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ABSTRACT

An investigation was made of the relationships of Illinois weather
and crops to cottontail rabbit populations from 1955 through 1971. Such
an investigation was desired to ascertain whether precipitation changes
produced by weather modification might produce an effect on the ecosystem,
as reflected in the rabbit population. Monthly weather parameters,
weather factors during critical periods of the cottontail®s life cycle,
and crop acreages for four Illinois game regions were analyzed with cotton-
tail harvest and census data. Weather factors in general were not highly
correlated with cottontail data. Total snowfall for December through
March preceding the hunting season appeared to correspond to the success
of the cottontail rabbit harvest. The key factor in the decline of cot-
tontail populations in Illinois since 1955 was the changing pattern of
land use. Increasing acreages of corn and soybeans were negatively and
significantly correlated with the cottontail harvest. Multiple regression
equations relating cottontail harvest to land use, the July census, and
total snowfall for December through March were developed for each of the
four game regions. The direct effect of rainfall enhancement during July
and August on cottontails and other wildlife species will probably be
less serious than such indirect effects as the planting of more acres of
corn and soybeans.

INTRODUCTION

Purpose of Research

The research presented in this report was undertaken to evaluate
some of the effects of climate on Illinois cottontail rabbit (Sylvilagus
floridanus) populations. Studies completed at the Illinois State Water
Survey by Changnon and Huff (1971) revealed that in most regions of
I1linois, a July-August cloud seeding program would benefit production
of corn and soybeans in most growing seasons. In the present study, the
relationships of temperature, sunshine, snowfall, and precipitation para-
meters to cottontail census and harvest statistics were evaluated for



the years 1955 through. 1971. Emphasis was placed on the cottontail®s
relationship to total precipitation in July and August and to the acreages
of corn and soybean crops.

The cottontail was selected for the weather analysis because it not
only is, the leading small game species hunted in I1llinois (Preno and Lahisky,
1971), hut it also is the leading game species on agricultural land through-
out most of the United States (Ecke, 1955). Analyses of cottontail, weather,
and crop statistics were performed on a contiguous 68-county block that
contains most of the state with the highest cottontail harvest from 1956
through 1970 and also most of the state"s corn and soybean range. A diver-
sity of land use and forms is represented.

The tasks undertaken in this project were 1) determination of rela-
tionships of monthly weather parameters to cottontail census and harvest
data, 2) determination of relationships of weather parameters during cri-
tical periods of the rabbit"s life cycle to rabbit harvest, 3) determina-
tion of the effect of total precipitation throughout the year on cotton-
tail harvest, 4) determination of the relationships of crop acreages to
cottontail harvest, and 5) the modeling of weather, crop and cottontail
harvest data.

Data Used in Research

The data for the cottontail rabbit in 11linois used in the study
were taken from Preno and Labisky (1971). Those authors partitioned the
state into seven contiguous geographic units, each containing several
counties. These units were termed game regions (Fig- 1). Preno and
Labisky (1971) based the partitioning of the state into game regions
primarily on the relative distribution and abundance of the game species
studied. The different game regions represent somewhat different habitats
and portray differences in topography, agriculture, forestation, and
climate. Within each game region, and on a statewide basis, population
and harvest statistics were available for cottontails.

The population indices for the cottontail were collected on 73,
20-mile-long census routes geographically and ecologically distributed
in the seven game regions throughout the state. Many of the 73 routes
underwent either no changes or only minor changes during the entire study
period. Census counts for the rabbit were available for March and July
of each year during the study period. The March census counts were taken
throughout the month., whereas the July counts were taken between July 1
and July 15.

The estimated numbers of rabbits harvested were based on random
samples of resident licensees who completed and returned questionnaires.
The number of respondees averaged 3,065 annually from 1956 through 1969.
The harvest statistic for rabbits used in the weather analysis was the
mean number of cottontails killed per individual hunter trip since more
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data were available for this parameter than for the other harvest statistics.

Weather data used in the study were taken from 23 stations of the
National Weather Service for the period 1955-1971 (Fig. 1) . The monthly-
weather parameters used are listed in Table 1. Data for the monthly
weather variables were obtained from monthly summaries of Illinois Cli-
matological Data, published by the U. S. Department of Commerce. The
number of weather stations selected for each game region was based on
the land area in each region. In this manner, the game regions have pro-
portionally similar numbers of weather stations contributing climatological
data. Eight weather stations were chosen for Game Region 2, four for
Region 3, six for Region 4, and three for Region 4a. Stations selected
were distributed in a pattern representative of the game regions and pro-
vided data on snowfall, precipitation, and temperature. However, because
few weather stations record sunshine parameters, St. Louis was used for
sunshine information for Region 2, Peoria for Region 4, and Springfield
for Regions 3 and 4a. Monthly weather data for weather stations selected
in each region were averaged to develop mean weather values for each
region.

Crop acreage data for each county of the game regions were taken
from annual summaries of Illinois agricultural statistics, published
by the Cooperative Crop Reporting Service, Illinois Department of
Agriculture.

Table 1. Monthly Weather Variables Used for Analysis with
Cottontail Harvest and Census Data

Number Variable
1 Average maximum temperature
2 Average minimum temperature
3 Average mean temperature
4 Total precipitation
5 Number of days with precipitation =0.10 inch
6 Number of days with precipitation =1.00 inch
7 Total snowfall
8 Number of days with snow cover =1.00 inch

9 Percent of possible sunshine




ANALYTICAL METHODS

Monthly climatological data, agricultural crop data, and cottontail
harvest and census data from 1955 through 1971 for the four game regions
were placed on computer cards. The IBM 360 Computer at the University of
I1linois, Urbana, was used for the analyses of the data.

For the comparison of monthly weather parameters and cottontail sta-
tistics , correlation and stepwise multiple regression programs were used.
A 14-month time span was used for each cottontail parameter. For example,
in the analyses of the July rabbit census, monthly weather factors for the
13 months previous to the census and the month of the census were con-
sidered. Over the period 1955 through 1970, 14 individual months with 16
years of data for each month would result. The July census values for 16
years were then compared with the 16 years of weather factors for each of
the 14 different months. A stepwise multiple regression program with the
F-level to enter and exit set at 0.0 was used for the comparison. The
monthly weather parameter that was listed first in the results represented
the weather factor from that month that was associated with the most vari-
ance in the July census. For agiven game region, I then had 14 monthly
weather parameters, one for each of the 13 months preceding the census
month and one for the census month itself. These 14 monthly weather para-
meters could then be compared with the July census by a stepwise multiple
regression program to determine the order of their accountability of
variance in the census data. The same months could then be compared
between the different regions to see it the same weather factors had been
selected. Analyses of the March census and rabbit harvest were also per-
formed in the same manner. These analyses allowed comparison of monthly
weather factors for a given cottontail parameter among regions, comparison
of monthly weather factors for different cottontail parameters within the
same game region, and comparison of monthly weather factors for different
cottontail indices among all the game regions.

For supposed critical periods of the cottontail®s life cycle, the
monthly weather parameters were averaged over the critical periods. The
weather parameters from the critical periods were correlated with the
cottontail harvest for the years 1956 through 1970 by stepwise multiple
regression programs. The weather parameters from the critical periods
that best correlated with cottontail harvest were selected by the programs.

In the formation of the regional models of cottontail harvest from
19.5% through 1970, the acres of favorable habitat (the sum of the acres
of total pasture, small grains, hay, and all other land) and the July
census, the March census, various combinations of the July and March
censuses, and log transformations of the censuses were analyzed using
stepwise multiple regression procedures. The July census gave the
highest multiple correlation coefficient and t values. The selection of
weather parameters for the models was also made by stepwise multiple
regression programs. However, favorable habitat and the July census



were retained as independent variables when the weather factors were
examined. The weather factors selected from individual monthly periods
and the critical periods were those that 1) in conjunction with the
habitat and July census variables, reacted similarly to the cottontail
harvest in all the game regions, 2) iIncreased the multiple regression
coefficient of the habitat and July census by an increment of at least
0.01, 3) gave respectable t values, and 4) made sense ecologically.
Polynomial expansions and plotting of the crop, census, and weather
parameters indicated that the relationship between these variables and
the cottontail harvest was linear. Interaction terms and log trans-
formations of independent variables were not used in the models since
they did not appreciably increase the sum of squares of the multiple
regression. Multiple regression programs were run to obtain predicted
values for the dependent variables during the years of the study interval.

RESULTS OF STUDIES

Climate of I1llinois

Climate is the interaction of temperature, winds, pressure, and
moisture in the atmosphere. OF these elements, temperature and moisture
(precipitation) are the most important (Page, 1949). The central con-
tinental location and the latitude of Illinois result in generally hot
summers, cool to cold winters, and rather abundant precipitation through-
out the year with a high degree of reliability from year to year. Cyclonic
storms are the dominant control over the I1llinois climate for much of
the year (Page, 1949).

Temperature. The temperature in Illinois has fluctuated iIn recent years ,
but there has been no trend toward a warmer or colder climate. Generally,
isotherms have an east-to-west trend. However, iIn the central and northern
parts of the state, the isotherms are somewhat northeast to southwest iIn
December, January, and February. From April through August, in most of
the state, the isotherms run slightly northwest to southeast.

Ross and Case (1956) stated that over a long period of years there
has been a difference of 10°F in average temperatures from the northern
to the southern boundaries of Illinois and a difference of 4 weeks in the
length of the growing season. Northern Illinois had winter temperatures
considerably lower than those in the south, but the summer average
temperatures were almost the same in both areas (Appendix A, Fig. 1).
For a 56-year period, the northern part of the state had an average tempera-
ture of 22_.5°F during the winter months and 72.0°F during the summer months.
During the same seasons in the extreme southern part of the state the
average temperatures were 38.7°F and 77.7°F. The northern area had an
average maximum temperature of 98°F and an average minimum temperature
of -14°F, while the corresponding values for the southern area were 99°F
and 5°F. Because of the greater difference In average temperature in
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winter than in summer between northern and southern lllinois, spring
temperatures rise faster and autumn temperatures drop more sharply in

the north than in the south. The western part of the state had a slightly
greater temperature range than the eastern part.

Seasonal changes of temperature follow a similar pattern throughout
the state. January and February are both cold months, but the tempera-
ture begins to rise from February to March and continues to rise until
June. July is usually the warmest month, but during the summer months
the changes are slight. From August to September temperatures begin to
decrease steadily until they reach the coldest month of the year, which
is usually January.

There Is more variation in winter temperatures than in summer.
Winter temperatures are caused primarily by cyclonic storms and the
invasion of warm and cold air masses for relatively short periods of
time , but the sun primarily accounts for steady day-to-day differences
in the summer (Page, 1949).

Precipitation. Wet and dry years occur in lllinois , but generally the
precipitation is quite dependable from year to year. Precipitation,
like temperature, does not seem to be iIncreasing or decreasing during
recent years, and departures from normal are neither frequent nor large.

The average annual rainfall in lllinois is heaviest in the southern
part of the state and lightest in the north, ranging from 47.43 inches
at Anna to 30.77 inches at Morris (Appendix A, Fig. 2). The difference
is mainly due to the greater winter precipitation in the southern part
of the state. In the majority of lllinois, the growing season (April to
September) is the period of maximum precipitation (Appendix A, Figs. 3
and 4). Rainfall during the growing season varies over the state from
about 19 to 25 inches. May is usually the wettest month of the year,
whereas July is the driest month of the growing season.

Winds. The winds of Illinois blow predominantly from the northwest,
west, and southwest. Northwest winds seem to be more common in the winter,
and southwest in the summer.

Snowfall. Snowfall increases from the southern to the northern part of
the state, ranging from less than 10 inches in the south to approximately
35 inches in the northwest (Appendix A, Fig. 2). December, January, and
February are the months of heaviest snowfall with January being the month
of greatest snowfall in northern and central 1llinois and February in the
south.

Climate of the Game Regions

Temperature, The annual average maximum, minimum, and mean temperature
for the 1956 through 1970 study interval were highest in Game Region 2,



the southernmost area, and loves.t in Game Region 4, the northernmost

area (Appendix B, Table 1) . Regions. 3 and 4a lie at approximately the

same latitude and correspondingly had similar temperature parameters.
Region 3 had a higher annual ayerage maximum and mean temperature whereas
Region 4a had a higher average annual minimum temperature. In all regions,
January had the lowest maximum, minimum, and mean temperature and July

had the highest. A wider range of temperature between the game regions
occurred in the winter months than in the summer.

For the game regions in general CFig. 2), average maximum, minimum,
and mean temperatures began to rise slightly in February, then increased
sharply in March, April, and May. The temperatures leveled off in June,
July, and August with July being the warmest month. The temperatures
then steadily declined from September through January.

Precipitation. Game Region 2 was not only the warmest region but also
the wettest. From 1956 through 1970, it had the highest average annual
total precipitation and number of days with precipitation =0.10 and =1.0
inch (Appendix B, Table 2). Game Region 4, the coldest region, had the
lowest average annual total precipitation and the number of days with
precipitation =1.0 inch, but Region 3 had the lowest number of days with
precipitation =0.10 inch.

In all the regions , there was not a large variation in the preci-
pitation parameters on a yearly basis. The average annual total preci-
pitation, number of days with precipitation £0.10 and £1.0 inch differed
by 5.10 inches, 5.2 days, and 2.0 days, respectively, between the regions
with the highest and lowest values.

The average monthly precipitation parameters show most of the
difference between the wettest and driest regions during the winter
months when more rain occurred in the south. Precipitation parameters
are Tfairly similar in all of the regions during the growing season. The
months of maximum total precipitation were May for Region 2, July for
Regions 3 and 4, and April for Region 4a. Usually July is the driest
month of the growing season in Illinois. However, during the study
interval, 9 of the 15 Julys in Region 2, and 10 in Regions 3, 4, and
4a were above normal in total precipitation.

April was the month with the highest number of days with precipi-
tation =20.10 inch. July had the highest number of days with precipita-
tion 21.0 inch in Regions 3, 4, and 4a whereas May was the high month in
Region 2. The precipitation parameters reached their lowest levels in
all the regions during January and February.

The averages of the monthly precipitation parameter means for
Regions 2, 3, 4, and 4a from 1956 through 1970 are shown in Fig. 2.
All of the precipitation parameters were at their highest levels from
April through July with a secondary peak in September. Total monthly
precipitation rose steadily until April and then remained fairly stable
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through July where the peak occurred, decreased noticeably iIn August,
rose somewhat in September, and then decreased during the remaining
months. The number of days with precipitation =0.10 inch rose sharply
to a peak in April, then declined gradually to a lower peak in July,
dropped sharply In August, and after an iIncrease in September, remained
fairly stable for the remainder of the year. The number of days with
precipitation =1.0 inch rose gradually to a high in July with secondary
peaks in April and September. Although the average monthly precipita-
tion for the game regions was approximately the same from April through
July-, the frequency of rainy days with low amounts of precipitation

was greater in April and May and days with high amounts of precipitation
occurred more frequently in June and July.

Snowfall and Snowcover. Game Region 2 was the warmest and wettest area,
and i1t had the lowest annual average total snowfall (17.2 inches) and
average number of days with snowcover =1.0 inch (19.3 days) from 1956
through 1970 (Appendix B, Table 3). Region 4, the coldest and driest
region, had the highest average snowfall (25.1 inches) and number of
days with snowcover =1.0 inch (39.0 days). January was the month of
greatest total snowfall in Regions 3, 4, and 4a and February was the
highest month in Region 2. January had the highest number of days with
snowcover =1.0 inch in all the regions.

For the game regions in general (Fig. 2), December, January, Febru-
ary, and March were the primary snow months with January having the
highest value for total snowfall and snhowcover.

Sunshine. In all the game regions, the percentage of possible sunshine
was lowest in December and reached its highest value In August (Appendix
B, Table 3). The graph of the average of the four regional mean monthly
values (Fig. 2) shows a slight increase in the percentage of possible
sunshine from January to April, a sharper rise from May to August, a
slight decline to October, and a steep decline in November and December.

Land Characteristics of Illinois

I1linois is 385 miles long, covers an area of 55, 947 square miles,
and lies in the corn belt. Most of the land is gently rolling or level
with approximately 88% between 400 and 800 feet in altitude. [I1llinoian
age glaciers covered all of the state except Calhoun County in the west-
central part, Jo Daviess County in the northwest corner, and the seven
most southern counties (Fig. 3). Wisconsin age glaciers covered the
northeastern one-third of the state, and the soil weathering in this
area is fTairly weak because the time since the Wisconsin glaciers has
been comparatively short.

The average productivity of Illinois soils is high. Corn, soybeans,
wheat, oats, and hay are the principal crops. Corn and soybeans are grown
in every county, and they comprise about 85% of the harvested farmland.
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Figure 3. Farming types, forested areas, and glacial drifts in Illinois. The
nine farming regions, separated by solid lines, are distinguished
by the kinds and proportions of farm products (after Ross & Case,
1956), The terminal boundaries of the Wisconsinan (most recent) and.
Illinoian ice sheets are designated, respectively, by solid and broken
lines with projections; a small region of Kansan drift (oldest in
state) is found in southwestern Illinois. The forest statistics are
for 1962 (Essex & Gansner, 1964), [Map and legend Preno and
Labisky, 1971].
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Il1linois is the leading producer of soybeans in the United States , and
is second only to lowa in corn production. In 197Q, Illinois corn and
soybeans: represented one-sixth of the Nation"s harvested acreage for
each of these two crops. Corn production is the heaviest in the northern
half of the srtate (Appendix A, Fig. 5). The greatest concentration of
soybeans is found in central and south-central Illinois, but in recent
years soybeans have increased in importance in the northern counties.
Soybean acreage has increased from a few thousand acres before 1920 to
over 7 million acres in 1971. Wheat is grown mostly in lower central
and southern Illinois, and oats are grown primarily in the northern
third of the state.

In 1970, crops were harvested from 68% of Illinois farmland. Corn
accounted for 34% of the farmland acreage, soybeans 23%, wheat and oats
5%, and hay 4%. Unharvested farmland consisted of pasture (14% of the
total acreage of farmland), and all other land (timber, wasteland, farm-
steads, and government program land), which comprised 18% of the total
acreage of farmland. The acreage of farmland is slowly declining in
Illinois with a 4% decrease in farmland acreage in the last 10 years.

Land Characteristics of the Game Regions

Game Region 2. Game Region 2 consists of 28 counties and approximately
25% of the state®s area (Table 2). The study area for the precipitation
enhancement program lies in the center of this game region. Approximately
16% of Region 2 is forested, and it was not covered by the Wisconsin
glaciers. Loess is the main kind of soil parent material in Region 2.
Ross and Case (1956) described three farming types for this general area
of the state (Fig. 3).

