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<=BSTRACT

Cottontail rabbit (Sylvilacus floridanus) populations on two 500-

acre areas, the Kellogg Bird Sanctuary and Farm,and the Kellogg Forest,
were studied between June 1951 and April 1956, The areas are properties
of Michigan State University and are located near Battle Creek,
Michigan, Major objectives weret

1, Evaluate the accuracy of available census methods,

2, appraise the effects of factors influencing rabbit abundance,
especially hunting,

3, Analyze hunting pressure as it occured on a public area,

Live trapping was conducted almost constantly during the summer of 1951
on the Sanctuary study area, Trapping during the fall was conducted on
both areas, At the Sanctuary spring trapping was conducted during 1952-
1956, 4t the Forest, spring trapping took place only in 1955 and 1956,
Trapped rabbits were marked with ear tags and in some cases also their
tails were dyed yellow, Hunting was the chief means by which rabbits
were collected,

An evaluation of census procedures indicated that the Lincoln Index
method was reliable where rabbits were trapped and marked and then the
marked fraction of the population determined by some other method than
retrapping. Either shooting a sample or observing the tail colors was
suitable, The De Lury method, based on the decrease in the hunting
yield as the population was reduced, could not be applied at the Forest
because the rate of kill did not decrease during the season, At the

Sanctuary, the rate of kill decreased during the short and intensive
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hunting season, but the method consistently gave results that were
about 50 percent low,

Several indexes of rabbit abundance were compared to Lincoln Index
population estimates, The hunting kill made during a constant effort,
and the total hunting kill appeared to be reliable population indexes,
The rate of kill based on the total kill and effort was unreliable when
lunting effort varied from year to year. Trapping data examined in
various ways provided rough indexes of abundance at the Sanctuary, but
showed very little relationship to population density at the Forest.
Age ratios were reliéble fall population indexes only during the few
years when spring population levels were constant,

Fall population fluctuations at the Sanctuary between 1932 and 1955
and at the Forest for 1940 and for 1946-1955 were indicated by the
hunting kills during fairly constant hunting pressures, No marked
change in rabbit productivity has apparently occurred on either area
during the periods considered, This is noteworthy since marked changes
took place in the vegetation and predator populations on the two study
areas,

On both study areas, autumn juvenile: adult ratios were inversely
proportional to spring adult population levels, a4t the Sanctuary, the
size of spring populations depended largely on the extent of the
previous winter's hunting kill., At the Forest, the hunting kill took
fairly constant percentage of the population and the size of the spring
population was apparently related to the previous fallt's population

level,



Wide variation occurred in rates of population increase between
spring and fall, High rates seemed to be associated with a better
survival of early litters and a higher incidence of breeding among
Jjuveniles, .

’B;ring the warm months an adult mortality of up to about 60 per-
cent occurred., This not only influenced fall population levels but
also caused fall age ratios to be exaggerated indexes of breeding success,

At the Forest the hunting bag for the 1951 season was L9 percent of
the estimated population, During the other years it varied from 46 to
61 percent, a4t the Sanctuary the hunting kills ranged from 22 to 66
percent of the estimated fall populations depending upon the hunting
pressure exerted. The hunting kill influenced the following spring
population levels but apparently had little effect on the following
fall populations,

Experiments were conducted to measure the crippling loss. Under
experimental hunting conditions at the Sanctuary, it was roughly 10
percent of the recovered kill, With public hunting at the Forest it
was about 20 percent, |

The non-hunting winter mortality at the Sanctuary was estimated at
from 29 to 5L percent of the rabbits not killed by hunting, It appeared
to be higher during years which had a low hunting kill. The cause of
this mortality was unknown,

The fall age composition at the Sanctuary over a five year period
was G2 percent juveniles, 1L percent one and one-half years of age,

and only four percent two and one-half or more years old., Heavy hunting
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kills apparently decreased the rate of survival indicated by the age
composition,

Intensive live trapping was conducted between June 1951 and March
1952 and a life equation was determined for that period.

Because rabbits are a very important game animal the character-
istics and effects of heavy public hunting were studied on the Kellogg
Forest, Data were gathered when lhunters checked out of the area after
each hunt, Yearly, monthly, weekly, daily and hourly patterns of hunt-
ing effort, kill and rate of kill were determined, Hunting effort was
ligh-at the beginning o the season, rapidly tapered off, reached a
second peak in early December and dwindled until it was uniformly low
during the last four weeks of the season, The extent of the kill
followed the trends in effort, except that it was relatively higher
during late November and December when the rate of kill was higher,

In general, the rate of kill early in the day was slightly higher than
that later, Hunting effort was usually greatest about 11:00 A .M,

The entire kill was made by 19,6 percent of the hunters, Six and
eight-tenths percent harvested 05,8 percent of the total kill, If
there was a uniform probability of success it would be expected that
7.1 percent of the hunters would take 50.L4 percent of the total bag,
Significant differences were found among hunters in the rate of kill,
The distribution of effort among the hunters indicated that 85 percent
lunted a total of less than six and one-half hours and 65 percent

visited the area only once,
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The influence of various weather factors on hunting effort was
examined, Clear October days, cool November days, warm December days,
calm days every month and November days with snow cover all seemed to
induce an increased hunting effort, Rain fall caused a decrease in
effort,

Hunters that had had previous experience with the area, who used
dogs and/or who hunted on days with snow cover were much more successful
than hunters withdut these benefits, Single hunters had a relatively
higher rate of kill than did groups,

Increased hunting success prevailed when there was snow cover, on
cool days in October and on warm days in December,

The rate of kill at the Forest did not decrease late in the season
due to an increase in effort by experienced hunters, to an increased
proportions of hunters that used dogs and a greater number of days with
snow cover,’

The probable effects of hunting seasons of various lengths were
calculated, Lengthening the both ends of the current October 20 to
January 31 season apparently would have little effect on hunting effort,
kKill or success,

Great changes in vegetation and faunas have occurred since allen
(Ecol. Yon,, 8:3L7-L36. 1938) studied the Sanctuary area during 193L-
1937. These are discussed in detail,

Relative rabbit winter food preferences and availability of the

various woody plant species on the area were listed,
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INTRODUCTION

Because of the complexity of the factors affecting a wild animal
population, it is difficult to evaluate precisely fhe relationships
of population characteristics during the span of only a few years,

Major objectives of this study of the cottontail rabbit (levilaggs
floridanus) at the Kellogg Station were threefold:

1, Evaluate the economy of currently available census methods,

2. Appraise the effects of factors influencing rabbit abundance,

especially munting,

3. Analyze hunting pressure as it occurs on a public area,
The investigation of the effect of hunting on rabbit abundance was
emphasized becaﬁse this mortality was most readily controlled,
Furthermore the recreational value of rabbits is realized largely from
their harvest by hunting and it was desirable to evaluate the influence
of this harvest on future abundance., Despite only five years duration,
this study has begun to indicate the character of interrelationships
between the extent of the hunting kills, spring and fall population

densities and fall age ratios,
Description of the Study Areas

Kellogg Bird Sanctuary and Farm

The Kellogg Bird Sanctuary and Farm is a continuous area of 500

acres located in section 8, Ross Township, Kalamazoo County, Michigan,
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The Bird Sanctuary is surrounded on three sides by the Kellogg Farm,
Midland Park, a residental area adjoins on the west.

Allen (1938b) described in considerable detail the history,
physiography, soils, climate and plant and animal communities of this
area,

Some changes have occurred, however, in the vegetation and fauna
of the area since Allen's study. The conifer plantations during the
time of Allen's work were not over eight feet tall and the trees had
branches down to the ground, During the present study, these conifers
were 20-LO feet tall and had lost their lower limbs. Consequently,
near the ground much less cover currently was afforded by conifer
plantations than was the case during 1935 and 1936, In contrast,
formerly open grassy fields have now developed considerable shrubby
cover,

To obtain a description of current vegetative conditions the
Kellogg Sanctusry was cover mapped during the summer of 1951 and the
Kellogg Farm during the winter of 1954, Cover types were classified

according to the following outline which gives symbols used in Table 1,
OUTLINE OF COVER TYPES AT THE W, K, KELLOGG STATION OF M.S.U,

O Open Land

Herbaceous vegetation, or woody vegetation less than 2 feet high,
Woody vegetation over 2 feet high covering not more than 10%,
Not cultivated

1. Grass - 70% or more grass

¢ - scattered conifers
2. Low shrubs - 70% prostrate shrubs
3. Mixtures of 1, 2, and weeds - none over 70% on area of
more than 30 yards by 30 yards,



S Over grown land
Open land overgrown with shrubs and young trees on more than 10%
of area, No woody clump more than 30 x 30 yards,
1. 10% - LO% covered with woody plants
2, LO% - 90% covered with woody plants
Notet Cover type of open land between woody plants will be found
in parenthesis '

T Thickets .
Dense stands of shrubs or small trees less than 20 feet high
covering 90% or more of ground

W Deciduous Woods
1. Young - mostly DBH 12 inches or less - over 20 feet high
2. 01d - DBH - over 12 inches
Underbruch density .
a, light - 0% - 10% ground covered
b, medium - 10% - 60% ground covered
c, Heavy - 60% - 100% ground covered

C Conifer Plantation

1. Pine

2, Spruce

3. Larch

Accompanying vegetation
a, none, trees closed
b, not closed - per cent not covered and its type noted in
parenthesis
A Crop Land
This method of classifying cover is patterned after that used by
Bump (1950).

The distribution of cover types on the Kellogg Sanctuary and Farm
is indicated in Table 1, Much more woody cover was present on the
Sanctuary than was present on the Kellogg Farm, It consisted of well-
interspersed conifer plantations, open brushy hillsides and dense
lowland thickets., Kellogg Farm vegetation consisted largely of open

crops and pastures with woody cover limited to woodlots and scattered



(DRNSI5 ) Y R A v ol U cun | VDR PTeot 6 66 HTeol o e——

o°¢€ 275l L°e gt " m epawA puw eruppring
6° 3°ne g n°e €° o€ n°Ie Joqwm uedo
o4 PASTEA ST €€ T 01 o an 6E° LT 2° - v puwr pejwargmo
A 0T A 0°'T 6 0°'T B2 poesoTo ‘uorqejueTd 4T J0 Jeped eonadg
‘9 0°€¢ 9° 9°¢e [ 6°T g° 6° atg usdo ‘uopqequerd surq
9° T2 21T € 6°9T1 9°'1T S°9 ) o) 1ot ®ly pesoro ‘uopzejuerd eurd
Laeay ysnaqaepun
LS n°62 L 9°¢ : s°€ 9°€ %2y *H°d°d w2T UBY} ©Jow SPOGM SNOMPTO8(Q
UnTpaW YSnJIqJIapun
L2 6°€1 g°€ 6°9T L€ 0°'ST g°€ 6°€ Az *H°E'd w2 UBY3 SJOW SPOOM SNONPTO8(Q
3T ysnIqepun
T EN 2°T €9 9°1 €9 BN H°g'Q #2T UBY} ©JOW SpOOM SNONpTosQ
Lapay ysnagqaepun
T1 L's S°1 L°L 6°1 L £ € Ty  °H'€°Q «2T Uy} SS58T SPOOM SNONPTIeQ
umTpew YSnIqaepun
6'2 6Nt ° 61 € 0°T 6" 6° aTy ‘H°g°d w2l UBU3 50T SPOOM SnONpToa(q
3T ysnaqaspun
U1 8°8 L L€ € 1 [ 9°2 ®Ty  *y°g'd 2T Uyl 8seT ‘spood snonprosq
22 €° 1T 82 o't LT 8°9 0l 2°L I 19YoTU ],

L* 9°€ (251 9°¢ €5 eonads gog-0T ‘oeums ¢9.-0f UMoJ3IaAQ
8°9 0°s€ 0°L 19 LN L°8T T°9T L'91 2g J9A00 Apoom $04-Th ‘pueT wMoal3aeap
61T L°9l 0°¢ 2°ST 6'1 9°L ) 9°L Tg 19400 Lpoom %of-0T ‘PueT UMoa3asAQ
0°0t S° 18 . o1y SJI8JTUOD PaJslLeds ©snosdeqasy
€Tt 2D To€  6°25T M€ 2TTMT €11 L°TT 0 PeqeATITIO 30U € sn08dRqIey

que) Jded E3J0Y
queg J8d 59J0Y ulej pue quUe) J8J S8JOV qUB) J8  S8JOY  8po)d adf] Jsa0)
1sad0J 3d3oTTey Lxenqourg pJIrg uled 330TT8) Laenjoureg parg s30TToN
330178Y Te101

NYOIHOIW ‘S¥ANYOO XNOMOIH ‘NOIIYIS DOOTTHM FHI IV NOILISOIWDO HdKI HFAOD

T a19vL



0°00T

8°MtS

L°se
T
6°0¢t

0°00T
0°€¢
6°9
sTee

1° 208
A
8 ne
1°991

T° 00T
L€
w.

021

9°66€
8Nt
e
6°L9T

6°66
T
£°0€

§° 20T
T
1" T€

No

Qeq

qz 4

spref pue s3uppTing

Joqen uedg
PUB] povaR3[™y)

uedo ‘uopremetd g1z 4, a

“®0sa 9dnadg



seen padly er
w illustraze
Vaiion pracii

A wide v
-daieq, )‘.-t:"
a3 et irire;
e Veriety o

tonsiderazle .



conifers and shrub wildlife plantings, A cover map has been placed on
file at the Department of Fisheries and Wildlife, Michigan State

University.

Kellogg Forest

The 515 acre Kellogg Forest, located about two miles southeast of
the Sanctuary, was donated to Michigan State University in 1932 by
W. K. Kellogg. It has rough topography and sandy soils, The area had
been badly eroded, It was Mr, Kellogg's desire that the area be used
to illustrate the rehabilitation aﬁd use of such land by proper conser-
vation practices,
| A wide variety of coniferous and deciduous species have been
planted, Many of these are species which commonly are used in wildlife
habitat improvement plantings (Gysel and Lemmien, 1955). Because of
the variety of plantings and natural vegetation, this area presents
considerable difficulty in defining cover types., Table 1 lists the
relative amounts of various types of cover found on the area, A cover
map of this area is also on file at the Department of Fisheries and
Wildlife, Michigan State University,

Hereafter the Kellogg Bird Sanctuary and Farm area is referred to
merely as the Sanctuary and the Kellogg Forest area merely as the Forest,

The several areas together are termed the Kellogg Station,
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GENERAL PROCEDURES

Trapping Periods and Locations

Live trapping played an important part in the investigation, The
chief purpose was to enable é portion of the population to be marked
for census purposes but, much additional information also was obtained,
Traps were placed so as to capture as many rabbits as possible from all
parts of the area. They were set in the most likely places and conse-
quently were often unevenly spaced, At the Sanctuary, the bulk of
trapping was done on the central part of the area because most of the
rabbits were located there, The more even distribution of rabbits at
the Forest enabled the traps there to be located throughout the area,
Ear corn was used for bait at all times, During 1951 apples were also
used in addition to corn but did not seem to increase trap success,

At the Sanctury trapping during 1951 started June 7 and continued
almost continuously until August 29, Five trap lines were operated,
Dates, numbers, and success of traps are shown in Table 2, Trap locations
are shown in Figure 1, That same year two additional trap lines were
conducted simultaneously from October 17-29, One was on the Bird
Sanctuary and the other was across the north end of the Farm, This was
done in order to compare population densities on the two areas and to
obtain information on rabbit movements, In 1952 and 1953 the entire
central part of the study area was trapped during late august and early
September to determine the age composition of juveniles and the incidence

of warbles (Cuterebra sp,). Numbers of traps used and other details
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are provided in Table 3. The location of these traps was the same as
during the spring,

From 1952 through 1955 a ten day trapping period during the last
two weeks in March was established as routine, Data concerning these
periods are found in Table L4, Trap sites are shown in Figure 2, Each
fall live trapping was conducted largely during November, To insure
more complete coverage of the better rabbit habitats on the Sanctuary,
the trapping was done in two portions, Trap locations used in 1951 are
mapped in Figure 3, Tﬁe distribution of traps was then changed and the
same locations used from 1952 through 1955 (see Figure L). This change
involved & reallocation of trap locations between the two trap lines
rather than a change in trap locations, The two lines trapped were
shaped somewhat like a horseshoe with Wintergreen Lake in the center
and the two ends coming together, It was thought that the mumber of
rabbits captured on both lines might indicate the extent of movements
during the trapping period, Details of this trapping are given in
Table 5.

