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TITLE: Ecology of the Snowshoe Hare (Lopus emericanus) in the forests

of the Maritime Provincez of Canada,
PROJECT NUMBER: M2-5-3

INVESTIGATOR:. Thomas J. Wood

OBJESTLVES

1. To define and study the circumﬁtapces undef vhich cnowshoe
hare feeding can result in dcmage to commercinl forests, and to deter-
mine the effccts of various forest managexent prdgrams on populations
of snowshoe hares in the Maritime Provinces of Canada.

2, To study the population dynamics of the sncwshoe hare in the
Maritime Provinces; specifically reproduction, natality and mortality;
determine seasonal and annual chanécs in these factors; and study the
effects of these changes on fluctuations in here density.

3. To determine hare utilizatioﬂ of the different forést habitat
types, and study the food habits of the hare in the Méritime Provinces;
to attcmpt to relate changes in habitat utilization and food habits to
chenges in habitat, season and population density.

L. To study disperecal, home range and movemsnts within a hare
population in the Maritime Provinces, and assess differences in these

factors at different population densities,
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JUSTIFICATION

.Hefbivordus mammals form an integral part of the natural forest
communities of eastern Canada, and undoubtedly acted as a selective
agent in their evolution, Human iﬁfluences have modified those com-
munities and will do so at an increasing rate in the future, profoundly
affecting forest mammals, Increased investment in forest management
leading to forests with more simplified composition of species suggesté
the possibility of increasingly serious damage'problems. The basic
objective of the forest mammal study group in Fredericton is to deter-

‘mine the interfelationships of forests and the mammals which inhabit
them, The need to determine the part of the snowshoe hare in these
interrelationships is the primary Jjustification for this study.

The snowshoe hare has been studied litile in the wild in the
Maritime Provinces of Canada, and many questions remain unanswered.
This study has been designed to contribute to the knowledge of ﬁabitat
preferences, population dyﬁamics, food habits and other factors in the

ecology of the snowshoe hare in the Maritimes,



f““"’m mawr' a- We
WiVl l; 4 l\' E k"'
. = n? EEM rer;zv‘a-'-nw'q
bets il : ;
v 3 L) . lb-oh LPTES a*unmuw |

REVIEW OF LITERATURE AND RELATED WORK

‘I. INTRODUCTION

Lepus americanus Erxleben is primarily an animal of the boreal

forests. It is a nocturnal, secretive creature, well~adapted to
forest life, It is commonly known as the snowshoe hare or varying
hare in different parté of Canada, because of its marked seasonal
color change and its well-furred hind feet which allow it to travel
easily on the softest SNOW,

Snowshoe hare populations show violent fluctuations in numbers
well-known as the basis of the ten year game cycle in northern boreal
forests, Fluctuations between cyclic lows of 1 hare pe; square mile
apdhighsof 30,000 hares per square mile have been described (Keith,
.1963). Despite the magnitude of this cyclic phenomenon, the wide
range and the relative ease with which it may be studied, little
concentrated research has been done §n the snowshoe hare, particularly
in the Maritime Provinces. This review includes most of the significant
work on the snowshoe hare, and also refers to other Lagomorpha where

applicable.

II, TAXONOMIC STATUS OF THE SNOYWSHCE HARE (Hall & Kelson, 1959)
Order lagormorpha —- hares, rabbiﬁs and pikas
Family Ochotonidae —- the pikas |
Family Leporidae® —- rabbits and hares

- Genus Oryctolagus®** -~ European rabbit
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Genus Romerolagus — Valcano rabbit of Mexico
‘Genus Sylvilagus = Cottontail rabbit
Genus Lepus -—— hares

1) Lepus arcticus —— arctic hare

2) Lepus othus -~ Alaskan hare

3) lepus townsendii -~ white-tailed jackrabbit

L) Lepus californicus —— black-tailed jackrabbit

5) Lepus alleni -— antelope jackrabbit

6) Lepus insularis - Black jackrabbit, Espiritu Sento Isl.,

- Celifornia

7) Lepus flavigularis -- Techuantepec jackrabbit - Mexico

8) Lepus mexicanus — White-~sided jackrabbit - Mexico

9) Lepus paillardi -- Gaillard's jackrabbit - Mexico

10) Lepus europaeus®¥* —-— European hare

11) Lepus americanus -~ snowshoe hare

% Four of the nine genera of Leporidae are found in North Ameri

!
%% Introduced species,

The genus Lepus is diﬁided from the eight Leporidae rabbit genera
on the basis of skull characteristics, and the birth of Lepus young in -
an advanced state of development, with well-furred bodies and open eyes,

Rabbit young are born naked, helpless and blind, Lepus americanus is

the smallest of the hare species, and the only one adapted exclusively

to 1ife in wooded regions.

/



-5 -

III. GEOGRAPHIC RANGE OF LEPUS AMERICANUS (Hall & Kelson, 1959)

The snowshoe hare has a wide distribution in northern ﬂorth America
(Fig. 1) extending across virtually 21l of Canada, excluding the tundra
and arctic islands, Its range also extends into much of the northeastern
United States, the Appalachian region, and the western mountain regions

into California and New Mexico.