Table 2. Information on Illinois Game Regions 2, 3, 4, and 4a*

Game Number of  Square Percentage Percentage Number of
Region Counties Miles of State of Region Rabbits Killed
in Region in Region in Region Forested per 1,000
acres, 1956-70

2 28 14,328 25.6 15.6 149
3 12 6,679 10.2 14.4 103
4 18 12,048 21.5 3.0 79
4a 10 5,202 9.3 54 96

Entire 102 55,947 100.0 10.8 103
State

*Information taken from Preno and Labisky, 1971.
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The western part of Region 2 is. a general farming and dairy area.
Wheat and soyheans are the crops heat adapted to this area. Much of
the land cannot be cultivated, and the tillable land is poor In quality
with, lights to medium-colored soils.

The central part of Region2 is a general farming area consisting of
nearly equal numbers of cash-grain, livestock , and general farms. Corn
and soybeans are the most important crops in this area. The land surface
is level to gently rolling. The soils are generally fine-textured and
light-colored or light- to medium-colored with relatively low natural
productivity and high acidity.

The eastern part of Region 2 iIs a cash-grain and livestock area.
Corn is the leading grain crop. Farms consist of grasslands on the
upland areas and grain crops in the bottomlands.

For Game Region 2 as a whole, corn and soybeans occupied the highest
percentage of farmland from 1956 through 1970 (Appendix B, Table 4).
They were followed by all other land and total pasture. Harvested wheat,
harvested small grains, and all other land expressed as a percent of
operated farm acreage were higher in this region than in any other from
1956 through 1970. Region 2 ranked second to Region 3 in the percentage
of favorable cottontail habitat. Region 2 had a higher density of
cottontails killed per 1,000 acres from 1956 through 1970 than any other
region.

Game Region 3. Game Region 3 is a l12-county area in the west-central
part of the state (Table 2). It accounts for approximately 10% of the
state™s area, and about 14% of the region is forested. Except for
Calhoun County, Region 3 was covered by the Illinoian glaciers; the
Wisconsin glaciers did not enter this region (Fig. 3). The soil parent
material in this area is mainly loess with some alluvium. Ross and Case
(1956) classify this part of the state as a general farming area.

Less than three-fourths of the farmland in Region 3 is tillable.
Because of the roughness of the surface and the light-colored and some-
what poor condition of the soil, farming is less intensive than In some
of the other areas of the state. Hay and pasture are more abundant here
than In any other game region with pasture consisting of a third to a
halt of the total acreage In some counties. Most of the farmland not
in grain crops iIs used for pasture, but much of the pastured area is
woodland. The crops accounting for the most farmland from 1956 through
1970 in order of their importance are total pasture, corn, soybeans,
and all other land (Appendix B, Table 4). OFf the game regions analyzed
in this study, Region 3 had the highest percentage of favorable cotton-
tail habitat. It had the highest average number of cottontails killed
per hunter trip and the second highest number killed per 1,000 acres
from 1956 through 1970.
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Garce Region 4. Game Region 4 is, an 18-county area in east-central
I1linois (Table 2). It extends farther north th.an the other game
regions analyzed. Region 4 represents about 21% of the state"s area
and only 3% of the region is forested. Ross and Case (.1956) classify
this part of the state as a cash-grain area and consider it the most
important cash-region region in the corn belt (Fig. 3). Livestock and
general farms are of secondary importance. Both the Illinoian and Wis-
consin glaciers covered this area. The soils are dark-colored and pro-
ductive, and the soil parent material is mainly glacial till and outwash
with some loess. The land is level to gently rolling with a high pro-
portion that is tillable.

Corn is the major crop in this region with 43.8% of the farm acreage
planted to corn in 1970 (Appendix B, Table 4) . Soybeans is the second
leading crop. From 1956 to 1970, Region 4 had more of its farmland iIn
total row crops (corn and soybeans) and oats than any other game region,
but it had the lowest amount of farmland in wheat and total pasture.
Region 4 had the least amount of favorable cottontail habitat, and it
had the lowest average number of cottontails killed per hunter trip and
per 1,000 acres during the study period.

Game Region 4a. Game Region 4a is a 10-county area that occupies approxi-
mately 9% of the central part of the state between Regions 2 and 4
(Table 2) . It is a cash-grain area that is similar to Region 4 in
farming practices, soil, and topographical features (Fig. 3). The 11li-
noian glaciers covered the entire region, but the more recent Wisconsin
glaciers reached only the eastern half. Loess is the primary soil
parent material. As in Region 4, corn and soybeans are the major crops,
but Region 4a has relatively more farmland in wheat and less in oats.
The amount of favorable cottontail habitat is low, and the average
rabbit harvest in Region 4a from 1956 through 1970 was higher than in
Region 4 but lower than in Regions 2 and 3.

Life Cycle of the Eastern Cottontail

The abundance of cottontails in a given area typically Fluctuates
from year to year. Population fluctuations are a result of variations
in weather, changes in the habitat, changing densities of predators,
outbreaks of diseases, and, perhaps, changes within the cottontail
itself. Bailey (1968) reported evidence of geographically widespread
and synchronous fluctuations in cottontail abundance throughout the
north-central and northeastern United States with peaks of abundance
occurring at 8- or 9-year intervals.

Cottontails are prolific animals whose change in annual abundance
is due to fecundity during the breeding season and mortality during the
remainder of the year. The average life expectancy at birth of a cotton-
tail is only 6.4 months and 75% of the rabbits born do not live to
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attain the age of 4 months (lord, 196Q). Although the potential life
span of the cottontail is 10 years, very few live to be 3 years old
(Lord, 1961h). The mortality rate of adult Illinois cottontails iIs about
83% annually (Edwards, 1964b).

The breeding season of Illinois cottontails extends over several
months. Lord (1963) states that the First copulations occur in February,
the first births occur in March., and breeding continues into August, with
the last births occurring near the middle of September. Similar breeding
seasons in other states have been noted by Hamilton (1940), Evans et al.
(1965), and Wight and Conaway (1961). Since the gestation period of the
cottontail is approximately 28 days and copulation is postpartum, a single
female could have as many as seven litters during a breeding season with
an average of four to seven individuals per litter (Lord, 1963). Indi-
vidual cottontails in a given area have a marked synchrony in conception
dates of their first pregnancy (Schwartz, 1942; Conaway and Wight, 1962)
and this synchrony of conception remains until near the end of the breeding
season. The breeding season of lllinois cottontails begins and ends a
week earlier in the southern part of the state than in central and northern
I11inois (Lord, 1963).

Lord (1961a) found that the percentage of female cottontails pregnant
was highest In March, with the percentage in April and May also very high.
Litter sizes are largest in May (Dalke, 1937; Schwartz, 1942; Barkalow,
1962; Lord, 1961a). In cottontails sampled mainly from central I1llinois
and some from southern Illinois in 1957 through 1959, most of the year-"s
production of cottontails occurred in the 4-month period from March
through June (Lord, 196l1a). Beule and Studholme (1942) found that May
was the most important month for nesting in Pennsylvania during 1939 and
1940, although April, June, and July were also important. In Missouri
from 1958 through 1960, Wight and Conaway (1962) found almost all adult
females collected were pregnant from April through June. Conaway et al.
(1963) reported almost 98% pregnancy in female cottontails from the middle
of March to the middle of August.

Lord (1961a) reported a 5-fold increase in the number of rabbits
during the March to July segment of the breeding season with the peak
abundance of cottontails occurring in east-central Illinois during May
and June. Rose (1972) found an August peak in the annual cycle of the
cottontail in east-central Illinois. Lord (1961b) found that rabbits
born later in the breeding season had a better chance to live to be 12
months of age than cottontails born in the early part of the season. July
was found to be the peak month of birth of rabbits killed during the
hunting season and three-fourths of the hunters® kill was born in May,
June, July, and August (Lord ,1961b).

Cottontails often nest iIn a variety of cover, but Beule and Stud-
holme ((1942) found a greater number of nests in fallow fields and
hayfields. Pasture had a high density of nests. Cottontails are born
blind, helpless, and almost naked state, but they have a rapid growth
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rate (Dell, 1951). The eyes, of young cottontails open in about 7 days.
Juveniles leave the nest at ahout 14 days of age, and reach adult size
in approximately 22 weeks.

Cottontails born in April and May frequently breed their first
summer at about 90 days of age (Casteel and Edwards, 19.64). Wainwright
(190 ) stated in has literature review of cottontail reproduction that
pregnant juvenile females have been collected during the period from
June 25 to October 2 and than an estimated 12-23% of the yearly cotton-
tail production may be provided by juvenile breeding. Casteel and Edwards
(1964) in 1llinois, Schierbaum (1965) in New York, and Evans et al. (1965)
in Missouri reported juvenile females that had two litters. In these
cases, most of the conception dates for first litters for the juvenile
rabbits were near the end of June and the conception dates for second
litters occurred in July. Negus (1959) concluded that the success of
the early-season adult breeding determined the amount of juvenile breeding
during the same year.

Cottontail abundance decreases rapidly in fall and winter. Lord
(1961b) stated that two-thirds of the midsummer®s Illinois rabbit popu-
lation died by the beginning of the hunting season with a rapid decline
in numbers beginning in September. Beule (1946) reported that in Pennsyl-
vania during 1939, only 20 juvenile cottontails remained on November 1
from a summer juvenile population of 65. Kline and Hendrickson (1954)
reported that an estimated population of 284 Mearns cottontails on
September 1 In lowa was reduced to 41 by January 1. Rose (1972) in lllinois
found that a large proportion of the annual mortality of an unhunted
cottontail population occurred during the fall, primarily in November.
Perhaps disease may be a factor, but most authors attribute the fall
decrease to predation. The fall period of peak mortality of cottontails
coincides with peak numbers and activity of predators and the loss of
cover as a result of crop harvest and the end of the growing season.

Dalke and Sime (1938), however, noted that predation could not account for
the disappearance of much of the juvenile rabbit population in Connecticut.

Hunting success in the fall is directly related to the size of the
population of rabbits (Andersen, 1952; Kriz, 1971). A large fall population
usually means good hunter success, given normal cover and weather conditions
during the hunting season.

Effect of Monthly Weather Parameters on Cottontail Populations

The effects of weather on wild animals are exceedingly difficult to
evaluate. Animals are faced with the coordinated interaction of a great
variety of weather parameters—not all of which are measured or are
measurable. The factors measured and investigated are considered largely
on an individual basis. Frequently, too few years of population data in
relation to the number of possible weather factors are available for analyses.
Often, because of these limitations, the true picture of weather:animal
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relationships are not revealed. Both weather conditions and cottontail
populations are variables. They do not remain constant from year to
year. Cottontail populations apparently undergo cyclic fluctuations
(Bailey, 19.68). Variations in weather conditions and cottontail popula-
tions: add difficulty not only in identifying clear-cut weather:animal
relationships, but in identifying the effects of weather modification

on animal populations as well.

The three indices of cottontail abundance used for weather analysis
were the March and July censuses and the mean number of cottontails
killed per hunter trip. Data on cottontail abundance and harvest from
1955 through 1969 were published in Preno and Labisky (1971); data for
1970 and 1971 were obtained from Preno (Personal Communication). The
rabbit data used in the study are given in Table 3, and Figs. 4, 5, and
6 display these data for the March census, the July census, and the number
of cottontails killed per hunter trip, respectively.

There has been only a slight decrease in the number of cottontails
censused during March and July from 1955 through 1970. However, the
cottontail harvest in Illinois has declined severely during the same period
In 1956, almost 6.5 million cottontails were harvested, but in 1970 only
a little over 2 million were bagged by hunters. These figures represent
a decrease of approximately 68% for the 15-year period. Preno and Labisky
(1971) found that both the total number of hunter trips per season for
cottontails and the mean number of cottontails bagged per hunter trip
decreased. The total number of hunter trips per season for cottontails
was 2.7 million in 1956 but declined to 1.6 million in 1970. The number
of cottontail hunters also declined, and Preno and Labisky (1971) attri-
bute the decline to a waning interest in rabbit hunting undoubtedly due
to the decrease iIn cottontail abundance.

With the exception of Region 4, cottontail indices within the same
region are usually not significantly correlated (Table 4) . A high number
of rabbits in March apparently did not mean that there would be a high
population in July or a large kill during the hunting season. Dell (1958)
and Rose (1972) found that a low spring broodstock did not mean a low
fall population because other factors such as a higher production or sur-
vival of the young often compensated for the deficit of spring breeders.
There was, however, a significant relationship (P<0.05, 13df) between the
population in July and the rabbit harvest in Regions 2 and 4 and the
entire state.

There is a significant correlation (P<0.05, 13df) of cottontail
harvests between game regions (Table 5). The March censuses were
significantly correlated between most regions (P<0.05, 14df) but the
July censuses appear almost completely unrelated.
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Table 3. The mean number of cottontails sighted per 20-mile route during the March and July census periods (1955-70) and the

mean number of cottontails killed per individual

a

hunter trip (1356-70)

Illinois Game Regions 2, 3, 4, 4a and the entire

state.
Year tiarch Census July Census Cottontails per Trip

2 3 [ 4a Entire 2 3 & la Entire 2 3 h la Entire

State® Stated Stata

1955 10 3 7 7 3.85 6 0 10 6 9.34
1956 6 4 4 5 5.12 17 12 3 4 11.36 2.4 2.4 1.9 2.0 2.35
1 957 13 4 8 4 7.10 35 10 7 5 16.06 2.J 2.4 1.8 2.1 2.28
1958 17 9 8 11 12.64 18 13 10 8 11.52 2.8 2.3 1.8 2.6 2.38
1959 16 8 7 16 10.43 26 10 3 3 14.22 2.7 2.6 1.8 1.8 2.19
1960 29 9 10 13 13.56 17 19 7 6 11.82 2.2 2.2 1.6 2.1 1.73
1961 14 8 3 10 3.23 15 13 6 3 10.51 2.3 2.4 1.5 1.8 1.91
1962 8 3 6 3 6.64 13 15 5 6 8.28 2.2 2.6 1.4 1.3 1.76
1963 7 13 6 6 6.24 17 11 7 6 9.82 2.4 2.3 1.4 1.6 1.89
1964 9 8 7 1 7.22 14 1 5 6 9.07 1.8 2.1 1.3 1.6 1.53
1965 8 5 4 5 5.37 14 4 3 6 8.01 1.8 1.6 1.0 0.3 1.38
1966 3 3 5 4 5.47 13 13 3 5 3.97 1.9 1.8 1.3 1.4 1.57
1967 11 6 5 7 6.40 20 18 4 6 10.51 1.9 1.9 0.7 1.4 1.33
1363 12 5 2 2 5.51 17 15 5 4 9.77 2.2 2.4 1.0 1.4 1.69
1969 10 4 3 1 4.86 18 14 4 4 9.83 1.9 2.4 0.9 1 .5 1.53
1970 10 3 3 1 4.61 14 7 4 2 7.31 1.5 1.9 0.9 1.3 1.24
Average 11.8 6.3 5.8 6. 7.39 17.1 12.3 6.1 9. 10.40 2.23 2.26 1.35 1.69 1.79

pata taken from Preno and Labisky, 1971.

bThe value given is the sum of the products of the percentages of the state contained within each game region multiplied
by the mean number of rabbits observed per route in each region.
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Table 4. Correlation coefficients of cottontail indices within Illinois Game Regions

2, 3, 4, 4a, and the entire state.

Game Harch and July narch Census ang July Census and
Region Censuses Rabbits per Trip Rabbits per Trip
{1955-70) (1956-70) {1956-70)
2 +0.24 +0.13 +0.61*
3 +0.39 +0.42 +0.44
4 +0.52* +0.64** +0.84**
4a +0.27 +0.49 +0.33
Entire State +0.45 +0.46 +0.73%
W -
PZa.05,
by
BP=0.01.
Table 5. Correlation coefficients of cottontail indices between Illinois Game Regions

2, 3, 4, 4a, and the entire state.

Game Regions Harch Census July Census Rabbits per Trip

{1955-70) {1355-70) {1256-710)
2 and 3 +0.27 +0.22 +0.73%
2 and 4 +0.64%* +0.10 +0.36%*
2 and 4a +0.56* 0.14 +0.76%%
2 and Entire State +0.84** ;6.87** +0.38‘*-*
3 and 4 +0.49 +0.09 +0.62*
3 and 4a +0.66* -0.11 +0.3i*'*
3 and Entire State +0.46 +0.35 +0.77%
4 and 4a £0.77% +0.24 +0.80%
4 and Entire State +0.83** ‘+0.50* +0.91‘*;"
4a and Entire State .;0.31** -0.05 +0.82.*.*k
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The four game regions were analyzed for relationships between monthly-
weather parameters and rabbit census and harvest data. Nine weather para-
meters (Table 1) from each month of a 14-month interval were compared with
March and July census data from 1955 through 1970 and with harvest data
from 1956 through 1970. For the censuses, 13 months of the interval pre-
ceded the census month , and the 14th month was the month of the census.

For the harvest data, 11 months of the interval preceded the hunting season
and the remaining 3 months were the months of the hunting season. The
hunting season usually began in the second half of November and extended
through December and January.

In each region a stepwise multiple regression analysis was performed
on each set of individual months. (All the Januarys from 1956-70 were
analyzed with the number of rabbits killed per hunter trip from 1956-70).
The weather parameter that was associated with the most variance in the
cottontail indices was selected from each set of months. These weather
parameters were then compared within each region and among the four game
regions to determine If common parameters had been selected. It was hoped
that the analysis would reveal those weather parameters consistently
associated with fluctuations in the abundance of rabbits in all the regions.
It is recognized that in a given year, one parameter may be more important
than another and that cottontails may be more susceptible to the same
weather parameter during different times of the year.

The environment affects an organism in a complex fashion. The
weather parameters selected by the regression programs may be only a
few of several that affected the cottontail populations during the study
interval. Perhaps it is not the weather parameters themselves that are
important, but other factors with which the selected parameters are cor-
related or interact. The observed correlations of weather parameters
with rabbit abundance does not imply a cause and effect relationship,
but only that the selected parameters are the ones examined that are
most closely associated with fluctuations in rabbit numbers.

The weather parameters from the same month that account for most
of the variance in at least two of the three cottontail indices within
a game region are given in Table 6. Most of the weather parameters
selected for each region are different. The only one that occurs in two
regions is the number of days with precipitation =0.10 inch in October
in Regions 2 and 4a.

