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'l'ITLE: Ecology of the Sncr-A'ahoe H~G <!-?:pua ~~i<te.n~) in tho foreots 

of the Hariti.rna Provlnce!:! of Cm1Sl.da . 

PROJECT NUl-lEER: M2-5-3 

1t.'"VE.sTIGATOR: . 'IhOL"'.nG J. Hood 

OBJ&TIVES 

10 To defina and study the circutl!)"i:.anccs under ,,;hieh onO'"dshoe 

hare feeding can result in d::-"j1~go to commercicl. forents, and to deter

mine the effects of various forest man~ge=cnt program3 on popul ations 

of snowshoe hares in the l-:ari time Provincos of Cat'-.llda. 

2. To study the population clyn2.rniCl'J of the sno:fshoe hare in the 

~aritj~o Provinces, specifically reproduction, natality and mortality; 

determine seasonal and cmnunl changes in thcBe factors; and s t udy the 

effects of these changes on fluctllations in hare dens ity. 

3. To determine hare utilization of the different forest h~bitat 

typeo, and study the food habito of the hare in the Haritime Provinces; 

to attempt to relate changcs in habitat utilization and food habits to 

cl1e~e9 in habitat, Deason and population density. 

'4. To study dispercnl, home range E'.nd EO-{eIDent9 'f,ithin eo hare 

population in the Maritime Provinces, nnd e.~De8.8 difierencea i n these 

factora at different population d€Jl1s itien. 
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JUSTIFICATION 

Herbivorous mammals . form an integral part of the natural forest 

corrn:1Unities of eastern Canada, and undoubtedly acted as a selective 

aLent in their evolution. Human influences have modified those com

munities and ,o!ill do so at an increasing rate in the future, profoundly 

affecti~g forest mammals. Increased investment in forest rr.anacement 

leading to forests Hith more simplified composition of species sugeests 

the possibility of increasingly serious damar;e problems. The basic 

objective of the forest mammal study group in ?redericton is to deter

mine the interrelationships of forests and the mammals \-/hich inhabit 

them. The need to determine the part of the snovlsnoe hare in these 

interrelationships is the primary justification for this study. 

The snowshoe hare has been studied lit~le in the "rild in the 

r~ritime Provinces of Canada, and many questions remain unanswered. 

This study has been designed to contribute to the knovrledt:;c of habitat 

preferences, population dynmnics, food habits and other factors in the 

ecology of the snovlshoe hare in the Maritimes. 
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REVIE"1 OF LITERATURE AND . RELA'l'bU \VORK 

-I. INTRODUCTION 

Lepus ~ericC!.!l~ Erxleben is primarily an animal of the boreal 

forests. It is a noc~urna1, secretive creature, Hell adapted to 

forest life. It is commonly knmm as the snm:lshoe hare or varying 
, 

hare in different parts of Canada, because of its ~rked seasonal 

color change and its \-rell-furred hind feet vlhich allow it to travel 

easily on the softest sno\'I. 

Snowshoe hare populations show violent fluctuations in numbers 

well-lalOwn as the basis of· the ten year game cycle in northern boreal 

forests. Fluctuations bet;-reen cyclic lows of 1 hare per square mile 

and highs of 30,000 hares per square mile have been described (Keith, 

1963). Despite the rragnitude of this cyclic phenomenon, the wide 

range and the relative ease with vlhich it may be studied, little 

concentrated research has been done on the snovrshoe hare, particularly 

in the Haritime Provinces. This review includes most of the significant 

worl< on the snowshoe hare I and also refers to other Lagomorpha ""here 

applicable. 

II. TAXONmHC STATUS OF THE SNO~:rSHOE HAllE (Hall & Kelson, 1959) 

Order Lagornorpha -- hares, rabbits and pikas 

Family Ochotonidae -- the pika·s 

Family Leporidae* -- rabbits and hares 

Genus Oryctolagt.1.g*~f -- European rabbit 
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Genus ROlf.:.erol~ -- Valc2.no rClbbi t of NeXico 

Genus Sylvilam,s _. Cottonta.il rabbit 

Genus Lepus -- hares 

1) Lepus arcticus arctic hare 

2) Lepus .£..~ -- Alaskan hare 

3) Lepus tovmsendii -- white-tailed jackrabbit 

4) l!epus californicus - black-tailed jackrabbit 

5) ~~ alIeni - s.ntelope jaclcrabbit 

6) Lepus insu1 aris Black jackrabbit, Espiritu Santo Isl., 

California 

7) LeEus flavi~laris -- Tehuantepec jaclcrabbit - Hexico 

8) Le:eus mexicanus -- Hhite-sided jackrabbit - Nerico 

9) LeEus eaillardi - GaiU.ard' s jackrabbit - Nexico 

10) LeEus europaeus~P':- - European hare 

11) Le12us americanus -- snowshoe hare 

* Four of the nine genera of Leporidae are found ' in North Ameri. 
, 

"~~i- Introduced species. 

The genus Lepus is divided from the eight Leporidae rabbit genera 

on the basis of skull characteristics, and the birth of Lepus young in 

an advanced state of development, vnth well-furred bodies and open eyes. 

Rabbit young are born ~1aked, helpless and blinc.. Lepus americanus is 

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

to lifo in wooded regions. 
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III. GECGRAPl!IC RANGE OF ~PU~ AJ.1F.RICANUS (Hall .& Kelson, 1959) 

The sno't,shoe hare has a .. ride distribution in northern North America 

(Fig. 1) e)..-tending across virtually all of Canada, excluding the tundra 

and arctic islands. Its range also extends into much of the north enstern · 

United States, the Appalachian region, and the -"estern mountain regions 

into California and NeH Hexico. 

IV. AGE DET.EIlHINATION 

A number of methods have been used in hare and rabbit studies to 

separate juveniles or subadults from ~sture adults. Recent progress 

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

1. Body 'deight and Dimensions 

Adults and subadults can be separated on the basis of body Height 

and dimensions. If one assumes constancy of grmvth and development in 

all young, such a technique has merits. However, differences in habitat, 

diet,condition of the mother and other variables may effect individual 

development, and cause ",ride variation in body dimensions. 

Trapp (1962) found juvenile grm·rth curves of Alaskan sno'vshoe hares 

leveled off at 1,000 g body '({eight and 139 mIn hind foot lene.th. Trapp 

found that hind foot leneth increased up to 80 days of aee, .. ,hile cap

tive raised hares in ~:aine (Severaid, 1942) increased up to 110 days 

(136-138 I!U11). Trapp concluded that the best available method of age 

deterJ:lination \-,as a combination of body \-!eie;ht and hind foot length 

using only hnres -'/ci£hiT'-B less than 1,OCO e; (70 days) and hind foot 
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length less than 100 nun (40 days). 

Tiemeier (1965) found body "o[eight could be u5ed as an age 

criterion for juvenile black-tailed jackrabbits in Kansas until five 

months of age. Lord (196.3) found body weight e. reliable estimation 

of age in Illinois cottontails (Sllvi~~ floridanus) until 100 days 

of age. Keith o(unpublished) used ,o[eight and hind foot length measure-

ments of captive and "lildreared snowshoe hare juveniles to accurately age 

Olive trapped juveniles less than 90 days old. 

Nelsono (1909) observed in northern and mountaIn fOIT.l5 of sn01vshoe 

hares that the hind feet of adults were white while those of juveniles 

before the fall moult Here brown. Adams (1959) found all adult }~ontana 

hares had some ,l ·ite on their hind feet in sumner, ... ,hile 9.3 percent of 

juveniles had none. 

2. Epiphyseal Closure 

Hale (1949) described a technique for aging cottontail rabbits 

by examination of the ossification stage of the epiphyseal cartilage 

of the humerus. Using a series of known age rabbits Hale deternuned 

that closure occurred at 7~ months. He suggested that the technique 

would be used ,d th accuracy until January 1. 

Lord (196.3) found the average age of closure of Illinois cotton-

tails ... las 7~-8 months, ... lith a orange of 5-15 months of age. Petrides 

(1951) and ~ovieht (1957) found the average nee of closure to be 7 months. 

P,artinson et a1. (1961) found the minimum aee of closure in Nissouri 
o 0 

swamp rabbits was ten months, and they used closure to nge large samples 
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taken in January and February. Hartinson at 09.1. (1961) found no 

significant difference in the rate of closure in groups of pen raised 

and ,"dld raised s-..rarnp rabbito (§ylvilagus ~~atic~). _ 

On the basis of epiphyseal closure, Lechlietner (1959) separated 

California black-tailed jackrabbits into three age classes: clnss I = 

2-9 months,- class II = 10-12 months, class III = greater than ~ months. 

Although data on black-tailed jackrabbits in Kansas (Tiemeier, 1965.) 

indicated the c~ange 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 an~ Tiemeicr (195S) concluded that 

juvenile jackrabbits in Kansas could be accurately distinguished on 

the basis of epiphyseal closure until November. Closure occurred in 

this lagomorph at approximately eight nonths of age. 

Using a combination of epiphyseal closure and condition of repro

ductive organs Flux (1967) found that all juvenile European hares in 

New Zealand could be distinguished until six months of age, ma.ny until 

eight months, and a few until ten months. Dodds (1965) determined 

epiphyseal closure dates for snOlvshoe hares as 225-~35 days. 

3. Condition of the genitalia 

The external genitalia of snOlvshc J hares can be used to separate 

juveniles from adult~ during the first fmi months of juvenile life. 

Since virtually all adult females breed (Keith, 1965a), teat condition 

can be used to distinguish juveniles until they enter their first 

breeding season the spring after birth. Ad~s (1959) reported a high 

I -
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degree of accuracy using presence or absence of pa.lpable teats in 

. Hontana hares. Keith r0portod 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 palp.3.tion of teats on European 

hares in Ne;" Zealand. 

Hale snowshoe hares have distinct panis characteristics by ,.hich 

juveniles and. adults may be separated. Keith found in Alberta hares 

tha.t the juvenile penis persisted until nt leest mid~anuary, and 

probably until the begin.iung of the first breeding season. Flux (1967) 

found similar penis characteristics in European hares of NfM Zealand. 

4. Lens vleight 

Lord (1959) described a technique for agLlg cottontail rabbits 

in Illinois based on eye lens grovnh. Lord assumed that the lens 

grO'.'iS throughout life, and that individual variation in gr01~"th is 

sufficiently limited to allO'.'l a.ccurate 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 ",as then removed from the eye, dried at 800
C for 24-36 hours, 

and \ieighed. Lord considered the lens to be hygroscopic, and vrarned 

that .... Teighing should be done immediately after removal from the oven. 

Friend (1965) later demonstrated that it ",as the glass vial in which 

the 19ns wa.s dried and ' not the lens that .... 'a8 hygroscopic, and recomr.1endcd 

that the vial and lens be al1mTcd to cool ten minutes b~fore ",eighing. 
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Lord found individua.l variation of dric-d lens \o[eights to be 'only 

O .. 87±1.2l% (S.E.) l'lithin similar age groups. The curve of dried lons 

weigt'1ts flattened a.t 73 days. Lord concluded thr.t this technique could 

bo used to determine Jl20nth of birth of juveniles, and year of birth 

of nclults. 