IV, AGE DETERMINATION
A number of methods have been used in hare and rabbit studies to
separate juveniles or subadults from mature adults., Recent progress

has been made into a technique for dividing adults into year classes,

1. Body Weight and Dimensions

Adults and subadults can be separated on the basis of body weight
and dimensions. If one assumes constancy of growth and development in
all young, such a technique has merits, However, differences in habitat,
diet, condition of the mothe£ and oﬁher variables may effect‘individual
development, and cause wide variation in body dimensions, |

Trapp (1962) found juvenile growth curves of Alaskén snowshoe hares
leveled off at 1,000 g body weight and 139 mm hind foot length, Trapp
found that hind foot length increased up to 80 days of age, vhile cap-
tive raised hares in Maine (Severaid, 1942) increased up to 110 days
(136-138 rm). Trapp concluded that the best available method of age
determination was a combination of body weight and hind foot length

using only hares “eighing less than 1,000 g (70 days) and hind foot
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length less than 100 mm (40 days).

. Tiemeier (1965) found body Weigﬁt could be used as an age
criterion for juvenile black-tailed jackrabbits in Kansas until five
months of age., Lord (1963) found body weight a reliable estimation

of age in Illinois cottontails (Sylvilagus florldanas) until 100 days

of age. Keith'(ﬁnpublished) used weight and hind foot length measure-
ments of captive and wildreafed snowshoe hare juveniles'to accuratgly age
‘live trapped juven{les,less than 90 days old. |
Nelson (1909) observed in northern and mountain forms of snowshoe
hares that the hind feet of adults were white while those of juveniles
before the fall moult were brown, Adams (1959) found all adult Montana
hares had some w'.ite on their hind feet in swmer, while 93 percent of

Juveniles had none.

2, Epiphyseal Closure

Hale (1949) described a tecﬁnlque for aging cottontail rabbits
by examination of the ossification stage of the epiphyseal cartilage
of the humerus. Using a series Sf known age rabbits Hale determined
that'closure occurred at 7% months, He suggested that the technique
would be used with accuracy until January 1. .

Lord (1963) found the average age of closure of Illinois cotton-
tails was 72-8 months, with a range of 5-15 months of age. Petrides
(1951) and Wight (1957) found the avérage age of closure to be 7 months,
Martinson et al. (1961) found the minimum age of 9losgre‘in Missouri

swamp rabbits was ten months, and they used closure to age large samples
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taken in January and February. Martinson et al. (1961) found no
significant difference in the rate of closure in groups of pen raised

and wild raised swamp rabbits (Sylvilagus aquaticus).:

On the basis of epiphyscal closure, Lechlietner (1959) separated
California black-tailed jackrabbits into three age classes: class I =
'2—9 months, class II = 10-12 months, class III = greater than ;2 months,
Although data on black~tailed jackrabbits in Kansas (Tiemeier, 1965)
indicated the change from class I to II occurred at 5 months, and from
II to III at 14 months, Tiemeier found that he could distinguish the
three classes of closure, Bronson and Tiemeier (1958) concluded that
Juvenile jackrabbits in Kansas could be accurately distinguished on
the basis of epiphyseal ciosure until November, Closure occurred in
this lagomorph at approximately eight months of age.

Using a combination of epiphyseal closure and condition of repro-
ductive organs Flux (1967) found that all juvenile Furopean hares iﬁ
New Zealand could be distinguished until six months of age; many until
eight months, and a few untll ten months, Dodds (1965)vdetermined

epiphyseal closure dates for snowshoe hares as 225-235 days.

3. Condition of the genitalia
The external genitalia of snowshc: hares can be used to separate
Juveniles from adults during the first few months of juvenile life,
Since virtually all adult females breed (Keith, 1965a), teat condition
can be used to distinguish juveniles until they enter their firsﬁ

breeding season the spring after birth, Adams (1959) reported a high
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degreo of accuracy using presencé or abaence of palpable teats in
Montana hares, Keith reported that no females breed in their first
summer of life, and that no Juvenile females were found with palpable
teats. Flux (1967) also reported using palpation of teats on European
hares in New Zealand,

Male snowshoe hares have distinct penis characteristics by which
Juveniles and adults may be scparated, Keith found in Alberta hares
that the juvenile penis pérsisted until at least mid-January, and
probably until the beginning of the first bfeeding season, Flux (1967)

found similar penis characteristics in European hares of New Zealand,

L, lens Weight

Lord (1959) described a technique for aging cottontail rabbits
in I1linois based on eye lens growth, Lord assumed that the lens
gr&ws throughout life, and that individual variation in growth is -
sufficiently limited to allow accurate age determination., Eyes were
removed immediately after death and fixed in ten percent formalin for
a period of one week, which "was found to be sufficient® (Lord, 1959).
The lens was then removed from the eye, dried at 80°C for 24,-36 hours,
and weighéd. Lord considered the fens to be hygroscopic, and varned
that weighing should be d;nc inmediately after removal from the oven.
Friend (1965) later demonstrated that it was ﬁhe glass vial ih vhich

the lens was dried and not the lens that was hygroscopic, and recormended

that the vial and lens be allowed to cool ten minutes before weighing,
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- Lord found individual variation of dried lens weights to be only
0.87:41.21% (S.E.) within similar age groups. The curve of dried lens
weights flattened at 73 days. Iord concluded that this technique could
ba.used to determine month of birth of jJuveniles, and year of birth
of adulté.

Edvards (1962) collected 2,875 cottontail rabbits in Ohio on
Hovemﬁerrls, 1959, and aged themlby the lens technique., He found a
bimodal tendency in the lens data with the dividing point of adult
and juvenile rabbits at 210 mg.

Friend (1965) made a thorough study of factors and variebles
affecting the lens eging technique, ﬁsing laboratory rats Friend
described great differences caused by changing such variables as con-
centration of fixative, fixation time, and combinations of freezing
and decomposition. Frien@ stressed the importance of technique
standardization and underétanding the variables involved in this
technique, !.