4t the Kellogg Forest trapping was conducted each year from mid-
September to mid-October, The area was divided into three portions
and each third was trapped about ten days, Details concerning this
trapping are listed in Table 6. The trap locations were approximately
the same each year, Those used in 1955 are indicated in Figure 5,
Varying numbers of traps were located by spacing the traps somewhat
closer when larger numbers of traps were available, Because the south

trap line was shorter than the others, during years when more than
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LATE SUMMER AND EARLY FALL TRAPLINZ SUMMARIES
KELLOGG BIRD SANCTUARY AND FARM
HICKORY CORNERS, MICHIGAN

TABLE 3

10

Line T F W.C. wW.C.
K.B.S. Farm
Dates Aug, 26- Aug, 15-
Oct. 18-25 Oct. 17-29 Sept. 5 Sept. 8
1951 1951 1952 1953
Number of nights 12 13 11 2L
Number of traps 30 39 57 73
Trap nights 360 507 627 1752
Number of individuals 29 11 27 38
handled
Current recaptures 26 L L 15
Total captures 55 15 31 53
Number marked 2l 11 28 36
Adult males 1 3 3 3
Adult females 3 1 N 3
Juvenile males 13 3 11 13
Juvenile females 12 L 9 16
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80 traps were available the trap locations indicated by green crosses
in Figure 5 were added, In 1952 two additional trap lines consisting
of straight intersecting lines of traps were set up to obtain inform-
ation on movements, During early March 1955 a trap line comparable to
that conducted at the Sanctuary was operated, Some details and results
of this trapping are given in Table L, The trap locations are indi-

cated in Figure 6,

Types of Traps

Two types of traps were used., Fifty were unpainted wooden traps
(as described by Hickie, 1940) and the remainder were size 3, wire
mesh traps mamufactured by the National Trap Company, Tomahawk Wisconsin,
During the first year, wooden traps were three to five times less
effective than the metal traps, However, as the study progressed wooden
traps increased in effectiveness while metal traps seemed to become
slightly less effective, From 195 until the end of the study, during
September and October, wooden traps were about twice as successful
as metal traps, but during March, November, and December the two traps
were of equal effectiveness,

The efficiency of wooden traps early in the study apparently was
reduced by the odor of "penta"™ wood preservative with which they had
been treated, Cutting three inch holes in the ends of half the wooden
traps did not increase their effectiveness, The success with which
metal traps took rabbits during warm months was greatly reduced
because during the day they often were sprung by red squirrels

(Tamias hudsonicus), chipmunks (Tamias striatus) and striped ground
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squirrels (Citellus tridecemliniatus), Tooden traps took these animals

only rarely, Traps were checked during the morning except during the
summer of 1951 when they were also checked during the late afternoon

to reset sprung traps, The effectiveness of metal traps was somewhat
reduced auring the study because they became progressively more battered

by raccoons and from handling,

Handling Methods

Rabbits were removed from upturned wooden traps by grasping them
by the head (as described by Petrides, 1951) and placing them in a
cloth bag, This procedure was unsatisfactory for the removal of rabbits
froﬁ metal traps because they would run up the.sides and escape when
the trapper opened the door, Rabbits were best removed from metal traps
by placing a cloth bag over the open door and frightening the rabbits
into it by striking the opposite side of the trap, The date, location,
age, sex, weight, breeding condition, and presence of conspicuous
par&éites were recorded-for»each rabbit handled, The nose-rump and hind

foot lengths of rabbits not fully grown also was recorded,

Sex and Age Determination

Aging and sexing was done by the criteria described by Petrides
(1951) except that additionally the epiphyseal cartilage at the distal
end of the radius and ulna that mark juvenile, was located by palpation
in many live specimens, The bump caused by the epiphyseal cartilage
was detected merely by sliding the end of the forefinger along the

lateral side of the distal end of the forearm, Because nipple size was



pal

not a reliable age criterian in females (see beyond) and penis length
was sometimes & questionable criterion in males, the aging of some live
rabbits was uncertain, The writer has the impression, however, that
despite some difficulties, very few rabbits were incorrectly aged,

No rabbits which were later shot had been incorrectly aged when first
trapped during 1951 and 1952, Shot rabbits were aged by the degree of
ossification of the epiphyseal cartilage at the proximal end of the
humerus, as described by Hale (19L9) and Petrides (1951). During the
last three years of the study obvious aging errors of live rabbits
(especially males) were occasionally made by less experienced men
assisting in the trapping, These errors did not effect the results of
this study because age ratios were established from the hunting kill

which could be accurately aged,

Marking Methods

Almost all rabbits were eartagged in both ears with mumbered monel
metal finglerling type tags (style 1005, size 3), National Band and Tag
Co., Newport, Kentucky). The ear was folded double when the tags were
inserted (Haugen, 1942), Thus, the ear was pierced in two places so
that when it was unfolded the tag was completely inside. This method
was very satisfactory since only one tag was lost. Each year several
rabbits had one of their two tags ripped out by shot, but in no known
case were both tags lost in this manner, During 1951 and 1952 small
juveniles were marked with National Band and Tag Company ear tags,

These were numbered metal surfaces with two metal extentions., The



extentions were placed through a small hole punched in the ear, then
through a light metal washer placed on the other side and spread open,
An ear tag gauge (also obtained from National Band and Tag Company)

was placed under the washer before the extentions were opened to avoid
cutting off circulation and to provide room for growth., Since only one
hole was necessary these tags were better than fingerling-type tags

in the rapidly growing ears of very small rabbits,

In 1953 it became desirable to have rabbits marked so that they
could be visually identified without retrapping or shooting, Fifty
percent alcohol saturated with picric acid was found to dye rabbit tails
a bright durable yellow, Rabbits that had their tails dyed yellow in
November could still be clearly distinguished as marked rabbits the
following June, The mark apparently was lost during the summer follow-
ing marking,

Shortly after they had been dyed with picric acid during late
January, 1953, three rabbits were found dead, This raised a question
concerning the toxicity of the dye solution, Cohn and Githers (1928)
reported that picric acid is toxic and that the fatal dose by mouth
for various species is approximately .5 gm, per kilo (4 grains per pound).
Yellow stains around the mouths of recaptiured rabbits indicate that
they had licked the dyed area, However, calculations indicated that
it would be impossible for a cottontail to ingest a fatal amount even
if it bad been completely covered with 50 percent alcohol saturated

with picric acid,
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To get some idea if lagomorphs were umusually susceptable to
picric acid poisoning, an experiment was conducted with 18 domestic

rabbits (Oryctolagus caniculus)., Fourteen were administered picric

acid in various ways and amounts and four held as controls, Only two
rabbits that had received large oral doses died.

G. L. Bowers (personal communication) reported no evident mortality
from picric acid among many rabbits marked in summer in Pennsylvania,
Later, at the Kellogg Forest up to 60 percent of the rabbits marked
with yellow tails were later bagged by hunters, It would have been
impossible to harvest such a high percentage of the population if a
very high mortality had occurred. These observations indicate that when
an alcoholic picric acid solution is applied to the tail and adjacent
light colored hair no harm is likely to occur, The three recently-dyed
rabbits that were found dead possibly expired due to the chilling effect
of having about half their body (tail, sides and belly) soaked with a
fifty percent alcohol solution when the air temperature was below freez-
ing, No information is available on the effect that color marking has
on rabbit behavior,

Malachite green (blue-green) and Nyanzol A (purple-black) dyes
also were tried, Both were reported by Fitzwater (19LL) to show promise,
A1so Flyger (1955) used the later with success in marking grey squirrels.
Both of these dyes faded rapidly on rabbits, One animal whose tail was
dyed black with Nyanzol A September 23 had its tail color recorded as

white when shot by a hunter December 28,
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Harvesting Methods

The major method used to collect rabbits was shooting, 4t the
Sanctuary almost all hunting was done under the supervision of the
writer, Records were kept of the dates of the hunts, numbers of
hunters, areas hunted, numbers of rabbits bagged, kill locations and
cripples that escaped, Notes were also made of factors which might
have influenced hunting success, Data concerning the lunts are
tabulated in Tables 7 to 1L, The locations at which marked and un-
marked rabbits were bagged are shown in Figures 7 to 11,

During the winters of 1952-53 and 1953-SL some unsupervised hunting
was dons by Kellogg Farm employees, The kills they recorded are indicated
in Tables 8 and 9, These kills are probably minimal since they kept
records in a very unsatisfactory manner, Ailso during those two winters,
in order to greatly reduce the rabbit population, live traps and snares
were used after hunting was no longer sufficiently productive. During
the 1952-53 harvest a ferret also was used, Rabbit removals by these
methods also are indicated in Tables 8 and 9, Hunting at the Kellogg

Forest was open to the public and is described elsewhere,
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POPULATION DYNsMICS

Population Measurements

Accurate population estimates, particularly of pre-hunting season
populations were essential to the study. Population estimates and
indexes were obtained by various methods, The results of these have

been compared and evaluated,

Tagged: Untaggzed Ratio Estimates (Lincoln Index)

This census method was first used by Allen (1938b) to estimate the
rabbit population on the Kellogg Bird Sanctuary and Farm, It involved
live trapping and marking a portion of the population, then determining
from the hunting kill the fraction of the population which had been

marked, The population estimate (B) was obtained from the relationship:

Number of Rabbits marked (2) - Number of marked rabbits in sample (c)
Total population (B) Total rabbits in sample (D)

Since three of the four quantities are kmown, the fourth (tdtal population)
is readily calculated, It may be noted that the values for C and D

merely indicate the fraction of the population that was marked when the
known number 4 was handled, consequently, actual values for C and D are
important only in that sample size influences the reliability of the
population estimate, The accuracy of this census method depends upon

Lhow closely the marked-unmarked ratio in the sample reflects that which

actually existed in the population at the end of the marking period,
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In order for the marked-unmarked ratio to be reliable the following
conditions must be met:
" 1, Both marked and unmarked animals are equally likely to be
sampled,

2. The mortality rate is the same in marked and unmarked animals

between the time of marking and sampling,

3. Either sampling or marking is conducted uniformly throughout

the study area,

L. Movements of animals out of or into the study area do not

occur or do not change the marked-unmarked ratio that existed
at the time of marking,

The number of marked animals in the populaiion (4) applies to the
time the marking was done, and the population estimate refers also to
that time, This method does not measure the population size existing
at the time the sampling was conducted. Because this is true, it was
possible to mark rabbits at several times during the year and to
obtain population estimates for those times from the segregated marked-
unmarked ratios in the hunting kill, Details concerning estimates of
this sort are tabulated in Table 15,

Theoretically, the marked-unmarked ratie could be determined by three
types of sampling, (1) shooting, (2) sight observations of tail colors,
and (3) live trapping., Geis (1955) showed that shooting provided
apparently reliable and unbiased population samples, but that a uniform
probability of capture by live traps did not occur. The third method

of sampling therefore was ruled out,
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In 1953, in order to test the degree of agreement between the
marked fraction in a shot sample and one based on sight observations
of dyed tails, hunters were asked to report the number of rabbits seen
but not bagged that had tails which were (1) white, (2) yellow or
(3) not clearly seen., The agreement between population estimates
obtained by the two methods was extremely close (Tables 16 and 17).
On both study areas in 1953 the two population estimates differed by
less than one rabbit, During 195L, both methods again were compared,
A%t the Sanctuary the two estimates were 249.2 and 248,6, At the Forest
the estimates were 395.9 and L13.8. In 1955 the agreement was again
very close at the Kellogg Forest with the two estimates being 310.7
and 303.,9. 2t the Sanctuary only 27 sight observations were made;
consequently, the lack of agreement shown is not surprising. Thus in
a total of five valid comparisons the total difference between estimates
based on the two sampling methods was only 26 rabbits, This very close
agreement indicates that both sampling procedures yield comparable
results, Therefore, the yellow-tailedtwhite-tailed ratio from sight
observations can be added to the tagged-untagged ratio in the hunting
kill to increase the sample size upon which the marked fraction is based
and thus increase the reliability of the population estimate, By
dying tails at the same time that tagging is done, more efficient
results are obtained with little increased labor,

When Lincoln Index population estimates are based on samples
obtained by shooting or visual observation, several types of evidence

that might indicate whether or not sources of error are being
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TABLE 17

DATA USED TO ESTIMATE TH& PRESEASON POPULATIONS--KELLOGG FOREST
HICKORY CORNERS, MICHIGAN

Year 1951 1952 1953 195k . 1955
Number bagged 267 196 245 206 176
Number recently marked

rabbits bagged 66 67 72 6L 61
Number tagged preseason 130 118 118 123 143
Number clearly seen but

not bagged

White 23k 232 1L9
Yellow 96 97 129
Total 200 120 98
Number dyed preseason 0 0 117 122 jA N

Population estimate based
on tagged-untagged ratio 526.0 345.2 Lo1.5 395.9 310.7

Population estimate based
on sight observation L02.2 L13.8 303.9







encountered, One would be whether or not a change took place in the
marked-unmarked ratio during the sampling period, If the marked
fraction remained constant, it would seem likely that during that
period (1) both marked and unmarked animals were equally sampled,

(2) movement of animals to and from the study area did not cause a
change in the marked-unmarked ratio, and (3) mortality was the same for
both marked and unmarked animals, Data from the Kellogg Forest indi-
cated especially well whether or not a change in the marked-unmarked
ratio was likely to occur during the sampling period. This seemed true
becauses

1. Sampling was conducted over a long time (October 20 to
January 31) and started the day after marking, Thus time was
allowed for a differential movement or mortality between
untagged and tagged animals to take place if it was going to
do so.

2. Rabbit habitat was fairly uniformly distributed over the area,
thus creating a situation more favorable for rabbit movements
into or out of the study area than existed at the Sanctuary
study area where the excellent rabbit habitat in the center of
the area was largely surrounded by more open farm land,

3. More than half of the population was bagged by hunters each
year, Therefore, if marked or unmarked rabbits were more
likely to be collected a change in the marked fraction would

certainly be evident during the hunting season,



L5

Table 18 gives the marked-unmarked ratios observed during the 1953,
195L and 1955 hunting seasons at the Kellogg Forest. They are tabu-
lated here by three week intervals, except for the last six weeks which
are combined because of the small numbers of observations late in the
season, Neither the tagged-untagged ratio in the kill nor the yellow-
tailedi:white-tailed ratio among rabbits clearly seen but not bagged
showed a consistent change during the season, It had been thought that
a gradual decrease in the marked fraction might occur due to interchange
of marked and unmarked animals around the edges of the area, No statis-
tically significant tendency for this to take place was evident. Even
the greatest drop in the marked fraction observed between the beginning
and end of the season was not significantly different from that at the
beginning, These data indicate that if such movement occurred it
involved too few animals for the marked fraction to be seriously affected,
It also seemed evident that marked animals did not differ from unmarked
animals in their probabilities of being seen or shot or of dying
naturally,

A second type of evidence concerning the reliability of Lincoln
Index population estimates based on a shot sample has previously been
published (Geis, 1955). In that study the known mumber of rabbits
shot on two areas also was estimated from the rabbits! trapping records
by the method described by Hayne (1949). Due to a non-uniform trap
response these estimates were L5 and L3 percent of the population
values known to be correct, The total population estimates obtained

in the same way for the two areas were LO and 47 percent of the total



TABLE 18

SUMMARY OF MARKED-UNM1RKZD R4TIO CHANGES DURING THE 1953-1955
HUNTING S&.SCNS--KELLOGG FOR&ST
AUGUSTA, MICHIG-N

e

Time Interval Oct, 20~ Nov, 10- bec. 22-
Nov, 9 Nov, 30 Dec. 1-21 Jan, 31
1953-5k
(Tagged 26 8 13 22
Kill (Total killed 82 L6 35 70
(Percent tagged 32 17 37 31
(Yellow tail L9 12 19 16
Seen (Total seen clearly 133 €5 5k 78
(Percent marked 37 18 35 20
195)-55
(Tagged 23 18 16 7
Kill (Total killed 75 L9 55 20
(Percent tagged 31 37 29 35
(Yellow tail 39 21 26 11
Seen (Total seen clearly 1Ll 57 91 Lo
(Percent marked 28 37 28 28
1955-56
(Tagged 3L 23 17 8
Kill (Total killed 73 L3 33 23
(Percent tagged L6 53 53 35
(Yellow tail €7 16 19 7
Seen (Total seen clearly 180 Ll 36 20

(Percent marked L8 36 53 35
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population estimates based on fhe tagged-untagged ratio in the hunting
kill, Thus, there was relatively close agreement in the degree of
error (1) when estimating the known number of rabbits shot from the
trapping records of that partial population and (2) when estimating

the total number present from all trapping records in comparison to the
number estimated by means of the ratio of marked rabbits among the shot
animals, If the trap response of shot rabbits is representative of
that of the total population, then this consistency of underestimation
indicates that the total population estimates based on the tagged-
untagged ratio in the hunting kill were accurate,

A third type of evidence concerning the accuracy of this census
method was obtained by estimating the pre- and post-hunting season
populations and determining that the difference between them approxi-
mately equaled the known hunting kill, During the fall of 195k, 96
rabbits were marked on Kellogg Bird Sanctuary proper, Sight observa-
tions made before shooting indicated that 56% of 113 observations were
of yellow-tailed rabbits which yielded a pre-hunting season population
estimate of 172 for that area, Fifty-three rabbits then were bagged
or trapped of which 29 or 557 had yellow tails, Therefore, the number
of yellow-tailed rabbits remaining in late December was about 67,
During the following May and June, 62 or 58% of 107 observations made
on Kellogg Bird Sanctuary were of yellow cottontails, This led to a
.post-hunting season population estimate of 116 or 56 less than the
pre-hunt estimate, The agreement of the known kill (53) is regarded

as evidence supporting the accuracy of this method, The agreement of
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the marked fraction in December observations (56%) with those in the
shot sample (55%) and those five to six months later in May and June
(58%) is another way of expressing these constant results,

All evidence gathered in this study indicated that population
estimates made by the Lincoln Index method in which rabbits are live
trapped, marked, released, and then sampled either by shooting or by
making tail color observations, were reliable within the limits of
sampling variation, Not only did quantitative evidence indicate the
accuracy of this method but also its application yields logical results

which were in harmony with field observations,

Hunting Results

DeLury (19L1, 1951) presented methods for estimating the size of
an animal population from the decrease in yield per unit effort that
occurs as the population is harvested, His methods are based on the
assumptions that:

1, Harvestibility remains constamt,

2, The population is closed, i.e., natural mortality, recruitment

and the like are insignificant,

Rabbit hunting data would seem to satisfy these assumptions if
these largely interrelated circumstances prevailed:

1, Hunting conditions that influence success are fairly constant,

2, Hunting pressure is heavy over a short season,

3. The fraction of the population harvested is large,

L, Movements during the season has no influence on hunting success,

5. Unknown natural mortality is insignificant,
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Rabbit hunting seasons in Michigan, however, are long and occur under
widely varied conditions, Often hunting success is better at the end
of the season than at the beginning, Consequently, the DeLury method
under most circumstances could not be used to eétimate rabbit numbers
here,