Ett.~ds (1962) collected 2,875 cottontail rabbits in Ohio on 

Nov-ember 15, 1959, and aged them b~T the lens techn..i .. que. He found a 

bimodal tendency in the lens data with the divicling point of e..dult 

and juvenile rabbits at 210 mg. 

Friend (1965) m~de a thorough study of factors and variables 

affecting the lens aging technique. Using laboratory rats Friend 

described gr~t differences ceused 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 under~ta.nding the variables involved in this 

technique • . 

Lord (1959 and 1962), Ed~mrds (1962) and Friend and Linhard (1964) 

suggosted that nutrition may play a.n important part in rate of grmvth 

of a lens. In a series of carefully controlled experiments using rats, 

Friend (1966) found no significant differences between lens weights 

and '~ing nutritional level diets. Friend also found no statistical 

corre;tation behleen ~ens Heights and body weights in rats of similar 

sex l\.l1d age. 

Dudzinski and HykYtu.·rycz (1961), u3ing 71 known age rabbits found 
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lens weights to be a reliable indicator of "rild r abbit (Qtyctola~ 

cuniculus) age in Au~tralia until about 150 days of age. Martinson .- ' 

. ·et ale (1961) found ~. range of juvenile l er.9 weights of 128-205 m,g 

and an adult range of 213-,304 mg in Hissouri s~.;amp r abbits collected 

in December and Janusry. They concluded thnt lens weight at this 

time of year was a valid criterion of m-lamp rabbit age. 

Tiemeier (1965) concluded that lens Height was a superior 

tochnfque in black-tailed jackrabbit age determination than techniques 

based on body size, body weight or epiphyseal closure ·because l ens '\'leight 

gro~~h curves permitted determination of birth month in young. Dudzinski 

and Hykyt~ ... .,rycz (1961) found lens .. wight a more reliable method of sepa-

rating adult and juvenile European rabbits than body weight. Similar 

conclusions were made by Halhovd (1966) in Denmark and Flu.x (1967) 

in New Zealand for European hares. 

V. CENSUS TEcHNIQUES 

A major problem in studying the ecology of a natural population 

is an accurate estimate of the population density. As with most wild-

life species I a total count of sno-~lshoe hare numbers is virtual ly 

impossible. The most widely used estimates of density for r abbits 

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. Li ve trapping J.lethods 

Live trapping is a relatively simple, albeit time consuming, task 
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which requires rr~ch effort for a small amount of data. However, an 

accurate estimate of population numbers is prerequisite for many eon-

elusions on population dynamics. Data on other aspe.:!ts of life history 

such as sex and age ratios, reproduction, home range size and movcments, 

and cover-type preferences are a.lso ge.ined from live trapping. 

Population estimation by live trapping is based on the rate of 

recovery of marked animals by one of several mathematical formulae. 

The validity of this technique depends upon the follo~dng assumptions 
I 

(Rlcker, 1958) that: 

1) Harked individuals retain their JM.rks, , 

2) Natural mortality is the same within both w3rked and unmarked 

se@nents of the population, 

3) Harked and unmarked animals are 0lua1ly vulnerable to rocapture, 

4) Either the marking or the recapture i5 random, 

5) Ingress, egress and/or recruitment are negligible bet\-Ieen 

marking and recapture. 

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

all of which probably do an efficiept j~b, the choice depending on 

the individual worker. One popular type, made by the National Live Trap Co. 

of Tomaha, ... k~ v!isconsin, is a durable and light wire mesh construction 

which can be collapsed for ease of moving and storage. 

Trap stations are generally located systematically .... lith the aid 

of a ei-id, although some investieators prefer to locate trap stations 

in a random ma~Der (Keith 1965a). In either case, once the station is 
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selected, a certain amount of subj ectivity is involved in choosing 

a · particular site to set the trap. ,This is done by examining animal 

"sign" and choosing a spot where an e.nimal is likely to be caught • . 

For sno-..rshoe hares, trap stations have been laid out on grids varying 

from 330 feet to 500 feet betvreen stations (Adams, 1959; O'Farrell 1960 

and 1965; and Bookhout, 1965a) with traps set vnthin a certain distance 

of' the station. 

Trap baiting may introduce a bias into results by attracting 

and catching certain ~8rked aniw~ls more often 'than unmarked animals. 

Y.any inventigators disregard thi.3 effect and assume that capture rate 

is equal in both marked and unmarked segments of the population. Keith 

(1~'65a and 1966) felt he had eliminated this bias, by setting unbaited 

traps on hare r~lays 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 ha s been emphasized a.s the 

best "standard bait" (Aldous, 1937; Green & Evans, 1940aj Adams , 1959; 

O'Farrell, 1960; and French et al., 1965) for hares. ' 

Green and Evans (1940a) reported that live trapping in 11innesota 

was not possible in 6Ummer months. They suggested this was t he 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. corom.) encountered the same ' situation in }lichigan. Conversely, 

rUITways are quite distinct in all l? easons in Alberta (K€lith, per s. comru), 
. 

Alaska (O'Farrell, 1960 and 1965), and Nm.'l Brunsvrick (Hood, unpublished). 
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Keith (1965b) developed a snare for live capture of 6no~[shoe 

har.es in Alberta. During 1961--64, Keith sn.::.red 374 harea, of \~"hich 

51 percent survived. He concluded that the livc-snsre lias v. con-

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

90-100% losses characteristic of regular snaring. 

2. Harking 

The most con:rmonly used sno:<lshoe hare Irla.rking method is an ef'.r 

tag. Bider (1961) .reported the only blOun 10s8 of tags on Quebec 

·hares (t, ... o p.lastic \-rashers held together by eo brass pin) occurred in 

traps, while Green and Evans (1940a.) reported no irritation or loss 

with monel metal tags on lfinno60ta hares. O'Farrell (1960 and 1965) 

reported minimal loss of monel metal tugs in Alaska. 

Keith (19650.) used several ID;).rking methods in Alberta. All 

adults were ear tatoo ed, and small monel metal tags placed bet"ieen 

the toes of each hind foot. Juvenile hares U!.ken in the summer were 

systematically toe clipped, and at certain periods in winter all hares 

were rump dyed with picriq acid or rhodamine B solutions. During early 

spring all pregnant fem..'l.les \Tare implanted "rith radioactive Ca45 cap

sule (Rongstad, 1965). Tatoos, when properJ~ applied lasted for the 

life of the hare. The toe tags served for identification .. men predator 

remains were found on the study Hrea. Ru!np dying served in visual 

recognition of hares flushed during the ·vrinter. The gelatinouD Ca45 

capsule implanted subcutBneoualy :broke dO~in and resulted in recognizable 
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levelo of radionctivity in all young born of thoae fcmalea duriIJg 

tht.t breeding season. Tne toe cli!,ping of all juvezLi.leB in the 
.J 

cuuzmer provided material l.i1ich "'-:::0.8 s'6hed for radie-ictiv:o counts. 

3. Trap-rotrap Estimatos of Po,ul.9.tion DOll!:lity . 

Green and EvaI1!3 (19.4C~) liva trapped ru01"O than 5,000 hares in 

llinnonotn fr0m 1932 through 1939. Tho pC?lod fr~ c~ly aut~ to 

cn.rly aprinz was the "Pl'"CCC:l.SUS tr~pping pm"icd," llnd a 2~ \:Teek period 
I 

iri April l-TaS the "cGnsus poriod!2. Using the principle of tho Peterscn-

Lincoln Index (Ricker, 1958) green and DJCI18 e3t~tcJj the BVt3rage 
. . I 

Iilid-:1inter hare populntion levols of the1.r st.udy area. They felt 

the sodentary ria.tur~ of the flnoi'Tshoe hare n:ada ~gration of ll'arked 

ll.!liE1als nogligib1e, a.nd that their oat:tn!atca ,,'ore ~aliable. 

Booliliout (1965a) traPPEd fJno,,;shoo haros in Hichigt.n for 16 ~onths 

begiPJrlng in Doc~er, 1959, ~nd e8t~ted ~re donnity hlonthly by 

both the Peterson-Lincoln Index method and the Frequency of Captuxe 

methods (Sch113bel l·fultiple Consus Hothod and Schumacher-E:Jcbmeyer 

!7nltiple Census Hethod - Ricker, 1958). The Petersen-Lincoln Index 

end tho Frequency of Captuxe methoda gavo similar estimates for most 

lllOntha. Booti1out t strapping offort lroe Bufficiently oxtansi ve to give 

a relatively high proportion of rec~ptU?cd Bni~jlB, allowing satisfactory 

confidonce ~o be placed in the results. 

Keith (1966) uoed the Petersen-Lincoln Index for density e3t~~tes 

of Alber.ta. hares, ah;ays UEling Cl. t ~_ea.st tuo independent eoti.m!l tea for 

each census period. Keith felt the Peteroen-Lincoln Index to be Eost 
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cppliCi:\blo to UnC".f3hoe hQre popu.l..e.tions. 

O'Farrell -(1960 e..nd 1965) nnd 'I'rc.rJ1) (1962) cc,-zrparcd census methodD 

i 

1 
Lincoln Index l'.nd the Sdmr.bcl mothod \·:ore oi.rn:i1ar, but confidence 

l.ir:\ttD "Jere too lrldc to cchicve atath;ticll Cl.ccur~ey. .'lnGit' Bt'\.!dy 
. : 

B.!'"c:i. U~B only 160 acres 1.11 oizo" o.nd thus the ~tuc1y po~l!l[\t1.on or 
tho m"e3. l TaS probc.bly too eill3ll. Their tl'"~P affor-t W:lO 10-", giving 

too fc':1 recapturea, ""hlch r:::r:.y account far tho :in.:1cc\U'2.te r esults. 

fram t llo lrnc~:lIl cottonta.U popu.l.ntions of 130 snd 135 ' rnbbit3 e3.ch, 

lind applied Deveral cDt.i.!E3.ting equations. The. rem.uta ,ShOl'ied th::l.t 

t.he SchDnbel end SclnlI:,_ncbcr-E3cbmoyer B.:::t.hodo gronsly tmdercnin!3.tsd 

tho pop1l1r.tioI'l..!l: Both "Jcre con!31dcrcd unoBtisfactol'Y foJ" 63t:ill.:>.ting 

rllbbit numbora from liv':) trl'.p d:1ta. Eatimato!l cbtnined fro:!]. a H.9.ximum 

Ikolyhocd Eot:ill3.tion (l-ILE) based on the Poisson diotribution {l~tlO 

undcreotimatcd the popul~~ionn. The HLE ~uation bnscd on a gco~0tric 

. distribution overeatiT'i''ltcl tha populntion [JomSo-That. !he best populo.-

tion eoti.m.ate "ms dorivGd from an cqu.'ltion. of line:.r rcgresnion basad 

on n geoID0tric distribution. Ecl:-~do nnd Eberhnrdt roco!ill1lcnded tho 

linc..."U" regx-cDsion and HLE of the gocr~atric Eodol equa.tions 't1i.th a 

c-2.pture rete of 50 p~rcent of popu.lat.ion and an average C:l.pturo per 

Lh other CemmB Tcchniqu03 BaDed on L:tvo Tr<:'.ppi.ng 

~d~ (1959) dcncrib: d a C~lonQ~ Graph for'ent~tiP~ h~rc 
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population density. By plottill,3 the Immm hiotory of each marked 

i 

- hare on his ioland ~tudy area, A(l<",,1lD 1mB able to calculate the number 
; -
I 

of marked hares on t ,he isb_nd at any time during the study. Tnia 
I 

estimste may not be as suitable on ~~g8 e~~anses of unbTokcn habitat, 

because immigration and C;r[migrati~n "';Quld be important factora. The 

Calendar Gr.3.ph did gi VO Ad.21lls a nd.n.iJr~l papule. t.ion f4,7Ure for hiB 

island. 