Weather variables from the same month of the 14-month intervals that
account for the most variance in a specific rabbit index and occur in at
least two game regions are given in Table 7. This method of examination
may remove some of the extraneous weather parameters that are uniquely
related to cottontail indices within a given region. It appears that
total snowfall may have an adverse effect on rabbit populations. Total
snowfall in February was negatively correlated with the rabbit harvest
the following fall in Regions 2, 3, and 4a. Also, the number of rabbits
counted in July was negatively correlated with December snowfall in
Regions 2, 3, and 4a and March snowfall in Regions 2 and 4. Another
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Table 6. Correlation Coefficients of Weather Parameters from the Same Month
that Account for the Most variance in Both the Cottontail Haryest and Census
Data within Game Regions. 2, 3, 4, and 4a

Correlation Coefficient

Game Region, Month, and Monthly March Census@ July Censusl CottontailsS
Weather Variables (1955-70) (1955~70) per Trip
(1956-70)

GAME REGION 2

January
% of possible sunshine -0.33 -0.35, -0.36d
February '
Total snowfall -0.30d -0.48
May
No. days with precipitation +0.62e +0.64e
=1.0 inch
July
% of possible sunshine -0.29 -0.59%¢ -0.47
October
No. days with precipitation -0.47 -0.37
>0.10 inch
December
Total snowfall -0.28 -0.48

GAME REGION 3

January

No. days with precipitation -0.38 -0.38
=1.0 inch

[

une

No. days with precipitation -0.22 -0.26
>0.10 inch

November

No. days with precipitation +0.18 +0.36
=0.10inch
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Table 6, continued.

Correlation Ceefficient

Game Region, Month, and Monthly March Census? July Censusk Cottontailse
Weather Variables (1955-~70) (1955-70) per Trip
(1956-70)

GAME  REGION 4

January
Minimum temperature +0.24 : +0.21
Total precipitation -0.28 -0.30¢
March
% of possible sunshine -0.21,-0.44 -0.14
April
Minimum temperature -0.21 -0.38
June
% of possible sunshine +0.35 +0.29
July
No. days with precipitation +0.22 +0.434
=>1.0 inch
Total precipitation +0.41 +0.33
August
Minimum temperature +0.54% +0.47
September
No. days with precipitation -0.61° -0.47
=0.10inch
December
No. days with precipitation -0.26 -0.43 -0.44%,-0.33
£1.0 inch

GAME REGION 4a

March
No. days with precipitation +0.38 +0.41
£1.0 inch :
% of possible sunshine -0.56%° -0.25
June _
No days with precipitation +0.43 +0.44 +0.57°
£1.0 inch
October
No. days with precipitation -0.21 -0.22

=0.10 inch
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Table 6, continued,

aCottontail variable was compared with the 13 individual months (February-
February) preceding the census and with the month of census.

bCottontail variable was compared with the 13 individual months (June-
June) preceding the census and with the month of the census.

‘Cottontail variable was compared with the 11 individual months (December-
October) preceding the hunting season and the 3 months (November-January)
during the hunting season.

dcorrelation is with the cottontail variable 1 year later.

°P<0.05.

Table 7. Monthly Weather Variables that Account for the Most Variance in
the Same Cottontail Index in Two or More Game Regions

G .
Index, Month, and Monthly ame Region

Weather Variables

2 3 4 ba
MARCH CENSUS, 1955-70%
March
% of possible sunshine® -0.56£  -0.21 -0.56£
June
No. days with precipitation -0.16 -0.22
=0.10 inch
July
No. days with precipitation +0.22 +0.34
=1.0 inch
August
Minimum teMperature +0.54c +0.35
January
Minimum temperature +0.47 +0.24
JULY CENSUS, 1955-70d
September
No. days with precipitation -0.6lc -0.43
=0.10 inch
October
No. days with precipitation -0.47 -0.22

£0.10 inch
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Table 7, continued.

Index, Month, and Monthly Game Region

Weather Variables

Decemher

Total snowfall ~¢,28 ~0.36 -0.43
Warch

Total snowfall -0.19 -0.23

July
Total precipitation +0.40 +0.31

-70€
COTTONTAILS PER HUNTER TRiP, 1956-70% Correlation Cosfficients

February
Total snowfall -0.u8 -0.29 -0.22
March
% of possible sunshine -0.14 -0.25
April
Minimum temperature -0.38 -0.21
July
% of possible sunshine -0.u47 -0.565
September
No. days with precipitation -0.45 -0.47
20.10 inch
October
No. days with precipitation -0.37 -0.47
20.10 inch
January
% of possible sunshine -0.35 -0.47 -0.22

“Cottontail variable was compared with the 13 individual months (February-
February) preceding the census and with the month of census.

Correlation is with the cottontail variable 1 year later.
°P<0.05.

dCottontail variable was compared with the 13 individual months (June-
June) preceding the census and with the month of the census.

‘Cottontail variable was compared with the 11 individual months (December-
October) preceding the hunting season and the 3 months (November-January)
during the hunting season.



—-26-

trend that appears, In the harvest data and in the July census data is, the
adverse effect of the number of rainy days in September and October. Other
monthly parameters in Table 7 that have appeared previously are the negative
effect of the percentage of possible sunshine in March on the harvest and

on the March census data and the positive effect of precipitation in July
on the March and July census data.

The selected monthly weather factors Cone from each month) from the
14-month intervals were ranked according to the amount of variance they
accounted for in each rabbit index by a stepwise multiple regression pro-
gran. Examination of the top five weather parameters were made for the
March census, the July census, and the rabbits killed per hunter trip
within each game region; Tfor the same cottontail index in different regions;
and for cottontail indices in general in the different regions. This cross
analysis revealed monthly weather factors from Tables 6 and 7 that were
consistent in the reduction of variance in the rabbit parameters.

Examination of the top five weather parameters for the rabbit indices
within each game region disclosed that the weather factors from Table 6
that were the most important parameters in Region 2 were the percentage
of possible sunshine in January and July and the number of days with pre-
cipitation 21.0 inch in May. In Region 4, the major parameters were March
sunshine, the number of days with precipitation 51.0 inch in July, August
minimum temperature, and the number of days with precipitation =0.10 inch
in September. However, in Regions 3 and 4a there were no weather para-
meters in common among the fTirst five variables for each index.

Ranking the best monthly weather variables also revealed the para-
meters from Table 7 that accounted for the most variance in the harvest
and census data for all four game regions. For the harvest data, these
were the percentage of possible sunshine , and the number of days with
precipitation =0.10 inch in September. The number of days with precipita-
tion =0.10 inch in June, the number of days with precipitation =1.0 inch
in July, and August minimum temperature were the most important variables
for the March censuses , whereas the July censuses for all the regions did
not have a weather variable that consistently accounted for a large amount
of variance.

The weather factors among the best five weather parameters for each
rabbit index that were important in more than one region without regard
to a specific rabbit index are given in Table 8. It was anticipated that
this procedure would provide a general picture of the weather factors that
influenced the cottontail populations during the study period. The para-
meters that occur in Table 8 and have also appeared in other analyses
are the negative effects of the number of days with precipitation =1.0 inch
in January, the percentage of possible sunshine in March and July, total
precipitation in April, and the number of days with precipitation =0.10 inch
in September. Favorable factors were precipitation in July and minimum
temperature in August.
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Table 8

Correlation coefficients of weather parameters occurring

in two or more game

regions among

the five monthly weather

variables that account for the most variance in the cottontail indices.
Honth and Harch Census® July CensusE Rabbits per Trips-
Weather Variables Game Region Game Region Game Regicn
2 3 ha z 3 4 2 3 [ ha

January

Humbe e of days with

precipitation Z1.0 inch -0.38 =u, by
harch

Percent of pussible d.e

sunshine =044 -0, 56" -0, 1k
April

Totalt precipitation -0.40 -0.589
iay

Number of days with d

precipitation0.10 inch +0.50~ +0.50
July

Humber ofF days with d

precipitation ZQ.10 inch +3, 07 +0. hé~

Humber of doys with e

pragipitation Z 1.0 inch +(,22 +0. 34 +0.h43=2

Percent of possible d.e a

sunshine -0.29 -0, 59="= =0.47  -0.56=
August

Hinimum temperature +f.‘).5h-g +0.35 +0, 47
September

Humber of days with d

precipitation 20,10 inch -0.61= -0, ng =007

a
month of census.
b
the census.

c

Cottontail variable was compared with the 13 individual

Cottontail variable was compared with the 13 individual

Cottontail variable was compared with the 11 individual

3 months (November-January) during the hunting season.

¢ P <0.05.

Correlation 1is with the cottontail

months (February-February) preceding the census and with the

months (June-June) preceding the census and with the month of

months (December-October) preceding the hunting season and the

variable 1 year later.
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In general terms, the monthly weather parameters and their effects
on the cottontail indices for the four game regions are giyen in Table 9.
These are the weather variables that were usually stable in correlation
signs and were frequent in occurrence in variance analyses for the rabbit
indices within each game region, for the same rabbit index in different
game regions, and for all rabbit indices in different game regions (Tables
6, 7, and 81. Snowfall during the winter months was adversely related to
the censuses and harvest. There were indications that precipitation para-
meters in January were detrimental to the cottontail indices , whereas
warm temperatures in January showed some favorable relationships to the
rabbit data. Sunshine in March and warm temperatures in April appeared
to be unfavorable to the cottontail indices. The unfavorable effect of
temperature in April may result because in approximately 10 of 15 years
of the study interval for all the regions , April temperatures were above
normal. Total precipitation in April was generally negatively correlated
with the rabbit indices.

Table 9. General Monthly Weather Parameters that were Consistent iIn Variance
and Correlation Analyses of Illinois Cottontail Census (1955-70) and
Harvest (1956-70) Data

Weather Parameters Effect

Total snowfall in December, February, Strongly unfavorable

and March
Precipitation parameters in January Somewhat unfavorable
Warm temperature in January Somewhat favorable
Sunshine in March Unfavorable
Total precipitation in April Unfavorable
Warm temperature in April Unfavorable
Precipitation parameters in July Strongly favorable
Sunshine in July Strongly unfavorable
Minimum temperature in August Favorable
No. days with precipitation in September Strongly unfavorable
No. days with precipitation in October Unfavorable

In July, precipitation parameters were strongly favorahle and the
percentage of possible sunshine was strongly unfavorable to cottontail
indices. Sunshine and precipitation parameters in July, however, were
generally negatively correlated (P<0.05) in all regions. Minimum tempera-
ture in August was favorably related to cottontail populations. However,
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in an average of 12 of. the 15 years of the study Interval, temperatures in
August were below normal for all game regions. The number of days with
precipitation =0.10 inch during the fall months of September and October
was strongly unfavorable.

Based on the analyses of monthly weather variables, the parameters
that seem to have had the most influence on cottontail populations in
Illinois from 1955 through. 1970 were 1) unfavorable—total snowfall during
the winter months of December, February, and March; total precipitation
in April; and the number of days of precipitation =0.10 inch during the
fall months of September and October—and, 2) favorable—total precipita-
tion and days with precipitation Cor reduced sunshine) in July.

Effect of Monthly and Critical Period Weather Factors on Cottontail Harvest

Since hunting results are more meaningful to sportsmen than census
data, the cottontail harvests in the four game regions were investigated
to determine If the above mentioned weather:cottontail relationships were
also associated with harvest. The harvest data were significantly cor-
related among the different regions (Table 5), and this relationship may
have allowed the general weather effects on cottontails to be apparent.
In addition to examining weather from individual months , the same weather
parameters (Table 1) were examined over 12 different time intervals
(Table 10) that were considered to be critical periods in the life cycle
of the cottontail. Weather over a period of months may affect cottontails
more than weather during a single month, primarily because of the long
breeding season of the cottontail, which extends from about the beginning
of March through September.

Table 10. Critical Periods of the Cottontail®s Life Cycle

Number Time Interval
1 December - March
2 January - July
3 March - May
4 March - June
5 March - September
6 April - July
7 May - August
8 June - September
9 July - August
10 July - January
11 September - November
12 November - January
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The weather parameters for individual months and for interyals of
months that had the same linear correlation coefficient sign with the
number of cottontails killed per hunter trip in all of the four game regions
from 1956 through 1970 are given in Fig. 7. The weather parameters are not
significantly correlated (P=0.05) with the other weather parameters of the
same month or of the same interyal of months. The correlation coefficients
listed are the averages of the four independent correlation coefficients
from the different game regions. If two or more significantly related
weather parameters occurred during the same time interval, the one with the
highest average correlation coefficient was chosen. The purpose of such a
diagram was to see which weather parameters similarly affected the cottontail
harvest in all of the game regions and during what time of the year the weather
parameters had their effect. Weather parameters should have a similar effect
on cottontails in all of the game regions since the cottontail evolved under
the climate prevailing in 1llinois. However, major abnormal weather differences
that occurred in one region and not another would have a differential effect
on the populations, but no isolated weather phenomena were noted in the weather

i_‘Hunting Seasor —ge

Weather Parameter Dec. | Jan, | Feb, | Har. | Apr. | May June | Juty | Aug, | Sept.§ Oct. | Nov. | Gec., | Jan.
Maximum Temperature +. 2% +. 17
-, 20

Minimum Temperature -.28 +.13

Mean Temperature +.50 | +.25
Total Precipitation -,20 -.28 +.35 +.12
Number of Days wi'th . -, 43
Precipitation b — .
20.10 Inch PUNESNEY S SR Y: ——
Total Snowfall - 17 ' - 14

y——ee =, 29 l——

-.24 —— | ————

Number of Days with .
Snowcover =1.0 Inch + L4 | 415
Percent of Possible s 2] -9 17 aChet --23

g———— . =, -—-—.|
Sunshine | .2

l | I P |

Figure 7 . \Weather parameters having the same linear correlation coefficient sign with the mean number of cottontail? killed

per hunter trip in Illinois Game Regions 2, 3, 4, and 4a, 1956-70. The correlation coefficient is the average of the four
independent correlation coefficients from each Game Region. The weather parameters are not significantly correlated (P>0.05)
with other weather parameters of the same month or the same interval of months.
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data for the different regions. The magnitude of the correlation signs
in Fig. 7 indicates that these weather parameters generally did not have
a great influence on cottontail populations in the game regions considered.

Temperature. In general, temperature was negatively correlated with the
cottontail harvest during the first half of the year when there was a
steady increase in the temperature over the game regions (Fig- 2). During
summer and fall, temperature was positively related to the rabbit harvest.

Maximum temperature for January through July was negatively correlated
with the cottontail kill in all of the regions. It is commonly believed
that warm temperatures in winter are beneficial to cottontails. Hill (1972)
attributes an earlier general commencement of the cottontail breeding
season in Alabama to warmer than normal temperatures. However, Edwards
(1964a) found generally higher spring densities of cottontails following
winters of higher precipitation or lower temperature, or both. Andersen
(1952) found that mild mean monthly temperatures in February, March, April,
and May were favorable to hare populations in Denmark.

Warm temperature may affect cottontail behavior and, therefore, their
survival. Allen (1939) and Linduska (1917) both noted that cottontails
use dens and burrows during periods of low temperatures in winter. |If
temperatures are above normal in winter, cottontails may seldom use burrows
and thus may become subject to greater predation and hunting pressure.
Bailey (1969) noted that from September to March, trap success of cotton-
tails tended to be greater during cooler days than during warmer days.

Maximum temperature for April through July was negatively correlated
with the cottontail kill in all the regions. Sittman et al. (1964) showed
that in caged domestic New Zealand rabbits , the conception rate and the
percentage mortality at birth varied inversely with maximum temperature.
Edwards (1964a) found that fall populations tended to be higher in years
following above normal precipitation or below normal temperature in
late spring, or both. High maximum temperatures in late spring and early
summer may be detrimental to immature cottontails (Hickie, 1940; Beule, 1946).
High maximum temperatures may be detrimental to vegetative growth or to the
nutritional content of the vegetation. Succulent vegetation is not only
an important food source, but its nutrition is necessary for juvenile and
adult reproduction (Hill, 1972).

Minimum temperature was positively correlated with the rabbit harvest
during the late spring, summer, and early fall months. Warm nights may
have favored immature survival or vegetative growth. Mean monthly tempera-
ture in August and October was favorably related to the cottontail kill.
The majority of the Augusts were below normal during the study interval
and these below normal temperatures may explain the positive relation with
August temperature. Kline and Hendrickson (1954) noted that early killing
frosts in October greatly reduced green vegetation and, therefore, enhanced
predation on cottontails. A warm October would favor vegetative growth
and provide food and protection for cottontails while row crops are being
harvested.
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In general, temperature seems to he negatively correlated with rabhit
harvest when the temperature curyes. are increasing (Jig. 1) and positively-
related when the curyes are stahle (during the summer months.) and when they
are decreasing Cduring the fall). Perhaps cottontails are acclimated to
colder temperatures in the winter and spring months and high temperatures
at these times may present them with a greater period of adjustment. In
the fall, cottontails may be acclimated to warm temperatures from the summer
months, so warm fall temperatures may present less of an environmental change
for cottontails and, thus, be favorable. The same may hold true for the
positive relationships with minimum temperatures in the summer. Page (1949)
stated that the difference between the average maximum temperature and the
average minimum temperature is greater in summer than in winter in 11linois.
Perhaps less difference between daytime maximum temperature and nighttime
minimum temperature presents less variation or environmental stress to which
cottontails, especially the young, have to adjust.

Precipitation. There were few correlations with precipitation parameters
and the rabbit harvest in the game regions. The most important precipita-
tion parameter appeared to be the number of days with precipitation =0.10
inch. Total precipitation was related to the rabbit harvest in four dif-
ferent months, but two of these occurred during the hunting season. There
were no similar correlations with the number of days with precipitation
=1.0 inch in all four game regions.

Total precipitation in January and April was negatively correlated
with cottontail abundance. Precipitation in January, which includes snow-
fall, may interact with cold temperatures to present an unfavorable combi-
nation of weather conditions to the cottontail. High total precipitation
in April may be unfavorable to survival of nestlings (Hickie, 1940; Beule
and Studholme, 1942; Atzenhoefer, 1953; Linder and Hendrickson, 1956; Redd,
1956; Carson and Cantner, 1963) or may interact with cool temperatures to
adversely affect the survival of the young. Total precipitation increased
sharply in the game regions in April (Fig. 2).

Total precipitation during the hunting season in November and January
undoubtedly exerts its effects through the favorable influence of snow and
snowcover on the cottontail harvest. A wet November may also delay fall
plowing, thereby providing more cover and enhancing rabbit survival into
the hunting season months of December and January.

The number of days with precipitation =0.10 inch was positively
correlated with the cottontail harvest for the periods of May through August
and Jully through August. The same weather parameter for September and for
September through November was negatively correlated with the haryest.

