

du Sac appears to be explainable by the circuitous pattern in that for spring. This appears to be the result of quail con 

which quail would have to move to remain on the area. This tinuing to move until some begin to work back toward their 

deduction is based on the observations made on spring move- original banding site between winters. 

ments which showed that few birds remained at or near their 
, —_ Average Annual Survival 

winter range. It is also sustained by a limited number of ob- ; 

servations made on birds banded in one winter and retrapped A though numerous research projects have been conducted 

two years later, which showed movement similar to that be- on the survival of bobwhite quail, these were based on either 

tween winters (Table 35). limited time-specific or dynamic life studies and were not ex- 
pressed in survival series. Errington’s reports generally cov- 

TABLE 35 ered winter survival, a calculated life equation (1933b), or 

Bobwhite Quail Movements Between Two or More Winters productivity based on summer gain (1945). While Stoddard 
on the Dunn County Study Area, 1945-52 (1931) published information on what was essentially a sur- 
a vival series, for studies as early as 1925-26, this was presented 

Miles Moved Males Females expressly to show movement. Numerous reports, such as those 
ee ee ee * 

0. 1 by Stanford (1952), Murray and Frye (1957), Ripley (1957 
11/2______-__._------------------------- 1 and 1958) and Loveless (1958) referred to about an 80 per 

i gig TTT i t cent turnover based on age ratios. 

1 7/8. .-.-------------------------------- I Age ratios from winter-trapped birds and census data were 
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used by Buss e¢ al., (1946) for two winters, 1945-46 and Leopold assumed that since only a fraction of the quail was 
1946-47, to calculate turnover. Marsden and Baskett (1958) trapped on the area during most years, a proportionate num- 
calculated an 82 per cent annual mortality rate and a life ex- ber of banded birds each year should be in the segment of the 
pectancy of 814 months after the first of October from te- untrapped population. Therefore, he corrected the return 
capture data on bobwhite quail. series (survival series) accordingly (Table 37). No attempt 

The results of Wisconsin studies are presented in two sec- was made to add a correction factor for the quail that moved 
tions. Studies by the late Aldo Leopold represent what is to off the area. 
our knowledge the first attempt to get data for calculating a The second-year returns of 2.2 per cent on the University 
survival series. Because of his pioneering efforts and also be- Marsh and 0.3 per cent on the University Arboretum, and no 
cause his findings were never published but were turned over further returns in subsequent years, not only indicated a low 
to us to include in this report, they are presented in consider- survival but also the fact that if quail did survive to the third 
able detail. This section is followed by our own studies which year and left the area, they did not move back into it in sub- 
provide an opportunity to evaluate some of the shortcomings sequent years. 
of time-specific ot dynamic survival studies on banded birds The relatively high number of returns for the small Uni- 
described by Hickey (1952). Our studies were based on in- versity Marsh Farms area (640 acres) which is almost sur- 
tensive surveys from fall to spring and in early summer, to- rounded by city and lake suggests restricted quail movement. 
gether with sex and age ratios, banding and movement data. The Arboretum (1,000 acres) is also small but since the area 

Early Wisconsin studies. Aldo Leopold initiated studies is bordered on three sides by areas into which quail could 
on Wisconsin bobwhite in 1927. Although the lack of a tech- readily move, the relatively low return suggests a high rate of 

| nique for aging birds handicapped these early studies, they egress. 
nevertheless were the origin of a long series of subsequent Leopold (1944) speculated that some unknown factor pre- 
survival and mortality investigations. vented a lower or higher percentage return of banded adults. 

Two study areas were selected in the vicinity of Madison. This conjecture was based on the recognition that quail hatch 

The first, University Marsh farms, was primarily an agricul- a clutch of about 14 young. If all young survived, the per- 
tural area bounded by the city, Lake Mendota and farm land. centage of adults in the population would be 12. If some 
The second, University Arboretum, was primarily a wild area young failed to survive, the percentage of adults would in- | 
bounded by farm lands and Lake Wingra. The results of crease unless there were an equal rate of mortality among 
these studies which Leopold expressed in ‘‘survival series,” juveniles and adults which “‘is impossible’. 
together with the names of the personnel conducting them, Generally the rate of returns for all years (Tables 36 and | 
are shown in Table 36. Despite limitations such as lack of 37), with the exception of the quail trapped in the winter of : 
data on spring censuses and spring-to-fall movement, some 1930-31 and retrapped in 1931-32, is consistent with ex- 
basic information on quail survival was acquired. pectations based on movement studies. The return of 19 quail 

TABLE 36 

Banding Returns from Early Wisconsin Bobwhite Population Studies 
a 

No. Per Cent Recoverie® 
Banding Site and Bander Winter Banded Fall Pop. Trapped Returns in the Area* Elsewhere em 

University Marsh farms, 640 acres, Dane County 
H. G. Anderson et al.____.--.-._... 1927-28 17 ? 2 17— 1—1—0—0 X 
H. G. Anderson et al..____.________ 1928-29 17 ~—-:100? 17% 17— 1—0—0 x 
Gundlach & Errington______.___.__ 1929-30 20 83 24% 20— 1—0 x 
Anderson, Stanek, Halpin..-___.-_._ 1930-31 125 about 126 100% 125 —19 —? 1 (2 mi.) 
H. G. Anderson__________.__-..__._ 1931-32 (96)t about 115 100% 

Total 179 Total 179 — 22 —1—0 
Percent 100 — 12.3 — 0.5 —0 

University Arboretum, 1,000 acres, Dane County 
Anderson & Wood__._.-..______._-_ 1986-87 14 70? 20% 14— 1—1—0—-0—0—0 
T. N. Sperry___.__---------------- 1987-38 32 131 25% 32 — 2—0—0—0—0 
Sperry & Feeney________________.. 1988-39 141 about 143 100% 141— 38—0—0—0 1 (10 mi.) 
Sperry & Feeney__________________ 1989-40 81 170 48% 81— 1—0—0 
T. N. Sperry_______-_-_-____._______ 1940-41 64 65 99% 64 — 3—0 
John Catenhusen___________._______ 1941-42 8 34 23% 8§— 1 1 (5 mi.) 
G. Halazon & C. Kabat_____..__... 1942-43 (10)f 20 100% 

Total 340 Total 340 — 11—1 
Percent 100 — 3.2 —0.3 — 0 

*EKach number in the series represents the returns for all birds trapped on the area in a previous year except those in the first column 
which are the original catches. 

TNot included in the totals. 
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TABLE 37 trapping period, it is necessary to calculate the total number 
Corrected Banding Returns From Early Wisconsin of adults surviving in fall. This was done by multiplying the 

Bobwhite Population Studies fall population by the percentage of adults in the trapped 

sample. The results show that there were 212 adults in the 
Winter Corrected Survival Series fall populations from 1942 to 1948 and that an estimated 42 

University Marsh per cent of the spring population survived to fall during 
1927-28... =... 17— 6 —4 —O—0 1943-47 (Table 38). But since only 22 per cent of these 
1928-29. -----------7- 47 — ; 73 — 0 adults were on the area the previous spring, the balance had 

1930-31______--_..--. 125 —19 to have moved into the area. 

Total..__.__._...... 1799—30 —4 —0 The return of 22 Per cent banded adults is similar to the 
Per cent__-....----- 100 — 16.8 —2.2 —0 results of our studies on spring-to-fall movement, which 

University Arboretum showed that 21 per cent of the adults remained on the area 

1936-37-_------------ 14 — ; —} — 6 — 0 — 6 —0 from spring to fall, and thus substantiates the field observa- 

1938-39..._____._.... M1— 6 —0 —0—0 tions reported in Table 30. 
1930 tO -- a 22a onoo ee ar 4 7 — 0 To cross-check the validity of estimates of 42 per cent 
1941-42.............. 8— 1 - adults surviving from spring to fall and 21 per cent adults 
1942-43.___......---. 10* remaining on the area, we used these values together with 

Total___.__.___..-. 8340-23 —1 —0 winter age ratios and census figures to calculate the expected 
Per cent......-----. 100— 6.8—0.3 number of banded returns on adults and compared these 

———_—_ values with the actual returns. The calculated average returns aN kt , : .; Not included in totals. on adults banded in previous winters showed a very close 
agreement with the actual returns (totals for columns (5 

in this series suggests either a very high survival or no move- and (6) in Table 39). Therefore, we concluded that > 

ment. Errington (1933) reported that the population on this correlation substantiated the reliability of using average age 
area was relatively high, about 1 bird per 6 acres. ratios together with population censuses to calculate the adult 

Prairie du Sac studies. The early Wisconsin survival segment of the fall population, which in turn can be used to 
studies indicated that year-to-year losses exceeded 80 per cent. calculate spring-to-fall survival. 
Through our population censuses we determined that the The results of applying these factors to all of the census 
average winter loss from 1929 to 1951 was 50 per cent and data obtained from 1929 to 1951 show that the average 

through whistling counts we estimated that spring-to-summer April 1 to November 15 mortality for this period was 69 per 
losses averaged 17 per cent. In this section we will present the cent (Table 40). 
results of banding studies together with censuses aimed pri- The average mortality values shown in Table 40 will be 
marily at getting more precise information on seasonal losses, used in all subsequent analyses of population dynamics for 
particularly spring to fall. Wisconsin quail. Important points to note regarding the 

Our first object to determ; nether vyear-to-veat losses are as follows. Expressing the mortality as a percentage 
ur Ast Objective was tO determine Ww yearnory of the mid-November population, 50 per cent die from 

returns on banded quail would reveal the magnitude of N ,; 
, ovember 15 to April 1 and 35 per cent from April 1 to No- 

seasonal losses. Also since our movement studies (Table 30), . . 
—e—— oe vember 15. However, the April 1 to November 15 mortality 

indicating that 79 per cent of the adults alive in mid-April ; . when expressed as a percentage of the birds alive on April 1 
left the area by mid-November, were based on just one year is 69 per cent, exceeding the mortality rate for the winter 
of direct information, the banding studies together with the ; yee et le 

. period and indicating the importance of mortality in this 
census results provided an opportunity to evaluate the estt- season of the year on population levels 

mates previously obtained on movement. Furthermore, accurate The over-all biolo gical importance of mortality and sur 
spring-to-fall values on movement are required to calculate ; : por ty | vival values in population behavior and the management of 
survival for this period, because as will be shown below the os oe a ao quail will be discussed later. But, it is important to highlight 
adults on the area each fall were present primarily as the re- . . 

here some of the cause-and-effect relationships of certain ex- 
sult of ingress. Therefore, we were working with adults from t ‘ations | lation ch ve 

two different populations. However, if ingress and egress of nih the cccecte re aon aracheristics. Tl at L ; i vty ‘ 7 heal With the exception of the winter of 1945-46, the adult age 
adults - in Dalance, tall age ratios can be used to calculate ratios and the number of returns deviated only a few per cent 
seasonal TOSSES. from the average for 1942-48 (Table 38). Unfortunately our 

First, to determine the average April 1 to November 15 samples for the winter of 1945-46 were extremely small, lim- 
losses, it is necessary to obtain the number of adults present in iting any importance that we might give to this deviation from 
the fall population and then divide this value by the number the average adult age ratios and number of returns. If the age 
of early spring survivors. Since it is impossible to trap entire ratios and relatively high returns for the winter of 1945-46 
fall populations because heavy mortality occurs during the happened to be true characteristics of the population behavior 
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TABLE 38 

Annual Quail Population Losses and Returns on Banded Adults (Based on Trapping Studies at Prairie du Sac, 1942-48) 

Banded Survivors in Spring 
Trapped in Winter —_—— 

—__—_————_—————__ No. No. Estimated 
Spring Per Per Cent Adults Re Total Per Adults in 

Winter Fall Pop. Pop. No. Cent! Adults Banded turns? No. Cent® Fall Pop. 

1942-43_____________________- 353 75 55 16 13.3 7 53 71 47 
1948-44_____________________- 217 124 75 35 16.0 12 i 69 56 35 
1944-45_____.__ ee 246 95 AT 19 10.6 5 1 43 45 26 
1945-46_____________________- 153 65 23 14 21.7 5 3 19 29 33 
1946-47_________________ _ ee 194 87 99 52 17.2 17 0 84 97 33 
1947-48... 215 57 116 5A 17.7 (9)2 5 53 (93)2 38 

Total__________.____--___----. 1,378 503 415 46 10 321 2126 
Average_________________.__-- 35% } 30% 22% 4 60% 42% 7 

1Per cent of the fall population. 
‘N ot included in the totals for this column because this was the last year of trapping and no further returns were obtained on these 

trapped birds. 
Total adults trapped that were banded in previous winters. 
4Per cent of banded adults trapped in previous winters. 
5Per cent of the spring population. 
6Kstimated number of total adults surviving, both on and off the study area, from the previous spring’s population (per cent of adults 

trapped in winter x fall population). | 
7Estimated per cent of adults surviving from spring to fall (212 divided by the spring population). 

for this year, a combination of factors would have to be in- tivity would be logical factors affecting these populations as 
volved. These are abnormal movements of adults in spring, will be explained in the sections on density relationships. The 
low adult mortality, and low productivity. The probability very high losses for years having high spring densities appear 
that all three of these conditions prevailed at the same time to be density related. High losses for years in the period 
seems remote. Also there did not appear to be a density rela- 1948-51 appear to be related to habitat changes and other 
tionship since the rate of summer gain and spring density factors which offset density effects. 

were both relatively low. Lacking evidence which would indi- The November 15 to November 15 survival series for the 
cate that some factor or combination of factors operated to petiod 1942-48 based on all of our data and extrapolation 

make the 1945-46 population characteristics different f rom was 100-14-1-0 (Table 50). This is considerably lower than 
other winters, we deduced that sampling error and possibly the estimates for Wisconsin pheasants reported by Leopold 
unbalanced movement were involved. et al. (1943) and Buss (1946) who reported survival series 

The other extreme deviations that seem worthy of com- of 100~-30—9-1.8—-0 and 100—-26-9-4-0 respectively on the 

ment which concern both high or low April 1 to November same refuge for different years. However, the pheasant sur- 
15 losses (Table 40) can be explained as follows. Obviously vival series is from a winter-to-winter sample which varied 

the ‘0’ losses shown for 1929 and 1937 are impossible. Un- in the dates in winter when birds were trapped. 
balanced movement, high adult survival, and high produc- Apparently the annual survival of Wisconsin quail is very 

TABLE 39 

Comparison of Calculated Return of Spring Survivors in Fall With Actual Returns From Trapping 

(1) (2) (3) (4) (5) (6) 
Est. Actual Winter 

Per Cent Banded Spring ‘Est. Spring Est. Returns From 
Banded Surviving Survivors in Survivors in Spring Previous 

Survivors in From Spring Fall (Total) Fall (On Area) Survivors Spring’s 
Year Spring to Fall* (1) x (2) (3) x 21%t Trapped{ Survivors 

1943________________---------------- 53 50 27 6 2 1 
1944____________ 1-2 eee -- 69 21 15 3 1 1 
1945_____.____________-------------- 43 35 15 3 1 3 
1946___________________------------- 19 ol 10 2 1 0 
1947_____________-._-_____------------ 84 44 37 7 4 5 

Total_________._____-_-_------------ 268 107 9 10 

*From Table 40. . 
tPer cent of birds remaining on area. 
{(4) x per cent of the fall population trapped. 
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TABLE 40 

Annual Quail Population Changes, 1929-51 at Prairie du Sac 
eee eee ees —NNo@00™$080°000CeeNeuuuwwooomom=s—* 

April 1 to Nov. 15 Adult Losses 
Nov. 15 Pop. —_——— 

Previous Spring Winter Loss SEE Per Cent Per Cent of 
Fall Pop. Pop. ———_—____—_—_— No. of of Spring Previous 

Year (Nov. 15) April 1 No. % Total Adults* No.t (April 1) Fall Pop. 
a 

1929_________.____-------- — 22 — — 121 19 3 — — 

1980____..---------------- 121 112 9 7 257 40 72 64 60 

1981_______--------------- 207 236 21 8 400 62 174 74 68 

1932_____..---_----------- 400 290 110 28 406 63 227 78 57 

1983______---__.__-------- 406 339 67 17 433 67 272 80 67 

1934______________-------- 433 288 145 33 All 63 225 78 52 

19385______.--__----------- All 196 215 OZ 416 64 132 67 32 

19386___.__---.------------ 416 65 351 84 140 22 43 66 10 

19387______.-_-____--------- 140 25 115 82 158 24 1 4 0 

1988____._-_-__.-_-------- 158 39 119 75 148 23 16 Al 10 

1989___________.__-------- 148 97 51 34 318 49 48 49 32 

1940_______--_______------ 318 133 185 58 288 44 89 67 28 

1941______.- LL ---- 288 142 146 ol 264 4] 101 71 35 

1942______.-_____._------ 264 122 142 o4 353 47 75 61 28 

1943____.___-____--------- 353 70 283 80 217 35 35 50 10 

1944______________ ----- 217 124 93 43 246 26 98 79 45 

1945________--__ eee ee 246 95 151 61 153 33 62 65 25 

1946_______________------- 153 65 88 58 191 33 32 49 21 

1947____________-_____----- 191 87 104 o4 215 38 49 56 39 

1948____.____________-_---- 215 57 158 73 109 17 40 70 19 

1949__________-_____---_--- 109 AT 62 o7 141 22 25 53 23 

1950___.-___-_---.-------- 141 87 o4 38 163 25 62 71 44 

19§1___.___.-.____-------- 163 60 103 63 107 16 44 73 27 

Avg.f____...___--__-------- 252 126 126 50 252 39 87 69 35 
a 

*Estimated by multiplying the total fall population by the average per cent of adults (15.4, Table 21) found in the 1942-47 population 

except for the period 1942~47 where the actual per cent of adults is used. 

+Number of adults in “fall population” subtracted from the “spring population”’’. 
{Excludes 1929. Percentages are computed from the averages. 

similar to that found in Georgia quail. Stoddard (1931) did cent to 23 per cent adults. These extreme: in the percentage 

not make survival studies as such, but his banding operations of adults were similar to the Prairie du Sac age ratios. Thus 

on the Forshala plantation showed 135 returns out of 1,031 these data together with all of the other sources of informa- 

quail banded in the spring of 1925 and 1926. In terms of a tion on the study area indicate that the Prairie du Sac age 

survival series occurring between one nesting season and the ratio data provided a reliable index of year-to-year losses. By 

succeeding one, this would be expressed: 1,031—98—29-8. using the mean percentage of 15.4 adults (Table 21) in calcu- 

These data indicate that 13 per cent of the quail lived at least lating spring-to-fall losses for any one year from 1929 to 1951, 

one year. On another study area Stoddard reported returns of the extreme errors which could be expected are plus or minus 

379-56-6-3, for a survival of 17 per cent. The intensity of 6 per cent. We do not believe that such an error would distort 

trapping and losses between seasons, area populations, and the results obtained through the use of an average age ratio of 

other controlling factors were unknown. 15.4 per cent in evaluating population behavior to the extent 

Since the percentage of adults in a population provides an that the biological implication would be lost. 

estimate of the average annual survival, as was indicated in Of considerable importance in the mechanism that controls 

the Prairie du Sac data, this information can be used to make annual mortality is the relationship between winter (Novem- 

general comparisons of year-to-year losses in many other states ber 15 to March 31) and spring-to-fall (April 1 to Novem- 

(Table 20). These data indicate that annual adult survival in ber 14) losses (Fig. 15). The array indicates that when win- 

Wisconsin iS also similar to that in many other areas. How- ter losses are high, spring-to-fall losses are low (ry equals 

ever, precise comparisons can't be made using age ratios —.512; .423 required at the 5 per cent level). The 8 out of 

alone; population censuses are also required, because the age the 22 years in which the correlations deviated considerably 

ratio in a rising population could be similar to one in a fall- from the average indicated that other factors affected favor- 

ing population but adult survival could be different in both. ably or unfavorably the impact of high winter losses on quail 

The practicality of using the average percentage of adults in populations in some years. Generally the factor of adverse 

the trapped sample to compute the total adults in the fall pop- weather that caused heavy winter mortality created a spring 

ulation for all of the years from 1929 to 1951, except during population that had a higher survival rate from spring to fall 

the period 1942-48, is indicated from the following example. than a population sustaining low winter losses. 

The average age ratios for fall collections in Wisconsin, which Probably the most important relationship between seasonal 

were statistically significant (Table 19), varied from 8 per changes is that of spring (April 1) populations and spring- 
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100 

terpret our observations on natural quail populations, we 
90 elected to include them in this report rather than in a separate 

publication. 
°° @ @@ @ The results of the pheasant density studies together with 

8 1 @) @ ® @ age-ratio relationships are highlighted below for reader orienta- 
5 3 Ge ) tion and completely reported in Appendix B. 
= @ 9 The results of Study I, designed to determine whether dens- 
2 °° | @ ity clearly affects mating behavior, showed the following trend 
g 80 | in the amount of fighting among cocks as the number of the 
o @) birds in a 25- x 75-foot pen was increased: first, fighting be- 
E 40 came intense, then decreased Sharply and finally ceased. But, 
° | the mating drive was not affected and the cocks continued to 
! 30 pursue hens at the same rate. 

Under extremely high density in Study II (216 birds in 6 
20 pens consisting of 18 hens and 18 cocks each for a density of 

504 birds per acre) the hens laid approximately half of their 
0 eggs at random (not in nests) and frequently laid in and 

@) incubated each others’ nests. This promiscuity was attributed 
° 10 20 30 40 «+60 +60 #70 #480 90 100 to the extreme density and showed how this could greatly 

PER CENT WINTER LOSS | affect reproductive success. 
Figure 15. The relationship between winter (November 15—March 31) One consequence of 2 or more hens laying in the same nest 

and subsequent spring-to-fall (April 1—-—November 14) losses in adult . . - quail at Prairie du Sac from 1930 to 1950, was observed in a supplemental study in which 10 hens and 1 
a cock were penned in a 25- x 100-foot enclosure. Despite the 

to-fall (April 1 to November 14) losses, shown in F igure 16. complete lack of cover and extreme density, most of the hens The array of co-ordinates which is positive shows a highly laid eggs in nests but only 1 hen possessed enough maternal 

significant correlation (r equals .762 at the 1 per cent level drive to attempt to hatch a brood. The nest that was incubated using the logarithm of the spring population), clearly dem- contained 58 eggs, laid by at least 5 different hens, and 4 dif- onstrating that spring-to-fall mortality of adults was directly ferent-aged embryos. As soon as the first egg hatched, the 

proportional to spring density. incubating hen abandoned the nest. 
Only the years 1929 and 1937 showed extreme deviations 

but even these two years depicted the same positive relation- Figure 16. The relationship between spring (April 1) quail popula. 
ships as the other years. The very small spring-to-fall losses eenee ona anal (April 1-November 14) losses of adults 
for these two years in which the spring population reached — 
its lowest levels were probably the result of a combina- 100 
tion of unbalanced egress, low summer mortality and high 
productivity. 90 

While correlation between high winter losses and corre- 
sponding low spring densities and summer losses indicates a 80 @ ‘oO @) 
direct relationship, the occasional deviations indicate that un- o 51 © 

der certain environmental conditions the relationship can be 3 70 «(6d 

complex. These deviations and their possible causes will be 5 © 65) ©9 Gs) 
discussed later in the section on fluctuations. = 60 

i 

Density Relationships a) 

The effect of seasonal densities of Wisconsin bobwhite 2 50 
quail on survival or reproductive gains are primarily reported a og 
in the discussion section together with data from other b 40 

authors. These density relationships are based on studies of O 
the natural population. With the exception of one year in « 30 
which we deliberately reduced the Dunn County population, ~ 
we did not have any opportunities to manipulate quail densi- 20 
ties to simulate controlled studies. 

Since we could not critically evaluate the impact of quail 10 | 
density on biological response, we conducted studies on 
penned pheasants where conditions could be controlled. Be- 0 
cause we frequently relied on these pheasant studies to in- 100 200 300 400 

APRIL !, POPULATION 
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In follow-up studies designed to measure the impact of gain and covey size and fall populations was not significant. 
density-related behavior on reproductive rates (Study IIL), The size of fall coveys appears to be an inherent characteristic 
pheasants were penned at the rate of 1 cock to 5 hens (30 of the species rather than a factor dependent upon other pop- 
birds per acre). They dropped 53 per cent less eggs, laid 42 ulation characteristics. 
per cent more in nests, hatched their first young 8 days earlier There was no significant correlation between the ratio of 

and completed hatching their chicks 22 days earlier than did males to females and young to adults in the birds that formed 

birds penned at the rate of 1 cock to 15 hens (90 birds per coveys; neither was there a correlation between the age of 

acre). However, the number of successful nests produced by broods that composed coveys. The average number of broods 

both groups was the same. The detrimental effect of density composing coveys in November was 2.4. 

in this case was the extra stress imposed by the effort involved Quail weights for juveniles and adults reached an annual 

in prolonged laying and incubating and late hatching of peak in January and then declined to April. Based on these 

chicks. Under high densities strife among cocks was so great and other studies, there appears to be a correlation between 

that in one case a dominant cock killed 2 other cocks. We weight changes in females and the time of egg laying and 

have observed a few badly beaten cock pheasants and quail hatching. This relationship is similar to that in pheasants. The 

in wild habitat but never witnessed a killing that resulted from difference between weights of juvenile and adult males and 

mating season strife. It is doubtful whether mortality from females in winter months and between winters was not sig- 

this cause alone could be a significant factor, but it neverthe- nificant. 

less is another potential source of loss. The movement of quail in winter averaged 14 mile with a 

The effect of cocks on reproduction under conditions of range of 150 yards to 1 mile. From spring to fall, 79 per cent 

heavy density was clearly demonstrated when the experiment of the Prairie du Sac area quail population left the area (4,500 

described above was repeated the next year but in this case 3 acres) with 60 per cent of this movement occurring before 

cocks were found by trial and error that would tolerate each early July. On the larger Dunn County area (10,000 acres) 

other. Thus the only difference between the penning arrange- egress was 42 per cent of the population during a comparable 

ments was that we were comparing the reproductive perform- period. 

ance of pheasant densities composed of 1 cock to 5 hens and Spring dispersal was random and averaged 1.3 miles. The 

3 cocks to 15 hens. The effect of density on egg laying and interwinter movement is 20 per cent less than the spring-to- 

nest formation was similar in both years. However, the num- fall movement. This difference in movement appears to be the 

ber of successful nests hatched per hen was reduced from 0.9 result of quail continuing to move until some of them begin 

to 0.3 in the pen containing 3 cocks. Also the date of hatching to turn back toward their winter range. The interwinter move- 

was later by one month and the number of chicks hatched per ment ranged from 1-4 miles. 

nest was reduced to one-half. Early studies based on winter band returns alone indicated 

Since the spring and summer age ratios of breeding popula- an annual disappearance rate of 88-97 per cent. The annual 

tions vary from year to year, Study IV was initiated to deter- mortality rate computed from a combination of banding re- 

mine whether there was any difference in reproduction of turns, censuses and movement averaged 85 per cent (survival 

young (1-year-old) and old (2-year-old) breeders. The results series = 100-14-1-0). The total annual mortality was sub- 

of this study showed that old birds were superior in all phases divided into ecological seasons as follows: 50 per cent from 

of reproduction and successfully hatched 40 per cent more November 15 to March 31 and 69 per cent from April 1 to 

clutches than young breeders. November 14 with 24 of this loss occurring between July 1 

and September 15. High winter losses were generally followed 

Summary by low spring densities and summer losses. The loss rate of 

The average hatching date from 1944 to 1960 was July 18, adults in summer was correlated positively with spring density. 

with broods hatching from June to October. July 13 was the Pheasants were used in pen experiments to determine 

median hatching date. whether an increase in density affected reproduction, When 

Fall population samples contained 61 per cent adult males density was increased threefold the number of clutches success- 

and 51 per cent juvenile males, Adults averaged 16.1 per cent fully hatched by the experimental hens decreased from 0.9 

in state-wide fall samples and 15.7 and 15.4 at the Dunn to 0.3 per hen. Some of the specific behaviorisms of the pheas- 

County and Prairie du Sac Study area, respectively, in winter ants in the pen experiments such as promiscuous nesting were 

samples. also observed in wild quail. These studies, together with other 

In the state-wide, fall population samples, the young-per- population behavior relationships to be reported later, indi- 

adult and young-per-adult-hen ratios were 5.4 and 13.3 re- cated that potentially density changes can affect quail in the 

spectively and in the winter-trapping samples on both of the same way as they did the experimental pheasants. 

study areas they were 5.4 and 14.4. Pen studies were also conducted to determine whether there 

The average size of 254 coveys from November 1-15 was was any difference in the reproductive performance between 

17.0 and by the end of March the coveys had shrunk to 7.5 young and adult pheasants. Adult birds were superior in all 

(1935-51). The correlation between covey size and summer reproductive phases compared to young birds. 
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Habitat Studies 

The general habitat requirements of quail were revealed by (1952), Larimer (1960) and Ellis (1961). These studies plus 
their distribution in both the primary and secondary agricul- our Own examinations show that corn, small grains, soybeans, 
tural lands of the state, areas encompassing all soil types. In and the larger weed seeds are the primary winter foods, Al- 
early history, prior to settlement in 1850, quail were reported though the seeds of broad-leaved weeds and domestic crops 
present according to Schorger (1944) in all areas of the are favored, quail eat a variety of seeds, Laessle and Frye 
state except the solidly forested regions (Fig. 3). And al- (1956) found slough-grass (Scleria muhlenbergii) and wax 
though quail were reported as being occasionally abundant myrtle (Myrica spp.) predominating in quail diets in Florida. 
ptior to settlement, it was not until 10-20 per cent of the Some of the fruits of shrubs frequently eaten are wild grape 
land was in agriculture that quail began to be frequently re- (Vitzs sp.), bittersweet (Celastrus scandens), and sumac 
ported as abundant in his report. The fantastically high dens- (Rhus sp.). Mast crops and insects complete the main course. 
ities reached in almost all portions of the occupied range from Fruits of shrubs are not a complete diet (Errington, 1931) and 
1845 to 1855 showed that both food and cover supplies were quail lose weight on these foods when eaten alone; they are 
ample. “‘salad-type” foods. Some fruits may even be toxic to birds, 

A survey of the distribution of quail in Wisconsin in 1949 such as Rhus vernix (Trainer and Kabat, 1961). With the 
(Fig. 4) showed that this species occupied the identical range, exception of insects and green vegetation the same foods, when 
except for the southeast, in which they were found a century available, are eaten year round. Only snow and sleet cause 
earlier, During the 100 years elapsing between these periods, extreme food shortages. 
great changes took place in both wild and domestically pro- The great variety of seeds from commonly growing wild 
duced vegetation. Although the density changed drastically and cultivated plants eaten by quail allow it to exist in all but 
between the mid-1800’s and 1900's, wherever quail are found deep forested and wide-spread grassy areas, The heavy diet of 

in Wisconsin there is no evidence to indicate malnutrition seeds produced abundantly by weeds such as common ragweed 
exists now. The thousands of quail we and other investigators (Ambrosia artemisifolia), foxtail (Setaria sp.), smartweed 
have either observed, or examined at least outwardly, were and wild buckwheats (Polygonum sp.), and domestic crops 
vigorous, full-weight birds except in severe winters when food indicate the adaptability of quail to live in cultivated land 
supplies were buried by snow. areas. 

When we consider that the bobwhite quail lived abundantly We did not conduct studies to determine the availability of 
in the 1800’s in Wisconsin on the flat central sandy areas, in seed on the ground, but a number of such studies have been 
the unglaciated hills of the southwest and west, and on the carried out. In Missouri Korschgen (1958) analyzed soil 
clay and peat soil of the southeastern part of the state, we have samples for the type and amount of the seed present. He made 
here a most remarkable bird. It is only in the southeastern the deduction that quail were able to find and utilize 10 per 
quarter of Wisconsin that quail no longer exist. The reports of cent of the seed present, and also that on the average 15 g. of 
the dependency of bobwhite quail on shrubby growths for seed were eaten daily. Korschgen concluded that southern Mis- 
cover by Stoddard (1931), Leopold (1931), Errington and souri range could have supported 1 quail per 3 acres in a 

Hamerstrom (1936) and Schorger (1944), together with their drouth year when seed supplies were at a minimum. 
distribution during the 1800’s and 1900’s provided us with an Leedy (1939) in Ohio, and Dalke (1935) and Baumgras 
approach to studying current food and cover requirements and (1943) in Michigan reported finding a much higher amount 
trends in availability as they relate to population behavior and of seed on the ground than was found by Korschgen. Direct 
game management practices. The obvious difference between comparisons of the Missouri, Ohio and Michigan results with 
the quail-less southeastern part of Wisconsin in the mid-1900’s Wisconsin ate not practical, but there is little reason to be- 
and the presently occupied range is in the amount of con- lieve conditions would vary greatly in these four states, Erring- 
tinuous shrubby cover (Thompson, 1951). Thus we pro- ton and Hamerstrom (1936) concluded that “only under some 

ceeded to gather data through both literature review and field emergency conditions or under those approximating the primi- 
observations on changes in vegetation primarily used as quail tive, have we found survival delimited by the amount of food 
cover. Food habit studies were made only incidentally to those to be had during open winters”. Also, the survival and condi- 
on cover and through indirect approaches. tion of quail (see section on weights) indicate that the weed 

and domestic crop seed supply in Wisconsin fields was suffi- 
. cient to support considerably higher populations of quail in 

Food Requirements mild winters than were found throughout our period of study. 
The general food requirements of quail in Wisconsin and In addition, Wisconsin with its great dairy industry carries on 

other states have been determined by several investigators in- the practice of spreading barnyard manure which is high in 
cluding: Errington (1931), Errington and Hamerstrom bird-food value throughout the winter on almost every farm 
(1936), Leopold (1931), Stoddard (1931), Martin (1935), in the state. Only in periods of deep snow does this practice 
Wright (1941), Baumgras (1943), Stollberg and Hine fail to be performed with regularity. 
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The more important question is the trend of land use in 300 birds only in the winter of 1942-43, During this period 

regard to future food supplies; it will be discussed later. it was possible to define areas that were usually occupied by 

only one covey in any one winter. A total of 24 separate 

Cover Requirements covey ranges were defined. During the period 1936-51 these 

The cover requirements of quail are well known. ‘They covey ranges were occupied 173 times; there were only 5 times 

must have effective brush cover within access of wherever they in which more than 1 covey was found in the same covey 

may have to feed,’ and “‘Bobwhites seem to care little if a range. 

winter refuge thicket is made up of raspberry canes, plum Under the intensive farming practices of Wisconsin there 

brush, of something else, as long as it serves their needs’ ate few thickets of cover remaining interspersed in the form 

(Errington and Hamerstrom, 1936). Roosting cover may be of clumps in fields. An occasional farm may have a brushy 

herbaceous or brushy. ravine or odd corner such as a rock outcrop, gravel pit or 

Errington et al. (1936) listed and described some of the woodland edge that provides the predominant cover for an in- 

most prevalent woody shrub or vine species used by quail for dividual covey range. At Prairie du Sac there were 4 covey 

cover in the Prairie du Sac area. These include willow (Salex ranges of this type. The remaining 20 covey ranges contained 

spp.), dogwood (Cornus spp.), taspberry (Rubus spp.), hedgerows along fences and roads as the primary cover. How- 

grapevine (Vitis spp.), haw ( Crataegus), plum (Prunus), ever, even the 4 covey ranges cited above contained hedgrows 

creeping juniper (Juniperus communis depressa) and elder- that were used more often than the thickets. For about ten 

berry (Sambucus canadensis). years, from 1941 to 1951, one covey range contained a 2-acre 

In our studies the composition and quality of roosting cover pine planting that provided solid cover while the branches 

was determined by the sites that individual coveys used as remained lush at the ground level. 

winter range. While almost any clump of woody or herbaceous When Errington began his studies at Prairie du Sac there 

vegetation was sporadically used by quail in winter, it was only were 18.45 miles of hedgerow cover in the area. By 1950 this 

those sites that contained 14 mile or more of hedgerows at was reduced to 10.32 miles. The amount of hedgerow cover, 

least 6 feet in width that repeatedly contained a covey. its use and its proximity to food patches, which will be elab- 

In Wisconsin where most of the occupied quail range 1s orated in the next section, indicate clearly the importance of 

located in farmed areas, primary concealment cover has for the this habitat feature to Wisconsin quail. Hedgerow cover lo- 

last 50 or more years been located in hedgerows along fences, cated along streams, which are absent at Prairie du Sac, and 

roads, streams and woodland margins. Also sprinkled rank vegetation along marsh edges, provided valuable cover in 

throughout the Prairie du Sac study area on the hillsides and some areas. 

on the bank of the Wisconsin River are thickets (temporary 

cover) that are used by quail occasionally. With few excep- Land-use and Quail Population Trends 

tions the hillsides are grazed but the ravines and many scattered Study area changes (1937-60) | 

odd areas on the slopes have thickets of hazel (Corylus Food supply. From 1937 to 1947 there were no detect- 

rostrata), taspberry, prickly ash (Zanthoxylum americanum), ab!e major changes in land use that would affect all types of 

grape tangles and creeping juniper composing about 90 per food supplies. From the mid-1940’s to 1960, however, the 

cent of the prevailing cover. These hillside coverts vary in amount of corn left standing or in shocks (Table 41) as well 

size from about 10 square feet in diameter to more than an as waste grain and weed seeds decreased significantly as a re- 

acre. sult of improvements in culture and harvesting equipment. 

The bank of the Wisconsin River in the north half of the The impact on quail cannot be considered as severe in most 

area is about 25 per cent covered with brushy spots. The tem- winters, for in moderate winters when the amount of snow 

porary cover on the hillsides and river bank, expressed in remaining on the ground was very limited, these same fields 

terms of a hedgerow, composes a strip approximately 6 feet still provided a good supply of feed in the form of waste 

in width and 234 miles long (Fig. 1). corn and weed seeds. 

The practice of grazing on the hillside has almost eliminated In the past 30 years, decline in waste grain and weed seeds 

food plants, making these cover types usable only for emer- was offset by increased spreading of manure throughout the 

gency roosting. Quail are not adverse to remaining in wooded winter and greater amounts of waste corn in fields resulting 

areas if feed sources such as tick trefoil (Mezbomia spp.) are from machine harvesting. However, since corn pickers are be- 

abundant (Leopold, 1931 and Stoddard, 1931). However, ing constantly improved to reduce wastage, the previous gains 

quail researchers agree that quail prefer open fields with to birds from this method of harvesting over hand picking is 

shrubby growths whether in hedgerows or scattered in clumps. being lost. 

The winter ranges of coveys at Prairie du Sac from 1936 to The nutritional value of the seed available to quail was not 

1951 are shown in Figure 17. Errington et al. (1936) pointed studied. Wright (1941) analyzed the chemical composition of 

out that when the quail population on the 4,500-acre Prairie du quail crop contents containing foods similar to those eaten by 

Sac area reached around 400 birds, covey ranges overlapped. Wisconsin quail and found that they had a high nutritive 

However, from 1936 to 1951 the quail population exceeded value. Nestler (1946) suggested that there might be a short- 
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age of vitamin A in wild bird diets. Thompson and Bauman TABLE 42 
(1950) found no detectable vitamin A deficiencies in either Prairie du Sac Hedgerow Cover Losses 

quail or pheasants during 1946-47 in Wisconsin. Wild pheas- 
ants showed higher vitamin A storage levels than did game Miles of Hedgerow 

farm birds. The amounts of vitamin A stored were the same $$. _— 
, ; ; Present in winter as in fall. Schultz (1959) sampled 128 Ohio quail Amount Cum. 

from two counties in two winters, 1946-48, and found no Road- Fence- Re- change 

detectable “‘avitaminosis A”. These studies indicated that if Period sides rows Total moved (7%) 
there are vitamin A shortages the condition is not significant Before 1935_---.--- 9.12 9.383 18.45 

or at least not conspicuous 1936-20. -___.-...- 16.94 1.5L 8 picons. 1941-45___-______- 13.39 3.55 27 
It is possible that in more arid areas such as Texas vitamin 1946-50___-------- 10.22 3.17 45 

A. short Leh 1 H h 1951-56______------ 8.22 2.00 55 
shortages may occur (Lehmann, 1953). However, these 1957-58......____. 7.12 1.10 61 

shortages seemed to be correlated with lack of seed and mast 1959-60_._-------- 1.738 5.39 7.12 0 61 

crops especially in winter. Total lost___...... 7.39 3.94 11.33 
While there should have been ample weed and crop seed Per cent lost_-------- 81 42 61 

available to feed far more birds than were found on the study TT 

ance during 1991-98, it was in this period that quail showed pact of cover loss and the lowered effectiveness of residual 
their greatest decline. Thus we have to conclude that although 

. _——— cover apparently to attract and hold quail (Table 43). For 
the trend in land use is for decreasing food supplies in the 7 . 