At the Sanctuary study area, however, hunting was conducted in
an atypical manner, Hunting did not start until December but then was
intense, A pronounced drop occurred in the rate of kill as the
harvest progressed which indicated that the DeLury census method might
logically be applied, For the 1951, 1952, 1953 and 1955 hunting
seasons, hunting effort data were divided into groups of approximately
25 gun-hours and the rate of kill calculated for each interval,
Preseason population estimates were obtained graphically by plotting
the rate of kill on the abscissa against the number of rabbits known
to have been removed on the ordinate, At the point where the line
fitted to these points crossed the ordinate the entire population
theoretically would have been harvested, and therefore that point
indicated the pre-hunting season population level, Figures 12 and 13
show both the kill per 100 gun-hours and rabbits seen per 100 gun-
hours plotted against the number of rabbits previously removed during
the 1952 and 1953 harvests, Both indexes of abundance yielded about
the same population estimates, In 1951 and 1955, less hunting took
place and only the kill per 100 gun-hours was used as an index of
abundance, Observations for these years are plotted in Figure 1L,

In 195k only one hunt took place and consequently this census method

could not be applied,
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Table 19 compares population estimates by the Delury method with
those obtained by the Lincoln Index method, If the Lincoln Index
values are correct, and the evidence overwhelmingly indicates that they
are, then the population estimates based on changes in hunting yield
consistently underestimated the population from L3 to 6L percent for
the four years considered, The most likely explanation for this dis-
crepancy is that harvestibility did not remain constant, Harvestibility
may have changed during the shooting ﬁeriod because of an unequal
probability of being shot among the various animals in the population,

Although this census method did not yield accurats popuiation
estimates, it was fairly eomnsistent in its degree of underestimation,
Therefore, if no trapping had occurred before the shooting period at
the Sanctuary study area, a fair approximation of the fall popuiation
probably could have been obtained by doubling the Delury population
estimate, To illustrate this procedure hunting statistics for the 19L6
lnunting period collected by Pirnie (unpublished data) were used,- The
DeLury population estimate from these data was 120 (Figure 15).
Doubling this a preseason population estimate of 240 was obtained
which indicated a 37 percent kill, This population estimate and
percentage kill is reasondble judging from observations made later when
more data were available,

It can be concluded that the DeLury census method yields popu-
lation estimates that are far too low., Values obtained seemed to
fairly constantly underestimate the population and may provide re-

liable indexes of abundance,
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TABLE 19

LINCOLN INJEX sND DELURY PRESEASON POPULATION ESTIMATES CQMPARZD
KELLOGG BIRD SANCTU.RY AND FARM
HICKORY CORNERS, MICHIGAN

Percent Error in

Year Lincoln Index DeLury DeLury Method
1951 388 135 -85
1952 365 190 -L8
1953 230 120 -48

1955 15L 110 -L3




100 GUN-~HOURS -

KILL PER

”4

”1

wd

204

{04

FIGURE
FALL POPULATION EST|MATE BY

5

DE LURY METHOD .
KELLOGG BIRD SANCTUARY AND FARM 194¢

B

h

60 80

TOTAL Kili

100

120

140

160



56

Indexes of Abundance

Several types of data that could be used as indexes of abundance

were collected during this study, These indexes were compared to

population estimates believed to be reliable in order to appraise their

accuracy, These data were of three main types: hunting kill statistics,

live-trapping results and fall age ratios.

Hunting Kill Statistics
Hunting kill statistics were viewed in several ways,

The accuracy

with which the total kill, kill during a constant effort, and average
rate of kill, reflect population levels was evaluated for both study

areas, These indexes and the values upon which they were based are

shown in Tables 20 and 21.
1, Total kill

Figure 16 shows a very strong positive correlation between tle

total kill and population level at the Forest, At the Sanctuary the

Total Kkill was also directly related to the population present but not

Aas closely as &t the Forest, In 1952 the kill was higher and in 195k

lower than would be expected from the known population level, These
A3 screpencies can be explained by variations in hunting effort, 1952

had over twice the normal effort and 195k had only about one-fourth the

NOrmal amount, It is important to observe that the total kill closely

T'ef] ected population trends despite great fluctuations in hunting
efrs ort, The reason for this was that after about 1LO gun-hours the

Ta&te of kill was very low. Consequently, the great increases in



57

T4BLE 20

KILL STATISTICS AND INDEXES OF ABUNDANCE
KELLOGG BIRD SANCTU.ARY AND FARM
HICKORY CORNikS, MICHIGAN

Lincoln Total Kill/Total Hours Kill/Normal Effort
Year Index Total Hours K/T-H Kill Hours
Estimate Kill per 100 G, H,
1951 388 123 16,1 €2 123 146
1952 365 145 377.6 38.4 105 1L7
1953 230 9L 37L.0 25.1 65 167
1954 2L9 Lo 36.2 110.5

1955 194 86 1242 69.2 66 12h2




58

6°9 TOOT 69 8°L 6222 SLT T1€ SS6T
0°9 n66 09 8°8 6n€e 902 96¢€ NS6T
2°6 €66 %6 T°0T 01€2 sne 201 €561
. 200T S. 6°9 9502 96T She 2G6T
S'1T L66 STT et T2 L92 92§ TS86T

("H-"H 00T aed) (samoy-um3 QQT 4ed)

*H-"H 000T 35T/Y SJn0Y  TTIY H-1/M SJNOY TITN ejeurysy  Jee}x
*H-"D 000T ¥ST/TTTH s§I00H Te30L/TTTY Te30lL Te301 uotgerndod

ISTHOA DOOTIMI-~FONYANNEY JO SHXIANI QNY SOIISIIVIS TIIN

NYDIHOIW ‘visnony

T¢ #I9VL






FIGURE 16
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effort in 1952 and 1953 caused relatively small increases in the total
kills, Therefore, the total kill was a somewhat useful index of abun-
dance esven when the total effort was not constant; and probably was an
accurate index when the hunting effort was fairly uniform,

2. Kill during & constant effort.

Some of the variability shown above was due to differences in
hunting effort, To avoid this difficulty the indexes considered here
are based on comparable amounts of effort each year, At the Forest
this effort was the first 1000 hours hunted. At the Sanctuary it was
the "normal effort® of about 14O to 150 hours, This was selected as
normal because it approximated the anmual effort expended during the
period 1932 to 1951, Because the effect of hunting pressure was being
evaluated, hunting pressures other than the normal amount were applied
in 1952, 1953 and 1954, During 1952 and 1953, a much heavier pressure
was exerted so the kill for the normal effort was that made during
aboét the first 150 hours of hunting. In 1954 only 36 hours were
hunted, Since the kill during the normal effort would have to be esti-
mated by & questionable extrapolation none was estimated for 195k,

In 1951 and 1955 the total effort approximately equaled the normal
effort so both kills were the same,

At the Sanctuvary this index is expressed as the total kill so that
the values are comparable to those recorded from 1932 to 1950 when
hunting effort data were not available, At the Forest the index is
given in terms of kill per 100 gun-hours,

When the kill during a constant effort was compared to known

population levels, a close positive relationship was evident on both
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study areas (Figure 17) except for 1955 at the Sanctuary when the kill
was too high, The reason for this discrepency seems to be as follows.
During 1951 through 1953 most of the hunters were hunting for
recreation, Some were elderly men physically unable to flush the
- maxdmum number of rabbits per hour hunted, A4lso, shooting accuracy
often was poor, During 1955(and 195L when total effort was decreased)
rabbits were hunted only by those people connected with the rabbit
research project, ﬁabbits were collected as quickly and efficiently as
possible, The rates of kill in 1954 and 1955 (Table 17) were relatively
higher thanin 1951, 1952 and 1953. If there had not been a marked change
in hunter effectiveness during this study, it seems reasonable to
believe that.the kill made during fairly comparable amounts of effort
would be & reliable index of abundance, Thus the total kills recorded
by Pirnie (1949) from 1932 through 1947 and by Staebler from 19L8 through
1950 are regarded as fairly accurately reflecting the fall population
levels that existed from 1932 through 1950, It was the intention of
both of these successive Kellogg Bird Sanctuary directors to keep lunt-
ing pressure constant each year and it is very unlikely that small
variations in the effort from year to year could have greatly influenced
size of the kill, This is especially true when it is realized that
since the rate of kill at the end of the shootiﬁg period is low, even
moderately large fluctuations in effort would influence the total kill
very little, On both study areas the kill during a constant hunting

pressure was apparently a satisfactory index of fall rabbit abundance,
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3. Average rate of kill,

At the Sanctuary the rate of kill based on the total kill and
total effort indicated very little correlation with population density
(Figure 18), Wide variations in hunting effort and the change that
occurred in hunter effectiveness in 1954 and 1955 was responsible for
this, In contrast, rate of kill at the Forest showed a close corre-
lation with population density, This would be expected since the
effort was fairly constant each year, When based on wide variations

in total effort the rate of kill is an unreliable index of abundance,

Trapping Pata

Four indexes to fall rabbit abundance were considered for both
study areas: (1) total individuals tagged, (2) total captures(including
repeats), (3) individuals handled per 100 trap-nights, and (L) total
captures per 100 trap-nights, These data are tabulated along with
population estimates in Tables 22 and 23.

At the Sanctuary (Figure 19), the total rabbits captured seemed to
be a fairly reliable index to fall abundance, The total times rabbits
were handled was less satisfactory because 1951 was high, and the two
rates of capture also did not show a regular pattern when compared with
population size, The chief reason for the unreliability of these
indexes was the very high rate of capture in 1951, A heavier snow
cover then perhaps was responsible for this, Aillen (1938b)indicated
that snow cover had a marked influence on trap success, These data

indicate that the total number of animals captured probably accurately
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reflects the population density if the trapping is conducted under
fairly constant conditions,

The accuracy of the individuals captured per 100 trap-nights was
reasonably good, except for 1952 (Figure 19). The rate of capture that
year was retarded because one trap line was conducted 22 days instead
of the usual ten or twelve, This led to a marked accumulation of
effort with 1little increase in the number of individuals captured during
the last 12 days of the trapping period, However, this did not account
for the entire reduction because if the last 12 days were omitted the
rate of kill would still be only 5.7. The complete explanation is
unknown,

At the Kellogg Forest (Figure 20) all trapping statistics were very
unreliable indexes of abundance, In fact, the number of rabbits handled,
total captures and total captures per 100 trap-nights all suggest an
inverse relationship between the population index and the population
density. Except for 1955 the number of individuals handled per 100
trap-nights fairly accurately seemed to reflect population levels,

Since the individuals handled per 100 trap-nights is influenced by the
total trapping effort, it is necessary for these values to be based on
comparable amounts of trapping effort. The total effort at the Forest
was constant during this study; therefore, the general lack of agreement
between trap results and population density indicates that other factors
are responsible for the magnitude of the catch, Consequently, trapping
data as gathered at the Kellogg Forest are of doubtful value as

indexes of abundance,
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The reason for the better agreement between trapping data popu-
lation indexes and population densities at the Sanctuary than at the
Forest are unknown, A marked difference in trap success prevailed
between summer and winter, If this change in trap efficiency had
occurred at different times each year it might have caused the in-
accurate results observed, Another factor possibly contributing to the
poor agreement at the forest was that the wooden traps were not function-
ing with full efficiency in 1951 which tended to reduce the catch during
that year of high population density,

In general trapping data did not accurately reflect population
levels, They were much less accurate than population indexes based on
hunting kill statistics, However, under some circumstances population
indexes based on trap results were fairly reliable, It seems likely
that trapping results can be used as rough population indexes if the

trapping is conducted under fairly comparable conditioms,

4ge Ratios
Because of their high annual mortality rate hunted cottontail

rabbits are usually regarded as an annual crop, The crop is comprised
largely of juveniles (Tables 2L and 25) and hence its size may be
thought of as being determined by the success of juvenile production,
Since fall age ratios reflect the magnitude of juvenile increment, it
follows that changes in fall age ratios might be related to changes in
population density,

Tables 23 and 24 permit comparison between fall age ratios and

fall population densities at the two study areas, Mere inspection of






71

TABLE 24

SUMMARY OF RABBIT POPULATION DATA
KELLOGG BIRD SANCTUARY AND FARM 1950-1955
HICKORY CORNERS, MICHIGAN

Relative Hunting Fall
Year Spring Fall Kill Age Ratio

Populations Population Percent Juvenile/idult
1950 Very high 500? 317 L.3
1951 Very high 368 32 3.5
1952  Very high 365 58 2.6
1953 Very low 230 66 8.1
1954  Very low 249 22 13.2
1955 High 194 Lk 5.1

TABLE 25
SUMMARY OF RABBIT POPULATION DsTA
KELLOGG FOREST 1951-1955
LUGUSTA , MICHIGAN

Relative Hunting Fall
Year Spring Fall Kill Age Ratio

Populations Population Percent Juvenile/4dult
1951 High 526 L9 5.1
1952 High 3Ls 56 L.2
1953 Low Lo2 61 10,k
1954  Low 396 56 13.6
1955 Low 311 57 17.3




these data indicates that fall age ratios were very poor indexes of

abundance, The reasons for this are discussed beyond.
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POPULATION FLUCTUATIONS

Kellogg Bird Sanctuary and Farm Study Area

Hunting kills recorded by the Sanctuary directors from 1932
through 1950 have been shown to probably accurately reflect changes in
population density. Data for these years are plotted in Figure 21
along with hunting kills during a normal effort for 1951-1955., Although
the kills fluctuated from year to year there has been no general trend
toward either an increase or decrease, This is interpreted as indi-
cating that the rabbit productivity of this area has not changed
appreciably during the past 23 years, This is of particular interest
when it is realized that rather marked environmental changes have
occurred during this time, There has been & considerable increase in
brushy cover in formerly open fields and a pronounced increase in
growth of pine plantations. A marked change also occurred in predator
numbers on the area, Foxes were practically non-existent on the area
from 1932 through about 1940, Since then they have been common,

In 1936 Allen estimated the total fall rabbit population as 225
by the Lincoln index method using a shot sample to establish the marked
fraction (Allen, 1938b). No further complete censuses were made until
1951, Calculatéed fall populations for 1951 through 1955 are summarized
in Table 2Li. Some less accurate data for 1950 are added because age

ratios were available for that year,
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Fall population levels were obtained by the Lincoln Index method
except for 1950 when it was estimated from the hunting kill, The
hunting kills are expressed as the percentage of the preseason popu-
lation so that the extent to which the population was reduced by
nting (exclusive of crippling loss) can be readily seen., The
juveniletadult ratio is that which occurred in the hunting kill,
Spring population levels were based on live trapping data, These data
(Table L) were rather meager and could only roughly reflect population
levels, Spring population densities, therefore, are expressed merely
as either high or low,

The following relationships are evident in Table 2ut

1, From 1950 through 1952, when spring population densities
apparently were high, the fall population densities were
positively correlated with the proportion of juveniles
present,

2, The extent of the hunting kill influenced the size of the
next spring's population density., 1950, 1951 and 195k
had hunting kills of from 22 to 33 percent of the fall popu-
lation and were followed by springs with high population
densities, 1952 and 1953 had known kills of 56 to &6 per cent
and were followed by very low spring populations,

3. There was an inverse relationship between spring population
densities and fall juvenile proportions, 1953 and 1954 had
low spring populations and higher fall juvenile per adult
ratios than did the other years, The significance of this

relationship in other regards is discussed beyond,
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Kellogg Forest Study Area

A record of the total rabbit kill was kept by the forester in
charge of the Kellogg Forest for the 1940 and 1946 through 1955
seasons, Hunting effort data gathered since 1947 indicated that
between 1947 and 1950 the total hunting pressure gradually increased
from 648 to 1772 hours, From 1951 through 1955 the pressure was con-
stant at slightly over 2000 hunting hours per year., Figure 22 graphs
the hunting kills that occurred on the Forest for those ysars for
which data are available, The hunting kills in 1940, 1946, 1947, and
1948 may have been unrepresentatively depressed because of a lighter
hunting pressure then, Probably general rabbit abundance levels have
not changed much over the years considered,

Popuiation data for 1951 through 1955 are summarized in Table 25,
Observations at the Sanctuary indicated that the spring population was
largely a reflection of what was left at the end of the hunting season,
No spring population data were available for 1951, Consequently the
level is indicated as "high" judging from fall population and age ratio
evidence, Based on the previous fall's population levels the spring
population for 1952 is indicated as high and the other years as low.

Observations of Walter Lemmien, forester in charge at the Forest,
support these conclusions for that area, For 1950 he reported "there
is evidence of a better reserve supply (of rabbits) than in the past
several years"and for 1951, ™*after the season, when the snow depth

decreased, tracks indicated a good population of rabbits still on the
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area® (Lemmien, 1950, 1951), A4ll other data were obtained in the same
manner as at the Kellogg Bird Sanctuary and Farm,

Table 25 indicates little direct correlation between juvenile:adult
ratios and population densities, except possibly during 1951 and 1952,
Apparently an inverse relationship existed between spring populations
and fall age ratios. Since the percentage kill remained rather con-
stant at the Forest, spring populations generally reflected the popu-
lation levels during the previous fall, .

An inverse relationship between density of the breeding population
and population increase has been observed in a rumber of studies,
Errington (19h5) and Kozicky and Hendrickson (1952) indicate that an
inverse relationship exists between spring populations of quail and
the magnitude of the following summers increase, Errington (195k) also
has shown that muskrats display this relationship, In elk (Buechner
and Swanson, 1955) a lowering of the population by hunting resulted in
a very high incidence of pregnancies among yearlings. Southern (19L8)
in England noted that during a year when breeding populations were
high there was a greater tendency for adult wild rabbits (Oryctolagus
coniculi) to drive young from the warrens, Though behavior like this
which would result in juveniles being driven from the study areas could
explain the age ratios on the Kellogg Station, there was no evidence
that this did occur,

The phenomenon of inversity possibly can be explained, at least
in some cases, by the recent findings of Christian and Davis (1955),

They observed an inverse relationship between mammal population density
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and adrenal gland weight. Since increased adrenocortical activity is
associated with a decrease in reproductive function, general physical
condition, and resistance to disease, this may explain the lower rates

of increase that commonly follow high population densities,

Population Increase and Mortality Analysis

Annual Population Increase

It is apparent that marked variations occurred in the size of the
annual spring to fall increase, Since accurate spring population esti-
mates are lacking for most years a precise statement of the size of the
gain each year is not possible, However, the marked variations in
juveniletadult ratios that occurred from year to year indicate that
juvenile production also must have varied considerably, At the
Sanctuary study area, relatively large population increases probably
occurred in 1953 and 1954 while those in 1951, 1952 and 1955 were
relatively low, A4t the Kellogg Forest, 1951 and 1952 had relatively
low increases while during the following three years they were relatively
high, Tables 24 and 25 clearly indicate that high successful juvenile
production occurred only following low spring populations,

The factors that directly influence the annual increase are as
followst?