Rainy days during the late spring and summer months are important to
rabbits. Leopold and Anderson (.1938) noted that numerous young were seen
in the spring of 1936 in Wisconsin, but not after the intense heat and
drought of midsummer. Carson and Cantner C1963) stated that from 1951 to
1956 in West Virginia, 1956 not only had more precipitation from April
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through August, but also had the greatest autumn population of cottontails.
Rainy days have a favorable effect on vegetation that provides cottontails
with both food and protection from predators and environmental factors.
Hill (1972) stated that green succulent vegetation appears; to be a limiting
factor during the cottontail breeding season. Myers and Poole (.1961) found
that the European rabbit (Oryctolagus cunniculus) in Australia can enter a
non-reproductive state during periods of drought and its resulting effect
on vegetation. Ingles ((1941) stated that the year-round supply of green
vegetation in the irrigated valleys of California may explain the year-round
breeding of the Audubon cottontail (Sylvilagus audubonii). In other areas
of California, Fitch (1947) found that the breeding season of the Audubon
cottontail was restricted to the growing season when green vegetation is
plentiful. The dry season and the infertility period in the brushrabbit
(Syblvilagus bachmani) coincide in west-central California (Mossman, 1955).
Sheffer (1957) found that drought caused an early termination of cottontail
reproduction in Maryland, possibly because of the drought®s effect on the
vegetation. Trethewey and Verts (1971) found that drought may have been
responsible for an early cessation of breeding in Oregon cottontails during
1967. Hill (1965) attributed the lack of adequate rainfall and the corre-
sponding wilted conditions of vegetation for the decreases in pregnancy
rates in Alabama cottontails during May of 1963, May and June of 1964, and
May of 1965. Pelton (1969) stated that hot or dry summer weather, or both,
and their resulting effects on vegetation might determine the success of
Juvenile breeding in cottontails. Hill (1972) suggested that lack of
adequate, well-distributed rainfall and the subsequent reduction of the
quality of vegetation may not only curtail adult cottontail reproduction,
but may also slow the growth and development of juveniles and prevent their
breeding. Juvenile breeding is important because it may contribute an
estimated 12-23% to cottontail populations (Wainwright, 1969). Lactating
females also need nutritional food sources to sufficiently feed nestlings.

The above reasons may explain the positive correlations of the rabbit
indices in all the game regions with the number of days with precipitation
>0.10 inch for May through August and July through August. Rainy days may
be important during these months since Lord (1961) found that three-fourths
of the cottontails harvested were born in the months May through August.
However, Hill (1972) stated that the effects of drought on vegetation,
and, therefore, on cottontail reproduction, may be diminished in the mid-
western states because of the lower rates of soil moisture evaporation due
to the greater water holding capacity of the soil and milder surface
temperatures.

Rain days in the fall, and primarily September, had an adverse effect
on the cottontail harvest. Dampness combined with decreasing temperatures
during this time of year may adversely affect rabbit survival. Cottontail
populations decline sharply in the fall (Dalke and Sime, 1938; Beule, 1946;
Kline and Hendrickson, 1954; Lord, 1961; Rose, 1972). A rainy fall would
hinder crop harvesting and fall plowing. Additional cover for cottontails
may make them less concentrated and harder for rabbit hunters to find,
thus accounting for a lower kill. However, more cover should allow for
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better winter surviyal for the cottontails and proyide a larger breeding
stock for the spring. Rut rainy days in September and October are nega-
tively correlated with the March census in Regions. 3, 4, and 4a and are
negatively correlated with the July census in Regions 2, 4, and 4a.
Perhaps the main effect of the frequency of days with light precipitation
in the fall, therefore, is a biological one on the cottontails themselves
(for example, susceptibility to disease).

Snowfall. Total snowfall during the winter and spring months preceding
the hunting season is negatively correlated to the rabbit harvest. This
relationship may be due to several reasons. Snow may force rabbits to
switch from a preferred herbaceous diet to a less nutritious woody diet
(Beule, 1946; Dusi, 1952; Sweetman, 1949). A direct result of this switch
may be a decrease in body weight (Allen, 1939; Haugen, 1942) and perhaps
a corresponding physiological stress on the breeding stock. Snow during
February and March may delay the onset of the breeding season (Wight and
Conaway, 1961; Trethewey and Verts, 1971) may cause litter reabsorption
(Kline, 1942), and may increase natural predation and mortality (Besadny,
1963).

Total snowfall and the number of days with snowcover =1.0 inch during
the hunting season were favorably correlated with hunter success. In
1949-50 in Missouri, lack of snow during the hunting season resulted in
a kill of a million fewer rabbits (Wight, 1959).

Sunshine. The percentage of possible sunshine throughout the first half
of the year was negatively correlated with the cottontail harvest. This
negative relationship is somewhat difficult to understand unless sunshine
interacted with other parameters that were not considered in the investi-
gation. It is possible that ultraviolet light associated with more sun-
shine may be detrimental to the physiology of the cottontail. However,
Shelford (1951) concluded that rabbit populations are favorably related

to February ultraviolet light through its influence as a reproductive
stimulus. Meslow and Keith (1971) found that brighter days and warmer
temperatures were favorable to survival of the fTirst litter of snowshoe
hares. Lord (1961a) suggested a relationship between the hours of sun-
shine in March, April, May, and June and the prevalence of pregnancy in
cottontails. Perhaps sunny days favor the spread of disease or parasites
or they may affect rabbit behavior in such a manner as to make them more
vulnerable to predation. Ingles (1941) in his observations of the Audubon
cottontail found that they preferred clear nights and days , and they were
less active during windy rainy weather. Bailey (1969) concluded that
rabbits become more trappable during weather conditions that prevail near
the centers of high barometric pressure and such generally associated factors
as clear skies , calmwinds , and cool temperatures. Sunshine in July may
exert its effect through ultraviolet light, through its high positive
corelation with maximum temperature, through its high negative correlation
with total precipitation, or through both of the latter factors. As pre-
viously discussed, succulent vegetation appears to be important to cotton-
tail reproduction, and sunshine in July may be detrimental because of its
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drying effect on yegetation. Direct sunshine may he disagreeable to
cottontails since during warm weather they avoid sunlit forms (Beule,
19461. The. negative correlation of sunshine in January during the hunting
season is: likely due to its inverse relationship with snowfall and snow-
cover, which increase hunter succes.s.

Table 11. Change in the Number of Cottontails Killed Per
Hunter Trip from the Preceding Year for Illinois Game Regions 2, 3, 4,
and 4a, 1957-70.

Game Region

Year

2 3 b ba
1957 — — 0.1- 0.1+
1958 0.1- 0.5+ — 0.5+
1959 0.1- 0.3- -- 0.8-
1960 0.5- 0.4- 0.2- 0.3+
1961 0.1+ 0.2+ 0.1- 0.3-
1962 0.1- 0.2+ 0.1- 0.1+
1963 0.2+ 0.3- -- 0.3-
1964 0.6- 0.2- 0.1- --
1965 — - 0.5- 0.3- 0.7-
1966 0.1+ 0.2+ 0.3+ 0.5+
1967 — 0.1+ 0.6- -
1968 0.3+ 0.5+ 0.3+ -
1969 0.3- -- 0.1- 0.1+
1970 0.4- 0.5- -- 0.2-

Hunter Success. From Table 11, high and low years in the number of cotton-
tails killed per hunter trip during the study interval can be noted. The
high years in which the rabbit kill generally increased in the game regions
were 1958 and primarily 19.66 and 1968. The low years in which the kill
generally decreased were 1959, 1960, 1963, 1964, 1965, and 1970. To deter-
mine If weather had any influence on the increases or decreases in the
cottontail harvest, the weather parameters during the critical periods in
Fig. 7 were examined to see if unusual years (one or two standard deviations
about the 1956 through 1970 mean) corresponded with high and low cottontail
years.
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In 1958, there were sharp Increases in the rabbit harvest in Regions
3 and 4a (Table 11). Maximum temperature was one standard deviation above
the mean in all the regions in December, preceding the hunting season,
one standard deviation below the mean during January through July in all
the regions , and one standard deviation below the mean for April through
July in Regions 3, 4, and 4a. Total snowfall from December through March
was one standard deviation below the mean In Regions 4 and 4a, and below
normal In the other regions. The number of days with precipitation =0.10
inch from May through August was one standard deviation above the mean iIn
Regions 3, 4, and 4a and the percentage of possible sunshine in July was
two standard deviations below the means in all the regions. The number
of days with snowcover =1.0 during the hunting season month of November,
which should have facilitated hunter success, was two standard deviations
above the mean iIn Regions 2,3, and 4a.

The cottontails per hunter trip iIncreased in all of the game regions
in 1966, but few weather parameters from Fig. 7 were abnormal. The maximum
temperature in December preceding the hunting season was one standard
deviation below normal in Regions 3, 4, and 4a.

The rabbit harvest In 1968 increased In Regions 2, 3, and 4. However,
the only above or below normal weather parameters occurred during the
hunting season. Total precipitation for November of the hunting season was
one standard deviation above normal in Regions 2, 4, and 4a, and two stan-
dard deviations above normal in Region 3. Total precipitation during January
of the hunting season was one standard deviation above normal In Regions 3
and 4a, and two standard deviations above normal in Region 2. The percentage
of possible sunshine was one standard deviation below normal in all of the
regions during January of the hunting season.

The Ffirst poor hunting season of the study interval was 1959 when
the cottontail harvest decreased in Regions 2, 3, and 4a. Maximum tempera-
ture for January through July was one standard deviation above normal in
Regions 2 and 4a, and maximum temperature for April through July was one
standard deviation above normal for Regions 4 and 4a. No other weather
parameters listed in Fig. 7 were unusual.

In 1960, the cottontail kill decreased in Regions 2, 3, and 4
(Table 11). Total snowfall for December through March was one standard
deviation above normal In Regions 2, 4, and 4a and two standard deviations
above normal in Region 3. Total snowfall from January through July was
one standard deviation above normal In Regions 4 and4a, and two standard
deviations above normal in Regions 2 and 3. March total snowfall was two
standard deviations above normal in all the game regions. The other abnormal
weather parameters from Fig. 7 occurred during the hunting season. November
had little snowcover. Total precipitation in January was one standard
deviation below normal in all of the regions while the percentage of possible
sunshine In January was one standard deviation above normal In Regions 3,
4, and 4a.
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The rabbit harvest decreased in Regions 3 and 4a in 1963. Maximum
temperature from April through July was one standard deviation above
normal in Regions 3, 4, and 4a. The percentage of possible sunshine in
July was one standard deviation above normal in Regions 3 and 4a, and
sunshine during January of the hunting season was one standard deviation
above normal in all of the regions.

Cottontail harvest declined In Regions 2, 3, and 4 in 1964. It was
an unusual year for maximum temperature, total snowfall, the percentage
of possible sunshine, and the number of days with precipitation >0.10 inch.
Maximum temperature for December preceding the hunting season was one
standard deviation below normal in all the regions. Maximum temperature
for January through July was one standard deviation above normal in Regions
2, 3, and 4a and two standard deviations above normal in Region 4. During
April through July, maximum temperature was one standard deviation above
normal in Regions 2 and 4, and two standard deviations above normal in
Regions 3 and 4a. Sunshine was one standard deviation above normal in
all the regions for January and January through July. Total snowfall for
December through March was one standard deviation above normal in Regions
3 and 4a. The number of days with precipitation =0.10 inch for May through
August was one standard deviation below the mean in Regions 2, 4, and 4a,
and two standard deviations below the mean in Region 3. The number of
rainy days for July through August was one standard deviation below the
mean in Regions 2 and 3.

In 1965, the rabbit harvest declined severely in Regions 3, 4, and 4a.
Total precipitation In January was one standard deviation above normal
in Region 4a, and two standard deviations above normal in Regions 3 and 4.
Total snowfall was one standard deviation above normal in all the regions
for December through March and one standard deviation above normal for
Regions 3 and 4 during March. Maximum temperature for April through July
was above normal in all the regions. In September, the number of days with
precipitation =0.10 inch was one standard deviation above normal in Regions
2, 3, and 4. In November of the season, there were no days with snowcover
=1.0 inch and snowcover was below normal in all regions in December. Total
precipitation in November was one standard deviation below normal in all
the regions. Total snowfall during the hunting season, November through
January, was one standard deviation below normal in Regions 2, 3, and 4a
and two standard deviations below normal in Region 4.

In 1970, the cottontail harvest decreased in Regions 2, 3, and 4a.
Total snowfall for December was one standard deviation above normal in
Region 4 and two standard deviations above normal in Regions 2, 3, and 4a.
December through March snowfall was one standard deviation above normal in
Region 2. Total snowfall in April was higher than in any other year of the
study interval with Regions 4 and 4a one standard deviation above normal
and Region 3 two standard deviations above normal. Total precipitation
in April was one standard deviation above normal in Regions 3, 4, and 4a.
The number of days with precipitation =0.10 inch was one standard deviation
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above the mean in Region 2 and two standard deviations above the mean in
Regions 3, 4, and 4a in September and one standard deviation above the mean
in Regions 2, 3, and 4a and two standard deviations above the mean in Region
4 for September through November. During the hunting season, total preci-
pitation in November was one standard deviation below normal in Regions 2,
3, and 4a. There were no days with snowcover =1.0 inch in November and
snowcover was one standard deviation below normal in all of the regions in
December .

These results show that more than one weather parameter may vary
beyond its normal range in a given year, and, in turn, may affect cottontail
populations. However, the weather conditions affecting cottontail abundance
one year may or may not be the same conditions that influence the population
in following years. Any weather parameter can influence a population if it
becomes extremely abnormal.

The weather parameters that were most frequently one or two standard
deviations above or below normal in high and low cottontail years from
19 56 through 1970 were total snowfall for December through March and maxi-
mum temperature from April through July. Both of these parameters are
negatively correlated with the cottontail harvest in all of the game regions.
Abnormal deviations in total snowfall for December through March corresponded
to fluctuations in cottontail harvest in 1958, 1960, 1964, 1965, 1966, and
1970. Fluctuation in rabbit harvest and deviations in maximum temperature
for April through July corresponded in 1958, 1959, 1963, 1964, and 1965.

Snowfall. Analysis of cottontail harvest with weather parameters disclosed
that deviations in total snowfall for December through March preceding

the hunting season paralleled some of the cottontail trends in all game
regions.

The patterns of the number of cottontails killed per hunter trip and
the total snowfall for December through March preceding the hunting season
for Regions 2, 3, 4, and 4a, respectively, are given in Figs. 8, 9, 10, and 11.
These parameters are negatively but not significantly correlated in all of
the regions (P=0.05, 13 df). However, Region 2, which had the lowest annual
snowfall, had the highest correlation coefficient (r = -0.49), and Region 4,
which had the highest annual snowfall, had the lowest correlation coefficient
(r = -0.07). The cottontails in the warmer areas of the state may be more
sensitive to snowfall, especially in the late winter and spring months,
than in the more northern areas where winters of heavy snowfall are more
common.

In Fig. 8, an apparent relationship exists between the rabbit harvest
and December-March total snowfall in Region 2. The peak snow years of 1960,
1964, and 1970 corresponded to sharp decreases in the rabbit harvest. The
years of decreasing snowfall (1961, 1963, and 1966) corresponded to slight
increases in the cottontail harvest. Apparently years of heavy amounts of
snowfall were more important in this region than are years of normal or
light amounts.
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Game Region 3 shows a similar pattern in Fig. 9. The years of the
heavy December-March snowfall (.1980, 1964, 1965, and 1970) corresponded
to noticeable decreases in the cottontail harvest. Years of decreasing
snowfall (1958, 1961, 1966, and 1967) showed a slight increase iIn the
cottontail kill.

The 3 years of the heaviest snowfall for December-March (1960, 1962,
and 1965) i1n Region 4 also corresponded to a decreased cottontail harvest
(Fig. 10). 1In 1964 and 1967, snowfall increased over the previous year®"s
total, and the rabbit curves decreased. Heavy snowfall in this northern
area also appeared to have a negative relationship with the cottontail
harvest. The year with the lowest snowfall In Region 4 was 1966, and there
was a noticeable iIncrease in the cottontail harvest.

Heavy snowfall In Region 4a (Fig. 11) did not show as clear a rela-
tionship with the rabbit harvest. Only in the high snow years of 1965 and
1970 did the rabbit kill decline. However, the 3 lowest snowfall years
(1957, 1958, and 1966) all corresponded to an Increased rabbit harvest.

In 1969, a noticeable decrease in total snowfall and a slight Increase iIn
the rabbit harvest occurred.

Table 12. Total Snowfall (in inches) for December-March in
I11inois Game Regions 2, 3, 4, and 4a, 1955-56 to 1969-70

Year Game Region Sum of Game
Regions
2 3 Y 4a
1955-56 16.7 17.5 21.5 23.6 79.3
1956-57 5.42 14.3 22.4 8.6% 50.7
1957-58 10.5 12.6 10.62 8.2 41.9
1958-59 7.8 8.8% 21.0 13.2 50.8
1959-60 29.5% 40.0° 34.72 35.0% 139.2
1960-61 18.3 19.9 18.7 23.0 79.9
1961-62 19.8 26.2 36.72 31.5 114.2
1962-63 10.7 13.2 26.4 19.9 70.2
1963-64 23.2 29.3% 30.4 33.5% 116.4
1964-65 20.8 30.4% 33.3% 32.0° 116.5
1965-66 13.0 8.6% 7.42 11.92 40.9
1966-67 6.2% 9.2% 21.4 14.0 50.8
1967-68 18.5 15.5 17.2 29.6 80.8
1968-69 9.5 18.2 14.6 17.5 59.8
1969-70 29.8? 247 28.4 30.5 113.4
Mean 16.0 19.2 23.0 22.1
Standard +7.8 9.2 8.7 9.5
Deviation

8/alues are 1 standard deviation above mean. -TWo standard deviations above mean
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The sum of the total snowfall for December through March in the four
game regions is of interest (Table 12). The 3 years with the highest snow-
fall for the game regions were, in descending order, 1960, 1965, and 1964.
The fifth highest total was in 1970. In all of these years the cottontails
killed per hunter trip decreased in most of the game regions (Table 11).

The years with lowest snowfall for the four game regions were 1966 and 1958.
These were years in which the cottontail harvest increased in most of the
game regions. There were two exceptions to the December-March snowfall

and rabbit harvest trend. The rabbit harvest was low in 1959, and snowfall
was also low in all of the game regions. 1968 was a good year for cottontail
hunters, and the December-March snowfall was normal. Other factors may have
favored cottontail populations in this year.

Table 13. Total Snowfall (in inches) During February for
I1linois Game Regions 2, 3, 4, and 4a, 1956-70

Year . Game Region Sum of Game
: Regions
2 3 4 4a
1956 5.0 6.3 8.8 8.4 28.5
1957 0.1° 0.0° 0.7° 0.0° 0.8
1958 2.6 0.8° 0.9° 1.3°8 5.6
1959 0.2% 1.8 2.8 2.6 7.4
1960 10.0? 11.82 12.4% 13.3% 47.5
1961 9.2% 8.4 6.0 7.4 31.0
1962 4.8 7.9 11.5% 9.7 33.9
1963 3.0 3.6 12.42 8.8 27.8
1964 6.1 9.3° 9.9 11.9°2 37.2
1965 7.9 9.3° 8.7 11.6°% 37.5
1966 11.02 5.2 2.6 7.2 26.0
1967 2.2 0.9° 4.3 4.1 11.5
1968 0.9° 1.0° 2.9 1.7°2 6.5
1969 3.4 6.9 1.3°% 3.8 15.4
1970 6.6 3.8 5.2 5.1 20.7
Mean 4.9 5.1 6.0 6.5
Standard +3.5 +3.8 +4.3 +4.2
Deviation

3/alues are one standard deviation above the mean.