OtF~.rrell (1960 r.nd 1965) $.nd TrCl.PP (1962) found -the ~lond,:l!' 

Graph was only an estim-:lte of -the miniJ::rum sh~e, ",rith no valuG in indi

cating the true sizo of the hare po?u~ntion. Theso re~ult8 may have 

been influenced by the srr.3.1l study area, small oa.'I'!lple fJize and 1CToIl 

trap effort mentioned earlier. 

Methods based on rump dyed r2.bbits end hares have b{)on u6ed by 

Lord (1963) on cottontail rabbits, and Keith (1965~) on Alberta snou

shoe hares. Both used picrlc acid and rhodamlno-B, lffiich ha.ve good 

--
ret0ntion qualities, to mark live trapped aI1irr'..als before release. 

Kei th ~de use of English rabbit nets hTic:J each lTinter to capture 

large Dlli~bers of hares. -Both used a ~iv~c~gu8 to dotermine propor-

tions of ID3.rked to unresrked individuals. Population eatiJr..:.atos "rere 

made by the Potcrsen~Lincoln Index. This uoth'od oliminatca tho bins 

of differential trap responso from the cstim~te. 

The Ca
J}5 implantation mothod (Rongst,~d, 1965) hila boon used 

extensively by Keith (1965a) ,·rho feels it provideD the most indopendent 

ostimate of spring hfi.re populations. The short half-life of Co.45 

(163 days) eneqrcs no carry-ov0r to th~ nQA~ breeding season, end the 
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method provides an incressed numbe;:- of B3.rk~d £!...11iJ:rt2.1s per trap effcr-t 

\;ihi1e el:iJnin3. ting retrap biaa. 

! " , 
5. Population Indicc3 

(a) Trap Success 

Keith et "a1~ (1966) found that 1961 was a p~k ycn.r for hares in 

Alberta, and the next three years Here yesro of popul.a.tion decline 

reaching a 101; in the spring of 1964. 'l'b.e estim!lted population 

dennit.ic8 in April and Dacc,'1lber 1962; and Anril e.nd December 1963 

"tiOTC 629, 297, 212, and TJ hares per squnra mile respectively. "The 

population liaS so lOrT in 1964 that liO statistical est:Unto was p03siblo. 

Trap succoss data expressed as captures per 100 trap nights in April 

and December 1962, April and Dece:rub~r 196.3, end April 1964 ,",ere 36.0, 

ll.7, 17.7, 3.7 and 1.6. Keith found that trap night indices corre-

spondcd closely to other po~ilation e6t~tos. 

(b) Fecal Pellet Counts 
" " " 

M9.cLulich (~937) estiI:nD.tcd hare population lovels throughout "'ide 

areas of Ont..'1.rio by counting fecal p€lllcto. He assumed that hares 

defecate "Hhilo feeding or Dhortly nfter, and ths.t pellcts l'Tould be 

I 
found in C'.ssociation \"lith impolAt!l.nt feoding oreas. He fclt thnt one 

YC!1l"' 0 droppings ,",ould disint.eerate and becom'a l;>uried beforo tho next 

sununor, but that the fm"T "\-lh:tch did peroist until the next sUILmer" could 

be e.9.sily recognized. Hs.o.Lulich thu8 counted nll "rocent" pellets on 

25-0.2 oq~e motors ploto in E~ob census arc~ end used thezo ~~ta in 

dEfll~i ty CEUCuJ.a tion!). 
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Adams (1959) felt that pallot count~ '·TEI~e lens cootly than· othol' 

can~us methods, and alloHGd analysis of a populntion by habitut Oi: 

other rubdivision of the range. Adarw felt that hare fecal. pellets. 

wore distributed at rando::n, nnd pellet counts "TCl-e valid estirr.9.tions 

of hare donsity. He ostablished 316-1/10,000 acre plots, c1~ed 

the old pellets in June 1953, and e::..de counts in Ju~, Auguot, 

S~pternber and November 1953, and Jt'.nuB.ryjl l·f.::'.l'ch, April, ' lilly llnd 

July 1954. These pellet C01LTlts rolntcd closely to recapture popula-

tion estiwstes a1thou~, binoes due to ago of tho hare nnd foed eaton 

may h~ve been present. . 

I 
HnrtJIl3,n (1960) did aome extensive w'ork "tlith pellet counts in 

Ontario. She estirn..!l.ted deposition rate, 1085 of pollets in litter, 

and wrothering losses iJl different litter types from data. on cngoo 

and field enclosured hnres~ Hartman cleared a number of quarter 

millacre plots in NovffilJber, 1958, and made nEM pellet counts in Hay, 

1959. The population estimate derived fro:n pellet counts ,,:as very 

elose to the estimate derived from recapture methods. 

OtF~rell (1960 and 1965) and Trapp (1962) Ill3.de pel.let counts 

in the fall on 20-1/10,000 acre plots in AlllSka.. Results were incon-

elusive bec.;l.use too f(.1'1 pelleto "Her£) collected, reflecting the p.:mcity . 

of eamp1e plote used. 

Taylor 8.nd Williams (1956) osti.J:!k'\ted uil~ rabbit (Oryctol:).,~ 

.fJ!u1.culu.s) numbers in Ns.·, Ze.:lla.nd from the donoity of focal pallets 

on the ground., making allC: .. ,c?.I1COB for p ::llot production rate per rabbit, 
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and decay rate of pellets. Lord (1963) used cottontail pellet density 

to analyze habitat utilisz.tion of three Cl"OP types in IllinoiB, 

~pline 300 quadrats 2' xl' in e~ch crop type. Lord found pellot . 

deposition rate varied ucco:cding to a number of factors including 
. I 

food . tYIlO, Beason, sex and agc] and was not n good criterion of esti-

~tins population density. DinE_ppearanco rate in the veu' ious habitats 

also vn~icd .from 4.~t per day to 7.69% per day. Toe major factor in 

disappea~ance Has not rain, but incidence of earthrlOrt1S. 

(c) Truck Counts 

Hartman (1960) studied snm-Tshoe hare donsl ty in O:t:ltario by countil'..g 

tracks after a snowfaJ~. Using 27.6 miles of lins transects~ counts 

were Ill3.do the day after a snowfall. Numbers of hares u:Jing each track 

. crossing the transect llere rated ll,S one, tHO, or three plus. Tne number 

of tracks per chain were closely correlated to estilBted population levels. 

Hnrtm~n concluded that ' track counts, taken repeatedly on a single area, 

indicate relative abundance of hareo. 

In Alanlm, O'Farrell (1960 and 1965) found almost no hare trails 

the day after a fresh sno\-/, and bro days after a fresh snow trails and 

run ..... ays werc too well used to permit an accurate count of individual 

trails. O'Farrell concluded that in 1m .... population densities a track 

count index might bo useful, but as the population increases this mothod 

becqmes less useful for census purposes. 

Ha~tman (1960) suggested that a toe clipped.pattern on anmwhoe 
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hares would be disti~~ishable after a fresh snow. ; Trapp (1962) 

toe clipped 38 hares in Alaska an~ fOIDld that clipped and unclipped 

tracks could not be distinguished in dry snmf. 

(d) Strip Census 

Hebb (1942) proposed a method for ccnsusing snovlShoe hares based 

on King's (tn Webb, 1942) census technique for grouse. Transect 

lines were \-lalked, and the "jllIilping angles" c.nd flushing dist,~nces 

calculated for all hares seen. r[ebb then estimat ed hares per square 

mile from these data. This method was used with great sucqess for 

black- 't9.iled jackrabbits in Kansas by Tiellleier (1965), who f elt that 

the conspicuousness of jackrabbits on the short grass prairie made 

this method of direct counting quite reliable. }~cLu1ich (1937) used 

this method in Ont.ario for censusing sno~1shoe hares, and expressed his 

results in density per square mile. In Alaska, O'Farrell (1960 and 

1965) and Trapp (1962) attempted to census sno.rshoe. hares by t his 

method, but found that the hare's habit of "freezing" rather t han 

flushing (also noted by Seton, 1953 and Adams, 1959), and their pro-

tective coloration made the transect count ~eliable. 

(e) Roadside Counts 

Much investigation has been carried out on estimating numbers of 

cottontail r abbits by rnaY~ng evening or morning counts on roadsides. 
I 

Lord (1963) reported the results of extensive roadside estimat ing on 

cottontails in Illinois. Accounting for seasonal changes i n activity, 
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weather, light conditions and topogruphical features, Lord found 

that &..Yffiual roadside activity lTas directly correlated with sexual 

activity, and inversely correla.ted "Tith the height of the herbacoous 

vegetation. Lord felt hie estim..<tte wa3 relinble because he drove 
I 

the same 20-30 mile routes at the same times e~ery year. 

Trapp (1962) found that road counts "rere affected by n:.:lny 
. . 
variables in Alaska, such.as weather, seA~al activity, traffic, and , . 

attractiveness of salts a.r .d minerals on the road. Tra.pp felt that the 

procedure "..-a.s impractical for ' snOi~shoe hares, ,.;i th gross results of 

questionable validity. 

VI. HOi·lE · RANGE, HOVE11ENTS AND BEHAVIOR 

1. Home RP.nge and Hovements 

'Most authors "mo have ",orked on the snO'.'lshoe hare agree that it 

is sendentary in nature, with a remarkably restricted home range, 

despite considerable potential for dispersal. ' Table 1 ShOHS home 

ranges of the snoHshoe hare on different parts :of its range. It should 

be noted that the methods used by the difforent authors for estimating 

ranges were not constant, and statistical comparisons of the results 
I 

are not valid. 
. , 
'Ihe data in Table 1 represent periods during different seasons, 

and' of differing lengths, and thus come variation "rill be seen. Keith 

(1965a) observed, that depending on the season and the time spnn con-

sidered, home ranges of sno· ... 3hoe hare varied bet",een 5 and 40 ncres. 
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All things considered, data in Table 1 indicute that the ' snowshoe hare 

has a small home range. 

Criddle (1938) reported the radius of movemont of the snm1shoe hare 

as "a fe\v hundred yards in dense woods to a mile or more in thin "roods". 

HacLulich (1937) reported a re.dius of movc::ment of only a fa: hundred 

yards, ' and Aldous (1937) observed that 69 percent of his recaptures 

were within one-eighth mile (220 yards) of the original , ca,pture point. 
, I 

Adams (1959) reported an average distance betw,~en capturE::s of 118 yards 

for adult males, 76 yards for adult females, 67 yards for juvenile males, 

and 66 ' yards for juvenile females. ' O'Farrell (1960 and 1965) observed 

that 89 percent of his recaptures in Alnska were within 1,000 feet of 

the original capture point. Trapp (1962) ce,lculated a mean adjusted 

range length of 383 yards for 26 hares in O'Farrell's study, and 358 

yards for 31 hares in his Oim study in Alaska. 