Lord (1959 and 1962), Edwards (1962) and Friend and Linhard (1964)
suggested that nutrition may play an important part in rate of growth
of a lens., In a series of carefully controlled experiments using rats,
Friend (1966) found no significant differences between lens weights
and varying nutritional level diels. Friend also found no statistical
correlation between iens weights and body weights in rats of similar
sex and age.

Dudzinski and Mykytowycz (1961), using 71 known age rabbits found
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lens weights to be a relisble indicator of wild rabbit (Oryctolagus
cuniculus) age in Auetralia until about 150 days of age. Martinson
et al, (1961) found & range of juvenile lens weights of 126-205 mg
and an adult range of 213-304 mg in Missouri swamp rabbits colleccted
in December and January., They concluded that lens weight at this
time of year was a valid criterion of swanpd rabbit age. g

" Tiemeier (1965) concluded that lens weight was a superior
technique in black-tailed jackrebbit age determination than techniques
based on body size, body ﬁeight or epiphyseal closufe‘because lens weight
growth curves permitted determination of birth month in young. Dudzinski
and Mykytbwycz (1961) found lens weight a more reliable method of sepa;
rating adult and juvenile European rabbits than body weight, Similar
conclusions were made by Walhovd (1966) in Denmark and Flux (1967)

in New Zealand for European hares,

V. CEISUS TECHNIQUES
A major problem in studying the ecology of a natural population
is an accurate estimate of the population éensity. As with most wild-
life épecies, a total cougt of snowshoe hare numbers is’virtually
impossible, The most widely used estimates of density for rabbits
and hares are techniques based on live trapping data, Some use is
also made of population indices such as track counts and fecal pellet

counts,

1. Iive trapping lethods

Live trapping is a relatively simple, albeit time consuming, task
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which requires nuch effort for a small amount of data. However, an
accurate estimate of populatioh numbers is prerequisite fo; many con-
clusions on population dynamicé. Data on othér aspects of life history
such as sex and age ratios, reproductiocn, home range size and movements,
and cover—type preferences are also gained from live trapping.

Population estimation by live trappinz is based on the rate of
recovery of marked animals by on; of several mathematicéi formulae,
The validity of this technique depends upon the following assumptions
(Ricker, 1958) that:

1) Marked individuals retain Pheir marks,

2) Natural mortalify is the same within both marked and unmarked
segments of the population,
' 3) Marked and unmarked animals are cqually vulnerable to recapture,

L) Either the marking or the recapture is random,

5) Ingress, egress and/or recruitment are negligible between
markiﬁg and recapture, |

- Several live trap types are used by hare and rabbit investigators,

all of which'probablysdo an efficient jqb, the choice depending on
the individual worker. One popular type, made by the National Live Trap Co.
of Tomahawk, Wisconsin, is a durable and light wire mésh construction
which can be collapsed for ease of moving and storage,

Trap stations are generally located systematically with the aid
of a grid, although some investigators prefer to locate trap stations

in a random manner (Keith 19652). In either case, once the station is
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selected, a certain amoun% of subjectivity is involved in choosing
a-particular site to set the trap. Tﬁis is done by examining animal
"sign" and choosing a spot where an animal is likely to be caught. .
For snowshoe hares, trap étations have been laid out on grids varying
from 330 feet to 500 feet between stations (Adams, 1959; O'Farrell 1960
and 1965; and Bookhout, 1965a) with traps set within a certain distance
of'tﬁe station, | |

Trap baiting may introduce a bias into results by attracting
and catching certéin marked animals more often 'than unmarked enimals,
Mgny invesiigators disregard thi; effect ard assume that capture rate
is equal in both marked and unmarked segments of the pobulation. Keith
(1$65a and 1966) felt he had eliminated this bias, by setting unbaited
traps on hare runways and by constant trap relocation. His data show
an apparent homogeneity of trap response, A variety of baits are de-
scribed in the literature, but alfalfa hay has been emphasized as the
best "standard bait" (Aldous, 19373 Green & Evans, 1940a; Adams, 1959;
O'Farrell, 1960; and French et al., 1965) for hares, -

Green and Evans (1940a) reported that live trapping in Minnesota
was not possible in sﬁmmer months, They suggested this was the result
of a lack of bait attraction amind lush summer vegetation, and the ab-
sence of easily discovered runways in the forest of this area, Bookhout
(pers. comm.) encountered the same situation in Michigan. Conversely,
runways are quite distinct in all géasons in Alberta (Keith, pers. comm),

AMaska (O'Farrell, 1960 and 1965), and New Brunswick (Wood, unpublished).
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Keith (1965b) developed a snare for live capture of snowshoe
hares in Alberta, During 1961-6L, Keiﬁh snared 374 hares, of which
51 percent survived. He concluded that the live-snsre vas a con-

veniont sampling method, with minimum effort and expense, and without

90-100% losses characteristic of regular_snaring.