Further examination of the snowfall for December-March revealed the
importance of the total snowfall for February and March. The 3 years of
the greatest total snowfall for December through March (1960, 1965, and
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1964 were not only 3 years of low cottontail populations, hut were also
during February (Table 13) and March (Table 14). In these 3 years, more
than half of the total snowfall from December through March occurred during
February and March. In 1960 in all of the regions, total snowfall was one
standard deviation above the mean in February and two standard deviations
above the mean in March. In 1964 and 1965, total snowfall one standard
deviation above the mean occurred in Regions 3 and 4a during February, and
the other regions were also above normal. In March of 1965, total snowfall
one standard deviation above the mean occurred in Regions 3 and 4, and

the other regions were also above normal. Total snowfall in March was above
normal in all regions except 2 in 1964. The cottontail harvest was low in
1970, and snow in March was above normal in most regions but the winter of
1969-70 had more snow in December and April than in any other year of the
study.

Table 14. Total Snowfall (in inches) During March for Illinois
Game Regions 2, 3, 4, and 4a, 1956-70

Year Game Region Sum of Game
Regions
2 3 b 4a
1956 3.4 2.6 4.5 53 15.8
1957 0.8 2.9 4.1 2.3 10.1
1958 3.5 3.8 1.0 1.8 10.1
1959 1.8 0.2 4.0 4.2 10.2
1960 18.1% 23.3° 15.6° 18.1°2 75.1
1961 0.1 0.1 1.1 0.7 2.0
1962 2.1 0.4 3.1 2.1 7.7
1963 3.6 0.4 0.9 0.4 5.3
1964 3.4 5.5 8.3 5.3 . 22.5
1965 7.0 - 10.3° 12.0° 8.4 37.7
1966 1.2 1.9 2.7 3.0 8.8
1967 2.9 0.5 3.8 3.2 10.4
1968 4.0 2.3 2.7 4.8 13.8
1969 2.2 4.7 4.0 5.8 16.7
1970 5.3 4.6 6.9 3.6 20.4
Mean 4.0 4.2 5.0 4.6
Standard +4.3 5.9 4.2 4.3
Deviation

a/alues are two standard deviations above the mean.
Values are one standard deviation above the mean.
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The effect of snowfall in February and March can also be seen iIn
the high years of cottontail harvest (1958, 1966, and 1968). The total
snowfall for all of the game regions in February was at its second and
third lowest values of the study in 1958 and 1968, with total snowfall
one standard deviation below normal in three of four regions for each
year. March snowfall was below normal in all of the regions in 1958 and
1966 and was normal or below in 1968.

Effect of Snow on Cottontails

It appeared that total snowfall in the months of December through
March, the months of the heaviest snowfall in the four game regions and
in the state, had some influence on high and low rabbit harvest in the
subsequent hunting season. A majority of the effect of snowfall on the
cottontail harvest may have occurred in February and March.

Winter is a critical time for game populations in the northern
states (Allen, 1954). Blizzards are well known for their devastating
effects on rabbits and other game species (Schultz, 1951; Steel, 1957).

In the southern regions of European Russia, the number of hares depends
upon the maximum depth of snow the previous year (Dinesman, 1960). Besadny -
(1963) reported that rabbits and other farm game populations decreased
noticeably after sever winters in Wisconsin. Meslow and Keith (1971) found
that colder temperatures and deeper snow from January to April 25 were cor-
related with poor adult survival of snowshoe hares in Alberta.

Large amounts of snowfall can affect cottontails in several ways.
Besadny (1963) noted that natural mortality and predation of cottontails
increased during severe winters. Increased mortality and predation may
partially result from changes in rabbit behavior caused by snowfall. If
deep enough, snow may force rabbits to switch from a preferred herbaceous
diet to a woody diet that has less nutritional value (Beule, 1946; Dusi,

19 52; Sweetman, 1949). Beule (1947) states that a rabbit probably needs
twice as much bark, by volume, to maintain its weight as it does green

summer foods. Allen (1938) and Haugen (1942) reported that deep snow and
cold weather caused weight loss in cottontails. Siivonen (1956) found that
deep and long lasting snow in winter caused death by starvation in European
hares. A less nutritious diet adds greater physiological stress on the
breeding stock and makes the individuals more susceptible to diseases, para-
sites, and predation. A longer feeding time may be required during periods
of deep snow because of the decreased nourishment of a woody diet. A

longer feeding time means more opportunity for increased predation, especially
with a white blanket of snow on which cottontails are easily visible. Snow-
fall may affect the movements of cottontails. Hanson et al. (1969) found
that on nights with snow on the ground, cottontails moved less and remained
in dense woody cover. Beule (1946) stated that the use of burrows by rabbits
was correlated with snow depth. Allen (1939), Haugen (1942), and Johnson

and Hendrickson (1958) found that cottontails increased their use of heavy



_44-

covev during periods of deep snow. Heavy cover affords cottontails with

a food source and protection from the winter elements. |If no areas of
heavy cover are available to cottontails, the effect of snowfall and other
climatic factors are much greater. However, the concentrations of cotton-
tail populations caused by snowfall may not only induce physiological
stresses , but may facilitate the transfer of disease and parasites and
increase predation.

Perhaps the greatest effect of snowfall is on the reproduction of
cottontails. Heavy snowfall during the winter may not only decrease the
breeding population, which does not seem to be significantly correlated
with the fall populations (Table 4) (Dell, 1958; Rose, 1972), but it may
delay the onset of breeding and even reduce the physical condition of the
females enough to interfere with birth and care of the early litters of
the breeding season. Snow may thus exert its effects by controlling the
number of litters per female per year and the number of juveniles that
are born early in the breeding season and bear litters during the same
year. It seems that a large effect on the number of cottontails in the
fall would be the length of the breeding season. If environmental factors
shortened either or both ends of the breeding season, a low rabbit harvest
would probably result. The necessity for succulent vegetation for con-
tinued reproduction in the last part of the breeding season has been
previously discussed. However, examination of high and low years of cotton-
tail harvest did not show a relationship with a lack of July or August total
precipitation, but positive correlations were found between cottontail har-
vest and the number of days with precipitation =0.10 inch for May through
August and July through August. The relationships of high and low years
of cottontail harvest with total snowfall from December through March, and
also in February and March, may have resulted from the effects of late
winter snowfall on the early stages of the cottontail breeding season. The
differences between high and low cottontail years may depend substantially
on the success of breeding by subadults born during March, April, and early
May. Lord (1958) stated that juvenile breeding accounted for 24 to 27% of
the annual cottontail crop available to hunters in November. Lord (1958)
also noted that in 1957, 55% of the breeding females in August and 76% in
September were juveniles. Wainwright (1969) stated that about 10-23% of the
annual cottontail population may be attributed to juvenile breeding. The
young contributed by juvenile breeding during July, August, and September
may be especially important to hunter success. Lord (1961b) found that
rabbits born late in the breeding season had a better chance to live to be
12 months of age and three-fourths of the hunters® kill was born from May
through August.

Negus (1959) and Conaway and Wight (1962) suggested that the amount
of juvenile breeding would be influenced by the amount of adult breeding
early in the season. Negus (1959) believed that rabbits born later than
April would not be expected to breed during their first summer. Although
snowfall may cause resorption of litters (Kline, 1962), snowfall, primarily
in February and March , probably exerts its greatest effect by delaying the
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onset of breeding. Wight and Conaway (1961) reported that severe cold and
snowfall delayed the onset of the 1960 cottontail breeding season from the
last of February to the last of March. Trethewey and Verts (1971) stated
that the onset of the 1969 cottontail breeding season in Oregon was retarded
by below-average daily temperatures and above normal snowfall and the first
litters were not conceived until 3 days after the ground was clear of show.
Inclement weather may delay the onset of the cottontail breeding season

to late March in New York (Hamilton, 1910). Conaway and Wight (1962) found
a relationship between severe weather and delays in the onset of the breeding
season. Marsden and Conaway (1963) reported that brief periods of bad
weather may delay reproductive behavior. 1T the breeding season is delayed
long enough by severe weather, juvenile breeding is greatly reduced or
eliminated (Dudley, 1963). With a delay in the onset of the breeding season
the sexual maturity of juveniles may be delayed a month or more (Conaway and
Wight, 1962).

Thus , it can be concluded that poor years of cottontail hunter success
in Illinois probably resulted from heavy winter and spring snowfall. Heavy
snowfall can be expected to decrease the number of breeding females, reduce
the physical condition of adult females sufficiently to impair their repro-
ductive capabilities, and reduce the amount of juvenile breeding either by
decreasing the survival of early season litters or by delaying the initiation
of the breeding season and thereby decreasing the number of juvenile females
of breeding age in July and August.

Total Precipitation and Cottontail Populations

Changnon and Huff (1971) concluded that in most regions of Illinois,
corn and soybean crops would be benefited economically in the majority of
the growing seasons by a July-August cloud seeding program. Therefore,
for this study the relationship of July and August total precipitation to
cottontail harvest is especially important.

The correlation coefficients of total precipitation in July and August
and July plus August with the number of cottontails killed per hunter trip
in Regions 2, 3, 4, and 4a are given in Table 15. The study area for the
Precipitation Enhancement Project lies within Region 2. In all regions,
total precipitation in July and July plus August was positively correlated
with the number of cottontails killed per trip from 1956 through 1971.
Total precipitation in August, however, was positively correlated with the
rabbit harvest in Regions 2 and 4 but was negatively correlated in Regions
3 and 4a. Total precipitation in August and July plus August had the
highest correlation values with the cottontail harvest in Region 2, the
warmest region.

Except for Region 2, total precipitation in July had a higher cor-
relation coefficient with rabbit harvest than total precipitation in
August. Perhaps for rabbits, July would be a better month for precipitation
enhancement than August. However, August had an average of 10.0 below



Table 15. Correlation Coefficients of Total Precipitation for July and August
and July plus August with the Number of Cottontails Killed Per Hunter Trip
in Game Regions 2, 3, 4, and 4a, 1956-71

Game Region Sixteen Year Mean of Correlation Coefficient
and Total Precipitation of Total
Month in Inches Precipitation

Game Region 2

July 4.39 +0.28
August 3.18 +0.44
July £ August 7.57 +0.50"

Game Region 3

July 4.35 +0.46
August 3.59 -0.08
July £ August 7.96 +0.31

Game Region 4

July 4.50 +0.17
August 2.78 +0.02
July £ August 7.28 +0.17

Game Region 4a

July 4.27 +0.37

August 2.93 -0.27

July £ August 7.20 +0.14
*P£0.05.

normal years of total precipitation for all four game regions from 1956
through 1971 whereas July only had an average of 5.25 below normal years.
If precipitation enhancement of moderate amounts during August would pre-
vent below normal precipitation, the correlation of cottontail harvest
with total precipitation in August might increase. Generally, the more
that a given environmental factor departs from, either above or below,
its long-term average under which a species evolved, the more intolerable
that factor becomes to the animal. Precipitation enhancement that would
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normalize precipitation, such as more rainfall during summers of drought,
should benefit cottontail populations. However, if precipitation enhance-
ment increases total precipitation appreciably above the long-term average,
the direct effects of precipitation enhancement on cottontail populations
may be adverse.

In general, the magnitudes of the correlation coefficients in Table
15 indicate that precipitation in July and August and July plus August
had a favorable but not a critical effect on cottontail harvest. Therefore,
precipitation enhancement that would not result in large departures from
the long-term average of precipitation in July and August would not be
expected to have a direct adverse effect on rabbit populations.

A comparison of monthly total precipitation for 11 individual months
was made with the cottontail parameters in the four game regions. The
March and July censuses were compared with the 11 individual months of
total precipitation preceding the month of each census (April-February and
August-June, respectively), for the period 1955 through 1970. The number
of cottontails killed per hunter trip was compared with the 11 individual
months of total precipitation (January-November) preceding the hunting
season from 1956 through 1970. The months of total precipitation were ranked
in the order of their accountability for the variance in the cottontail data
by a stepwise multiple regression program. The best 5 months of the 11
months for each cottontail index are listed in Table 16.

Within Region 2, May and November appear to have been the most
influential months of total precipitation. Total precipitation in May
was positively related to both the rabbit harvest and the July census , and
total precipitation In November was positively related to all three cotton-
tail indices. In Region 3, April appeared to have been the most important
month of total precipitation with a negative relationship to all three
cottontail indices. Total precipitation in January was negatively cor-
related to the rabbit harvest and the July census , and total precipitation
in October was negatively related to both of the censuses. In Region 4,
total precipitation in January, February, and April was related to all
of the rabbit indices. February was positively related but January and
April were negatively related. Within Region 4a, total precipitation in
June and November was positively correlated with the censuses In March
and July.

Comparison of monthly total precipitation with a specific cottontail
index in all four regions is possible with the Information presented iIn
Table 16. Cottontail harvest was positively correlated with total preci-
pitation in July in all four regions. However, total precipitation in
January (Regions 3, 4, and 4a), April (Regions 2, 3, and 4), and September
(Regions 3 and 4a) was unfavorable to rabbit harvest, possibly because excess
moisture during these times of the year may be detrimental to cottontail
survival.
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Table 16. Individual Months of Total Precipitation in the Order of Their
Accountability for the Variance in the Number of Cottontails Killed Per
Hunter Trip (1956-70) £ Census Values (1955-70) in Game Regions 2, 3, 4, and 4a

Rabbits per Trip? March Censusb July Census®
Game Region  Correlation Month  Correlation Month  Correlation
and Month Coefficient Coefficient Coefficient
GAVE REGION 2
1. May +0.56* August +0.53 May +0.47
July +0.38 November +0.22 October -0.37
3. February +0.29 January +0.04 June +0.42
4. November +0.55* December  +0.33 November  +0.37
5. April -0.10 October +0.09 September -0.13
GAME REGION 3
1. April -0.58* May +0.67"* April -0.42
2. September -0.39 April -0.37 January -0.25
3. Jduly +0.47 December -0.27 October -0.08
4. January -0.21 February ~0.50" September +0.19
5. June -0.15 October -0.11 December +0.14

GAME REGION 4

1. February +0.45 February +0.33 September -0.48
2. July +0.33 October -0.13 April -0.40
3. January -0.30 January -0.10 February +0.35
4. May -0.13 August +0.04 January -0.28
5. April -0.25 April -0.14 December -0.26

GAME REGION 4a

1. September -0.54* June +0.35 August +0.38
July +0.51* February +0.32 April -0.23

3. August -0.38 December  -0.29 June +0.37

4. January -0.26 November +0.23 May -0.06

5. February -0.03 August -0.01 November  +0.05
*P<0.05.

Cottontail index was compared with the 11 individual months (January-
November) of total precipitation preceding the hunting season.

PCottontails index was compared with the 11 individual months (April-
February) of total precipitation preceding the census.

“Cottontail index was compared with the 11 individual months (August-
June) of total precipitation preceding the census.
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The number of cottontails sighted in March was negatively correlated
with total precipitation in April (Regions 3 and 4) but was favored by a
wet November (Regions 2 and 4a). The July counts were positively correlated
with total precipitation in June and November (Regions 2 and 4a) but nega-
tively correlated with total precipitation in January (Regions 3 and 4),
April (Regions 3,4, and 4a), and October (Regions 2 and 3).

A rearrangement of Table 16 is given in Table 17. It shows the
correlation coefficients of the 5 months of total precipitation during the
year that accounted for the most variance in the three rabbit indices in
all the regions. Total precipitation in 3 months had the same correlation
sign for all the cottontail indices. Total precipitation in April appeared
to be the most important month of precipitation since it was negatively
correlated with at least one rabbit index In every game region. Total
precipitation in July and November was favorably correlated with the rabbit
indices. Total precipitation in July appeared to be especially important
to rabbit harvest.

In general, total precipitation in January, September, and October
was negatively correlated with the cottontail variables, and total preci-
pitation in February and June was positively correlated.

Based on similarities in the signs of the correlation coefficients
of the months of total precipitation that were most strongly associated with
the variance in the cottontail indices (Table 17) and on similarities in
the signs of the correlation coefficients of all the months of total preci-
pitation (Table 18) , there appeared to be Ffluctuations in the effect of
total precipitation on rabbit populations during the year. Total precipi-
tation was generally negatively correlated in January but became favorable
in February. With the approach of spring, total precipitation became
unfavorable, especially in the month of April. During the warm months of
late spring and early summer, increased rainfall became beneficial since
positive correlations appeared in May and June and became numerous in July.
As fall approached, total precipitation again became unfavorable since
negative correlations appeared in August and became consistent in September
and October. Moisture in November, however, was beneficial.

The favorable peaks of total precipitation occurred in February, May-
June-Jully, and November. Total precipitation in May, June, and July prob-
ably exerted its favorable effect by enhancing vegetative growth for food
and protection of young cottontails (Hickie, 1940) and by favoring the repro-
duction of juvenile (Pelton, 1969) and adult cottontails (Sheffer, 1957;
Trethewey and Verts, 1971). Moisture in November and February may have
delayed fall and spring plowing and thus provided protective cover for cotton-
tails. Rose (1972) stated that a large proportion of the annual mortality
of cottontails in central 1llinois occurred during November.

Total precipitation in January, April, and September-October was nega-
tively correlated with cottontail populations. January is the coldest month
of the year in Illinois, and above normal precipitation (which includes snow-
fall) combined with cold temperatures is probably detrimental to cottontail
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Table 17. Correlation coefficients of the 5 months of total
number of cottontails killed per hunter trip (1956-70),

precipitation that accounted for most of the variance in the
and the March and July censuses (1955-70) for Game Regions 2, 3, 4,

and 4a

Season Rabbits per Tr[gi March Censusb July Censusc

and F 3 [ La 2 3 L 4a 2 3 I La

Month
WINTER
December - Hunting $eascn - +0.33 -0.27 - -0.29 - +0.14  -0.26 -
Janyary - -0.21 =0.30 --0.26 +0.04 - -0.10 — — -0.25 ° -0.28 -
february +0.29  — +0.45  ~0.03 — -0.50° 40.33  +0.32 - - +0.35 -
SPRING
March — - - - - Month of Census — — - - -
April -0.10  -0.58° -0.25 - - 037 -0.1b - —  .0.h2  -0.40 -0.23
May +0. 56* - -0.13 - - +0.6}"k - - 0,47 - — -0.06
SUMMER
June - =0.15 — - - - - +0.135 +0. 42 - — +0,37
July +0.38  +0.47  +0.33 +0.5l-k - - - - - Month of Census -
August - - - -0.38 +0.53°  ~  +0.04  -0.04 - - - +0.38
FALL
September - -0.39 ~  -0.54" - - - - -0.13  +0.19  -0.48 -
October - - -~ - +0.09  -0.11  -0.13 - -0.37 -0.08 - -
November +0.55% - - -

+0.22 - - +0.23 +0.37 - - +0.05
*P<0.05.