Bookhout (1965a) reported average daily movements in winter of 

156 yards for adult males, and 121 yards for adult female snm'lshoe 

hares in Hichigan. The daily ' movements of only 6 of 272 females and 

14 'ot 602 males ob~:ierved by Bookhout exceeded one-quarter, mile '(440 

yards). The longest daily movement recorded by Bookhout ~ vTinter 
I 

was 739 Tdrds for males and 931 yards for f~~les. Bookhout found 

daily movements to be greater in summer, the average for males being 
I 

194 yards and for f emales 191 yards. The longest daily movements in 

5UlJ1jJ\er were 673 yar-ds for males and 59h yards for feID..!tles. Koi th 

(1965a) recaptured 265 hares 9ne year after marking in P~berta, and 
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, 
found thct 50 peTcent h~d c~vcd lo~~ t han llO .yard3, 75 pGrccnt le~B 

point of capture. . Ti10 10~l,30:lt rcc<??dcd r:~v~ent of a ono·,mhoe hare 
I 

in the literature · '.::l~ n fc:nle ~kcd as a juV'~nile in A~"'"Uat 1955 

by O·.IFwl"oll (1960), nnd shot by II hl.llltcr in Soptm ber 1959, 12.5 

roileo Cll'f:.l.Y. 

ronge eotk:ltiona th~t tho c!!(T;lchoe hnro le..J.c!D eo Gedent~ life, with 

10DS movemsnts being rnro. 
. i 

. 2. Terri toz-1a1..i ty 

Gr~Il3e (1932) nnd l~cL'-1lich (1937) four.d little evidence of 

territoriality in ()~0!<foh03 hjrC3 in the llUd. Criddle (193B) t!"~pped 

no hareo wit.'1 torn e.:u-o 01' bitoo Mound th0 h~d, end ' concluded that 

a£mrcsoion ll!::ong hareD r.uo~ be V3 ry rure. 'Ibia indirotea a lack of 

territorial behavior uithin the specios. Sovcr:.l.id (1945), working 

with cnptive hares, observe-it that 90 porcont of individual harea 

could be ~~octed to toleZ'~to one cnot~or oven under cl03e confina-

mente 

All reports in tho litO?~ture hnve a3A~eed that the hOille rnnzeo of , , 

ano:rohoe hare6 ovm-lnp grotly. Boo!mout (1965:1) 0~oorv0d this great 

over18pping of ranges llnd mlggcated that Diz(3 or h0U13 r ange miGht be 

donsity dependcnt ao Toll ct al. (1~60) found ~ c~~~p . r~bbit8. Bookhout 

reported hare~' to ,be very tolcrnnt of ~ch other even in thc breeding 

Bes son and concluded th~ t tC4"1'ito~ie3, if the:y e:dot, EU"O ~uite rJrw.ll . 
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I 

AcI.run'o (1959) roco:r:kcl th:.t h:lrC3 did tJ1~0'.,; u cC:?t..'lin re(ji~v.mcc to 

ero:f'J.irl.g nnd l:(',?e well cttopOl"ocd, \lith no tendoncy to herd or flock. 

He concluded thnt hares r:::J,y t.!.!).v~ a ten-"it/o~ rollins into Dtco's 

(1952, p. 247) nu;:wo~ sovell; toll'.) nre~ ~round .the nnirt.2.1 itself'. 

Audubon nnd E.:J.cru:..\n (ID5l) reported th!?t GnO'.!3hoe hareD do not 

take shelter in hole3 in tho grotll1d or in hollo-.t troes, and Richa.rdcon 
i . 

(1829) obs~rved b'la t hruA C3 do T-ot burro". G:-ange (1932), l>b<:Lulich 

(1937), end Cric.dl~ (l93B) rrbtcd that h:U-C:3 r::31{e -use · of erlstinz 

hollo:i' lo~s and holc:J in tho ground, but do not thC1!'..3elvGa bun-m-r. 
I 

Criddle concluded th~t the chic!' ,,--alue of htl170vHJ to h3:.."'es WDoS in 

escape fro;n birdo of prey, e.s they seldoJ1 used tho ~lhGn puraued by 

dogs or wolves. 

Audubon and ~ch;_:m (1851), Cory (1912) l)nd hlugh (1926) b01ieved 

that young hareo are born in neats of grnoa lined ~ith rur from the 

notha's body, ruld B:lch:::.:m (185]) reco~"'<!od n roptive litter born in 

ouch a neat. lim·lcver, Seton (1953) belioved that hares build no 

nest, nnd Gr~ngo (1932) find Aldou~ (1937) found no evidence of ne3t 

construction. Ad.::uns (1959) ~~V0ted severnl burro'.4s used by hares 

'tmich he tholl.[Sht had bce:n odo by b3dgora, c...'1d found no nest, rC3t 

ch~mher or ~ny other noQiticntion nttributJble to haro use • 

. Aldous (1937) and ~rupp (1962) observed that h~eo used forms, 

or simple ?vul dcprcoaion~ In eround lit.ter under good cover, ns 
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restins places. Both authors reported ili.'J.t thene forms \lere used 

year round. Trapp observed that in winter forms \orere found under 

snow . laden branches bent to the ground and in bOiil-shaped depressions 

at the base of oprtice trees. 

4.. Effects of WeathE~, S~6on, ft~e, Sex and Habitat 

Lord (196.3) stated that the size of hOJle runge, and presUlllably 

the extent of movement of a terrestrial mamrr~l IDee the cottontail 

rabbit depencbupon the habitat, season, sex ani age of the animal. 

D.3.lke a?d Sime (19.38) in Connecticut, and SChiffil'tz (1941) in Hissouri 

observed that adult ferra1e cottontails have smaller ranges than adult 

ID!l.les. Haugen (1942) repoi:'ted that fejna1e cottontails in Michig12n have 
. . 

larger ranges in the breeding season than the non-breeding S~Don. 

Male sno>"shoe hare ranses in llichig3ll (Bookhout, 1965u) averaged 

.38 percent larger in sUmmar than in vrlnter, while f~~le ranges'r~~ined 

almost ide:rtical. O'Farrell (1960 and 1965) found that home r~nges of 

hares in Alaska did not change Bignifi~tly in size in the early breeding 

s'cason, but the anima.ls ll}1PnrentlY,became more active, resulting in an 

increased use of the ranse, as indicated by an increase in captUl'e rate. 

Bookhout found in his work with snOi>lshoe hares in l'J.chigan that 

fJU1!!Jller rllnges vlere merely extensions of ,,;inter ranges. v.1here shifts 

in range did occur, in most casea they represented a ~hift within the 

Same cover type and not a movement to a nGU cover type. French et ale 

(1965), rlorking with black-tniled jackrabbits in Idaho, found that 
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deapite a great disper~1\potentin1, extens ive s~~sonul shifts of hu~a 

ra~e did not occur. 

Bookhout also obsc:t'ved that mlo ono1.'!Elhoe hares he.d sienificantly 

larger home ranges th~~ f~~leB, ~1i~~ is G~~ to Ad~8' (1959) 

data. (Table 1). Bookhout found that five of 38 adult lUlles had' 

ranges -lz:;.rger than 40 l1Crr£l, \"~'hilo no r:"'~r-3.1e r2.l1ge ey..ceeded 35 acres . 

J..damD' dst.:?. also _sho'.i that juvenile l?).1i.'''lls have LlI:.lch s;TIs.lle1' ranges 

thnn do adults. 

Tr<:\pp (1962) found that Alaska.n sno",shoe hare move:wonts uere 1'e-
. 

stricted by wen ther, \-lith trap 6ucceDS fnlling by about 50 percent 

follouing rain or snm-I. O'Fru-rell (1960 and 1965) in Al.eoka and 

Boo!chout (1965a) in Hichigan m.ade similar conclusions concerning 

snowfall, and Trapp also noted reduced activity Quring severe cold 
, 0 
weather (beloH' -30 F). Tlemeier (1965) concluded wind ,·ms the most 

important factor influencing activity of blnck-tailed jackrabbits in 

Kansas, anp. reported that rain and temperature seeIDed to have little 

effect on movement. 

Bider (1961) concluded that \onnd and light intensity were the 

train restrict{ ve factors on -winter 1l10v~ents of sno-.-/shoe hares in 

Quebec, but in summer theae -factors did not seem to ,playa critical 

role on regulation of movements. Bider's results on the effect of 

rain ~re inconclusive, and he found that sn~H did not imPede hare 

mobilit.y. 

Criddle (1938) noted that anm-lShoe hares in l-hnitoba D13.ke exten-

siye use of runways during vQntor,frequently p~cking them by hopping 
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up and · do~m to give a go~ solid oUl·fBce. G~~nge (1932) &lso de

scribed heavily used rum;ays in i'Iisconsin. Bider most frequently I 

found rumrays in conifers. He believed they \-lare used as a converri:-ence 

bettTeen brm'fSing and cover areas, and in1icated poor brmV'sing h a.bits 
i 

on the part of the hare. In Al.'J.s1ca, OtFD2'rell observed well used 

ru..yt;·;ays · in summer as well as \on.nter, and described. their differing 

charncteristics with cYi~ing Eno", conditions. In early winter when the 

enou \12.S lisht, well p3.cked Till1i'layS \Jere cCi1Jnon, and single trails 

rare. As the snow comp;.cted, single trails ,,;ere seen everY'lherc, and 

,\,lell packed rum-rays "Tere rare. During the April thaw the density of 

the snow changed still furtheu- and hares used runways almost exclu-

eively. These findings are in agreement vrrth those .of Pruitt (1960) 

who observed hares using ,,'ell p3.cked rumrays when snO';l density fell 

below a critical level. 

In Hichigan, Bookhout (1965a) never observed a well used ru.""1~·lay. 

He occasionally found trails "nth three or four sets of tracks, ' but 

never the type of Hell packed rummy described by other authors. 

Boo~10ut agreed with Grange (1932) thattrun~~ys are probably used as 
I 

a means of convenience in travel, but he found no evidence to support 

Bider's (1961) theory that rum·rays · indicated poor browsing habits. 

Bookhout believed that ;"lell used rum-rays indicate high hare density. 

Densities in his Michiean study never exceeded one hare per 3.9 acres, 

and Bookhout supposed that much greater denGities than this were neces sary 

to ShOll heavY runway use. 
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VII. lL~ITAT UTILI2..h.TIOii 

E3..rly naturalists obiJor-ved that onct',:Isho'e hareu ,,,era found , 
"mostly in vdllO' .... thicketsU in northern diEltricto (Ricnp .. rdoon, 1829) 

and in S\'-ramps in Ontario (Hiller, ,1897). Seton (19'J9 and 1953) r e.

ported .that the preferred habitats in Hanitob!r. , ... erc t-<ln~!'ack end c~'<iar 

f)vTlUllpS,. and uillcrn thickets. Que!)tio!l!?iro r(':Jplica rro~ local rooi-

dents -analyzed by Hacllllich (1937) indiC3.tcd that in Ontario the 

"typical habitat" for snO' ..... shoe h9.res waD cctl:u·, sp:ruco and t'.lder-

willbll 8l-1atnp. Jack pino forests, Hhere they p~edomiro.t€d., were also 

iEpOi"t.a.nt hare habitat. · '!he question.:.ir.:3s indicatt,;d that in Quebec 

and the Ha.ritimes no ona habitat type WclS used mora than others. In 

weatern Canada, where coniferous ffi-Te.!JpS rnrely occur, willm-r-.:::.lder 

6\-ramps and thickets 'Were reported as the chief hnre he.hit:?t. Upla nd 

spruce forests and jack p::.ne \-lere nlso importrmt for harc3 in ",estern 

Canada. 