, 7 the first 20 years of the Prairie du Sac studies (1931-50), 
future, this condition was not a major factor in the quail h , lati ; ‘le of 

lation levels from 1937 to 1958. Also while the numbers the quail population averaged 23 birds per mile of hedgerow. 
poplar a Weather conditions from 1931 to 1950 included all combina- 
of Prairie du Sac quail were declining, the general state popu- ; :; :; - : 

, a . , tions of mild and severe winters. The stability of the relation- 
lation showed a significant increase in many other areas. ; :; ; ; ship of quail per mile of hedgerow provides us with as re- 

liable a habitat requirement factor as there is for most other 
TABLE 41 wildlife species. This relationship we shall henceforth in this 

Fields of Shocked Corn Remaining in Winter report refer to as the guail:-hedgerow-mile index. 

at Prairie du Sac The rapid decline in the quail population after 1950 shows 

——————————————OOOOOO————XXSX———_————— a breaking point in the area’s capacity to sustain birds. From 

Number of Fields 1950 to 1955 the quail:hedgerow-mile index declined to 13 

Year Fall Winter and from 1955 to 1958 to 3, approximating a 50 and 85 per 

Nee EE cent decrease respectively in the area quail population. These 

Pag TT SO 3 declines occurred with only the additional loss of 2 and 1 

1947-48_____ 8 5 miles of hedge or 11 and 5 per cent respectively of the 

1950-81. ga original 18.45 miles of hedgerow. 
1958-59_____-.------------------------ . ST The miles of hedgerow in an area become more meaning- 

TTT TTT ful to quail management when expressed in terms of acres of 
*No data obtained. 
+Only small parts of 5 fields remained. the area (Table 43). As long as the ratio of the acres of the 

area to 1 mile of hedgerow was 450 or less, the quail:hedge- 

Cover. While a number of changes in cover quality and row-mile index remained at an average of 23 (1931-50). 

quantity occurred on the area, as described previously, the But when the amount of hedgerows decreased only 20 pet 
outstanding difference between the 1930’s and 1950's was in cent more leaving 1 mile of hedgerow to each 550 acres of 

the amount of hedgerows. The number of hedgerows, their land the quail population was reduced 50 per cent. The rela- 

location and the period when they were removed from fences tionship of miles of hedgerow to acres of land henceforth 
or roadsides is shown in Figure 18. Although hedgerow cover will be referred to in this report as the acres -hedgerow-mile 

that was lost in any one covey range (Fig. 17) varied in index. This index can be compared in importance to the acres 

quality, quail were found roosting in it during every winter of grassland required for prairie chicken (Hamerstrom, Matt- 

in which a covey was present up to the year when it was fe- son and Hamerstrom, 1957). 
moved. A few sites gained cover but these are too small to The relationship between the number of quail and the miles 
consider separately; they are accounted for in hedgerow of hedgerow varied between 19 and 26 from 1931 to 1950. 
tabulations. This variation is related directly to weather conditions and 

The amount of cover lost during various time intervals and mortality in winter. Sleet storms in the winter of 1936-37 

the total roadside and fencerow losses are shown in Table 42. and 1937-38, following the murderous winter of 1935-36 

The direct correlation between the downward trend of the when populations were reduced to an extreme low, prevented 

quail population and hedgerow decline clearly shows the im- a rapid recovery to another high level between 1936 and 1940. 

57



TABLE 43 

Prairie du Sac Hedgerow Cover and Quail Population Trends 

eS —S“>$s_>$qq00e°"‘—.———asesSseeeeeeeTeTETEOe eee ese eee 

Density 

Fall July 1 Miles of we Mie? Acres Per Acres Mile 
Period (Maximum) Index* Hedgerows of Hedge Quail of Hedget 

1931-85_________-_-_-_-_--. ~~ eee 433 18.45 23 10 250 
1936-40_________----- ~~ eee 318 16.94 19 14 300 
1941-45_______ eee 353 13.49 26 13 350 
1946-50____________-_-_- eee 215 57 10.32 21 21 450 
1951-55__ 2 eee 107 53 8.32 13 42 550 
1956-58_______________- eee (19)f 17 7.12 3 240 650 
1959-60____-__________-_----__-_--- + - _---- 0 0 7.12 0 — 650 

*Whistling Counts. 
tRounded to nearest 50-acre interval. 
{Data were available for only 1958. 

In Table 44 we estimate what the quail population could 1.7 acres, which is as high a density as reported in any quail 
have been in 1958 if all fencelines and roadsides contained a study in other states by Leopold (1931). 

hedgerow at Prairie du Sac. Using the estimate of 23 quail If there is any error in the estimate of miles of hedgerow 
per mile of hedge we obtain a figure of 1,050 birds or 4.3 or Openings and cleared fields surrounded by brushy edges for 
acres per quail. From historical information on land-use the period 1850-70, it would appear to be on the conserva- 

trends in Columbia and Green Counties that is presented next, tive side. As each settler cleared his land or plowed prairie 

it appears that we can also estimate the existing quail popula- sod, he created new fields. It is obvious that these had to be 
tion for the period 1846-70. small and numerous since the natural tendency would be to 

The estimates above are reliable only to the extent that “open” the easiest sites first (Curtis, 1959). This practice 

quality of cover and other factors were similar in the mid- would result in a patchwork of fields. Actually the landscape 
1800’s to those of 1934-50. The complex changes in vegeta- would resemble more a network of thickets sprinkled in- 
tion in this period, resulting from the White Man’s disturb- between fields on a matrix of oak savannas or mesic forests. 
ance of true and brush prairie for agricultural purposes and Additional cover was created by brushy growth springing 

the reduction of fires all affected quail habitat. The right up wherever the cutting of trees to get lumber for dwellings 

combination of these factors could have created conditions and fences occurred or sweeping prairie fires were curtailed 

that permitted an even higher quail population to develop by settlers, resulting in a great amount of edge developing in 
than our estimates indicated. On the other hand, density- the openings in woodlands. 

limiting factors could have kept the population of the mid- 
1800’s below our estimate. County and State-wide Changes (1840-1958) 

Land-use data show that the number of farms in Wisconsin In the previous sections we have shown the correlation be- 
reached a plateau about 1870. Since we do not know the tween cover and quail populations on the Prairie du Sac study 

actual number of fields per farm between 1846 and 1929, we area. Since our studies and those reported by Errington ex- 

cannot accurately determine the miles of hedges along field tend back only to 1929, we could only estimate the area’s 
fencelines. However, we do know the fields must have been quail populations in early history through a process of 

much smaller and the number considerably greater during this extrapolation. However, Crop Reporting Service records 
early settlement period. Arbitrarily we assumed that there were (Ebling ef al., 1948) on agricultural statistics from 1850 to 
at least three times as many fencelines or field edges bordered 
by shrubs in 1850-70 than from 1929 to 1958. Thus, we use TABLE 44 
3” as a conversion factor for estimating the miles of hedge- Estimates of Potential Quail Population (If all fencelines 
row along fencelines in this early period. We also have ob- and roadsides had hedgerow cover) 
tained records to show that the miles of roads in the area re- sess” 

mained quite similar from the early 1860's to the late 1950's. 1958 1846-70 

Assuming again that all fencelines and roadsides contained (1) Miles of fenceline____.__--.-_-_-__- 23.8 71.4* 

hedgerows, we obtained a total population of 2,150 or 2.1 (2) Miles of roadside -__-.-..--------- 22.4 22.4 

acres per quail. (3) Fotential hedgerows____...--------- 46.2 93.8 
We know that about 900 acres of the area are composed of (4) ae er Css Nana 99 93 

high wooded bluffs with a low quail value even in the un- (5) Total quail on area, (3) x (4)---_---. 1,050 2,150 

grazed portions. This means that the estimated population of (6) Acres per quail, 4,500/(5)..--------- 4.3 2.1 

2,150 birds would have to be concentrated on 3,600 (4,500 *Obtained by multiplying amount of potential hedgerows in 

minus 900 acres of nonagricultural land) or 1 bird on each he eter nureber of toneelines on farms in 189070. 
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Figure 18. Roadside and fencerow cover changes on the Prairie du Sac area, 1936-58. 
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oS Ne 

| or i Be ear | = ae “9 Pde Noe construction of roads. Two-thirds of the existing rural roads 
: ee Ai ae 1 in Columbia County were constructed by 1861 (Table 46). 

| } es Fee RET The location and mileage of roads on the Prairie du Sac ! akg eee Lo Sie study area were the same in 1929-59 as they were in 1861. 
| | coe a ‘Sa, Set a The amount of hedge cover along the railroad and road 

re i ae 4 LD peg one 8B eg As the cropland acreage continued to increase, especially in 

cos SR MI ei the southeast and south central portions of the state, along 

eae ae US Sf (the great field edge cover so important to quail was gone. 

Roadside hedge removed from fill bank at Prairie du Sac where it had In 1831, 22,540 acres or 98 per cent of the township were 

veal Wop bere hel Neely Ten eines Tut wooded (86 per cet oak opening and 12 per cent otk for dense shrubby vegetation. est). The remainder was open prairie. By 1882 the wooded 
area was reduced to 33.6 per cent, which actually contained 

1956 for the state and for Columbia County (Table 45) in more trees than in 1831 because of the conversion from oak 
which the study area is located may shed further light on past savanna to forest, and by 1902 the savanna lands were re- 
quail populations. duced to 10.2 per cent and the forested lands to 8.8 per cent. 

Farm development was almost zero in 1836. A territorial The 1861 map of Prairie du Sac showed more open land 
census at that time showed only 11,683 people. In 1840 there (Fig. 19) than did Jordan Township in Green County, but 
were 30,945; in the next decade settlement boomed and by the development for farming obviously followed the same 
1848 the state population had reached 305,291. In 1850 there pattern. | 
were only 20,177 farms in the entire state but by 1860 they While quail declined in many areas of Wisconsin in the 
had increased to 102,904, — late 1850's following several severe winters of that period 

The quail population increase which was reported by Leo- (Schorger, 1944), they made some local recoveries, but by 
pold (1931), Schorger (1944) and others was directly cor- 1894 a significant decrease to a new low level was indicated 
related with the amazingly rapid development of farms from by the closing of the Wisconsin hunting season in that year 
1840 to 1870. By 1870 the acreage of cropland was within (Leopold, 1931). There is no evidence to indicate that the 
15 per cent of its peak levels in 1910. This trend was strik- change in the acreages of various field crops were involved in 
ingly reflected in the over five-fold increase in farms in Co- the quail population decline. However, the increase in cattle 
lumbia County during this period (Table 45). The great and grazing of woodlands were obviously detrimental 
amount of edge created by the rapidly increasing cropland developments. 
acreage together with other changes presented ideal habitat for From this history it is apparent that in the period in which 
quail. The construction of rail fences also added greatly to approximately one-third of the land was opened for farming, 
the amount of hedgerow cover in early settlement. habitat was optimum for quail. From that point on the habitat 

The role of fire in pre- and post-settlement periods in cre- deteriorated and quail decreased accordingly. 
ating or reducing the value of quail habitat is difficult to ap- Although the removal of brushy hedgerows and scattered 
praise. We don’t believe pre-settlement fires which greatly thickets through the intensification of agriculture and road 
contributed to the maintenance of the grassy prairies and oak building and maintenance was the major detrimental factor 
savannas (Curtis, 1959) contributed equally to creating or affecting quail habitat, the abandonment of farming in some 
destroying quail habitat. While food conditions might have submarginal areas beginning in the 1930’s created another 
been improved at least in mild winters, the amount of brushy unfavorable trend. 
edge which quail require appeared to be limited. The reduc- The counties where field observations and studies have 
tion of the prairie fires at the time of settlement reported by shown that quail and their habitat have been affected by farm 
Curtis could have resulted in the development of brushy abandonment include Green Lake, Marquette, Waushara and 
stands which would have improved quail habitat significantly. Columbia. There are also several other counties where the 
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TABLE 45 

Columbia County Farm and Crop Acreage* 

NN ————————————————————————————————————————————————————————————_—_—___—_—_________ 
IIIT 

1850 1870 1890 1910 1930 1945 1954 
nn SURO 

No. of farms__-_------------------ 605 3,152 3,073 3,327 3,042 2,764 2,615 

Farm acreage 
Avg....____--------- oe eee 154 134 147 141 146 162 166 
Total._._....-_---------------- 140,418 421,302 451,473 470 ,437 445,355 448,705 435 ,506 

Corn_..-------------------------- 2,537 17,329 44,819 58,957 64,247 80,925 91,550 

Oats__..------------------------- 3,182 17,961 46 ,903 09 ,695 51,135 59 , 749 59 , 040 

Barley __.------------------------ 107 1,960 23,149 16,102 17,538 4,174 1,720 

Rye___._------------------------- 3 3,094 10,141 11,255 8,794 4,547 770 

Wheat ____.-.-------------------- 14,601 130,804 21,447 2,042 2,367 1,208 2,020 

Potatoes_______________----------- A479 1,888 3,876 7,098 4,116 1,678 550 

Tobacco______-------------------- 004 3,021 1,986 563 270 

Hay___------.------------------- 9,438 30,898 58 , 745 57 , 768 63 , 142 58,379 51,810 

Cattle (no.).._._..__-------------- 4,472 19,394 41,463 49 ,900 48,915 69 , 445 77,600 

Woodlands pasturedf____---------- 44,087 38 , 540 34,992 

Other land pasturedt-_------------- 55,5386 78,471 42 ,563 

Woodland not pasturedt----------- 15,183 17,311 29,779 

nN 
*Data from Crop Reporting Service reports. 
+No data available before 1924. Data in “1930” column is for 1929. 

habitat has been similarly affected but where the impact on when the acres :hedgerow-mile index changed to 650:1 the 

quail numbers has not been studied. The rapidity with which quail population disappeared. 

this condition develops and the acuteness of the problem was Based on the correlation of miles of hedgerows to quail 

observed in the 1,000-acre University of Wisconsin Arboretum density from 1931 to 1958, we estimated that there could 

in Dane County. In the 1930's and up to the early 1940's have been 93.8 miles of hedgerow cover and 2,150 quail 

when parts of this area were farmed, the quail population (2.1 acres per quail) on the Prairie du Sac area from 1846 

reached a high of 170 birds. By 1950 farming on this area to 1870. 

and on some bordering lands ceased, and simultaneously the The quail density on the Prairie du Sac area decreased from 

quail population declined to near zero. 1 quail to 10 acres in 1931-35 to 1:20 in 1946-50, 1:42 in 

The results of the cover studies and the data on land-use Scale tit f 4 ¢ / ia ee ee a 

they do for the first time provide a quantitative relationship Ney be 

between cover and quail populations. The importance of these fi, J Pe ee 

relationships in practical land management designed to im- ——~ ae Z a ae Je - 

prove or at least sustain our present quail populations will be a EX. - f tY - Co a 

discussed in the following section. 1, eh AH eee ‘ I 
/, oe O x a : ve a - ge, ta 

NY Se ee 

7 
CO 

Quail food supplies were ample throughout the year, except Y's, Ain PS 

in severe winters. However, the development of more effi- LY ee 

cient harvesters of domestic crops and weed control methods Dom wie 

may result in food shortages in the future. 1 y - 
; . . ; ; ps a 

In the occupied quail range in Wisconsin, changes in the iy | 

miles of hedgerows and quail densities were directly cor- i : 

related. At Prairie du Sac from 1931 to 1950 the hedgerow N eo | 

cover decreased from 18.45 to 10.32 miles (45 per cent) and \ 

quail densities were simultaneously reduced from 433 to 215 

(50 per cent). During this period the ratio of acres of land WX - «COUNTY 

to 1 mile of hedgerow in the study area (acres -hedgerow- Prats WX ONE 

mile index) changed from 250:1 to 450:1 but the ratio of \\ TL 

quail to 1 mile of hedgerow (quail -hedgerow-mile index) re- AN 

mained at an average of about 23:1. These indices are recom- \ 

mended as criteria for evaluating and establishing quail 4 “iL . 

habitat. 
' = x Prawie 

When the acres :hedgerow-mile index changed from 450:1 ul 

to 550:1 the guail:hedgerow-mile index declined to 13:1 and Figure 19. Prairie du Sac area in 1861. 
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1956-58 and ‘‘O” quail in 1959. State-wide, we estimated that TABLE 46 
in 1958 the density of quail was 1 bird to 20 acres in the bet- . . . 79 density of q c Miles of Rural Roads in Columbia County, 1861—1958* ter range and as a result of the severe winter of 1958-59 the 

e . ° ———— PN aeeenae uail density declined to 1:40 acres. 
q y Town County State Total Hedgerows along roads comprised 50 per cent of the avail- Year Roads Trunks Trunks Rural 
able cover in the Prairie du Sac area from 1931 to 1935. 1861 ' ~ — 978 
From 1935 to 1960 the roadside hedgerows decreased 81 per 1878... 1,151 0 0 1,151 
cent. The location and miles of roads in 1861 and 1929 were +14 aan te ve oes 130 
. . . . . oe eee eee ere ee LHL 9 identical. Columbia County, in which the Prairie du Sac area 
e e e ° o ry 

LS is primarily located, and other areas in the state showed simi- . aye _—- P J le . *Wm. F. Steuber, Wis. Highway Comm., in litt. January 5, 1959. lar reduction in miles of hedgerow as did Prairie du Sac up {From an Atlas of Wisconsin dated 1861. 
to about 1950. After 1950, hedgerow losses also occurred in 
these other areas but at a slower rate than at Prairie du Sac. 

When snows are deep, even some good hedgerows get buried, This is one reason why quail need an 
abundance of cover. 

et en FN. fee a Se 
a lm he | _ ee S SS A ee, SO Na 
oe boot ae |.  . FF -  . Pie Oe KS ee es no ae yg Po ik ee NS ot (ee ae 64> 

a eS od SO Soe a AO ee | Ae Ow ee Sa a, Mas Se i es eG NO Ne TOO a : es Pk ak UCU A CUM Se OCA EER A SND LY et eee 
a lChUlUmrrhmr rlrti<“<C~—mMC*Ct Tt eo Se As a ed ORS “Oo! lean °° : ee NE ORO ar oe 
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Population changes are classified in this discussion as long- more difficult to obtain historical records that permit a tracing 
term trends, seasonal losses (within years) and short-term of the factors that controlled the population size of any wild- 
fluctuations (between years). This approach was based on the life species. In Wisconsin, however, bobwhite quail were 
nature of the data we obtained and the information needed to studied intensively from 1929 to 1962, and historical informa- 

ildhi ies. ; . manage a wildlife species tion (Leopold, 1931 and Schorger, 1944) was also available. Long-term changes reveal general habitat requirements and . 
long-range management needs. Information on seasonal losses The data on seasonal losses are based on intensive studies 
and short-term fluctuations is required not only for setting conducted from 1942 to 1948 at Prairie du Sac and at Dunn 
hunting seasons, but also for conducting habitat management County from 1947 to 1951. The studies on fluctuations which 
programs which must be adjusted on the basis of population concern changes between years, both losses and gains whether 

| responses to various land-use practices. cyclic or irregular, began with Errington’s investigations in 
Rarely is it possible to continue population studies on any 1929 and our own in 1942. The relationships between factors 

wildlife species for even a 10-year period. It is usually even involved in the changes will be emphasized. 
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Long-term Trends 
Distribution 

The history of quail in Wisconsin from 1834 to 1960 clearly sionally observed but these occurred at low levels of predator 

shows that the year-round climate has been the general con- populations as well as high. 

trolling factor in state-wide distribution. The unoccupied Wis- Although adverse winter weather may have had a tremend- 

consin quail range during this time has remained the same ous impact on long-term quail population trends prior to 1900 

except for the addition of counties in the southeast and east (Schorger, 1944), we have observed since 1929 that the popu- 

central part of the state from which quail disappeared about lations were able to rebound to previous levels within a 3-year 

1900 (Fig. 3). In the north and north central counties the period following a “killing’’ year. Based on the 1929-60 quail 

growing seasons ate short, limiting the development of both observations, it appeared that there were no grounds for fear- 

wild and domestic seed-producing plants required by the bob- ing a complete loss of quail in any Wisconsin county because 

white for food. of severe winters. 

Within the occupied quail zone soil types vary from sand to In the occupied quail range, agricultural land use is cur- 

heavy silt loams. Generally quail can be found on all soil types rently the limiting factor on distribution. The disappearance 

where agricultural land use predominates, For example, some of quail in the southeastern and east central part of Wisconsin 

areas in Green Lake and Marquette Counties which have sandy is clearly related to the removal of brushy cover primarily in 

soils have produced as many quail as areas having loess soils in the form of hedgerows. The presently occupied quail range 

the southwest counties. Periodically during periods when can be expected to shrink further unless agricultural and road- 

mild winters prevail, quail have become relatively abundant side maintenance programs are integrated with wildlife man- 

in parts of counties such as Adams, Jackson and Marquette agement practices in the future to presetve and improve exist: 

even though the ratio of wild to cultivated land is much higher ing habitat (see the Management section for more details on 

than in the southwest counties. this point.) For example, quail losses were very heavy in the 

extremely adverse winters of 1959-60 and 1961-62 because 
Generally quail were most abundant when agriculture be- ; of heavy loss of cover from 1937 to 1958. 

gan to develop and spread in Wisconsin (mid-1850’s). At this ; ; ; ; ae 
~ Continentally, the trend in quail density and distribution 

time they were distributed in great numbers across the entire :; a ; oo 
relating to land-use changes has been similar to Wisconsin's 

southern half of Wisconsin. Here all types of soil and terrain hi 1 ; 
istory. The pattern of quail increases with settlement about 

were productive of quail. The southwestern counties (Drift- ar ; :; 
100 years ago and decreases thereafter with intensive agricul- 

less Area) are very hilly with flat valleys. The south central ; ; 
. . ; ture has been described by Latham and Studholme (1952) in 

counties which contain both recently glaciated and unglactated Pp ; 
a ennsylvania, Clarke (1954) in Ontario, and Brown (1956) 

areas grade from very hilly land on the west to flat prairie soils oo ; ; ; 
h Counties in th hy ¢ th ¢ in New York. Similar but less detailed appraisals in several 

on t “reel vat te int elt tr ee 1 the state bs other states were reported by Stanford (1952) in Missouri, 

ture re atively flat terrain wit all types of soils separated by Murray and Frye (1957) in Florida, and Ripley (1957 and 

a ridge of glacial moraine. 1958) in Massachusetts. Generally the impact of land-use 

Continentally, bobwhite quail, Colius virginianus and its changes was similar. Usually food and cover shortages devel- 

subspecies, occupies nearly all soil types from Wisconsin to oped as agricultural practices were greatly intensified. In the 

Guatemala and from the Atlantic to the Great Plain states and northeastern states such as Massachusetts (Ripley, 1957) farm 

Washington, Oregon and Idaho, where they became established abandonment subsequently became a factor in the quail de- 

after introduction (Aldrich and Duvall, 1955). Stoddard con- cline. 

cluded from his studies that bobwhites thrive throughout the 

Piedmont and Coastal Plain regions regardless of geological Relative Density 

differences, when their requirements in the form of food Wisconsin quail populations have fluctuated from their high- 

supply and sheltering vegetation are met, and do not occur est known level in the period 1846-54 to their lowest level in 
on any formation unless these essentials exist, Therefore, we 1962. However, the trend over this period has been generally 

do not feel it is necessary to discuss in detail the geological downward. At their peak level, quail appeared to be well dis- 

character of their habitat. tributed over at least the southern one-half of Wisconsin. At 

Predators of all types have been and still are distributed all other times, with the exception of years immediately fol- 

throughout the Wisconsin quail range. At present the south- lowing a severe winter, some areas showed relatively high 

western counties are the source of the highest quail populations populations and others quite low. For example, quail were re- 

extending over the largest solid range and also contain the ported relatively abundant in the period 1865-75 in southern 

heaviest fox density of the state. At the Prairie du Sac study Wisconsin, but scarce at Madison and disappearing along 

area, quail populations fluctuated with no significant regard Lake Michigan (Table 5). 

for either a falling or rising of fox, hawk, owl, weasel or Direct quantitative comparisons of population levels from 

skunk populations (Tables 8 and 12). Losses were occa- 1834 to 1929 with those of more recent years are not possible, 
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for we would have had to obtain data of the type obtained at The market hunting records (tons of quail shipped by rail- 
Prairie du Sac in the years following 1929. However, it was toad) also offered evidence of high populations for 1846-54. 
possible to make some general comparisons using the Prairie In summary, quail populations have declined steadily, with 
du Sac studies which were of sufficient quality to estimate rela- occasional upswings, from 1854 to 1962. At the Prairie du Sac 
tive population levels at various periods. study area the quail population showed five declines and up- 

Our best estimate of the average 1846-70 fall and winter swings (Table 8). The last cataclysmic decline occurred in 
densities at Prairie du Sac was 1 quail per 2 acres (Table 44). the winter of 1958-59 climaxing a downward trend since 
The highest density of quail found during the intensive stud- 1942-43, and reduced the population to nearly zero. In many 
ies was 1 quail per 10.4 acres in the early 1930's, a decrease areas in the state the population increased generally from 1951 
of 80 per cent. The area population for 1946-50 showed a to 1958, the result of the longest series of mild winters in the 
density of 1 quail per 20.9 acres for a total decline of 90 per last 30 years. The favorable winter weather that occurred dur- 
cent. This latter estimate also represents average quail density ing this same period could not compensate for the loss of quail 
for the entire occupied range in Wisconsin from 1954 to 1958. habitat due to the hedgerow removal that took place simultane- 
Quail declined again to less than 1 bird per 40 acres in 1959, ously. 
and were virtually absent from 1960 to 1962. 

Our 1846-54 estimate may seem low compared to the den- Primary Factors 
sities described by Schorger. (1944). A rough comparison can _ Many factors affect population levels of birds. These factors 
be made by considering the number of quail that could be may be favorable or detrimental and may vary in degree and 
shot by a hunter out of various levels of population densities effect. The only factors to which we could ascribe long-term 
(Table 47). The potential hunting bag of quail for the periods trends of quail populations were those of land-use practices. 

For purposes of discussing these factors the period from 
TABLE 47 1846 to 1960 was divided into three eras: 1846-70, 1871-— 

Potential Daily Bag of Quail by One Hunter With a 1928 and 1929-1960. Our information for 1846-70, based 

Good Dog at Various Population Levels on the reports of Leopold (1931) and Schorger (1944) is 
a generally adequate, since the changes in land use and quail 

moe Acres Per teeny populations were conspicuous, From 1871 to 1928, even 
Period 6 Hours Quail Bag though some information was again provided by Leopold and 

184654*..............~SCOBOS~SO:CSCS~S DO Schorger, knowledge 1S generally lacking. However, intensive 
1931-35}_...____-.__-._- 6 10.4 10-20 studies have given us relatively complete knowledge on what 
1940-59 f__.------------- 3 20.9 5-10 changes transpired in quail populations and land use from 
~ *Based on estimates shownin Table44. 2... °° © 1929 to 1960 and also have provided information that could be 

fActual observations. used to interpret the changes that occurred from 1871 to 1930. 
1940-59 and 1931-35 are based on actual hunting experience The degree to which various habitat factors operated to 
in areas having populations approximating those shown in the create the spectacular increase of quail following settlement 
table. The potential bag for 1846-54 is an arithmetical projec- and early expansion of agriculture in the mid-1850’s cannot 
tion from the other two periods. The potential kill for a popu- precisely be determined. Deductions based on the intensive 
lation averaging 1 quail per 2 acres (all types of land are in- studies conducted between 1929 and 1960 in Wisconsin and 
cluded here, both habitable and nonhabitable) parallels the in other states strongly indicate that extremely favorable habi- 
kill in 1846-54 as reported by Schorger (1944)—‘‘a good tat was created by rapid settlement, the cessation of prairie 
shot can bag 50-75 in a day”... ‘10 minute walk to flush fires and the ensuing expansion of agriculture and road build- 
a bevy’’... “a new covey every five minutes.” ing. The prime requirement of quail habitat, the brushy hedge- 

Since many spots within the quail range were probably not rows and thickets adjacent to or scattered among numet- 
occupied in the mid-1850’s, a population averaging 1 quail per ous openings, should have been met across all of southern 
2 acres distributed over a large area may actually be greater Wisconsin. 
than the densities of 0.3, 1.0 and 1.8 acres per quail cited by Simultaneously food supplies must have remained in abun- 
Leopold (1931) and Stoddard (1931) on selected areas in dance or even increased in proportion to the added cover. The 
the north central and southeastern states respectively. long-term trend in types of quail food was a shift from native 

It is doubtful that quail could have been much more abun- species growing on uncultivated soils to domestic crops and 
dant than an average of 1 quail per acre over an area as large the seeds of weed species growing in cultivated fields (Curtis, 
as a county when consideration is given to the various factors 1959). One type of area where food supplies declined was in 
that limit density, including intolerance. The prevalence of the woodlands. Native plant species such as wild legumes 
very favorable habitat and occurrence of a series of mild win- growing in ungrazed woods that formerly provided some quail 
ters such as reported by Schorger (1944), however, could re- food were practically eliminated by domestic livestock (Leo- 
sult in local concentrations periodically exceeding a quail per pold, 1931); such areas became gradually quail-less except 
acre, when used for occasional roosting. 
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It is very doubtful that native flora in the uncultivated prai- TABLE 48 
ties, oak openings and oak forests produced much quail food Loss Rates in Miles of He dgerow at the 
that would be available in winter except in years when bare- Prairie du Sac Study Area 
ground conditions prevailed (Schorger, 1944 and Curtis, SS 
1959). In at least one case, however, a wild plant species prob- Miles of Hedgerow Present Annual Loss 

ably did make a significant quail food contribution. Schorger “Alone SE operween 

(1944) reported that historical records showed quail popula- Periods Fences Roadsides Total (Miles )} 
tions declined rapidly in Sheboygan County after 1868 follow- 1946-54"... 714. #$- 4a © 

ing the elimination of a wild bean crop through settlement. 1860-80*__.__.. 35.8 22.4 58.2 0.7 
The creation of openings, growth of brush thickets, produc- Mose be 2.3 9-1 18.4 0.6 fe 54 1.7 7.1 0.5 

tion of ample food together with a series of mild winters — RE 
produced the optimum conditions required to achieve the great ; Actual, “se 

populations of quail that devetoped from 1846 to 1870. pense Y alues were | obtained by dividing the total cover loss 
Intensive studies from 1929 to 1960 showed the degree to between the mid-points of ench period. number of years elapsmé 

which the decline in miles of hedgerows and number of quail 

was cortelated on the Prairie du Sac area. These studies to- way along secondary roads began only about 30 years ago. 

gether with historical records also provided the basis for con- This process was accelerated when high-speed equipment and 
cluding that, while the number and type of plant species — shrub-destroying herbicides were developed for rapidly and 

changed greatly between the mid-1850’s and the period 1929- permanently destroying hedgerows along roadsides. Prior to 
60, food supplies remained ample. this time hand-cutting operations and low-capacity mowing 

To get a better understanding of the population changes that machines resulted only in temporary cover removal. However, 

occurred from 1870 to 1929, we estimated the amount of even these slower operations where frequently repeated were 

hedgerows on the Prairie du Sac area in the mid-1850’s and able to suppress the regrowth of cover. 

then correlated the rate of decline of cover and quail num- While cover losses have not been generally as drastic in 

bers. Our estimates indicated that there could have been about most parts of the rest of the occupied quail range in Wiscon- 

93.8 miles of hedgerows along fences and roads on the Prairie sin as at Prairie du Sac, some similar observations were made 

du Sac area within the period 1846-70 (Table 44). By sub- in several Wisconsin areas. The Dunn County area began to 

tracting from this the amount of hedgerow cover on the study show the effects of cover loss after 1940 but the history of 

area in the period 1931-35, 18.45 miles, we obtained a gross hedgerow removal was not intensively studied. 

loss figure of 75.3 miles. Thus, the average loss: between the In a Green Lake County transect (Table 6) a drastic reduc- 

periods of 1846-70 and 1931-35 is estimated at 1.3 per cent tion was observed in hedgerow cover and in the number of 

of the original or 1.2 miles per year. Based on our qzail: whistling birds between 1955 and 1958. This reduction oc- 

hedgerow-mile index this is a reduction of about 1,732 quail curred on that part of the transect which was adjacent to a com- 

or 25 birds per year. plete road-rebuilding job, resulting in all of the hedgerow 

However, from our analysis of land-use changes we de- cover being removed. Since this transect was on the very edge 

duced that by 1880 about 50 per cent of the estimated 71.4 of the easternmost range occupied by quail in this area, any 

miles of hedgerows along fencelines disappeared due to an loss of habitat would be expected to have had a severe effect 

increase in the size of crop fields (Table 45), leaving about on the population. 

35.8 miles (Table 48). Added to this was the cover, 22.4 Observations on the Waushara, Columbia-Sauk-Adams and 

miles, that was estimated to have developed along roads which Marquette transects (Fig. 5) showed that although the total 
were constructed in this period (Table 44). Thus the gain in numbers of whistling birds remained relatively high from 1955 
hedgerows along roads offset the loss of field hedgerows from to 1958, they decreased significantly at some stops in the best 

about 1860 to 1870. agricultural sites. On each transect, generally, the more mar- 

It is possible that there might have been some periods from ginal farm areas were contributing the highest whistling 

about 1860 to 1928 in which cover losses temporarily acceler- counts whereas the best farming sites had a low population of 

ated that are not detectable from land-use records. If there quail. 

were, this might explain the reason why the quail hunting sea- On the other hand, in the above counties and also in Green 

son was closed about 1895. If this were not the case, however, Lake there were areas in which the number of abandoned 

and cover-loss rates were constant, then we would have to con- farms increased to the point where quail populations declined 

clude that in the period around 1895 there were 50 per cent perceptibly. In the first 10-20 years after the trend in farm 

more quail than when the hunting season was opened again abandonment began, quail habitat improved. An abandoned 

in 1932. farm which rapidly becomes a plot of weeds and shrubs, par- 

It is probable that hedgerow losses along roadsides were ticularly if surrounded by intensively farmed areas, almost as 

more rapid from 1930 to 1960 than from 1900 to 1930 since rapidly develops into a wildlife oasis. However, when the 

the procedure of annually “chopping-out” brush in rights-of- number of abandoned farms increases to the point that parts of 
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whole townships are affected, the value of such areas for farm nual losses in the state quail population. Furthermore the estt- 

game, particularly quail, decreases. On the abandoned farms, mated kill (Appendix C) rose from a reported 551 in 1932 
weedy fallow fields favorable for farm game such as quail and to 52,054 in 1957 and, while the Wisconsin quail population 
pheasants soon give way to grasses, then shrubs, and subse- fluctuated in this period, it showed a generally increasing 
quently trees. This succession results in a near foodless, semi- trend with the greatest gains observed when the kill was the 
forest type of area. This trend in land use is similar to that re- highest. This indicates little or no detrimental effect of sport 
ported in parts of Massachusetts by Ripley (1957 and 1958). hunting on quail numbers. 

Generally the impact of farm abandonment on quail is just Winter weather. The relationship of winter weather to 
beginning in this area of about 600 square miles located ap- long-term trends depends on the interval under consideration. 
proximately between Wautoma and Poynette which still con- Schorger (1944) deduced that a series of mild winters from 
tains some of the better quail range in the state. The rate of 1849 to 1853 contributed directly to the great increase of quail 
farm abandonment in this area can be expected to increase observed in that period, while a series of severe winters from 
considerably in the next 10 years since most of the area is sub- 1853 to 1857 was correlated with a great decline of quail. 
marginal for agriculture. Many of the fields on these aban- The Prairie du Sac studies from 1929 to 1951 showed that in 
doned f arms are being planted to conif erous trees, speeding up five winters characterized by having 3 or more inches of snow 
the deterioration of farm game habitat. In Waushara County on the ground for 3 or more months, mortality ranged from 
alone 2,803,935 trees were distributed for planting in 1959. 70 to 84 per cent, whereas in winters having snow on the 
The future of quail 1 these areas will depend on the possi- ground for 114 to 2 months the mortality ranged from 51 to 
bility of developing a practical food-patch system, If this land- 61 per cent. All of the years which showed heavy mortality 

use change affected quail alone, consideration of a farm game had the severe snow or sleet conditions (Fig. 8 and Table 
management program would not appear to be justifiable Un- 11). Thus we can safely conclude that any time a series of 
fortunately, cottontail rabbits and pheasants will also be un- severe winters occurred in this region quail populations de- 

favorably affected. clined drastically. 

Secondary Factors . The mestion then . pene oF ne there is a relation Pe 

A number of other factors can influence long-term trends, eee ee eee Oe EEOC Sains © 
,; . . either mild or adverse winters and long-term trends in the 

but they are not basically responsible for a permanent increase .; ; 
ey: . . ; quail population. 

or decrease. A brief discussion of the impact of these factors is lassifed the w; ¢ 
presented in the following sections, Schorger (1944) classified the winters rom 1840 to 1900 

. on the basis of a range of conditions from ‘‘exceptionally 
Hunting. From 1846 to about 1870 many tons of quail mild’’ to ‘“‘very severe’. There were 21 years in which the 

were reported taken by market hunters. The shipments from winters were severe or very severe. Ten of these winters oc- 
Beloit in 1854-55 constituted about 55,000 quail (Schorger, curred within one year of each other, 6 within 2, 4 within 5, 
1944). Harvests of this magnitude, which were occurring at a and 2 within 6 years. 

time when cover conditions were deteriorating due to intensi- Our Prairie du Sac studies provided a more precise measure- 
fication of agriculture (Table 45) and adverse winters were ; ; 

, ment of the effect of severe winters on quail populations. 
occurring simultaneously, could obviously have had a profound ; ; ; : 

. | These correlations form a series of peaks which superficially 
effect on long-term trends. Following this era of heavy market adj li ds (F; u 1 ; 
hunting, quail never recovered to their previous high levels indicate cyclic trends (Fig. 20). However, a close examina: 
sees ua FP & tion of the length of the intervals between the peaks shows 

Thus at least in some areas market hunting appeared to acceler- ; , that they occur very irregularly and are related to the years of 
ate the decline of Wisconsin quail populations. ; :; d oo: Is. form; es of 

Sport hunting was reported as necligible in the nineteenth winter severity and not to time intervals, forming a series o 

po 6 por bus the random oscillations described by Cole (1951). The inter- 
century, and the highest estimated kill of quail by sport hunt- : ; val in years between the six peaks in which losses exceeded 70 
ers in an area of 30 counties reached 50,000 in 1957 (Table 

ow Sty ee gs per cent ranged from 1 to 6. 
10). The limited importance of the sport hunting kill is indi- 

; ; The relationship between severe winters and high mortality 
cated in the following comparisons with annual losses from oe 

at Prairie du Sac is similar to that reported for the state by 
all causes. yes .; 

oq ; Schorger (1944). The number of individual severe winters The average number of quail dying from all causes in any —- 
; ; occurring in each decade of the periods 1840-1900 (Schor- 

quail population exceeds 80 per cent each year (Table 50). 4 1029-5 i¢ 5 
Considering seven of the southwest counties containing the ger's report) and 1929-59 ranged trom 2 to 7. 
best quail range in the state, we have an area of 3,447,680 The influence of other species. Our observations on other 

acres with an estimated over-all density of 1 quail per 30 wildlife species were primarily restricted to the Prairie du Sac 
acres in 1957. This area, which would have about 115,000 study area. The number of all species that might affect the 
birds, would sustain an annual loss of about 92,000 under a bobwhite quail were estimated early each winter from 1929 
mortality rate of 80 per cent. Thus it is apparent that a South- to 1951 and are shown in part in Table 12. During this pe- 
west District kill of 19,000 would be a small part of the an- tiod ruffed grouse, pheasants, skunks and red fox increased 
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Figure 20. Annual winter loss (%) at Prairie du Sac showing the effects of severe winters, 1929-51. 

steadily from the early 1930's to the 1940’s then leveled off 1950, 25 well-nourished quail trapped in Dunn County were 

or decreased moderately. | autopsied. The usual incidence of parasites (Stoddard, 1931) 

There was no evidence of either long- or short-term effects was found, but no fatal disease-producing organisms were 

of any of these species on quail. While we did not intensively detected. 

study either the p redators oF comp etitors for habitat such as In other studies quail have been found to be susceptible to 
pheasants, our observations did not uncover any significant many parasites and diseases common to domestic fowl and 

trends that might have resulted from the joint occupation of other wild gallinaceous species, but mortality from these 

the area by quail and other species. causes were considered negligible at all seasons (Stoddard, 
Errington (1945) speculated that the increase of pheasants 1931 and Parmalee, 1952). 

or a combination of pheasants and ruffed grouse might have her | . _ 

a depressing effect on quail populations. Our observations In 1957 we detected another instance of ulcerative enteritis 

showed that both pheasants and quail frequently occupied the in birds trapped in Waushara County for transplantation ee 

same coverts with no apparent conflict at least from the stand- Poses. ety seven quar! were trapped and held for three weeks 

point of quail density and survival. in a brooder house previously used for pheasants. In 1958 an- 

The red fox population on the Prairie du Sac study area ot h oe was trapped in thiifty shone and one of the quail 

followed the same trend as was recorded state-wide. However, whic A efwise sppeartd thrifty s owed or intestinal scars 

the quail-red fox populations trends here were different. For Pe bie ny caused by u cerative Foner © quae that died 

example, in 1958 both red foxes and bobwhite quail increased of this disease “ 1957 during s Poe hee only et they 

significantly in the state but at Prairie du Sac quail continued arrived at the re ease point appeared to have become infected 
to decline while in the holding pens or possibly had carried the disease 

; ee without development of clinical symptoms until time of 

Diseases. We failed to find evidence which indicated a confinement. 

specific need for disease studies. Field personnel of the Wis- 

consin Conservation Department routinely submit for autopsy S 

any weak or dead wildlife specimens they find when the cause ummary 

for the mortality or debility is unknown. The same factors affect the long-term trend and the distri- 

From 1938 to 1942 a total of 25 wild quail were autopsied bution of quail. Throughout the years from 1846 to 1960 ad- 

(Hine, 1956). Seventeen of these showed some involvement verse winters which occurred irregularly resulted in drastic 

with ulcerative enteritis, a common disease in game farm quail reductions of quail populations but these effects were always 

(Durant and Doll, 1941 and Kirkpatrick et a/., 1950). In temporary. Loss of hedgerow cover was directly correlated 
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any sampling errors in these values would change their relia- in part on age ratios, there should be an agreement with other 
bility as far as their general biological importance is con- data collected on sex and age ratio studies in this report. For 
cerned. Similarly the loss rates are averages from data vary- example, in Table 49 the ratio of young to old quail in No- 
ing in quality and quantity. Knowledge of the November 15 vember (71 young and 11 adults) is 87:13 per cent young to 
to March 31 loss rate is nearly absolute, whereas our loss adults. The collection of age data from hunting season bags 
rates for July 15 to November 14 are based on data from one showed 16 per cent adults, while winter results showed 15 at 
year and checked against other studies. Our computations suf- Prairie du Sac. 
fice for a basic delineation of quail population mechanics, but Based also on the computations in Table 49, our hypothets- 
it is recognized that some refinement could be achieved by cal population had 10 adult females on July 15 (37 per cent 
additional data on juvenile losses in summer and adult losses of 29) and 100 young for a ratio of 10:1. This, as would be 
in spring. expected, is a lower ratio than that obtained from brood data 

We wish to point out that when the instantaneous mortality which showed an average of 13 young. However, the brood 

rate (i) is applied in the estimation of quail mortality for any data excluded broodless hens. Therefore, the difference be- 

season, caution should be used to prevent overgeneralization. tween the two ratios may provide a crude estimate of the 

These rates were calculated from average seasonal losses. For number of adult females that failed to raise young. Appar- 

example, the over-all average winter loss (November 15 to ently about 20 per cent of the adult hens alive in fall failed 

March 31) is 50 per cent. However, losses in the month of to produce a brood. 