 Cottontail
the hunting season.

Cottontail index was compared with the 11 individual months (April-February) of total

the census.

Cottontail index was compared with the 11

census.

index was compared with the 11

individual months (August-June) of total

individual months (January-November) of total precipitation preceding

precipitation preceding

precipitation preceding the
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Table 18. Correlation

coefficients between total

precipitation and cottontail

statistics for

Illinois Game Regions 2, 3,

4, and 4a.
Season Rabbits per Trip (1956-20}a March {ensus (1955470}b July Census {1955-70)°
and 2 3 4 ba H 3 A [ 2 3 i [
Month
WINTER
December Hunting Season +0.,33 -0.,27 =-0.23 -0.29 +0.02  +0.04  -0.26 40,22
January ~0.02 -0.21 ~-0.30 -0.26 +0.04 -0.290 ~0.10 0.00 +0,17 -0.25 -0.28 +0.20
February +0.29 © +0.02  +0.45 -0.03 =0.17 -0.50* +0.33 +0.32 +0.04 40,07 +0.35 =0.40
SERING
March -0.08 =0.10 +0.0) -0.09 Month of Census 0. 17 +0.10 -0.15 +0.13
April -0.10 -0.58* -0.25 =0.13 +0.03 =0.37 -0.14 =0.05 +0.36 -0, b2 =0.40 -0.23
May +0.56° -0.04 -0.13  +0.2% 40,25 +0.67° +0.09 -0.09 +0.47 40,10  -0.28 -0.06
SUMMCR
June +0.04 ~0.i5 +0.14 +0.43 =0.05 -0.03 =0.03 +0.35 +0.42 =0.29 +0.22 +0.37
July ¥0.38  +0.47  +0.33  +0.517 | 0.0l +0.22  +0.19  +0.27 Month of Census
g
August +0.29 =0.17 =0.11 -0.38 +0.53 -0.22  +0.04 -0.01 =0.05% +0.03 -0.0h  +0.38
EALL
September -0.36 =-0.39 =0.31 -O.SQ* +0.05 =0.07 -0.08 -0.21 ~0.13 +0.19 -0.48  -0.19
Octobar =-0.21 +3.18 -0.29 -0.09 +0.09 =0.11 =0.13 =G. 15 =0.37 -0.08  +0.42 -0. 12
November +0.55* +0.30 40,11 +0.43 +0.22  +0.15  -0.15 +0.23 +0.37  +0.07 -0:22 +0.05
*P<0.05.
a
Cottontail index was compared with the 11 individual months (January-November) of total precipitation preceding
the hunting season.
b
Cottontails index was compared with the 11 individual months (April-February) of total precipitation preceding

the census.
C

Cottontail index was compared with the 11

the census.

individual months (August-June) of total

precipitation preceding
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survival. During April, the First and the second litters of young are
present (Lord, 1963). Young females born in early spring are important
because they can bear offspring in late July, August, and September (Lord,
1958). The greatest change in monthly precipitation parameters during the
study interval occurred in April when total precipitation and the number

of days with precipitation =0.10 and 21.0 inch increased sharply (Fig. 2).
Heavy precipitation during this time of the year in conjunction with cool
temperatures may have been harmful to survival of nestlings. Heavy rainfall
can drown nestlings (Atzenhoefer, 1953; Carson and Cantner, 1963; Hickie,
1940; Redd, 1956). Total precipitation in September and October may have
exerted its detrimental effects on cottontails by interacting with decreasing
fall temperatures.

When total precipitation was examined over the critical periods of
the cottontail life cycle (Table 10), total precipitation in three of the
periods had the same relationship to the number of cottontails killed per
hunter trip in all of the game regions. These periods and their relation-
ships were 1) May through August, positive, 2) July through August, positive,
and 3) September through November, negative. These relationships were similar
to those found for total precipitation in individual months during the same
time of the year (Tables 16 and 17). Total precipitation in May through
August accounted for more of the variance in the cottontail harvest than in
any other critical period. Lord (1961b) stated that the months of May,
June, July, and August produced three-fourths of the hunter®s bag in central
Illinois. Lord (1961b) also noted that in east central Illinois the peak
of cottontail abundance occurs in May and June, and that July is the peak
month for birth of rabbits killed during the hunting season. However, the
number of days with precipitation =0.10 inch during these same three periods
had the same relationship as total precipitation but were better correlated
with cottontail harvest. Apparently the number of days with precipitation
=>0.10 inch during these periods was more important to cottontail harvest
than total precipitation.

Based on linear correlation and variance analyses (Fig. 7 and Tables 8,
16, 17, and 18), total precipitation in January, April, July, and November
had the best relationships with cottontail populations from 1955 through
1970. Total precipitation in January and April was negatively correlated
with the rabbit populations, but total precipitation in July and November
was positively correlated to the rabbit indices. The most important months
appeared to be April and July, respectively. April was the only month in
which total precipitation was always more important to the cottontail indices
than the number of days with precipitation. Generally, the number of days
with precipitation was better correlated with cottontail abundance than total
precipitation in the analyses of monthly and combined months of weather data.
It appears that the frequency of precipitation and its interaction with other
climatic factors, habitat, disease, and predation may have been more influ-
ential to cottontail behavior, reproduction, survival, and overall fitness
than total precipitation.

Changnon and Huff (.1971) found that there is not a lack of days with
light rainfall during July-August in dry areas , but there is a lack of days
with moderate to heavy rainfall. The authors stated that seeding operations
can be successful if existing rainfall can be enhanced, rather than attempting
to produce rain on days with no naturally-occurring rainfall. Since cottontails
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appeared to react more to the frequency of precipitation than to the total
amount, cloud seeding procedures during July and August that only increase
total precipitation during days with naturally-occurring rain may have little
effect on cottontail populations if extremely heavy rainfalls of great accum-
ulations do not occur. It would be more beneficial for cottontails to
increase the number of days with light rainfall in July and August than to
increase the total precipitation for these months.

Another factor that may be important, especially during the spring
and summer months when nestlings and juvenile cottontails are abundant, is
the iIntensity of precipitation. An inch of rain that is accompanied by
strongly blowing winds and falls in a short period of time would undoubtedly
be more detrimental to cottontail populations than a gently falling inch of
rain. Grinnel (1939) observed that downpours of heavy intensity during the
winter resulted in fewer cottontails and jackrabbits in June in parts of
California. In many cases, the frequency and intensity of precipitation may
affect wildlife populations more than the total amount of rainfall.

Relationship of Cottontail Harvest to Crop Acreages

Cottontails, like other wildlife species, require suitable habitat in
order to maintain their populations at respectable levels. No matter how
favorable weather conditions are, rabbit populations will fail to maintain
themselves without adequate food, water, and cover. Ideal cottontail habitat
consists of about equally represented and well-distributed cropland, grass-
land, woodland, and brushland on somewhat fertile agricultural lands
(Crawford, 1952).

Adequate cover is necessary throughout the year for cottontails. In
the spring, the females need good nest sites. These sites can be provided
in fallow fields, hayfields, and pasture (Beule and Studholme, 1942). Juveniles,
and adults as well, need a food source and protection from rain, sun, heat,
and predators during the spring and summer months. In the fall, cottontails
become more vulnerable to predation after the crops are harvested and the
frost reduces the green ground cover (Kline and Hendrickson, 1954). Allen (1939)
stated that winter cover is more important to cottontails than at any other
time of the year. Brush and heavy grasses are preferred winter cover (Hickie,
1940; Beule, 1946).

To determine the relationship of cottontail populations to land use, the
acreages of crops obtained from annual summaries of Illinois agricultural sta-
tistics were correlated with cottontail harvest and census data. The linear
correlation coefficients between crop acreages and the harvest statistic of
the number of cottontails killed per hunter trip for the four game regions
and for the entire state from 1956 through 1970 are shown in Table 19. Almost
all of the correlation coefficients in Table 19 are significant (P<0.05, 13 df)
and are generally much higher than the correlation coefficients between weather
parameters and rabbit harvest (Fig. 7 and Tables 6, 7, and 8). The cottontail
harvest in 1llinois from 1956 through 1970 appears to have been influenced
more by the acreages of crops than by the weather parameters examined. Cor-
relation values between cottontail census data and crop acreages were not as
high as the cottontail harvest:crop acreage relationships.



Table 19. Correlation Coefficients Between Land Use (acres) and the Mean
Number of Cottontails Killed Per Hunter Trip in Illinois Game Regions
2, 3, 4, 4a, and the Entire State, 1956-70

Land Use Game Region Entire State
2 3 I ba

& & dele & Eit

Harvested Corn -0.51 -0.54 -0.67 -0.66 =-0.71
L ataats )
Harvested Soybeans -0.84"" -0.42 -0.90"" -0.30 -0.82"*
Total Row Crops . . - - .
Harvested -0.80" -0.56" -0.90"" -0.70"" 0.86""
et il b s Foe

Harvested Qats +0.76 +0 .64 +0.94 +0.80 +0.93

Harvested Wheat +0.28 +0.24 +0.45 +0.58" +0.49
Total Small Grains st " " i .

Harvested +0.74 +0.53 +0.95 +0.80 +0.92
Harvested Hay +0.82%%  +o.51% +0.94"%  40.75"% +0.87"
Harvested Hay & o . s 2 .
Harvested Seed +0.75"° +0.55% +0.947" +0,75°° +0.87°"

Crops

Plowland Pasture +0.91%%  40.60% +0.98%%  40.75%% +0.92%%
flt ek dek Haats drale

Other Pasture +0.80 +0.64 +0.95 +0,83%% +0.91
. aate ** b3 H 32 it
Total Pasture +0.89%%  40.65 +0.95%%  4+0.82™" +0,92%*
All Other Land® +0.09 -0.48  -0.70"% -0.55% -0.63"%

Harvested Small
Grains, Harvested
Hay & Seed Crops, s . . :
Total Pasture, & +0.84" +0.62" +0.,92"" +0.7h +0.89
All Other Land
(Favorable Habitat)

B

*P<0.05.
**P<0.01.

“Consists mainly of farmsteads, land in federal farm programs, idle
cropland, wasteland, and timber.

The relationship between the acreages of corn and soybeans and cotton-
tail harvest is of particular interest since the primary reason for increasing
summer rainfall is for the benefit of these two crops. The category of total
row crops consists almost exclusively of the sum of the acreages of corn and
soybeans. In all regions and for the entire state , the acreages of corn,
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soybeans, and total row crops were negatively correlated with the cottontail
harvest (Table 19). In most cases, these relationships were significant
(P<0.05, 13 df). All the acreages of the other crops were positively
correlated to the rabbit harvest with the exception of the All Other Land
category.

The acreages of corn and soybeans during the study interval increased
in every game region at the expense of such favorable cottontail crops as
hay, pasture, and small grains (Fig. 12; Appendix A, Fig. 5; Table 20;
Appendix B, Table 4) . The most rapidly increasing crop was soybeans. Soy-
bean acreage increased by 45% in Region 2, 33% In Region 3, 59% in Region
4, 14% in Region 4a, and 48% in the entire state from 1956 through 1970
(Table 20). The increase In corn acreage was not as great with increases
of 6, 16, 20, 32, and 16% in Regions 2, 3, 4, 4a, and the entire state,
respectively. The acreage of oats decreased more than any other crop with
losses of 87, 83, 87, 85, and 79% iIn Regions 2, 3, 4, 4a, and the entire
state, respectively. Small grains (wheat, oats, barley, and rye), hay, and
total pasture have declined the greatest iIn both acreage (Table 20) and as
a percentage of operated farm acreage (Appendix B, Table 4) in cash-grain
Region 4.

An index to the total amount of favorable cottontail habitat in each
game region during the study interval was needed In order to determine how
much of the declining cottontail harvest was attributable to changes iIn
land use and how much was attributable to weather influences. The index
to the amount of favorable cottontail habitat selected in this study was
the sum of the acreages of harvested small grains , harvested hay and seed
crops, total pasture, and all other land. The category of all other land
consists mainly of farmsteads, land in federal farm programs, idle cropland,
wasteland, and timber. The components of the favorable habitat classifi-
cation were all positively and significantly (P<0.05, 13 df) correlated
with the cottontail harvest with the exception of all other land (Table 19).
All other land was negatively related to the rabbit kill in Regions 3, 4,
4a, and the entire state because its acreages rose during the study interval
due to the increased land in the federal farm programs. The ecological
status of land included in the all other land category, however, should be
favorable to cottontails. Favorable habitat essentially includes the acreages
of all crops except row crops, which consists primarily of corn and soybeans.
Pasture, weeds, brush, legume crops, small grains, and grassy cover, which
consist of the majority of the favorable habitat acreage, have been cited as
vital for cottontail populations (Allen, 1939; Beule , 1946; Ecke, 1948;
Crawford, 1952; Lord, 1963; Rose, 1972).

Favorable habitat was significantly related to cottontail harvest
in Regions 2, 4, 4a and in the entire state (P<0.01) and in Region 3
(P<0.05) (Table 19). Favorable habitat accounted for 71, 38, 85, 55, and
79% of the variance (r2) in the cottontail harvest for Regions 2, 3, 4, and
4a, and the entire state from 1956 through 1970. The linear regression
equation for favorable habitat and cottontail harvest iIn Game Regions 2, 3,
4, 4a, and the entire state are presented in Appendix A, Figs. 6, 7, 8, 9,
and 10, respectively. The acreages of favorable habitat in the game regions
and In the entire state from 1956 through 1970 are provided in Appendix B,
Table 5.
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Table 20. Changes in land use between 1956 and 1970 for Illinois Game Regions 2, 3, 4, 4a, and the entire state.
L.and Use Game Regions
tntire
2 3 Iy kg State
Thousands Percent Thousands Percent Thousands Percent Thousands Percent Thousands Percent
of Acres Change of fAcres Change of Acres Chance  of fcres  Changs  of Acres  Change
Harvested Corn - +103.7 +5. 04 +1383.1 +15.55  +501.2 +20.00 +281.5 +31.73 +1384.3 +15.90
"Ha-vested Soybeans +653.0 +45,. 48 +130.7 +312.63  +772.1 +53,3% 4108, +13.67  +2229.8 +h7.89
Total Row Crops
Harvested +7h6.49 +23.21 +310.2 +21.59 +1267.8 132,00 +306.5 23.53 43557010 +26. 12
Harvested Cats -2048, 3 ~36.60 -152.3 -02.53  -900.10 -37.05 -lgz.2 <8h.78 0 w202 ~7.22
Harvested Wheat ~234.83 -28.91 ~121.3 ~L5 2h -57.1 -H3.000 -126.0 3.21 -00.3 -30,0
Total Smail Grains
Harvested -585.7 ~1:3. 340 -333.2 Gha07  ~13353.0 -31.72  -330. P S i Iy =60 25
Harvested Hay -i72.°1 -35. 44 -122.5 L VL =71.8! -123.1 S70.B0 0 «i2rnsn -5, 67
Harvested Hay and
Harvested Seed Crops 1647 -32.47 -120.6 -hno3n =hodlg 2 R F GRS I TS F1.75 ~1338.0 =51, 12
‘Plowland Pasture -312.5 ~55.53 -5 25,31 -302.1 -35.31 =741 SN TR B EH SN ¢
Other Pasture 10104 -18.32 -222.5 22,17 -18h.5 -32.75 -97.4 32.0% 0 =118G.6 ~25.20
Total Pasture =Lk, 0 «33.4 275 ~22.70 ~£535.0 ~55.40 -176.8 b -2336.1 =306.71
All Other Land?® 157.3 13.47 +255.0 +77-16 +563.3 +122,06 +184.3 F113 4131506 +5%.05
Harvested Small Grains,
Harvested Hay and Seed
Crops, Total Pasture,
and All Other Land -1567.1 =23.00 b2 o ~10.80 0 ~1h21.3 bl 056 -636.7 =507 =030 -2G.36
(Favorable Habitat) -
Operated Farm Acreage -1:33,7 ~h.8h -151.2. - 17 =283.7 -3.20 -107.2 -3.5h ~172.1 -5.55
Consists mainly of farmsteads, land in federal farm programs, idle cropland, wasteland and timber.
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In all regions and in the entire state, both the acreages and the
percentage of operated farm acres of favorable habitat decreased and total
row crops increased CTable 20; Appendix B, Table 4). Corn and soybeans
do not adequately provide the food, nest cover, and protection from envi-
ronmental factors and predation that cottontails require. Lord (1963)
found that cottontails frequented hayfields more than corn and soybean fields
during midsummer. The fall is a time of rapid decrease of cottontail popu-
lations probably due to predation (Beule, 1946; Kline and Hendrickson, 1954;
Lord, 1961; Rose, 1972). It is interesting that the linear correlation coef-
ficients of favorable habitat were higher with the rabbit harvest than with
the July census (Appendix B, Table 6) . This result infers that much of the
effect of land use on cottontail populations occurred after July, probably
during the fall and early winter months before the hunting season. After
soybean Ffields are harvested, little protective cover is left. Cottontails
then become concentrated in areas of favorable cover and this increased rabbit
density could lead to greater predation rates and the spread of disease and
parasites. Corn and soybeans also are of little value for nest sites during
spring and summer.

Besadny (1963) noted that changes in agricultural practices (debrushing
of fence rows, indiscriminate use of herbicides to control brush and weeds,
and more intensive and efficient farming practices) adversely affected the
cottontail harvest, which had steadily decreased in Wisconsin. Similar
changes in farming practices in Illlinois, in addition to the decline in the
acreages of favorable habitat, would seemingly make habitat even more impor-
tant to cottontail populations.

There was a decline of almost 5 million acres in the favorable habitat
index in 1llinois from 1956 through 1970 (Table 20). At the same time, total
row crops in the state increased by 3.5 million acres. In 1956, 43.9% of
the total operated farm acreage was planted to total row crops while 56.0%
was occupied by Favorable habitat (Appendix B, Table 4). 1In 1970, however,
58.6% of the farm acreage was accounted for by total row crops and favorable
habitat was responsible for only 42.5%. Row crops now occupy more of
Illinois™ total farm acreage than all the other crops, wasteland, and timber
combined. Region 4 underwent the greatest change in land use during the
study interval. It lost over 1.4 million acres of favorable habitat that
was replaced by almost 1.3 million acres of row crops.

A comparison of the acres of favorable habitat (Fig. 13) and the number
of cottontails killed per hunter trip (Fig. 6) during the study interval
show the high degree of correlation between these two parameters. All four
game regions and the entire state had the highest number of cottontails
killed per hunter trip in the First 3 years of the study interval (1956-5 8)
when the amount of favorable habitat level was the highest. Regions 2, 3,
and 4 had their highest years of cottontails killed per hunter trip in 1957,
1958, and 1956, respectively, when the number of acres of favorable habitat
was at its highest level in each of these regions. The lowest number of
cottontails killed per hunter trip inRegion 4occurred in 1967 when the acres
of favorable habitat also reached their lowest level. The increase in
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favorable habitat in 1961 (Fig. 13) was caused by the beginning of the
Federal Feed Grain Program. Regions 2, 3, and the entire state responded
with an iIncrease in rabbit harvest (Fig. 6) over the 1960 level.