1, Average number of young per breeding female

2, Sex ratios of adults ‘

3. Mortality of juveniles

L, Movements of juveniles,
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It is not known if variations existed from year to year in the
fecundity of adults, However, differences were evident in the dates
at which young were successfully produced during the three years for
which such data were available, These observations are shown in
Table 26. The time of birth was calculated from the ages of juveniles
at the time they were captured, The age was based on the criteria
discussed by Petrides (1951). It is apparent from Table 25 that the.
early litters in 1953 were much more successful than those in 1951 and
1952, A Chi-square test indicated highly significant differences in
the distribution of successful births, The high survival of early
litters in 1953 probably contributed to the high juveniletadult ratio
that year, ‘

A pronounced difference in the incidence of breeding by juveniles
existed between 1951 and 1952 which had low age ratios and 1953 and
1954 which had high age ratios. During the first two years only one
out of 88 females that had produced young was a juvenile, In contrast
five of 21 breeders (2L percent) checked in 1953 and 1954 were juveniles,
This difference is statistically highly significant, The high incidence
of juvenile breeders appears to have been associated with a high sur-
vival of early litters in 1953, The young breeders were detected by
having juvenile epiphyseal cartilages in the legs despite evidence of
breeding indicated by nipple size and condition of the uterus, No
association was found between precipitation or temperature during or
before the breeding season and the incidence of precocial breeding or

the size of fall age ratios,
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Since sex ratios remained about even during the entire study,
this factor can be disregarded as a factor influencing the annual
population increase,

Little direct evidence concerning variations in juvenile morality
is available, Possible mortality factors were predation and disease
or parasites but the effects of these factors on the population is
unknown, The incidence of warbles in 1951, when the increase was low
was about twice that during the following two years when high increases
occurred (Geis, 1956), It is known that warbles can kill individual
rabbits; however, the effect that they have on a population is uncertain,

The effect of movement on population levels was investigated by
Moore (1958). He concluded that movements into the Sanctuary and study
area were slight, No information is available about the extent of
movement away from the Sanctuary, At least a few animals leave the

area because three tagged rabbits were shot outside, Two were about a

mile southeast and one 13 miles south of the study area,

Ldult Summer Mortality

Adult summer mortality was important in two ways, It influenced
fall population densities and caused distortions in fall age ratios,
In 1951 about one-third of the adults alive in June died before the
following November, Juveniles no doubt were present in the fall whose
parents were then dead, This meant that the age ratio found in the
hunting kill was an exaggerated index of reproductive success, For

example in 1951 the age ratio in the hunting kill was 3.5 juveniles
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per adult, There was evidence (Table 32), however, that for every
adult alive in November that there were about 1.5 adults present
during the bulk of the breeding season, Therefore, the age ratio that
truly reflects the rate of increase must have been 3.5 juveniles to
1,5 adults or 2.3 juveniles per adult,

When spring and fall populations are known, the number of young
successfully produced per adult alive in the spring can be estimated

by the formulats

. Pf - As
a As

where a is the number of young produced per adult living in the
spring , Pf is the total fall population, and as is the spring adult
population, The extent to which the calculated value differs
from the fall juvenile:adult ratio reflects the extent of adult
mortality, For example, in 1955, the spring adult population was
conservatively estimated as €2 by doubling the number of animals
actually handled in spring trapping. The fall population was estimated
as 194 by the Lincoln Index method, Substituting these values in the
above formula & juveniletadult alive in the spring ratio of 1.L was
obtained, Therbserved'fall age ratio was 5,1 juveniles per adult,
The number of adults alive in the fall can be calculated from the
relationship:

Af « Afaf =Pf
where Af is the fall adult population, af is the fall juvenile:adult

ratio, and Pf is the total fall population, Thus, the number of
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adults alive during the fall of 1955 was 32, This indicates a €1
percent adult mortality since spring, Following the same procedure
the adult mortality between March and November, 1952 was indicated to
be very slight (7 percent), This low estimate probably indicates
that the spring population was underestimated, No estimate of adult
summer mortality during 1953 and 1954 was made because very few adults
were handled, It can be concluded that adult mortality between March
and November can be at least as high as forty percent, This can cause
the juvenile:adult ratio observed in the hunting kill to indicate an
exaggerated rate of increase,

When the juveniletadult alive in the spring ratio, and fall
population level are known the adult breeding population can be esti-

mated from the equation:

s = PL
4s a+l

where the notation is the same as before. For example, in 1951, a was
2.3 and Pf, 388, This yields an estimated spring adult population of
188 which agrees well with the estimate for June of 108 obtained by the

Lincoln Index Method.

Hunting Mortality

To test the effect of hunting pressure on rabbit populations the
hunting pressure at the Sanctuary was varied while that at the Forest
remained almost constant, In 1951 a hunting pressure believed typical
of that which had been applied during previous years was exerted and

a 32 percent kill resulted, During the next two years very heavy
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hunting pressures were applied and known kills of 56 and 66 percent
resulted, In addition to shooting, live traps, snares and a ferret,
folling the hunting, were used to reduce the population, 195k had a
very light hunting pressure and only 22 percent of the population was
taken;

Table 24 indicates the effect of these fluctuations in hunting
pressures on population characteristics, The heavy kills were followed
by low spring populations, These in turn were followed by high rates
of increase as indicated by age ratios, The low spring populations
which followed heavy kills apparently were compensated for by increased
juvenile production, It can be concluded that although the hunting kill
directly influenced population levels the following spring, it had
little influence on‘the next fall population levels,

The 1953 and 195k fall population levels of 230 and 249 which
followed heavy kills in 1952 and 1953 were lower than the autumm popu-
lation levels observed in 1951 (388) and 1952 (365). It might be
thought, therefore, that the heavy kills did indeed influence the next
year's population, During the previous 21 years though, there were
many years when populations apparently were equally low (Figure 21).
This is especially true when it is realized that rabbits are probably
less harvestible now, because of more dense vegetation than they were
in the 1930's and early 1940's, For example, in 1936 when Allen (1938b)v
measured the population at 225 the hunting kill was 56 percent, In 1955
Allen again visited the area and stated (personal convefsation) that

cover conditions were such that rabbits probably were more difficult
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to bag, Therefore, the hunting kills made on the Kellogg Bird Sanctuary
and Farm during the early years probably were percentagewise higher
than those made in recent years, This would cause population levels
during the early years to appear higher than they actually were,

Observations made in 1955 further indicated that the previous hunt-
ing kill had little influence on the following fall population, In 195k
the hunting kill was very light (22%)., The following spring there was
a high rabbit population, Despite high spring numbers, however, the
fall population was the lowest of any during the study, Thus the low
kill in 1954 did not result in an increase in the 1955 population,
In fact the fall populations in 1953 and 1954, when known hunting
kills during the previous seasons were 58 and 66 percent, respectively,
were higher than that in 1955 which followed a kill of only a 22 per-
cent, Based on his many years experience observing Sanctuary rabbit
populations Pirnie (19L49) observed, "ibundant rabbits in summer, however,
did not always mean large numbers in December, In the summer of 19L9,
for example, the animals were abundant, but shooting that December was
the poorest in 16 yearsti®

Observations made at the Kellogg Forest support those made at
the Sanctuary, Low spring populations from 1953 through 1955 were
followed by high age ratios (Table 25). Furthermore, the high spring
population in 1952 was followed by a relatively low age ratio and the
second lowest fall population density observed during this study.
As was also observed at the Sanctuary, a high spring population can be

followed by a low fall population,



T4BLE 26

DISTRIBUTION OF BIRTH DaTwsS AMONG JUVENILAS LIVE-TRAPPED IN AUGQUST
AND SEPTEMBER--KELLOGG BIRD SANCTUARY AND F.ihM
HICKORY CORNERS, MICHIGAN

Percent Born

Month 1951 1952 1953
March 5 9 13
spril 27 23 63
May Ly 18 10
June 22 L5 13
July 2 5 0
Sample size 55 22 30

Fall age ratio, Juv,sAdult 3.5 2.6 §.1
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Crippling Loss

Crippling loss as associated with the rabbit harvest at the
Sanctuary would be expected to be lower than usually occurs elsewhere
because of the manner in which the hunting was done, During the 1952
harvest, however, five rabbits were found dead that had been hit by
shot on previous hunts, The percentage of the total crippling loss
that these animals represented was unknown, The next year 36 dead
rabbits were planted at random on the central part of the Sanctuary
study area, These were planted early in the hunting period, There was
ample opportunity therefore, for these animals to be found during
later hunts, Hunters were asked to report any dead rabbits that they
might find. Twelve of the planted rabbits were found which indicated
that about one-third of the rabbits dead in the field were seen by
hunters, Confidence limits around this expected recovery percentage
at the 95 percent confidence interval are 20 to 53 percent.

Only one rabbit that year was found that had died of shot wounds,
Four rabbits, however, were badly crippled and yet escaped by crawling
under the farm dump, brush piles or into holes., Any estimates of the
crippling loss based on the number found will obviously be minimal
since bodies of rabbits which die in hiding probably are rarely seen
again,

If it is assumed that the five rabbits found in 1952 represented
one-third of the total number that died from gun shot wounds but were
not recovered, the estimated crippling loss was 15 or about 8% of the

known total kill. It seems likely that a crippling loss of at least
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10 percent of the kill can be assumed to occur since the above estimate
is minimal, Because of the wide confidence limit, however, this
estimate may not be very accurate,

Since the known hunting kill on the Kellogg Forest was so high
and because hunters frequently reported séeing dead rabbits, an attempt
was made during the 1955-56 hunting season to measure the extent of tie
crippling loss there, The approach was the sams used at the Sanctuary
in 1953 but the project was conducted on a larger scale, 4 map of the
Forest was gridded by lines 50 yards apart, From a table of random
mumbers (Snedecor, 1946) 103 intersecting points were selected, Dead
rabbits, mostly collected during the previous hunting season, were
planted precisely at these locations on the following days: October 30,
Ll rabbits; December 2L, 2L rabbits; December 26, 17 rabbits and
January 10, 18 rabbits, The location of the planting points was
facilitated because every other east-west line was marked as part of
another study, The exact locations were determined by pacing from
known points and the rabbits were dropped at the spot indicated. If
they fell belly up, they were turned over, but no attempt was made to
hide them, No snow cover was present on the days of planting except
on the last date when there was scattered snow, 41l dead rabbits were
tagged in each ear with Size 3, Style 1005, National Band Company
fingerling-type tags, Forty-seven percent of the planted rabbits had
tails dyed yellow.

Hunters were requested to bring in or report the exact locations

of any dead rabbits found while hunting, They were also asked to
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report any cripples that escaped, They were not told that dead
rabbits were to be or had been planted., Ten rabbits were brought in,
Twenty were reported by hunters and later found by the forester in
charge, Six additional dead rabbits were reported by hunters and
searched for but not found, One of these could not have been planted
because it was reported before any rabbits had been set out. Only
eight crippled rabbits were reported to have escaped.

Table 27 summarizes the plantings and recoveries of planted
rabbits, It indicates that of a total of 103 rabbits planted 30 orQ
29.2 percent were found, If the January 10 planting is omitted because
little hunting was done that late in the season, the recovery percentage
was 35.3 percent,

Sixty percent of the rabbits found had yellow tails. Since only
L7 percent of the total number planted had yellow tails, it seemed
possible that yellow-tailed rabbits were more easily found. Since
statistical analysis indicated that differences that great could be
expected to occur only 20 percent of the time due to chance, it seems
likely that this was true,

Seventy-six percent of the rabbits recovered were found within
10 days after planting, 17 percent were located from 11 to 20 days
after planting and seven percent were reported from 21 to 70 days
after being placed out,

The probability of being found was calculated, based on the number
planted and the number of hours hunted 10 days after the planting,

The mean probability of being found during the 10 day period following
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planting was ,00125 for the October 30 planting, while the mean prob-
ability for the December 2L and 26 plantings was ,00266. Thus the
December plantings were more than twice as likely to be found than
were the October plantings, This difference was statisticaily signifi-
cant, But because much less hunting was done in December the overall
percentage recovery was only slightly higher than in October, despite
the higher probability of recovery.

Table 28 1lists the recoveries of non-planted rabbits, It indicates
that there was from seven to nine true crippling losses found, The
exact number is not known since circumstances indicate that one rabbit
could have been lost from a hunter's coat while another possibly could
have been hit by a car, It seemed reasonable to adopt eight as the
number that were recovered, The following proportion then could be
used to estimate the total crippling loss:

number of planted rabbits found _ number of true crippling losses found
total number planted total crippling loss

From the values observed in this study:
20 .8
103 X

X =27.5

Confidence limits around this value indicate that between 20 and 38
cripples were lost unless once chance in 20 had occurred, Thus the
crippling loss was from eleven to 23 percent of the known kill, Since

this estimate is minimal because some cripples probably die in locations
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TABLE 28

SUMM;RY OF NON-PLANTED RABBIT RECCVERIES, KELLOGG FORiST 1955

AUGUSTA, MICHIGAN

Date Tag Number Comments
Oct., 22 325 Reported and found
Oct. 23 ? Reported
Oct, 25 - Possibly hit by car
Nov, 5 - Hit by car
Nov. 2L -- Brought in
Nov, 27 -~ Brought in--shot holes in ear
Dec., 27 - May have been lost from hunter's coat
Jan, 1 3329 Reported and found
Jan, 3 - Brought in--found dead sitting in form
Jan, 11 3LhLl Brought in
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that make their recovery highly unlikely, it is probably safe to assume
that 20 percent of the known bag were killed by hunting but are not
recovered, The dense cover and heavy hunting pressures at the Kellogg
Forest created a situation that would be expected to favor a high
crippling loss,

Judging from the results of this experiment, the number of
cripples found can be multiplied by four to obtain an estimate of the
total crippling loss, If a significant portion of the cripples that
die do so in places where their recovery is not possikle, even this
correction factor may be too small, The reliability of this method of
estimating the crippling loss depends on the uniformity of the follow-
ing factors,

1, Cooperation of hunters in reporting dead rabbits,

2, The accuracy of hunters in reporting the locations of dead

rabbits,

3. The ability of game area managers to find reported rabbits,

L, The proportion of crippled rabbits which die in places where

it is unlikely to find them,

The last point merely influences the uniformity by which this pro-
cedure underestimates the total crippling loss, Since about 35 rabbits
probably died as a result of shooting but were not bagged, it is some-
what surprising that only eight rabbits were reported to have been
crippled and escaped, This indicates that many rabbits are probably
fatally hit but are assumed to have been missed, This view is supported

in that frequently hounds catch or find crippled rabbits that showed
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no evidence of being hit when shot at,

The significance of these findings concerning the crippling loss
at the Kellogg Forest is that they indicate that hunting caused the
death of about seventy percent of the fall population during each of
the past four years, Unless the rabbit population there soon fails to
maintain its present level, lere is additional strong evidence that
even very severe hunting kills do not limit the populations in succeed-

ing years.

Non-hunting;Winﬁer Mortality

It is difficult to accurately determine the non-hunting winter
mortality because spring population estimates are only approximate,
If it is assumed, however, that about half the population is handled
during the spring trapping period (see Table L) and that the crippling
loss is ten percent of the hunting kill, then non-hunting mortalities
on the Sanctuary for the winters of 1951-52, 195L-55 and 1955-56 were
29, 54 and L5 percent respectively of the fall populations not killed
by hunting, 1954-55 had a very light hunting kill of 22 percent while
the other years had moderate hunting kills of 32 and LL percent, Thus
it seems that the light hunting kill was associated with a higher non-
hunting mortality than occurred during years of heavier kills, No
estimates of the non-hunting mortality during the winters of 1952-53
and 1953-5k4 could be made because very few animals were trapped in
the spring.

Since spring population levels seem to be strongly dependent upon

the extent of the previous yearts hunting kill, it seems likely that
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the hunting kill was the most important source of winter mortality

on the area except possibly for years when that kill was very light,

Age Composition of the Sanctuary Rabbit Population

The age composition in the hunting kill indicated the high mor-
tality rate in the rabbit population (Table 29)., The numbers of animals
in each age class except juveniles was based on the age at which shot
rabbits had been trapped., Since no trapping was done before 1951 the
age distribution then can only be divided into the juvenile and one
and one-half or older age groups, In 1952 six rabbits were shot that
had been marked as adults in 1951, thus they were two and one-half
years old or older, Every year a number of adult rabbits of unknown
age were shot. Table 30 tallies the age distributions with those
animals in the one and one-half years or older category prorated into
one and one-half and two and one-half and over categories according
to the ratio observed in 1952, This may have tended to exaggerate sur-
vival because 1952 followed only a moderate hunting pressure,

Based on five year totals £2 percent of the winter population was
made up of juveniles, 1L percent rabbits one and one-half years of age
and only four percent two and one-half or more years old, There was
no record of any rabbit actually living longer than two and one-half
years, Only 17 percent of the juveniles alive one winter survived until
the next winter and only about five percent lived until the second
winter, Atzenhoefer and Martin (1949) found survival rates of 12.5 and

five percent over comparable periods of time in Ohio, It can be
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TABLE 29

DISTRIBUTION OF R:BBIT AG:S IN HUNTING KILLS
KELLOGG BIRD SANCTUARY AND FARM
HICKORY COKNERS, MICHIG-:N

Age in Years

Year Juv 11/2 1 1/2 or more 2 1/2 2 1/2 or more

1951 100 0 23 0 0

1952 1L0 16 31 0 6

1953 103 3 9 0 0

195k 50 0 3 0 0

1955 73 8 L 0 0
TABLE 30

DISTRIBUTION Or RABBIT AGES IN EUNTING KILLS
KELLOGG BIRD SANCTULRY AND FaRM
HICKOKY CORNiRkS, MICHIGAN

Age
Year Juv 11/2 2 1/2 or more
1951 100 17 6
1952 140 39 14
1953 103 10 2
195k 50 2 1
1955 73 11 1
Totals  Lé6 79 2l

Percent 81,9 13.9 L.2
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concluded that the life expectency of a rabbit that lived to the first
winter was less than a year., .ilso, the turnover rate (as defined by
Petrides, 1951) of a population was less than four years,

When the age distributions in years following heavy (1953 and
1954) and following moderate or light kills (1951, 1952 and 1955) were
combined (Table 31), it was apparent that the rate of survival was
less during years of heavy hunting pressures, This difference was
statistically highly significant, (It seems likely that differences
in hunting pressure were responsible.) It has previously been shown
that spring population densities were strongly influenced by the size
of the hunting kill during the previous year., These age distribution
differences further indicate that light hunting kills were not com-

ple tely compensated for by non-hunting winter mortality,

1951-52 Life Equation Observations .