January greatly exceed those of any other winter month Additional survival series for quail from other studies are 

(Fig. 9.) shown in Table 50. These series are on a year-interval basis, 

If population size and composition for any specific year are and are presented here for comparison with seasonal losses. 

desired, adjustments should be made from information ob- To facilitate this comparison the instantaneous mortality rates 

tained in that year on winter weather conditions, fall age (given for a weekly basis) are inserted for comparison with 

ratios and hatching dates. Usually this type of information can rates listed in Table 49. The higher turnover indicated by the 

be readily obtained. For example, in Wisconsin, if adverse Dunn County and Arboretum studies than by those at Uni- 

winter weather prevailed involving 2 to 3 months of unmelted versity Bay and Prairie du Sac may be due in part to sampling 

snow on the ground, the loss rate for this period would be but is probably more related to movement. The Prairie du Sac 

about 75 per cent instead of the average 50 per cent. survival values are based on corrections for egress of birds 

An adjustment has to be made also for calculating the fall from the study area. The University Bay and Arboretum trap- 

population for any specific year if only the spring (April 1) ping results were not corrected for egress but were corrected 

population is known. As will be shown later the rate of sum- for unbanded residue. The Bay results were, however, greatly 

mer gain and summer and fall loss is related to the spring affected by a high number of returns for one year, 1930-31, 

density. The use of the average summer and fall loss statistic which showed 19 returns out of 125 birds trapped. We cannot 

shown in Table 49 would result in either over- or under- account for the high returns of this one year. Generally the 

estimating the annual population. survival values and instantaneous mortality rates agree with 

Since the composition of our calculated population is based the computations shown in Table 49, except that where no 

TABLE 49 

Dynamic Life Table for a Theoretical Wisconsin Quail Population From the Time of Hatching to Their Third Winter 

(Based on Prairie du Sac and Dunn County Studies) 

Neen — EEE Ee 

Population Size 
Age of Instantaneous =———___—____ 

Birds Lost Mortality Rate (7) Before Birds Birds 
(Months) on 1-Week Basis Loss* Lostt Survivingt 

Period (X) Loss Rates (qx) (1x) (dx) 

Average hatching date (July 18)_------ None 100 0 100 

July 15-November 14_______--------- 0-4 29% 0.020 100 29 71 

November 15-—March 31____---------- 5-8 50% of Nov. pop. 0.038 71 36 35 

April 1-July 14_..__.---------------- 8-12 T 17% of March pop. on 35 6 29 
69% 0.037 

July 15-November 14__.._._--------- 12-16 1 63% of July pop. 0.058 29 18 11 

November 15—Mareh 31_____._.-----. 16-20 50% of Nov. pop. 0.038 11 6 5 

April 1-July 14._.....--------------- 20-24 T 17% of March pop. * ocak 5 1 4 
69% 0.037 

July 15-November 14........-.------ 24-28 i 63% of July pop. 0.058 4 3 1 

NN 

*A pplies to first date in Column 1. 
tApplies to second date in Column 1. 
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TABLE 50 

Wisconsin and Missouri Quail Survival Series (Winter to Winter) With Calculated Instantaneous 
Mortality Rates (i, weekly basis) Between Years 

0—eoheowaRmaoe eee es 

Survival Series 

First : Second Third Fourth 
Area, Date Year Year Year Year 

a a 

Prairie du Sac*___._----------_-.-2-2----------------- 1942-48 100 14 1 0 
(.038) (.05) 

University Bay f_._..._........__--__._____.._._______.. 1927-32 100 16.8 2.2 0 
(.034) (.04) 

University Arboretum{____.._________________________.. 1936-43 100 6.8 0.3 0 
(.052) (.06) 

Dunn County (Buss 1948)f___.___.___-_.____________... 1944-45 100 9 0.5 — 
(.046) (.06) 

Missouri (Bennitt, 1951)¢___.___________________.____.. 1939-48 100 18 3 <1 
(.033) (.03) 

ee 

*Corrected for movement and untrapped residue. 
{Corrected for untrapped residue only. 
TBased on calculations from age ratios. 

correction was made for movement, the indicated mortality It appears almost impossible to make any direct compari- 
includes the egress loss. sons in the seasonal losses of bobwhite quail and other species, 

The relatively high adult loss rate from April to Novem- nor is it within the scope of this report to do this. However, 
ber of 69 per cent of the April population or 63 per cent of some generalizations are warranted, and will be made only in 
the July adult population presents for the first time to our connection with Wisconsin gallinaceous species. 
knowledge information on adult mortality in this period of the No seasonal loss studies comparable to those for quail have 
year, based on many years of censuses and banding. Previ- been made on Wisconsin gallinaceous species other than on 
ously, Buss et al. (1947) deduced that adult losses occurred pheasants. One study is in progress and data are unavailable 

primarily in spring and that those adults surviving to summer at present except for winter losses. Gates (1962) estimated 
were highly successful in hatching and rearing broods, 13 losses of 40 and 25-30 per cent for pheasants for the winters 
young raised per brood. And Errington (1933) speculated of 1958-59 and 1961-62 respectively in the best pheasant 
that adult losses were negligible from March to November range in Wisconsin. Wagner (1957) evaluated pheasant 

but that juvenile losses were high. Buss and Errington made losses and concluded that summer losses were higher than 
their deductions from actual data on some population charac- winter. 
teristics but lacked year-round observations. In a more com- Losses for other Wisconsin species can be only inferred 
plete three-year study, but one in which sample size was lim- from fall and winter age ratios and other limited data. Various 
ited, Pierce (1951a) reported a summer loss of 54 per cent studies showed the percentage of immature birds for the fol- 

banded adults. lowing species: Hungarian partridge, 77 (Hickey and Mc- 
To our knowledge the only other investigation in which a Cabe, 1953); sharp-tailed grouse, 61 (F. N. Hamerstrom, 

bobwhite population was described on a year-round basis was Wis. Conservation Dept., in litt., July 1962); ruffed grouse, 

that of Marsden and Baskett (1958) who reported an annual 80 (Dorney and Kabat, 1960); and pheasants, 72 (Kozlik 

mortality rate of 82 per cent derived from age ratios from and Kabat, 1949). Since game farm pheasants are liberated in 

recaptured birds. This 82 per cent annual mortality is slightly all areas of the state except Milwaukee County, we are citing 

lower than the 85 per cent for Wisconsin. Their extinction the percentage of immature pheasants for only this area. 

curve calculated from this same recapture data gave an annual In summary, the age ratios for Wisconsin pheasants, ruffed 

value of 98.6 on their 2,240-acre area in Missouri. The differ- grouse and Hungarian partridge suggest a slightly lower an- 

ence in the two annual rates, 16.6 per cent, is ascribed to nual mortality than that of quail. The prairie grouse age 

egress from the area. The extinction series shows the greatest ratios indicate an annual mortality that is about 15 per cent 

loss rates in the months of November through January, June lower than quail. 
through July and the following September through December, We have not attempted to make comparisons between 
but these authors did not explain whether the greater losses seasonal losses in Wisconsin gallinaceous species and those in 
in these periods were due to increased egress or mortality. other areas because of the great disparity between species and 
Their estimates are contrastingly different from our calcula- environmental conditions in other areas. For example, Jen- 
tions for seasonal changes and we can find no explanation for kins (1961) reported spring-to-autumn losses of Hungarian 
the occurrence of the higher loss rates in the periods they partridge in England ranging from 3 to 13 per cent. 
reported. The shrinkage of a quail population beginning with a fall 
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Figure 21. Shrinkage rates of a quail population based on different types of data. 

population and based on varying quantities of data is dia- least in part with the advent of the first spell of adverse win- 

gramatically presented in Figure 21. These projections indi- ter weather (Fig. 8.) Such losses could only be detected when 

cate the importance of obtaining complete seasonal data for fall censuses were made early enough to determine that some 

interpreting population dynamics. coveys contained late-hatched young. Information on the state- 

wide collection of quail showed that an average of 9 per cent 

Major Factors Associated with Seasonal Losses hatched after September 1. (Table 16). The average early 

Winter (November 15 to March 31) winter mortality resulting from late-hatched birds was 10 per 

The average winter loss of 50 per cent based on 22 years cent (Fig. 9.) 

of data was representative of a normal Wisconsin winter The size of the fall population showed no correlation with 

characterized by having 1-2 months in which the amount of the magnitude of winter loss rates that followed (Table 40). 

unmelted snow exceeded 3 inches (Figs. 8 and 9, Tables 11 Small fall populations as well as large ones showed mortality 

and 40). Losses less than or exceeding 50 per cent were rates consistent with the severity of winter. The significance of 

directly correlated with snow conditions. Errington (1945) this will be explained in detail in the sections on fluctuations 

classified winter mortality clearly attributable to weather condi- and management. 

tions as emergency losses. He also reported that there were a 

number of periods in certain winters where relatively heavy Spring to Summer (April 1 to July 14) 

mortality occurred that was not associated with weather condi- The average loss for adult quail in this period was 17 per 

tions. He classified these as nonemergency losses and related cent (Table 49). We did not make any studies of the causes 

them to some unknown factors. In our intensive studies from of this mortality except indirect ones on reproductive stress. 

1942 to 1951 and extensive observations from 1951 to 1958 A number of causes reported in other studies obviously con- 

we were unable to find winters in which heavy losses were not tribute to the mortality in this period, but with two exceptions 

directly correlated with weather conditions (nonemergency they overlap the summer and fall season and these, together 

losses) (Table 11). Further, a detailed review of the winter with our stress studies, will be discussed in the section imme- 

mortality for each one of the years in the period 1937-51 diately following this one and under fluctuations. 

(Fig. 8) led us to conclude that these losses were also due Two sources of spring mortality that do not overlap the 

primarily to emergency conditions with two possible minor summer period are cooler weather during early nesting and in- 

exceptions: those for 1943-44 and 1948-49 which will be creased vulnerability to predation resulting when quail leave 

discussed in the section on fluctuations. familiar habitat and enter unknown surroundings during 

On the Prairie du Sac area we found a number of coveys spring movement. Adults nesting in May contribute one-third 

with relatively immature quail which succumbed totally or at of the production of young (Table 16). During May, temper- 
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atures are lower than in June, and thus both embryos and portant factor in spring and summer mortality if this species 
hatching chicks would be expected to be influenced by this nested in hayfields with the same frequency as pheasants and 
factor more in spring than in summer. This deduction is Hungarian partridge. Gates (1960 and 1961) reported a min- 

_ based on studies of other avian species conducted under con- imum mortality of the spring breeding population due to hay 
trolled conditions. MacMullan and Eberhardt (1953), for ex- mowing of 18.7 in 1959 and 27.5 and 15.6 per cent in 1960 
ample, found that while pheasant embryos in eggs, particu- on two different study areas. Only these two recent Wisconsin 
larly in the early stages of incubation, withstood chilling quite studies are cited because of the difference in hayfield phenol- 
well, no young chicks exposed to temperatures of 45° F. for ogy and mortality rates which are increasing as the machinery 

| 3 hours survived. While this factor might be directly respon- used becomes more destructive and the hay-mowing dates are 
| sible for fluctuations in young birds, the only impact on adults advanced. While the destruction of pheasant nests in Wiscon- 

would be the stress of additional nesting efforts. sin hayfields has always been high (Leopold, 1937 and Buss, 
Since most birds, particularly males, move into unfamiliar 1948), mortality of hens during haying operations was lower 

surroundings during spring movement, they could be more in the past. 

vulnerable to predators during their whistling activities. How- Hungarian partridge seemed to suffer the same fate in hay- 
ever, we can assume that this loss is less significant than the fields in the past as pheasants. McCabe and Hawkins (1946) 
loss of nesting birds to predation. reported that of 435 nests found 68 per cent failed to produce 

Summer and Fall (July 15 to November 14) young, and that hay mowing was responsible for 53 per cent 
of the failures. They concluded that hay mowing was a major 

During this season a high mortality occurred among both factor in holding down Hun populations in Wisconsin. How- 
| adults and newly hatched young. The high nesting loss re- ever, hatching dates extended from May 21 to August 24 with | ported for such species as pheasants does not appear to be a a peak in late June. While past hay-mowing dates may have 
significant mortality factor for quail. Rather, the primary fac- coincided with Hun nesting phenol t havi _ . . ; g phenology, present haying opera 
tor influencing late summer and fall quail loss appears to be tions are occurring earlier. 

the physiological stress of reproduction. 

We have determined a crude rate of loss for young birds Studies of the use of different cover types for nesting by 
and the month of occurrence but not the cause. Quantitative quail in Wisconsin are limited to those of Errington (1933b), 

data on numbers or percentage of young birds dying in sum- vee found 14 nn of 69 Ne n maynelds on these, 11 were 
| mer after they have left the nest are completely lacking. The RI: rove”: COEDS Ie uE nO adult morta ty wes cP orted. 

types of factors that cause mortality are frequently mentioned imstra (19 90a) in Towa *eP otted on the distribution of 46 . : : nests and failed to find a single nest in hayfields. Predators in the literature, but only a few actual cases resulting from any d d f b 
one of these has been described. The causes of young bird estroyed 98 pet cent OF nests ut no adult mortality was mortality include: predation, particularly on newly hatched cited, The Iowa findings are not strictly comparable to Wis- 

birds; diseases and parasites; lack of food and water in more consin because the percentage of lands in hayfields is lower 
arid states (Lehmann, 1953a); unfavorable weather condi- there. 
tions, and accidents, especially those due to farm machinery. It appears that adult quail have a much lower mortality dur- 
These may be minor factors since none of the many field ing nesting than pheasants and Hungarian partridge, espe- 
studies on quail mortality have reported conspicuous large- cially in hayfields, since quail nest over a longer period of 
scale losses of young birds in late spring or summer. Nest time and have a hatching peak in mid-July which falls be- 
losses were frequently cited (Stoddard, 1931; Errington, tween hay-mowing periods. Furthermore, during the summer 
1933b; Lehmann, 1946; Klimstra, 1950a; and Stanford, many types of vegetative cover are abundant for nesting and 
1952) but here only eggs or newly-hatched chicks were te- are preferred by quail, especially bluegrass both in Iowa and 
ported destroyed. Wisconsin. 

Quantitative information on the major causes of adult mor- Therefore, although the percentage of adults killed during 
tality in spring and summer is almost as sparse as for young nesting could be significant, it apparently does not constitute 
birds. While nest destruction is high, mortality to adults at a major segment of spring-to-fall mortality. This becomes all 
the nest site during this period seems limited. Lehmann the more true when one considers that it usually is the hen 
(1946), Stoddard (1931) and Errington (1933b) reported that is destroyed during nesting, but that our data indicate a 
the following rates of nest destruction by natural predators: high loss of both sexes in summer. Interestingly, the advance- 
51 per cent of 189 nests, 37 per cent of 602 nests and 16 per ment of hay cutting dates is becoming critical in pheasant sur- 
cent of 59 nests, respectively. In his studies Lehmann found vival but favorable to quail and probably Hungarian partridge 
14 adults and Errington 1 out of 69 hens killed during nest- which hatch later and over a longer period of time. 
ing, but Stoddard reported that among mammalian predators We did not study the cause of mortality in adult quail un- 

only cats killed nesting adults and further concluded that der controlled conditions, but we did conduct a pen study on 
sooner or later all pairs hatched young. the pheasant, a better experimental bird, to get an insight on 

Loss of adult quail hens during nesting could be an im- the possible effect of reproduction efforts as a stress factor 
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- which directly or indirectly contributed to the high loss rate weight gain during this period that was associated with an 

prevailing between mid-July and September. increase in fatty tissue. Studies of inherent weight cycles in 

The pheasant pen studies were based on the premise that pheasants by Breitenbach and Meyer (1959) showed that the 

weight changes reflect physical and physiological conditions. amount of fatty tissue increases in late winter even when the 

Then, since reproduction efforts or certain environmental con- birds are under the regime of a maintenance diet. 

ditions characteristic of seasonal changes are stresses that Other laboratory-type studies (Kabat et al., 1956 and Gree- 

weaken species such as pheasant and quail, possibly they can ley, 1953) showed that when pheasants were subjected to a 

be quantitatively evaluated by measuring weight changes. The starvation regime at all seasons of the year, they succumbed 

results of these studies (Kabat et al., 1950) showed that the most rapidly in summer and their stress adaptation mecha- 

weights of adult pheasants are lowest in summer and highest nisms were also at a low ebb in summer. Breitenbach et al. 

in late winter. Weight decreases were directly correlated with (1959) observed that hen pheasants which incubate a clutch 

the number of eggs laid and with the stage of the primary and brood young have seriously depleted their energy stores 

wing-feather molt. The correlation between eggs laid and and therefore are highly vulnerable to other stress factors. 

weight loss may be complex. Greeley (1962) in a study of Wagner (1957) tested the concept of the physiological 

calcium deficiency in hen pheasants did not find a relationship weakness of pheasants in summer by analyzing available popu- 

between weight loss and egg production. © lation data and concluded that summer losses were also high 

Although there are some differences in the weight losses of in wild pheasants under natural conditions. 

quail and pheasants, both showed trends that indicated an in- Physiological studies in bobwhite quail have been limited to 

creased physiological weakness in summer. Quail reached a specific studies on the response of gonads in pen-reared birds 

weight peak in January, declined from February to April and to light treatments and the effect of simulated gunshot in- 

then hens began to gain weight in May (Tables 27 and 28 juries on reproduction (Baldini et al., 1952, Kirkpatrick et al., 

and other authors). While we did not conduct a year-round 1952 and Kirkpatrick, 1959). However, their reproductive 

study on the factors involved in the quail weight cycle, we behavior, weight loss trend, molting pattern and population 

believe that the reason their weights were proportionately behavior indicate they are physiologically similar to pheasants. 

lower in March and April than those of pheasants is related Therefore, the above explanation should apply to summer 

to the later onset of reproductive activity. Pheasants showed a mortality in quail as well as in pheasants. 

Short-term Fluctuations (Between Years) 

The average population changes between seasons presented high losses occurred in average or mild winters, 1943-44 and 

in the preceding section provide a general picture of the 1948-49 (43 and 57 per cent respectively). Possibly these two 

population status from season to season throughout the year. winter losses reflected a delayed impact of the previous win- 

Great variation was observed in the size of seasonal popula- ters, 1942-43 and 1947-48, which were very severe. Addi- 

tions and losses between years. The extreme differences in tional evidence on the possibility that severe winters may affect 

seasonal levels expressed as percentages of the highest levels the subsequent population is shown in the state-wide transects 

for each season were as follows: early winter, 75, spring, 93, (Table 6) which revealed a greater decline in the spring quail 

and early summer, 67. Fluctuations in losses were also high. populations of 1952 and 1960 than would be expected since 

Here we shall present an evaluation of the magnitude of the these periods followed two mild winters. However, these mild 

fluctuations for all seasons and their causes. winters had been preceded by severe winters which may have 

stressed the birds sufficiently to create a physiological weakness 

Losses which was transmitted to their progeny resulting in a higher 

Winter winter mortality than was expected in the next two generations. 

Winter population losses (November 15 to March 31) at A similar trend in the over-all state quail population was 

the Prairie du Sac study area have ranged from 8 to 84 per shown by the questionnaires sent to farmers by the Federal- 

cent and fluctuated at irregular intervals from 1929 to 1951 State Crop Reporting Service. Nagra and Meyer (pers. com- 

(Fig. 20). These data show that the interval between the peak munication) also obtained some evidence for a possible de- 

losses was 7 and 5 years and between the lowest losses it was layed effect of adverse winters in pheasants. They found the 

6 and 5 years. Also there was a great amount of variation in occurrence of a low stress resistance in second-generation prog- 

the magnitude of losses for the interim years between peaks eny of adult hen pheasants which were artificially “cold- 

and troughs. The magnitude and irregularity of winter quail stressed.’ Further studies are being made by these investigators. 

losses in other states was described in the Results under the While winter losses are primarily associated with adverse 

section on Losses. weather, some additional though minor factors may contribute 

As was indicated earlier in this report (Table 11) and in to the irregular fluctuations. Accidents, domestic animal de- 

other studies, the highest losses were all directly correlated predations occurring when coveys feed in or roost near farm 

with the months of unmelted snow. In two cases moderately yards, and wild predators can occasionally occur in combina- 
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tion in some winters to create measurable losses, but we did Although almost half of the immature quail are added an- 
not find any cases where these factors comprised more than Spring to Summer 

a small percentage of the total mortality. nually to the population in this period, we will discuss only 

Infrequently the total winter mortality can be significantly adult losses in this section. Variation in mortality rates of 
influenced by late hatching (after September 1). About 10 young birds will be discussed in the following section since the 

per cent of the quail in Wisconsin hatch after September 1 peak of hatch is after mid-July. 
(Table 16). The October to late December mortality of these Our information on adult losses from spring to summer 
juveniles from 1944 to 1948, as previously described in the (April 1 to July 14) is based on 6 years of data, from 1946 
section on “Hatching Dates’, was almost 100 per cent. Data to 1951. The losses of adults ranged from > to 29 per cent 
obtained in 1947 from a state-wide sample of hunter-killed (Table 13). Because we used two slightly different methods 

birds suggest that the early winter loss of quail could have in getting the data from 1946 to 1948 and from 1949 to 

been as high as 19 per cent in this year. This estimate is 1951 and because this is a relatively short period of study, 

based on the fact that the fall sample contained 19 per cent we do not Pelieve these data are sufficient to show any signi 
late-hatched birds but a winter-trapped sample showed no late- cant pattern OF 08s trends. We also believe that Huctuations 
hatched birds. in losses in this period should be proportional but of a lower 

magnitude to those occurring in the balance of the summer 
No evidence of quail weakened by disease was found in the and early fall for which we have considerable data. 

birds we trapped or observed during the entire Prairie du Sac The major factor in spring-to-fall losses appears to be tre- 

study. However, it is possible that diseases might have oper- productive stresses that are related to density with their great- 
ated as predisposing factors that weakened some quail, in- est impact on adult losses occurring after mid-July. Since these 
creasing the mortality rate in periods of additional stress such stress factors begin in late spring and continue to fall, we will 
as those invoked by adverse winter weather. The finding of discuss them under the section on summer-to-fall losses. 
some ulcerative enteritis involvement described previously in Spring losses from predation on birds moving into unknown 
quail trapped in another Wisconsin area suggests this possi- areas after covey breakup and early nesting attempts would be 

bility. expected to fluctuate. We would expect predation on pre-nest- 

Fach winter one or more of the coveys on the study area ing hens and males to vary with their vulnerability and the 

moved from a covert located in a site having adequate winter abundance of p redators and to be correlated with density. Birds 

food to one having inferior habitat where the mortality rate engaged in mating season strife due to higher densities would 

was high. We do not know the cause of this movement. There be more exposed fo P redators. An abundance of nesting birds 
was no apparent evidence of predator pressure, human mole- might also result in a higher numerical loss to predators, but 

station or shortage of food and cover. Usually the reverse was not necessarily percentage- Wise. 
true; birds moved from inferior range to better habitat. There Seasons in which abnormally cool weather p revails might 
was no evidence of mass movements at any season of the year ot might not have an increased effect on adult mortality dur- 
such as reported by Leopold (1931), although in some winters Bie nesting. If cool weather results indirectly in renesting, such 

some coveys moved about three times as far from their fall pies mis c be more exposed to predators. On the other hand 

coverts as did the more sedentary birds which ranged less than ate “nesting birds might escape the early flights of migrating 

440 yards. In the year 1946-47 for example, 4 of 10 coveys avian predators. a, 
moved farther than avetage (Fig. 13). We consider this be- In summary, lack of quantitative data leaves the question 

havior as somewhat abnormal, but since the number of quail of fluctuations in spring adult mortality open to Sp eculation. 
dying from these coveys was only moderately higher than from However, we showed (Fig. 16) that SP ring-to-fall losses of 

the coveys that remained in their fall coverts, the total winter adults ap P eared to be density-related, since a highly significant 

mortality was not significantly affected. correlation exists. 

Probably the strongest evidence we obtained to support our Summer and Fall 

~ conclusion that both the peak and low winter population levels Although adult losses during summer and fall (July 15 to 
and the winter losses occurred irregularly lies in the fact that November 14) continued until an average of 63 per cent of 

none of the population characteristics presented in our section the mid-July population was gone, these were compensated for 
on results indicated any pattern of relationship with the winter by reproduction so that the total population actually increased. 
population changes. There were no indicated cyclic trends in Errington (1945) classified the difference between the spring 

the correlations between: the percentage of winter loss and and fall population, which he expressed in a percentage, as 
summer gain (Fig. 15), covey composition and size, weights, summer gain. It would seem that summer gain would thus be 
movement and mortality. It is possible but not probable that the number of young produced and surviving to fall expressed 
winter population levels and changes might show cyclic trends as a percentage of the adults alive in spring. At the time of his 
if winter mortality caused by adverse weather were not such studies information on adult losses in summer was not avail- 
an important controlling factor. able. Actually summer gain is a term used by Errington to col- 
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lectively encompass all of the density changes that occurred in would increase reproduction stresses (intensity of egg-laying 

the period between April and November. In this section we and length of the periods of laying, incubation and rearing of 

will only consider adult losses. The contributions of adults and young) would proportionately reduce the hens’ resistance to 

edi to summer gain and other population relationships will direct causes of mortality such as diseases and predation. The 

e discussed later. physiological stress factors that increase mortality rates in cocks 

Adults, Spring-to-fall losses of adults fluctuated irregu- have not been studied. Possibly stresses related to prolonged 

larly from near zero to 80 per cent of the spring population and strenuous mating activities may be sufficiently exhausting 

(Table 40). If the abnormally low losses for the years 1929 to increase the vulnerability of males to direct mortality fac- 

and 1937 are excluded, the range is from 40 to 80 per cent, tors in this period. In both males and females a prolonged 

with a mean of 66. In either case the variation is great. breeding season would delay the period of the recuperation to 

The cause of this fluctuation is related to both winter losses full strength beyond the season when environmental conditions 

and spring density which in turn are interrelated. We have such as food availability and weather are optimum for this 

previously shown that winter losses and spring density are process (Kabat e¢ al., 1950, Stokes, 1954 and Breitenbach and 

inversely correlated and that spring density 1s directly corre- Meyer, 1959). 

lated with spring-to-fall losses (with two exceptions which The obvious factors that could affect the reproduction phases 

will be discussed later). This three-dimensional relationship 1S are weather, diseases, predation, unfavorable habitat (this 1s 

own in Figure 22. Both winter losses and spring densities also related to weather) and spring density. Since only spring 

crust irregularly. How these density-dependent factors density has shown a direct and highly significant correlation 

affected spring-to-fall losses 1s Our next question. with summer losses, we have concentrated our studies on this 

In the section on seasonal losses we have shown that the factor through pheasant density studies on penned birds. Only 

major factor in spring-to-fall losses appeared to be reproduc- the pertinent results of these studies together with related field 

tive stress. Therefore, any factor or combinations of factors that observations on quail that might affect spring-to-fall mortality 
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are presented here. These studies are completely reported in _— adults and their progeny (Errington, 1956). This may simply 
Appendix B. come about through elimination of inferior birds in adverse 

It is important first to point out some basic differences be- winters, leaving superior birds which have a high survival 
tween pheasants and quail before discussing the studies. The and reproductive rate. This reaction is then followed by rela- 
pheasant is polygamous and the quail monogamous. Bobwhite tively low production and survival occurring in the second 
males often incubate clutches and brood chicks (Stoddard, generation following severe winters. This could result from 
1931), while pheasant males do this only on rare occasions. the presence of a weakness in the offspring transmitted from 
Despite these differences, if population density affects breed- the survivors of the preceding winter, which, although surviv- 
ing in gallinaceous birds, basic responses to this factor should ing, could not give their offspring full vigor. Such a complex 
be detectable in controlled experiments regardless of the species combination of environmental and physiological relationships 
studied. could delay the adverse effect of a severe winter on survival 

The pheasant studies showed that moderately high density and reproduction, as may have been the case in 1950-51 and 
stimulated intense fighting among cocks, but under very high 1958-59 (Tables 6 and 7). | 
density fighting decreased. The fighting response of cocks was The pen studies on pheasants indicated that hens 2 years 
vety sensitive to density changes but their mating drive was old and older were superior to 1-year-olds in most phases of 
unaffected. reproduction. Superiority in the year-to-year survival of adults 

Hen productivity and cock behavior was studied at two has also been reported in wild pheasants by Buss (1946) and 
levels of density. Under the higher density hens laid more eggs McCabe (1949) and in ruffed grouse males by Palmer (1956), 
at random, had a higher total egg production, started more Bump (1947), Edminster (1947), Dorney and Kabat (1960) 
nests and hatched fewer young and at later dates. Also cock and Hale and Dorney (1963). Reproductive stress could be 
fighting was so intense that dominant cocks at times killed in- one of the factors involved in the superior survival of adult 
ferior cocks. This over-all behavioral response to density re- birds. Since older adults appear to be highly successful breed- 
sulted in prolonged breeding efforts constituting an increased ers, they should have a shorter breeding season and a lower 
physiological stress on the birds. teproductive stress than younger adults and presumably a 

However, even under the most unfavorable habitat and lower summer mortality rate. Thus in years when spring 
density, some hens produced young. Dump nests (nests con- density is moderately high and the adult carryover is also 
taining eggs laid by two or more hens) frequently were in- proportionately high, summer losses of adults could be lower 
cubated, but the eggs had uneven-aged embryos and the hen than average. 
sometimes abandoned the nest as soon as the first eggs hatched. This evidence from the field and from the pen studies, 

Although direct comparisons of the behavior of birds under while speculative, suggests mechanisms that would modify 
high density conditions in pens cannot be made with wild spring density effects on summer losses of adults, 
pheasants and quail, field observations on these species have It would be difficult to detect fluctuations in the losses of 
shown that similar breeding reactions have occurted in the adults occurring in any one time interval resulting from stress 
wild (Stokes, 1954 and Stoddard, 1931). During our obser- relationships within the period from mid-July to mid-Novem- 
vations on movement and whistling activities we also noticed ber by field observations alone. The prolonged hatching period 
a great amount of antagonism between males, as did Stoddard of quail indicates that if the mortality rate resulting from 
(1931). physiological stress for any one month of this period fluctuates 

These studies strongly suggest that density through its im- more than for another, the magnitude of variation will be 
pact on reproduction affects spring-to-fall losses. However, small. Ideally, field studies should be combined with physiolo- 
even though this relationship seems clear, it is important to gical examinations of collected specimens. However, since this 
analyze two other possible relationships that might modify was not done in our study the only insight we can get at this 
density effects; these are delayed effect of adverse winters and time on the magnitude of fluctuations in mortality of adults 
a differential in the productivity of young and adult birds. occurring between July and November will have to come 

Summer-to-fall losses of adults fluctuated widely between through extrapolation from the available data on censuses 
yeats. The inverse relationship of winter losses and density- and age and sex ratios. The first step in this process is to de- 
related summer and fall losses is clear with two exceptions. A termine what portion of the total 63 per cent summer and 
severe winter would be expected to invoke a stress on the sur- fall (July 15 to November 14) mortality of adults occurred in 
viving adults and this theoretically could be reflected in the the first and second halves of this period. 
mortality rates of the adults and possibly their first generation Our fall samples of age and sex data and the information 
progeny. However, the summer and fall losses following win- from such studies as Marsden and Baskett (1958) showed that 
ters of high losses did not reflect the effect of stress in the there was little or no differential mortality in age classes from 
first year. mid-September to the following spring. We also calculated an 

Possibly there is a physiological response in quail that com- 18 per cent mortality rate for young birds from mid-Septem- 
pensates during the summer and fall for any detrimental effects ber to mid-November (2 per cent per week, Table 49). Thus 
of a previous severe winter on the summer survival of the we deduced that since the adult mortality rate for this period 
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appeared to be the same as that for young birds, 18 per cent Additional evidence of geographical variation in mortality 

of adults surviving from summer also died between mid-Sep- rates of young birds is found in Stokes (1954), who compared 

tember and mid-November. Use of this value (18 per cent) rates for pheasants cited by four different investigators. These 

together with information in Table 49, suggests that four- rates covering juvenile mortality between 1 and 9 weeks of 

fifths of the mortality from mid-July to mid-November oc- age were: 37 per cent in Iowa (Baskett, 1947), 44 per cent in 

curred before mid-September. Iowa (Errington and Hamerstrom, 1937), 12 per cent in 

Further evidence to support the deduction that the adult Pennsylvania (Randall, 1940) and 22 per cent in South Da- 

mortality rate from spring to fall is highest between mid-July kota (Smith, 1950). 

and September is shown in the following analogy. Fifteen per In studies on ruffed grouse, fluctuations in population levels 

cent of the quail in the fall population are adults, of which have been attributed to variations in young-bird mortality in 

40 per cent are females. Therefore, for each living adult hen summer by Bump (1947:571-572) and to a lesser extent by 

on the area in fall there are 14 juveniles. If each of these adult Dorney and Kabat (1960) in Wisconsin. Siivonen (1952) 

hens were equally responsible for producing the juveniles in reported that brood losses of tetraonids were highest in the 

the fall population, each would have to hatch and rear with- years when populations were lowest. However, the reverse was 

out any mortality all 14 juveniles. Since this is highly improb- true in the Wisconsin ruffed grouse study. Lack (1954b), 

able even with adult males rearing some broods, a considerable Southern (1959) and Dorney and Kabat (1960) found evi- 

number of adult females must die after they hatch their young. dence of young-bird mortality rates being linked to density. 

While all adults had a high summer mortality rate, the fe- Late-hatched broods of the alpine swift, blackbird and great 

male losses averaged about 33 per cent higher than the males. tit were observed to have higher mortality rates than those 

This is shown by sex ratio studies reported by numerous au- hatched early (Lack, 1956). However, Haugen and Speake 

thors and by our own studies (Table 20) in which the males (1957) and Reid and Goodrum (1960) reported that years 

comprised about 60 per cent of the adult population. This dif- characterized by late hatches of quail showed very high fall 

ference could be accounted for in part by increased stress losses populations, indicating that at least in some years the mortality 

during the reproduction period. Losses during nesting from rate in summer of late-hatched birds is not excessive. 

physical factors are significant and the effort involved in egg One source of variation observed in loss rate of juvenile 

laying, incubation and brooding can be expected to be more birds is the degree of maturity attained by fall. From 1944 to 

stressful on hens than on cocks; thus a differential mortality of 1948 we observed seven coveys of quail composed of juveniles 

only 33 per cent is understandable. The above authors (Table which hatched after September 1. These juveniles suffered al- 

20) have also shown that this sex differential in adult mor- most a 100 per cent loss between mid-October and late De- 

tality fluctuates between years. This added mortality in the cember as compared to about a 60 per cent loss of young in 

adult hen would occur in the period when the summer mor- coveys composed of earlier-hatched birds. 

tality was highest. Thus we can conclude that fluctuations did Stokes (1954) observed a similar differential of loss rate in 

occur in the period from mid-July to mid-September. Whether Pelee Island pheasants. He also reported that late-hatched 

the fluctuations in adult mortality also occurred in early fall is pheasants weighed less at a given age than those hatched 

more difficult to determine. However, it is expected that birds earlier. Juvenile quail whose hatching dates departed widely 

which undergo greater breeding-season stress in certain years from the average hatching dates also tended to be lighter in 

would also have higher mortality in the following fall as well weight at any given age (Thompson and Kabat, unpubl. ms.). 

as in the summer. The variation in the maturity of young arising from year-to- 

Young. We and apparently other investigators as well year differences in hatching phenology, intensified by the 

lacked the facilities for obtaining enough data on broods dur- lower weight gains of late hatching, could thus give rise to 

ing a successive series of years to observe actual fluctuations in annual fluctuations in juvenile mortality. 

survival rates of young quail in summer and fall. Since our data on summer loss rates of juveniles were lim- 

The only quantitative reports citing mortality rates of quail ited, we were unable to make direct comparisons with other 

in the post-hatching period are those of Klimstra (1950a) in population data. However, we could compare two characteris- 

Iowa, Pierce (19512) in Mississippi and our own (Table 14). tics of the juvenile component of the quail population with 

The results of studies on the mortality rate and related popu- certain adult population characteristics. In the first of these, 

lation dynamics of immature birds of other species in sum- state-wide hatching dates (Table 16) were compared with 

mer are conflicting, but tend to indicate that considerable fluc- early summer density of adults (Table 6). The correlation was 

tuations do occur. Stokes (1954) on Pelee Island and Shick not significant (r = 0.291, with 0.553 required at the 5 per 

(1952) in Michigan, both in three-year studies, reported vari- cent level). We are unable to state whether there was no re- 

ations in the mortality rate of young pheasants of 7 per cent lationship in these two characteristics or whether some other 

from hatching to October, and 26 per cent from hatching to factors obscured a relationship. 