MacLulich's Ontario population density calculations indic&ted 

that at the population peak in July i932 the donsity in other area s was 

as great as in the conifer ID-TalIlpS (about 3,300 pel' square mile). By 

Septcimber 1932, tho d~nsity of other habitsto had declined to 200 
\ ' . 

per square mile, but only to 950 p3r f>quaro mi+e in the m-mmps. 1933 
I 

and 1934 Here years of population dscllne in Onted.o, with the 10;-( 
, 

point in the cycle in the summer of 1935. During theso three years 
I 

the S\·lll.mp habitat had haro donsitieo of' 70, so' and 30 per sqUllI'e mile, 

~ni1e the other habitat had densities of 25, o~ and O. Keith (1966) 

documented a eiI.nilar V2..catlng of h~biU!.t during the 1962-1964 popula

tion d€lc1ine in Alborta. Keith noted progrc30ivo sh.rinlcage of here 
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rango# \dth the first sections devoid of h~rc3 ha~~g the l~~st , 
m;J.ount of brushy coyer.. 'ina tto,'o arez.s still occupied at the popula-

tion 10'/1 in 1964 were abO-ned OV<3r t-!l.Dgls or dea.d.t"B.lls and raopberry 
\ 

\lith deneo rozrowth of you.ng aeponG and 't:ill.C~FS, e.nd a bog Edge thicket 

exes of small black spruco, alder B...'1d pcltC'.h~~ of hOozel. 

Grange (19.32) obSel'v&d that snoHshoe ho.res in \>113consin '\-Tere lebs · 
. \. . 

frequent in mature "roodlands of B...'1Y type th:m 'in young, bushy gl:~o:rt,ha 

~th,good food and cover. Gra~a noted that the most eA~ensively uoed 

mbitat types ",ere asp:m arC.9.s, alder cr~i'3!n!)S and conifer ffi'i&.."1's. Other 

vegGtative types uoed · ext,;ensivaly w~re young c.edar stands, young j a ck 

pine stands, and old burns# particularly where thero ,,:-as a. profuaion 

of ra.spberry, logs, aspen shoots and ot.her . low vegetation. H.:u-6 rarely 

uo.¢t! lJUture hardwoods in any S€.3.son of the yen:r unless beaver were 

present, end then they made use of uaste left, by the be3.ver. 

Bider (1961) found greatest anO'~{8hoe hare movemont in ,\-lhite cudar, 

black spruce bogs and upland £lprucc-fir nrroe of Qu·eboc. Bookhout 

(1965a) observed that swamp conifor l'me by fal; proferr6d in Michigan, 

2Jld conifer areas generally out\<leiehed other ll!:..1.jor hnbitat types. 

Bookhout listed the follO".ung habitats by hare preference: puro st.'.mds 

of s\-1runp conifer and cIder m-mmp, high profOl·enCOj aspen-bnlsam fir-

P3P€T birch, of moderate preference; mixed S',·mmp hard\:J'Oods and conifers, 
. . 

l;"ol.ntivaly 1u.i preference; northCl"Yl hc.rGlOOdo; very 10rl in h.:u-e use; 

grassy openings, little or no use. Bookhout noted that hare pro-

ference seemed to depend mostly upon the amount of bruchy undergrcr:rth 

for food and cover. 
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VIII. PHYSIOGIlAPHIC n~}'LUEl~CES 

Several authors hnve auggested a correlation betHeen physiological 

vigor, reproductive perfononce, nnd f~rtility of .the soil in the ar6a 

wnere cottontail rabbits live. Rm-.re (19.47) i~ Hissour·i,and Bruna 

(1952) in Kentucky demonstrated a gl~cater body ~leiV1t in cottontail 

from fertilo than from poor 60ils. l-liUiams (1964) disputed these 

finct..n,ge: after considering the factors of s6ason, time of dsy col-

lected, and age and sex of a Hissouri cotto!t't.ail ~m;ple, he fOlmd no 

positive correlation betyleen .body weight and 60il fertW.ty. Williruns 

concluded that because of certain limitstionn in the data of Rm-/e lLl1d 

Bruna, the que~tion of a positive correlation between cottonv~il body 

woight and soil fertility ~!as not demonstrated convincingly. 

Edr:ards (1962) tested the correlation bet\'Teen cottontail reproduc-

tiVG p&rforID:lncc and soil fertility in Ohio. 
I 

A tot~ of 2,876 r~bbits , 

were aged by the eya lens technique and the sample from a fertile 

limestone-soils region had a significantly higher proportion of 

juveniles than the anmple from a poor unglaciated-soils regions, 
, 

indicatin.3 that cottontail reproduction and/or eurvival 'tlas better in 

the liruestonc-soils region. This liaS in agreement with the findings 

of Negus (1956) and Stevens (1962) who found larger litter sizes from 

the limestone-soils region of Ohio. EIDrards I data also indic8.ted that 

cottontails from the limestone region had a more prolonged period of 

high reproduction~ 'I'rith a larger proportion of breeding juveniles and 

higher reproductive. success in tho juveniles. Williams and Caskey 

(1965) collected simib.r results for Hiosouri cottontail litter size 
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, 
and concluded that the 10vier soil fertility . ~ esulted in nutritio~l 

deficiencies \-1hich manifested themselves in the cottontail through 

reduced reproductive output. 

IX. ftEPRODUCTIOli 

1. l!ating Behavior 

In · sno~'Tshoe hares, m:?ting chas es b ,~gin in Febi~ary, apparently 

preceding successful mating by on~ month or llioro. Dodds (1965) noted 

.' tha.t this pr€l1la ting behavior in captive hares indicated an increasing 

I . 

intenoity in male aggressivenes s, and that the beginning of t his 

aggressive b ehavior \>TaS positively correlated with an increase in 

teotes size. Dodds concluded that this behavior \,;as not necessarily 

an indication that succe~8ful ma ting "'''as occurring in the wild. 

Bookhout (1965b) .observ~ that snowshoe h~res, like the European 

rabbit, commonly urinated on their partners during premating activities. , 

Evidence of such activity was clearly visible LTl the snovr, and Bookhout 

suggested that it may indicate the initiation of the breeding season • 
. I 

2. 'Dle Breeding Season 

(n) O"!lset and Duration of Breoding 

~n (1943) observed th2.t breeding chronology in ~18 such 

as hares is governed exogenously by increasing day length and endo-

genO'l·.sly by a basic rhythm. Boolchout (1965a) observed that males are 

capable of breeding se-me six weeks before fen~lcs, and thus the onnet 
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of breeding is triggered by the fe~le3. Keith et ale (1966) noted 

that the onset of breeding »7.5 closely synchronized in ell fe;:$lea, 

with the initial conc~pt:ton il~::tk occurring in the first two "/ee!cfJ 

of APril. T'ne time of oY'~et is rema.rk~.bJ.y sLmlar through the entire 

range of the hare (Table 2). Only in central Alaeka, t-Tnere the initial 
: I 

conception peak is about :;'110 ":~oks later, does this regularity in 

initial onset not hold. Keith et ale also noted t.ha.t the · terIDn~tion 

of breeding occurs widely at the same time, la.te JulY 2.nd early August 

(Tuble 2) • . 

Adams (1959) and .Keith (1966) co~c~uded ~at fe~le8 L~ctate con

tinuously throughout the breeding season. Sey-eraid (1942) observed 

weaning of young at 25-28 days, but tho last litter of the year msy 

be nursed up to 56 days (Soveraid, 1942 end Adrums, 1959). Adams 
. 

observed the firs.t lactating female on Ap"4il 2g, and the last on 

September 22, and between the, birth of the first and last litters, 

only three percent of adult f~~les taken were non-lactnt~g. This 

also indicated to Keith and Adams that at the height of the season, 

virtunlly all females ",ore breeding. 

(b) Synochrony of Conception and Parturition 

Keith (1965a and 196£.) and ' Kdth et ala (:966) observed a very 

closely synchronized onset, of breeding e.rnong female hares in Alberta. 

Immediate post-partum breeding appeared to be the rule, resulting in 

clearly defined litter groups. Nesn conception dates for the litter 
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g::r:'oups (Keith, 1965a) "Tere in the second \<leek of April, mid-l'.:ay, 

and the third vleek" of June (1961-1964). In 1961 and 1964, fourth 

litter groups occurred in mid-Ju1y. Boolmout (1965a and 1965b) 

found a vTell defi.ned initial conception peak fTom April 1-15 in 

Michigan, and a second peak cf conception of sm3-lier r,:agnitude 

distributed over a period of approxin~tely 45 days from May 16-31 

to July 1-15. Bookhout concluded that t.he majority of f'elT'..a.les bred 

for the second time shortly after the birth .of theil' first litters, 

and that Uie occurrence of third litters accounted foi' the extended 

conception period· after HE.y 15. Nevlson (1964) found three well . 

synchronized peaks of conception in early April, mid-1,:ay and late 

June ' in OntariQ, ~~th sometimes a slight fourth peak in July. In 

l'~ine hares, Severaid (1945) also found post-partum breeding to be 

the rule. 

Adams (1959) concluded that 'dates of first pregnancy in Montana 

hares ranged over 3-4 weeks. Dodds (1965) concluded that his data did 

not show a high. degree of synchrony of conception dates in Newfoundland, 

although they were grouped essentially into three IT'~in periods, the 

end of April, late ~~y--ear1y J~ne, and late June--early July. Dodds 

suggested that most hares did not begin breeding until sometime after 

the earliest conception date, that the onset of breeding was gradual and 

that continuous pregnancy occurred from'mid-ApTi1 until early Au~:st. 

These findings of Adams and Dodds are at variance "lith those of Keith, 

Boo!mout and. Ne-flson. 
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Synchrony of 'conception dates and pvS~v-~sttun br~cding h~vo 

bo~n co::mnonly attributed to the cotto~t.a.il l"2.bbit (Lord, 1961b; 

Com..,ray a.nd v.light, 1962; bonm·JaY· et al., 1963; lbradcn and COl"_· ... ,:tmy, 

1963; and Evans et a1., 1965), and tha ~..g1ish rabbit (Tnompaon c.nd 

"lorden, 1956). Cona;\,,'<:I.Y and \r1ight yo~t'l.'.]~~tc<1 n fOlll't05!.ll-dBy (;ycle of 1'0-

curl'ing pr&-:J3trus periods to ID~lain the eY-ilchronouB conception pe:dode 

in HicscUl·i cottontail rabbit.s. Evans et nl., hm.;ever, found that A 

!crlll"t,csn-day cycle did not fit t.he pa.ttern 01 conceptions of th,~ir 

lfis80uri cottontail populations, and cuggeuted a sev€n-day cycle, or 

Elltiple3 thereof, of r~curring pl'"c-oatrus. l-b.roden 'and Corunray found 

a fl0V.:m-dD.y behavioral cycle in. cottontails, and a p!'e-e~tru8 cycle of 

thin length ~ght be 0XpGctcd. ~~crs and Poola (1962) also obs€rved 

that fc:ma.les \l1<3re scxunlly active and rt9.ted at int~Vllls or IDlltiplea 

of ceven days in confined populntions of Auotralie..n l'1i1d rabbit. Tnis 

cycle appe?rcd to continuo ' into p:ro~cy end w::-.o not interrupted by 

re8orptions. 