2, Marking

The most commonly used snowshoe hare marking method is en ear
tag, Bider (1961) reported the only known loss of tags on Quebec
hares (two plastic washers held together by a brass pin) occurred io
traps, while Green and Evans (1940a) reported no irritation or loss
 with monel metal tags on Minnesota hares, O'Farrell (1960 and 1965)
reported minimal Joss of monel metal tags in Alaska, ‘

Keith (1965a) used several marking mzthods in Alberta. Ali
adults were ear tatooed, and small monel metal tags placed between
the toes of each hind foot, Juvenile hares teken in the summer were
systematically toe clippcd, and at certain periods in winter all hares
were rump dyed with picriq‘acid or rhodamine B solutions, During early
spring all pregnant females were implanted with radioactive Cah5 cap-
sule (Rongstad, 1965). Tatoos, when properly applied lasted for the
life of the hare. The toe tags served for identification when predator
remains were found on the study &rea. .Rump dying served in visual

recognition of hares flushed during the winter., The gelatinous Czs:.l’5

capsule implanted subcuteneously broke down and resulted in recognizable
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levele df radioactivity in all young born of those females during
that breeding season. The toe clipping of all Juveniles in the

cumer provided material which woe ashed for radioactiéb counts,

3. Trap-rotraep Estimates of Popuiation Dcnsityi

Green &nd Evans (1940a) live trappéd more than 5,000 hares in
Minnocota frcm41§32 through 1939; The period from early sutumm to
early spriné was the "precensus trapping peried,” ond a 22 weak peéiod
in April was ihe "census period?, Using the ppinciplé of the Pstersen-
" Lincoln Irndex (Ricker, 1958) grezn and Dvans estimated the average '
mid=7inter hare popuiation levels of their study agea. TheyAfeli
the scdentary nature of the snowshoe hére rade exraigration of marked
animals nogligible, and that their estimates were reliable.

Boolhout (19653) trapped snoirshoo haros in Michigen for 16 months
beginning in Doeccaber, 1955, end estimated hare density nonthly by
both the Peterscn~Lincoln fndex method and the Frcquency of Capture
meﬁhods (Schnabel Multiple Census Mothod and Schumacher=Eschmeyer
¥ultiple Census Method - Ricker, 1958). The Potersen=Lincoln Indeaz
end the Frequency of Capture methods gave similar eetim;tea for rost
rmonths. Bookhout'es trapping effort was sufficlently extensive to give
a relativelyvhigh proportion of recapturcd anirals, allowing satiaféctory
confidence to be placed in the resultis,

Keith (1966) uoed the Petersen~Lincoln Index for density estimates
of Aiberta hgres, elwvays using at least two independent estimates for

cach census'period. Keith felt the Petersen=Lincoln Index to be r:ost
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epplicable to sncuchoe nge populgtions,' - _
OtFarroll (1960 end 1965) and Tfapp (1962) corpared census mothods
for Aleskon encushos harcs, PBoth feound that ostin@tes from the Potersine
Iincoln Index and the Schrabel mothod were nimilar: but confidencs
lirdts wore too wide to cchiove statistical accurcey. ‘Thelr study
ereca was only_l60 acres in cizo, end thus the study populaticn of
tho‘area vas probablj too exall, Their trep effor£ w39 low, giving
too fcir recaptures, which ray account far the inacéurata rosulis,.
Edwerds end Foerhardt (1967) took extensive trop-retrap data
from two Hhcwn cottonﬁa;l populations of 130 and 135 robbits each,
end applied several estimating equaﬁions. The resﬁltszahowad that
the Schnabel and Schumacher~Eschmoyer rethods grossly ﬁndercstimated
the populations: Both were considered unsetisfactory for estimating
rgbbit numbers from liva trap data, Estimates obtained from a Maximm
Ikolyhoed Estimation (MLE) bascd on the Poisson distribution elwo
underectimated thq populaticns, Thé HLE eguation bascd'on a geomstrie
"~ distribution overestimatc& the population somewhat., The best popula-
tion estimate was derived from an equation of lineér resressicn based
on a geomstric distribution, Edwards and Eberhardi recomﬁcnded the
Jinear regression and HLE of the geomotric rodel cduations with a
capture rate of 50 parcont of popglation and an average capturo per

enirm2) of 1.5-2,

L, Other Census Techniques Based on Live Tropping

rdoms (1959) deseribed a Calendar Graph for estimating hare



T

population density. By plotting the lnown historyldf each warked
hare on his island study arca, Adams was able to célcuiate the nunber
of marked hares on {he island abl any tims during tgo4study. Tahis
estimate may not be as suitable on large exﬁanses 6f unbroken habitat,
because iumigration and emigratisn would bs important factors. The
Calendar G;aph did give Adams a minimal population fizure for his .
island, : :

OtFerrell (1960 and 1955) and Trapp (1962) found the Calendar
Graph was only an estimate of the minirum eize, with no value in indi-
cating the true size of éhe hare pepulation, These results may have .
been influenced by the small study area, small aample.size end low
trap effort mentioned earlier, |

Mothods based on rump dycd rebbits and hares have been used by
Lord (1963) on cottontail rabbits; and Keith (1965;) on Alberta snow-
shoe hares, Both uaea picri§ acid and rhedamine=B, which have good
retentionIQualities, to mark live trapped animals before release,

Keith made use of English rabbit nets twick each winter to capture
large numbers of hares, Both used a dgiveecc@sus to determine propor-
tions of marked to unmarked individuals, Popﬁlation estimates were
made by the Petersen-Lincoln Index., This moethod eliminstes the bias
of differential trap résponse from the estimate, 4 ;

 The Cah5 implantation mothod (Rongstad, 1965) has beon used
extensively by Keith (19652) vho feels it provides the most indopendent
estimate of spring hare populations. The short half-life of Cah5

(163 days) ensures no carry-over to the naxt brecding season, and the
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mothod provides an increased number of marked enim2ls per trap effert

vhile eliminating retrep bias,

5. Population Indicea

(a) Trap Success ' : !