4 major objective during the first year of this study was to
establish a table of animal gains and losses for Kellogg Bird Sanctuary
and Farm cottontails, Such a table has been termed a life equation
(Leopold, 1933) and shows the relative magnitude of mortality at various
times during the year,

Most population values in the life equation were obtained by

‘Lincoln Index population estimates and were calculated for several
times during the year. These values are summarized in Table 15,
The production of young was estimated as the number of adult

females times the average number of young produced by each adult
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T4BLE 31

AGE DISTRIBUTIONS FOLLCWING Y&.:kS OF HE:iVY HUNTING KILLS
CMPiRED TO THOSE FOLLOWING LIGHTER KILLS

Following Heavy Following Moderate or Light
Age Hunting Kills Hunting Kills
Number Percent Number Fercent
Juveniles 153 91 313 78
1 1/2 years 12 7 67 17

2 1/2 years or
more 3 2 21 5

Totals 168 100 Lo1 100
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female, The average litter size of eight observations made in this
study was 5.6, Allen (1938a)working at the Kellogg Bird Sanctuary
found that the average litter size to be 5,1, Haugen (1942) determined
that the average litter size in twelve litters in Allegan County,
Michigan, was 5.l and Trippensee (1936) also working in southern
Michigan calculated the figure to be 5.0L, Five young per litter was
judged to be a sufficiently close approximation for practical use,

The number of litters per female per year has been reported as
followst Four (Bedell, 193L); three or four (Leopold, 1933); two
common, four possible (Trippensee, 1936); two or three (Dalke, 1937);
two certainly, three probably (Gerstell, 1937); two (.illen, 1938a); five
as a maximum (Hickie, 19L40); and 3,8 (Schwartz), Haugen (19L0) came
to the conclusion that three or four litters a season are common in
Michigan, Three and one-half litters per year was adopted as a reason-
able figure for use in calculating production,

The hunting kill at the Sanctuary was known and crippling loss was
estimated at ten percent of the kill, The extent of mortality was
estimated from the differences in population estimates for various
times, Table 32 gives the resulting life equation, The difference of
three rabbits between November population estimates based on all observ-
ations and that obtained by adding the estimates for juveniles and
adults was due to sampling variation,

So that the relative extent of mortality that occurred at various
times during the year could be appraised, Table 33 was constructed,

This lists the percentage mortality that occurred at various times
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TABLE 33

RELATIVE IMPORTANCE OF MOKTALTLY AT VARIOUS TIMES, 1951-52
KELLOGG BIRD SiANCTUARY &ND FaRM
HICKORY CORNERS, MICHIGAN
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Percentage of

Percentage of

Mortality Total Annual Population Category
Mortality Lost

Between birth-and

age 2 1/L months 65 .4 63.1
Between age 2 1/l months

and November 3.h 8.9
Adults between June and

November 3.8 32.k
Hunting kill 13.5 31.7
Crippling loss 1.3 3.1
Non-hunting

winter loss 12.k 29.1
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based on the total annual mortality and the population to which it
applied, It can be seen that the greatest mortality was among juveniles
between birth and 2 1/4 months of age, This is probably a minimal
estimate because the production of young by juveniles in their first
year was disregarded, It is clearly evident that the size of the fall
rabbit population is largely determined by the success of juvenile
production,

Two other points also are of interest. A rather large number of
adults died between June and November, And even during this year of
light hunting pressure, the shooting kill made up the biggest part of
the winter mortality,

If sufficiently detailed data were available so that life equations
could have been constructed for other years of this study, it seems
likely that they would differ from that in 1951-52 in several respects.
During years following heavy hunting kills juvenile production or
survival would have been higher, During years with heavy hunting kills
the overall winter mortality would have been greater but the non-

hunting winter mortality would hava been numerically less,
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HUNTING EFFORT AND SUCCESS AT THZ KELLOGG FOREST

I, Introduction

The Kellogg Forest is a very heavily hunted public area on which
the cottontail rabbit is the principal game animal, Hunting data on
this area were collected tot (1) determine patterns of lunting effort,
kill and success, (2) determine the distribution of effort, kill and
success among the hunting public, (3) evaluate factors influencing
hunting effort and success, (L) predict the probable effects of hunting
seasons of various lengths, and (3) explain ;hy rabbit hunting statistics
display seemingly illogical relationships,

The chief reason for seeking this information was that hunting
statistics from this area indicate what can be expected from other
similar public hunting areas, This is especially true because the Kellogg
Forest is located on rough, very poor land that is typical of the sort
that falls into public ownership, A serious problem in public wildlife
management is the provision of hunting areas for an constantly increas-

ing number of hunters,

II, Methods

Hunters were required to obtain a hunting permit each year and to
report at the Kellogg Forest office after each hunt, F;r the 1954
season, the hunters! occupations and whether or not they had hunted the
area during the previous season also was determined when ‘permits were

issued,
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The data £ollected after each hunt varied somewhat each year,
Every year, however, the starting time, finishing time, party size,
numbers of tagged, untagged animals bagged and tag numbers of marked
rabbits were recorded. During the 1951 and 195l seasons information
on the use of dogs also was gathered, For the 1954 season, each lunter
was assigned a permit number, Hunter's nﬁmes, permit numbers and
individual success was recorded each time they checked out,

The following weather data were collected at the Kellogg Forest
as a routine procedure: maximum and minimum daily temperature, kind
and amount of precipitation, snow cover, wind velocity and cloudiness,

The hunting data were organized as follows: The daily hunting
effort and kill werecross tabulated by week of the season and day of
the week, These tabulations are shown in Tables 3k, 35, 36 and 37.
4 small amount of effort and kill registered by neighbors who reported
only season totals could not be included in these tabulations, This
accounts for the discrepency between the total annual kill and effort
shown in Tabls 37 and that shown in these tables and others which depend
upon knowing when during the season effort and kill occurred. The daily
and weekly cross tabulations permitted the daily and weekly patterns of
effort, ki1l and success to be readily determined, For the 1951, 1952
and 1953 seasons the hours hunted, kill and kill per 100 gun-hours
experienced each day during the season was written on and punched into
a punch card along with the following weather datat minimum temperature,
maximum temperature, total precipitation, total Snow'fall, depth of snow

on the ground, average wind velocity and cloud cover, This was done to
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permit climatic factors which might influence hunting effort and success
to be evaluated,

In 1954 a different punch card was made out for each hunter that
indicated the daily record of hours hunted, kill, dog use, effort with
snow cover, the total effort and total kill, The fraction of total
visits on which dogs were used or snow cover present was indicated on
the card as well as the average visit length and kill per 100 gun-hours,
Punched into each card was:

1. hunter occupation by a classification outlined beyond

2, whether or not the hunter had obtained a permit the previous year

3. number of visits

li., total hours hunted

5. total kill
6. number of cripples

7. week numbers during which hunting was done

8. kill per 100 gun-hours

9. average hunt length,

These cards were used to determine the effect of hunter occupation,
previous experience with the area, number of visits and hours hunted on
hunting success, They also revealed the distribution of hunting effort,
kill and success among the hunters, In 1954 another type of punch card
was also made out for each hunting party. These had recorded on them
thet date, number and types of dogs used, party size, number of unre-
covered cripples, kill, starting time, finishing time, hours humted and

the total gun-hours for the party. Punched into these cards were dog
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use, amount of snow on the ground, whether it was a Saturday, Sunday,
 weekday or opening day, and the period of time during which the party
hunted, From these cards the hourly distribution of hunting effort on
Saturdays, Sundays, weekdays and opening day was determined as well as

the effect of snow cover, party size and dog use on hunting success,

ITI, Patterns of Hunting Effort, Kill and Success
A, Yearly

Table 38 summarizes hunting effort and success for 1951-5l,
Hunting pressure each year was slightly over 2000 gun-hours, The effort
expended in 195k averaged L,56 hours per acre, Total kills varied
between 196 and 256, The mean yield over the four year period was 9.9
rabbits per 100 gun-hours, or about ten hours of hunting per rabbit
bagged, Success rates seemed to be strongly associated with the size
of the kill, Apparently the number of hours hunted during the entire
season was not assoclated very strongly with either the kill or rate of
kill, With other things equal the lowest total kill and highest rate
of kill would be expected to take place when the least hunting effort
was expended., Contrary to this expectation, 1952 which had the least
effort experienced the second lowest rate of kill and 1954 which had
the grwatest effort had the second lowest kill, From the data in
Table 37 it is apparent that some other factor influenced the hunting
kill and success besides hunting effort expended., This matter is
discussed beyond where success data and total kill are evaluated as

indexes of abundance,



TABLE 38

YEARLY HUNTING EFFOKT, KILL AND SUCCESS--KELLOGG FORLST
AUGUSTA, MICHIGAN

111

Effort Ki11/100
Year Hours Kill Gun-hours
1951 211k 267 12.1
1952 2056 196 8.9
1953 2310 25 10,1
1954 2349 206 8.8
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Although the rabbit open season was increased from 77 days in 1951
to 10L days in 1952 no increase in hunting activity occurred, In fact
58 fewer hours were hunted in 1952 than in 1951, The average anrmual
effort during the three years of 10L-day seasons was 2238 hours in
contrast to 2114 hours hunted during the 77-day season in 1951, Thus
a 35 percent increase in season length was accompanied by an average
increase in effort of only 5.9 percent, It should be pointed out,
however, that the rabbit population was higher in 1951 than in any of
the following three years, Effort in 1951 might have been less if the

population level had been comparable to those in the following years,

B, Monthly

The monthly distribution of effort, kill, and success is tabulated
in Table 39 for the individual and collective 1951-5l seasons, There
was a regularly decreasing average hunting pressure of h?.l, 25,0, 18,2
and 11,3 hours per day respectively during each month from October to
January.

Hunting success over the four year period averaged highest (11.5
rabbits per 100 gun-hours) in November, next highest (10.1) in December,
next in October (8.6) and was lowest in January (7.9). A better compari-
son was probably obtained when 1951 was eliminated from consideration
because it had no January hunting and five more days in October,
November and December are equally good with October success slightly
poorer than in January, Probably because of seasonal changes in

vegetation and snow (see beyond) the rate of kill in Jamary was greater
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than that in October even though by January each year close to 50

percent of the population had already been bagged.

C. Weekly

A consideration of weekly fluctuations in effort, kill and success
probably best shows the changes that occur during the season, Figure
23 shows the total weekly effort and kill for the 1952-5L seasons
combined, 1951 was not included because different opening and closing
dates were then in effect, Peak effort occurred during the first week
(October 20-26) then gradually tapered off until the fifth week
(November 17-23), Effort sharply increased for the next two weeks
reaching a second peak during the seventh week, (December 1-7). This
second peak was slightly less than half as high as the first, Effort
then tapered off until it was uniformly low during the 12th week
through the end of the season (January 5-31), Late season effort was
very 1light compared to the expended early in the season. During each
of the last fowr weeks effort was only about 1l percent of that regis-
tered during the first week of the season,

Figure 23 shows the close association between the weekly kill and
the effort expended, Essentially the pattern of kill was the same as
for effort, Peaks occurred during the first (October 20-26) and seventh
(December 1-7) weeks, however, the second peak was about 70 percent as
great as the first, The reason for this relatively greater late peak
in ki1l was the greater rate of kill experienced during the seventh
week, Because of the low effort during the last four weeks the kill

was also low. A total of only 61 rabbits were killed during the last



SEASONS COMBINED

FIGURE 23

VEEKLY HUNTING EFFORT AND RABBIT KILL
1952 + 1954
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four weeks of the 1952-54 seasons while the total kills for the lst,
2nd, 3rd, and Tth weeks all exceeded that level,

The hunting success as measured by rate of kill is indicated in
Figure 23 by the difference in length between the kill and the effort
bars for each week, For example,in the first week the effort bar is
much longer than the kill bar indicating a relatively low rate of kill,
In contrast the seventh week had a kill bar longer than the effort bar
indicating a much higher rate of kill, Figure 2L shows the weekly
variation in hunting success in terms of kill per 100 gun-hours, It
indicates a gradual increase in success between the first and seventh
weeks and then an irregular decrease for the rest of the season. The
last week experienced a slightly higher rate of kill than did the
first week, Table LO gives the numerical data on which Figures 1 and
2 are based and provide additional details, Since fluctuations in
these values were generally similar each season the total mean values
used in Figures 23 and 24 probably give a reliable indication of the
fluctuations that can be expected to occur in the future,

It is noteworthy that hunting success did not decrease as the
season progressed, It might be expected that the rate of kill would
be proportional to the population present and that consequently it would
decrease as the population was reduced in size by hunting. This was
observed to happen on the Kellogg Bird Sanctuary and Farm where hunting
did not start until December and then was conducted in an intense manner

under fairly constant conditions, The reasons for this lack of a
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decrease in yield as the season progressed will be considered later

after the factors influencing hunting success have been discussed,

D, Daily

Over a four year period about 35 percent of £he total effort
occurred consistently on Sundays, 25 percent occurred on Saturday and
weekdays each had about & percent, The distribution of the kill was
almost identical to that of the effort expended, This indicates that
the kill is almost precisely a function of the effort expended when
based on season-long totals over a L year period. The rate of kill
was nearly the same each day. Week ends, however, had a slightly lower
yield of 9,7 rabbits per 100 gun-hours in contrast to 10,2 rabbits per
100 gun-hours on weekdays, Statistical analysis indicates that this
great difference could be expected 50 percent of the time due to chance
alone, Therefore, the difference in success between week ends and week-
days is of doubtful significance, A summary of daily hunting statistics
is given in Table L1,

It was thought that the amount of effort expended on the weekends
might vary during the season, This was checked and it was found that
except for the first week the amount of effort expended on weekends
congistently ran about 60 percent of the total, During the first week
only L2 percent of the effort was expended on the weekend, This was no
doubt due to the great hunting pressure applied opening day which was

always on a weekday,
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E, Hourly

The hourly pattern of hunting effort on weekdays, Saturdays,
Sund#ys and opening day during the 195} season was determined by tabu-
lating the number of hunters on the area at one-half hour intervals,

Fluctuations in effort are shown in Figure 25, A peak of hunting
intensity occurred in all cases about 11:00 A,M, A lower second peak
occurred about 3 P.M. on Saturdays and weekdays, On Sundays no after-
noon peak was evident, Friley (195L) presented graphs showing changes
during the day in pheasant hunting pressure at the Rose Lake Wildlife
Experiment Station near Lansing, Michigan, These hunting pressure
fluctuations were similar to those observed in this study except that
the afternoon peak was relatively higher and about one hour later,

In 1951 the amount of effort expended between daylight and 10 AM.,
10 A M, and 12330 P M., 12:30 P M, and 3 P.M., and 3 PM, to dark was
tabulated (Table L2), This tended to obscure the peaks of effort but
it affirmed that the greatest effort was in the morning, The rate of
kill was greatest for the earliest period and decreased as the day
progressed, This possibly indicated that early morning was the most
successful time to hunt; however, the difference was not statistically
significant because as great a difference could be expected to occur
between 50 and 30 per cent of the time due to chance,

To further test the.possible superiority of early morning rabbit
hunting the effort and kill that took place then during the 195
season was compared to that experienced later in the day, It was found

that 600 hours were hunted and 59 rabbits bagged between daylight and
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TABLE L2

DISTRIBUTION OF HUNTING £FFORT, KILL AND SUCCESS
1951 SiSON--KBLLOGG FORwST
aUGUSTs, MICHIGAN

Effort Kill Kill per
Time Lours  Percent Rabbits Percent 100 Gun-Hours
Light - 10 4.M, 60l 3 28.3 82 32,2 13.6
10 AM, - 12330 P M, 671.7 31.5 8L 32.9 12,5
12230 A M, - 3 PM, L86.0 22,8 51 20.0 10.5
3 PM, - Dark 325.L 15.3 33 12,9 10.1
Unknown L5.L 2.1 5 2.0 10,9

2132.,8 100,0 255 100.0 12,0
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10:30 for a success rate of 9.8 rabbits per 100 gun-hours, During the
remainder of the day, 1,725 hours were hunted and 140 rabbits bagged
for a yield of 8,1 rabbits per 100 gun-hours, When data from the 1951
and 195L seasons were combined, the early morning yield was 11.7 per
100 gun-hours and for the remainder of the day 9.6, This difference
was almost statistically significant at the 5 percent level, It seems
likely that a larger sample would have indicated that a significantly
higher rate of kill occurred early in the day and lessened as the day

progressed,

IV, Distribution of Effort, Kill and Success Among the Hunters
A, Effort

The distribution of effort expended during the season by individual
hunters ranged from four men who hunted only one-half an hour to two
that each hunted over 78 hours, Most hunters spent a relatively short
time on the area with two hours being the modal effort and four hours
and 26 minutes the mean, Table L3 shows the distribution of effort
among the hunting public with the effort grouped into hourly intervals,
Eighty-five percent of the hunters hunted less than six and one-half
hours.