3. Male Reproductive Cycle 

Accounts from N~~foundland (Dodds, 1965), Ontario (NffiJSOn, 1964), 

llichigan (Bookhout, 1965b), lIinnesota (Aldous, 1937), Alberta (Koith, 

19653), and Alaska (Trapp, 1962) indicate that the snowshoe hare 

~ccding Bcsson i6 initiated and torznin3.tcd a.t about the same times 

all across North America. Tentea weishts begin g~adually to increase 

in Ja.nunry ,,;hile the testos are still nbdomin3.l. In February the testee 
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descend into the scrotwn and increase rapidly in size~ Spermato-

genesis begins to appear in February and by l'larch most :males are in 

stages of active spermatogenesis. ?>raximlli--:l testes weights occur in 

Hay, then there is a gradua.1 dccre:lse in weight until July \omen a 

rapid decline occurs. The testes are abdominal and at minimum "wight 

by September and they stay in this inactive state until the follmung 

January. Similar armua1 rhythms have been described for jackrabbits 

(Bronson and Tierneier, 1958 and Tiemeier, 1965), European hares (Flux, 

1967 and Raczynski, 1954) and cottontail rabbits (Ecke, 1955). ' 

Host l.llvestigators felt that testes weight and position \'1ere not 

reliable indicators of sexual activity in male snowshoe hares (Aldous, 

1937; N~Json, 1964; Bookhout, 1965a and 1965bj Dodds, 1965; and Keith, 

1965a), and used sperm smears or paraffin sectioning to rate sperrnatQ-

genesis. Keith felt, hmlever, that an average single testis weight be1m., 

four grams indicated cessation of fertility in w~les. Keith was doubtful 
. I 

that reproductive capabilities of male hares could be assessed solely 

on the basis of sperm content of the cauda epididymides since the 

epididymides does store sperm well after production has ceased 

(Lechlietner, 1959). He felt that breeding is probably contingent 
I 

upon the loss of libido or potency in mn1es, and his data support his 

suggestion that hormonal changes at cessation of breeding are closely 

reflected by testis .,eight. 'I'hus Keith feels that an averace testis 

weight above four grams in July indicates reproductive ac:t,ivity, and 

below four graI!lS indicates cessation of activ" ..... ty. 
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Bronson and Tiemeier (1958) end Tiemeier (1965) m :ed SPfu-r;1 ::;mears 

to rate the reproductive c~pacity of jackrabbits in Kanoas and reported 

. that sperm production ",a6 generally confined to m~los .,ith a. paired 

testes \reight greater than five grans. P~czynGki (1964) used spe~m 

smears as the criterion of sexual activity in male European hares in 

Poland ·and he did not correlate activity "Tith MY particular te~U.!.'l ' 

weight. In the same sped.es in Nei1 Zealand, Flux (1967) felt that a 

testis ,,{eight gr eater than five grams indica. t<::d sexual E.cti vi ty. Ecke 

(1955) found the best criterion of breeding condition in Illinois 

cottontails was the amoimt of ,sperm in the epididymides, and he did 

not correlate this with a testes "reight because of a .. 'ide ;veight range 

during the breeding season. 

Hale snm'Tshoe hares do not breed in the summer of their birth 

(Aldous, 1937 and Keith, . 1965a)" ",hereas Ir!l.le l!.'uropean hares do (Flux, 1967). 

Flux found that 15 percent of the juvenile European hareo he examined 

in January and February in N~l Zealand were capable of breeding, vnth ' 

testis \:leights above five grams. HOiVever, the European hare has a 

breeding 6·eason lasting IO~ months in New Zf".aland~ 'l-Jhereas the snowshoe 

har·e breeding season is less than half this time •. 

Aldous observed tDat the penis of ano"TDhoe hares "'as pale pink 

in the nonbreeding season and a bright red in the breeding season. 

Trapp (196.2) noted a diGtinct morphological difference between the 

juvenile and adult penia, and stated that the penis did not att&in 
. , ~ . 

. . 
adult form until approximately 200 days of age. He used these penis 

J> .~. • 
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traits to age hares until the end of November. Keith (1965a) 

observed that these penis traits were definitely reliable for aging 

Alberta hares until Jenuary, and probably until the start of the 

breeding season. 

4. Ferra1e Reproductive Cycle 

, The female cycle of the snm.;shoe hare has been studied 1es~ than 

the European rabbit, and since the reproductive physiology of the t"IO 

is essentielly the sa.me, a 'brief descripticr" of the EUTopec.n rnbbit 

is included'here (Harshall, 1922; HaTJlmond and Marshall, 1925; and 

Al1en,D~nforth and Doisy, 1939). 
, I 

During the winter, months the females are in an anoestrus period 

when follicular grmvth in the ovaries is greatly suppressed. The 

follicles develop to a certain point, but maturation does not occur. 

At the end of anoestrus, an external stimulus causes Follicle stimu

lating Hormone (FSH) to be secreted by the pituitaries, which stimulates 

follicular growth in the ovaries. The ova develop to submature stage 

during which time the rabbit is said to be in heat. 

The nervous stDnulation of coitus causes the pituitaries to secrete 

ll.tteinizing Hormone (ul) \>Thich causes errupti ve follicular gro;..rth_ 

Ovulation occurs about ten hours after coitus. Tne ova are fertilized 

in the Fallopian tube and the fertilized ova enter the uterus on about 

the fourth day, becoming implanted on ab9ut the seventh day_ 

Soon after ovulation occurs, corpora lutea form at the sites of 
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the follicular ruptures and r emain through the duration of t he pregnancy. 

As long as the corpora lutea are a.,~thTc, they secrete pr bgesteron3 ,,:hich 

it"1hibits the formation and ovulation of other II"sture ova. Tov;arda the , 
end of pregnancy the corpora lutea start to de'cre3se in size, and the 

placen~e take over the secretion of progesterone. \vithin a f 6'.." hours 

after ~turition a.nd the subsequent stop of progesterone secretion, 

mature fo11icleo aga1t. a.ppear in the o~ies. It is thus common for 

rabbits to have fertile coitus very soon after p3rturition. 
, I 

Nffi.of80n (1964) nbticed that dUfing the winter months the parous 

uterus of the adult hare could be distinguished in Diz~ and appearance 

from the nulliparous uterus of sub-adults, and she used this characteristic 

to a.ge females in the winter. NeHson (1964) and Dodds (1965) found 

macroscopically visible follicles in s:QOi"rshoe hare ovaries in early 

l~rch, and from mid-MSrch to August msturing follicles were present. 

Beginning in late August, follicles became atretic and failed to 

mature. 

Audubon and Bac~~n (1851) reported the snowshoe hare gestation 

period to be about six ",eeks. Grange (1932) found it to be t hirty-
• 

six days, or perhaps a fei hours more. ObserVing gestation in 37 cap-

tive hares, Severaid (1945) found it ranged from ,36 to 40 days, with 

a mean of 37.2. Dodds found that eight captiva f€lJ1..p. les "Tere pregnant 
I 

for 36.6 days (Range 34-,38 cbys). Host r ecent investigators a ccept 

.37 days as the length of the sno .. rshoe haro gestation period, ~rith 

implantation of the o~ oc'curring on about the 'seventh day after con-

caption. 
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5. Size and Number of Litters 

There is a well kno;.:n tendency among rabbits a.nd hares for first 

litters to be srr~ller than subs equent ones (Severaid, 1942; Thompson 

and Horden, 1956; and Con,a.;-.ray and I'!ieht, 1962). Keith et a1. (~966) 

presented all the available data on vTild encl-Tshoe hare reproduction 

(Table 3) and they indicate that first litters are indeed smaller t han 

subsequent ones in snol1shoe hares'. Dodds (1965) found that although : 

the average first litter sizes ' .... ere smaller for all years and areas 

studied in Nef!foundland, this' relationship did not always hold t rue 

in different regions for particular years. Table 3 also shovTS a wide 

range in litter size and a tendency to increase .. nth latitude. 

Aldous (1937) observed a female hare in Hinnesota "Thich mat ed 

11 days after parturit'ion. Using a gestation :)eriod of 36 days (Gran!?;e, 1932 

arid assuming this f emale to be average, Aldous ' calculated tha t i t vlOuld 

be possible for female hares to have four ,litters per season. Severaid 

(1945) observed the reproductive patterns of 16 captive female hares 

in 19h1. Of these, 100 percent had firEiit litters, f57.5 percent had 

second litters, 56.25 percent had third litters and 37.5 percent had 

fourth litters, for an average number of litters per female of 2.75 . 

A similar figure for 191,0 ,'ras 3.0 litters per female. 

Green and Evans (1940c) devised a method for estimating the tota,l 

prod~ction of ypung pe:. female per year vrhich considered seasonal change 

in proportion of pregnant animals in the population. Collecting effort 

\oms kept approximately constant through the vrhyle br:eeding s eason, and 
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the f~ue sample "laS di vid8d chronologicn1ly into groups of e.bout 

20.t2 hares. The group collcctsd from Ha.rch 25-April 10 contained 

20 percent pregnant animals, April 11-29, 81 percent pregnant; 

I!.pril 30-Hay 7, 63 percent pregnant; H .. 'lY 8-31, 70-80 percent preg-

n~t; Juno l-July 15, 5~TfO percent preen~nt; nnd July 16-31, 20 

percent . pregnant: Groen and E\ra.ns a3sumed the geatation peri<Xl to 

be 36 days (Grange, 1932) and the promplantation period to be 

6 daYD» leaving a period of only 30 (b,ys "ihcn the €rnb:ryos could be 

~3croscopically recozni~ed. ~uring the entire breeding season, Green 

nnd Evans ca1cula ted 70 · c.~ys of recogni~..able pregmncy, 'Hhich, when 

divided by the number of days of recogtd~t'.ble pregnancy per gestation 

period (.30) produced an e~timnted averago of 2 • .35 litters per female 
. . 

per Dc~son. Green aod ~~a u5cd these data with the everaga litter 

Dize and th~ population density to estimate the ~-har of young har~s 

prOdl'lC€;d per year at I..ake Alexander, Hinn3:3ota. Similar calculations 

for other parts of the sno\-lShoe hares I range are soen in Table ;3. 