September, respectively. And Gates (1960 and 1961) in Wis- Next we compared the percentage of juveniles in the fall 

consin reported a minimum summer mortality for two suc- population with summer loss rate of adults (Fig. 23). Al- 

cessive years of 32 and 29 per cent. though a high value of r (0.653) was obtained, with all points 
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Figure 23. The spring and fall density, 1942—47, and the regression of the percentage of spring- 

to-fall loss of adults on the percentage of juveniles in the fall population (Prairie du Sac). 

falling in line except 1947 (1945 omitted due to the small significantly reduced during the time that young are being 
number of birds trapped), this was not a statistically signifi- added to the over-all population, which further lessens the 
cant value (0.878 required at 5 per cent level). This sug- possible impact of adult densities on young-bird mortality. The 
gests that obtaining additional data might be worthwhile to loss of adults during this period also decreases the potential 
further test this relationship. number of broods that could be hatched by any given spring 

If the positive correlation together with the positive summer population and this in turn reduces the opportunity for com- 
gain is truly representative of quail populations, then a rela- petition between broods. Further, since the summer loss of 
tively high production and survival of young birds compen- adults is density related, the breeding population level trends 
sates for high adult spring-to-fall losses. This surmise is sup- toward constancy from year to year . 
ported by the high percentage of young and the high rate of The only evidence we had that disease might be a fdctor in 
summer gain in 1942 and 1944, the magnitude of spring-to-fall loss for quail was the finding 

Since spring density is so highly correlated with summer of the intestinal enteritis involvement mentioned earlier, 
losses in adults, it is of interest to speculate on its relationship Erickson et al. (1949) in Minnesota and Dorney and Kabat 
with summer mortality in juveniles. We have previously cal- (1960) in northern Wisconsin found that the incidence of the 
culated that the adult loss between mid-July and mid-Novem- blood protozoan, (Leucocytozoon bonasae) and nematodes 
ber is 63 per cent, of which 82 per cent occurs between mid- (Ascaridia) increased directly with rising population levels of 
July and mid-September. Thus the density of adults is being ruffed grouse. Adult pheasant hens which always show a low 
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stress resistance in summer were found to be infested with operate at these spring population levels to offset in part or 

bacteria (37%) of the Salmonella (paratyphoid) group in void the density effects at least for some years. 

July but were free of bacterial diseases and blood parasites in Several of the factors that could modify the direct effect of 

winter (Kabat ef al., 1956). It is possible that a similar con- spring and summer density on summer gain have been dis- 

dition might exist in quail populations, but our studies were cussed. These included: delayed effect of adverse winter 

not designed to determine whether this factor was density re- weather, higher reproduction potential of adults (birds 2 or 

lated. Since quail are far more gregarious from fall to spring more years old), summer losses of adults (which, however, 

than ruffed grouse and pheasants, disease transmission should may be a cause and effect relationship), weather conditions 

be simple and, while the potential disease organisms do not during the hatching season and the relationship of hatching 

appear to affect winter mortality, they may decrease the re- dates to survival. Further explanation on the role of density in 

sistance of adult quail in summer in proportion to the spring suppressing summer gains is warranted. 

density. Also, weakened adults would be expected to produce First, some of the variation in summer gain for the average 

inferior young. range of the spring population levels was probably due to 

chance sampling. Next it is apparent that since at average 

Summer Gains and Relationships spring population levels the effect of increasing density is just 

As was the case with fall, spring and summer population beginning to be expressed, other factors such as weather con- 

levels and seasonal losses (Table 40 and Fig. 24), summer ditions and disease could be more influential causes of mortal- 

gains fluctuated irregularly. In Figure 25 we reproduced the re- ity. The influences of summer weather conditions on density 

gression of summer gains on spring density which includes impact is difficult to determine, because of the great spread of 

data previously reported by Errington (1945 and 1957) and time over which quail hatching occurs (May to October) and 

our own from 1943 to 1950. the inherent variation in annual climatic and other environ- 

The addition of our data on spring populations and sum- mental conditions. 

mer gains for this eight-year period does not change the basic The peak of the behaviorisms of intolerance, cock fighting 

inverse relationship reported by Errington but the variation and harassment of hens by cocks would naturally occur at the 

does increase. The inverse relationship is highly significant highest spring density levels causing a maximum depressing 

when analyzed either as a linear or nonlinear regression (Table effect on reproduction and adult survival. The manner in 

51). The central portion of the distribution appeared essenti- which density affects productivity has been observed and 

ally linear but inclusion of extreme values produced a curvilin- theorized in many reports. Kluijver (1951) speculated that 

ear conformation (Fig. 25). Inspection of the data suggested quarrels may be a factor. Intraspecific conflict causes diffusion 

that logarithmic transformation would rectify the curvilinear of males into suboptimal habitat (Collias, 1944 and Tin- 

regression, and this led to an F value of 37.8 as against the un- bergen, 1957). The number of territories is proportional to 

transformed data which yielded 14.0. density, and there is an irreducible minimum territory size, 

At the lowest and highest spring population levels the sum- which, when reached, precludes breeding by any additional 

mer gains fit the curvilinear regression very well. But, summer birds (Kluijver and Tinbergen, 1953). Collias and Jahn 

gains for the average spring population levels ranging from (1959) studying a captive flock of Canada geese concluded 

approximately 50 to 100 show considerable variation, 61 to 228 that a loss of productivity was due to the birds resisting the 

per cent. Similar density relationship and variation was found crowded condition. 

by Mosby and Overton (1950) in a five-year study during the Density effects may be quite subtle. The presence of a large 

period 1936-49 in Virginia. Kozicky and Hendrickson number of broods hatching simultaneously in a given area may 

(1952), in their study on a quail population in Decatur cause some of the incubating hens to abandon their clutches. 

County, Iowa, found that the regression of spring density and Linder and Agee (1963) found that in the presence of cap- 

summer gain was not significantly correlated primarily because tive chicks, both in sight of them and in contact with them, 

two years strongly deviated from the average. This variation wild hen pheasants did abandon their nests. 

indicates the degree to which the factors other than density The rate at which these density behaviorisms potentially 

TABLE 51 

Statistical Analysis of the Regression of Summer Gain on the Spring Population of Prairie du Sac Quail, 1929-50 

eee eee ss 

Correlation 
Regression Coefficient 

Method of Analysis Coefficient (r) Regression Equation F Value 

Linear regression. ____.--------------------------- —0.910 —0.641 Y =271.6—0.910 X 14.0¢ 

Linear regression with logarithmic transformation - - - —0.804 —0.808 log Y =3.75—0.814 log X 37.8 fF 

a 
+Values are beyond the 1 per cent level. 
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Figure 24. Fall and spring population censuses at the Prairie du Sac study area, 1929-58. 
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“build up” to affect both the mortality of adults in summer The quail transplantation experiments (Appendix D) sup- 
and the summer gain could also depend in part on the distri- port the hypothesis that breeding potential can collapse at 
bution of the birds and the accompanying environmental con- very low densities. The disappearance of the birds im one area 
ditions. In some years all of the spring survivors on an area the first spring after release, and in the other within two to 
may be concentrated in one small part of it; under such con- three years, suggests that as a result of spring dispersal the 

ditions even a relatively low population could be subjected to surviving birds failed to find acceptable mates and were un- 

high density conditions. | able to reproduce. These transplant populations which were 
The amount and type of wind and rainy weather, and the vety low in number should have scored a high summer gain 

longevity and intensity of periods of either high or low tem- but instead the reverse occurred. 
peratures, which were observed to decrease male whistling ac- 

tivities, could modify straight density effects. Stempel (1960) Interrelationship of Factors Controlling Population 
observed that early whistling activity and high production Levels 
were directly correlated. Thus it is expected that variation in . . . 
summer gain would naturally prevail at the light-to-medium Ideally the interrelationship between seasonal mortality, 

spring density levels of quail rather than be an exception. summer gain and fall populations should be analyzed on the 

Finally, the high reproductive gain that occurred at the rela- basis of the number of young birds produced and the adults 

tively low spring levels in 1929, 1937 and to a lesser degree surviving in summer when the population is at the year's 

in 1938 at Prairie du Sac, may be reversed when populations peak. Unfortunately such data are very difficult, if not impos- 

are further decreased. The surviving birds may become so sible, to obtain. Therefore, the fall census and age and sex 

widely dispersed that the distance between them exceeds the ratios which are relatively easy to obtain in November are 

range of spring movement since the natural tendency for quail used as the source of data for calculating summer gain and 

in spring is to move at random from their wintering areas. To interpreting population mechanisms. 

reproduce, quail must be able to find desirable mates during We have presented data showing that spring density was 
spring dispersal; thus the population must be high enough to inversely correlated with winter losses, the percentage of 

provide this opportunity. spring-to-fall adult losses was directly related to spring 

The Prairie du Sac study area observations that suggested density, and the percentage of young alive in fall tended to be 

these deductions are as follows: From 1957 to 1959, the directly correlated with the spring-to-fall loss of adults, al- 

spring population declined to about one-half of the relatively though the latter correlation was not statistically significant. — 

low 1929 and 1937 levels. Theoretically summer gains should This interrelationship suggests that there may be a three-phase 

have been very high, but the fall population for 1959 fell to “built-in’” mechanism in quail populations that makes them 
20 per cent of the 1929 and 1937 levels, and in 1960 it sank self-regulating. The operation of such a mechanism is iilus- 

to zero. This indicated that the breeding potential failed to trated in Table 52 for the Prairie du Sac area. It is important 

respond in the expected inverse density relationship. The to note that the number of adults was very similar in all but 

spring population at these low levels was about 1 bird per 200 one year while the number of young varied considerably. This 

acres in contrast to the density of about 1 bird per 150 acres indicates why adult density is not an important factor in the 

in 1929 and 1937. Further, there were more birds in the sur- summer loss rate of young birds. | 

rounding areas in the earlier years than in 1958 and 1959 pto- If the mechanism worked perfectly, the fall population 

viding a source of ingress. This prerequisite for facilitating would be relatively equal each year. However, we know that 

breeding is an important consideration in making transplants this was not the case because the fall population did not re- 

of wild birds or liberations of game farm stock and illustrates main at a static level from year to year but varied comsider- 

the loss of reproduction potential at very low densities. ably. Always there was an increase of quail during the sum- 

TABLE 52 

Population Changes Illustrating Quail Population Mechanics at Prairie du Sac 

eee OOS eee SSS 

Fall Population 
summer TT 

Preceding Winter Loss of Young Adults 
Fall Loss Spring Adults Total ——_—— 

Year Pop. (%) Density (%) Birds No. Per Cent No. Per Cent 
I 
19438___..__--------------- 353 80 70 50 217 182 83 .9 35 16 

1944_________------------ 217 43 124 79 246 220 89.1 26 10.6 

1945_________------------ 246 61 95 65 153 120 78.3 33 21.7 

1946_________------------ 153 58 _ 65 49 191 158 82.8 33 17.2 

1947_______._------------ 191 54 87 56 215 177 82.3 38 17.7 

Avg._..---------------- 232 62* 88 62* 204 171 84* 33 16* 

*Computed. 
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mer at the Prairie du Sac area until their demise in 1958-59. on the Prairie du Sac area and in statewide fall populations 
The fluctuations in the fall population both at Prairie du Sac was always relatively high and fluctuated considerably, 78 to 
(Fig. 24) and state-wide (Table 6) were irregular and great. 89 and 76 to 92 per cent respectively. Also there was a lack 
During the period of our 1929-51 studies (Table 40), the of correlation between the fall population levels and age 
fall population fluctuated from a high of 433 to a low of 109, ratios (Tables 6, 19 and 38). If the percentage of young in 
or a mean fluctuation of 172 per cent. the fall population had been significantly correlated with the 

It should be pointed out that the high spring density of any percentage of summer gain or spring density, this would have 
one year only suppressed summer gain thus limiting the in- indicated a simple relationship. However, as shown in Figure 
crease of the fall population over that existing in the previous 26 this was not the case at Prairie du Sac. Instead of the per- 
spring. Fall populations always exceeded spring populations. centage of young birds in the fall population being directly 

Actually the correlation between spring and fall population correlated with summer gain, our data indicated a tendency 
was vety high (r = 0.898) on the Prairie du Sac area. Ko- for the percentage of young to be directly correlated with 

zicky and Hendrickson (1952) found a similar correlation on summer losses of adults (Fig. 23). 
their study area in Iowa. A study of the relationship of production and fall popula- 

This density-related, self-adjustment mechanism was most tion levels on a larger area in Missouri showed results com- 
effective when spring populations were either high or rela- parable to those we obtained in Wisconsin. Studies in 
tively low. At medium population levels other factors were 1939-51 by Bennitt (1951) led to the conclusion that there 
apparently more influential than the density-related factors. was an inverse relationship between the mid-July breeding 
This mechanism required about 3 years to bring low popula- population (call index) and the percentage of young in the 
tion levels to a peak under favorable conditions. fall population that was highly significant in Missouri quail. 

The direct relationship between the production of young This correlation was contrary to our findings and indicated 
birds and fluctuations in the fall population is very complex that either the population behavior and mechanics were actu- 
according to our studies. The proportion of young birds both ally different between the two states or that our results were 
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TABLE 53 

Missouri Quail Whistling Surveys (July) and Fall Age Ratios (November—December) * 

Call Index, Per Cent Young and Young Per Adult Hen 

Region 1950 1951 1952 1953 1954 1955 1960 

Northwest__._..-.------------------------ 2.17 1.91 1.51 1.56 1.08 1.53 0.47 
82 82 78 84 88 88 

10.8 10.3 9.3 11.8 18.4 7.2 

Northeast. ____..-.------------------------ 2.38 2.35 1.70 2.09 2.12 2.74 1.19 
80 81 82 80 82 87 88 

8.8 9.0 9.1 11.4 15.4 14.4 

Western Prairies_____.--------------------- 2.51 2.32 1.61 1.74 1.32 1.46 1.07 
81 79 77 80 84 87 

10.6 8.3 7.7 9.0 12.0 13.2 

Western Ozark Border--_-__---------------- 2.86 2.93 1.87 1.21 0.96 1.41 2.1 
75 74 74 78 86 89 
8.6 8.0 6.2 8.8 13.8 13.6 

N. & E. Ozark Border and Lowlands- ---_----- 1.83 1.91 1.81 1.68 1.20 1.59 1.44 
80 73 76 78 82 87 82 

6.8 5.4 7.9 11.0 16.4 9.4 . 

Ozark Plateau__.._..____------------------ 2.27 2.34 1.53 1.77 1.30 2.45 1.94 
73 70 69 80 86 80 
7.6 5.7 5.3 10.0 13.2 7.8 

State Call Index______--------------------- 2.15 2.25 1.64 1.72 1.38 1.95 1.37 
80 77 77 76 81 86 84 

8.7 7.8 7.6 10.2 14.4 10.8 

*Unpublished data supplied by Jack A. Stanford, Missouri Conservation Commission. 

spurious. However, additional studies of Missouri quail from spring population in the years for which we have sex and age 

1951 to 1955 and 1960 (Table 53) substantiated the results ratio data (1942-48) ranged from 57 to 124. These popula- 

obtained at Prairie du Sac. These data showed absolutely no tion levels are numerically low for the study area when com- 

correlation between the call index and fall age ratios. The pared to those for the early 1930’s. However, on the basis of 

years showing the highest and lowest call indexes had near a unit of available hedgerow cover, as was pointed out in the 

identical percentages of young birds and young-to-adult hen section on fluctuations in spring losses, the spring population 

ratios. There was no apparent difference in the density of the of 124 for 1943 which was the highest in the years of our 

populations sampled for the years reported by Bennitt and intensive study is comparable to the approximate 300 level of 

Stanford. the early 1930's. Thus, since adult mortality rates were high 

The reason why fall age ratios frequently are not corte- in all the years intensively studied, it is logical to expect that 

lated with breeding population density may be the result of this was also the case in every year during the period 1929-50 

adult mortality in summer being density related, but young except possibly in 1929 and 1937. In these latter two years, 

bird mortality seems to be related to other environmental fac- the summer gain was so high that it could have occurred only 

tors which were previously discussed. However, the productive as the result of very low adult mortality rates, high reproduc- 

potential of adults, at times, can also be directly suppressed tive rates or more birds entering the area than leaving it. 

by unfavorable environmental factors. Lehmann (1946a), Because all of our studies on the relationship of spring 

Stanford (1953a) and Stempel (1960) reported that in 1942, density to summer gain were based on natural events, we de- 
1952 and 1953, and 1953 and 1955, respectively, adults cided to determine the recovery rate of quail through an “‘in- 
hatched few young because of drouthy conditions. versity’ reaction from a deliberate reduction of the winter 

Stempel also found in his Iowa study that in the two years population. In the winter of 1949-50, we removed 182 or 

in which production was low, the percentage of young was 48 per cent of the quail from the Dunn County study area. 

high in one and low in the other. The removal simulated a relatively large winter loss or a heavy 

Since our detailed population data were obtained for the hunter harvest over and above that which naturally occurred. 

period 1942-47 at Prairie du Sac and 1945-51 at Dunn Censuses of the fall population in 1950, the year following 

County, it is of interest to consider the projection of the re- the removal, showed a density that was approximately one- 

lationship of adult mortality rates in summer and spring third lower than that of the previous year. This is a moderate 

density relationships on the former area to the period from decrease compared to the number of birds removed together 

1929 to 1942 when only census data were available. The with the natural loss in the previous winter and does indicate 
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an “inversity response”. On the other hand the age ratios for From 1931-35 to 1956-60 the habitat of all species except 
the following year showed 86 per cent young, a change of tuffed grouse was in a process of relatively rapid deterioration. 
only 2 per cent between years which was not statistically sig- The openings required by prairie grouse were rapidly closing 
nificant. Thus while spring density and summer gain showed from natural plant succession and tree planting, a situation 
an inverse relationship, the percentage of young in the fall which has now reached the stage where both species are 
population and spring density again failed to show a de- maintained only because their habitat is being preserved 
tectable correlation. The relatively rapid fall population re- through a special management program. Prairie grouse now 
covery at Dunn County substantiated the Prairie du Sac find- exist in islands of specifically preserved habitat. 
ings on density relationships. The quality of quail habitat in 1955-59, though not as 

critical as that of prairie grouse, reached a low. However, the 
General Fluctuations new low in Wisconsin quail populations is due primarily to 

In this section we will first briefly compare the status and the severe winter of 1958-59. Actually if it had not been for 

fluctuations of quail with four other Wisconsin game species. this one winter, quail might have reached their highest popu- 
We will then present some views from the literature on fluctu- lation level since the 1941-50 levels because of a long series 

ations in other wildlife species, and finally re-emphasize some of mild winters that preceded the killing winter. 
of the points of the preceding discussion on the nature and Drainage of wetlands which contain good nesting and 
basic causes of major fluctuations in the Wisconsin bobwhite roosting cover and earlier hay cutting has continued to reduce 
quail population. the quality of habitat for pheasants and Hungarian partridge. 

Fluctuations in the population levels of five Wisconsin The institution of the Soil Bank, a program which resulted 
game birds are expressed in a simplified manner in Table 54. in the retiring of 733,082 acres of cropland in Wisconsin, 
There appears to be no synchrony of fluctuation between spe- compensated for some of the detrimental impacts of the 
cies, nor even similar direction of trends in abundance. This drainage and earlier hay-cutting programs. In general the 
is not surprising when we consider some of the commonly range of ruffed grouse in 1955-59, though not as good as in 
known factors that affect the population levels of these the earlier years, still appeared to be able to carry a large 
species. population of these birds. 

In 1931-35, quail and prairie grouse were at a peak level In view of the dynamic nature of changes in the habitat of 
and the other three species were down. Pheasant and Hun- these species and the weather patterns that affect them in 
gatian partridge populations were just becoming established varying degrees, we would expect fluctuations to be irregular 
after being introduced into the state in the previous two dec- rather than periodic or synchronized. The occurrence of un- 
ades. Quail habitat was at its best. favorable weather either in winter or spring can counteract 
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the impact of favorable habitat. Conversely, the impact of a TABLE 54 
relatively unfavorable habitat can be reversed or altered by Population Estimates of Five Wisconsin Game Birds Based 

favorable weather. on Their Rank in Hunting Season Harvest* _ | 

Throughout the preceding sections of this report we have TEE 
presented data which have shown that quail are not cyclic in Ruffed _ Prairie Hungarian 
their population fluctuations. In some ways a statement of this Period Grouse Grouset Pheasant Partridge Quailf{ 

type seems almost heretical considering the various views ex- 1931-34__-_-_ 5 1 6 5 1 
pressed on this subject in the literature. A few pertinent refer- Moon ° ° : 3 
ences illustrating these views, most of which were taken from 1945-49..____ 8 - 4 6 4 
‘A Symposium on Cycles in Animal Populations” in The Moen eon , é 3 ° 
Journal of Wildlife Management, January 1954, follow. | 

After about two decades in which the populations of sev- *Obtained by averaging the kill for each interval (except for 
eral wildlife species were reported as being cyclic, Palmgren quail); 1 = highest, 2 = next highest, ete. bined 

(1949), Cole (1951 and 1954), and Lack (1954a) ques- Peace a censuses. ae PEAS LEE LLIN 
tioned the existence of synchronized fluctuations and, if they 
did exist, whether or not they could possibly be caused by any state-wide population fluctuations sustain the observations ob- 

extrinsic factors. Palmgren appeared to be the first student of tained on our study areas. 

populations to propose that the reported cyclic trends were It is possible that other species of wildlife such as the ruffed 
random fluctuations. Cole then showed mathematically that grouse at Cloquet (Marshall, 1954), which has shown some 

these cyclic trends could be random oscillations, serially cor- tendency for cyclic trends, cannot be compared to quail be- 

related. Hickey (1954) re-examined some of the cyclic re- cause quail are extremely sensitive to the climatic and habitat 
ports and concluded that only the lynx exhibited cyclic trends vicissitudes occurring in Wisconsin. On the other hand, Wis- 
at the continental level and ruffed grouse on a local level. consin ruffed grouse have not shown the same regularity as the 

Other investigators disagreed that such a simple explanation Minnesota grouse, and spring population levels have fluctuated 

as Cole’s random oscillations could account for the many ob- considerably less than fall populations (Dorney and Kabat, 
servations on cyclic trends: Rowan (1954), Errington (1954), 1960). 

Moran (1954), Stivonen (1948, 1952, 1954 and 1957), If adverse winter weather were the factor that masked cyclic 
Siivonen and Koskimies (1955) and MacLulich (1957). trends in quail, populations in more southern climates then 
Both Moran and MacLulich believed that other factors such might reveal such trends. Quail survival rates did appear to 
as bitth and death rates, density and time have to be consid- increase moderately with milder climate as indicated by the age 
ered together with population levels to determine whether a tatios reported for Missouri and Florida by Bennitt (1951), 

population is cyclic. Marsden et al. (1958) and Murray et al. (1957). These au- 
Fortunately in our study we were able to obtain data on thors together with Stoddard (1931) did not report any cyclic 

both population levels and population characteristics to utilize tendencies in the quail populations they were studying in their 
in determining whether bobwhite quail were cyclic. Neither states. However, Stanford (1960) in a popular article merely 
population levels nor various characteristics showed any reported quail population peaks in 1939, 1949 and 1959 as 

cyclic tendencies. Instead, fall population levels were directly evidence of a possible cyclic behavior but gave no further ex- 
correlated with spring density which in turn reflected winter planation. 

losses caused by adverse weather. The impact of spring This section can be logically closed with a brief re-emphasis 
density modified by other factors was on the summer loss of | 
adults, on some major factors affecting population levels. The first 

How misinterpretations could result from lack of sufficient concerns the relationship between sp m8 and fall populations. 

data is illustrated in Figure 24. Fall population levels from Since spring density and summer gain were inversely pro- 

1937 to 1950 reached a peak almost every third year. How- portional, one might not expect that spring density and fall 

ever, an examination of the entire series of years studied from population levels would show a high correlation. Actually the 

1929 to 1958 shows that, if anything, these were random reverse was true. There are several posible explanations for this 
oscillations, serially correlated. relationship. The following seems to be most plausible. 

If the irregular fluctuations in population levels and other Spring population levels have always been low enough to 
characteristics occurred only at the Prairie du Sac study area, invoke high summer gains which raised the fall population 

some concern might be in order in attempting to project the level above that of spring. Apparently the reproductive capac- 

findings to the behavior of the state population. However, ity of this species is great enough to produce a population in- 

state-wide data on quail in Wisconsin (Tables 6 and 7) and crease except in local cases of extremely low production and 

in Missouri (Table 53 and Bennitt, 1951) show trends simi- poor adult survival. This appeared to occur at Prairie du Sac 

lar to those observed at Prairie du Sac. The agreement of in- from 1958-59 where habitat losses became so extreme that the 

tensive study results with information on the more general population’s adjustment mechanisms finally failed. 
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It is important to reiterate at this point of the discussion du Sac area from 1929 to 1951, the variation in population 
that while density relationships were involved in modifying levels expressed as the percentage change between the highest 
population levels, the only factor that was observed to dras- and lowest levels was 75 for early winter and 94 for spring. 
tically reduce quail numbers in any one year was a very severe The early summer population level based on whistling counts 
winter. showed a 100 per cent change. 

Another correlation, and as far as habitat management prac- Many factors were responsible for fluctuations in seasonal 
tices are concerned perhaps the most important in fall popu- population levels and loss rates, but only a few were found to 
lation relationships, was that between the area quail popula- be dominant. The effect of these factors may be direct and 
tions and the miles of hedgerow cover. Generally we expected simple, or complex and interrelated. | 
that fall quail populations would be proportional to the spring Winter losses were caused primarly by adverse weather and 
density of adults and that year-to-year changes in the amount fluctuated directly with the number of months the ground re- | 
of hedgerow coverts would be reflected by increased winter mained covered with snow depths exceeding 3 inches. Losses 
losses. This expectation was based on the assumption that tanged from as low as 4 per cent in winters having less than 1 
hedgerows were not required as cover except in winter. This month of snow cover to 80 per cent when there was a ground 
was not the case. Fall quail populations showed a direct rela- cover of snow lasting 3 months. Early winter losses which 

tionship to the amount of existing hedgerows. However, as consisted primarily of late-hatched birds reached as high as 19 
hedgerow cover decreased, the summer gain no longer restored per cent (1947), but averaged 10 per cent. 
the fall population to the levels reached in years when this type While severe winters resulted in a lower spring density, 

of cover was more abundant. they did not directly affect the survival of adults in the fol- 
The correlation of the number of coveys on the study area lowing summer. However, the population levels for the fall of 

in early fall with hedgerow cover indicates that this type of the second year following the occurrence of severe winter losses 
habitat previously considered as winter cover is also required in 1947-48 and 1950-51 were abnormally low, indicating the 

in late summer and early fall (Table 43). Quail coveys were possibility of a delayed depressive effect. 

found in summer and early fall wn only those areas where Spring population levels fluctuated with winter losses, and 
hedgerow cover was adequate for winter p rotection (F ‘8S. V7 summer population levels of adult quail fluctuated directly with 
and 18). The apparent dependence of quail in Wisconsin on spting densities. 
hedgerow cover at all times of the year explains the rapid de- N fic £ oo, 

.; .; . . , 0 specific factors causing fluctuations in spring and early crease in quail populations when habitat deteriorates and points lit detected. but field ob | 
to hedgerow cover as a long-term type of limiting factor on summer mortality were de ee ee © servations on .; ees . , quail and controlled pen studies on pheasants indicated that summer gains and “inversity response’. . . the higher the breeding population density the more prolonged 

Was mating-period activity, a condition which led to lower 
| Summary brood production in pheasants. Prolonged breeding constitutes 

A dynamic life table based on average seasonal changes was an additional stress on birds that may not result in an increased 

developed from data obtained primarily from the Prairie du rate of spring mortality, but may contribute to higher summer 
Sac and Dunn County study areas and secondarily from state- and fall losses later. This stress effect results specifically from 
wide populations. By obtaining data on the population for an increase of fighting between males, harassment of hens by 

one or two seasons of the year it is possible within limits cocks, hens laying many eggs at random before laying them 
through the use of this table to estimate the population for any in nests and promiscuity in nesting behavior. The end result 
other season, of this abnormal behavior is climaxed by later hatching, and 

Average seasonal losses of adults expressed as a percentage the hatching of fewer and smaller clutches. 
of the birds dying from one season to the next were: 69 per The positive correlation between fluctuations in summer 
cent from spring to fall (April 1 to November 14), 50 per losses of adults and the spring density indicated that the 
cent from fall to spring (November 15 to March 31) and 17 effect of prolonged breeding did result in higher summer and 

per cent in spring (April 1 to July 14). The loss of young fall mortality rates. 

birds from the time of hatching to mid-fall was calculated to The causes of fluctuation in the summer-to-fall losses of 
be 29 per cent. young appeared to be more complex than those for adults. 

The ranges in the percentage fluctuation in seasonal loss There was no correlation between the percentage of young in 
rates were: for winter to spring (November 15 to March 31), the fall population with spring density and summer gain. Ap- 
8 to 84; spring to July (April 1 to July 14), 0 to 68; and parently young birds were more vulnerable to other environ- 
spring to fall (April 1 to November 14), 4 to 80. The cal- mental factors than to factors related to spring density. This 
endar intervals for which the losses are stated correspond ap- is indicated by late- and early-hatched broods which were 
proximately to natural periods in the bobwhite’s life history. smaller and weighed less in fall than those produced at aver- 

Fluctuations in quail population levels and loss rates were age dates. Late-hatched birds also had a very high mortality in 
irregular and great for all seasons. For example, at the Prairie fall compared to juveniles which hatched at average dates. 
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During all of the years of our intensive studies the popula- and why the stocking of areas with small numbers of wild 

tion level in fall always exceeded that of the previous spring, birds fails. 

suggesting a simple relationship. But the degree to which the The interrelationship of winter losses, spring density, sum- 

fall population exceeded the previous spring density was not mer and fall loss of adults and summer gain composes a self- 

based on a simple relationship, because generally the percent- adjustment mechanism that controls quail population levels in 

age increase between spring and fall (summer gain) was in- conjunction with the influence of climatic and habitat factors. 

versely proportional to the spring density. Factors associated Apparently when spring density levels reach the height where 

with high spring densities suppressed summer gain and those intolerance between existing birds significantly affects breeding 

associated with low spring densities stimulated it; at medium behavior, summer gains are suppressed and the fall popula- 

spring population levels, however, other factors compensated tion levels off. Conversely, when the spring population level is 

for much of the density effect, resulting in marked deviations low due to heavy winter losses, density effects are removed and 

above and below the expected pattern. Further, when the the full reproduction potential of quail is attained, resulting in 

spring population decreased to the very low level of about 1 a high summer gain and an increasing fall population. This is 

quail per 200 acres, density effects appeared to be completely the reason why, under favorable environmental conditions, low 

eliminated, and the following fall population level declined populations can recover to high levels in a period of 3 to 4 

below that of the previous spring. This decline was attrib- years, and why high populations do not keep increasing to 

uted to the spring dispersal behavior of quail which were at infinity. This interrelationship also shows why it is possible 

such a low density level that there were too few birds present to harvest surplus birds without reducing the breeding popu- 

in any one site to permit an opportunity to breed. This ap- lation to the extent that populations will decline in successive 

pears to explain why very low density populations disappear years of hunting. 

MANAGEMENT 

While the primary purpose of this section is to highlight and sufficient in average winters. Cover in the form of brushy 

the basic findings of our entire study, it is designed to trace hedgerows has been found to be directly correlated with quail 

through all of the steps required to manage not only quail density and therefore is considered as being the main limiting 

but certain other wildlife species as well. Management pro- factor of quail habitat. It has been generally decreasing since 

grams for any wildlife species are generally directed in two the late 1800’s. The rate of loss of hedgerow cover and the 

ways: toward the population and toward the habitat. Before impact of this on quail up to 1936 could only be estimated. 

proceeding with the more detailed portion of this section, it From 1936 up to the present date we were able to measure 

is necessary to consider some basic premises concerning the this habitat change and correlate it with a decline in the quail 
possibilities of, and the justifications for, managing quail in population on the Prairie du Sac study area. 

» Winona lands have provided a sufficient amount of cover From this correlation we are able to calculate a value for 

and food to sustain a significant shootable population of quail. the miles of hedgerow required to sustain a quail covey under 

The question now is, can quail continue to survive under the the habitat conditions prevailing at Prairie du Sac. This value 

current pressure of land use on the existing habitat? To an- together with a basic knowledge of quail population behavior 

swer this question we must first examine our knowledge of provides information which shows how quail can be managed 

habitat requirements. on a sustained basis. The problem remaining now is to de- 

Studies of winter survival indicate that while food supplies velop the mechanics for preserving and increasing hedgerow 

are limited in severe winters, they are generally ample in mild cover in a practical program. 

Justification for a Quail Management Program 

Based on Hedgerow Development 

Consideration of the primary management program for of the amount lost, which would be a reasonable goal, our 

quail, involving preserving and establishing hedgerows in ag- best estimate of the fall quail population resulting from this 

ricultural areas, raises serious concern over its practical aspects. effort would be 200 birds or about 1 bird per 20 acres. This 

First of all we must evaluate just what could be accomplished means that the average farm of 150 acres in this area would 

if it were possible to conduct a successful hedgerow manage- have on it 1 covey containing about 17 birds in 1 out of 2 

ment program. years. There would be very few farmers that could be ex- 

If we were able to preserve the remaining hedgerow cover pected to carry out the effort required to increase the amount 

at the 4,500-acre Prairie du Sac area and restore 50 per cent of hedgerow on their farms for this type of reward alone. 
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Under existing conditions of land use, the maximum quail per cent of the “forms” found on his study area were near 
population that could be expected under even the most success- escape cover which included brush. During the winter when 
ful habitat restoration project in the best Wisconsin quail range the ground is covered with snow, brushy areas in uplands pro- 
would be 1 covey per year for each 150-acre farm. vide the only available escape cover other than burrows and 

Fortunately hedgerows provide other benefits than for quail piles of material such as rock and wood. Bruna (1952) found 
alone. The question is, do the additional values outweigh the a density of 1 rabbit per acre in fall on the best Kentucky range 
disadvantages to an extent that they can be realistically advo- characterized by abundant cover and permanent pasture. Smith 
cated as a form of land management? (1950) in New York found 54 per cent of 279 winter rabbit 

Brushy hedgerows provide habitat for many forms of plants dens located in hedgerows and brushy fencerows. 
and animals including insects, rodents, game birds, mammals, Unfortunately it is very difficult to express quantitatively the 
and songbirds, as well as plant disease organisms, etc. Some value of brushy cover to cottontail rabbits. In a half-mile-long 
forms of these are beneficial, others are harmful. They usually roadside hedgerow at Prairie du Sac, from 1 to 8 rabbits or a 
occupy the same hedgerow simultaneously. Often one or the maximum of 13 per acre were observed during several winters 
other predominates depending on location, age, composition of incidental to our quail studies. This is one example of the use 
the plant species of the hedgerow, and the use to which ad- of hedgerows by rabbits. Whether these rabbits were produced 
jacent lands are put. in the hedgerow or in adjacent fields is immaterial. The im- 

The brushy hedgerow therefore can be both desirable and portant point here is that this habitat feature was a necessary 
undesirable, depending on the interest under consideration. In component of the range since it was the only winter cover 
the following subsection we will discuss many of the pros and available. 
cons of hedgerows on rural lands. It is not our purpose to pre- Breeding habitat requires a combination of nesting, feeding 
sent a complete analysis or literature review of this subject and escape cover. An 80-acre study area in Iowa (Linder and 
since this was not the objective of our study. Rather we will Hendrickson, 1956) having such a combination of cover pro- 
present a list of the most important considerations relating to duced about 1 rabbit per acre. This production figure was 
hedgerows and a few basic references concerning them. based on the number of rabbits that safely left the nests. Nat- 

urally the majority of these nestlings would die before the 
. a following winter when heavier cover was predominantly used. 

_ Pheasants and Hungarian Partridge The damage to orchards, gardens, truck and field crops 
The quantitative importance of hedgerows to these two caused by rabbits is a problem to be reckoned with in manag- 

upland game species has not yet been intensively studied. The ing habitat for this species. In general the permission given to 
primary limiting factor in the pheasant habitat of Wisconsin is landowners in Wisconsin to hunt rabbits on their land at any 
permanent herbaceous nesting cover consisting of hay, aban- time has provided a satisfactory means of dispensing with this 
doned weedy fields and wetlands (Buss, 1946 and Gates, difficulty when it arises. 
1960). While pheasants and Huns both use hedgerows for 
roosting and for nesting when they are available, the question Other Game Species 

of whether they are indispensable or not remains to be an- Ruffed grouse and their broods are commonly found in 
swered. At Prairie du Sac there are only a few small scattered :; ; hedgerows when this cover type is located near woodlands. marshes and generally little other herbaceous vegetation to .; . 

. . Edminster (1947) emphasized the importance of shrubby provide winter cover. It is common knowledge that pheasants . ; a 
a: . ; oe borders along woodlands adjacent to farm fields in habitat im- 

are present in local areas within their occupied range in winter .; . . - provement for ruffed grouse. Hedgerows are used by squirrels 
only if some form of cover is available. A minimum of from 

. and by deer to cross open farmlands; they also harbor wood- 20 to 80 pheasants have been observed using hedgerows at . 
_ ; :; chucks which create many holes for rabbits (Petrides, 1942). Prairie du Sac at one time or another each winter from 1939 ; ; 

Hedgerow maintenance or development would be particularly 
to 1950. Therefore, we must conclude that hedgerows are a ; . 

oa . valuable in southwestern Wisconsin, where deer and ruffed necessary feature of pheasant habitat in this area. Although . .; , : - grouse are relatively abundant, to extend the woodland habitat this pheasant habitat and the resulting populations in this area _ . . generally found only on steep slopes and in river bottoms. are classified as only fair, nevertheless pheasants do provide 
interest and incentive for some recreation by area residents. . 

Songbirds 

; . The great number of songbirds that occupy hedgerows have 
Cottontail Rabbits two recognized values, the esthetic and the economic. The 

Probably the cottontail rabbit among all upland game species esthetic value received by people from hearing and seeing them 
receives the greatest value from brushy hedgerows. While is noncontroversial and real. While we might be able to get 
grassy and weedy fields are selected for nesting sites where a along without the song and appearance of songbirds, it is 
choice is available, shrubby hedgerows also frequently contain doubtful that Americans would concede this. Generally the 
nests (Friley, 1955). This author also found that 70 to 80 songbirds that occupy hedgerows are not destructive. 
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The economic vaue of many songbirds is a controversial sub- of controlling insects, significant efforts are being turned in 
ject. They are recognized as great insect-eaters. The question this direction now (Poznanin, 1954; Briggs, 1960 and Flesch- 
is, if sufficient habitat were available, to what extent could ner, 1960). 

songbirds control harmful insects compared to pesticide appli- Generally, hedgerows adjacent to grain and forage crops 
cations? Dambach (1948) found an average density of 29.0 contain more beneficial insects than do field borders composed 
pairs of breeding birds per acre of shrub field borders or 45.4 of grassy and broad-leaved species, but the opposite may 
pairs per 100-acre farm in Ohio. He further calculated that be true for truck crops and orchards (Dambach, 1948). Crop 

the breeding songbirds and their progeny on this area could damage by destructive insects found in hedgerows is sporadic 
theoretically consume about 8,700,000 insects, which exceed depending on the occurrence of various conditions. For ex- 

the number of insects that over-winter in crop fields and ample, in 1959 migrating aphids which carried the virus that 

borders. However, no study has been conducted during sum- damaged Wisconsin oat crops settled in hedgerows. However, 
mer on the actual consumption of insects by songbirds and this sporadic condition alone does not justify the destruction 
quail together. Other workers have reported a few instances of hedgerows (R. J. Dicke, pers. communication). 
where insects were controlled sufficiently by songbirds to permit Hedgerows composed of a variety of shrubs present an al- 
crops to be grown economically without resorting to an in- most constant source of flowering plants required by the all- 
tensive insecticide program (Cottam and Uhler, 1950 and important pollinating insects. However ,the importance of the 

Kalmbach, 1952). flowers of shrubs to bees has not been quantitatively measured ; q y 
The real economic value of songbirds in controlling insects in Wisconsin. Pollinating bees use those shrub species with 

remains to be determined. Few Wisconsin farms have fence- pithy stems such as sumac (Rdzs sp.) for cell nests where the 

rows totaling an acre even when scattered shrubs in the vicin- plant materials they gather are stored (J. R. Medler, pers. 

ity of dwellings are included in the total. If we consider the communication and Bohart, 1952). 
esthetic value together with whatever insect-control benefits While sufficient information on the precise relationship of 
accrue, songbirds have to be considered an important contribu- brushy hedgerows to insects is lacking, the important point 
tion of hedgerows. Without hedgerows, it would appear that is that the available knowledge as indicated above shows that 
songbirds on farms would be greatly reduced. the relationship can be at times very beneficial to agricultural 

and horticultural crops. 