‘Keith et al. (1966) found that 1961 was a psak year for hares in
‘ Aiberta, and the néxi three years were years of population decline
reaching & low ip the spring of 1964, The estimated populaticn |
densities in April and Deécmber 1962, and April and Dscember i963
wore 629, 297, 212, and 75 hares per square mile rgsﬁectivaly. "The
population was so low in 1964 that no statistical estirate was possible,
Trap succoss data expressed as captures per 100 trap nights in April
and Docember 1962, April and December 1963, end April 1964 were 36,0,
11.7, 17.7, 3.7 and 1.6, Keith found that trap night indices corre-

sponded closely to other population estimates,

(b) Fecal Pellet Counts

MacIulich (%937) estimated hare porulation lovels throﬁghout wide
areas of Ontario by counting fecal pollets, He assumeﬁ that heres
defecate while feéding or shortly after, and that pellets would be
found in association with impbrtant feeding areas, He felt that one
year's droppings would disintezrate end become buried before the next
summer, but that the few which did persist until the next swmmer could
be easily recognized, MaqLulich thus counted 211 "rocent™ pellets on
25-0.2 square moters piots in each census area aﬁd used thesze data in

density calculations,
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Ad=ms (1959) felt that psllet counts were less costly than other
consus methodé, and allowed analysis of a population by habitat or
other subdivision of the range. Adans felt thzat hare fecal pellots.
wore distributed at randonm, and peilet counts were‘valid estimations

of hare donsity. He established 316-1/10,000 zere plots, cleared
the old pellets in June 1953, and made counts in July, Luguat,
ASeptember and November 1953, and Jenuary, Morch, April, May and
July 1954, These.pellet counts related closely to reccapture popula-
tion estimates alﬁhough biases due to age of the hare and food eaton
may have been present, _ 5 ‘
Ha&tman (1960) did some extensive vork with péllet counts in
Ontario, She estimated deposition rate, loss of pollets in litter,
end weathering losses in different litter types from data on caged
and fiéld enclosured hnres; Hartman cleared a number of quarter
millacre plots in November, 1958, and made new pellet counts in May,
1959, The populationvcstimaté derived from pellet counts was very
close to the estimate derived from recapture methods,

| O'Farrell (1960 and 1965) and Trapp (1962) made peliét counts

in the fall on 20-1/10,000 acre plots in Alacka, Results were incon-
clusive because tdo far pellets were coilccted; réflecting the paucity
of eample plots used,

Taylor and Williams (1956) estimated wild rabbit (Oryctologus
cuniculus)'numbérs in Newr Zealand from the donsity of fecal pallects

on the ground, making allecwances for pzllct production rate per rabbit,
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and decay rate of pellets, Lord (1963) used cottontail pellct density
to analyze habitat utilisation of three crop types in Illinois, _
sﬁmpling 300 quadrats 2! x 1! in each crop type. lord found peilct .
deposition rate varied according to a number of factors including

food typo, scason, sex and age, and waé not & good criterion of esti-
rating POpulation density. Disappearanco rate in the various habitats
also varied irom 1,,00% per day to 7.69% per day. The major factor in

disappearance was not rain, but incidence of earthworms,

(e) Track éounts_ ‘ |

Hartman (1960) studied snowshoe hare density in Ontario by counting
tracks after a snowfall., Using 27.6 miles of line transects, counts
were made the day efter a snowfell, Nﬁmbers of hares using each track

‘ecrossing the transect were rated as cne, two, or thfee plus. The number
of tracks per chain were closely correlated to estimated population leﬁels.
Hartman concluded that track counts, taken repeatedly on a single area,
indicate relative abundance of hares, _

In Alaaka,.O'Farrell (1960 and 1965) found almost no hare trails
the day after a fresh snow, and two days after a fresﬁ snow trails and
runways were too well used to permit an accurate count of individual
trails. O'Farrell concluded that in low population densities a track
count index might bo usefui, but as the populatibn increases this mothod
becomes less useful for census purposes,

Hartman (1960) suggested that a toe clipped.pattern on snowshoe
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hafes would be distinguishable after a fresh snow, : Trapp (1962)
toe clipped 38 hares in Alaska and found that clipped and unclipped

v

tracks could not be distinguished in dry snow.

(d) Strip Census '

Webb (1942) proposed & method for ccnsusiﬁg_snowshoe hares Sased
on King's (in Webb, 1942) census techhique for grouse. Transect
lines were walked, and the "Jjumping angles" &nd flushing distances
calculated for all hares seen. VWebb then estimated ﬂares per square
mile from these data, This method was used with great success for
black-tailed jackrabbits in Kanses by Tiemeier (1965), who felt that
the conspicuousness of Jackrabbits on the short grass‘prairie made
this method of direct counting quite reliable, MacLulich (1937) used
this method in'Ontario for censusing snowshoe hares, and expressed his
results in density per square mile. In Alaska, O'Farrell (1960 and
1965) and Trapp (1962) attempted to census snowshoe hares by this
method, but found thgt‘the hare's habit of-"fréezing" rather than
flushing (also noted by Seton, 1953 and Adams,‘l959), and their pro-

tective coloration made the transect count unreliable,

(e) Roadside Counts

Much investigation has been carried out on estimating numbers of
cdttontail rabbits by making evening or morninq counts on roadsides,
Lord (1963) reported the results of extensive roadside estimating on

cottontails in Illinois. Accounting for seasonal changes in activity,
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weather, light conditions and topographical features, Lord found
that annual roadside activity was directly correlated with sexmal
activity, and inversely correlsted with the height of the herbaceous
vegetation, lord felt his estimate was reliable because he Arove
the same 20-30 mile routes at the same times e@ery year,

Trapp (1962) found that road counts were affected by ﬁzny
variables in Alaska, such as weather, sexual activity, traffic, and
attracﬁiveness of salts aﬁd minerals on the road, Trapp felt that the
procedure was impractical for snowshoe hares, with gross results of

questionable validity,
VI. HOME RANGE, MOVEMENTS AND BEHAVIOR

1. Home Range and lovements

Most authors who have worked on the snowshoe hare agree that it
is sendentary in nature, with a remarkably restricted home range,
despite considerable potential for dispersal, 'Table 1 shoﬁs home
ranges of the sno%shoe hafe on different parts‘of its range. It should
be noted that the methods used by the different authors for estimating
ranges vere not constant, andvstatistical comparisons of tge reiults
are not vali@.