Possibly a more natural way to classify the distribution of effort
is by the number of visits made during the season, Table Ll shows this
along with hunter success, average hunt length, and the extent to which
dogs were used and hunting was done on days with snow cover, Sixty-five
percent of the hunters visited the area only once and the number that

hunted increasing numbers of times tapered off rapidly, Only seven
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TABLE L3

DISTRIBUTICN OF HUNTING EFFORT :MONG THE HUNTERS
195L-55 SEASON--KELLOGG FOREST
AUGUSTA, MICHIGAN

Length of Effort Number of Percent of

(Hours) Hunters Total Hunters
.50 - .75 19 3.58
1.0- 1.75 16k 30.94
2,00 - 2,75 128 24 .15
3.00 - 3.75 73 13.77
L.00 - L.75 32 6.0k
5.00 - 5,75 28 - 5.28
6.00 - 6,75 16 3.02
7.00 - 7,75 7 1.32
§.00 - 8.7L & 1.51
9.00 - 9.75 10 1.89
10.00 - 10,75 9 1.70
11,00 - 11.75 5 9L
12.00 - 12,25 3 Y
13.50 - 13.75 3 Y
14,25 - 14,50 L .75
15.25 - 15.75 2 .38
16,25 - 16,75 L .75
18.50 1 A9
19.00 1 A9
21,00 1 A9
22.25 1 .19
25.00 - 25.25 2 .38
27.50 1 A9
28.50 1 19
33.0C 1 A9
34.25 1 19
36.75 1 A9
L8.50 1 A9
75.25 1 A9
78.25 2 .38

U
W
(@]

100.01
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hunters visited the area ten or more times, Hunting success was fairly
uniform among the visit categories except for the six hunters that
hunted eleven or more times, Statistically, this group had highly
significantly higher success than did the rest, All except one of this
gfoup were always aided by a dog., In none of the visit categories did
hunters average even one rabbit per visit,

It was hypofhesized that the rabbit hunting success for the one
and two visit categories might have been higher had it not been that
some of these hunters primarily sought pheasants or squirrels, To
determine if this occurred, the hunting success of hunters that hunted
one or two times between October 20 and November 10 was compared to
that experienced by one of two-time hunters during the remainder of the
season when only ratbits were huntad, ThLe former group averaged 6,8
and L.,7 rabbits per 100 gun-hours for the one and two visit categories
respectively, Those hunting only rabbits averaged 7.2 and 6,3 rabbits
per 1CO gun-hours, This is not a conclusive comparison since better
hunting success normally is experienced later in the year, It is seen
likely, however, that simultaneous hunting for other species had at
most only a slight influence on rabbit hunting success, This is logical
when it is realized that the Kellogg Forest offers relatively poor
pheasant and squirrel hunting, and, therefore, most hunters seek rabbits,

The distribution of 1954-55 hunt lengths is tabulated by months in
Table LS. In every month two hours was the modal visit length,

January had an average hunt length of only 1.89 hours in contrast to

October, November and December with averages of 2.35, 2.25, and 2.L2
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TABLE LS

DISTRIBUTION OF VISIT LENGTHS 195L-1955 S£AiSCN-~-KEZLLOGG FOR&ST
AUGUSTA , MICHIG.N

Length Number of Visits

(Hours) October November December January Total

.50 1 L 7 2 1L
.15 13 7 11 3 3L

1.00 25 33 L2 10 110
1.25 25 26 18 9 78
1.50 30 Il 28 15 11L
1.75 19 28 18 10 75
2.00 L0 51 50 2hL 165
2.25 14 10 18 L L6
2.50 31 21 19 13 N
2.75 L 1L 9 2 29
3.00 29 1L 19 3 65
3.25 21 5 7 1 3k
3.50 7 16 10 L 37
3.75 7 b S 16
L .00 L 10 L 18
L.25 2 1 3 6
L .50 12 3 10 25
L,75 1 2 : 3
5.00 1 8 9
5.25 1 1
5.50 2 1 3
5.75 2 2
6.00 2 5 7
6.25 N N
6.50 7 7 1k
6.75

7.00 9 10
7.25

7.50

7.75

8.00

8.25 2 2

Average length 2,35 2.25 2.2 1,69 2,31
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hours per visit respectively. This difference is statistically lighly
significant and may have been associated with the poor hunting success

experienced then,

B. Bag

The entire kill was made by only 19.6 percent of the hunters
(Table L6). Four of every five hunters were totally unsuccessful. The
6.8 percent that killed two or more rabbits were responsible for 65.8
percent of the total bag. There was no great increase in the kill per
100 gun-hours as the mumber killed increased, The high kills apparently
were due largely to the greater effort by the hunters that made them,
When it is remembered that 85 percent of the hunters hunted less than
six and one-half hours and it took an average effort of 11,7 hours to
bag a rabbit it is not surprising that 80.L percent bagged no rabbits,
The hunters making high kills showed a tendency to use dogs and hunt on

days with snow cover,

C. Success

Table L7 shows the distribution of success among the hunters in
terms of kill per 100 gun-hours, Eighty-three percent averaged less
than one rabbit per ten gun-hours; while only L,9 percent managed to
bag five or more rabbits per ten gun-hours,

An effort was made (Table Li8) to determine if differences in
success were due to chance alone, The Poisson distribution of the
numbers of hunters expected in each kill category was calculated for

each of four effort categories, The number of hunters in each kill



T ABLE L6

DISTRIBUTION OF RABBIT KILL AMONG HUNTERS
1954-1955 SEASON--KSLLOGG FOREST
AUGUST& , MICHIGAN

130

Number Number Kill Average? .
Killed Hunters 100 g. h, Dog Use Percent
Percent Snow Cover
0 L26 0 62.2 18
1 68 18.8 L.k 13
2 23 15.1 €8.3 50
3 5 37.5 75.0 39
L 2 20,6 50.0 11
7 1 25.L 0.0 0
8 2 12.6 100.,0 25
10 1 13.3 100,0 25
13 1 37.9 100.0 22
16 1 20.L 93.0 50

1Percenta.ge of total effort during which a dog or dogs were used,

®percentage of total effort during which snow cover was present.
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DISTRIBUTICN IN HUNTING SUCCESS 1954-1955 SEASON--KELLOGG FCREST

AUGUSTA, MICHIGAN

Hunting Percent Percent
Success Number  Number  Number Kill/  Total  Total
Ki11/1CO g.h, Hunters Visits Hours Kill 100 g.,h, Kill Effert
0- 9.9 k2 155450 22 1.k
10.0 - 19.9 26 1L3 L25.25 59 13.9
20,0 - 29.9 16 65 209,00 L9 23.L
30.0 - 39.9 11 32 69.75 25 35.8
10,0 - L9.9 9 10 22,50 9 L0.0
50,0 - 59.9 13 15 25.25 13 51.5
60.0 - 69.9 L in 7.75 5 6L.5
70.0 - 79.9 0 0 0 o 0
60.0 - 9.9 i 5 8.75 7 €0.0
90.0 - 99.9 0
100.0 - 109.9 L L 8.00 & 100.0
110.0 - 119.9 L 1 1,75 2 11k.2
0- 19.9 L68 1979.75 & L. L1 €5
20,0 - 119.9 62 3L6,75 118 33.8 59 15







132

o T T 91
o’ 1 T €T
0 T 0 T 0T
T 2 T 2 8
A 1 A 1 L
9° 0 9° 0 9
9'1 0 9°T 0 0’ S
L€ 2 € 2 £ 0 0’ 0 o n
9 1 8°S 0 9°T € L 2 T 0 €
2°€2 €2 U 1T 69 n Al S A € 2
T°86 99 £°9 s 8" LT nt 6°91 o€ T2 61 T
0" N6g 921 L2 n T°€2 62 T°€ST TiT T°5T2 222 0

poqoedXy  paAgasqQ pe1oadxy peadasqQ) poldedxy peAxssqQ peldedXy paAgssq) pegoedxy peAdssq)  TITY
sdequny JO Jequm N SIsquny JO Jeqump  sJ8juUny JO Jqumpy SJ9jUNy JO Jaqumiy saequny JO Jaquuy

Te10] SINOH $2°QL-0S5°€T  samoH Sg°2T-05°9 SINOH §2°9-52°2 SINOH 00°2-S"

» -

NYOIHOIW ‘vISnony
ISTNOA DOOTTAN-=NOSYHAS SSET-NS6T “HONVHO Ol and
QILOVIXT "6 TINOM IVHM 01 QUHVIAOD SITHODFLVO JUOJIT SNOI¥YA NI TTIN NI NOLINET¥ISIA YAMISEO

3T FIEYL



133

category for the four distributions was then added to yield an over-
all distribution of the kill that would be expected if chance alone

was responsible for the variability in kill, This approach takes into
consideration variability due to differences in effort aﬁd assumes
that there is a single probability of success., The resulting distribu-
tion based on these conditions was then compared with that which was
actually observed, The observed distribution had more hunters which
killed no rabbits and which killed seven or more rabbits than would be
expected where it is assumed that a uniform probability of success
existed, Statistically, this difference was highly significant. Thus,
there was less than one chance in 100 that the differences in success
which were observed were due only to chance,

When differences in effort are taken into consideration, the vari-
ation in success due to chance accounted for more variation than might
be expected from & more casual consideration of the matter, It could be
expected that with a uniform rate of kill 7,1 per cent of the hunters
would kill two or more rabbits and that their kill would make up 50,k
percent of the total bag, It was actually observed that 6,8 percent
of the sportsmen killed two or more rabbits and that they succeeded in
killing 65,8 percent of the total taken, If a uniform probability of
kill existed it would be expected that 74,3 percent of the hunters would
kill no rabbits, It was observed that 80.4 percent killed no rabbits,

Next the expected Poisson distribution kill for each effort cate-
gory was calculated based on each category's average rate of success,

Thus four different probabilities of success were used, These expected
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distributions were then added as before and compared to the observed
distribution. Again there were more hunters with no kill and a bag

of 7 or more than would be expected due to chance, However, as would

be expected, the difference was not as great as that observed previously,
In fact it was not quite significant at the 0,05 level of probability,
Tins it can be concluded that much of the variability in success observed
in the first analysis was due to hunters in the different effort cate-
gories having different probabilities of success, This was probably

due largely to the greater success experienced by those persons that
hunted mosf often,

When the kill distributions in the individual effort categories
were each compared with the Poisson distributions based on their indi-
vidual probabilities of success, only the greatest effort category dis-
played a statistically significant departure from a uniform probability
of success, The wide range of effort of from 13.5 to 78.25 hours in
this category possibly contributed to this, The other effort categories
extended over a much shorter period of effort., It was necessary for
the greatest effort category to include a long period because so few
hunters hunted more than 13 hours. Because of the small number of
lunters involved it was not feasible to further subdivide the groups
and make an analysis like that above, However, it was possible to
divide the category into four parts each with seven hunters and test
statistically the homogeneity of hunting success, The significant
chi-square value which resulted indicated that hunting success within

this group varied more than could be attributed to chance alone.



135

This analysis considered the variation that existed in effort expended
so that that factor could not have been responsible for the differences
noted,

This investigation into the homogeneity of hunting success may be

summarized as follows:

1, Considerable variation in the distribution of the kill can be
attributed to chance and to differences in amount of effort,

2, Observed variation in hunting success was significantly greater
than could be attributed to chance when differences in effort
were considered thus implying that real differences in hunter
effectiveness existed,

3. The non-uniform rate of kill was due largely to the relatively
few very successful hunters that hunted on the Kellogg Forest

more than 13 hours,

VI, Effect of Weather on Hunting Effort

Tables L9-55 summarize the average daily effort expended under
various climatic situwations, The various climatic factors were con-
sidered separately for each month and the daily effort weighted so as
to eliminate the influence of day of the week on lunting pressure,

During Octobers there was a longer hunting effort on clear days
than on partly cloudy or cloudy days (Table L9), During the remainder
of the season no trend was evident; however, there were only 8 clear
days during the 153 days considered,

The daily minimum temperature (Table 50) had no noticeable influ-

ence on daily hunting effort, Perhaps this is because minimum
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T ABLE 50
KELATIONSHIP BETWEEN MINIMUM DAILY TEMPER.TURES AND HUNTING EFFORT AND SUCCESS
1951-1953 DATA COMBINED--KBELLOGG FOREST
AUGUSTA, MICHIGaN
Minimum Number Total Weighted Hours Kil1l/
Month Temperature Days Hours Hours Kill per Day 100 g, h,
October 11-15 1 L.8 34.8 0 35 0
16-20 L 182,2 96,2 18 2L 9.9
21-25 8 LeL,5 330.0 L1 L1 8.5
26-30 3 57.8 L5.9 L 15 6.9
31-35 6 208 .8 155.1 28 26 13.k
36-L0 7 L1992 258.L4 33 37 7.9
L1-L5 11 L23.8 273.8 13 25 3.1
1,6=50 1 L.8 L.8 0 5 0
November - -5 2 33.5 33.5 7 17 21.0
-L- 0 0 -- - - - -
1- 5 2 22.8 23,0 L 11 17.6
6-10 3 177.1 53,2 26 18 1kL.7
11-15 6 187.0 61.2 12 10 6.1
16-20 13 L91.5 205 .1 61 16 12.h
21-25 18 538.0 285.2 58 16 10.8
26530 17 38,2 2U6 .2 37 1k 10.6
31-35 11 173.2 110.} 21 10 12.1
36-40 9 220.0 117.5 27 13 12.3
L1:hS N 117.5 68.6 16 17 13.6
L6-50 L ch.5 Sk.s 6 1k 11,0
December up to -5 9 727 £8.5 8 Vi 11.0
-L-0 0 — - - - -
1- 5 3 11.2 11.2 1 L 8.9
6-10 9 111.2 9.1 13 8 11.7
11-15 5 14.0 11.2 1 2 7.1




10
10
10

10
18
20
9
7
2

16~20
21-25
26-30
31-35
36-10
L1-L5
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temperatures occur mostly at night.

When the daily maximum temperature was considered (Table 51) a
greater effort was evident in Novembers on cool days, During Decembers,
warm days tended to receive the most effort, No trend was evident
during Octobers or Januarys,

During every month calm days tended to be hunted more than windy
days (Table 52).

Except for January and December when the sample size was small a
marked reduction in effort was associated with rain (Table 53). On the
average effort was reduced by about one-half on days when rain fell,

As would be expected on days with a heavy rain the reduction was even
greater, Precipitation as snow had no effect on effort (Table 5L).
In fact, in December a slightly greater effort was expended on days
with snowfall,

The association between snow on the ground and hunting effort
(Table 55) was surprising, Days during December and January with snow
cover had on the average less effort than did days with no snow cover,
During January there were only five days without snow on the ground,
During November there was a tendency toward greater effort on days

having snow cover,

VI. Factors Affecting Hunting Success
A, Previous Experience With Area
Four hundred ninety-eight of the registered humters in 1954 indi-

cated whether they had hunted the area before, The 2L7 hunters with
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previous experience averaged 10.5 rabbits per 100 gun-hours while the
251 who had not hunted the area before averaged only L.3 cottontails
per 100 gun-hours, 4 chi-square test indicated that there was less
than one chance in 200 of the greater success of the experienced
hunters having been due to chance,

A greater use of dogs by the experienced group may have had an
influence on their success, The experienced group was assisted by
dogs on €9 percent of their visits while the inexperienced group were
aided by canines only 62 percent of the time, This difference was
greater than the percentages indicate because experienced hunters
averaged 2,8 hours per visit while the inexperienced group hunted only
1.7 hours per visit, No difference existed in the amount of hunting

done with snow cover,

B. Hunter Occupation

People hunting during the 1954-1955 season were classified into
the eight occupation categories shown in Table 56, More than twice as
successful than any other category were the 13 unemployed persons,
This group averaged 23,5 rabbits per 100 gun hours, On the average
this group neither used dogs any more nor hunted more on days with snow
cover than other groups, However, 69,3 percent had previous experience
with the area compared to the 49,7 percent of the entire group, The
next most'successful group was supervisors and foremen closely followed
by farmers, unskilled labor and skilled labor, The skilled and
unskilled laborers made only 13 percent and 8 percent of their visits

on days with snow cover so their success can not be attributed to this,
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Their dog use was a fairly high 75 percent and 61 percent respectively.
Only seven men were in the supervisors and foremen group and there were
only nine farmers, therefore, the representativeness of these categories
is open to some question.

The least successful groups were business and professional men,
students, and the "others" category in order of descending success.
Contributing to the very low success (1,2 rabbits per 100 gun-hours) of
the "other"™ group were six women that contributed one-fifth the group's
effort but bagged nothing, The student group included some grade school
children which no doubt influenced the success in that category., No data
are available to explain the low success of the business and professional

group,

C. Dog Use

In 1951 and 1954 when dog use was studied dog users were roughly
twice as successful as non-dog users, In 1951 dog users shot 13.2
rabbits per 100 gun-hours while non-dog users averaged only &.7. In
1954 the hunters using dogs killed 10.5 rabbits per 100 gun-hours in
contrast to only L.3 non-dog users, In both years the superiority of
the dog-user's rate of kill was statistically significant.