A comparison of the changes in favorable cottontail habitat, total
row crops , and the number of cottontails killed per hunter trip in the four
regions and the entire state between 1956 and 1970 are shown in Table 21.

Table 21. A Comparison of the Mean Number of Cottontails Killed Per Hunter
Trip, Favorable Cottontail Habitat, and Total Row Crops From 1956
Through 1970 for Illinois Game Regions 2, 3, 4, 4a, and the Entire State

Game Grand Mean Percent? Mean Percent® Change between 1956 & 1970
Region Mean Number of Favorable of Total
of Rabbits Habitat Row Crops Mean Number % ofa % of?
Per Trip of Rabbits  Favcrable Total Row
Per Trip Habitat Crops
2 2.23 53.51 46.49 -1.40 -10.85 +12.50
3 2.26 56.96 43.04 -0.50 - 9.26 +10.12
4 1.35 34.41 65.59 -1.00 -19.07 +20.44
4a 1.69 37.06 62.94 -0.70 -13.87 +15.63
Entire
State 1.79 48.77 51.23 -1.11 -13.53 +14.72

*Expressed as a percentage of operated farm acreage.
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The region with the highest average of the number of cottontails killed per
hunter trip from 1956 through 1970 was Region 3. This region also had the
highest percentage of total farm acres in favorable habitat and the lowest
percentage in total row crops. This trend is evident in the other game
regions. The higher the percentage of the total farm acreage in favorable
habitat, the higher the average number of cottontails killed per hunter

trip from 1956 through 1970. Region 4 had the lowest average rabbit harvest,
and, correspondingly, it had the lowest percentage of favorable habitat.

There are also some similarities in the changes in the number of cotton-
tails killed per hunter trip and the changes in the percentage of favorable
habitat and row crops between 1956 and 1970 (Table 21). The greatest decrease
in the value of rabbits per trip occurred in Region 2 (-1.40 per trip).

There was a substantial decrease in favorable habitat (-10.9%) and an increase
in total row crops (+12.5%). The greatest change in the habitat occurred

in Region 4 where the favorable habitat de creased 19.1% and total row crops
increased 20.4%. The decrease in rabbits per trip in Region 4 was not quite
as great as in Region 2. The smaller decrease in Region 4 may have resulted
because there was less opportunity for a large decrease in the kill in
Region 4 since the 1956 value was 1.9 rabbits per trip as compared with 2.9
for Region 2. Region 3 had the lowest decrease in the cottontail harvest
and the smallest change in land use. It appears that the higher the index
of favorable habitat for an area, the more likely the area is to have a
higher number of cottontails killed per hunter trip. This trend was also
reflected in the statewide data by a noticeable decrease in rabbits per trip
and a corresponding substantial decrease in the favorable habitat index.
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Figure 14. Planted acres of the principal crops in Illinois
from 1940 through 1973 [Figure—Illinois Coopera—
tive Crop Reporting Service, Illinois Agricultural
Statistics, Crops, March, 1973].
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The changes in the principal crops in lllinois (corn, soybeans, oats,
and wheat) from 1940 through 1973 are given iIn Fig. 14. The acreages of
soybeans are rapidly Increasing with intentions of a 15% increase in 1973
over the 1972 level. Probably the major effect of a July-August cloud
seeding program on Illinois cottontail populations, as well as other wildlife
species , would not be the direct effect of increased rainfall on the animals,
but the indirect effect of increased precipitation encouraging farmers to
plant more acres of corn and soybeans, thereby further reducing what favorable
wildlife habitat remains in Illinois. If corn and soybean acreages continue
to iIncrease because of precipitation enhancement or any other reason, we can
expect a further decline In rabbit abundance and harvest, and, therefore,

a reduction in the recreation which this species provides for sportsmen in
I1inois.

Model for I1llinois Cottontail Harvest

To better understand the decreasing success of cottontail hunters in
I1linois and the factors influencing the decline, multiple regression equations
were constructed for the four game regions based on data from 1956 through
1970. The dependent variable used was the number of cottontails killed per
hunter trip. Equations with good predictability outside of the 1956 to 1970
interval were desired, but good predictability was difficult to achieve
because of the limited years of rabbit data.

A good model should account for a significant proportion of the variance
in the dependent variable. Because of the significant relationship of
favorable habitat to cottontail harvest, i1t was included as an independent
variable in the multiple regression equations involving weather parameters.

A useful model should also contain an independent variable from the rabbit
population because not all of the changes in rabbit numbers can be explained
by habitat and weather. Innate properties of the rabbit that are numerically
difficult to identify greatly influence population numbers. Wight (1959)
tried to explain cottontail hunting success iIn Missouri on the basis of
weather and cover conditions and concluded that the altered hunting success
may be primarily determined by the reproductive physiology of rabbits them-
selves. The July census was used as a second independent variable. The July
census was, perhaps, not as suitable for a population or reproductive indi-
cator as desired, but it may be correlated to such immeasurable variables.
The Jully census also gives an indication of the reproductive success during
the spring and early summer. The July census combined with favorable habitat
contributed more to the sum of squares of the multiple regression equations
than favorable habitat combined with the March census , combinations of the
March and July censuses, or log transformations of the censuses. The linear
relationships between the July census and the rabbit harvest for Game Regions
2, 3, 4, and 4a from 1956 through 1970 are presented in Appendix A, Figures
11, 12, 13, and 14, respectively.

The third independent variable included in the multiple regression
equations was the total snowfall for December through March preceding the
hunting season. All of the weather parameters in Table 1 during single months
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and the critical periods were examined by stepwise multiple regression
programs with the favorable habitat index and the July census included as
independent variables. In all game regions, total snowfall for December
through March in conjunction with favorable habitat and the July census gave
consistent relationships with the rabbit harvest and increased the multiple
regression coefficients by a noticeable amount. Maximum temperature from
January through July and April through July, which was found to have some
relationship to high and low years of cottontail harvest, contributed a
negligible amount to the regional multiple correlation coefficients. Other
weather parameters undoubtedly influenced the cottontail populations from
1956 through 1970, but these parameters and their effects were not revealed
in the multiple regression analyses. There are other factors that should
have been included in the multiple regression equations to present a more
complete picture of 1llinois cottontail populations. However, such things
as predation, disease, population cycles, and reproductive characteristics
are difficult to quantify.

The multiple regression equations for Regions 2, 3, 4, and 4a and their
predicted results are presented in Appendix A, Figs. 15, 16, 17, and 18,
respectively. The deviations between the observed and predicted cottontails
per hunter trip are given in Appendix B, Tables 7, 8, 9, and 10 for Regions
2, 3, 4, and 4a, respectively. The linear correlation coefficients between
the independent variables and the dependent variable of the multiple regres-
sion equations are given in Appendix B, Table 6.

The statistics of the multiple regression equations are presented in
Table 22. The best relationship between each of the independent variables
and the dependent variable was found to be linear. Second- and third-order
independent variable terms did not add a significant amount to the sum of
squares of the multiple regression. Interaction terms between the inde-
pendent variables and log transformations of the independent variables also
did not significantly increase the sum of squares of the multiple regression.

Examination of the standardized regression coefficients for the
independent variables of the multiple regression equations in Table 22
reveals that the favorable habitat index accounted for most of the variance
in the cottontails killed per hunter trip in the four game regions. Except
for Region 4a, the standardized regression coefficient for the July census
was greater than the standardized regression coefficient for total snowfall
from December through March. Only the t values for favorable habitat were
significant (P<0.05, 11 df). All regression equations were significant
(P<0.05), and the multiple correlation coefficients (R) ranged from 0.94 for
Region 4 to 0.75 for Region 3. The amount of variance that the favorable
habitat index, the July census, and total snowfall for December through March
accounted for in the number of cottontails killed per hunter trip in Regions
2, 3, 4, and 4awas 0.79, 0.56, 0.88, and 0.62, respectively.

The number of cottontails killed per hunter trip in 1971 as predicted
by the regression equations formulated on data from 1956 through 1970 is
given in Table 23. The 1971 agricultural data were not available for use
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Table 22.

Regression equation

parameters for the number of cottontails killed per hunter trip based on 1996-70 data.

Game Indepandent Dependent Regression Standardized t-values Correlation Multiple Coefficient F{3.11 d.F.)
Region Variable Variable Coefficients Regression {10 d.f.) Coefficients {r) Correlation , of Value
Intercept Coefficients Between the Coefficient Determination
tndependent {R) {R2)
Variables and the
Dependent Variable
(13 d.f.)

Favorabte " s

2 Habi tat 7.605x10~7 0.709 4. 62 +0.84
July Census -0.9523 I.300x10-2 0.170 0.889 +0.619 0.89 0.79 13.3008
December- :
March Snowfall -9o"-I00xI0'3 =0, 167 «0.943 -0. 43
Favorable
Hab tat I.191xta™6 0.579 - 2.870° +0.62°

1 July Census -0.5540 2.830x10"2 0.358 1.738 +0. 44 0.75 0.56 b.5872
December-~
Harch Snowfall -6-300)(10"3 =0.166 ~0.817 -0. 24
Favorable
Habltat 5.662x107 0. 790 0062 +0.929

4 July Census -0. 0643 1. 11oxlo~2 0.173 D.874 +0. Byd a.9% 0.88 27.829°
December-
March Snowfall ~5. 500x|0'3 «0.12h =1.1i5 -3.07
Favorable
Habitat 1.623x10-6 0.674 3.4954 +0. 748

a July Census -0.0497 3.520x10-2 0:134 0. 701 +0,33 a.79 0.62 - 6.0892
becenber-
March $nowfall -9.800x10"-3 -9.225 -1.201 -0.35

a

£ £0.05
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Table 23. Data for the Multiple Regression Equations of Game Regions
2, 3, 4, and 4a and the Corresponding Predicted Number of Cottontails
Killed Per Hunter Trip; 1971

: % Error
Game  Year Acres of July Snowfall For Observed Predicted Deviation of Deviation
Region Favorable Census Dec-March Kill Kill Observed - Over
Habitat Predicted Kill Observed
Kill
2 1976 3,538,200 1n 29.8 1.5
1871 3,361,888 11 6.9 1.4 1.68 -0.28 -20.0
3 1970 1,953,100 7 24.7 1.9
1971 1,817,293 19 9.7 1.9 2.09 -0.19 -10.0
4 1970 1,804,900 4 28.4 0.9
1971 1,653,274 3 14,1 0.7 0.89 -0.19 -27.1
ha 1970 887,300 2 30.5 - 1.3
1871 852,057 i 10.4 l.1 1.37 -0.27 -24.6

in the formation of the multiple regression equations. In all regions, the
1971 predicted kill was greater than the 1971 observed kill. This lower than
expected kill may have partially resulted from the unusually light accumulation
of total snowfall for December through March. The percentage error in the 1971
predicted kill ranged from 27.1% for Region 4 to 10.0% for Region 3. In 1971,
the acres of favorable habitat continued to decrease in all regions and the
cottontail kill decreased in all regions except Region 3, where there was no
change from 1970.

SUMMARY AND CONCLUSIONS

The purpose of this research project was to evaluate relationships
between 1l1linois weather and cottontail populations from 1955 through 1971.
The basic tasks undertaken were 1) the determination of relationships of
monthly weather parameters to indices of cottontail abundance and harvest,

2) determination of relationships of weather parameters during critical
periods of the rabbit"s life cycle to rabbit harvest, 3) determination of
the effect of total precipitation on cottontail harvest, 4) determination

of the relationships of crop acreages to cottontail harvest, and 5) the
modeling of weather, crop, and cottontail data. A contiguous 68-county block
of I1llinois was examined. This area consisted of four game regions (Preno
and Labisky, 1971) that encompassed most of Illinois except for the northern,
northwestern, and southern extremes.



-65-

Linear correlation and stepwise multiple regression analyses of
monthly weather parameters with cottontail harvest and census data revealed
that several weather parameters were associated with fluctuations in cotton-
tail abundance during the study interval. The cottontail populations were
apparently influenced by several weather factors during the same year and the
same weather factor affected the rabbit populations differently at various
times of the same year. Generally, during the months of December, February,
and March, snowfall was unfavorable to cottontail populations. Warm tempera-
tures in January along with precipitation were weakly favorable to Illinois
rabbits. During the spring, cottontails were unfavorably related to the
percentage of possible sunshine in March, and warm temperatures and total
precipitation in April. Cottontails reacted favorably to precipitation and
reduced sunshine in July. Minimum temperature in August was favorable. The
number of days with precipitation =0.10 inch during September and October
were negatively correlated with the rabbit data.

Examination of cottontail harvest data with weather factors during
critical periods of the cottontail life cycle revealed relationships similar
to those just discussed. In all game regions, maximum temperature was
negatively related to cottontail harvest in the first half of the year. Mini-
mum temperature was favorably related to hunter success during the period of
May through September. Warm fall temperatures were positively correlated with
the rabbit harvest. Mean monthly temperature in August and October and maximum
temperature in September were favorably related in all of the regions to the
rabbit kill. Total precipitation in the months of January and April appeared
unfavorable to rabbit harvest and total precipitation during the hunting
season months of November and January apparently favored hunter success. The
number of days with precipitation =0.10 inch during the summer months of May
through August and July through August favored the cottontail harvest. How-
ever, in the fall from September through November, the number of days with
light rain was negatively correlated to the rabbit kill. Total snowfall
during the winter and spring months was negatively correlated with cottontail
harvest but snowfall and snowcover during the hunting season apparently favored
the hunters rather than the cottontails. The percentage of possible sunshine
was negatively correlated with the cottontail kill throughout the winter,
spring, and early summer months.

The weather parameter that had the best relationship with high and low
years of cottontail harvest was total snowfall from December through March.
Years of heavy snowfall, especially in February and March, tended to be related
to a decrease iIn cottontail hunter success in the fall. Heavy snowfall during
the late winter months may decrease the breeding stock of cottontails, reduce
their physical condition, and delay the onset of the breeding season, which
may result in lessened juvenile reproduction.

Generally, the magnitudes of the linear correlation coefficients between
weather and cottontail population parameters were well below the 5% level of
significance.

The effects of monthly precipitation on the cottontail populations
varied throughout the year. Positive correlation of population parameters
with precipitation occurred in February, May-June-July, and November. Negative



-66-

correlation of cottontail abundance indices with total precipitation
occurred in January, April, and September-October. The most critical
months for precipitation appeared to have been April and July. Precipi-
tation in April was negatively related to the cottontail populations and
precipitation in July was positively correlated.

Total precipitation during the period of May through August was
positively correlated with cottontail harvest and appeared more important
than total precipitation during any other period of the rabbit"s life cycle.
Precipitation in the summer months has a favorable effect on vegetation
which is vital to cottontail nutrition, protection, and reproduction.

Based on data from 1956 through 1971, increased total precipitation
in July and August that does not exceed normal limits would be expected
to have little direct effect on the cottontail harvest. The number of days
with precipitation =0.10 inch generally had higher correlation coefficients
than total precipitation with cottontail populations in the summer months
and during other times of the year.

Cottontail harvest had a significant and negative correlation with
corn and soybean acreages. Both of these row crops increased in the game
regions and in the entire state from 1956 through 1970, and the soybean
increase was remarkable. The iIndex to favorable cottontail habitat sub-
stantially decreased during the study period with corn, soybeans, modern
farming techniques, and urban expansion being the principal reasons for
the decline.

Models for the cottontail harvest from 1956 through 1970 in the game
regions include the independent variables of the favorable habitat index,
the July census, and total snowfall from December through March. The favorable
habitat index was the most important of the independent variables. The models
accounted for 79, 56, 88, and 62% of the variance iIn the cottontail harvest
data in Game Regions 2, 3, 4, and 4a, respectively.

It appeared that the decreases in Illinois cottontail populations was
due primarily to habitat deterioration. It is the amount and quality of the
habitat that determines the carrying capacity for animals, and any abnormal
weather factor, such as heavy snowfall, can cause fluctuations around the
level determined by the habitat. The cottontail in Illinois evolved under
the climate prevailing in this region. However, climate is the interaction
of many measurable and immeasurable factors. Climatic factors that biologists
feel are iImportant to rabbits or the parameters measured at weather stations
may vary greatly from the climatic factors that influence the numbers of
cottontails. It is difficult to single out one or a few weather factors and
say that they are the most influential weather parameters on cottontail popu-
lations. Any weather factor may affect animal populations if it becomes
exceedingly extreme. A number of weather factors acting at different times
of the year and interacting among themselves are important to the overall
picture of cottontail:weather relationships. Perhaps more complex computer
modeling of the future may give a more complete answer to weather:animal
interactions.
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Although the direct effect of precipitation enhancement would not
appear to jeopardize cottontail abundance, we cannot say that increased
precipitation would not be important. The study interval was not long enough
to get the true picture of the cottontail:precipitation relationship.
There may be other species of wildlife that are more sensitive to precipi-
tation or changes in precipitation than cottontails. Although additional
summer rainfall in moderate amounts may favor the growth of succulent vegeta-
tion that is necessary for the maintenance and growth of cottontails, suc-
ceeding years of increased summer rainfall may favor succession to more mesic
types of plants that may be favorable or unfavorable to different species of
animals. IFf the changes in the type of vegetation are great enough, an
entirely different community of plants and animals will exist. Animals that
cannot adapt to or exist in the new habitat will be replaced by ones that can.

Other indirect effects of increased precipitation must be considered.
The types of diseases, the susceptibility to diseases, changes in reproductive
rates., changes in predation or other such factors that influence populations
but are hard to quantify would not be revealed in a study such as mine.
Cottontail populations are strongly tied to the kinds of crops grown in
Illinois. The two crops of primary importance to the Precipitation Enhance-
ment Program are corn and soybeans. Corn and soybeans are significantly
and negatively correlated with cottontail populations. Precipitation enhance-
ment along with the recent high prices offered for cash-grain crops , would
very probably influence farmers to increase corn and soybean acreage. This
increase would result in a reduction of favorable habitat not only for cotton-
tails, but for other wildlife species as well.

RECOMMENDAT IONS

Other game species in Illinois should be examined to determine the
relationship between total summer precipitation and their population numbers.
The bobwhite quail (Colinus virginianus) would be the next logical choice
because of its high population densities near the Precipitation Enhancement
Study Area. There are also intensive quail data available near the Precipi-
tation Enhancement Project center for two study areas in Marion and Wayne
Counties from 1963 through 1972 as well as the extensive population data iIn
Preno and Labisky (1971). Precipitation may affect birds differently than
mammals.