Keith et al. (1966) noted on captive hares that the species i8 

physiologically capable of producing four litters per year. Data on 

Table 3 indicate that some individuals realize this potential in the 

wild, except in the fe~ north. Evidence for a fifth litter bej~ 

conceived on occasion ~Tas presented by Keith et al. (1966) and Criddle 

(19.38). Table 3 indicates a tondency for the avur~ee ' nlli~ber of littoro 

per year and the average to~sl annual production per female to be 

highest in central soctions of the range, end 10H'er both to the north ' 

and south. 
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Tiemeier (1965) cit.::(ll'ccords of rep~(tdu.ctively ·act~ve juvenile 

male jackrabbits in Kansao, end BronGon and Ti~eio~ (1958) not&d one 

indicant of a juvenile fcmnle resorbing cnrly stn.go e:::nbryol3 in lato 

AUb~Bt in the same Gpecies in Kansas. FlttY. (1967) not~~ that juvenile 

breeding in :E>J1'opean heros prob:lbly does not occur in Eu.rope, but a. 

high proportion of first litter fCID3.lcs in tIe'., Ze3.land bred later in 

the mm:ner of their birth. He e.ttributed this to the m.ilder NG"..1 Zealand 

l1i.nter I and conse-quent h:igher survival of first litter ·young. Only 

one re-cord of a female snm,'shoa hare breeding the CU1Il!ller of its birth 

rudsto in thc literature (Keith and Henlm." 1967). It re'.l3t bs assumed 

that this is a very r~re occurrencc, and for all practical purposes 

juvenile breeding in sn otTshoe hares in nonexistent. 

6. Prenatal HOl't1:\lity 

(n) Preimplantation Loss 

Estirn...n.tes of ova loss bet'ieen ovulation and ~lantation (irnplanta-

tion occurs at about seven days in snOifshoc hares; Keith, 1965a.) are 

b3.sed on the difference betuecm. counts of cOl"pora lutea and impl£nta-

tion sites. Since corpora lute.:!. are not all clearJs' visible by e.-dernlll 

co:runination, especially in fiAZd ovaries, NCiison (1964) roconnnended 

sectioning the ovaries to about 1 lI!ri1 thicl~e(3/3. Sho found Grnafian 

follicles to be 1-2 rom in diameter. Corpora lutea re3ched a maximUlU 

d.i.arneter of about 5 mm in rnid-pregnn.ncy thcro·:!.fter decreasing in size 
, 

only olightly before parturition. Flux (1967) and Lechlietner (1959) 

found oi..m..Uar size chnn.?;cs in the European h~re 1.'"1 ]~v.:; Z€.aland &.!'1d 
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j a ckrabbits in Califor'nia. Ra czynski (L964) noted no sigatfi cant size 

change Ll1 ,corpora lutea. throughout pregnr.ncy in ~opean ha.res of 

Poland. 

ll E7.-lSon ob8erY0d tha t cor pora lut-sa were u sually vis ible i n eno'.i

flhoe hare ovaries up to four 'Heeke after parturltion, but disappeared 

quicy~ as the next litter approached full tGr~. At the end of the 

breeding s eason corpora lutca disappeared rr.ore gradually. Keith 

(pel's. COIDmo ) also found that corpor a lutes persisted for some t ime 

after p-.ll'~"u.rition. Nm-rson used counts of both n cw and old corpora 

lutea where feI!l!lles uere loss than 28 days pregnant \-rith the new 

litter in €8tirrating ovule.tion re.tes. The ,snowshoe hare is s imilar 

to the jaclcrnbbit (Lechloitne.r, 1959) Md the Eu.rope.:m hare (Flux, 

1965) i.1"1 the persistonce of old corpora lut~ into the next prcDn~ncy. 

In contrast, the Europea.n rabbit los es corpora lutea ",'ithin a feM' days 

of parturition (Bre.mbell, 1944). 

Atretic and active C0rpora lutea ITa y be present together i n an 

ovary, and the failure to re'cognize and atretic follicle could lE:8.d 

to overe8tiIT~tion of the ovulation rate. Halliday (1959) obsorvSd 

that atretic follicles in European rabbit were characterized by small 

size and lack of a rupture point. N~ison (1964) and Ecke (1955 ) found

that atretic follicles \fere similarly characterized in snowsho e hares and 

cottontail, r abbits had little difficulty in diotinguishing th em. Ns.lSon 

found atretic follicles to be present in 31 pr~gnantharoB (7 percent) 

a.nd r epres ented 3 percent of nll corpora lutea. 
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Newson found that preirnplantation 10s6 L"1 snmi'Shoe h!lres whe.r-e 

eome of the O"'w-a had survived to irr:plant 'Has 6 p.:'l"cent (4.5 and 7.3 

in two different. populations in Ontario). Keith (1965e.) found such 

lossos to be 9 parcent, \;ith no varle. tion in y~.rly levele from 

1961-64. HC)"(1ever, Keith found that loss in fil-at llttera was 15 p cr

cont, and in subsequent litters 6 paz'cent. Doddll (1960) four.d pre-

fuplanta tion losses in fc.:nalos "mero some ova Bur vi vEld to implnnt 

to be 9 p~rcent in NOI'Tfoundlnnd. Such losses were est:iJ"'l.ated at , be

t~fGCn 7 and 9 percent of (Iva ahed in j<l.ckrabblts (Lechleitner, 1959 

ruld 'l'icJ1loier, 1965) e.nd cottontails (Con.J.way and \:Tight, 196.2). 

In the European hare in Nc.t Ze<!.lnnd, Fl\L.'"'C (1967) found :3 of S7 

feruUca (4.6 percent) l'rith large corpora. lutea ",-hich fl9eued to bs 

regressing and he considered thone to be c~scs ' or pseudopresn~ncy. 

~chleitner (1959) concluded that poeudopro,Jl1ancy l~sted about tlnce 

ea long as the reGUlar preiraplantation period, thus Flux es'tir'...3.ted 

a psoudopregnancy rate of 2.3 percent of pregnancies. In 407 litters 

in \'ihich some ova survived to implant Flux found a preimplnntation 

loss of 28.6 percent of ova shed. Tnus, tot~l p:ceimplantation loaa 

in thio study liaS ostirJatcd to be 30.9 par-cent of ova. ehed. R'3.czynski 

(1961.) found that preiJnp11lntation 108s in Europ~::m hnres of Poland 

'b-ao hieheot at the beginning and the middlo of ,the bre€ding SC3Bon 

(32-45 parcent in January and Fobrtlsry, nnd 24 percont in June) • 

. Investigations on the uild rabbit in ~.:;lruid (Brrunbell end Hills, 
I ' 

1947) ohmicd that prei.rr:plants tion 10s8 of l>mole lit tera was 8e high 



( 

aD 9.5 percent of ova shed, ~nd 1055 of soma ova in '8 1i.tter ' -iSS 36.5 
. - . 

percent, giving a total 1030 of ov~ shed of 46 percent. Brambe11 and 

Hills observed that 103B of entire llttezoi3 beforo inplnntation \-me 

hi@'1est at the boginning and €Ind llnQ 10m:~st at the height of the 

breeding season. Thero wes no detectable s~~eor31 vaJ'iation of loss 

in litters in "Ihieh some €ID.bryo3 survived. 

(b) Postimpl~ntation Loss 

Estimation of PODtimpL.'l,utation mortality is bsscd upon the differ-

ence bet'-Teen counts of implantation sites £md living embryos. T'ncse 

estimates .rill be biased if implantation site counto are not accurate. 

NS:'fBon (1964) noted in sno-'1Ohoo hareo that there Has no evidence of a 

decrease in mean number of sites as pregnancy proce€ded, indicl'..ting. 

that even sites of early roool'ptions relI'..3.incd vioible throughout 

pregnancy. In studiea of captive European rebbits, ~mich included 

laparotomies at several stages during pregnancy, Adams (1960) con-

eluded that only in CL\ses Hhere mortality occurred immediately after 

-implantation \lould the implantation sites have disappeared near full 

term (day 28). Loss occurring soon after :h1pJantntion to d·'3.Y 17 w<;}.s 
. 

represented by atrophic placentae, and 103s after day 17 resulted in 

dead foetu6es being present at day 28. 

In cottontcd~ rabbits Lord (196lb) and Evans et a1. (1965) esti-

mated postimpkntation mortality to be very 10'.'1. Lord fotmd 0 to 8 

percent ombryo mort.:,lity, and Evann ot ale found 5.2 percent of embryos 

in 13.9 percent of litters died before p~rtU1'ition. ' Both authors 
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ranarke:d tha t total litter r csorption t iUS l acking or very il1frG~uent 

in their studies, thus they were not c vZ':.oider :l.ng it in thei r est:i.ln3.toa. 

Evans et ale observed partial litter ros or ption ill 21~o 7 percent of 
I 

firs t pregnsncieD of the season nr~ in only 9 0 5 percc~t of subsequent 

litter s. 'Ynos e e5tiEates of post:1ru:olt.nt-J.tion Llortality BeGJil very 10".7 

but in nono is complete litter 1038 considered. 

Conmfay et al. (1960) docll.Tncnted ~ situa.tion l:ithin' a S\.!BJnp rabbit 

population in }ussouri after a floOd forced all a nimals together on 

a. GlD3l1. area of high ground. The :rmr.31o!l l1€ll:'e in the' nddstot bearing 

the first litter of the Deason. Partial litter renorption rat es re-

mined relatively eonswnt a.t 10 to 20 p erc(Jnt of ova ehed berOloe 

end after the flood occu.r red. Tota l litter rCDorpt.ion l'.laS 70 percent 

of Ovos shed in the first litter, and 46 percent in ensuing litters 

tha t season. Stress producc~ by the flooding nnd consequent cro1roing 
, 

se6mS to have played a very significnnt part here, minly through in-

creased total litter resorption. 

High mortality, rate3 ·in posti~lnntation stages h~ve b een found in 

furopean re.bbit. Br8mbe11 and Hilla (1948) e otkated that 35 percent' 

of litters a.re lost "in toto", with litter reoorption concent rated in 

early prognancy. Tne porccntnge of €mbryo3 b einz rC:3orbed wno 3.4 

froJ} 7--10 days, 24.1 from 1l~15 d3ya, 6.3 from 16-20 days, 2.2 frOin 

21-25 Gays llnd 1.2 from 26-32 days. J.fclhl' .. ,lino (1962) found r a30rpticn 

occurring in 53 percent of litters, invo1vinz 18 percclft of ova shod, 

with the gr&1.teot loss occurring in the first 20 days of pr egruncy. 
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i 
Brarubell (1948) ob3~r-{ed 1 .. 0 percent to 3.5 percent of embryos lost 

in (;urviving litters. 

In j a ckrabbits, Bro~on and Tic1l1ei er (195S) ODS Ol'Ved total litte~ 

resorption in 8 percent of litters i mpla nted, nona of \\'hich was older 

than half-term. Partial nnd tot.:'Il re30rpt..ion occu:cl"cd in 15 percent 

of all litters, in'7olvinz C·.percent of nll Cllbryoe. BlA6m~on e.nd , 

Tiemeier el~o reported ~n abnoT~lly high mo~tality rate follo~rlng n 

three day blizzard in Y.aT·ch, 1957 J ,,;hen 6 of 17 litters were in the 

process of being resorbGd or nborte~. Tie~3ier (1965) reported a 

ratio of 219 litters in C2.rly pregne.ncy to lS5 hnlf·-term or older 

(1/0.89), indicating 11 percent loss of entire litters. Of l~ litters 

in early stages of par t.inl resOl'ption, Tiemoier · found the size at 

death oxceeded hO rnm in 15 litters while in the ro..?ining 29, cmbryoo 

vera shorter than 40 rem (nppr-oximnte me~9Ur€ment for half-term ~mbl~o). 