The data in Table 1 represent periods during different seaéons,
and of differing lengths, and thus eome variation will be seen, Keith
(1965a) observed, that deﬁending on the season and the time span con-

sidered, home ranges of snowshoe hare varied between 5 and LO acres,
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A1l things considered, data in Table 1 indicate that the snowshoe hare
has a small home range.

Criddle (1938) reported the radius of movement of the snowshoe hare
as "a few hundred yards in dense woods to a mile or more in thin woods",
MacLulich (1937) reported a radius of movement of only & few hundred
yards, and Aldous (1937) observed that 69 percent of his recaptures
were within one-eighth mile (220 yards) of the original capture point.
Adams (1959) reported an average distanée between captures of 118 yards
for adult ﬁales, 76 yards for adult females, 67 yards for juvenile males,
and 66 yards for juvenile females, O'Farrell (1960 and 19465) observed
that 89 percent of his recaptures in Alaska were within 1,0C0 feet of
‘the original capture point. Trapp (1962)_calculated a2 mean adjusted
range length of 383 yards for 26 hares in O'Farrell's study, and 358
yards for 31 hares in his own study in Alaska, |

Bookhout (19652) reported average daily movements in winter of
156 yards for adult males, and 121 yards for adult female snowshoe
hares in Michigan. The daily:movements of only 6 of 272 females and
lhiof 602 males observed by Bookhout exceeded oné—quartep mile (440
yards). The longest dail& movement recorded by Bookhout in winter
was 739 yards for males aﬁd 931 yards for females, Bookhout found
daily movements to be gre;ter in‘summer1 the eaverage for males being
194 yards and for females 191 yards., The longést dajly movements in
gumher vere 673 yards for males and 59h.yards for females. Keith

(19652) recaptured 265 hares one year after marking in Alberta, and
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found that 50 percent had éovcd leoa than llo.yardg, 75 pcercent lecs
than 220 yords, and 97 pééccnt less than 440 yerds from the original
point of capture. The longest recorded rovement of a snowshoe hare
in the literature-taa a fczale morked as a juvenile in ;uguet 1958
by O'Farroll (1950), and shot by & huater in Soptember 1959, 12.5
miles away, v

These povemont énta tubstantiate the conclusion drawa frem homo

range.eatinations that the srowchoe hare leads & gedentery life, with

long movements being rare,

e T 2, Territoria]ity
~ Grange (1932) ond MacInlich (1937) fourd little evidence of

territoriaiity in ¢rowchos hares in the wild, Criddle (1938) trapped
no hares with torn ears or bites nround.tho head, end concluded that
aggression among hares rumgol be very rare, This indicatéa a lack of
territorial behavior within the specics. Severaid (1945), working
with captive hares, observed that 90 porcont of individual hares
could be axpected to toler&to ono cnother oven undor closé confine-
ment.E

A1l rcporte in tho litcrature have agreed that the héme ranges of
snowshoe hares overlap greatly. Boolhout (19653) obaerved th;s grea£
overlapping of ranges and suggested that‘size of home range might be
donsity depondent 28 Toll et al, (1940) found in sracp rabbits. Bookhout
rcported hares to'be very tolerant of cach other even in the breeding

scagon and concluded that territories, if they exdst, aro quite small,
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Adams (1959) rocorded that hares did show o ecrtain registance to
crowding and were well disperoéd, with no teadoncy to herd or flock,
He concludcd that hares pay have a territory falling into Dice's

(1952, p. 247) nzber soveny ths area eround the animal itself,

3. Use of Purzrows, Nests and Forms

Audubon and Bachmnan (1951) reported that'cnow;hoe hares do not
take shelter in holes in the grouxd or ?n hollecw trees, and Richérdson
(1829) observed tﬁat haves do rot bLurrow, Grangs (1§32), MacInlich
(1937)! and Criddle (1938) stated that hares rake-use of existing
hollowr logs and holes in the ground, but do not thgmselfes burrow,
Criddle concluded that the chicf value of bur?ows to hares was in
escape from Bir@o of prey, as they seldon nsgd th;:‘when purzsued by
dogs or wolves, u L. .

Audubon and Bachman (1851), Cory (1912) and Elugh (1926) believed
that young hares are born iﬁ nests of grass lined with fur from the
mothzz's body, and Bachran (1851) rceorded o captive $itter born in
guch a nest, However, Scton (1953) belioved that haresﬂbuild no
nest, and Grange (1932) and Aldous (1937) found no evidence of nest
construction, Adaws (1.959) cieavated several bufrows used by hares
which he thought had beca rado by tadgers, ond féund no nest, rest
chember or any other rodificatlion attributable to hare use,