Small Mammals . 
h h as th Rights-of-way 

Generally the species that oeny edgerows suc as the Brushy hedgerows along rights-of-way can provide wild- 
white-footed mouse and short-tailed shrew are beneficial. In . . : 

. life cover, esthetic value and also reduced roadside maintenance 
contrast, grassy field borders provide habitat for the destructive . . 

if located sufficiently far from roads to reduce or eliminate 
field mice. The damage caused to all agricultural crops by field _ ee: 

; . ; ,; problems resulting from vision obstruction and drifting snow. 
mice (Microtus spp.) is well known (Hamilton, 1940 and , 

. Naturally such hedgerows would have to consist of species that 
others). Dambach (1948) in Ohio reported that 88 per cent : 

develop a dense low growth of good ground cover in order to 
of the mammals found in bluegrass sod are known to be in- . : .; 

i ! provide reasonable protection against erosion and at the same 
jurious to crops whereas these species compose only 25 per cent ; 

; time decrease tree encroachment. Such sites can generally be 
of the mammals present in shrub borders. Petrides (1942) in found al lopi d bank dsides with wide should 

& study found no field mice in his studies of ound along sloping road banks, roadsides with wide shoulders 
a New aot fhe i. hile Linduska (1950 ted that and under communication and power lines. On the latter sites, 
15,900 - 1 4 7 Bes, WANE MNase C ?> ) tep “ll ‘a shrubs can effectively prevent tree encroachment. An effective 
Brats x 4 orders support more injurious smal! mam- right-of-way maintenance program based on this principle was 

mals than heagerows. developed by Egler (1949). The treatments involved a com- 

bination of selective chemical application to kill trees and to 
Insects permit the growth of desirable shrubs. This program also has 

In recent years great concern has been expressed by some application along roadside rights-of-way, and is generally very 
conservationists and health authorities over the increasing use beneficial to wildlife. 
of pesticides to control insects. At the same time the produc- The Wisconsin Highway Commission has informed the In- 
tion of agricultural crops requires efficient control of insects, teragency Working Group of the Wisconsin Natural Resources 
and this at least for the time being necessitates chemical treat- Committee of State Agencies that low-growing, self-main- 
ments. While many studies have been conducted to show that taining brushy growth could be an important substitute for 
with proper use insecticides are generally not harmful to wild- grassy rights-of-way along roadsides if the proper shrub species 
life, the long-term and particularly indirect effects of chemical were available. Grassy roadsides require expensive mowing 
treatments of crops may be highly destructive to wildlife operations, hence the interest in low-growing, self-maintaining 
(Rudd and Genelly, 1956). Ideally, biological control of in- shrubs (Aten, 1960). Hedgerows along roadsides, if com- 

sects would avoid such problems as these. Thus, while in the posed of the right shrub species and properly located can have 
past only limited consideration has been given to this method windbreak values and also serve as living snow fences (Edmin- 
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This roadside hedge, left for wildlife under a selective brush control project, will benefit upland game | 
birds and mammals, songbirds, and pollinating insects, as well as Provide esthetic and soil and water | 

conservation values. 

ster, 1938 and 1939). Such a program would have to be care- There isn’t any question that hedgerows inside the boun- 
fully planned, but the effort required to fully exploit this pos- daries of a farm at times have serious nuisance value. They | 
sibility in view of the potential benefits is highly justifiable. frequently must be removed to allow the establishment of strip 

crop and contour-strip layouts. However, for the most part, 
Soil and Water Conservation and Farm Operation the “nuisance” hedgerows have already been removed. Fur- : 

Hedgerows when located along field borders can serve as ther, brushy cover need not be confined to hedgerows, It can . 
windbreaks for reducing soil erosion and for water conserva- be allowed to remain or be established on woodland edges, 
tion by trapping wind-driven snow which would otherwise streambanks, gullies and in any other place where it does not | 
end up in drifts along roadsides, farmyards and in other un- interfere with normal farm operation. Line fences are other | 
wanted sites, and holding it to melt in the fields (Harper, places where hedgerows will provide valuable wildlife cover 
1937). In some cases the right kind of “living fence’ can be and simultaneously create only a minimum of interference to 
used as a livestock barrier. farm equipment operation. 

Some of the objections to hedgerows are that they appear In addition, the shading effect of hedgerows has to be recog- 
to take up considerable space, require maintenance and handi- nized. To reduce shading effects, tall-growing shrubs and trees 
cap equipment operation. Hedgerows vary greatly in width. In would have to be controlled in hedgerows. 
the early 1930's, when quail reached their highest density level 
in the history of the Prairie du Sac study area, hedgerows aver- F . ee , Conclusions aging 12 feet in width occupied 1.4 acres out of each 150 
acres of land with approximately half of this shrubby cover In view of the many possible benefits derived from the pres- 
being located along roadsides. Since the field borders between ence of hedgerow cover, it seems clear that the advancement 
fenced fields which contain only vegetative cover occupy 2-4 of a program for preserving and restoring hedgerows is highly 
feet of space anyway, hedgerows can hardly be considered as warranted. 
wasting too much cropland, particularly if some form of incen- In agricultural areas, for the most part, hedgerows have al- 
tive reimbursement is provided to the landowner for the nomi- teady been removed. If the remaining hedgerows were ade- 
nal loss of tillable acres. quate to support populations of wildlife comparable to those 
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of the mid 1950’s, a program aimed at preserving these hedge- lost if we are to regain any semblance of former quail popula- | 

rows could reasonably be undertaken. Unfortunately, this is not tions. 

the case. The number of hedgerows currently in existence in There is even more at stake than saving and increasing wild- 

many areas is so low that the loss of only a small additional © life on farmlands for esthetic benefits and other values de- 

percentage could result in the extirpation of quail. scribed in the previous section. Sport hunting alone is recog- 

. . . i nized as an economically important source of income to the 
What can be expected in the state-wide quail population is state. 

indicated in the history of cover loss at Prairie du Sac. During In the past, several wildli fe species were greatly favored by 

a period of only 8 years, from 1951 to 1959, the Prairie du land-use practices. At the present time, however, there are few 

Sac population collapsed. The cover loss required to bring areas of the state where the recent population levels of wildlife 

about the collapse amounted to only an additional 15 per cent species ate not threatened by current land-use practices, The 

over that which occurred from 1936 to 1951. This indt- exception includes only the southwestern part of the state and 
cates that wherever the extent of cover loss is comparable to even here woodland gtazing by cattle should be greatly cur- 

that at Prairie du Sac, and other factors being equal, quail tailed. Waterfowl habitat is diminishing at an alarming rate, 

will disappear. Along with the quail will go other species of particularly in the breeding areas of the United States. The 

wildlife, songbirds, and beneficial insects that are dependent growth stage of vegetation in the forested area of the state 

on hedgerows. is generally unfavorable to the forest game species. Fortunately 

When we consider what has happened to the quail in Wis- deer and ruffed grouse populations, still relatively abundant 

consin where we have a record of the cause and effect rela- in Wisconsin compared to many other states, can be stabilized 

tionship of hedgerow cover, we can understand why a winter at present levels, but this will require a coordinated wildlife 

such as that of 1958-59 could take the disastrous toll that it and forest management program (Wisconsin Conservation 

did. Periodically many wildlife species ate drastically reduced Department, 1962). 

by the occurrence of very unfavorable weather. But, as long as It is still possible to stop the downward trend in wildlife 

favorable habitat exists they rebound to their previous levels populations and even bring about increases. But, this can be 

within a few years. However, we cannot expect that the next done only through the activation of a total land-use program 

upswing of wildlife populations from the present low will designed to mutually benefit forest, agricultural, and wildlife 

bring about a recovery that will even begin to approach the production. | 

eak reached in the period of 1951-59. Thus there is no al- Some of the key factors concerning quail population man- 

temative to launching an all-out campaign to preserve existing agement, specific habitat requirements, and methods of habitat 

hedgerow cover and to restore at least some of that previously restoration for quail will be presented in the next sections. 

Population Management 

In Wisconsin as in many north central states, thorough con- able effort was initiated in the mid-1950’s to open the season 

sideration has been given to the questions of whether quail (Allton, Stickel and Dustman, 1957). 

could stand a hunting season, stocking would increase the At one time (1860—70’s) prior to Wisconsin's closing, com- 

population, refuges had any value, and restocking with wild mercial hunting was a factor in the decrease of quail, but hunt- 

birds was beneficial. Only a brief discussion will be presented ing was not closed until many years later. 

here on the pros and cons of these questions. Up to the 1930’s when many states began to conduct surveys 

and studies on quail and other game species, the closing of 

Closed Seasons hunting seasons seemed like the ideal method for solving the 

— problem of low populations. Up to a point this belief was 

The reasons for closing hunting seasons on any wildlife valid. Good citizens, who realized that game populations were 

species vary, but generally they center on an observed drastic declining, felt that something had to be done and decided that 

decline. The decline may be the result of unfavorable weather closing the hunting season was the simplest action that could 

conditions, over-shooting and habitat deterioration. The rea- be taken. The pitfall of this kind of action was that it salved 

son for the 1896 closing of the Wisconsin quail hunting sea- the public into thinking that all they needed to do now was 

son probably involved a combination of drastic winter losses sit and wait until the affected species made its recovery. 

and habitat change although the importance of the latter was The many observations and studies that have been made in 

probably not recognized as to its full role in the decline of the last three decades have shown the danger of this approach 

this species at that time. Similar reasons were involved in the in contrast to accepting the complete responsibility of man- 

closing of the quail hunting season by 1917 in four out of the aging a given species. While short-term declines can be related 

eight north central states listed by Leopold (1931). Of these directly to adverse weather, the long-term decline is caused by 

four states, only one that had a reasonable quail population re- habitat deterioration. Once a hunting season is closed, the 

mained closed in later years. This was Ohio where a consider- real reason why the species declined and what needs to be 
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done about this frequently receive little attention, particularly rounding land area would also have to contain good quail 
when there are other species which are more popular to hunt. habitat or the egressing birds would have a low survival in this 
Thus habitat continues to deteriorate until the point is reached area. Small refuges, 2 to 10 acres in size, established to bene- 
when nothing within practical limits can be done to perpetuate fit several species, were developed in Indiana (Bushong, 1961) 
it. As long as the affected species has hunter interest, at least at a cost of $311 each. The cost for each unit of game pro- 
some efforts are made to improve its welfare. duced on these areas was estimated at $20. 

_ The closing of quail hunting seasons involved another fac- 
tor which is unique for this species. Landowners and ornitholo- Open Seasons 

«ists put a high P femiumn on the esthetic value of quail. Since The theory of setting hunting seasons for all game species the bird is primarily produced on private land, it was natural has been thorouch! ted b th h as Leo- 
that a landowner would not want to see “his birds” hunted. as Been Morougin'y presented by many aummots such as Leo ; . pold (1933), Grange (1949), and Errington and Hamerstrom Unfortunately the habitat requirements of quail are such that ore ; 
the modern practices of good farming are not sufficient to re- (1936). Therefore un this section we will present only those Prac eon" 6 factors concerned with quail. store cover. Deliberate practices have to be carried out to pro- 
vide habitat for quail. These techniques which require the The princip le on which hunting regulations are based is that 
participation of all people will be described in the following once a population reaches a certain level, it becomes self “SUS- sections, taining and a harvestable surplus is produced. In quail, if the 
It is now well known that the annual mortality (70-90 pet fall population exceeds the amount of good habitat,some coveys 

cent) on both hunted and protected areas in the north central will have to settle in poor tange where their winter mortality 
states is so much greater than that caused by hunting alone will be very high. Also while the cover in a selected covey 
that the latter factor generally is insignificant (Errington and range may be ample, winter food supplies frequently will be Hamerstrom, 1935 and 1936; Errington, 1945; Marsden and in short supply as the result of normal agricultural practices. 
Baskett, 1958; this study, and many others). Further, our Wis- All of the birds that occupy poor coverts are surplus birds. 
consin studies from 1929 to 1959 show that as long as the Also quail on unshot areas were found to have a higher winter 
habitat requirement is satisfactory quail will recover from mortality than on shot areas (Errington and Hamerstrom, 
drastic winter declines in a two- to four-year period regardless 1933). 
of whether or not hunting is involved. If hunting pressure on quail was as great as it is on water- 

Quail as well as other wildlife species can’t be stockpiled. fowl, considerable caution would have to be taken to protect 
Once they reach a certain level, the phenomenon of inversity this species by limiting hunting to a level considerably below 
operates to decrease breeding efficiency. While they do not eat the past 10 years. Actually quail hunting pressure is relatively 
themselves out of ‘house and home” as do deer (Dahlberg light as indicated below. 
and Guettinger, 1956) and muskrats (Mathiak and Linde, Occasionally a few hunters may fail to use discretion and 
1954), they quickly show intolerance which operates to reduce reduce a covey to a level where its opportunity to survive in 
the breeding potential. winter is threatened. Under experimental conditions, Gerstell 

(1939) found that larger coveys (12 birds) survived well at 
Refuges low temperatures while small coveys (4 birds) succumbed. 

The concept of closing hunting on selected areas where a However, even this type of overshooting is not serious because 
species could increase and spread to surrounding lands, which small November coveys often join other birds to form larger 
has been advanced over the years from James I, 1509-26 (Leo- coveys before the middle of winter. Therefore, in setting hunt- 
pold, 1933), hardly applies to Wisconsin quail. As pointed out ing seasons to properly harvest quail, consideration should be 
above, quail declines occur on hunted and unhunted areas in given to the effect of hunting on the total population rather 
almost equal proportions. The Prairie du Sac population de- than on individual coveys. 
creased from a level exceeding 400 in 1929 to zero in 1959, Errington and Hamerstrom (1935) concluded that 30 to 40 
although hunting is so insignificant in this area that in some per cent of the quail can be shot, based on losses sustained in 
years there were no records of any kill whatsoever. Simultane- winter on unshot areas. A harvest of 20 to 55 per cent of the 
ously the quail population increased on some of the heavily quail on areas studied in Oklahoma by Baumgartner (1945) 
hunted areas in the rest of the occupied range. during a five-year period did not prevent a high population 

The annual average movement of approximately 1 mile, from maintaining itself, Probably the simplest evaluation for 
most of which occurs between April and July, is another fac- determining the allowable harvest of quail is to contrast the 
tor that complicates refuge establishment. The smallest area kill under varying lengths and opening dates of hunting sea- 
on which a quail population might be relatively self-contained, sons with the impact on the population level over a period of 
and this would be only for the inside 5,000 acre portion, ap- years. In Wisconsin, hunting seasons varied in length from 21 
pears to be at least 15,000 acres. The possibility of establish- to 44 days from 1951 to 1957, and the estimated kill increased 
ing and maintaining many such units is not practical. Albeit from 14,000 to 52,000. During this period, the state-wide 
units of this size could be set aside as refuge units, the sur- quail population also increased to reach its highest level in 
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A second factor concerns mortality rates. Our data show that rex = lU Ul ee lhlCU 

there is some loss of quail throughout the fall (Fig. 9). Thus .. | i ae h6UmelUmUr lc dm Cee 
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if the hunting season opened in mid-November there would Quail add variety and sport to any hunter's bag! 

be fewer birds to hunt than if the opening was in mid-October. 

Other factors, although of only minor importance, which a single species receives all the hunting pressure, is reduced 
. . . . . . . | 

concern the setting of opening dates, are the weather condi- by simultaneous openings. Several species occupying the same 

tions which would provide optimum hunting conditions. Ex- range as quail which are ready to hunt in Wisconsin at about 

perience has shown that any time in October dewy mornings the same time include pheasants, ruffed grouse, cottontail rab- 

may be expected, a condition that facilitates “dog-work’’ and bits and squirrels. 
| 

hunter comfort. All through the month of October leaves fall, 
| Zones 
and the autumn weather elements knock down rank growths . a. 

; There is no sound biological reason why every county that 
of vegetation producing better chances for flushing and re- ; 
trievine bird has occupied quail range extending throughout most of its area 
rieving birds. : . 

6 ; ; should not have a hunting season on this species. Overharvest 
Generally the season is set to run long enough to provide . . ; 

, . oo in border counties is not a problem because of low hunter in- 
ample opportunity to hunt the birds, yet is closed in time to . : 

, terest. Those counties that are located on the boundary line of 
avoid expected snow falls which make the birds extremely 

, . _ . the better range and which have some scattered coveys can be 
conspicuous, especially when roosting in the covey circle. This . . . : 

. either included with or excluded from those which have a 
could lead to occasional overshooting as some hunters would _ ; . oe. 

. . . ; season. The decision here might be entirely administrative 

be tempted to make a “‘pot shot”. At earlier dates, quail hunt- ee -_ . 
i, . ae based on the need to “block in’ a group of bordering counties 

ing is a sport-hunting proposition since the value of the meat, . ; .; 
. ; which have comparable populations of other species or to take 

even as a delicacy, is hardly commensurate with the cost of ; 
or . ; advantage of natural borders such as highways, rivers, etc. 

obtaining it. Only the most interested hunters continue their 

sport after the first weekend or two. Hence if snow is avoided, Bag limits 

the late season harvest is a small part of the total under Wis- The basic purpose of a bag limit is to prevent overshooting 

consin conditions. and to equitably distribute hunting opportunities of the avail- 

Quail hunting seasons in Wisconsin usually begin about able surplus among the largest number of hunters, Wisconsin's | 

October 15 or later. This date results in some sacrifice of size bag limit has varied from 3 to 5 birds. A secondary considera- 

in quail but reduces the number of birds that would be lost tion here involves setting a bag limit that will be reasonably 

through natural mortality occurring between October 15 and attractive to interest hunters. However, even though the quail 

November 15. The presence of many small quail in the popu- is a relatively small bird (most of those shot range from 4.5 

lation on October 15 is not a problem. Hunters readily pass up to 7 ounces), it is still a trophy bird in our state. Thus the 

the squealers. Also the very immature birds that are shot do consideration to make the bag limit large enough to provide a 

not materially reduce the population since these are late- little meat is not a factor of significance. Again the best test 

hatched birds which have a very high winter mortality anyway. of whether the size of the bag limit is serving its purpose is to 

A last factor that is recognized in setting seasons is having determine the effect on the fall population. We have seen no 

concurrent opening dates on several species. Thus any damage detrimental effect from either the 4- or the 5-bag limit. The 

that might come from overshooting, which could occur when lower limit prevailed from 1942 to 1949 and the larger from 
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1950 to 1958. In 1959 the bag limit was lowered to 3 because were successful in establishing self-sustaining populations of 
of a drastic winter population reduction. A further reduction quail. Some of the larger Wisconsin releases consisted of quail 
in the winter of 1961-62 resulted in the decision to close the from several other states. In at least a few cases these southern 
1962 hunting season. This was entirely a precautionary measure birds survived the first winter after their release. The contribu- 
based more on public attitude than on biological factors. tion of these stocking efforts seemed negligible (Schorger, 

1944). All of the releases made before 1900 appeared to be 
Stocking made for restoration purposes. 

Pen-reared Birds The only way in which pen-reared birds could make a 
Quail used in stocking programs are either obtained from significant contribution to the establishment or increase of a 

game farms (artificially propagated) or by trapping wild birds. local population of birds would be to have a high survival, to 
The former have been used primarily for “‘stock-shoot” pur- pair and to produce broods. This leaves the problem of when 
poses and secondarily to replenish areas where wild birds dis- to stock. Fall stocking, even assuming that the gamefarm 
appeared because of adverse weather and temporary habitat birds had the same capacity to form coveys and survive as well 
losses. as wild birds, would still be followed by the usual heavy winter 

With the exception of a few efforts made by clubs for field mortality (50 per cent under average conditions) and further 
trial purposes, Wisconsin has not had a stock-shoot program. mortality in spring and summer. 
Based on the vast experience of other states, and the availabil- Thus, it is apparent why fall-stocked birds have little chance 
ity of and interest in other game species, it is apparent that to make a contribution toward establishing a local population. 
Wisconsin should not have any part in this type of effort. Actually, the size of the contribution would probably be even 

The use of pen-reared quail for restocking depleted areas lower than that indicated above because it is very likely that 
appears to be even more futile than their use for stock-shoot game-farm-reared young would show a lower survival rate than 
purposes. The results of a survey by Buechner (1950) on native-hatched birds upon which the above computations were 
stocking pen-reared quail in 17 states showed that the method based. An estimate of the survival of pen-reared fall-stocked 
is costly and does not materially increase the shootable popula- birds was reported by Reeves (1954) in one of his intensive 
tion of bobwhites. The cost of putting a pen-reared quail into studies which showed that the harvest for 14-week-old birds 
the hunter’s bag ran from $2.80 to $55.56. Stanford (1952) was computed to be 38 per cent as effective as for wild birds. 
tried a unique approach of releasing wild-trapped adults with Of those surviving to the hunting season, 81 per cent were 

game-farm-reared young. The wild adults readily adopted the bagged and a maximum of 3.6 per cent of those stocked were 
young birds in the following percentages: Cocks—46.7, hens— left as breeders. 
23.1 and pairs—15.3. However, the cost of putting such young To escape the winter and spring losses, full-grown, pen- 
and adult birds in the hunter’s bag was $50.26 and $37.63 reared quail have been stocked in late winter or early spring. 
each, respectively. Latham and Studholme (1952) selected Since only 31 per cent of the native quail survive from spring 
breeders to be used in an artificial propagation program that to fall, the fate of pen-reared birds is apparent. This low sur- 

survived on a vitamin-deficient diet. The returns on the pro- vival of wild birds occurs even though these birds are adjusted 
geny reared by these adults was 5 per cent in comparison to to environmental conditions. The wild quail have the unique 
22 per cent for native birds. social organization of covey formation from which spring dis- 

Even the native-hatched bird with “experienced” adults to persal begins. Pen-reared birds are at a complete disadvantage 
guide them have a difficult time surviving. The intricate pat- when released. They are usually very tame (Reeves, 1954); 
tern associated with covey organization and breeding behavior, this is a characteristic that makes them vulnerable to wild and 
the capacity to find food and to use available cover, the high domestic predators. From this brief discussion, then, it seems 
annual mortality and dispersal habits allow only the most su- apparent why full-grown, pen-reared quail when released in 
perior birds to survive in Wisconsin. For example, coveys are late winter or spring have had a poor record of survival. There- 
formed by the combining of two or more broods, together with fore, stocking mature pen-reared birds in spring to establish 
the surviving adults who reared them. It is highly improbable quail populations, using past techniques, is Just as inferior a 

that incubator-raised birds form coveys as readily as do wild game management practice as is the fall or summer release of 
birds. However, it is known that some pen-reared young will young birds. 

join wild broods to form coveys (Pierce, 1951b and Reeves, 
1954). Wild Transplants 

Compared to the stocking programs of southern states, only It is obvious that the number needed and cost of procuring 

small-scale releases of pen-reared quail have been made in wild quail required for general stock-shoot purposes make this 

Wisconsin (Appendix D), with the exception of some made type of project completely impractical in Wisconsin. There- 
by Gustav Pabst early in the 1900’s, which were reported to fore, we will concern ourselves only with the use of wild trans- 

be large and widespread. No follow-up studies were made to plants for restoration purposes. 

precisely measure the results of these releases, but at the same The studies reported in previous sections and those presented 

time there was no conspicuous evidence that any of these efforts in the Appendix D on quail transplantations have shown that 
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restoration with wild birds is possible and may be practical efforts. In no cases should transplantations be made at points 
under some conditions but only when releases are made within where the closest surviving covey is located as far as a mile or 
the occupied range (Fig. 4). more away. Also the release point should be in an area where 

Since 1929, when intensive studies were begun in Wiscon- there are not less than approximately 100 quail per 4,500 acres 
sin, there were only about seven years (1936-38, 1943, 1948, (the size of the Prairie du Sac area) in the fall population with 
1951 and 1959) when restoration efforts with wild transplants not less than 1 mile of hedgerow per 550 acres of area. While 
should have received some consideration. These years. were these figures may not be precise, experience has shown they 
characterized by heavy winter losses. Even in those years, with are good base figures, the best now available. 

the possible exception of 1958-59, the quail populations re- Fortunately Wisconsin winters rarely invoke severe condi- 
covered generally from their lowest points within a three-year tions on the entire occupied quail range of the state. Even in 
period to their levels existent in the years preceding the heavy the extreme winter of 1958-59, while most of the quail range 

losses, showing that transplantation efforts were not needed. was experiencing very adverse weather, the northwest counties 

We found no year when losses were abnormally high other largely escaped the killing blast. These areas had relatively 
than in the winter season. high quail populations in the fall of 1959 providing a focal 

The extreme losses which occurred in the winter of 1958-59 point from which quail could spread. This condition should be 
appeared to justify transplantation efforts. Before further con- recognized in making transplantations. Thus to expedite the 

sideration could be given to this possibility a careful spring rate of spread of quail from occupied range into empty coverts, 
survey was required to determine whether there were relatively transplants should be released on the periphery of such areas 

large areas of 10,000 or more acres in size with good cover, providing that there is public interest and that transplant stock 

lacking birds now but previously occupied by quail. The 1960 is available. 
whistling survey showed that, while quail populations were There are several good arguments against transplantation 
very low, birds were still present throughout their range and projects. The first is that in those years when such a practice 
that there was no need for restocking. might be beneficial, the areas where wild birds are still pres- 

If transplantings are attempted, the following guidelines are ent also need them. The second concerns the possibility of re- 

proposed. Releases should consist of whole or nearly whole ducing losses in adverse winters through feeding programs to 
coveys containing at least 10 birds in good condition. The re- be described in the next section. Finally, habitat preservation 
lease point should be within a half-mile of residual coveys, and and restoration can ameliorate losses to forestall transplanta- 

the best success would be expected to result from late winter tion needs. 

Habitat Management 

Background snow occurred. This does not mean that winter food sources 

The studies at Praitie du Sac have shown not only how can be neglected as will be pointed out later in this section. 

much cover is required to sustain given densities but also the Annual spring censuses and hunting success have shown 
level at which quail disappeared entirely from areas within that between 1951 and 1958 when the Prairie du Sac quail 
their Wisconsin range. When the intensive studies began population was shrinking drastically, the species was holding 
(1929-36) there were 18.45 miles of hedgerow cover along its own level Of increasing in many other areas where cover 

fences and roads. This amount of cover allowed quail popula- losses were light in the state. Conversely, in other areas such as 

tions to reach a level slightly above 400 birds. When the eastern Green Lake County where cover was constantly being 
hedgerow cover declined to 7.12 miles by 1959, a change of lost from 1955 to 1958, the quail population decreased pro- 
62 per cent, the quail population declined to “0” even though portionately (‘Table 6). These observations sustained the find- 

weather conditions in winter were very favorable for survival, ings of the Prairie du Sac studies. 

particularly from 1951 to 1958 (Tables 6, 7 and 11). Based on the studies of the correlation between quail popu- 
Other changes took place in land use at the same time that lations and cover conditions, we can conclude that a deliberate 

were unfavorable, such as the change in corn harvesting meth- program is needed to preserve existing hedgerows and to re- 
ods. Prior to the development of the corn picker, corn was store a sufficient amount to bring up the total on any area to 
hand or machine cut and then shocked before it was removed a level of about 1 mile per 450 acres of rural land. Otherwise 
from the field. In many fields these shocks were left through quail will permanently disappear in many parts of Wisconsin 
the winter, providing an excellent source of both cover and in the near future. The loss of paramount habitat features has 
food. As the mechanization of corn harvesting developed, the an insidious effect. Favorable weather conditions can offset the 
corn shock began to disappear. Even with this detrimental habitat loss and thus temporarily allay the actual impact of such 
change, however, studies of covey survival showed that only in an environmental change on a wildlife species. Then when un- 
the severe winters was food shortage a serious problem, and favorable periods of weather prevail, catastrophic losses occur 
while this condition is becoming more critical, large quail which provoke wild guessing on ‘“‘what happened’. Predators, 
losses have always occurred when prolonged periods of deep poisonous effects of pesticides, overharvesting during hunting 
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season, etc., are blamed. The part played by habitat loss often measured. But general observations on covey locations and the 
goes undetected. It is only when continual studies are carried average annual movement of these birds indicate that one or 

on to follow the trends in wildlife populations and habitat mote miles of coverless land would be sufficient to interrupt 
that it is possible to pinpoint the real cause of the catastrophic the continuity required to sustain populations of these species. 
declines. This does not mean that quail completely occupy their general 

While the specific purpose of this subsection is to present tange. On the areas which have a sufficient amount of hedge- 
concepts and means of preserving and increasing the basic tows to sustain them, quail usually have an irregular distribu- 
quail habitat, general objectives first need to be clarified. Some tion. They occupy the sites containing the hedgerows but not 
of the pertinent findings on habitat status and requirements the coverless areas. 
will be summarized to establish the point that we have suffi- Thus far we have not emphasized the value of farm wood- 
cient knowledge and facilities to manage quail in Wisconsin. lands as components of quail habitat. Their main contribution 
Fortunately, hedgerows, the main cover requirement of quail appears to be in supplying scattered thickets and occasional 
habitat, have many other values which are compatible with a shrubby borders which provide supplementary roosting cover. 
sound total land-use program. Quail are frequently found in farm woodlands but only when 

First we will discuss what appears to be the necessary co- the woodlands are dispersed in areas where hedgerows are 
operation, understanding and the acceptance of certain prac- present in field borders and along roadsides. 

_ tices by all peop!e involved in pertinent land-use programs, Pine plantations in the early years of development, up to 

and then a proposed program for achieving the objectives of 10 years of age, also provide excellent roosting cover. Their 
| quail management. outer edges have the same value as hedgerows consisting of 

deciduous shrubs. Once the coniferous trees reach the height 
Requirements and Fundamental Habitat Concepts where their lower branches begin to die, the cover value de- 

It is well known that quail are currently a species of those creases proportionately. 
agricultural lands in which the climate is mild enough to Nesting cover is apparently not a conspicuously limiting fac- 
readily permit the growing of crops such as corn evety year. tor in the distribution and abundance of quail in Wisconsin. 
Generally woodlands are present on almost every farm where The direct correlation between the location of quail coveys 
quail are found. Since to date the type of farming carried out and areas with hedgerows indicates that this species will find 
in this state in the area occupied by quail has produced enough enough nesting sites if shrubby cover is present. While we did 
food for them in the form of weed and domestic crop seeds, not conduct any nesting studies, virtually all of the broods and 
it has not been necessary to resort to special practices to sustain the coveys we did find in late summer and early fall were lo- 
this species in most years. The exceptions are those years in cated in or near hedgerows. 
which severe winters occur, about once every five years. The cover provided by shrubby hedgerows composed of 

Within this type of agricultural land it is necessary to woody plants is frequently supplemented by herbaceous 
have a good distribution of shrubby hedgerows. Based on the gtowths of species such as cattails, Phragmites, giant ragweed 
Prairie du Sac studies, approximately 1 mile of hedgerow per and standing corn. However, the value of these plant species 

550 acres of land area is required to support the lowest level as roosting cover is limited to utilization during certain periods 
at which a fall quail population (about 1 bird per 42 acres) of the year. 

can be sustained without danger of extirpation (Table 43.) In Finally, there is strong evidence that hedgerows are as valu- 
addition, numerous scattered thickets of shrub growth appar- able for brood habitat as they are for winter cover. This con- 
ently are required to supplement the hedgerows. These thickets viction is based on the many observations we have made on the 
vary greatly in size, from as small as 10 square feet to one- location of coveys utilizing hedgerow cover in late summer 
fourth of an acre. At Prairie du Sac these thickets were found and early fall. While herbaceous cover is adequate at this time 

on the river bank, on hillsides, in ravines and gullies and on of the year to conceal quail broods and coveys, they are usually 
the edges of three abandoned gravel pits. The amount of such found in or near hedgerows and thickets composed of woody 
supplemental cover required by a covey of quail is impossible species. 

to measure precisely, but several such spots existed per mile The value of hedgerows as required for quail brood habi- 
of hedgerow in the Prairie du Sac area and were periodically tat may be comparable to the value of moderately pastured 
used as roosting sites. In the absence of supplemental cover the woodlands and tag alder swamps to ruffed grouse in northern 
minimum amount of hedgerow cover would have to be in- Wisconsin (Dorney, 1959). These components of quail habi- 
creased. Shrubby edges of woodlands and swamps bordering tat may facilitate brood movement, provide access to feeding 
crop fields also have cover value comparable to that of hedge- sites and possess the general value of ‘edge’. 
rows on roadsides and between fields. It is the total value of hedgerows—to other wildlife species, 

The hedgerow cover cannot be restricted to islands of land songbirds and beneficial insects and mammals, for water stor- 
units. It must be contiguous with similar cover types in the sur- age (drifting and melting snow), and as windbreaks and liv- 
rounding areas. The distance that separates areas having hedge- ing fences—that provides the justification for advancing a state 
rows and quail from other similar areas has not been accurately hedgerow preservation and restoration program. The import- 
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ant point is that this program must be accepted first by all of Specific game habitat management on rights-of-way will be 
those agencies which are involved in developing and advanc- described in the section on hedgerows. 
ing practices that either favorably or unfavorably change the Generally there will be few places where shrubby vegeta- 

landscape for wildlife and other conservation interests, and tion will need to be sacrified for development of grassy nest- 
then by the landowners and the general public. Along with ing cover. However, in certain parts of some counties such 
the benefits, the liabilities of having hedgerows on farms as western Green Lake and Marquette, a considerable amount 
must be recognized and balanced by special programs to off- of land previously under cultivation is being allowed to re- 

set any disadvantages arising for landowners. vert to wild lands. Here, some deliberate effort to control 
shrub growth by mowing or herbicide treatment to prevent the 

Nesting Cover plant succession from reaching the woody stage is desirable. 

A . , Such efforts, however, are warranted only if food sources are 
ccording to Klimstra (1950a) in an Iowa study, quail available 

select grassy nest sites in close association with breaks in the 
cover pattern such as field edges, clearing, roadsides and gul- Late S Fall d Wi Cc 
lies. He found 36 out of 46 nests (78%) in nonproductive are oummer Fa an inter Cover P ; 
lands. These studies are sustained by our observations on the Fortunately the same basic type of shrubby roosting cover 
location of broods in late summer and early fall in hedgerows is required at all three of these Seasons. This is significant for 
or brushy thickets. The strong preference for this type of habi- through a p Fogram for the preservation and restoration of this 
tat for cover is demonstrated by the fact that although adult cover 'yP “ alone, it is possible to maintain the main comp onent 
quail move about a mile in spring from their own winter of quail habitat for most of the year. While the value of win- 

cover, they select comparable habitat for nesting at their new ter cover has long been known, the importance of hedgerows 
locations. in late summer and fall either has not been recognized in the 

- owe | past or for one reason or another has failed to recetve much 
In recognition of the nest site preference of quail, it is neces- emphasis from other workers 

sary to deliberately maintain some grassy cover in the vicinity P the past. quail cove m n t hand; db 

of the brushy growths that are distributed within cultivated th eee eee cone canna es ope eG ey 
. e lack of knowledge, not on what was required but on how 

crop land occuPp ied by these birds. Fortunately this require- much. Our Prairie du Sac studies provide the source of the 
ment generally is a natural feature of practical land-use pro- best quantitative information applicable to Wisconsin condi- 

grams. Grassy vegetation 1s more P revalent than shrubby tions. We now have quantitative data on how many quail a 

growths along roadsides, and other rights-of-way and field given amount of hedgerow cover, at least in one area, can 
borders. It will encroach in some openings in woodlands and maintain. Also the reliability of the Prairie du Sac quail: 

Occurs naturally on edges of swamps and throughout mat shes. hedgerow-mile index in quail management programs in other 
The practices of establishing sod for erosion control in gullies, areas is sustained by our general observations on quail popu- 

along streambanks and on slopes and the improvement of per lations, on the utilization of this type of cover and on the 
manent pastures are all beneficial to quail. Generally while amount available in other areas of the state. 

relatively undisturbed nesting cover is far from being over- Before determining how much and where hedgerow cover 

abundant, the amount available is adequate as compared to should be preserved or developed in any given area, two con- 

brushy cover. ditions must be met. First, the area under consideration must 

Hayfields and roadsides and other rights-of-way such as be located within the occupied range where some part of most 

under communication lines also provide nesting cover, though of the farms are devoted to cultivated crop production. Sec- 

hayfields do not afford an opportunity for management. Some ondly, in the selected area landowners must accept and carry 

mortality occurs during mowing operations, but, it 1s only the out or have carried out on their land the practices required 

early nesting quail that are affected by first hay cuttings. For- to maintain or establish hedgerows or supplementary cover. 

tunately most quail hatch well after the peak of the first hay- If these two conditions are fulfilled, then the first step in a 

cutting period in the middle of June, and the period between hedgerow management program is to conduct a survey of the 

the first and second mowing is long enough to permit most actual and the potential amount of hedgerows and supple- 

of the Wisconsin quail to complete laying and incubating their mentary brushy cover. The status of the latter cover type must 

clutches. be known to determine either that the required hedgerow 

In contrast to hayfields, roadsides and other rights-of-way amount needs to be increased to compensate for the lack of 

can be more easily managed to benefit quail without detri- scattered brushy thickets or that it does not need adjustment. 

mentally affecting the purpose for which they were con- The second step is to determine how much hedgerow cover 

structed. For example, where mowing can be either eliminated, is necessary and desirable. Since some goals must be set to 

delayed or the number of cuttings reduced on highway rights- have an objective program, we recommend the following basic 

of-way, quail will benefit since nesting in these sites is com- considerations. 

mon—highest on an acreage basis compared to other lands While the minimum amount of hedgerows required to sus- 

even though lowest in hatching success (Klimstra, 1950a). tain quail is 1 mile per 550 acres, we recommend 1 mile of 

97



| 

hedgerow approximately 12 feet wide per 450 acres of land The second is to plant sites which with proper care might pro- 
in all areas. This amount of cover is expected to sustain a quail vide some relatively good cover in 5 years. 
population of about 1 bird per 20 acres. This will vary some- 
what between individual areas depending on differences in land Food Patches and Feeding Program 
use and topography. High priority should be given to the main- 
tenance or restoration of hedgerows and shrubby cover on Spring to Fall 
sites where little conflict exists with agricultural land man- At the present time in areas where parts of all farms are 
agement (for example, woodland borders, streambanks, road- in cultivation, no extra effort is required to manage land to 

sides and line fences). Further increases in permanent cover produce food for quail and other wildlife. In areas where the 
beyond the minimum requirement, however, depend on the cover requirements are generally ample but where whole farms 
ease of creating more and the interest of local landowners and have been retired from cultivated crop production, some food 
others. management measures may be desirable (Errington and Ham- 

The initial action required at Prairie du Sac is to save the erstrom, 193 6). Where only a few scattered farms have been 
existing hedgerows and then to determine the number of miles retired, the decision to cultivate some part of any one farm 
of low-conflict sites and their location on which cover can be for a food patch would depend on whether a specific land- 
restored or created. The sites where shrubby cover would be owner were interested in having some quail or other wildlife 
in least conflict with agricultural practices in this area are species with similar habitat requirements on his own land at 

along woodland borders. A survey of the woodland borders all seasons of the year. 
as determined from an aerial photo shows there are 18 miles Where there are several places within an area in which two 

of sites for this cover type. This is equal to the total miles of or more adjacent farms have been retired from cultivated crop 
hedgerows that were existent on the Prairie du Sac area in the production, some food patches are required for quail mainte- 
early 1930’s (Table 43). While the distribution of shrub nance. The least costly food patch, but one which provides 
borders along existing woodlands would not be an exact sub- sufficient food only in very mild winters, involves merely plow- 
stitute for hedgerows which could be established in ideally ing strips of land of about 1 to 2 acres in size and allowing the 
selected locations, 21 out of 24 covey ranges would benefit natural growth of annual plants that bear seed eaten by quail | 
(Fig. 17). About 5 miles of the woodland borders are re- (Jackson, 1951). For the number of quail found on any one 
mote from covey ranges and would not benefit quail. How- farm in Wisconsin this should be enough food to carry these 
ever, several other covey ranges which were low in total hedge birds from spring to fall. The planting of cultivated crops, } 
cover in the 1930’s would be considerably improved. Thus, and the only one we know that will provide year-round food | 
through the establishment of shrub borders, the equivalent of is corn, is more costly but naturally yields more feed. 
hedgerows in this case, in only low-conflict sites, it is possible The cost of planting food patches on a farm varies from 
to restore the amount existent in the early 1930's. about $15 to $50 per acre, depending on how much of the 

Ideally some additional hedgerow cover should be restored work and equipment required has to be hired. Since not more 
along field borders and roadsides to provide better distribu- than about two patches lg to 14 acre in size are needed, the 
tion and thus improve the over-all quality of the quail habitat. cost of a food patch that will provide food year-round should 
For this the restoration of only a small amount of hedgerows, not be more than $20 per farm. It is also possible that if corn 

about 1 mile out of the 4 miles bordering fields or, in the case is used and left standing, it can provide enough food for a 
of roadsides, 2 out of the 7 miles lost since 1935 would suf- second year of feeding (in areas where few deer are present), 

fice. This would also be beneficial to all other animals occupy- thus reducing the cost of establishment to $10. This is a rela- : 
ing this cover type, and would simultaneously attain other goals tively low cost, particularly if we add the value of the edge 
of total land management by providing some soil and water effect that is created and needed in wild land to produce opti- 

conservation advantages through windbreaks. mum levels of farm game and other wildlife species. When 

The immediate question facing representatives of natural cultivated crops are planted for the food patch on wholly re- 
resource agencies, landowners and other interested people in tired farms, an area of 174 to 72 acte of additional land should 
the Prairie du Sac area is how much effort can be reasonably be plowed adjacent to these sites and left fallow to fully create 
expended to maintain and develop cover in all of the po- the necessary edge effect. Of course, noxious weeds would have 

tential sites. Since so many lJow-conflict sites are available in to be controlled. 

this area, the ultimate goal should be toward the 100 per Food patches can also be developed by using a combination 
cent mark. Naturally such an attempt should be made in steps. of herbicides that will control both grasses and broad-leaved 
Two methods are available for establishing cover, The first plants (Hamilton and Buchholtz, 1953). Such treatment will 

merely is to protect areas to permit natural plant succession suffice for seed-bed preparation and weed control. Or, if de- 
to take place. Based on our experience at Prairie du Sac, this sirable, the seed bed can be prepared by plowing and then after 
would result in cover establishment in from 5 to 10 years in the food patch is planted, weed control can be obtained with 
some sites. Not all sites would respond in this length of time. pre-emergent herbicide treatments. 