Kinds of dogs used was recorded after each hunt in 195L by the
following classifications

1, beagle -~ dogs believed to be or strongly resembling a pure-

blooded beagle,
2, "hounds® -~ all other hounds such as blue tick, black and tan,

red bones and fox hounds,
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3. bird dogs -- included setters, spaniels, retrievers and other
breeds usually thought of as being best suited for bird hunting.
L, "mixed" -- dogs other than hounds that resembled no recognized
breed.
S. "others" -- recognized breeds not mentioned above such as
boxers, poodles, etc,
When more than one dog was used the appropriate code numbers wers
recorded, 4 total of 27 different combinations of kinds and numbers
of dogs were used, The ten combinations hunted LO or more hours are
shown in Table 57. Hunters using beagles were by far the most success-
ful, averaging 13.7 rabbits per 100 gun-hours. The use of two or three
beagles did not increase success, Bird dog users had the lowest success
of 5.1 rabbits per 100 gun-hours which was only slightly higher than tie
L.2 kill made by non-dog users, The probability that the superiority
of beagles over bird dogs was due to chance was less than 0,005,
In 1951 the kind and amount of dog use was not recorded after
each hunt according to a code system as was the case in 1954, This
resulted in a less precise record of dog use but the results are
summarized in Table 58, The 1951 data indicates that the "mixed" dogs
were associated with the highest success, 4s in 1954 the bird dog users
had the lowest rate of kill except for those that used no dogs, It can
be noted that in 1951, mixed dogs were used much more than in 195,
It is suspected that the different methods of recording the data may

have been responsible for this,
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TABLE S8

DOG USE AND HUNTER SUCCESS, 1951--KELLOGG FOREST
AUGUSTA, MICHIGAN

Kill per Percent
Type of Dog Gun-Hours Kill 100 Gun-Hours Total Effort

None ga2h.9 72 8.7 38.7
Beagle 678.6 99 1L .6 31.6
"Hound® 182.1 2l 13,2 8.5
tixed 185.7 28 15.0 6.7
Hounds and bird dog 117.8 15 12.7 5.5
Bird dog 143.8 17 11.8 6.7

Totals 2132.9 255 12.0
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In both years the use of any kind of dog apparently increased
lunting success, Also, during both years the rates of kill in the
various dog type categories were not homogeneous when tested statis-
tically,

For 1954 the amount of dog use also was determined for weekdays,
Saturdays, Sundays and opening day., In each classification except
opening day, about 30 per cent of the hunters! effort was without dogs.
On opening day, L5 percent of the hunting parties did not use dogs.
The overall average rate of dog use was 69,6 percent in 1954 and 61,3

percent in 1951,

D, Party Size

Data from the 1951 and 1954 seasons were examined to determine if
any difference in success was associated with different size hunting
parties, Hunters hunting alone had the best success of 12,8 rabbits
per 100 gun-hours, The probability of their superior success being duse
to chance was less than 0,02 when compared with all other party sizes,
Party sizes of four and five were next with yields of 11,5 and 10.1
respectively. Only 188 hours were hunted by parties with five hunters,
therefore, the results may not be representative, Party size three
had the next to the poorest success of 9.3 rabbits per 100 gun-hours.
The poorest success was experienced when two hunted together with an
average yield of 9.0 rabbits per 100 gun-hours. The better or poorer
success rate of all party sizes except party size one were not statis-

tically significant when a single group was compared to the rest,
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The probabilities that the better success rate of individual hunters
over party size two and three was due to chance, however, was less
than 0,05 and 0,01 respectively, Yet the superiority of party size
two over party size four was not significant, It can be concluded that
individual hunters are the most successful while the differences in
the success of other party sizes may not be significant,

The reason an individual hunter éxperiences the highest rate of
success is unknown, Possibly an individual hunter has a higher rate
of kill than two or more hunters because the number of rabbits flushed
per hour by a party is not directly proportional to the number hunting
while the accumulation of gun hours of effort is proportional to the

party size,

E. Climatic Factors

This analysis, based on data collected during the 1951, 1952 and
1953 seasons was made on a monthly basis since it was thought that
some factors might act differently at one time than at another, A4ilso
by breaking the season into shorter intervals the potentially compli-
cating effects of changes during the season in rabbit abundance, density
of cover, hunting effort, etc. were minimized, Tables L9-55 summarize
the observations,

The following factors were observed to have no noticeable influence
on hunting success during any month of the season: minimum temperature,
wind velocity, and precipitation as either rain or snow,

During Octobers there was a tendency toward greater success on days

having cool maximum temperatures, In Novembers the same tendency was
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present though much weaker. In Decembers warm days were associated
with the greatest success, Hunters were twice as successful on the

15 warme st days than they were during the 25 coldest days, In Januarys
only a very slight tendency toward better success on warm days was
shown,

The presence of snow cover in most instances was associated with
an increase in hunting success, Based on December hunting statistics
during the 1951 through 1954 seasons, on days with one inch or more of
snow cover the average yield was 1ll4,1 rabbits per 100 gun-hours in
contrast to only 9.0 for the days in December not having snow cover,
This difference is statistically highly significant. The superiority
of hunting success on days having snow cover was much greater in 1951
and 1954 than in 1952 and 1953, In 195k, which is not shown in the
table, the rate of kill on days without snow cover was 6.9 rabbits

per 100-gun-hours in contrast to 10.2 for days having snow cover,

VII, Analysis of Factors Affecting Weekly Hunting Success

A factor £hat tends to limit the kill of some species, particularly
pheasants (Shick 1952), is the decrease in yield per unit effort that
occurs as the season progressed, As the yleld decreases hunting effort
becomes much reduced, s this did not occur on the Kellogg Forest it
seems likely that the vulnerability of the rabbits and/or the efficiency
with which they were hunted must have increased as the season pro-
gressed., The previous discussion has established that the use of dogs,

presence of snow cover and hunter M"experience™ all influenced success,
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A possible explanation for the observed trend in rate of kill would
be that these factors fluctuated during the season in such a way that
they counteracted the increased scarcity of the population, Data to
examine this possibility are available for the 195L season,

Figure 26 shows the fluctuations that occurred in the relative
amounts of effort expended without dogs, with dogs and by hunters that
visited the area eleven or more times, Effort expended with and
without snow cover is indicated for each of the three success categories.
It was previously pointed out that hunters visiting the area eleven
times or more were about twice as successful as the average hunters,
Therefore, effort expended by this group was used to indicate effort
by experienced hunters, Only one frequent visitor did not use a dog,
therefore, this category may also be regarded as being aided by dogs.
Also indicated on Figure 26 are the weekly fluctuations in the kill per
100 gun-hours and the instantaneous rate of kill per 100 gun-hours,
Both rates of kill are indicated so that a rate of kill not influenced
by the population level (instantaneous) can be compared with the one
(kill per 100 gun-hours) that would be expected to be influenced by
population level changes, All other things equal, the instantaneous
rate of kill would be expected to remain constant during the entire
season while the kill per 100 gun-hours would decrease due to the
decreasing population, There was a tendency for this actually observed
in the data, Figure 26 shows that the instantaneous rate of kill early

in the season was relatively lower than the kill per 100 gun-hour while
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in the middle of the season the instantaneous rate of kill did not
taper off quite as much as the kill per 100 gun-hours,

The preseason population estimate based on the tagged-untagged
ratio in the hunting kill was used to calculate the instantaneous rates
of kill, The population decreases at several times during the season
were estimated as the preseason population minus the lunting kill,
Actually the population was reduced to a greater extent than this due
to the unrecorded crippling loss and natural mortality.

In an area where over 50 percent of the preseason population
was reported bagged by hunters other mortality would be expected to be
relatively low and recently obtained information indicates that the
crippling loss is not great enough to markedly change the values, Any
discrepency from this cause, however, would tend to force the calculated
instantaneous rate of kill to be lower than they actually were, This
may have been a contributing factor to the low instantaneous rate of
ki1l noted during the last five weeks of the season, However, the
general increase in instantaneous rate of Ikdll during the first ten
weeks indicates that this error was not important, The last four weeks
of the season were grouped into two two-week periods so that the rates
of kill would be based on larger samples,

It should be pointed out that the weekly fluctuations in the kill
per 100 gun-hours during the 1954 season were somewhat atypical in
that the highest success occurred during the fourth instead of seventh

week and hunting success late in the season was relatively lower than
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was noted in other years, Therefore, the fluctuations in the rate of
ki1l during the 1954 season did not depart from what would be expected
if the kill was determined by the population level as much as was the
case during other seasons,

It is interesting to note that fluctuations in both rates of kill
agree with each other closely. This indicates that the weekly magnitude
of both rates are probably influenced by the same factors, Therefore,
if the cause of the fluctuations in one of the rates of kill can be
determined, then the same factors will be expected to also influence
the other rate.

The weekly fluctuations in the over all instantaneous rate of kill
per 100 gun-hours were much greater than could be attributed to chance,
The probability of fluctuations as great as these being due to chance
was only between 0.005 and 0,001 as indicated by a chi-square test.
Thus, it is evident that the instantaneous rate of kill was not constant
during the entire season,

To indicate if variations in the amount of effort expended by the
various success categories were responsible for the weekly variations
in success, the relative amount of effort expended each week by hunters
in each category is indicated in Figure 26 directly below the corres-
ponding rates of kill, Inspection of these data strongly suggests that
the fluctuations in the ratés of kill were due to the fluctuations in
the relative amounts of effort expended in £he different success cate-
gories, For example, the marked increase in the rates of kill noted

during the fourth and tenth weeks were accompanied by increases in dog
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use and in effort by experienced hunters, In ten of the 13 time
intervals increases or decreases in dog use were paralleled by the
expected increases or decreases in success, In general the greater
amount of effort with snow late in the season may have contributed to
holding up the rate of kill per 100 gun-hours, It can be noted that
the sharp increase in the rates of kill during the eighth week was
accompanied by a marked increase in sndw cover, The least effort by
experienced hunters occurred early and late in the season, This may
have contributed to the low rates of kill experienced at those times,
Although these relationships are evident from Figure 26, the situation
in some weeks is somewhat confused because the variations in effort
by the various success categories fluctuated in opposite directions
with respect to their expected influence on success,

To obtain a clearer picture of these relationships the total weekly
effort was divided into the six success categories already described,
The instantaneous rate of mortality per 100 gun-hours uas.then calcu-
lated for each category each week (Table 59). As previously mentioned
weeks 12 and 13, and 14 and 15 were combined because the effort expended
then was quite low, The weekly instantaneous rate of kill per 100 gun-
hours are shown in Table 58, along with the mean rate for each category.
When no effort was expended during a week in a particular category the
rate of kill is indicated by a dash, To avoid Eeing misled by values
based on very small samples an asterisk has been placed beside all values
based on less than 15 hours effort. An example of how a small sample

can be misleading is seen in the eighth week when a very high
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instantaneous rate of kill of 0.1lll occurred in the dog-used, no snow,
low visit category because one rabbit was killed during the four hours
and 15 minutes hunted. A4lso, in twelve instances zero instantaneous
rates of mortality occurred when less than fifteen hours were hunted,
The seasonal mean values for each category are weighted means and
therefore are not influenced by the small samples that occurred during
some of the weeks,

The weekly instantaneous rate of kill per 100 gun-hours within
each success category fluctuated less during the season than did the
total weekly rates, This probably occurred because the factors which.
influence success within each success category were more nearly constant
than were those influencing the total weekly rate of kill, When the
uniformity of the instantaneous rate of kill within each success category
was tested statistically, none differed significantly from a uniform
rate of mortality for the entire season, After the mean instantaneous
rate of kill per hour for each category had been deterﬁined it was
possible to estimate the kill that would be expected each week in each
category by multiplying the mean instantaneous rate of kill per hour
for the category by the hours hunted, The total kill expected for each
week should equal the sum of the expected kills for each category.

In this way an.expected kill was calculated that was based on the relative
amount s of effort and different instantaneous rates of kill for the
various success categories, This approach assumes that a uniform
instantaneous rate of kill takes place within each category during the

entire season. The weekly total, however, would not reflect a uniform
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instantaneous rate of kill because the various wesks are made up of
different proportions of the various success categories which have
different instantaneous rates of kill,

When this calculated kill distribution (Table 59, column 2) was
compared to that observed (Table 60, column 1) there was no statistically
significant difference, If the success categories had been broken into
more of the factors known to influence success, such as type of dog used,
whether the hunter had hunted the area during a previous season and
lnnter occupation, the agreement probably would have been even closer,

When a kill distribution based on a uniform rate of kill (Table 60,
column 3) was calculated, it differed from the observed distribution
to a statistically highly significant extent., From this analysis the
following points can be summarized:

1. Weekly fluctuations in the instantaneous rate of kill per 100

gun-hours varied significantly from a uniform rate of kill,

2. The weekly fluctuations in the rate of kill were caused largely
by variations in the relative amount of effort expended each
week by non-dog users, dog users and experience hunters, each
with and without snow,

3. The weekly instantaneous rates of kill per 100 gun-hours
experienced by grou?s constant with respect to dog use, effort
with snow cover and experieﬁce did not vary significantly from
a uniform instantaneous rate of kill per 100 gun-hours over the

entire season,
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COMP-RISCN OF THE OBSERVED WEEKLY DISTRIBUTION OF KILL (1) WITH THE
DISTRIBUTION EXPECTED IF THZ KILL DEPENUED ON THE RELATIVE AMOUNT OF
EFFORT BY VARIOUS SUCCESS CATwGOrIES EACH OF WHICH CiUSwmD A DIFFERENT

BUT UNIFOEM INSTANT..NEOUS R.TE OF KILL (2) AND THE DISTHRIBUTION IF
THE KILL WiS THE PRODUCT COF . UNIFORM INST.NT:NEOUS RATE OF KILL

DUKING THE ENTIRE S£ASON (3). 195L-1955 SiiSON--K&LLOGG FORAST,

AUGUST 4, MICHIGAN

(1) (2) (3)

Expected Kill Expected Kill
Observed Compound Uniform

Week Kill Rate of Kill Rate of Kill
1 30 39.0 L9.7
2 27 25.1 30.9
3 1€ 18.8 22,0
L 22 13.9 12 .6
5 10 9.9 8.9
6 17 12.0 12,2
21 20,7 17.0
8 20 16.3 12.6
9 1k 12.9 10.0
10 12 1.3 7.5
11 3 9.6 7.1
12-13 in L.6 3.9
1k-15 1 L.9 L.k
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A comparison of the mean instantaneous rates of kill per 100 gun-
liours for the different categories reflects the influence on hunting
success of the various factors considered (Table 61). These effects
have been examined before, but this approach portrays the effects of
the various factors somewhat more clearly because the influence of each
factor can be indicated under constant conditions with respect to some
other factor,

Table 61 indicates the instantaneous rates of kill per 100 gun-
hours that occurred under various situations with respect to hunter
exper ience, dog use and snow cover, In calculating these values only
data from those weeks where at least some effort occurred in both of
the situations being compared were used, This was done to reduce the
complicating effect of seasonal influences and unrecognized factors,
In addition to comparing the factors in question under the various
situations omnsidered, the weighted and unweighted mean values are
also given, A question exists as to which mean more truly reflects
the mean effect of the factor being considered, From the point of
view of the impact that a factor can be expected to have on the rabbit
population, the weighted mean is probably the more appropriate value,
since it considers the greater effort expended in some categories than
others, However, from the hunter's viewpoint the unweighted mean is
probably more meaningful, The hunter would only be concerned about the
change in the rate of kill that he could expect if he were in a

dif ferent situation.
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Table 61 indicates that the presence of snow cover was associated
with an average increase in success of 86 percent or 1Ll percent
depending upon whether weighted or unweighted means are compared.

When examining the effects of snow it is interesting to note that among
those hunters that visited the area less than eleven times, .the non-dog
users success was increased 27 percent while the dog users experienced
an increase in rate of kill of 52 percent, The group that hunted more
than ten times and used dogs showed a Lé3 percent increase in instan-
taneous rate of kill associated with snow cover, This indicates that
the experienced hunters benefited more from the addition of snow cover
than did the less experienced hunters, However, this indicated increase
in success is probably considerably exaggerated becaus; the success in
the no-snow cover sample was based on only 38.5 hours effort and seemed
low.

Hunters in the eleven or more-visit category averaged 119 percent
higher success than those in the ten or less visit group judging from
the unweighted means., In both cases dogs were used, The superiority
of experienced hunters was greatest when no snow was on the ground,

Those hunters using dogs averaged 197 percent greater success
than did hunters without dogs. When snow cover was present, dog users
superiority over non-dog users was 367 percent, This value and conse-
quently also the mean is believed to be too high because the success
of the less-than-eleven visit, no-dog, snow category of 0.0092 is

probably too low because of the small sample of 153 hours on which
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the rate of kill was based, Evidence to support this view comes from
the instantaneous rate of kill in that category when snow cover was
not present. This rate was 0,01L2 and it would be expected that the
rate of kill with snow would be that great and probably greater.
Despite this difficulty, it is probably safe to conclude that the use
of dogs is even more beneficial with snow cover than without it.

When the effect of both visit-frequency and dog use are examined,
the hunters that visited the area eleven or more times and which used
dogs experienced 429 percent better success than non-dog users that
lunted ten or less times, The increase instantaneous rate of kill was
0.055. When the effect of visit freguency alone was examined the
increase in rate of kill was 0,045, Therefore, an increase of 0,010
can be attributed to the addition of dogs to high visit frequency,

An increase of 0,018 was caused by dog use in the less than eleven visit
category. Therefore, the experienced hunters seemed to benefit less
from the addition of dogs than did the inexperienced group.

It is difficult to check the reasonableness of the magnitude
of the effects of the various factors because no value is known to be
correct and all values are based on samples, The most reliable value,
since it is based on the largest sample, however, probably is that
observed for the less-than-eleven visit, dog used, no snow category,
Therefore, this instantaneous rate of kill of 0,027 was adopted as a
base from which the maximum rate of kill can be estimated by adding
the effects of snow and high visit frequency, and estimating the lowest

instantaneous rate of kill by subtracting the effects of dogs., In this
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manner values of 0,009 and 0,093 were obtained for the extremes in
rates of kill, The corresponding observed values were 0,01k and 0,078,
The estimated values are of the same general magnitude as the
observaed values which indicates that the apparent influences of the
various factors on success are reasonable, It is also suggested,
however, that the effects of the various factors may be slightly
exaggerated due to samﬁling inadequacies,

| Another approach to this analysis is to estimate the lowest value
starting from higher values and subtracting out the appropriate effects,
For example, the instantaneous rate of kill for the category expected
to be most successful i.,e, more than 10 visits, dogs used, snow cover,
was 0,078 rabbits per 1CO-gun-hours, The instantaneous rate of kill
increase in success caused by high visit frequency, dogs and snow cover
were 0,0L5, 0,010 and 0.021 respectively judging from the differences
in weighted mean values., Note that tlLe dog effect appropriate for the
more than eleven visit category was used here instead of the 0.018
increase evident in the less than eleven visit category. When these
values were substracted from the value observed when they were present,
the kill rate experienced for the least successful category i.e. no
snow, no dogs, less than eleven visits was estimated as 0,002, Starting
with the success rate observed in the less than eleven visits, dog used,
snow cover category and subtracting out the effects of snow and dog
use of the value of 0,0045 was obtained, Beginning with the kill
rates observed for the less than eleven visit, dogs used, no snow;

and more than ten visits, dogs used and no snow and removing the
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appropriate effects values of C,009 and 0,019 were left, 4 value of
0.Clh was actually observed, Thus a general agreement of the same
magnitude was present which tends to indicate that the estimated

effects are reasonable.