To gain a better understanding of weather:animal relationships, more
than 15 or 16 years of population data are desired. A longer time span
would allow population fluctuations or cycles to be more clearly defined,
it would also better show relationships between years of abnormal weather
and animal populations, and it would provide more degrees of freedom for
modeling of the populations.

Weather effects on populations numbers may be more refined on a smaller
study area with a population of known size and where exact measurements of
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weather parameters, including ones that may be of biological importance but
are not measured at weather stations , are possible. Climatological chambers
in which environmental factors can be controlled may yield valuable infor-
mation on the direct effect of increased precipitation on a given animal
species.
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Figure 6. Relationship between the acres of favorable cottontail
habitat and the mean number of cottontails killed per hunter trip
in Illinois Game Region 2, 1956-70 (P<0.01, 13df)
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Figure 7. Relationship between the acres of favorable cottontail
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tat and the mean number of cottontails killed per hunter trip

in Illinois Game Region 3, 1956-70 (P<0.05, 13df)
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at and the mean number of cottontails killed per hunter trip
inois Game Region 4, 1956-70 (P<0.01, 13df)
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Figure 9. Relationship between the acres of favorable cottontail
habitat and the mean number of cottontails killed per hunter trip
in Illinois Game Region 4a, 1956-70 (P<0.05, 13df)
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habitat and the mean number of cottontails killed per

hunter trip in Illinois, 1956-70 (P<0.01, 13df)
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Figure 11. Relationship between the July cottontail census and
the number of cottontails killed per hunter trip the following
fall in Illinois Game Region 2, 1956-70 (P<0.05, 13df)
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Figure 12. Relationship between the July cottontail census and
the number of cottontails killed per hunter trip the following
fall in Illinois Game Region 3, 1956-70 (P >0.05, 13df)
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Figure 13. Relationship between the July cottontail census and
the number of cottontails killed per hunter trip the following
fall in Illinois Game Region 4, 1956-70 (P<0.01, 13df)
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Figure 15. Observed and predicted cottontails killed per
hunter trip in Illinois Game Region 2, 1956-71. Predicted

values are from the multiple regression equation derived
from 1956-70 data. The independent variables are favorable

cottontail habitat, the July census, and total snowfall for
December-March preceding the hunting season
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Figure 17. Observed and predicted cottontails killed per
hunter trip in Illinois Game Region 4, 1956-71. Predicted
values are from the multiple regression equation derived
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MEAN NUMBER GF COTTONTAILS PER HUNTER TRIP

from 1956-70 data. The independent variables are favorable

cottontail habitat, the July census, and total snowfall for
December-March preceding the hunting season.
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Figure 16. Observed and predicted cottontails killed per

hunter trip in Illinois Game Region 3, 1956-71. Predicted

values are from the multiple regression equation derived

from 1956-70 data. The independent variables are favorable

cottontail habitat, the July census, and the total snowfall for

December-March preceding the hunting season.
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Figure 18. Observed and predicted cottontails killed per
hunter trip in lllinois Game Region 4a, 1956-71. Predicted
values are from the multiple regression equation derived
from 1956-70 data. The independent variables are favarable
cottontail habitat, the July census, and total snowfall for
December-March preceding the hunting season.
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Table i . Average monthly temperature parameters for Illinois Game Regions 2, 3, 4, and 4a,
1956-70.
Month Haximum Temperature Minimum Temperature Hean Temperature
Game Region Game Region Game Region

2 3 4 kg 2 3 4 La 2 3 N La
January 37.8 34.8 31.7 33.9 19.6 15.8 15.3 16.9 28.7 25.3 23.5 25.4
February 42.4 39.6 36.4 38.8 23.7 20.7 19.5 21.1 33.1 30.2 28 0 30.0
March 52.2 50.2 47.1 49.1 31.9 29.2 28.5 29.7 42.1 39.7 37.8 39.4
April 67.1 65.7 62.9 64.6 44 .4 42 .4 40.9 42.7 55.8 54.1 51.9 53.6
Mayl 76.9 75.9 74.2 75.1 53.7 52.6 51.2 52.7 65.3 64.3 62.7 63.9
June 85.1 83.7 83.1 83.9 61.8 61.0 60.0 61.2 73.5 72.4 71.6 72.6
July 87.9 86.9 85.3 86.6 65.2 64.6 63.7 64.9 76.6 75.8 74.5 75.8
August 86.9 85.7 84.1 85.2 63.3 62.9 61.9 63.0 75.1 74.3 73.0 74.1
September 81.0 79.3 78.3 79.7 56.2 55.3 54.8 55.9 68.6 67.3 66.6 67.8
October 70.2 68.7 67.2 68:4 44.9 449 441 44.8 57.6 56.8 55.6 56.6
November 54.7 53.1 50.5 52.0 34.4 33.0 32.7 33.2 44.5 43.1 41.6 42.7
December  42.4 40.0 36.9 39.0 25.5 22.6 21.8 23.0 33.9 31.4 29.4 31.0
Mean 52.3 50.9 49.2 50.4 35.0 33.7 33.0 33.-9 43.7 42.3 41.1 42.2




Table 2.

Average monthly precipitation parameters for Illinois Game Regions 2, 3, 4, and 4a,

1956-70.

Total Precipitation

Humber of Days With

Number of Days With

Month {n Inches Precipitation = 9,10 Inch Precipitation =1.0 Inch
Game Region Game Pegion Game Region

2 3 4 4a 2 3 b ha 2 3 i La

January 2.18 1.49 1.76 1.93 4.8 3.4 4.1 4.2 0.5 0.2 C.3 0.3
February 2.27 1.38 1.37 1.80 5.0 3.3 3.7 4.5 0.4 0.3 0.2 0.2
March 3.28 2.47 2.25 2.82 6.6 5.1 5.5 6.2 0.7 0.6 0.3 0.5
April 4.16 4.02 4.33 4.37 7.8 7.4 8.2 7.7 0.9 1.0 1.1 1.1
May 4.59 4.25 3.78 3.84 7.4 7.3 7.0 7.1 1.3 1.1 0.9 0.9
June 4.32 4.18 3.86 4.26 6.5 6.4 6.0 6.1 1.3 1.3 1.2 1.2
July 4.31 4.37 4. 37 4.15 6.6 6.6 6.5 6.8 13 15 13 "2
August 3.4 3.73 2.86 3.01 4.8 4.9 4.8 5.1 1.1 1.2 0.8 0.8
September 3.11 4.15 3.69 3.37 5.0 6.0 5.6 5.4 0.9 1.2 1.0 1.0
October 2.27 3.04 2.40 2.42 4.5 5.6 4.7 4.4 0.5 C.8 0.5 0.6
November 3.12 2.04 2.22 2.76 5.4 4.2 4.9 5.0 1.0 0.4 0.5 0.7
December 3.09 1.99 1.99 2.66 5.7 4.7 4.8 5.9 0.7 0.2 0.3 0.5
TOTAL 40.05 37.05 34.95 37.39 70.1 64.9 65.7 68.4 10.3 9.7 8.3 8.8

—98-



Table 3.

Average monthly total snowfall,
of possible sunshine for

_87-

and 4a, 1956-70.

number of days with snowcover = 1.0
Illinois Game Regions 2, 3, 4,

inch,

and percent

Honth Total Snowfall Days with Snowcover Percent of
in_Inches 21.0 Inch Possible Sunshine
Game Region Game Region Game Region
7 3 ba 2 3 n ia 2 3 n ba
January 4.6 5.5 6.9 6.5 8.3 12.2 15.3 12.9 Lo 49 L8 4g
February k.9 5.1 6.0 6.5 b3 5.8 10.4 6.5 50 53 52 53
March 4.0 4,2 5.0 4.6 2.7 1.7 4,5 3.9 52 52 51 52
Apri | 0.2 0.4 0.9 0.3 -- 0. 0.2 0.1 1 56 Sl 55
Hay -- -- -- -- -- -- -- -- 63 65 60 65
June -- -- -- -- -- -- -- - 67 68 66 68
July -- -- -- -- -- -- - -- 69 7t 67 71
August .e -- -- -- -- - -- -- 71 74 70 7h
September -- -- -- -- -- -- - -- 65 72 63 72
October -- - 0.1 -- -- -- - - &4 66 63 66
November 1.1 i.0 I.3 1.2 0.6 0.7 1.0 0.8 51 50 Ly 50
December 2.6 bk 5.0 .5 3.4 6.0 7.5 5.8 by i3 4o k3
Total 17.2 20.5 25.1 23.5  19.3 28.5  39.0  30.0
Mean L7 48 kg 48
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Table 4 . Land use expressed as the percentage of operated farm acreage in 1956 and 1970 for Illinois Game Regions 2, 3, 4, 4a and the entire state.
Land Use Game Regions Mean of Game Reqigns Entire State
Z 3 L La
1956 1970 Change 1956 1970 Change 1956 1970 Change 19564 1970 Changs 1456 1970 Change 1956 1370 Change
Harvested Corn 22.29 2499 +2.70 22,97 27.70 +4.73 35.26 43.31 +8.58 29.32 40.05 +10.73 27.46 34.14 +6.68 28.05 34.42 +6.37
Harvested Soybeans 18.33 28.23  +9.90 14.33 19.83 +5.50 18.29 30.20 +11.91 26.13 30.79  +4.66 19.27 27.26 +7.99 15.01 23.50 +8.49
Total Row Crops

Harvested 41.09 53.59 +12.50 37.65 47.77 +10.12 54.54 74.98 +20.44 55.70 71.33 +15.63 47.25 61.92 +14.67 43.89 58.61 +14.72
Harvested Oats 3.67 0.52 -3.15 5.71 1.04 -4.67 15.83  2.12 -13.71 7.49 1.18 -6.31 8.18 1.22 -6.96 9.81 2.16 -7.65
Harvested Wheat 10.37 7.80 -2.57 6.79 3.31 -2.98 2.16 126 -0.90 7.83 3.80 -4.03 6.79  4.17 -2.62 5.17 3.47 -1.70
Total Small Grains

Harvested 15.47 8.46 -7.01 13.33 4.91 -8.42 18.12 3.43 -14.69 16.07 5.34 -10.73 15.75 5.54 -10.21 15.66 5.75 -9.91
Harvested Hay 5.96 3.98 -1.98 7.15 4.15 -3.00 7.70 2.26 -5.44 5.78 1.77 -4.01 6.65 3.04 -3.61 7.98 4.17 -3.81
Harvested Hay and : '

Harvested Seed Crops 6.40 4.55 -1.85 7.40 4.22 -3.18 7.84 2.29 -5.55 6.02 1.80 -4.22 6.92 3.22 -3.70 8.44  4.37 -4.07
Plowland Pasture 6.82 2.99 -3.83 5.26 4.10 -1.16 6.22 0.88 -5.34 3.85 1.27 -2.58 5.54 2.31 -3.23 6.48 2.78 -3.70
Other Pasture 12.24 10.51 -1.73 26.09 21.19 -4.90 6.63 4.62 -2.01 9.77 6.79 -2.98 13.68 10.78 -2.91 14.03 10.96 -3.07
Total Pasture 19.06 1350 -5.56 31.36 25.29 -6.07 12.85 5.51 -7.34 13.63 8.07 -5.56 19.23 13.09 -6.14 20.51 13.74 -6.77
All Other Land® 17.75 21.32 +3.57 9.90 18.29 +8.39 6.54 15.06 +8.52 8.56 15.19 +6.63 10.69 17.47 +6.78 11.42 18.63 +7.21
Harvested Small Grains,

Harvested Hay and Seed

Crops, Total Pasture, -

and All Other Land 58.67 47.82 -10.85 61.98 52.72 -9.26 45.36 26.29 -19.07 44.28 30.41 -13.87 52.57 39.31 -13.26 56.03 42.50 -13.53
(Favorable Habitat)

Operated Farm Acreage -5.54 -4.17 -3.50 -3.54 -4.19 -5.55

Consists mainly of farmsteads, land in federal farm programs, idle cropland, wasteland and timber.
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Table 5. Acreages of Favorable Cottontail Habitat Used in the Multiple

Regression Equations of Game Regions 2, 3, 4, and 4a, 1956-70

Year Game Region
2 3 L La

1956 4,595,300 2,396,000 3,226,700 1,339,800
1957 4,810,100 2,376,300 3,126,300 1,316,300
1958 4,625,800 2,404,700 3,017,800 1,288,900
1959 4,198,600 2,233,700 2,717,000 1,149,500
1960 4,031,900 2,181,600 2,482,600 1,119,400
1961 4,424,800 2,259,100 2,798,900 1,262,800
1962 4,273,900 2,240,600 2,768,100 1,241,400
1963 4,090,900 2,164,800 2,605,900 1,189,700
1964 3,984,400 2,127,700 2,415,500 1,116,900
1965 3,866,600 2,064,400 2,049,600 1,024,100
1966 3,786,600 1,993,400 1,844,600 926,100
1967 3,746,500 1,982,800 1,666,600 889,700
1968 3,506,600 1,923,500 1,796,000 873,900
1969 3,617,200 1,945,500 1,826,000 896,100
1970 3,538,200 1,953,100 1,804,900 887,300
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Table

and the

5. Correlation coefficients between multiple regression ecuation variables for

entire state, 1956-70.

Illinois Game Regions 2. 3, 4, 4a,

Region July Census Favorable Habitat Favorable Habitat December-Harch Oecember-iarch pecember-itarch
and fottontails and Cottontails and July Census Snowfall and Snowfall and Snov.fall and
per Trip per Trip Cottontails July Census Favorahie Hab:itat
per Trip

2 +0.617 +0.84" +0.45 ~0.49 .62 .3

3 +0. lsh +0.62" +0.10 ~0. 2k -0.17 -0, 3

b +0.80" 40,92 +0.82" -0.07 0,13 +0.10

ia +0.33 0. 74 +0. 25 -0.35 -0. k1 -0, 16
Entire e s -
State +0.73 +0.897 +0.58" -- -- --

" p<0.05,

atachy

‘P =0.01,
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Table 8. Observed and predicted cottontails killed per hunter trip in Game

Table 7. Observed and predicted cottontails killed per hunter trip in Game
: Region 3, 1956-70. Data are from multiple correlation of cottontails killed

Region 2, 1956-70. Data are from multiple correlation of cottontails killed

i per hunter trip and three independent variables (favorable habitat, July
per hunter trip and three independent variables (favorable habitat, July

census, and total snowfall for December-March preceding the hunting season).

census, and total snowfall for December-March preceding the hunting season).

Year Observed Predicted Deviation of Percent Error, Year Observed Predicted Peviation of Percent Error,
Kill Kill Predicted From Deviation Over Kill Kill Predicted From [Deviation Over
Observed Kili Observed Kill Ohserved Kill Observed Kill
1956 2.90 2.61 +0.29 +10.00 1956 2.40 2.53 -0.13 -5.42
1957 2.90 3.11 -0.21 -7.24 1957 2.40 2.47 -0.07 -2.92
1958 2.80 2.70 +0.10 +3.57 1958 2.90 2.60 +0.30 +10.34
1959 2.70 2.50 +0.20 +7.41 1959 2.60 2.56 +0.01* +1.54
1960 2.20 2.06 +0.14 +6.36 1960 2.20 2.33 -0.13 -5.91
1961 2.30 2.44 -0.14 -6.09 1961 ’ 2.40 2.55 -0.15 -6.25
1962 2.20 2.28 -0.08 -3.64 1962 2.60 2.37 +0.23 +8.85
1963 2.1*0 2.28 +0.12 +5.00 1963 2.30 2.25 +0.05 +2.17
1964 1.80 2.04 -0.24 -13.33 1964 2.10 2.11 —0.61 -0.48
1965 1.80 1.97 -0.17 -9.44 1965 1.60 1.83 -0.23 -11*. 38
1966 1.90 1.97 -0.07 | -3.68 1966 1.80 2.13 -0.33 -18.33
1967 1.90 2.10 -0.20 -10.53 1967 1.90 2.26 -0.36 -18.95
1968 2.20 1.76 +0.44 +20.00 1968 2.40 2.06 +0.34 +14._ 17
1969 1.90 1.9 -0.04 -2.11 1969 2.40 2.04 +0.36 +15.00
1970 1.50 1.64 -0.14 -9.33 1970 1.90 1.81 +0.09 +4.74
Mean 2.23 2.23 0.17% 7.85% Mean 2.26 2.26 0.20?% 8.63?%

a Mean was computed from the absolute values of the data. + ® Mean was computed from the absolute values of the data.
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Table 10. Observed and predicted cottontails killed per hunter trip in Game
Table 9. Observed and predicted cottontails kilted per hunter trip in Game

Region 4a, 1956-70. Data are from multiple correlation of cottontails killed
Region 4, 1956-70. Data are from multiple correlation of cottontails killed

per hunter trip and three independent variables (favorable habitat, July
per hunter trip and three independent variables (favorable habitat, July

census, and total snowfall for December-March preceding the hunting season).
census, and total snowfall for December-March preceding the hunting season).

Year Jbserved Predicted Deviation of Percent Error,
Year Observed Predicted Deviation of Percent Error, Kill Kill Predicted From Deviation Qwver
Kill Kill Predicted From Deviation Over Observed Kill Dbserved Kill
Dbserved Kill Obsecved Kill

1956 2.00 2.03 -0.03 -1.50
1956 1.90 1.92 -0.02 -1.05 '

1957 2.10 2.18 -0.08 -3.81
1957 1.80 1.80 0 0

1958 2.60 2.24 +0.36 +13.85
1958 1.80 1.90 -0.10 -5.56

1959 1.80 1.79 +0.01 +0.56
1959 1.80 1.61 +0.19 +10.56

1960 2.10 1.63 +0.47 +22.38
1960 1.60 1.37 +0.23 +14.38

1961 1.80 1..83 -0.08 -4.44
1961 1.50 1.60 -0.10 -6.67

1962 1.90 1.87 +0.03 +1.58
1962 " 140 1.46 -0.06 -4.29

1963 1.60 1.90 -0.30 -18.75
1963 1.40 1.48 -0.08 -5.71

1964 1.60 1.64 -0.04 . -2.50
1964 1.30 1.29 +0.01 +0.77

1965 0.90 1.51 -0.61 -67.78
1965 1.00 1.01 -0.01 -0.01

1g66 1.40 1.51 -0.11 -7.86
1966 1.30 1.03 +0.27 +20.77

1967 1.40 1.47 -0.07 -5.00
1967 0.70 0.89 -0.19 -27.14

1968 1.40 1.2 +0.18 +12.86
1968 1.00 1.01 -0.01 -0.01

. 1969 1.50 1.37 +0.13 +8.67

1969 0.90 1.01 -0.11 -12.22

1970 1.30 1.16 +0.14 +10.77
1970 0.90 0.92 -0.02 -2.22

Mean 1.69 1.69 0.18% 12.15°
Mean 1.35 1.35 0.09% 7.422

E] a

Mean was computed from the absolute values of the data. Mean was computed from the absolute values of the data.
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