98



There are many other details to consider in establishing food 
patches, but only the more basic aspects could be profitably diss 
cussed here. The detailed problems ate well known to game 
managers and other personnel such as Soil Conservation Serv-  —r—“—O—OC—COCO Uh 

ice farm planners who can give guidance on this subject. a 

At present, food sources for quail are still adequate wher- rr—“——O—OO ay a 
ever cultivated crops are grown from spring to fall (Kor- rr lO 
schgen, 1958). But, it is probable that in the future with con- ead p- 
tinued improvement in weed control and crop harvesting Aa 
many farms, This is now true in areas where truck crops are ES ,rrrr—~—~—CCC — 

grown exclusively; however, these places are very limited in pa AAFC 
number and quantity. Some studies are needed to evaluate these i ~~ oe .- fi % Paes 
conditions constantly. lOO lh 

The value of feeding programs in severe winters for in” ee eS rl LAO 
creasing the survival of quail has long been recognized (Leo- 4 ae ee =e ea 

, i |  -_.,.,. i. «,.... ~~ 
pold, 1931 and Errington and Hamerstrom, 1936). Although = 5) fs Mo 

. Lo , . . . | ft. *  -,- ... We” xn 4 
on a state-wide basis in Wisconsin the need for winter feeding ot a ee ee Pr 

. oo . . . eo oe BR i aie ee 

occurs about 1 year in every 4, it 1s this periodic critical year Cornshocks, now rare, were once invaluable winter feeding and cover 

which controls the quail population. It takes about 3 favor- sites for most wildlife. These will have to be replaced by special prac- 

able years for a quail population to recover from a severe tices if wildlife is ever to return to previous levels. | 

winter. The average percentage of quail lost in mild winters 
.; ; Be pence ® a ; more such information on quail than on any other game bird. 
is 37, in moderate winters it is 58 and in severe winters, 77. . 

By feeding approximately 1 out of 4 coveys in an adverse 
Although some benefits would accrue from conducting an f _. 

. , winter on an area the size of Prairie du Sac, 4,500 acres, the 
intensive feeding program every winter, we do not consider Le, ; 

; percentage of birds surviving in the fed covey could be in- 
such an effort as being practical. Fortunately, some landowners ; 

. ae . creased enough to place the winter loss for all four coveys in 
enjoy feeding wildlife, particularly quail, and thus, with a oo. , 

! ; ; . the moderate category (Table 11). Projecting this effort to a 
minimum of effort involving putting out grain up to ten times . . 

, . township basis where the average population consists of 1 
a year, they have increased survival by 20 to 60 per cent in 

. , ; bird per 20 acres (state average in better range), approxt- 
severe winters. However, unless this effort is planned and 

. . mately 15 to 20 coveys would have to be fed. The operation 
persistently followed up, it may at times be more damaging ; ; 

. . ; of 15 to 20 stations would involve the feeding of about 200 
than beneficial. This can happen because birds may become at- . . 

. . to 260 birds, most of which would survive. The over-all result 
tracted to sites by a few feedings and become reliant on them € the feeding effort | d id be that 1 

. , of the feeding effort in good range wou a i - 
for winter feed. Then if feeding is suddenly stopped when the lat ia ce Bo WE et qua ae 

; , ; ations could recover from severe winter : i 
need for food is urgent the birds will continue to range around levels in f severe h s . previous A 

vels i 
such places instead of foraging farther and eventually will evels in trom one to two years rather than trom two to lve, 

starve and in marginal range quail populations could at least be kept 

Since there is no way of determining whether a winter will from disappearing. 
be severe or mild, how can one plan and be ready to conduct In many instances pheasants and other wildlife species would 

a practical feeding program when it is needed? There is only benefit from the quail feeding operations or vice versa, In 
one answer to this. Precise arrangements have to be made in years when mast crops are in short supply, squirrels would be 
advance to have facilities ready whenever they are needed. fed, and at all times feeding stations would serve wintering 
There is no one approach to accomplishing this; at the same songbirds and mourning doves. 

time there are many possibilities for planning and conducting The role of conservation departments in such efforts would 

an effective feeding program. vary, but at all times they should provide the direction re- 

A feeding program can be divided into three steps: (1) quired to organize and guide the basic effort. In Wisconsin the 

convincing the landowners and the public of its importance, Conservation Department does annually conduct a winter-feed- 

(2) determining the effort that responsible and obligated gov- ing program. However, it is apparent that no agency of this 

ernmental agencies and public cooperators can undertake, and type has enough facilities, funds and manpower to take on the 

(3) working out the mechanics of providing and getting feed entire effort alone. The bulk of the effort must come from 

to the birds by interested people. cooperators. 

The first step requires reliable information on what needs to The number of potential cooperators that could carry out an 

be done and what can be accomplished. Fortunately we have emergency winter-feeding program is great. Landowners, 4-H 
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clubs, Future Farmers, Boy Scouts, sportsmen, ornithologists, a special advantage. A source of feed is also required but usu- 
civic groups and others all have participated in past efforts to ally it would be possible to obtain enough voluntary contribu- 
varying degrees. Leaders of these groups together with teach- tions to supplement stocks from conservation departments. 
ets, county agents, highway supervisors and patrolmen and When we consider the cost of land acquisition and cover 
personnel from the Soil Conservation Service are some of the maintenance, and the many hours spent hunting or viewing 
possible persons who could help and guide an emergency wildlife, the expenditure for a feeding program is low par- 
crash winter-feeding program. ticularly since the benefits include other wildlife species, While 

While everyone is “busy” with their own jobs, it may be such an effort in the past seemed to attract only a moderate 
possible in some areas to solicit help from people who rou- interest, we must recognize that in modern land-use programs 
tinely pass through areas where feeders could be located. These wildlife can no longer be taken for granted. They must be in- 
include truckers, mailmen, school bus drivers, highway patrol- cluded in basic land-use plans. Even with dwindling habitat, 
men, etc. While these people could not be expected to carry there will be many years when excellent coverts will lack food. 
out the whole program, they should be able to supplement the One of the paramount reasons now for conducting an emer- 
efforts of others. | gency winter-feeding program is that the bulk of our present 

A crash feeding program would involve the acceptance of quail habitat comes close to being marginal, but as long as we 
commitments to supply feed to coveys in designated areas. can carry 30 per cent or more birds through the winter and 
Efforts would have to be made to locate 15 to 20 coveys per maintain the existing cover, we can sustain the species in any 
township and place or at least have feeders ready for each of area. However, if we allow an adverse winter to “knock out” 
these coveys. Many kinds of feeders can be used. A simple a quail population, it may never come back in many areas, 

type is one constructed from a milk can filled and placed to Food patches should be used to supplement the emergency 
operate as a self-feeder and used in conjunction with brush feeding program. There is no way of guaranteeing that a food 

shelters. The use of small grains and cracked corn will prevent patch will be used; however, when the quail population is 

animals such as deer, mice, rabbits, and squirrels from eating relatively high, most good coverts will have birds and this will 
or carrying away large amounts of the feed. This operation will not be much of a problem. Unfortunately, there are very few 
involve filling the feeders from 3 to 10 times per winter and crops that will remain erect to expose seed during periods of 
clearing away snow. Placement of the feeders is important to heavy snow. Corn is the main crop that will do this. Corn 

| avoid drifting snow which necessitates frequent cleaning shocks are excellent but costly to erect and maintain. Some 
efforts. varieties of soybeans are fairly good, particularly if planted 

The locating of coveys requiring winter feed is basic to a where snow drifting is at a minimum. 
successful program. Again there are many ways in which this 

can be accomplished. Most farmers know whether they have Programs for Hedgerow Maintenance and 
coveys on their lands by late fall. Mail questionnaires could be Establishment 
sent to them soliciting such information. Hunters are also an 

important source of information. Local newspapers could aid Agency Responsibilities 
by publicizing the required information and effort. The solici- The success .of getting the representatives of appropriate 
tations and commitments to feed would have to be made each land-use agencies to evaluate, coordinate, and advance natural 

year. Feeding would not have to start until a day or two after resource programs depends on having an officially sanctioned 

the first heavy snowfall of 4 or more inches, If the first snow organization through which all can cooperate. In Wisconsin 
melts readily or is light and in many places is readily blown there are three major state organizations which have been 
exposing bare ground, feeding need not be started until the established by legislation to serve this purpose. They are the 

next snowfall. However, once feeding is started, it must be con- State Soil and Water Conservation Committee, the Natural 
tinued. Feed must be made constantly available when ground Resources Committee of State Agencies and the Department 
snow depths exceed an average of 4 inches for two or more of Resource Development. The latter was created by the Legis- 

days. lature in 1959. 

Coveys should be selected which are located where natural Six of the major land-use or implementing agencies have 

feed is scare and access is good. There is no point in trying to voluntarily signed a Six-Agency Agreement to advance land- 

feed quail in remote places, long distances from roads. use programs cooperatively: the University of Wisconsin Col- 

At times disinterest might be a problem, especially when a lege of Agriculture and Extension Service, State Soil and Water 

long period of mild weather prevails, as from 1951 to 1958. Conservation Committee, Agricultural Stabilization Conserva- 

However, even in this period there were local areas where tion Committee, Farmers Home Administration, Conservation 

birds were hard put for 1 or 2 months. While having a stand- Commission and Soil Conservation Service, On a more local 

by program ready at all times seems complicated and burden- level there are Soil and Water Conservation Districts which 
some, this same problem prevails in snow removal programs are concerned with the conservation of soil and soil-related 
on streets and highways and is effectively handled. The fact resources; they are aided in their work by the State Soil and 
that little or no special equipment is needed for this effort is Water Conservation Committee. This committee also has the 
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This landscape is scenic, represents good conservation, and contains fine wildlife habitat. The mini- 

mum goal of 1 mile of hedgerow per 450 acres of land in an area such as this will occupy only 

acre of land out of a 150-acre farm. 

supervisory responsibility over programs provided by P.L. 566, placing of the recommended minimum of 1 or more miles of 

which established the small-watershed program. hedgerow per 450 acres on the land. In some cases this will 

There are a large number of other organizations and pro- mean advocating hedgerows for field borders depending on 
grams established formally and informally to cooperate with the location of desirable sites required to attain optimum dis- 
and assist landowners in carrying out specific and integrated tribution. It will also mean providing assistance and support 

conservation practices on their lands. These are far too numer- for developing incentives for landowners to accept recom- 

ous and ramified to describe here in detail. Some of the basic mended plans. 

programs are described later in this section. On the other hand, if the recommended plan or certain as- 

The all-important point here that must be emphasized again pects of it are deemed impractical, this decision must be made 

and again is that the management of hedgerows as well as the on the interagency level and be clearly spelled out even if it 

management of any other natural resource is an /nleragency re- means signing the death knell for quail in our state. It is more 

sponsibility, This includes acceptance, advancement or rejec- gainful to determine what can and what cannot be done and 

tion of the whole or any part of a program for managing natu- operate accordingly than to be deluded into expending funds 

ral resources. Naturally basic responsibilities must be assumed and energy on a hopeless program, Such efforts could be best 

by agencies, groups or individuals in proportion to their equity diverted into more fruitful activities, This is a most important 

in the programs under consideration, While quail are the re- point because even the landowners’ acceptance of such prac- 

sponsibility of the Conservation Commission, hedgerow main- tices as those affecting basic soil conservation is relatively slow. 

tenance and establishment must be formally recognized and Their acceptance of some basic soil conservation and hedgerow 

accepted by all rural land-use agencies, since this habitat type management practices is described below. 

exists in all areas. To date this has not been done on a total The Soil Conservation Service recently reported that 40,817 

basis. Some progress has been made through voluntary co- out of approximately 177,000 farms in the state (Ebling ef al., 
operation and in some cases specific phases of hedgerow man- 1948) were cooperators in their program, This means that 
agement have been formally endorsed under the Agricultural approximately 23 per cent of the state farm owners took ad- 
Conservation Program and the Soil Bank. vantage of the opportunity to get assistance for improving their 

Official sanction of state agencies must go further than farms during a period of about 25 years of operation by the 

merely endorsing the preservation of hedgerows and the prac- Soil Conservation Service. Included in this record were re- 

tices necessary to establish them. It must also endorse the actual ports of planting 540 miles of hedgerows. Most, if not all, of 
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the planting stock was obtained from the Conservation Depatt- ful that education and extension alone will convince the ma- 
ment. While this materially is not an impressive record when jority of rural landowners of the importance of accepting and 
one recalls that on the 4,500-acre Prairie du Sac area 11.3 carrying out soil and water and related resource-conservation 
miles of hedgerows were lost during the same period, the practices. For example, we all know how important it is to 
1959 record does show that a significant number of landown- educate our children, yet this and other nations have felt it 
ers are still willing to at least plant this type of wildlife was necessary to make this a compulsory activity. Further, 

habitat. many landowners are not in a position to carry out programs 
Some question can be raised on the actual contribution made for natural resource management under existing conditions. 

by these plantings. If all these shrubs and trees planted in However, even if soil-conserving and possibly some basic 
hedgerows survived and resulted in the production of 23 cultural practices for producing agricultural crops were eventu- 
quail per mile of hedgerow, the 540 miles planted has a po- ally accepted as mandatory practices by landowners, we must 
tential productivity of 12,420 birds. Obviously not all of these still assume that for some time to come the best support that 
plantings survived or were maintained. A Conservation De- could be expected for hedgerow management would be 
partment study for the period 1931-53 (Woehler and De- greater financial and other incentives together with stronger 
Byle, 1954) showed that only about 20 per cent of the wild- moral encouragement. Even without official endorsement on 

| life tree and shrub stock obtained from this agency by land- specific goals by representatives of major state agencies con- 
owners and cooperators remained alive 5 or more years after cerned with the use of natural resources, some significant 
planting. And, of these 20 per cent, only 10 per cent showed progress has been made. There is much to be gained, there- 
good survival. Furthermore, many of these wildlife shrubs fore, in requesting formal support for hedgerow management 
and trees reported by the Soil Conservation Service were not from these groups. 

planted within the occupied quail range. At the present time no specific protocol has been estab- 
In 1959 the Conservation Department distributed 2,045,000 lished as to which agency or agencies the Conservation De- 

shrubs for game food and cover plantings. Of this total partment should first appeal to get a specific endorsement for 
776,525 were planted in counties located within the occupied a state-wide hedgerow management program. Since it is 
quail range. Based on a 1-foot spacing this would be ap- urgent that a start in this direction be made now and since 

proximately 36 miles of hedgerows. The hedgerows planted the Natural Resources Committee of State Agencies has been 
through the Soil Conservation Service are generally included considering many related problems concerning natural tre- 
in this total. sources, hedgerow management in its entirety or at least in 

The possibility that it will be mandatory in the future to part could be presented first to this unit for appraisal and en- 
carry out basic conservation practices that affect the welfare of dorsement. While it is imperative that this request be made 
the state, or nation for that matter, is indicated in the follow- soon, it should be recognized that this effort should be a part 
ing regulations. For almost a century, rural landowners have of an integrated, rural land-use program. The proponents of 

been legally obligated to control noxious weeds on their prop- any one land-use program aimed at advancing a single-purpose 
erty. Recently state legislation was passed requiring land- objective have to accept the responsibility of the impact of 
owners to control forest insects on noncrop lands. Permits to these efforts on the pursuits of other people. This is particu- 
burn vegetation on private lands are required in forest protec- larly true where agriculture and wildlife crops are concerned. 

tion districts. In 1923 legislation was enacted allowing coun- Let’s assume now that it would be possible to obtain a com- 
ties to adopt ordinances to zone certain lands. One of the ma- plete inter-agency and landowner endorsement for the pro- 

jor consequences of the zoning legislation that affected duction of enough new hedgerows to achieve the goal of 1 
natural resources in large areas was the program aimed at mile per 450 acres of rural land. Before this could become a 
eliminating agriculture in areas more suitable to forestry. In reality a considerable period of time, from 3 to 10 years, 
the last decade some counties have adopted zoning ordinances would be required to establish new hedgerows. The actual 
that restrict the use of flood plain lands for residential devel- length of time required would depend on the condition of 
opment. One county, Waukesha, has set up conservancy dis- selected sites. Therefore, the first goal should be the preserva- 
tricts that include the designation of wetland use for wildlife tion of the hedgerows now in existence. Second, the sites hav- 
purposes (Rowlands, 1957 and Kabat, 1957). ing the highest potential for rapid hedgerow growth, such as 

Probably the most forceful measure used to achieve a areas where debrushing practices have recently been applied 
designated land-use practice, though on a more restricted area and live root stocks still remain, should be protected from 
basis than the others previously described, is the employment further mowing. Third, highly desirable sites where no hedge- 
of the authority to condemn lands. Highway and military rows now exist should be protected from mowing and grazing 
agencies, for example, probably have used this authority more to allow shrub growth to develop through natural plant suc- 

often than other organizations. cession. Shrub plantings should be made simultaneously to 
The above regulations were designed to help people in the speed development of hedgerows. 

long run to achieve the best use of their lands for themselves Key agencies in the program described above are the Con- 
and simultaneously for the welfare of the nation. It is doubt- servation Department and Soil Conservation Service. The 
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The value of the brushy cover for wildlife on both sides of this field depends on the connecting ‘‘in- 

field’’ hedgerow, This type of hedgerow cover must be preserved by special programs such as ease- 

ments, private game farms, or cost sharing in the ACP program. 

former produces wildlife shrubs that can be procured at mini- concerned only with specific sites. Thus a discussion on spe- | 

mum costs by landowners and also provides planting instruc- cific hedgerow management programs will be presented later 

tions or direct help in some cases for hedgerow development. in this section on the basis of site location and will include 

The Soil Conservation Service provides planning assistance. the problems, possibilities and progress. 

Cost-sharing in some cases is available through the Agricul- . oe 

tural Conservation Program for planting stock, preparing Citizen Responsibilities 

seedbeds, mulching and for fencing planted areas in wood- Before a realistic program can be adopted for helping 

land borders and along streambanks where protection against landowners manage hedgerows, the contribution made in sup- 

grazing is required. The results of this program were previ- port of wildlife by all people and the responsibility of each 

ously reported. person benefiting from wildlife on farms must be assessed. 

The Wildlife Management and Botany Departments of the While Wisconsin rates relatively high in the United States 

University of Wisconsin, the Soil Conservation Service and for its agricultural assets, recreational values also run very 

the Conservation Department directly and through various high. Fine and Werner (1961) estimated an expenditure of 

cooperative projects conduct research and test trials of various $581,296,311 which includes $74,183,809 for hunting by 

shrub and tree species to be used in hedgerow management people taking vacation-recreation trips in a 12-month period 

programs. The Agricultural Research Service also conducts re- in 1959 and 1960 in Wisconsin. Their figures may be high 

lated research projects requested by the Soil Conservation because they did not make adjustments for nonrespondents in 

Service. For example, in its 1960 report to the Agricultural their study. All people make a direct or indirect contribution 

Research Service, the Soil Conservation Service recommended to the wildlife resources of the state. For example, during an 

research projects on shrub cover development and an evalua- 8-year period from 1948-49 to 1956-57 the governmental 

tion of the effect of hedgerows and border developments on costs for farm price and income support programs alone in the 

insect, rodent and weed pests. United States were $8,711,000,000 (MacFarlane, 1960). This 

Several other agencies which are concerned with shrub man- included $1,758,000 for Agricultural Conservation Program 

agement, particularly those involved in the maintenance of payments and the Soil Bank. All people contributed directly 

rights-of-way, will be discussed in a following section. to this program through tax dollars. However, the magnitude 

While the Wisconsin Conservation Department and the of the total contribution made by rural landowners, urban 

Soil Conservation Service are concerned with all lands where hunters and all other people varies. 

hedgerows exist or could be established, some agencies are Agricultural programs are supported by all people, not only 
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by providing markets for farm produce but also through taxes program since all people benefit from wildlife generally. The 
which are channeled into agricultural cost-sharing and sup- revenue accrued from hunting licenses then could be additive 
port of research and extension programs. These latter contri- rather than the source of the basic fund. This approach is 
butions, to date, have only indirectly been available for pro- used by the federal government which supports the work of 
ducing wildlife habitat on farm lands. If the land-use prac- the U. S. Fish and Wildlife Service with funds appropriated 
tices developed to enhance agricultural production were by the Congress and supplemented by revenue obtained from 
favorable or even compatible with those for wildlife crops, the sale of waterfowl stamps. If this cannot be done by states, 
there would be no problem. This is not the case, and in many then it is questionable that there is any way to achieve an 
instances they are strictly detrimental. equitable distribution of the costs of managing our wildlife 

The portion of the revenue derived from the sale of hunt- resources. 
ing licenses that is devoted primarily to habitat management One approach to obtaining additional funds for conserva- 
is expended on state-owned or controlled lands. Other facets tion purposes was the placement of a 1-cent tax on cigarettes 
of game management for which license money is used include in 1961. This tax is expected to accrue approximately 
law enforcement, land acquisition, propagation, education and $50,000,000 in the next 10 years. It is being used primarily 
information. Generally there are no public funds directly for the acquisition of land having scientific and recreational 
available for wildlife management other than those from values (scenic, fishing and hunting) and the development of 
license money, the sale of duck stamps and the excise tax on plans for utilizing natural resources before they are converted 
sporting arms and ammunition. Private contributions, while to other uses. Actually this bill was not designed to obtain 
substantial from the standpoint of individual donors, are revenue from any specific group of people but is a general 
meager considering the total needs. form of revenue. 

Farmers provide the bulk of the habitat and the space for As laudable and apparently desirable as are these objec- 
seeing and hunting wildlife. They also buy hunting licenses tives, sufficient knowledge and the physical facilities required 
and pay taxes. Hunters buy hunting licenses and equipment to satisfactorily preserve and enhance the natural values of 
and also pay taxes. Nonhunters who make a special effort to lands being acquired are still necessary. In fact, land acquired 

| enjoy nature pay taxes but do not buy hunting licenses or now for public use, if not paralleled with a considerably ex- 
incur expenditures specifically for hunting. There are many panded program of resource conservation, may become a fiscal 

| people who do not have either the opportunity or interest to burden for a single agency to manage and maintain. 
hunt or to enjoy the outdoors and thus seemingly do not bene- The question of whether the rural landowner should have a 
fit from wildlife but who still pay taxes. Actually this latter moral or legal obligation or no obligation at all to manage 
group of people also benefit considerably from the impact of some part of his land for wildlife is complex. Support pro- 
recreational spending to the state economy and from the con- grams for producers of agricultural crops generally exclude 
tributions that the upland game, songbirds, beneficial insects, any reference to wildlife management, but in 1961 the ACP 
small mammals and plant species inhabiting hedgerows make program was amended to provide cost sharing directly for 
to the balance of nature and over-all educational values. wildlife practices. Prior to this time the agencies which ad- 

Without a quantitative evaluation, it is impossible to deter- minister these programs nevertheless encouraged practices that 
mine accurately whether any of the above groups fail to carry were beneficial to wildlife. This was especially true in the Soil 
their fair share of the management of the wildlife resource. Bank Program. 
However, the responsibility that people have to posterity is a There are many taxpayers who feel that the dollars they 
factor that should be recognized by all. We inherited a rela- contribute to support agricultural programs morally impose 
tively rich legacy of wildlife and, if we wish to sustain this an obligation on landowners receiving these benefits to prac- 
natural resource, we are obligated to do all we can to preserve tice some wildlife management. Rural landowners at present 
and increase this value now and for the future. do not feel that they have such responsibilities particularly if 

The foregoing considerations suggest that the nonhunters their own investments in land development are relatively 
are getting more for their investment than rural landowners great. This attitude in many cases results in areas formerly 
and hunters. If a careful study of this condition proves that having a high wildlife production value being turned into 
this is the case, then what can be done to eliminate this in- wildlife deserts. If wildlife habitat were abundant, these situ- 
equity? Ideally there would appear to be no alternative but to ations would have only a negligible effect on this resource, but 
tax the favored group in proportion to their benefits. In prac- the reverse is true. As an economist said at a meeting of the 
tice this assessment would be a complicated, if not an impos- Soil Conservation Society several years ago, “You cannot wish 
sible task. away this problem; it will have to be worked out by representa- 

The simpler approach would be to determine the contribu- tives of both interests.” 
tion of wildlife to the state’s recreational and conservation Finally, the recent redirection set forth in the U.S. Food 
values. Theoretically this contribution should be financed out and Agricultural Act of 1962 toward converting some agricul- 
of an apportionment of the general tax source and should be tural Jand to other uses rather than merely paying for “idling 
used as a fund for conducting a basic wildlife management them” is a major step toward formulating a clearer perspective 
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on wildlife and agricultural land-use relationships. This ac- technicians start locating naturally growing shrubs that have 

tion and machinery in turn will aid our citizenry to evaluate the characteristics of good wildlife cover and food value. These 

and accept their inevitable responsibility in those land-use could then be transplanted to a nursery where they could be 

problems. This program and its ramifications were excellently further evaluated, and those that maintain the originally ob- 

summarized by Timmons (1962) at the National Conference served desirable characteristics could then be produced on a 

on Land and People. large scale. 

Even if rural landowners recognized a moral responsibility The above proposal was based on the recognition that some 

to carry out wildlife-management practices, would they be species have a variety of growth characteristics which are 

compelled to do something about this? Does society have any maintained in their progeny. For example, certain members 

right to even contemplate the use of coercive means to force of a species of wild plum may be found growing tall in some 

landowners to maintain and create wildlife habitat? Further, places, low in others and may or may not spread by vegetative 

even if rural landowners are willing to manage parts of their growth. Other species may have clones that either grow 

land for wildlife, do they have any moral or economic obliga- densely or remain sparse. An experimental shrub nursery for 

tion to provide hunting space for others on their property? testing and producing native species with desirable wildlife 

We feel that nobody would argue that the rural land-owner values is needed because much of the stock now grown for 

has this responsibility. This would be as illogical as insisting habitat improvement purposes in Wisconsin may not be native 

that the man who owns urban property is obligated to pro- and may lack the desirable characteristics. 

vide free playground space on his lawn. Because of the im- Native shrubs also have the advantage of being adapted to 

portance of wildlife to our way of living, however, we be- Wisconsin environments. Some of the native plum and rose 

lieve that if the rural landowner receives more public funds to species, for example, might serve the purpose of a living 

support his farm operation than he contributes to other pro- fence better than the stock of multiflora now grown commonly, 

grams benefitting the public, he is obligated to provide a rea- which is limited to the southern part of the state and 1s 

sonable amount of hunting opportunity on his lands. He can handicapped by “‘die-back’’ in winter. Until such time as native 

easily accomplish this by allowing his acquaintances and a few stock with a known history can be produced, that which is 

other well-behaving hunters who obtain his permission to now available should be used. However, emphasis should be 

trespass on his lands. On the other hand, the rural landowner made on establishing plantings not in widely scattered places, 

needs protection from the rowdy hunter who disrespects prop- but where they can contribute significantly to the improve- 

erty values. This attitude has been cited by farmers as the main ment of wildlife habitat. 

reason for posting their lands against treaspassing and why The width of hedgerow plantings can vary considerably de- 

they do not establish and maintain wildlife food and cover. pending on the site. Under the Soil Bank program it was 

We have included the above discussion here because this necessary to place shrubs for hedgerows in 4 rows with a 

problem has been a major obstacle to wildlife management in 4-foot spacing between rows. This amounts to a basal width 

the past on private lands. We believe that rural landowners of a minimum of 12 feet. Naturally the wider the hedgerow 

meeting with representatives of the hunting public could solve the better, but this type of cover has made valuable contribu- 

this problem. If it cannot be solved, our system may evolve tions at times when the width was as narrow as 4 feet. How- 

into that of some European countries where the landowner is ever, narrow hedgerows must be densely planted if they are 

the proprietor of all the wildlife on his land. Such an action, to provide good quail cover. A 12-foot-wide hedgerow would 

however, would further estrange the farmer and the urban occupy about 14 acre of land per average 150-acre farm at 

public leaving a totally undesirable situation. To date we have our recommended goal of 1 mile to 450 acres of land. When 

considered that wildlife is public property and every effort we consider that only a fraction of this would occupy field 

should be made to keep it this way. However, it is apparent borders on tillable land, the loss to farmers under a hedge- 

that the philosophies and programs adhered to in the past in row-management plan is not great, particularly if some form 

our nation have not been successful in maintaining and in- of compensation can be provided to them for this contribu- 

creasing our wildlife heritage. tion to wildlife habitat improvement. 

The establishment of hedgerows on new sites or their re- 
Shrub Species for Hedgerow Plantings and Management storation on old ‘‘cleaned-out’’ sites requires the same cultural 

Since quail appear to be nonselective in the shrubs they practices as for any cultivated crop. Where available, plant- 

use for cover, the best species to use will depend on the re- ing machines should be used. Weed control can be secured 

quirements of the various sites in which they are planted or through mulching, cultivating or by properly applying herbi- 

allowed to grow. At present there are a relatively large num- cides, making doubly certain that valuable shrubs and wild- 

ber of shrub species that would make good hedgerows (Ed- life are not damaged. Maintenance will require a selective 

minster, 1950 and Appendix E). None of these are completely woody species’ control program (USDA, 1959). This involves 

satisfactory, but several will serve the present purposes. The destroying undesirable species, particularly trees, which will 

late Prof. John T. Curtis, Botany Department of the Univer- cause shading handicaps. The right combination of dense shrub 

sity of Wisconsin, proposed (pers. communication) that game growth will reduce tree encroachment to a minimum. Conifer- 
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Roadside fill section in the interagency roadside development project in Dane County. The bands on 

the bank are plots of grasses, legumes and shrubs. 

ous trees make the most rapid usable cover but will be a man- hedgerow cover destroyed between 1935 and 1959 in this 
agement problem later. area, 65 per cent consisted of roadside hedges. The hedgerows 

In sites along rights-of-way bordering new or improved in these sites were removed because it was believed by many 
roads a practice proposed by the late Prof. John T. Curtis may prior to 1950 that they were obstructions to roadside main- 

be feasible. This involves taking the top soil from areas pre- tenance and handicapped travel on the roads. In many cases 
viously occupied by shrub species, which is normally removed hedgerows were destroyed incidentally during the process of 
in constructing new or improving old roads and which con- noxious weed control, but often the destruction was aimed 

tains roots of woody species, and spreading this on new rights- directly at the hedgerow. 
of-way. This practice has not been tested but could possibly In 1953 a Working Group on Noxious Weed Control and 
develop into a rapid method for getting woody species estab- Brush Management of the Natural Resources Committee of 
lished on rights-of-way. State Agencies, consisting of representatives of all agencies 

Within the occupied quail range, sites selected for estab- responsible for rights-of-way, was assigned the task of evaluat- 

lishing new hedgerows shouldn’t be isolated from others al- ing the problems and potential of these sites for multiple use. 

ready present. The location should be based on a unit-area man- This group agreed formally on the importance of and methods 
agement plan. This does not mean that landowners who are for noxious weed control in right-of-way areas and also agreed 

interested in having hedgerows for wildlife species other than that brush should be left for wildlife wherever it was not an 
quail or for basic soil and water conservation benefits should obstacle to other land uses (Natural Resources Committee of 
be discouraged from maintaining or establishing them. How- State Agencies, 1958). It was recognized that there were many 
ever, only those hedgerows that form a continuous network sites in rights-of-way where the existence of shrubs (brush) 
will, within the occupied quail range, produce and maintain did not interfere with maintenance programs. 
this species. Short interruptions of a few rods in an other- It has been proven that selective brush control (Egler, 1949 
wise continuous hedgerow are not particularly objectionable and USDA, 1959) in right-of-way areas has been more eco- 
since quail will readily cross such openings. nomical and effective in noxious weed elimination and woody 

vegetation management than have the usual mowing and 
Rights-of-way blanket spraying programs. Selective brush control involves 
Rights-of-way along roadsides are an important source of cutting out and chemically treating undesirable shrubs and 

habitat for quail and other wildlife. It was the roadside hedge trees and permitting low-growing woody species to become 

that was involved in the Prairie du Sac area having con- predominant in rights-of-way. The Wisconsin Power and 
siderable numbers of quail prior to 1935 and also in Light Company has employed this practice on all of their lines 
their disappearance between 1935 and 1959 when this cover and is very effectively controlling undesirable woody species 
type was destroyed (Table 42). Of the 11.3 miles of the while simultaneously creating good wildlife habitat. 

106



The Working Group has launched a two-fold noxious weed The amount of right-of-way hedgerows needed for effec- 

control and brush management program. The first effort is tively managing quail in any one area will depend on the 

state-wide and concerns all rights-of-way, and at this time con- available potential sites. In some areas right-of-way sites will 

sists primarily of an extension and education program. The hardly exist, in others they will be so abundant that establish- 

second concerns a specific effort in a study area in three south- ment of hedgerows along a fraction of them will be adequate. 

west townships in Columbia County and in one area in Dane 

County. Weed control demonstrations, cooperation and as- Field Borders 

sistance with county and town weed control officials, designa- Of all the sites where hedgerow management requires inter- 

tion of areas along roadsides where shrubs can be left to grow agency support, the field borders rate among the foremost. 

and their growth selectively controlled are parts of this unique This applies to all the phases of managing these sites: main- 
program, The principles of the program have been presented taining those still existing, restoring those previously destroyed 

to town and county officials, and the specifics are now receiv- and creating new hedgerows. In the past the attitude of agri- 

ing attention. The whole program will be presented to the cultural agencies was based on getting rid of the hedgerows 

landowners for review and consideration. The Prairie du Sac to facilitate field work and to destroy the habitat of crop- 

study area is located in one of the three townships, making damaging insects and diseases. This view was natural and 

possible the measurement of whatever success is achieved in sound as long as hedgerows were abundant and their value 

hedgerow restoration and establishment in terms of quail pro- to wildlife and other beneficial animals and plant life was 
duction. relatively unknown. That day is past. 

Unfortunately in this area most road rights-of-way are nar- A moratorium of some sort is needed on hedgerow de- 
row. It will probably be necessary to secure additional strips struction until such time as a mutual agreement can be reached 

along the narrow roadsides to provide a space for hedgerows that their existence is profitable or irrefutably intolerable. In 

to be established that will not interfere with other land uses. the interim every effort should be made to maintain the re- 

The mechanics of procuring the extra width of land on the maining hedgerows and encourage development of others in 

right-of-way have not been worked out. Additional land to new sites. At the same time every effort has to be made to 
widen road rights-of-way may be procured by purchase, acquir- take advantage of the possibilities for using hedgerows in 

ing easements or leases. Some brush cover may be maintained biological insect and noxious weed control and for soil and 

along the railroad rights-of-way in this area but this possibility water conservation. If subsequent studies clearly show that 

remains to be fully explored. The Wisconsin Power and Light hedgerows in field borders are generally impractical, an inter- 

Company has already created some good wildlife cover on their agency agreement is needed on this aspect so that conserva- 
rights-of-way in this area. Other rights-of-way such as those tion departments can concentrate on other game management 

under telephone and other electrical lines are in the same practices; or, if they are acceptable, an all-out program can be 

status of evaluation as the railroad sites. launched to preserve and increase them. 

Emphasis on brush management in rights-of-way is along While the above pragmatic problem is being attacked, 

the town and county roads where traffic is less than on state landowners must be queried to learn how many are planning to 

and federal highways. However, even on the latter rights-of- leave or destroy remaining hedgerows and how many would 

way, there are places where brushy growth can be tolerated. allow improvement of poorly stocked sites and restoration or 

Generally the high-speed roads are sites where significant establishment in new sites. There are several methods for doing 

numbers of wildlife species are killed by vehicles. While this this; these include mail questionnaires, personal contact and 

is a factor to be recognized in resource management, it is sec- distribution of questionnaires at meetings. Simultaneously, in- 

ondary in importance to producing and maintaining wildlife formation should be obtained on the incentives landowners 

cover wherever possible. By careful site selection such as along feel are necessary in order to accept hedgerow management 

fills and cuts, shrubs can be allowed to grow along even the for wildlife. This doesn’t mean that landowners would neces- 

main highway rights-of-way without significantly endangering sarily demand or get financial remuneration. Incentives could 

wildlife or handicapping maintenance operations. include added hunting opportunities, remuneration for hunter 

A cooperative study has been set up in Dane County just damage to property, and assistance in how to perform cul- 

north of Sun Prairie on Highway 151. At this site, combina- tural practices. Above all, landowners must be informed of 

tions of grasses, legumes and shrubs have been established in the total benefits of having hedgerows on their farms over 

a series of demonstration experimental plots, on both sides of and above hunting values, and the availability of planting 

cut and fill sections. The purpose of these plots is to get more stock. Recognition of the contribution that landowners make 

information on desirable vegetative and woody plant species by managing hedgerows is necessary since the accruing bene- 

that will provide roadside bank protection, attractiveness, cover fits are in part public. 

for wildlife and beneficial insects and low maintenance cost. The results of the above surveys will provide guidelines for 

Ideally a low-growing, erosion-controlling and self-maintaining determining the management efforts and the type of incentives 

shrub could replace grass cover, which requires frequent mow- required by landowners for maintaining old and producing 

ing in most sites. new hedgerows on their properties. 
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Woodland Borders Many streambanks are located in permanent bluegrass pas- 
Practically all of the philosophical and technical material tures which frequently are barren of vegetation and are virtu- 

covered under the section on ‘‘field borders’’ applies to wood- ally biological deserts. These pastures produce neither a sig- 
lands, although some difference in selection of species and site nificant amount of forage for cattle nor cover for wildlife. 
and site preparation will have to be considered. For example, This situation thus offers an ideal site for vastly improving 
in poorly stocked woodlands that had been previously pas- the wildlife habitat and for soll erosion control: . 
tured, the planting of aggressively spreading species such as Streambanks also offer an ideal opportunity for advancing 
multiflora rose in bordering hedgerows would be objection- multiuse recreational programs since these sites provide habitat 

able. Conversely, this would not be as serious if the border- for both fish and wildlife. They could be used as the basic 
ing woodlands contained enough large trees to form a canopy land type around which to establish a system of fish and game 
that would tend to shade the rose and prevent it from success- management units. 
fully spreading. The banks of drainage ditches are comparable in many re- 

spects to natural streambanks as ideal sites for wildlife habitat 
Logically the planning requirements for establishing hedge- improvement. In planting stream cover, shrub species should 

tow borders along woodlands should be a cooperative func- be selected that will not encroach into the ditch channels. 
tion of foresters, game managers, and soil conservationists. Through a combination of species selection, herbicide treat- 
This cooperation now exists but will have to be intensified ment, and improved mechanical devices, it should be possible 
if this practice is to be adequately accomplished. Since wood- to develop the necessary means for establishing and controlling 
land borders on many farms offer the greatest number of ditchbank vegetation so that it will serve multipurpose in- 
sites for shrub borders that do not conflict with other land terests. 

uses, a greatly expanded program is warranted. Such problems Other waterways along which hedgerows can be manually 
as whether to plant shrubs adjacent to the woodland or as part established or allowed to develop naturally are ponds, rivers 
of the understory just inside of the peripheral edge of the and lakes. | 
forest trees will require a forester’s and an ecologist’s guidance In gullies and odd corners, shrub cover is being planted or 
and approval. allowed to develop naturally at a higher rate than in probably 

Ungrazed woodlands with shrub borders, along with their any other location. A great many such sites still exist, how- 
timber and watershed values, would provide additional cover, ever, where this habitat improvement practice can still be 
feed, and nesting sites for some wildlife species and thereby advanced. 
approach the maximum of multiple use. 