- Mdous (1937) and Trapp (1952) observed that hores used forms,

or simple oval depreosions in ground litter under good cover, as
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resting places, Both authors reported that these forms were used
year round. Trapp observed that in winter forms were found under
snow.laden branches bent to the ground and in bowl-shaped depressions

et the base of spruce trecs,

L. Effects of-Weathtw, Season, Age, Sex and Habitat

Lord (1963) gtated that the size of home range, and presumably
the extent of movement of a terrestrial mammﬁi like the cotfontail
rabbit dependaupoﬂ the habitat, scason, sex and age of the animal,
Dalke and Sime (1938) in Connecticut, and Schwartz (1941) in Missourd
observed that adult female cottontails have smaller ranges than adult
males, Haugen (1942) reported that femgle cottontails in Michigan have
larger ranges in the breeding season than the non-breeding season,

Male snowshoe hare ranges ig Michigan (Bookhout, 1955a) averaged
38 percent larger in stmmer than in winter, while female ranges remained
almost iéeptical. O'Farrell (1960 and 1965) found that home ranges of
hares in Alaska did not change significontly in size in the early breeding
scason, but the animals apparently became more active, fesulting in an
increased use of the range, as indicated by an increase in capture rate,

Bookhout found in his work with snowshoe hafes in Michigan that
summer ranges weré merely extensions of winter ranges., Where shifts
in rahge did occur, in most cases they represented a shift within the
same cover type and not a movement to a ncu cover type. French et al.

(1965), viorking with black-tailed jackrabbits in Idaho, found that
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despite a great dispereal’ potentinl, extensive sensonsl ehifts-of heaa
range did not occur,

Boolhout algo obscrved that male onowehoe hares had significantly
larger home r;nges than females, which is sinilar to Adama! (1959)
data (i"able 1). Bookhout found that five of 38 adult males had
ranges-larger than LO acres, vhile no forale range exceeded 35 acres,
Adamg! date also show tha? Jjuvenile enimals have mmach smaller ranges
than do adults.,

TTappA(1962) found that Alaskan snowshoe hare movements were re-
stricted by weather, with;trap success falling by ebout 50 percent
followring rain or snow, O'Farrell (1950 and 1965) in Aleska and
Bookhout (1965a) in Michigan Qade similar conciusions concerning
snowfall, and Trapp also noted reduced acﬁivity curing severe cold
ekt (below ~300), Ssssner HI988) soniliuded sind was the most
important factor influéncing activity of black-taiied Jjackrabbits in
Kansas, and reported that rain and temperature'seemed to héve little
effect on movement, | ’

Bider (1961) concluded that‘wind and light ihtegsity were the
main restrictive factors on winter movements of snowshoe hares in
Quebec, but in summer these factors did not seem to play a critical
role on regulation of movements, Bider's fesults on the effect of
rain are inconclusive, and he found that snow did not impede hare
mobility.

Criddle (1938) noted that snowshoe hares in Manitoba make exten—

sive use of runways during winter, frequently packing them by hopping
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up and down to give a goed solid surfece, Crange (1§32) also de- :
scribed heavily used runways in Wisconsin, Bider most freguently ;
found runways in.conifers. He believed they were used &s a convénience
between browsing;and co;er areas, and indicated poor browsing habiﬁs
" on the part of the hare. In Alaska, O'Farrell observed well used
rumsays in summer as well &3 winter, and described their differing;
characteristics with changing snow conditions, In early winter whén the
BNOW V2s 1ight, well packed runwéys were ccimon, and single trails
rare, As the snow compacted, single trails wvere seen_everywhare, dnd
well packed runways were rare, During the April thaw thse density of
the snow changed still further and hares used runways almost exclu-
éively. These findings are in agreement with those of Pruitt (1960)
who observed hares using well packed rumrays when snow density fell
below a critical level,

In Michigan, Bookhout (1945a) never obserfed a wéll used runvay.,
He occasionally found trails with three or four sets of tracks, but
never the type of well packed runway described by other authors,
Bookhout agreed with G}ange (1932) that'runways afe probably used as
a means of convenience in travel, but hé found no evidence to support
Bider's (1961) theory that rumways' indicated poor browsing habits,
Bookhout believed that well used runways indicate high hare density.
Densities in his Michigan study never exceedéd one hare per 3.9 acres,
and Bookhout aﬁpposed that much greater densities than this Were necesssry

to show heavy runway use,
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VII, HABITAT UTILIZATION

Ehrly naturalista obsorved that anowghoa harea nére found
"mostly in willow thickets® in northern districts (Richardson, 1829)
end in swamps in Ontario (Miller, 1897). Scton (1909 and 1953) re-
ported that the preferred habitats in Hanitcbz were tamzrack end cezdar
swamps, and willow thicketg. Questicnairo replies firom local resi-
dents analyzed by MacInlich (1937) indicated that in Ontario the
fitypical habitat" for snowshoe hares was ccday, spruce end aldsre
willow swamp, Jack pine forests, vhere thoy predominated, vere slso
important hare habitat. The questionaires indiecated that in Quebec
and the Maritimes no one habitat type was used mors than others, In
western Canada, where coﬁiferous swanps raroly occur, willow-clder
swamps and thickets were reported as the chief hare hebitat, Upland
spruoe forests end Jack p:ne were aleo important for haresa in western
Canada. _

MacLulich's Ontafio population density ca}culations indicated
that at the population peak in July 1932 the density in éther areas was
as great as in the conifer swamps (sbout 3,300 per sqna?e mile). By
Septcmber 1932, the density of other hapitats péd declined to 200
per square mile, but only to 950 per square mile in the swamps, 1933
and 1934 weie years of population decline in Onterjo, with thé low
poinﬂ in the cycle in the summer of 1935, During these three yeﬁ;e
the swamp habitat had har; dcnsitien of'70, 80 and 30 per square mile,
vhile the other habitat had densities of 25, 0, and O, Keith (1966)
documented a similar veceting of habitet during the 1962-196L popula-

tion decline in Alberta. Keoith noted progressive shrinkage of hore
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range, with the first sectioﬂs devold of hares having the least

ancunt of brushy cover, "l'ne two ereas still cccupied at the popula-
tion low in 196\1; were a burned over tapgle of deadfalis and raspberry
with decanse regrowth of young acpens and t:illc*;;s, and a bc.'ag eqage thicliet
erea of small black spruce, alder and patches of hazel, b