VIII. Probable Effects of Seasons of Different Lengths

By considering the patterns of hunting effort, kill and success
on the heavily-hunted Kellogg Forest, it was possible to draw some
conclusions about the effects of seasons of different 1engthé than the
present season of October 20 to January 31, Since all seasons except
one were of the same length the probable effects of a longer season
must be estimated largely by extrapolation, This practice is open to
some queétion, but it probably yields a satisfactory estimate of what
could be expected if the season was lengthened at the end. However,
it would be very misleading to use this method to evaluate the effect
of an earlier opening date,

If the season was lengthened through February, little increase in
either effort or kill would occur, judging from the low effort and kill
observed late in the present season, 4lso, in 1952 when an additional
month of hunting was permitted, effort increased only 5.9 percent while
the season length was 35 percent longer, About all a later closing date
would accomplish would be to permit the occasional hunter who may want
to hunt then the opportunity to do so, Because nearly all female
rabbits becoms pregnant in March it seems like that for esthetic

reasons February 28 should be the latest satisfactory closing date.



168

An earlier opening would be confronted with many situations
which would tend to make rabbit hunting undesirable, Among them are:
Lot weather, very dense cover, small rabbits, lactating females,
rabbits with warbles and a greater likelihood of hunters contracting
tuleremia, These factors would probably make rabbit hunting unpopular
with most lmnters and consequently effort would be low, Many hunters
express & strong preference for hunting rabbits even later than the
current opening date, Also many people are prejudiced against shoot-
ing rabbits until cold weather sets in, Because of dense cover and
Lot weather, success during an earlier legal period would be as low or
lower than that now observed early in the season, Because of the low
ef fort and success the total kill would probably be quite low, Since
the kill during an early period would probably be low it seems likely
that an earlier opening would have little influence on the kill and
and rate of kill during the remainder of the season, These views are
supported by observations made in Iowa by Sanderson (personal communi-
cation) where the season opens September 15, There little rabbit hunt-
ing is done until November, The probable effects of lengthening the
season at both ends can be summarized as follows:

1, Effort during an early extension of the season would probably

be low, though, this is difficult to accurately predict,.

2. Effort during a late extension of the season would be low,

3. Effort during the entire lengthened season would probably be

only slightly greater than that now experieﬁced.

L. The total kill, the early and late extensions of the current

season would probably be low,
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5. The total kill for the entire season would be only slightly
Iigher than that now achieved during the current season,

6. The rate of kill during the early and late extensions of the

season would be likely to be low,

7. Rate of kill for the entire season would be slightly lower

than is experienced during the current season.

On the Kellogg Bird Sanctuary and Farm, it was observed that a
high rabbit kill could be made when hunting was confined to a brief
period between mid-December and mid-January; It was possible then to
bag as high a percentage of the rabbit population there as was made on
the Kellogg Forest with over five times the éffort spread between
October 20 and January 31, This indicates that a short season from
November 15 or December 1 through January 15 would have almost as high
a total kill as is now experienced between October 20 and January 31.
As would be expected, the rate of kill would be much higher than that
observed over the longer season, 4lso hunting effort during the shorter
season would probably be greater than.is now observed during the
corresponding period in the current longer season, The total effort
expended during the current season, however, probably is greater than
that which would occur during the shorter season and this would restrict
the recreational opportunities for many people.

If an increase hunting quality as indicated by £ate of skill was
‘desired while still providing a long period to hunt a season both open-

ing and closing the season later than at present would be in order,
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For example, a season extending from December 1 through February 28
would be almost as long as the current season and would offer much
better hunting conditions and a higher rate of kill early in the
season, With the current opening of October 20, early season success
was low apparently due to dense cover, hot weather, lack of ‘'snow or
other factors, Despite these difficulties enough rabbits were killed
to cause a reduction in the rate of kill later in the season when
hunting conditions were better, A low rate of kill would be expected
to occur late during a long season regardless of the season's opening
date,

Observations made on the Kellogg Bird Sanctuary and Farm support
these views in that very high success occurred when hunting started in
December, It tapered off as the rabbit population was reduced, An
argument against having a later opening would exist if a sizeable non-
hunting mortality of rabbits occurred during the fall and early winter,
This apparently does not occur on the Kellogg Station and consequently
a later opening would allow almost as many rabbits to be shot as would

the current opening date,
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MISCELLANECUS OBSEZRVATIONS

Changes in Mammal Numbers on the Kellogg Bird Sanctuary and Farm
Between 1934-35 and 1951-55,

Allen (19380b) presented a rather complete picture of the lLigher
vertebrate life existing on the Sanctuary between the fall of 193k and
August 1937, The change that has occurred in the abundance of various
species of mammals since Allen's study is noteworthy, Field work con-
ducted during the present siudy, permitted observations to be made on
the relative abundance of many mammal species in addition to rabbits,
Since the population changes of these species may be interrelated, it
was thought worth-while to briefly discuss these changes,

Rabbits have remained at about the same general population level,

Fox squirrels (Sciurus niger) were common during both periods, Gray

squirrels (Sciurus carolinensis) were not reported by Allen; however,

they were trapped several times during the present study, Red squirrels

(Tamiasciurus Andsonicus) were also not mentioned by illen; however,

by 1951 they were very common, probably due to the maturing of the

conifer plantations; The skunk (Mephitis mephitis) was very common

during 1934 and 1935. During Allen's two years of trapping skunks

were handled 165 times, During the present study skunks were trapped
only three times, If predation of rabbits, especiall& young, by skunks
is very common, this marked drop in the skunk population should have
created a more favorable situation for rabbits, In 1953 when rabbits

were being snared in order to greatly reduce the rabbit population,
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skunks fed on snared rabbits, A4 picture was obtained of a skunk
tugging on a snared rabbit by means of a camera trap developed by Gysel
and Davis 1956,

Judging from illen's statements, longtail weasels (Mustela frenats)

were not abundant during his study but were more abundant than during
the period 1951-1955, Allen caught three weasels in one winter, The
current effort trapped only one in five years, Both opossum (DilelEhis

virginianus) and racoon (Procyon lotor) were not rare during illen's

study, but were apparently less common than during the period 1951-1955,

Whitetail deer (Odocoileus virginianus) were not mentioned by Allen, so

were apparently not present, Deer tracks were found on the Sanctuary
during the summer of 1951 and four deer were seen by the writer in 1952,
Sanctuary employees have seen wild deer several times during recent

yvears, The only evidence of red fox as (Vulpes fulva) during 193kL-35

were tracks seen for several days in January, Now tracks could be found
on the area any time there was a tracking snow, Foxes were flushed
twice during rabbit hunts and one was shot .

During the present study a reduction has apparently taken place

in the number of thirteen-lined ground squirrels (Citellus treidesem-

lineatus), 4llen reports that they were the most abundant mammal
larger than mice and they were much more abundant than chipmunks

(Tanias striatus)., This is no longer true, Grouna squirrels are no

longer abundant although still fairly common, Chipmunks are evidently
much more abundant than they formerly were. Aillen reported only 2-3
pairs, The writer estimates that in recent years the chipmunk popu-

lation of the area has been over 100 each fall, The reversal in the
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relative numbers of ground squirrels and’chipmunks is probably a
reflection of the cover changes on the area, The formerly open grassy
fields that offered suitable ground squirrel habitat‘have now grown
brushy and are no longer used,

Meadow mice (Microtus pennsylvaninus), white footed mice

(Peromyscus leucopus), prairie deer mice (Peromyscus maniculatus)

and the short-tailed shrews (Blarina brevicauda) were common on the

area during both studies,

The mammalian population changes that have occurred between 193L-35
and 1951-55 may be summarized as follows: The red fox, gray squirrel,
opossum, racoon, deer, chipmunk and red squirrel have increased in
numbers, The cottontdil rabbit, fox squirrel, meadow mice, whitefooted
mice, prairie deer mice and short tailed shrew remained at about the
same population level during both studies, The skunk has undergone a
very pronounced drop in abundance and thirteen-lined ground squirrels

and long tailed weasels also apparently decreased,

Fox Food Habits Observations

& .

Since the red fox (Vulpes fulva) is popularly thought of as an

important predator on the cottontail, an effort was made to determine
the exteﬁt to which locai foxes fed on rabbits, During late winter
and early spring of 1952, a total of 51 fox droppings were collected.
Most of these were found on hillside pastures adjacent to the pond
north of the farm d&hp. Many of the scats were not fresh and it %s

not known when they were deposited, Rabbit was found in 28 or 5L4.9
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per cent of the scats, In 1L of the droppings, cottontail hair made up
more than one-fourth the total volume. Small rodents, chiefly
Microtus sp, and Peromyscus sp,, were found in 39 (76 percent) of the
scats, Chicken remains were found in 15 (29.L percent). Unidentified
material was found in 18 (35 percent). The objective of the analysis
was to determine the incidence of raobit only. Time was not taken to
identify many items of low incidence, As a result a high percentage
of unidentified material resulted,

Latham (1950) compiled the results of ten investigations of red
fox food habits on 1795 scats and stomachs, (Eadie, 1953;
MacGregor, 1942; Darrow, 19LL; English and Bennet, 19L2; Latham, 19L3.
Penn, Mammal Survey, unpublished; Wilson, 19L48; Nelson, 1933).
A comparison of the percentage occﬁrrence of rabbits and chickens in.
this study with that observed in the compilation indicated a higher
incidence of both rabbits and chickens iﬁ the Kellogg Bird Sanctuary
and Farm scats that in the other studies. In contrast to the sL.9
percent rabbit and 29.L4 percent chicken in Michigan only 35.2 percent
of contained rabbit and 17.9 percent chicken in the other studies,
These differences probably reflect differences in availability, During
1950 and 1951, rabbit populations were high on the Kellogg Station.
Chickens were allowed on open range during the summer and when layers
died during the winter, they were thrown on the manure pile and spread
in the fields, Thus chickens, both fresn and otherwise, were almost

always easily available,
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During the winter of 1952 the stomachs of nine red foxes were
obtained from a local fox hunter, One of these foxes was killed on the
Kellogg Farm and the rest were taken in the vicinity, Only one con-
tained rabbit remains, These foxes had gpparently been hunting in a
marsh environment, however, because 5 stomachs contained muskrats

(Ondatra zibethiso) and three bog lemming (Synaptomys cooperi).

Foxes were tracked in the snow a total of 32 miles during the late
winters in 1953 and 195k mostly on the Kellogg Forest, No signs of
rabbit kills were observed, although, 6 mice and 1 red-winged blackbird
were caught, Unsuccessful attempts apparently were made to capture 29
mice, four cotton tails, two red squirrels, two fox squirrels, two
pheasants and one quail, The foxes followed visited two dead animals,
a fox which was dug from beneath the'snow and a weasel, The cause of
death of the ueaéel and fox is unknown. The results are indicative,
of course, only of fox food habitsAduring the season involved,

In a sample of 18 scats collected during the springs of 1953 and
1954 only five (28 percent) contained rabbit, This incidence is statis-
tically significantly lower than that observed in the 1952 scats
(55 percent), Fall population estimates for the autumn preceding the
later sample were about 225 rabbits, In 1951 the fall population
estimate was 368, This difference in population density possibly
explained the difference between the two years in the extent to which
foxes fed on rabbits, The lower incidence of rabbit in fox scats
during years of lower rabbit abundance, however, should not be taken

as evidence that the effect of foxes necessarily is less during those
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years, The lower incidence in the later years probably merecly re-
flected a lower availability of rabbits, There is no evidence to
indicate that the individual rabbit's probability of being caught

was less or that the percentage reduction of the rabbit population by
fox predation was any lower during the years of low rabbit abundance
than during the year of high rabbit numbers.

Data collected in this study does not permit the precise appraisal
of the effect that fox predation has on rabbit populations. A4nd, of
course, foxes ranged on adjacent areas as well as on the rabbit study
area, and scat analysis probably reflected feeding habits off the area
as well as on it, Some conclusions, however, can be drawn, First,
it is possible to have dense rabbit and fox populations living
together, During 1951 the rabbit population was the densest that it
was during any year of this five year study and fox tracks were evident
whenever a tracking snow was present, It has previously been pointed
out that rabbit populations have remained at approximately the same
level during the past 23 years, and that very few foxes were present
during the earlier years of this period, but later became common,

Thus it appears that the increase in foxes had no effect on fall rabbit
population levels, It is, of course, not known wnether or not some

unknown compensating factor acted,.

Winter Food Habits of Kellogg Bird Sanctuary and Farm Cottontails

During the winter of 1951-1952 observations were made of the

extent to which rabbits fed on the various species of woody plants
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found on the Kellogg Bird Sanctuary and Farm, Intensity of use classes
for winter food were as follows:

A - heavy, eaten in preference to other nearby species,

B - moderate, eaten commonly but to a lesser extent than in 4

when the species occur red together,

C - light, rarely if ever eaten,

Since the importance of a species depends upon its abundance as
well as the extent to which it is used, the following abundance

classification with numerical values was used,

1l - rare

2 - infrequent
3 - common

i - abundant

To obtain an indication of the relative importance of the various
species in terms of both use and abundance each species was scored as
follows: Importance rating equals the abundance scale designation -
times a numerical value for the use classification in which 4 =5,

B =3and C =1, For example, sassafras which had an abundance rating
of 3 and a use classification of i had an importance rating of 3 x % =15,
These ob;ervations are listed in Table 62,

In general these findings agree with other Michigan studies, There
is some disagreement, Both Allen (1937) and Hickie (undated) indicate
that gray and silky dogwoods were either heavily or moderately eaten,
This study indicates that they were almost never eaten, ilso, allen

did not even consider oaks as a rabbit food, This was probably because
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oak was not available to rabbits during his study. Open, recently
abandoned farm-fields during Allen's study are now in a shrubby stage
of succession and have an abundance of black oak reproduction in them,

Because black oak (Quercus velutina) ia s dominant species in

the climax community of the study area and because rabbits were feeding
so heavily on it, a study was made on the effect that rabbits have on
oak reproduction, It was determined that many young oaks had had all
new growth pruned back annually for many years, Rabbits were apparently
slowing the rate with which abandoned fields were mo#ing into the climax
vegetative community (Geis, 1954). Allen found that rabbits fed

moderately on Scotch Pine (Pinus sylvestris). During the present study

no such feeding was noted, This was true despite considerable natural
reproduction which made young trees available, Unless their food
preferences have changed, it appears that more preferred rabbit foods
were available during the winter of 1951-52 than in 1934-35. This seems
likely because of the greater amount of woody cover currently on the
area,

During the winter of 1954-55, 18 quadrats each eight milacres in
size were studied, Three quadrats were located in each of the six
cover types (T, Sy, S», S3, Wy and W,) lLaving woody cover., Plots
sampled were selected at random, A total of 1L412 stems of 30 species
were counted, The percentage used for winter food and percentage that
each species made up of the total stems are tabulated in Table 63,

It can be seen that these data agree very well with the qualitative
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WOODY PLANT ABUNDANCE AND USE AS FOOD BY RiBBITS FROM QUADRAT DATA
WINTER 195L-1955--KELLOGG BIRD SANCTUARY
HICKORY CORNERS, MICHIGAN

& Number Number Percent Percent
Species Unused Fed Used Total
Stems Upon For Food Stems
Rhus copallina 18 27 60 302
Rhus typhina 117 23 16 9.9
Malus sp. 1 0 0 1
Quercus velutina L 7 63 .8
Rubus idaeus 9 6 Lo 31
Sassafras albidum 11 29 72 2.8
Carya ovata 1 i .
Lonicera spp. 522 10 37
Populus grandidentata 5 %
Populus tremuloides 1L 1
Prunus serotina 58 L.
Rosa sp. 9 S B
Rubus allegheniensis 17 § 5%

Rubus occidentalis
Fraxinus americana
Robina Pseudo-Acacia
Sambucus canadensis
Cephalanthus occidentalis
Cormus Amomum

Cornus paniculata

Cornus stolonifera
Juniperus communis var, depressa
Juniperus Virginiana
Castanea dentata
Vaccinium vacilans

Salix spp.

Prunus virginana

Cornus florida

Carya glabra

Rhus glabra

Picea glauca

n
n oW
srorl8Pror BBl Fron

OCOHVENONMNVNOWHFOOFOWKHEVNINO

._..
o~ Fown
Lk NbREP LN LRRRFovo o ELH

*
Authorities for scientific names same as those in: Muenscher, W, C.,

1950. Keys to woody plants., Comstock Pub, Co,
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impressions recorded in Table 62, For example, five of the six species
listed in Table 63 as making up more than five percent of the total
stems were in the abundant category in Table, The sixth was listed as
common, The five species in which LO percent or more of their stems
had been fed upon by rabbits were all placed in "A" use category in
Table 62,

Judging from the large amount of woody vegetation now found on
the Sanctuary that is preferred rabbit food: but not eaten, it is appar-
ent that winter food could not be a limiting factor of the population.
4lso, the food supply appears to be increasing as natural succession

progresses and formerly open fields become more brushy.
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