Special Problem Areas 
Stream and Other Waterway Banks, Gullies and Other The cover requirement of quail and other wildlife species 
Odd Areas for an extensive distribution of hedgerows poses a special 
Since cover is required along stream and other waterways for problem in the management of habitat on selected areas. This 

erosion control, these sites offer special advantages for wild- applies especially to state-owned lands but also to some pri- 
life. The banks of streams and other waterways, where possi- vate areas. There are many relatively small scattered areas 
ble, should be used as the foci for establishing a permanent which lend themselves to management because of natural fea- 
network of hedgerows. Other sites such as field borders are tures, public ownership and landowner interest. Unfortunately 
much more vulnerable to land-use changes that could sooner such areas regardless of the excellence of their habitat are not 
or later result in their removal. The value of these sites for large enough to contain most species of wildlife, particularly 
multipurpose interests has been recognized in the provision of upland game birds, because of the dispersal behavior of the 
cost-sharing for establishing streambank cover under the Agti- birds. This problem is so important that every effort should 
cultural Conservation Program. While the considerable num- be made to determine whether movement could be controlled 
ber of miles of cover established on these sites show the in- even though the opportunities to develop the necessary tech- 
terest in this practice to date, the potential hasn’t even been niques seem remote in the light of our present knowledge. 
scratched. A research project for this purpose is proposed later. 

Summary 

Quail have been gradually declining in Wisconsin for about The success of preserving and restoring hedgerow cover 
100 years. The primary factor affecting this loss has been the in the future depends on the total value of this cover type to 
destruction of the main component of quail habitat: hedgerow game birds and mammals, songbirds, other mammals, bene- 
cover, If the rate of hedgerow loss observed on the study area ficial insects, and soil and water conservation. An evaluation 
at Prairie du Sac continues in other places, quail will disappear of the pros and cons of hedgerow values indicates that an all- 
from many parts of Wisconsin in about 10 years, particularly out effort for a preservation and restoration program is 
on the borders of the occupied range. Winter weather will be warranted. 
a conditioning factor on the length of this period. The success of a hedgerow management program, which 
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includes shrub borders adjacent to woodlands, depends upon The present Wisconsin quail population can still sustain 

both an interagency and a landowner acceptance of the philoso- hunting seasons. Closing the hunting season, except for ex- 

phy and goals of maintaining and increasing this cover type: treme emergencies as was the case in 1962, can be expected to 

the presence of hedgerows approximately 12 feet in width in result in public disinterest in the need for managing quail and 

a ratio of 1 mile to 450 acres of rural land in the presently to hasten their extirpation in the state. Length of seasons, 

occupied quail range of the state. An approach is proposed to refuge and stocking values and specific habitat needs are 

obtaining an interagency evaluation of the program required discussed. 

to attain these goals. Generally we know what is needed to Emphasis in this section is placed on hedgerow preservation 

manage quail on extensive areas; still required is information and restoration, including a philosophical appraisal of the 8° 4 q § 4 Pp P PP 
on how to control the movement of quail and related species program and methods for obtaining support to conduct an all- 
to manage them on small areas. out management program for this cover type. 

FUTURE RESEARCH 
As with all studies, this one ends with recommendations for over a wide area, a minimum of 15,000 acres. At the same 

further research concerning Wisconsin quail, related species time the amount of cover development required on areas where 

and land use. Emphasis in the future, however, should be hedgerows have been drastically reduced is relatively great. 

primarily on methods of preserving and establishing habitat. Despite the great loss of cover since the mid-1800's when 

1. Surveys of the population and habitat status, basic com- habitat was optimum, scattered remnants exist on many farms. 

ponents of any wildlife study, must be continued. Time-taking A small addition of hedgerow cover ON a SETIes of adjacent 
studies on for example movement and mechanics of popula- farms could be sufficient to satisfy the requirements of several 

tion changes are not needed, at least not in the near future. coveys of quail if these birds did not disperse the distances 

However, surveys to determine population status and trends they do in spring. . 

are always needed to set hunting seasons and constantly meas- This problem applies to all wildlife species, but particularly 

ure the impact of habitat changes. Intensive winter surveys to upland game birds. Therefore, if a method could be de- 

can be omitted since year-round population trends can be cal- veloped that would control the movements of upland game 

culated from whistling counts and winter weather records. bird species such as quail, intensive habitat development prac- 
_ . tices could be successfully performed on isolated units of land, 

2. Precise information on the current plans of landowners a 
. . . providing the owners were interested and natural niches for 

for their remaining hedgerows and factors affecting the accept- we a. | 
-, . ; maintaining and establishing cover existed. Obviously this 

ance of management practices is an immediate need. Of equal 
. : . ; would also apply to state-owned and controlled lands. 

or greater importance is an interagency research project on : 
Steg Research on the problem described above would probably 

the liabilities and advantages of having hedgerows along road- , 
. > Lo require considerable effort and time before any usable results 

sides and woodland and field borders. This information is spe- accrued. Ho + the potential applicat; atrants the effort 
. .; ae. : ued. Vv : . 

cifically available for wildlife interests, but not for other ant- . wever, the potentia’ appication wanes ae 
.; ae The research required in such a project would include detailed 

mals or recreational, biological and conservation values. In- oo 
- oad: . : examination of habitat features and quail behavior to deter- 

cluded in this study should be an economic appraisal of ad- :; . . 
vantages and disadvantages to landowners mine what motivates movement. It is possible that movement 

é é could be controlled through artificial means such as planting 

3. Research should be expanded to get more information on caged females, trapping and holding wild birds in captivity 

the best shrub Species for hedgerows and cultural methods of through the dispersal period, manipulating food and cover, 

establishing them. For this purpose a collection of native spe- operating calling devices or treating vegetation with chemicals 
cies with desirable characteristics 1s required. Such collections that would attract or repel either sex, or even employing such 

should then be transplanted to an experimental nursery where elaborate techniques as beaming various light rays and sound 

they can be observed to determine whether these character- waves of varying intensity and length. Such approaches may 

istics would persist and to develop methods for propagating seem remote and complicated, but if wildlife is to be perpet- 
them in nurseries. The best species should then be made avail- uated in this highly developed world, techniques of this type 

able to other nurseries with instructions on how to propagate may be the solution. 

and maintain them for mass production. Considerable informa. If such a research project were to be undertaken it should 

tion is also required on how to successfully and economically be a cooperative venture with either several states participating 

establish shrubs in hedgerows. through coordinating groups such as the U.S. Fish and Wild- 
4. One of the major difficulties in habitat development lies life Service and the U.S. Department of Agriculture or any one 

in the dispersal behavior of many species, particularly quail. of the fish, game and conservation commissioners associations. 
The spring movement averaging about 1 mile by Wisconsin It should include related species, since the findings could apply 
quail necessitates the maintenance and establishment of cover to most upland game birds. This effort could be combined 
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with current studies on developing methods for controlling the from wildlife directly or indirectly make to rural landowners 
crop depredations of waterfowl, blackbirds, etc. and to the management of the wildlife resource. 

5. A study is also needed of agricultural support programs 6. Finally, two basic interagency studies are needed con- 
to determine how much of a contribution is made by the gen- cerning rural land-use: (1) the impact of present agricul- 
eral public to farmers in relationship to the question of how tural and wildlife land use practices on each other; and (2) 
much responsibility farmers have in managing their lands for a listing of all agencies concerned with natural resources, the 
wildlife. Likewise, information is needed on how much of authority which established them, their functions and 
a contribution hunters and the nonhunting public benefitting responsibilities, 
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APPENDIX A 

Whistling Counts as a Survey Technique 

While fall and winter censuses provide invaluable statistics least temporarily exceeded the egress. As was reported earlier, 

for population trends on study areas, more extensive methods quail movement is relatively great and seemingly unoriented 

were desirable for state-wide surveys and additional area data. during this period. A whistling count on a surrounding 8,000- 

A review of whistling counts by Hawkins (1936) at Faville acte atea revealed 64 birds. This density was approximately 

Grove near Madison, a report by Bennitt (1943) and personal one and three-fourths times greater than on the primary study 

discussion with him on whistling and hunting success relation- area. 

ships suggested 3 technique for obtaining state-wide quail The difference between the behavior of Wisconsin quail, 

population statistics. Hawkins’ counts are shown in Table 55. where evidently most or all of the males whistle at the peak 

The relatively large number of males heard whistling ap- period of this activity, and the behavior reported in the Mis- 
peared to offer promise of a quantitative method which could souri studies where only the unmated males are alleged to 

be used to census quail inl early summer. In the past some whistle may involve both a phenological and a density rela- 

doubt existed that counts of whistling males would represent tionship. The Missouri counts are made in mid-July and by 

spring and summer quail numbers, as Stoddard (1931) had this date the intensity of whistling has declined (Tables 

deduced that generally only unmated males whistled the famil- 55, 56 and 57). However, this would not appear to account 

iar “bobwhite”’. In a later report, Bennitt (1951) summarized for the total difference, for even though Wisconsin quail den- 

ten years (1938-48) of studies on bobwhite whistling and sities are considerably below those for Missouri the counts 

agreed with Stoddard that it was probably the surplus (un- obtained on our transects are equal to or higher than whistling 

mated) males that called. His deduction was based on a com- counts made in Missouri. Stoddard’s observations (1931) on 

parison of summer whistling cocks and fall quail densities on whistling by unmated males were also derived from experience 

study areas. His studies also showed a significant correlation with much higher populations than are found in Wisconsin. 

between whistling count indices and hunting success. Additional information on quail whistling behavior in Wis- 

During the sp HDS and summer of 1943-45, we made many consin was also obtained by direct observation of males during 
incidental observations on whistling males on the 4,500-acre 

Prairie du Sac quail study area. Though our preliminary counts 

were made on only parts of the study area in any one day's TABLE 55 

census, it appeared that the area as a whole had almost as many Quail Whistling Counts 

males whistling as were present in our spring populations on a 

April 1. The seasonal distribution of whistling in these pre- Faville Grove* Prairie du Sac 

liminary studies was comparable to that recorded by Hawkins 1936 1946 

(1936). No. Males No. Males 

In 1946 and 1947, we intensified our efforts to get total Date Whistling Date Whistling 

counts on all of the birds whistling in the area. Our counts April 1_-_-.------ 1 

were made by cruising in an autmobile and stopping often and Apt poet ont 3 

long enough to listen for males whistling in all parts of the April 26_._____-_-- 1 

area. Fortunately, there were access roads throughout the Me Wo ° 

Prairie du Sac study area that were within audibility range of May 15____------- 4 

most of the whistling males. We listened 3—5 minutes at each Me oeenn ttn ’ 

stop to assure ourselves that all birds that were whistling at June 1___-_------ 2 June 6_._._....-_ 19 

each point would be heard and counted. The results of these june 1 aaa io qune og Tn 3 

counts are shown in Tables 55 and 56. The 1946 and 1947 June 15___-.------ 7 June 22__________- sat 

counts sustained our earlier deduction on the relationship of Tune BO --n =n nono 93 qu oO == == =a === =~ Vv 

the number of whistling quail and the spring surviving males. July 4_-___------ 6+ July 27_....------ 8 
ay July 11___-------- 19 July 31___-------- 6 

Actually the count of 42 males whistling on June 8 in 1946 July 12........... 15 Aug. 1........... 0 

exceeded the April 1 population of 33 males. On June 24, July 18____------- 2 Aug. 2______----- 4 
Sg ” . . Aug. 14_.______-_- 5 Aug. 4_______ _-- 6 

1947, a total of 52 whistling “bobs” was recorded in compari- Aug. 15..._..____- 9 

son to the 56 males composing the April 1 population, and on Aug. 16___-.------ 4 
Loa Aug. 28___.______- 3 

July 6, 1948, 20 whistling males were counted and the April 1 

population contained 31 males. *The Faville Grove counts are taken from Hawkins (1936). All 

The increase in bobwhite males from April to June in 1946 counts were made between 4:30 a.m. and 8:00 a.m. 

was undoubtedly the result of an ingress of males which at tPmethirds of implied. ced. 
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TABLE 56 three afternoon periods were used for this, and the total num- 
Spring Quail Observations and Whistling Census, ber of bobwhite calls was recorded for each listening station 

Prairie du Sac, 1947 by half-hour intervals. The number of individuals calling was 
(% hour before sunrise to 8 a.m.) also noted when possible. Richard Pillmore, a University of 

eee Wisconsin research assistant at that time, was largely respon- 
Single Males Paired Males sible for gathering information on this study. 

Total Observed Observed _. No. Males —————_-.§ ——____ Next, a transect route was run 15 times on the Prairie du 
Date Whistling Whistling Silent Whistling Silent Sac study area between June 2 and August 11. Stops were 

4—-1_______. 0 made at 42 pre-selected points with a 3-minute listening period 
tye p at each. The results obtained are plotted in Figures 27 and 28 
4-15__-_ 0 for the morning and evening hours, respectively. The intensity 
toe 5 1 of whistling was greatest from 4:30 to 5:30 a.m. It tapered 
4-26.______. 4 0 0 0 3 off between 5:30 and 6:00 a.m. when there were lulls in 
Bogen naa ) : ) 8 activity. After 6:30 activity was sporadic, giving rise to a 
5- 8_------. 25 0 1 0 1 sawtooth pattern. There were even some half-hour periods 
2 O-------- é 5 3 ) : later in the morning when no calls were heard. The pattern 
5-11________ 3 2 0 0 3 in the afternoon period continued to be sporadic in nature, but 
eT : 3 < , 3 at times was quite intense. There was a late afternoon lull and 
5-21_______- 5 1 0 0 2 a slight pick-up as evening set in. These two figures also re- 
a ea Tooo 39 3 4 ) , flect a seasonal pattern in intensity, June and early July show- 
a 32 Q o ) ing more intensity than late July. The seasonal picture will be 
6-14........._ 19* 3 1 0 1 presented in later paragraphs. 

Bag TTT 30 5 ° ° Finally to obtain further data on daily pattern, the county 
6-24____.... 52 6 0 1 0 transects were examined by 15-minute intervals post-sunrise, 
7 a8 -------- ” 0 ) 4 0 averaging the total individual birds heard. Total calls were 
Ftp ~~. 18° 0 0 o ) not recorded. Also, the results obtained from the 15 transects 
7-26..__._.. 0 0 0 0 0 run on the Prairie du Sac area were separately analyzed by 15- 
8- 9.______. 1 0 0 0 0 minute intervals. Both the results from the county transects and 

SO the Prairie du Sac transects are shown in Figure 29 as 3-point 
“Partial counts. moving averages. The data were not combined into one curve, 

the 1947 counts (Table 56), The location of all the whistles for the Prairie du Sac transects run over the same route might 

heard and birds observed was recorded. These observations aftect the result due to an area pattern of quail distribution. 
show that as whistling intensity increased, practically all unac- To partially allay this effect, we regularly alternated the direc- 
companied males were whistling. More paired bitds were seen tion in which the Prairie du Sac transect was run. In the county 
early in the breeding season than later. Generally males ac- data this area effect could not be present, because each transect 

companied by hens did not whistle, but there were some ex- was over a different territory and all are averaged together. 
ceptions, While it was difficult to determine whether or not Actually the results obtained are not dissimilar. The lag in the 
most of the single males seen in June and July were mated, early part of the Prairie du Sac curve is due in part to a lack 

it appeared that during this period mated males also whistled, of birds at both ends of the territory covered by the transects, but only when they were not accompanied by their hens. and alternating direction of the transect could not eliminate 

These observations were the basis for establishing a state- this effect. 
wide system of transects in 1948 to inventory quail in many A comparison of this pattern of morning whistling activity 
of the counties within the quail range. To determine whether with that shown in Figure a7 displays good agreement. Both 
the county transect technique required refinement, two ap- are at a peak soon after sunrise and are at a high level of in- 
proaches were used. First, more detailed studies of quail whis- tensity for an hour to an hour and a half after sunrise. Figure 
tling behavior were set up at Prairie du Sac and then these 29 does not show the sporadic peaks displayed later in the 
results were compared with the data from the county transects. morning as in Figure 27 of course, because the former is av- 

At Prairie du Sac we first followed the daily pattern of eraged from a number of counts. 
whistling during late June and July in groups of birds within From these data it is evident that for maximum counts, 
hearing distance of selected locations. An understanding of the transects should run no longer than about 1 hour and 15 min- 
daily pattern of whistling activity would point out the most utes after sunrise. This procedure is not adhered to in running 
effective time of day for making whistling counts and indi- the county transects, because it was desired to cover a more 
cate the magnitude of deviation which might be expected at extensive area than this permitted, though in 1957 a change to 
other times. Two 8-hour morning periods of observation and 20-stop transects was adopted. Since the results were regarded 
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Figure 27. Daily pattern of whistling activity, morning hours, C.S.T., (1948). (5, 8, etc. are number 

of individual birds calling where known. Total calls per half-hour interval). 
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TABLE 57 

Results of Transects on a Standard Route on the Prairie du Sac Area, 1949* 

n0e0B0—@0@—O00O??R0 eer eee 

No. Bobwhites Whistling at Each Stop 
ee 

June July Aug. 

Stop No. 2 4 10 13 17 20 30 5 10 18 20 25 30 3 11 Avg. EE 
1______---.---.- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 
2_.-----------. 0 0 0 3 0 0 2 0 2 0 0 0 0 0 0 0.5 
8-------------. l 1 0 1 2 0 2 1 1 0 0 0 0 0 0 0.6 
4_____--------. 2 3 3 4 1 0 3 2 1 0 0 3 0 0 0 1.5 
O_-------------- 3 2 3 2 2 0 2 1 3 0 3 1 0 0 0 1.5 
6___-.--------. 0 0 4 3 2 0 2 1 2 0 1 0 0 1 0 1.1 
To------------- 2 1 0 3 1 0 3 0 4 0 1 0 0 1 0 1.1 
8_.--_--------. 4 5 1 2 4 0 2 4 3 0 0 2 0 0 1 1.9 
9____---------. 5 4 1 4 4 3 3 5 3 0 4 2 0 0 5 2.9 

10___-..-------. l 4 1 4 4 2 1 0 1 0 3 1 0 1 0 1.5 
11________--_... 1 0 2 6 1 1 2 0 3 1 1 3 0 2 0 1.5 
12_____-__--.---. 2 4 0 4 3 2 5 3 5 0 2 1 3 1 2 2.5 
13__..--.------- 1 2 2 3 1 3 5 0 2 0 3 3 2 2 1 2.0 
14________-..-.- 4 3 3 6 3 1 6 5D 7 0 1 4 2 2 1 3.2 
15_______.---.-. 3 4 8 4 3 2 3 1 D 1 1 0 3 2 0 2.8 
16_______.------ 1 4 2 4 3 2 2 0 0 0 1 0 0 0 0 1.3 
17____--_------. 3 3 D 2 3 3 1 0 2 0 1 0 0 0 0 1.7 
18_____---.-_--- 3 0 0 0 2 1 0 0 1 0 0 3 0 0 0 0.7 
19_____-_----.-- 2 1 2 3 0 D 2 0 2 3 2 2 5 0 1 2.0 
20_____._--..-_. 3 3 4 3 1 3 2 1 2 3 3 1 3 2 0 2.3 
21______.--_-_.. 2 3 0 1 3 8 3 2 D 1 0 1 2 0 0 2.1 
22___._.-....... 4 1 1 3 3 2 4 2 3 0 0 0 2 0 0 1.7 
23__.-.--------. l 0 5 3 3 4 2 3 0 0 0 1 1 0 1 1.6 
24____._..___... 0 3 6 1 3 D 2 3 3 0 0 0 2 0 1 1.9 
25__.._-.--.--.. 90 1 9 2 4 6 3 3 D 2 2 0 3 2 1 2.9 
26.___-_--__---. 3 1 5 4 0 4 D 6 4 0 2 1 3 4 1 2.9 
27____-_-_-----.. 2 0 7 4 1 3 8 7 2 2 7 1 3 3 3 3.5 
28__.__._-.------ 0 0 2 0 2 2 2 2 2 0 0 0 0 1 1 9 
29_________.._.. 0 0 2 0 2 2 1 3 2 0 1 0 0 1 0 9 
380__.-_--------. 3 2 7 6 6 5D 6 5D 2 5 3 0 0 1 5 3.7 
81___-_-_---.--. 5 6 6 4 D 4 2 0 3 4 2 0 0 0 2 2.9 
32______--__.-.. 90 0 6 5 0 2 1 1 0 0 0 0 0 0 0 1.0 
d3_.___.-------. 0 1 2 2 3 2 0 2 0 1 1 0 1 0 0 1.0 
384__...._._-.... l 3 4 5 2 6 0 2 0 1 0 0 0 1 4 1.9 
80_---.--------. 0 2 4 4 2 3 3 2 2 2 3 0 0 1 2 2.0 
86_________.--.. 2 1 7 3 1 9 0 1 0 7 2 0 0 0 5 2.5 
a7_____.___-_--. 0 0 5 4 3 8 6 4 0 5 3 2 0 0 1 2.7 
38__._____-._-_.-. 0 1 4 1 1 JA 0 D 0 0 2 0 0 0 0 1.2 
389_______..-.--. 0 0 3 0 0 1 0 0 1 £9 0 1 0 0 0 0.4 
4Q____.___._._.. 3 3 3 1 1 6 0 0 2 0 1 2 0 0 1 1.5 
AJ___________.-. 1 0 3 2 2 5 0 0 3 0 0 0 0 0 0 1.1 
42____.-__..---. 0 0 4 0 1 D 0 2 2 0 0 0 0 0 0 0.9 

Total___.._... 68 72 136 116 90 124 98 79 90 38 06 30 35 28 39 1.8 

*The direction of the route was reversed each time it was run. 

only as an index, it was not necessary that full activity prevail minute stops were made at each of the 42 points, and the total 
during the entire run. number of individual birds whistling at each point was re- 

The “bobwhiting’”’ of male birds has a phenological basis, corded. The transects were completed in 3 hours. Temperature 
and hence there is a strongly developed seasonal pattern of was recorded at start and finish, and only calm mornings (wind 
whistling activity. It is necessary to determine this pattern and velocity under 6-8 mph) were selected for making the runs. 

the factors that affect it, as well as the daily pattern, to com- The results of these transects show that a definite position 

pare and evaluate the results obtained on whistling count or area effect is present, the average number of birds heard 
transects. at each point through the series varying from no birds at Stop 

The 15 transects run over the same route on the Prairie du 1 to 3.7 birds for the average at Stop 30 (Table 57). There is 
Sac area were conducted primarily for the purpose of docu- also a wide variation present at the same stops on different 
menting the phenological pattern. The route with 42 standard runs, other than that related to the seasonal factor, At Stop 
listening points was laid out, and this was run at intervals dur- 25, for example, 9 birds were heard on June 10, whereas only 
ing June, July and early August. The route was 24 miles in 1 and 2 were heard on June 4 and 13, respectively. This is 
length. Each run of the transect was commenced at sunrise, partially the result of movement of birds and partially due to 
with the direction of the transect alternated regularly. Three- lulls in whistling. In other cases, stops showed very great 
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consistency as, for example, Stop 31 over the first six runs. TABLE 58 

The variations noted are aT bess). than can be Minimum Differences in Transect Totals Required for 
accounted lor by Chance alone (table Significance of Difference at the 5 Per Cent Level 

The seasonal trend in whistling activity as based on total ee 
individual birds heard whistling is shown in Figure 30 (based Mean of the Mean of the 

on data from Table 57). Reference may again be made to Totals Bane piu Teale Bace pimum 
Figures 27 and 28 where the curves for the different dates re- Compared Totals Required Compared Totals Required 

veal the seasonal intensity of whistling as based on total calls 900... ad tt(‘(i‘i‘st™*™*™*~SCCSC“‘“‘ NNN OT! 
heard, rather than individual birds calling. 180_._._-.--- 39 45________.-. 20 

Also in Figure 30 the maximum and minimum daily tem- epaatzatna ao ot ge 18 

peratures and the daily rainfall for the season, as recorded at top 5 oer tttt tata yr 
the dam at Prairie du Sac, are presented. 90__________ 28 20...._...... 14 

Only one point on this seasonal curve is badly out of line a e Poa - === a =o == 5 
with the general trend. This is for June 17. There is no ap- 60____..--.. 28 5_.-.------- 8 
parent explanation for this low count other than to note that SETTLER RR 
it took place on a day having a “low overcast” sky. Also it fol- Th , , 
lowed a cool spell. The low count on July 18 was possibly in- ° census-taker may Over a Pen od of years acquire an 

pe July P y h plant phenological items that he can tie in 
duced by the “light drizzle’ depressing the “enthusiasm” of experience with pant P é Oe 
the birds. with whistling activity. A number of such relationships were 

Three transects over the same route were also run on the observed in this study Dut none appeared re Pe simple enough to serve as an indicator of when to begin making whistling 
Dunn County study area. The results were: counts. 

Tune ioe nara whistline Three general statistical methods may be used to compare 

June 22—42 individuals whistling differences in transect results (total birds heard), within a 
year or between years. All require the assumption that the pop- 

Comparison of these seasonal counts with Table 58 sug- ulation is the only variable and that all other factors are con- 

gests that the peak season of whistling activity occurred be- stant. Since this is patently untrue, an attempt must be made 
tween mid-June and early July in 1949; the county transects, to select standard conditions for conduct of the transects. 

therefore, were scheduled to be run when it became apparent The analyses can be used only as guides since it is not possible 
that the peak had been reached. In 1947 and 1948 less spe- to duplicate the conditions exactly between transects. 

cific studies indicated that the peak was reached in late June 
and early July and was perhaps sharper. . 

A number of studies have been conducted in other states to j ON 

evaluate the effect of various factors relating to whistling 8.0 i NN 

counts such as length of time spent listening at each stop, SK \ 
wind velocity, temperature, dew, and cloud condition. Elder - / i ™ \ 

(1956), for example, reported that only 20 per cent of the } 
daily variation in whistling was due to weather. However, - j \ nN 
his study was based on comparing whistling counts at only f 6-8 / \ 

two stations. a / , \ 

The variation in whistling counts (calls) obtained on dif- zm 5.0 i \ \ 

ferent dates but on the same area superficially indicated that u. / . ‘ 
censuses of bobwhite quail using this technique are subject S 40 / \ \ 
to excessive error. However, these were made under a wide 3 ! \ \ 
range of conditions. An experienced census-taker would avoid . 50 cOUNTY TRANSECTS AQ 

days when conditions were not right and, by recognizing the "PRAIRIE DU SAC TRANSECT US RUNS) * 

difference between sporadic and active whistling, would ob- N 
tain counts with much lower variation. Ideally the range of 2.0 ‘ 

dates within which the call-survey is made should be deter- 
mined each year from the trend of whistling activity in a test 1.0 
area. It is necessary for this purpose to sample an area large 
enough to eliminate the daily variation resulting from move- HO Fe BT toe 

ment. Currently our general recommendation for Wisconsin 1s Figure 29. A comparison of the average number of bobwhites whistling at 

that the transects be run between June 15 and July 4. Prairie du Sac and on various county transects throughout the state. 
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One method involves a computation of the mean number putations. It lists minimum differences in totals needed to give 
of birds heard per stop and its standard error for each tran- a probablity of drawing so large a difference at the 5 per cent 
sect. Comparisons of transects would then be made through ¢ level of expectation (p < .05) for various mean values of 
values computed from mean differences and the standard error transect totals under comparison. For example, if A yielded 
of the differences. This method suffers from the great varia- 58 and B totalled 84, the mean is 71. The difference is 26. 
bility introduced by nonrandom variation within the transect; Entering the table at 70, we see that this difference just ex- 
1.e., the various stops do not sample a homogeneous population ceeds the requirement for a probability beyond the 5 per cent 
due to local differences in range quality. A second method, level. Again, the statistical test is applicable only if factors 
involving extra effort, would be to make 3 or more runs of other than population did not affect the results, The applica- 
each transect and compute the mean of the transect totals and tion of this significance test is the responsibility of the tech- 
its standard error. Again comparison of means could be made nician who must appraise the degree to which other factors 
through the ¢ test as above. A third method, perhaps the most may have contributed to the difference. 
direct, is a Chi-square test under the hypothesis that the two In Table 6 transect comparisons are made between years by 
transect totals being compared do not differ from their mean. this procedure. If the minimum difference specified above is 
Deviations from their mean greater than expected by chance not achieved, the runs are judged as ‘same’. This only means 
alone lead to the conclusion that a real difference exists. that we are unable to claim a difference (we accept the “null 

For comparison of a number of such results it is convenient hypothesis”), though it must be clearly understood that we 

to use a table (Table 58). It is derived from Chi-square com- do not imply that there may not be a difference. 
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Figure 30. Seasonal pattern of whistling in bobwhite quail at Prairie du Sac, 1949, occurring under 

different weather conditions. (Weather data gathered at Prairie du Sac.) 
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APPENDIX B 

Reproductive Behavior of Pheasants in Pens 

Introduction Density Effects on Mating Behavior (Study 1) 

When a population of animals is reduced by some short-term On May 18, 1948, the study to determine the effect of ex- 
factor or combination of factors, recovery is often quite rapid. treme crowding on mating behavior and the implications of 
But once the population reaches a certain level, it tends to be- this on reproduction was initiated. Twenty hens and 4 cocks 

come static, or it may decline. This was first illustrated by (all 1 year old) were transferred from 12’ x 12’ breeding 

Errington (1945) in the bobwhite quail under the “inversity”’ pens, to 75’ x 25’ enclosures. While still in the 12’ x 12’ 

concept. What factors operate to limit the size of the popula- pens, these birds were confined at the rate of 5 hens to 1 
tion of a species once it reaches saturation levels in its own cock. These hens had previously laid an average of 25 eggs 

habitat has long been the object of speculation. | each. 

Einarsen (1942) observed a spectacular increase of pheas- First, 10 hens and 2 cocks were placed in the large pen. 

ants from an original stocking of 2 cocks and 6 hens in 1937 The cocks immediately engaged in violent fighting and pursuit 
to 1,540 in the fall of 1941 for an average, annual gain of of the hens. Then 5 more hens and 1 more cock were placed 
277 per cent per year on Protection Island, Washington. The in the pen, and the strife decreased greatly. The moment the 

percentage increase declined from about 400 for the first remaining 5 hens and single cock were transferred to the large 
three years to 100 in the fifth year. There was no hunting on pen all strife ceased, although the cocks continued to pursue 
this area. the hens. The experiment was completed in less than 1 hour. 

On Pelee Island, In Lake Erie in Ontario, a pheasant popu- While this experiment was conducted under artificial condi- 
lation grew from an estimated 36 stocked birds in 1927 to a tions, it demonstrated the sensitivity of birds to density and 

fantastic high by the mid-1930's, estimated to be between its effect on mating behavior. The cocks reacted immediately 

50,000 and 100,000 (Clarke, 1947). Stokes (1954) believed to the presence of the hens by exhibiting sexual drive and in- 
this estimate was too high and that 50,000 was the peak level tolerance of each other. Then as the density of birds was in- 

reached. Explanation of population behavior that is seemingly creased, the cocks ceased fighting but maintained interest in 
density-dependent continues to be one of the main objectives the hens. Apparently the increase in hens suppressed the com- 

of current game research. petition among the cocks, because the ratio of hens to cocks 

Our studies reported here were conducted primarily to get remained the same and the only change in pen conditions was 

some additional leads on the specific effects of density on the the increase in the number of birds. 

reproduction phase of wild quail populations. Because facil- Possibly the procedure used in this experiment was respon- 

ities, equipment, and experimental birds were available, the sible for a part of this behavioral reaction; we did not test 

pheasant was used in these pen studies on reproductive be- this possibility. Density changes would not appear to affect 
havior. This species also reproduces readily in captivity. It was egg fertility since the cocks mated with the hens under all 

expected that the results of these studies would also help to in- densities. 
terpret the population behavior of other gallinaceous species. 

Since the relationships of these studies were covered in previ- . 

ous sections of this report, discussion here is limited to the Effects of Extreme Density on Egg Laying and 
basic findings and only a few generalizations on population Nesting Behavior (Study Il) 

dynamics. | The purpose of this study was to make some observations 

The effect of density on reproduction was investigated in a on the egg laying and nesting of artificially propagated pheas- 
series of four studies. The first (1) and second (II) were con- ants penned in small enclosures at high densities, Adult pheas- 

ducted as the result of fortuitous conditions. Pheasants used ants were penned on June 11 at the rate of 18 cocks to 18 

in other studies provided the opportunity to learn whether hens in six large wire enclosures which were approximately 

density affected mating behavior and whether extremely high 100’ x 30’ x 7’. This is a density of about 500 birds per acre. 

density affected egg laying and nesting. A third (III) study This density is far higher than in any natural population, but 

was then designed to determine whether high density, con- it was thought that under this extreme condition, density 

trolled at two levels, resulted in a measurable effect on re- effects would be sharply brought out. These adult pheasants 

productive success and, if so, the possible mechanics operat- had been used for egg production earlier in the year in breeding 

ing in the occurrence of such a condition. Finally the repro- pens (12’ x 12’ enclosures, 1 cock to 5—6 hens). Most if not 

ductive performance of 1- and 2-year old or older birds was all of these hens had been laying eggs steadily from mid- 

compared (IV). April up to the time they were transferred on June 11. While 
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the hens were in the breeding pens, the eggs they laid were another. The reason for these two hens laying in each other’s 
removed daily. The large pens, after the hens were transferred nests may be that their proximity resulted in the failure of 
into them, were not examined again until July 17. the hens to recognize their own nests. Although most of the 

On July 17, most of the hens were still laying or were in- other nests in the pens contained eggs which were laid by more 

cubating nests. An average of G—7 nests was found in each than one hen, these nests were at least 5 feet apart, and it 
of the pens. The total number of eggs laid in nests by the would be expected that nest recognition by the hens would be 

108 hens was 435, and there were also many scattered eggs easier. 

which had not been laid in nests. The frequency distribution The consequence of hens laying in nests in close proximity 

for the number of nests and the number of eggs in each is as is indicated in the following conjecture: 
follows: Hen pheasants in dense populations lay eggs in each other's 

nests. If only one hen incubated each nest, would she hatch 
Number of eggs...._ 1-5 6-10 11-15 16-20 Total the oldest embryos and then take her chicks and abandon the 

Number of nests... 4 16 9 10 Nests rest of the developing embryos? Such nest abandonment would 
eT result in the hatching of only a few of the total eggs laid, 

Gross examination of the eggs in nests showed that many and the waste of the rest. It is only remotely possible that 

of the nests contained eggs laid by two or more hens. The another hen might be physiologically and psychologically ready 
frequency distribution for nests containing eggs laid by a to adopt the nest and continue to incubate the remainder of 

minimum of from 1 to 3 hens was as follows: the eggs. 
In another experiment in 1948, incidental to this study, 10 

Minimum number of hens laying...........1 2. 8 hens and 1 cock were penned in a 25x75! enclosure devoid 
Number of nests____._------------------ 18 18 3 of cover in early April. All of the hens laid eggs at the usual 
TO rate, 1 egg per 1.3 days (Buss, Meyer and Kabat, 1951). The 

A later study planned for these pheasants required that the hens laid in each other’s nests but only one hen attempted to 
eggs in the nests be removed, permitting all of the eggs to be incubate the eggs in one of the nests, a dump nest containing 
broken and their contents examined. As many as four different 58 eggs, located in a corner next to the gate where we entered 

stages of embryo development were found in the eggs in some the pen a'most daily. The hen covered about half of the eggs 
nests. Lack of development was regarded as a stage, also. in the nest. After 23 days of incubation the hen left the 
The frequency distribution of nests having multiple stages of nest with one chick, the only one that hatched. We broke the 

embryo development was as follows: remaining eggs and found four different-aged living embryos. 

This experiment showed that while one of the hens pos- 
Number of stages of embryo sessed the necessary drive to incubate an abnormally large 

Nunaber pment found. ------------ i ib 3 7 clutch, more important, she ceased incubating as soon as the 
Se first egg hatched. Six of the eggs contained embryos about 21 

Eggs found in the nests were also classified for presence or days of age. Although the pen condition, density and lack of 
absence of an embryo, whether it was fresh or decayed, and the incubation by all but one hen comprised an abnormal situation, 

age of the embryo. The results are shown in the following it indicates that under very high density and inadequate cover 

table: conditions low production results. 

= Similar desertion behavior was observed in wild quail by 
Eggs Showing Eggs Containing a Klimstra (1950b). Stanford (1953) observed quail hens de- 
No Develop ; Developing Embryo serting nests after some chicks were hatched but deduced that 
———— __ Age of Embryo in Days the early-hatched eggs had been laid on hot ground which ini- 
cayod Fresh* 1-6 7-12 13-18 19-24 tiated incubation before the clutch was finished. Linder and 

TT Agee (1963) found that a high proportion of wild hen pheas- 

Number of eggs... 79 M78 ants sbendoned the clutches they were incubating when cap- 
*No evidence of deterioration. tive chicks were placed where they could be seen and con- 

It was impossible to determine how many hens incubated a tacted. However, these hens did not react to captive chicks that 
given nest. Hens were found sitting on almost every nest we were penned where they could be heard but not seen, Nest 

examined. In many cases the hens permitted the observer to desertion of partially hatched clutches was also observed in 

stand directly over them without flushing. In other cases the three species of the Rallidae family, including the takahe, 
hens fled from the nest upon our approach. In one instance Notornts manteli (Williams, 1957), the American coot (Gul- 
two nests were found which were located less than 6 inches lion, 1954) and the European coot (Alley and Boyd, 1947). 

apart. Each one of these nests contained eggs with 10- and 22- The degree to which varying levels of density causes re- 

day-old embryos. From the external characteristics of the eggs, duced reproductive rates in wild populations will be discussed 

we were able to deduce that the 10-day-old embryos in each of in greater detail in Study III. However, we do know that 
the nests had been laid by the same hen and the 22-day by wild pheasants in natural habitat lay eggs at random, in each 
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others’ nests and leave unhatched eggs in nests (Buss ef al, _—‘ then abandoned these, and finally, they settled down to steady 
1951; Stokes, 1954; and Trautman ef al., 1959). In addition incubation and hatching their clutches. | 

to the desertion of partially hatched clutches, wild bobwhite The reproductive phenology for the two groups of 1948 
quail also displayed some of the same breeding characteristics birds was as follows:* 
(egg dropping and laying in dump nests) as did the pheasants a 

described above (Stoddard, 1931). The latter also reported Hatching 
i ate o that when quail are abundant and cover is scarce, 2 or 3 quail Date of Dateof Date First Last 

commonly lay in the same nest. _ First First n- Clutch _ Clutch 
In summary, hen pheasants penned under a very high den- Group Nests _ cubation Hatched Incubated 

sity level dropped many eggs at random, laid in each others’ Density I (5 hens, | 
nests and incubated nests in which 2 or more hens had laid Dene WE hens. April27 May 12 June 22 July 7 
eggs. At least one hen had the drive to incubate a clutch under 1 cock)....-__.___ April27 May25 June30 July 29 

very adverse habitat conditions, but left the nest with the first *All of the dates given are averages for the groups. 

chick that hatched and abandoned the remaining living em- 

bryos. This type of behavior results in a greatly reduced pro- The reproductive phenology and the reproductive perform- 
ductivity and a prolongation of the reproductive stresses. ance presented above and wn Table 59 show that in the Density 

II pen the hens started laying on the same date but dropped a 

Effect of Controlled Density Levels on Pheasant greater proportion of eggs and took a longer period of time 
Reproduction (Study III) to settle down to nesting than the hens in the Density I pen. 