Gr;mge (1932) observed that snowshoe hares in Visconsin were less
freguent in mature woc;dlands of eny type than :’in yourg, bushﬁ' gro;rtha
with good food and cover. Grange noted that the most ek'ten;ively' used
habitat types were asp.en arcas, alder swamps and conifer swamps., Other
vvegotative types used e:jct"ensively vere young cecdar stands, young Jac
pine stands, and old burns, particularly where there was a profusion
of ré.spberry, logs, aspen shoots and other low vegetation., Hare rarely .
uced mature hardwoods in any scason of the year unless beavar were
present, end then they made use of waste lef}t by the beaver,

Bider (1951) found gr"éateat snowshoe hare movement in white ccdar,
black si:)ruce bogs and upland spruce-fir areas of Qupbac. Bookhout
(1965a) observed that mmp conifer was by far proferred in Michigan,
and conifer arcas generally outweighed 'other rajor habitat types,

Bookhout listed the following habitats by hare preference: pure stands

of swamp conifer and alder swamp, high profcrence; espen-balsam fire

paper birch, of moderate preference; mixed swamd hardwoods and conifers,
relx'ltivély' low prcferenco'; northern herdizoods, very low in hare use;
grassy openings, little or no use, Boc?khout noted tﬁat hare pre-
ference 6eemed to depend mostly upon the e.mour;t. of brushy undergrowth

for food and cover, i
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VIII. PHYSIOGRAPHIC INFLUEICES

Several authors have suggested a correlation bstween physiological
vigor, reproductive performance, and fertility of'the.soil in the area
vhere cottontail rabbits live. Rowe (1947) in Missouri, and Bruna
(1952) in Kentucky demonstrated a greater body weisht in cottontail
from fertile than from poor soils, Willieams (196L) disputed these
findings: after considering the factors of season, time of day col-
lected, and age and sex ok-a Misscurl cbttontail s&méle) he found no
positive.correlation between_bddy weighﬁ and s0il fertility. Willioms
concluded that because of certain limitations in the data of Rowe and
Bruna, the question of a positive correlation between cottentzil body
woight and soil fertility was not demonstratéd convincingly.

Edwards (1942) tested the corrolation between cottontail reproduc-.
tive performanc? and soil fertility in Ohio, é totnl of 2,876 rabbits
were aged by the eye lens technique and the sample from a fertiie
limestone—ébils region had & significantly higher prbﬁortion of
Juveniles than the sample from e poor unglaciated-soils regions,
indiéating that cottontail reproduction and/or survival was better in
the limestone-soils region, This was in égrecment with the findings
of Negus (1956) and Stevens (1962) who found larger litter sizes from
the limestone-soils region of Onio, Edwards' data also indicated that
cotténtails from the limestone region hgd & more prolonged period of
high reproduction, with a larger proportion of brecding juveniles and
.higher reproductive success in the Juveniles. Williams and Caskey

(1965) collected similar resulis for Missouri cottontail litter size
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and concluded that thé lower soil fertility resulted in nutritional
daeficiencies which manifested themselves in the cottontail through

reduced reproductive output.
IX. REPRODUCTIOH

1., Mating Bchavior

In snowshoe hares, mzting chases bsgin in February, apparently
preceding successful mating by ona month.or more, Dodds (1965) noted
- that this premati£g behavior in captive hares indicated an increasing
intenscity in male éggressivéness, end that the beginning of this
aggressive behavior was positively correlated with an increasse in
‘testes size, Dodds conéluded that this behavior was not necessarily
en indication that successful mating was 6ccurring in the wild.

Bookhout (1965b) observed that snowshoe hares, like the Furopean
rabbit, commonly urinated\on their partners du;ing premating activities.
Evidence of such activity was clearly visible in the snoﬁ, and Bookhout
suggested that it may ind%cate thé initiation of the breediﬁg season,

«
2, The Brecding Scason
(a) Onset and Duration of Brecding
Lyman (1943) observed that breeding chronology in mammsls such
as hares is governed exogenously by increa2sing day length and endo-
.genously by a basic rhythm. Bookhout (1965a) observed that males are

capable of breeding scme six wecks before females, aﬁd thus the onset
!
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of brecding is tfiggered by the females. Keith et 21. (1966) noted
that the onset of breeding vas closely synchronized in 211 females,
with the initial concéption ﬁeak occurring in the first two weck

of April, Tne time of onset is remerkably similar through the entirg
range of the hare (Table ?). Only in central Alacka, vhere the initial
concéption peak is about %wo wecks later, does this regularity in
initial onset not hold, Kkeith et al., also noted that the termination
of breeding occurs widely at the same time, late July and early August
(Table 2).

Adams (1959) and Keith (1966) concluded that ferales lactate con-
tinuously throughout the breeding season, Severaid (1942) observed
weaning of young at 25-28 days, but the last litter of the year may
be niresd up to 56 durs (cheraid, 1942 and Adams, 1959). Adams
observed the first la;tating female on April 2@, and the last on
September 22, and between the birth of the first and last litters,
only three”percent of adult females taken were non-lactatiég. This
also indicated to Keith and A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>