This study was conducted in 1948 and repeated in 1949: to However, the reproductive success per bird for both pens was 

compare the effect of two density levels of pheasants on their very similar. All hens, except one in Density II pen, brought 

reproductive performance under pen conditions. Two pens of off broods of young. When consideration is given to total eggs 
equal size, 75’ x 100’, were used. Five hen pheasants and 1 laid, eggs laid in nests, and hatching dates, it is apparent that 

cock were placed in the first pen for a density of 30 hens per the breeding success of the Density I pheasants would be 
acte. In the second pen, 15 hen pheasants and 3 cocks were more conducive to population increases. This is because the 

used (90 hens per acre), which was a density threefold greater extra effort of laying and incubating more ©88s constitutes a 
than that in the first pen. For identification purposes, the pen hose that woud weaken the ane censity birds more than 
with the lower density was named “Density I’’ and the other those in the Vensity 1 pens (Kabat e¢ a/., 1956). 
“Density II.” The type, quality, and density of the ground In 1949, these experiments were repeated, but as previously 

cover in both pens, consisting of annual and biennial weeds, described the number of cocks in the Density IT pen was main- 
grasses, domestic hay, and grain species, were very similar and tained at three. Generally the rep roductive phenology for 1949 
offered adequate nesting cover differed from 1948 in that the Density I hens were earlier and 

In both years, the birds were placed in the pens during the Density IT hens later. 
the last week in March, and left to lay eggs in nests and TO 
hatch young. The pens were checked weekly for: the number Hatching 
of eggs laid, nest location and phenology, and the number of Date of Date of Date First Gast 

irst irst In- Nest ute 
youns hatched. The ony cuerence between the 1948 ane o ~ Group* Nests cubation Hatched Incubated 
experiment was in the number of cocks living in each of the Density I......... April28. May 5 May 27 June 24 

pens. Density IT____._._.. April28 May27 July 3 #£Aug. 12 

In 1948, within a few days after the birds were placed in ~*All of the dates given are average figures. Stst=<CSst~S 
the Density II pen, one cock became dominant and killed the b les ; 
other two. In 1949, as soon as a cock became dominant in the However, the r esu ts in Tab e 60 showed that a great dif- 
Density II pen, he was replaced by a subdominant cock from ference occurred in reproductive success between the pheas- 

another pen. After this process had been repeated a few times, ants in the two density pens. In 1D 49 the hens in the D ensity 

three cocks were found that would cohabit the same pen more Ip “n again laid a greater proportion (58 per cent) of their 

or less amicably. Some fighting occurred sporadically but it eggs in nests, and again each hen was successf ul in bringing off 
was not so severe that the birds killed each other, Probably a brood. In contrast, the hens in the Density II pen laid only 

the dominant cock in the 1948 study would have left his pen 18 per cent of their eggs in nests and only about one-third 

mates alone if they had avoided his territory. However, they of the hens nested success my 

persisted in entering it to pursue the hens which stayed with A comparison between the overt results of the 1948 and 
the dominant cock. On such occasions they were attacked and 1D 49 study showed that Most o the p hases of ep troduction 
badly beaten considered here were similar for the Density I trial. However, 

Generally in both years the hens first dropped some eggs ~* At the time the material for Study III was prepared for publica- 
at random before beginning to lay in nests. Next, the hens tion, the original data were not available for statistical analysis. How- 

laid some eggs in nests and incubated them for a few days but phases oF reproduction “compared, the ranges for each of the different 
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TABLE 59 | 

Breeding Behavior of Pheasants in Density Experiment Pen | and Il, 1948 

| No. Eggs No. Eggs No. of No. of 
Dropped at Laid in No. Eggs Total Eggs Clutches Clutches 

Group Random Nests Hatched Produced Laid* Hatched 

Density I (5 hens and 1 cock) 
Avg. per hen________________ 2 ee 12.0 25.4 5.6 37.4 2.4 1 
Per cent of total eggs (187) produced__________-_ 32 68 15 

Density II (15 hens and 1 cock) 
Avg. per hen________________- eee 25.3 17.9 6.6 43.1 1.3 9 
Per cent of total eggs (647) produced__________- 59 41 15 

Density I x 100 
eee eee eee 47 142 85 86 185 111 

Density IIT 

*Number of nests containing eggs produced by each hen. 

in 1949 the hens had an earlier reproductive phenology, laid sought to determine if there was any actual difference in the 
fewer eggs and built fewer nests, which indicates a differential breeding behavior of young and old hens, and if it occurred, 
response to the seasons in the two years involved. if there was any impact on reproductive success. The term 

From these studies, we concluded that density had a meas- “young hen” refers to a hen in her first breeding season, 

urable effect on the different phases of reproduction. When while an “old hen” is one in the second or later breeding 

the number of cocks was increased, the reproductive success season. 

was proportionately lower. Observations made at the pen sites Th ment tarted on March 2 49. by divid 
indicated the type of density reaction that was responsible for >: “xP ne and was he on mea >, 19 . OY Po ; 
the low reproduction. In 1949, the cocks in Density IT pen, in ve > young an ? ° a ens into 10 groups of 5 each and 

competition with each other, continually chased the hens and Placing them in I x 12’ br ceding Pens. One cock pheasant 
attempted copulation. It appeared that under this perpetual was also placed in each pen. At this time the birds were de- 
harassment the hens were never able to carry on normal nest- beaked to prevent egg eating. The debeaking was repeated on 
ing activities so that the final production was inversely pro- April 8. 
portional to the cock density. In Pelee Island pheasants, Stokes Egg-laying records were kept for these hens until they 
(1954) reported a breeding behavior of wild birds that was reached maximum production on May 5. At this time, 2 

qualitatively similar to that of the penned birds in these studies. groups of 20 hens, each consisting of equal numbers of young 

and old, were transferred to 25’ x 100’ holding pens. Two 
Reproduction of Young and Old Pheasants cocks were placed in each of the two pens. The pens were 
(Study IV) checked weekly, and the number of eggs laid was tallied. The 

A few observations by various authors on wild bobwhite birds were allowed to nest and bring off young. Nests were 

quail and a few other species indicated that birds 2 or more located, their phenology recorded, and a count was made of 

years old may lay eggs earlier than 1-year-olds. In our study we the number of young produced. 

TABLE 60 

Breeding Behavior of Pheasants in Density Experiment Pen | and Il, 1949 

No. Eggs No. Eggs No. of No. of 
Dropped at Laid in No. Eggs Total Eggs Clutches Clutches 

Group Random Nests Hatched Produced Laid* Hatched 

Density I (5 hens and 1 cock) 
Avg. per hen______________-_ 2 eee 10.8 12.0 5.8 22.8 1.2 1.0 
Per cent of total eggs (115) produced_________-_ 48 52 26 

Density II (15 hens and 3 cocks) 
Avg. per hen_______________-_ eee 27.9 5.6 2.3 33.5 0.5 0.3 
Per cent of total eggs (510) produced_________- 82 18 6 

( Density I x 100 
ee ee eee ee eee 39 200 300 68 240 333 

Density II 

*Number of nests containing eggs produced by each hen. 
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Date of First Egg. The old hens started to lay on April tinued until hatching. The breeding behavior described here is 

8, when two hens came into production (Table 61). It was similar to that in Studies I-III. 

not until 5 days later, April 13, that the first egg was pro- The reproductive phenology which was generally similar for 

duced by young hens. As more hens in both groups came into these two groups of birds is shown below: 

production, the young hens continued to show this 5-day lag a 

in first-egg production. However a chi-square test of the mean Date of 

; on] 2 — Hatching 
difference was not significant (X? = 4.10, 26 df.) Date of Date of Date First for Last 

. ; irst irst In- ute ute 
Egg Production. The mean difference between the egg- Group Nests cubation Hatched Incubated 

laying rates for young birds and the old hens for the dates Yous May13 May20. June20. Aug.3 
; , oung.__--------- , 

shown was highly significant (X? = 19.83, 6 d.f.) (Table Old May 13 May 13 Tune 10 Aug. 3 

62). This lag in egg production continued until peak produc- as 

tion was reached the first week in May, at which time all hens However, the more detailed material presented in Table 63 

were laying as many as 3 eggs during each of the 4-day in- shows a difference in reproductive capacity for the two groups. 

tervals. While the old pheasants built more nests, laid a larger num- 

Nesting, Broodiness and Hatching. After the hens were ber of eggs in nests and had a greater number of successful 

transferred to the holding pens, some hens began to lay eggs clutches, these differences were not significant at the 5 per cent 

in nests almost immediately. However, the majority dropped level. The difference between the number of eggs hatched per 

eggs indiscriminately about the pens for some time before lay- old hen was significantly greater. 

ing in nests. Then too, once nesting was started, it was not In this study, the old hens showed an advantage in all phases 

uncommon to find three or four hens depositing their eggs in of breeding behavior. This superiority in reproductive success 

the same nest. Similarly, incubation began in a haphazard was climaxed by 40 per cent more successful clutches being 

manner. Hens incubated a clutch for a few days and then produced by old hens, and the fact that the over-all effort re- 

abandoned it. Finally, incubation began in earnest and con- quired per egg hatched was less. 

| TABLE 61 

Periods When Young and Old Hen Pheasants Produced First Eggs 

meee..
. 

G Hens Producing First Eggs: 4-Day Periods 

roup EEUU EEE NSE nS 

(25 Hens in Each) April 8-11 April12-15 April 16-19 April 20-23 April 24-27 April 28-May 1 May 2-5 
OO eee 

Young 
New Hens Laying_____------------ 0 1 4 5 5 6 4 

Total Hens Laying _______.-------- 0 1 5 10 15 21 25 

Old 
New Hens Laying. ______---------- 3 3 6 5 4 2 2 

Total Hens Laying. -_-______-------- 3 6 12 17 21 23 25 

a 

TABLE 62 

Egg Production Record of Young and Old Hen Pheasants 

ee eee eee. SS os 

Egg Production: 4-Day Periods 

Group oo _______————— __ Total 
(25 Hens in Each) April 8-11. April 12-15 April 16-19 April 20-23 April 24-27 April 28-May 1 May 2-5 Produced 
eee ee SEE. ae ON II IIa 

Young____.___----------- 0 1 12 36 55 67 73 244 

Old___...---------------- D 5 3d 49 63 72 76 307 

cn 
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TABLE 63 

Breeding Behavior of Young and Old Hens Under Pen Conditions* 
esse eee 

No. Eggs No. Eggs No. of No. of 
Dropped at Laid in No. Eggs Total Eggs Clutches Successful 

Group Random Nests Hatched Produced Laid Clutches eee SO 
Young 

(20 hens)___________---__-_-____-________e 270 157 59 A427 15 10 
Avg. per hen__________- ee 14 8 3.0 21 0.7 0.5 

Old 
(20 hens)____2_________- 2 229 183 88 412 18 14 
Avg. per hen______________-____ ee 11 9 4.4 21 0.9 0.7 

eee 

*The figures used in this table are only for the holding pens (25’ x 100’) and do not include the eggs laid in the breeding pens. 
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APPENDIX C 

Hunting Season and Harvest Records 

Quail Hunting Seasons, 1851-1960 

1851* Protected February 1 to August 1 (6 months) 1943 November 8 to November 12 

1858 Open October 1 to February 1 In Crawford, Dane, Iowa, Richland and Ver- 

1860 Open September to December 1 non Counties only. Daily 4, possession 8 

1867 Open August 20 to December 15; game bird 1944 November 1 to November 5 . | 
nests protected In mane, lowa, raCrosse, Richland ane Ver- 

1870 Open August 20 to November 15 (applies to 10 non Counties only. Dauly 4, possession ® 

counties; others apparently open all year) 1945 October 31 to November 4 . 
i871 Open Aucust 20 to November 15 In Buffalo, Crawford, LaCrosse, Richland, 

P é Trempealeau, and Vernon Counties only. Daily 

1878 Open August 25 to January 1 4, possession 8 

1880 Open August 15 to January 1 1946 October 24 to October 28 

1881 Open August 15 to January 1 In LaCrosse, Richland, Trempealeau, and Ver- 

1887 Open September 1 to December 1 non Counties only. Daily 4, possession 8 

1893 California quail protected 1947 October 23 to October 27 

1895 Open August 20 to December 1 In LaCrosse, Pepin, Richland, Sauk, Trem- 

1897 & 1901 Protected until September 1, 1901 pealeau, and Vernon Counties only. Daily 4, 

1895-1931 Closed season throughout the state possession 8 

1932 October 1, at noon, to October 3, 5 p.m. 1948 November 2 to November 5 

In Crawford and Richland counties only. Daily In Crawford. LaCrosse, Richland, Sauk, and 

4, possession 8 Vernon Counties only. Daily 4, possession 8 

1933 © September 30, noon, to October 4, 5 p.m. 1949 October 31 to November 4 . 

In Crawford, Jackson, Juneau, LaCrosse, Mon- In Buffalo, Crawford, Jackson, Juneau, La- 

roe, Richland, Sauk, Trempealeau, and Vernon Crosse, Monroe, Pepin, Pierce, Richland, Sauk, 

Counties only. Daily 4, possession 8 Trempealeau, and Vernon Counties only. 

1934 September 29, noon, to October 2, 5 p.m, Daily 4, possession 8 

In Clark, Columbia, Crawford, Dane, Grant, 1950 October 14 to October 29 

Iowa, Juneau, LaCrosse, Marathon, Marquette, In Buffalo. Crawford. Dane, Grant, Green 

Pepin, Richland, Sauk, Vernon, Waukesha, Iowa, Jackson, Juneau, LaCrosse, Lafayette, 

Waushara, and Wood Counties only. Daily 4, Monroe, Pepin, Pierce, Richland, Sauk, Trem- 

possession 8 pealeau, Vernon and Wood Counties only. 

1935 October 19 to October 24 Daily 5, possession 10 

In Columbia, Crawford, Dane, Green Lake, 1951 October 13 to November 11 

Juneau, LaCrosse, Marathon, Marquette, Mon- In Adams. Buffalo. Clark. Columbia, Craw- 

roe, Richland, Sauk, Vernon, and Waushara ford Dane that part of Eau Claire County 

Counties only. Daily 4, possession 8 lying south of U.S. Highway 12, Grant, Green, 

1936-1940 Closed Iowa, Jackson, Juneau, LaCrosse, Lafayette, 

1941 November 3 to November 7 Monroe, Pepin, Pierce, Richland, Sauk, Trem- 

In Adams, Crawford, Dane, lowa, Juneau, pealeau, Vernon, and Wood Counties only. 
LaCrosse, Monroe, Richland, Vernon and Daily 5, possession 10 

Wood Counties only. Daily 4, possession 8 1952 (a) October 18 (1:00 p.m.) to November 11 

1942 November 11 to November 15 In Adams, Buffalo, Columbia, Crawford, 

In Adams, Buffalo, Crawford, Dane, Iowa, Dane, that part of Eau Claire County lying 

Juneau, LaCrosse, Monroe, Pepin, Richland, south and west of U.S. Highway 12, Grant, 

Sauk, Trempealeau, and Vernon Counties only. Green, Green Lake, Iowa, Jackson, Juneau 

Daily 4, possession 8 LaCrosse, Lafayette, Marquette, Monroe, 

* Quail seasons from 1851 to 1932 are taken from Laws of Wis- Pepin, Pierce, Richland, Sauk, Tremp ealeau, 

consin. They do not show shooting hours or bag limit. Some annual Vernon, and Wood Counties. Daily 5, posses- 

laws show nothing relating to seasons; the assumption is that laws of 

the previous year or years are continuous. sion 10 
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TABLE 64 

Rank of Counties in Quail Harvest, 1932—57 
a 

Years Kill Years Kill 
Rank County Open 1932-57 Rank County Open 1932-57 

1 Richland________________________ 16 36,000 18 Buffalo__...___________________. 11 6,100 
2 Sauk_______________ 14 28,400 19 Dunn___________ ee. 3 5,400 
38 Dane__________________________. 14 20,900 20 Wood______.__________________. 10 4,500 4 Trempealeau_____________________ 14 20,700 21 Green Lake____________________. 5 3,900 
5 Vernon_________________________. 19 17,300 22 Eau Claire___-__________________. 5 3,700 
6 La Crosse______________________. 14 16,700 23 Waushara_____________________. 4 3,100 
7 Crawford__.____________________. 18 14,600 24 Pepin.____..___________ 11 2,500 8 Marquette.______________________ 6 18,600 25 Pierce__-_____-_______________ LL. 8 2,300 
9 Towa____________________.___ 8. 13 13,000 26 Rock_____________________.__.. 2 1,800 

10 Columbia________________.______. 8 12,300 27 Portage_______________________. 2 1,100 11 Adams_________________________. 9 10,600 28 Taylor___________._____________. 1 900 12 Monroe________________________. 13 10,000 29 Chippewa______________________ 3 800 18 Grant__________________________. 9 9,100 30 St. Croix.._-._.___________ 3 500 14 Juneau_________________________. 13 8,800 31 Waukesha_____________________. 1 400 
15 Green__________________________. 8 7,600 32 Clark___________________. 3 300 16 Jackson________________________. 10 6,900 33 Marathon_____________________. 2 200 
17 Lafayette._______________________ 8 6,400 34 Waupaca_______________.______. 2 100 

Miscellaneous_________._________ 38,400 

Total__.____________________. 328 , 900 

eee 

TABLE 65 

Annual Quail Harvest, 1932—60* 
OO 

1936-— 

County 1932 1933 1934 1935 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 

Adams_____-.-------------_- — —_ —_ — 250 326 — — — — — — — 
Buffalo_____--------------ee — — — C — 239 — — 23 — — — 315 
Chippewa_------------------. — —_— — — —_ — — — —_ — — — — 
Clark___._ .---_- 22 eee — — 49 —_ L — — — — — — — — — 
Columbia____--_-_-___-_-_-____.- — — 1,809 1,560 — — — — — — — — — 
Crawford..__._.-_.._______._ 207 549 212 193 O 419 634 212 — 143 — — 292 418 
Dane_.__._----__-_--____--_- — — 2,608 2,846 769 821 503 467 — — — — — 
Dunn____----- eee — — — S — — — — _— — — — — 
Eau Claire._..-.--2 eee —_ —_ — — — —_— — — — — — — 
Grant____-_-_-_--__-____.___.- — — 409 — E — — — — — — — — — 
Green__._-_--------- eee eee — — — —_ — — —_— — — — — — 
Green Lake___-________-----2-2 — — 981 D — — — — — — — — — 
Iowa________--_-----__._--e- — — 316 — 408 339 367 272 — — — — — 
Jackson..__--._-.-------------2 368 — — — — — — — — — — 801 
Juneau____--_--_-_ ee — 1,030 418 — 210 236 — — — — — — 378 
La Crosse__._.---_---_-------. — 1,242 884 559 S 161 381 — 282 252 619 841 1,474 662 
Lafayette______.-_--------.-22 0 — — — — — — — — — — — — 
Marathon__.__._-----_------.  — — 79 153 E — — — — — — — — — 
Marquette.___..---_-----.-.. — — 1,324 1,165 — — — — — — — — — 
Monroe______-.-_---_--__----.-. — 324 — 166 A 212 339 — — — — — — 446 
Pepin__..-.------- eee — 345 — — 111 — — — — 207 — 207 
Pierce.__.._.----------2----2 — — — S — — — — — — — — 279 
Portage___...------e eee eee — — —_ — — — — — — — — — 
Richland__.__.___.-__._____._ 344 795d 015 1,018 O 938 908 480 698 120 841 T71 356 954 
Rock____--.-- eee - eee eee — — — — — — — — — — — — 
St. Croix_...-----2-- eee eee — — — N — — — — — — — — — 
Sauk___ 22 ee — 2,028 1,464 1,822 — 970 — — — — 808 815 1,508 
Taylor_...-..--------_--_____- — —_ — — — — — — — — — — — 
Trempealeau__.-.-.-.----_---. — 1,491 — — —_ 544 — — 103 1,127 841 — 711 
Vernon______________________ — 256 185 155 359 339 287 461 229 397 437 1,355 554 

| Waukesha_________---- eee — 361 — — — — — — — — — — 
| Waupaca_____--- eee eee eee —_ — — — — — — — — — — — 
: Waushara____.. 2-2-2 eee ee — 821 26 — — — — — — — — — 
| Wood_______-.______-_______- — — 364 — 195 — — — — — — — — 

Miscellaneous_._...--_-_--__--_. — 2,128 333 204 1,137 1,749 1,595 1,561 1,467 3,786 1,081 857 1,359 

TOTALS. ____- eee O5B 10,171 12,496 10, 848 5,058 7,936 3,444 3,741 2,337 6,770 4,986 5,149 8,592 

eee 

*Estimated or reported. 
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(b) No open season (b) October 15 (12 noon) to November 13 
In all other counties In Adams, Buffalo, that part of Chippewa 

1953 (a) October 17 at 1:00 p.m. to November 11 County lying south of State Highway 64; Co- 

In Adams, Buffalo, Crawford, Dane, Grant, lumbia, Crawford, Dane, that part of Dunn 

Green, Iowa, Jackson, Juneau, LaCrosse, La- County lying south of State Highway 64; Eau 

fayette, Monroe, Pepin, Pierce, Richland, Claire, Grant, Green, Green Lake, Iowa, Jack- 

Sauk, Trempealeau, Vernon and Wood Coun- son, Juneau, LaCrosse, Lafayette, Marquette, 

ties. Daily 5, possession 10 | Monroe, Pepin, Pierce, Richland, that part of 

(b) No open season St. Croix County lying south of State Highway 
In all other counties 64; Sauk, Trempealeau, Vernon, and Wood 

1954 (a) October 16 (1:00 p.m.) to November 14 Counties. Daily 5, possession 10 

In Adams, Buffalo, Columbia, Crawford, (c) No open season 

Dane, Grant, Green, Iowa, Jackson, Juneau, In all other counties 

LaCrosse, Lafayette, Monroe, Richland, Trem- 1956 (a) October 20 (12 noon) through November 11 

pealeau, Vernon and Wood Counties, Daily 5, In all that part of the state of Wisconsin lying 

possession 10 westerly of a line beginning at the junction of 

(b) No open season State Highway 64 extended westerly to the 
In all other counties west boundary of the state, thence easterly 

1955 (a) October 1 (12 noon) to November 13 along said Highway 64 to its junction with 

In all that part of Chippewa, Dunn, and St. State Highway 27, thence southerly along said 
Croix Counties lying north of State Highway Highway 27 to its junction with U.S, Highway 

64, Daily 5, possession 10 12, thence southerly along said Highway 12 to 

(TABLE 65 Cont.) 

Rank 

County 1950 1951 1952 1953 1954 1955 1956 1957 1958* 1959* 1960* 

Adams.__..-.------------- — 907 978 903 1,425 1,604 1,782 2,464 
Buffalo. .....--.----------- 437 323 489 570 538 828 1,072 1,256 
Chippewa__---------------- — — — C C 203 338 281 

Clark_......--------------- — 176 — Cc C C 16 73 
Columbia_.....------------ — 942 1,054 Cc 1,660 1,875 1,279 2,086 
Crawford.....-.----------- 746 791 1,085 1,021 1,539 1,679 1,666 2,830 
Dane.-.------------------- 1,481 716 857 1,561 1,592 2,809 1,832 2,037 
Dunn__._---.------------- — _— — Cc Cc 3,042 1,097 1,220 1 1 

Eau Claire........-.------- — 534 692 Cc C 753 1,064 659 2 

Grant. __..--.-.----------- 368 151 330 481 985 1,702 2,516 2,123 
Green___..--__-..--------- 547 277 419 881 1,228 1,416 1,345 1,476 

Green Lake.__._-.--.------ — — 514 C C 1,386 578 488 

Jowa_.-------------------- 676 423 476 1,591 1,395 1,958 2,574 2,184 
Jackson.....--------------- 810 343 394 784 637 1,130 710 963 
Juneau. ___.--------------- 790 277 445 740 682 1,431 940 1,159 5 
La Crosse....-------------- 934 408 660 2,085 1,167 1,039 990 2,111 2 3 
Lafayette._.....----------- 288 262 267 525 963 986 1,634 1,464 
Marathon.__-.------------- —_— — — — —_ — — — 

Marquette____..----------- — —_ 1,010 C C 4,111 2,731 3,245 3 4 

Monroe______._------------- 860 549 1,130 577 705 1,318 1,535 1,867 

Pepin._.__..-------------- 119 262 203 207 Cc 339 190 354 
Pierce_____.._------------- 283 302 229 289 Cc 211 99 622 

Portage___._..-------.----- —_ — — C C C 792 354 

Richland_.....-.-.--------- 1,889 1,033 1,238 4,366 3,441 5,971 4,818 4,538 1 
Rock__.___-_-------------- —_— — —_— C C C 1,006 805 

St. Croix......-.----------- — — — C Cc 346 91 110 
Sauk__...-.-.------------- 2,962 2,263 1,467 2,531 C 3,321 2,962 3,477 
Taylor_.........----------- — 907 — — — — — — 

Trempealeau__...-..------- 1,882 721 1,619 2,753 2,448 2,026 1,980 2,989 4 
Vernon___-.--------------- 765 — 1,257 1,739 1,925 2,086 2,211 2,342 5 
Waukesha_...--..--------- — —_— — —_— — — —_— _— 

Waupaca_....---.-.------- — —_ — C C C 41 12 

Waushara.__._-.-..--.----- — — — C C C 858 1,415 

Wood. ._...--------------- 462 287 222 163 508 1,175 346 793 
Miscellaneous. _-__._.------- 2,738 1,225 2,197 2,398 2,471 3,200 2,599 4,257 

TOTALS___....----------- 18,487 14,079 19,182 26,115 25,309 47,945 43 , 692 52,054 47,400 15,100 8, 500 

*In 1958 a highway boundary system of zones was established so that only parts of some counties were opened. In addition the Department ceased listing hunting kill 

bv counties. Hence for these years only the rank of the first five counties is listed. For 1950 the harvest was so small only the chief county is indicated. 
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, its junction with U.S. Highway 10, thence (b) No open season 
easterly along said Highway 10 to its junction In all other parts of the state 
with State Highway 49, thence southerly along 1959 (a) Same as 1958-59; Daily 3, possession 6 
said Highway 49 to its junction with State (b) Same as 1958-59 
Highway 23, thence westerly along said High- 1960 (a) October 22 (12 noon) through November 6 
way 23 to its junction with State Highway 73, All that part of Wisconsin lying westerly of a 
thence southerly along said Highway 73 to its line beginning at the junction of State High- 
junction with U.S. Highway 51, thence south- way 78 with the south boundary of the state, 
erly along said Highway 51 to its junction thence northerly along said Highway 78 to 

with the south boundary of the state, Daily 5, its junction with State Highway 22, thence 
possession 10 northerly along said Highway 22 to its junc- 

(b) No open season tion with State Highway 23, thence easterly 
In all other parts of the state along said Highway 23 to its junction with 

1957 (a) October 19 (12 noon) through November 12 State Highway 73, thence northerly along said 

In all that part of the state of Wisconsin Highway 73 to its junction with State High- 

lying westerly of a line beginning at the junc- way 22, thence northerly along said Highway 
tion of State Highway 64 extended westerly 22 to its junction with State Highway 10, 
to the west boundary of the state, thence east- thence westerly along said Highway 10 to its 
etly along said Highway 64 to its junction junction with U.S. Highway 12, thence west- 

with State Highway 27, thence southerly along erly along said Highway 12 to its junction 
said Highway 27 to its junction with U.S. with State Highway 27, thence northerly along 
Highway 12, thence southerly along said said Highway 27 to its junction with State 

Highway 12 to its junction with U.S. High- Highway 64, thence westerly along said High- 
way 10, thence easterly along said Highway 10 way 64 and a westerly extension of said High- 
to its junction with State Highway 49, thence way 64 to the west boundary of said state. 

southerly along said Highway 49 to its junc- Daily 3, possession 6 
tion with State Highway 23, thence westerly (b) No open season 
along said Highway 23 to its junction with In all other parts of the state 
State Highway 73, thence southerly along said 
Highway 73 to its junction with U.S. High- 

way 51, thence southerly along said Highway 
51 to its junction with the south boundary of 
the state. Daily 5, possession 10 

(b) No open season 
In all other parts of the state 

1958 (a) October 18 (12 noon) through November 30 

All that part of the state lying westerly of a 
line beginning at the junction of U.S. High- 
way 51 with the south boundary of the state, 
thence northerly along said Highway 51 to its 
junction with State Highway 73 thence north- 

erly along said Highway 73 to its junction with 

State Highway 23 thence northerly along said 
Highway 23 to its junction with State High- 

way 49, thence northerly along said Highway 

49 to its junction with U.S. Highway 10, 
thence westerly along said Highway 10 to its 

junction with U.S, Highway 12, thence west- 

erly along said Highway 12 to its junction with 

State Highway 27, thence northerly along said 
Highway 27 to its junction with State High- 

way 64, thence westerly along said Highway 
64 and a westerly extension of said Highway 
64 to the west boundary of said state. Daily 
5, possession 10 
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APPENDIX D 

Quail Restoration with Wild Transplants 

Efforts made in Wisconsin to stock quail are shown in this was the Kettle Moraine release of September 1953 which 

Table 66. With the exception of a series of releases at Two consisted of game-farm-reared birds. We were unable to de- 
Rivers which definitely were pen-reared birds, it is not known termine whether these birds formed coveys or joined wild 
whether the imports comprising the releases of quail in Wis- coveys. Reeves (1954) found that fall releases of pen-reared 

consin obtained from southern states were wild or pen-reared quail frequently joined wild coveys. 

birds. From 1950 to 1955 several attempts were made to The releases in the Arboretum and at Horicon disappeared 
transplant birds into four different areas described below. within one year. The breeding success of the transplanted quail 

These consisted of wild birds except for one release. at Horicon was at least fair with 3 broods reported produced 

The University of Wisconsin Arboretum, a 1,000-acre area, in the first summer after release. However, there were no birds 

had a relatively good quail population with an estimated peak found at Horicon in the following spring of 1951. 

of 171 birds in the winter of 1938-39. By the early 1950's The River Hills birds showed very good survival the first 
there were no more wintering quail on this area, but there were year after release. Eight different males were heard whistling 
some coveys located within a few miles. These were gone by in June of 1950; only 9 had been released. Two or three coveys 
the 1960’s. Horicon Marsh, a 30,000-acre area consisting of about 15 birds were seen in the winter of 1950-51, and 

mostly of marsh and some upland had not been occupied by only 2 to 4 birds were heard in the spring of 1951. 

quail for many years. River Hills, an area of about 2,000 A maximum of 17 males was heard whistling in the River 

acres had not had a quail population since about 1900. The Hills area in June and July of 1952. These consisted primarily 
Southern Unit of the Kettle Moraine State Forest, about 20 of survivors of the 1952 late winter release. Only a few casual 
miles long and 3 miles wide, had a few scattered coveys in observations were made in 1953 but no birds were seen or 

the southern end at the time of the releases. heard. In 1954 a whistling survey was made which indicated 

All transplants were held in gentle-release pens for 2 days that there were no survivors left. Residents of the area coop- 
before liberation. At least 15 birds were released at a time. erated in reporting both winter and spring observations. The 
The releases generally held together as coveys for the re- 1952 releases apparently disappeared in less than 2 years. 

mainder of the winter and into early spring. The transplanted The area in which the Kettle Moraine birds were released 
quail with a few exceptions consisted of almost whole coveys was more difficult to census than the Milwaukee area because 
which were trapped in their native habitat. One exception to there were some native birds a few miles south of the release 

TABLE 66 

Quail Introductions in Wisconsin 

Per Cent 
Year No. Males Source Release Area 

1884—85_____...____ ? Tennessee Ripon, Fond du Lae Co. 
1886_____......__-. ? Texas Oshkosh, Winnebago Co. 
1887___________.__. ? Louisiana Racine, Racine Co. 
1890__________..... About 20 pairs 50 =? Whitewater, Walworth Co. 
1892__________.___. 84 ? Kansas Sheboygan, Sheboygan Co. 
1892________..__.__ “a few” ? Plymouth Sheboygan Co. 
1894_____________.. ? ? Texas Two Rivers, Manitowoc Co. 
1895_______________ 120 ? Kansas Two Rivers, Manitowoc Co. 
1897_______________ Several hundred ? Kansas Two Rivers, Manitowoc Co. 
1897______________. ? ? Palmyra, Jefferson Co. 
1898_______________ ? ? Prairie du Chien, Crawford Co. 
1899_______________ 140 ? Kansas Sturgeon Bay, Door Co. 
1902_______________ ? ? Washington Island, Door Co. 
1903______.__._.._. ? ? Outagamie Co. 
1932-83________.._. ? ? Poynette, Columbia Co. 
Jan. 1950____.______ 42 50 Dunn Co. Univ. of Wis. Arboretum, Dane Co. 
Jan. 1950_.___..____ 26 58 Dunn Co. Horicon Marsh, Dodge Co. 
Jan. 1950___________ 24 40 Dunn Co. River Hills, Milwaukee Co. 
Mar. 1952_________. 17 70 Dane and Columbia Cos. River Hills, Milwaukee Co. 
Mar. 1953__________ 25 T Dunn Co. So. Unit Kettle Moraine State Forest, Eagle, Waukesha Co. 
Sept. 1953________.. 48 56 Eastern U.S. (pen-reared ) So. Unit Kettle Moraine State Forest, Eagle, Waukesha Co. 
Mar. 1955_______.-- 18 1 Dunn and Columbia Cos. So. Unit Kettle Moraine State Forest, Eagle, Waukesha Co. 

Note: 1884-1933 releases were probably pen-reared birds in most cases; the 1950-55 releases, except 1953, were wild transplants. The 
reeords from 1884-1900 are from Schorger (1944). 

A large number of quail were released in various parts of the state by Gustav Pabst around 1900. 
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area and dispersion of the birds after the release was greater. the first summer and appeared to thrive as well as did wild birds 
Two coveys of birds containing young produced by these re- in their native habitat. Apparently releases of the size of our 
leases were found from 2-3 years after each release. While the test groups are adequate to insure good survival the first year 
available coverts were ample, they occurred only in a north- of release. 
south pattern. Birds that dispersed either in a westerly or east- oa f 
erly direction found themselves in poor range. These studies suggest why quail disappeared from the south- | 

The failure of the birds in all the areas to establish sustain- eastern part of Wisconsin. As shrubby cover was destroyed 
ing populations was attributed to the lack of quail in the sur- during agricultural expansion, only islands of good habitat re- 
rounding areas. The dispersing birds simply failed to find mained. These were the last sites occupied by quail. Because 

mates with which to pair. of the movement behavior and high turnover of quail, they 

These studies showed that wild transplants of the size we gradually disappeared first from the most disturbed areas, and 
liberated located winter coverts after retease, produced broods then from the islands of remaining good habitat. 

APPENDIX E 

Wisconsin Shrubs of Value for Roadside and Wildlife Use 

Compiled by 

J. T. Curtis, U. W. Plant Ecology Laboratory 

Fence Cover 
Species* Special Habitat Food Value Value Value 

Alnus crispa_.....-.-.----------------------------------_-.-. Acid, cool ——— Fair Good 
Alnus rugosa_.....-.-------------------------------------.-- Wet, cool —— ———. Fair 
Amelanchier spt_._.-----------------------------------------. Acid, cool Berries Fair Fair 
Amorpha fruticosa____....------------------------------_--.. Wet, warm ? ——— Fair 
Aronia melanocarpat_.....-.-.------------------------.-...-. Acid sands Berries —— Good L 
Betula glandulosat___.-_..-------------------------------.--.. Wet, alkaline or acid Rabbit browse ——— Good L 
Betula sandbergit.......-----------------------------------.-. Wet, alkaline Rabbit browse —_—_—_— Good L 
Ceanothus americanus__..-----------------------------------. Dry, alkaline ? ——— Good L | 
Ceanothus ovatus._....--------------------------------------. Dry, acid, cool ? —_——— Good L 
Cephalanthus occidentalis___........--...-----_-----_----_---.-.. Wet, warm ? Fair Good 
Cornus alternifoltat._.-..-----.-----------------_-_-----.--.. Meesic, rich Berries ——— Good 
Cornus purpust_._.._-.---------------------------------...-. Wet, alkaline Berries —_—— Good 
Cornus racemosa}____.-_..-----_----------------_------------. Upland, warm Berries, rabbit Fair Good 
Cornus rugosa_......--------------------------_------------. Upland, cool Berries —_——. Fair 
Cornus stoloniferat........-..-.-----------------------------. Wet Berries, rabbit —— Good | 
Corylus americanat__.__..----------------------------------. Upland Nuts Fair Good 
Corylus cornuta__....__....-.-.-.----------------------.-.--. Upland, acid Nuts Fair Good 
Crataegus sp}_---------------------------------------------- Alkaline Berries —— Good 
Diervilla lonicera__._.........-.---.---.----------------------. Upland Deer? ————. Fair L 
Euonymus atropurpureus_..........-.------------------------- Upland ———— Fair Good 
Hamamelis virginiana__....._........-.------.--------------. Upland 2 —_— Good 
Hudsonia tomentosa___......._..-..-.------------------------- Sterile sand ———— —_—. Good L 
Hypericum kalmianum___..-.-..-.--------------------------- Wet sand ——- —— Fair L 
Ilex verticillatat_.........-_--.---..-.----------------_-.----. Wet to mesic Berries Fair Good 
Juniperus horizontalist.._...._......-----.-------------------. Dry sands ——— Good Good L 
Juniperus virginianat 
Lonicera canadensis._.....----------------------------------- Acid, cool Berries —_—— Fair 
Lonicera villosa____....--._.--------------------------------. Acid, wet Berries —_— Good 
Myrica asplenifolia_...........--.------------------------.-. Acid sands ——— ——— Good L 
Nemopanthus mucronata___......-----.----------------------. Wet to mesic Berries Fair Good 
Physocarpus opulifolius__................---------------.----. Anywhere ——— Good Good 
Potentilla fruticosat__..-..--.-------_------------------------. Wet, alkaline ——— ——_— Good L 
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Fence Cover | 
Species* : Special Habitat Food Value Value Value 

Prunus americana}......-.---------------------------------. Mesic _ Berries Excel. Good 
Prunus nigra_........--------------------------------------- Wet, acid Berries Fair Good 
Prunus pumilat_..-......----------------------------------- Acid sand Berries ——. Good L 
Prunus virginianat___....-...--.---------------------------- Anywhere Berries Fair Good 
Pyrus towensist{_...-...-.-------------_------------------.-- Dry Berries Excel. Good 
Rhus aromatica___....-...-_-.--------------------=---------. Dry sites : Berries —_—— Good L 
Rhus copallina._.........----------------------------------. Méesic Berries ———— Good L 
Rhus glabrat__.....-..-.-------------------_---------------. Dry Berries, rabbit ——- Fair L 
Rhus typhinat___...-...-...-.------------------------------. Mesic Berries, rabbit Good Fair 
Rosa arkansanat__.....-.--.-----------.-------------------- Dry, alkaline Berries ——— Fair L 
Rubus parviflorus_..........-.------------------------------. Mésic, cool Berries Good Good 
Rubus pubescenst__..___.._._---_----------------------------. Anywhere Berries —_—— Good L 
Salix bebbiana____.......-_._.--.---------------------_---..-. Wet, alkaline —_—— ——— Good 
Salix adenophylla_..........-.---.----.-.-----------------.-. Méesic —-—- Fair Good 
Salix discolor}__._-...-....----------------------------------- Wet —_—_— —_—_—— Good L 
Salix humilist_...--...--..---------------------------------. Dry —_——— ——_—— Good L 
Salix interior_...........-.-_..-----------------------------. Wet —_—— Fair Good 
Salix lucidat___...-_.--------------------------------------- Mbesic ——. Fair Good 
Salix sericea _......-.-.----_---- eee ---_----_-_--- Wet, alkaline ——— —— Good 
Sambucus canadensis__._........----------------------------. Amywhere Berries Fair Fair 
Sambucus pubens{_......._._---.----------------------------- Cool Berries ——— Fair 
Shepherdia canadensis.........-...--------------------------- Acid, cool | —_—— —_—_— Fair L 
Spiraea alba_..____......_-_-_-.-----------__---------------. Wet, alkaline —— ——- Good L 
Spiraea tomentosa____._.......-.-.-----------------_-_--_-.-. Wet, acid —— ———~ Good L 
Staphylea trifolia.................-.----.---------------..---. Méesie, rich —— —_—— Fair 
Symphoricarpos albus_....-......----------------------------- Dry Berries ——— Fair L 
Symphoricarpos occidentalis.............-..--.---------------- Dry Berries —_——— Fair L 
Viburnum acerifolium___.......-..-.----.-------------------- Acid, cool Berries —_—— Fair 

— Viburnum lentagot......-..---_------------------------------ Mesic Berries Fair Good 
Viburnum opulus_......-..-.-------------------------------- Wet to mesic Berries | Fair Fair 
Viburnum rafinesquianum__......-..-------------------------- Méesic Berries Fair Good 
Zanthoxylum americanum._........--------------------------- Mesic Berries Good Good 

*Nomenclature after Gleason. 
tKnown or suspected to possess desirable ecotypes. 
L = Low shrub. 
Recommended lists for rich upland soils of southern Wisconsin: 
A. Tall, hedge-row type, for fence lines and as automobile crash-barriers: Cornus racemosa, Corylus americana, Physocarpus opulifolius, 

Rhus typhina, Salix adenophylla, Sambucus canadensis, Viburnum lentago, Zanthoxylum americanum, Prunus americana, Crataegus sp., Pyrus 
Lowensis. 

B. Low, ground cover-type, for self-maintaining roadsides and rest cover: Ceanothus americanus, Diervilla lonicera, Rhus aromatica, Rhus 
copallina, Rosa arkansana, Salix humilis. 
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