ReGorption \-TaB occurrins in 3.4 percent of the less than ha.lf-term 

embryos and 1.7 percent of the half-term or older embryos, givill3 a 

total partial litter resorption rate of 5.1 percent of .embr.yos. 

European hares in Poland (Raczynski, 1961~) undergo very heavy 

postimplantation mortality at the start of the breeding season with 

a second intensification at mid--Deason. In January litters, 80 percent 

of implanted embryos ~{ere peing resorbed. The level fell to 6-10 per-
• 

cent from February to April, rose to h4 and 1.7 percent in May and June 

and ,.,as reduced agD..in in July, Resorption of entire litters in Nm·, 

Zealand Europe .... tn hares \'I.3.S eotiJnatcd (Flux, 1967) for the entire S0<lSOn 
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by comparing the numbers of litters younger (212) and older (181) 
\ 

than half-term, indicating total litter loss of 1466 per~ent of all. 

litters, or 14.3 percent of OYB. shed. Nine percent of o"\'a sh~-d. ,.,.ere 

lost by partial litter resorption. 

Keith (1965a) fo1lnd that two perceht of e'mbryos \'101'6 being rc-

so"rbed in Alberta snO"'r1shoe hares, this presUIIl.s.bly being a figur e for 

partial litter resorption. NEn-1s on (1964) estimB.ted 20 percent of 

~mole litters lost in an Ont~rio population. of hares, with the highest 

mortality between II and 15 days ges t ation. Postimplantation losses 

increased throughout the season, "nth 4.1 percent of litte~s showing 

partial loss in April, 13.0 percent in }~ay l'.nd 15.8 percent. in June. 

(c) Total Prenatal Mortality 

Brambell (1948) estim3.ted a total loss of ova. shed in the European 

rabbit of at least 43.3 percent, of ~nich 10.2 percent is lost before , 
implantation and most of the rest lost before half-term geste.tion. 

Expressed another ~ay, 35.7 percent of ov~ shed nre lost in litters 
, : 

. i 
which do not survive, and 7.6 percent lost from litters '·lhich do sur-

vive. 

Tiemeier (1965) estimated total prenatal loss in jackrabbits at 
I 

14.5 percent of ova shed (9.4 percent lost prior to and 5.1 percent 

lost after implantation), \'[hi1e Lechleitner (1959) estim2.ted 47.4 

percent loss of ova on the same species. , 

Flux (1967) estimated a total mortality of 47.5 percent of the 

ova shed, 16.6 percent being 10s5 of entire 1itter3 (2.3 percent pr~-
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a.nd 14.3 percent posi.ir.1plant) and 30.9 pe:ocent being partial litter 

10s:3 (21.9 percent pl'e.,. and 9.0 percent post.irLplant) in ll. European 

hare population in NtM Zesland. Toe Polish study of European hare3 

(Raczynski, 1964) indicat(~d that 90 percent of ova shed were Jost in 

the ~anuary pregnancies, with more thun half being lost at the second 

mortality intensification in }~y and June. 

Newson's (1964) snovlshoe hare da.ta sho;,l a total loss of ova. of 

about nine percent, with ~ix percent occUl~ring before iL"l.plantation 

and three percent after. Kei th 's (1965~) study shm'[cd slightly more 

than ten percent total pren9. tal mortality of ova ovUlated wi. t..l} pre-
. . . 

implantation losses of about nine percent ar~ post~nplantation loss 

of embryos at about tHO percent. 

Toe estimates of total prenatal mortality given here vary widely. 

Lech1eitner ·(1959) and Brambell (1967) ?oth found postimplantation 

loss of whole litters to be a very important mortality factor. Tnis 

is difficult to estimate, and several of the above authors have not 

tried (Nffi~son 1964, Keith 1965a and Tiemeier 1965), while the others 

(Brambell 1948, Lechleitner 1959, Raczynski 1964 and Flux 1967) attempted · 

to do BO. Huch of the disparity between the different est:im3.tes rr.ay be 

accounted for in this "ray. 

7. Reproductive Aberrations 

(a) Polyovulation ; 

In the European hare of New Zealand Flux (1967) four.d this abnor-

w~lity in 3 of 320 preGnancies (less than one percent), indicating 
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the occurrence of biovular follicles. others m3.y havo been m:lsked 

by prenatal rnortali ty • L~ tli e same species in E .... J.!'ope, RaczynGki 

(1964) found only two caoea, uhila Bloch and Stl-aUGS (1958) found 

only one case. In C\Xten3i vo collections of bl;lck-t!liled jackrabbits 

in Kansas, Bronson andTi~eicr (1958) iou~d ortiy C~9 ir~ogu1arity , 

\l."hich they concluded was. caused by either polyovulation or trano-

migrntion of ova. Allen et ale (1946) cotirr~ted that in Eu1~opean 

rabbits only 0.23 percent of ovulatione protluce t~'l'O ova, while 

Nm~8on (1964) found siX c~sei in the snowshoe hBro, five cases of 

biovular follicles and one CD.se of triovcl.ar follicle. 

(b) Trans:uigration of Ova 

Flux (1967) found thio pnbnomel1on in 4 of 320 (1.25 percent) 

pregnant furopean l'"area CJ.:Zlmined in Nm" Ze..."'.bnd, £'-nd Rll.czynsld (1964) 

observed only one case in the same species in Poland. Boyd, Ha.milton 

and Hammond (1944) and Brambell (19M~) st.sted that trunspcritoneal 

mi~ation of ova does not occur in r~bbits, but Allen et· al. (1946) 

found it in two percent of the litters studied, affecting 0.37 percont 

of ova in Hi1d European l"nbbits. NowBon (1964) rocorded tHO definite 

cases of this ebnonr.s1ity in enmlshoe hares. 

(c) Superfetation 

No instances of ne;-I irllplnntations occuring ""hile embryos are 
f 

developing l-fe~e rocorded by Raczynski (1964) in European hares or 

Bronson and Ticmeier (1958) in jackrabbits. Racz~1ski concluded that 
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this 'h'US of very l imit ed significanco in hare r eproducticn. 

(d) A~)LDnotrical Te3tea 

FltlX (1967) observed only one ~le Europ~~n r abbit of 636 collected 

(0.16 perc ont) "lhich had one sL-:.all testis (0.5 g) and one l arge te~tis 

(15.0 g). He suggested that this lfJ8.Y havt: been a case of cO~Tpl(lli1Gn-

tary growth, as the larger tes tis \-','a s h eavim- than any other rccordod. 

(e) Ectopic Pregnancy 

This phenomenon HuS again recorded only in the European hare where 
I 

Flux recorded t wo of 42$ pregnant f0~3les with one and two ~~bryos 

100S6 in the abdominal cavity. The females l1Gre other"\dse h eal thy and 

one had healthy embryos in the uteruo. 

(f) Unequal Distribution of ~~bryos in the Utel~s 

Raczynski (1964) fouild an even distribution of embr yos b ctHeen 

the horns . of the uterus through the l;hole season in Polish European 

hares. A total of 107 embryos were found in the right horn, and 103 

in the left horn, 1l.1though considerable differences ,"'Tere found b at .. ,een 

different months (V.arch, right 22/1eft 11, July 10/19). R:\c9ynski (1964) 

concluded that embryonic mortality did not se~n important in t hio dis-

tribution. Studying the eame species in Yugoulnvia, Valentinci c (1956) 

found that a great n.'I8. jority of the 33 feT!!.:lles Cxa.mined "lere gravid in 

the left horn. Several invcotigntions of jacl~abbitB have indicated 

I • 

that the left horn is more often gravid than the right (BronGon and 

Tiemeier, 1958, left hor n 137 embryos, right horn lqJ embryos ; Tiomeier 
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1965, left horn 602 embry)o, right hern 535 Oilbryos ). Aedcll (1964) 

. cleJ..Dled this to be charactc:ristic of I::.:lr~ rwr...;::li5. 

Flux (1967) U.:lD v.b1o to ncclp.·~tely count corpora lutca rro~ th~ 
, 

present Bnd previous preg:nancico of 157 fC<1::\la EUl'opea.n hares. or 

thosej 22 (14 percent) had ehcd ~oBt O\~ f?c~ the crumo ovary ,both 

times; 80 (51 percent) h~d shed more o~~ from the opposite ovary 

each time, and the rGrt:\ining 55 (35 percent) hi d eithor the old or . 

nGii corpora lutea evenly dividod. Taia inclicated a d~finita nnd 

significan.t tendency for o~ to be ched by nltcrr~te ovarie3, and 

hence for prc3nancies 'to occupy the uterine horns alternately. 

(g) PDeudopro~n::l.ncy 

The condition of pSE;udopre':;n!ll1cy cJ.n ~ifle in f!cveral \1ayo. If 

ovulation is induced in a fCIT3le ~nd fortilization of hor re1C3Dcd . 

ova doeo not occur, then the f~lo rrJy continue through n period of 
.\ 

pseudoprognancy before ovu.1.n.tion occuro again. Some fCIT.J.1e3 'tlhich 

lose the entire litter of i'crti1i~cd ovo boforo iIilplnntntion rr.J.Y 
-

nloo bo elcosed ~s pscudoprezn~nt for a period nfter tho loss. 

Lechloitner (1959) eot~~tcd this period to last about t~dco as lone aD 

the re3u1ar prcimplnntntion period in jnckr~bbit6. Indootificntion 

of p3cudopregn.:mc] ia difficult l'.I\d sOjJ\c~·rhD.t Dubjcctive, but involve3 

corpora lutc<l Hhich nppc~ 1.'lreer thnn th03e of the rezular prOilJplnnt::l.-

.tion st!l.ge, and lThich fIt.'l] appC2.r to bo in tho proceos of r03ro:Jsin~. 
. . 

vlight e.nd COJnvroy (1962), in !live yearn of extonsivE) colloctins of 

cottontailo, idontificd no caoeo of P36udoprcgnsncy, ~"nd conclTIdcd it 

, . 
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to be very rare. Flux (1967) €:stiJr.3.tcd 1'9ElUdop:i~Cgll~.nCY OCCU-'V'1'cd in 

2.3 percent of pregn.:'1.ncies' of Etu'opcan h<?.l'(jo in N::ni Zeale.nd, end 

Bronson and Tiemeier (1958) fOlmd no CD-see :1..n Kans.a." je.ckrabbitB. 

In snowshoe hares, pseudoprognanciea \,erCl csM.In3.t.ed by NC".>Toon (1964) 

to represent less than tHO pe:-CGnt of all llttcro. The C:lse:l found 

by Newson included t .... 10 f~jffiles .. mose uteri Here occluded by the In-
.. I 

, complete resorption of a previous litter, nnd at least throe f~~loa 

caught in late July and AUo"Ust lJhich ",rere potential fourth littozos. 

Some pceudopregIk'l.Dcies occurred at the beeinning of the brcGding 
1 

season in Nei'1ClOn'S study, as in April, 1961, ",:hen tuo pre~nt, non-

lactating, fer:lales 'viera collocted Hhich had older corpora lutoo Be 

well as · current ones. These must hava reprelJented either pseudo-

pregnancies or total litter resorption. 

8. Factors Affecting Rc:productive Par<?Jnetero and Survival 

(8) Seasonal Variations 

'!he proportion of pregnant adult f€J:iL'=l.le hares app..:.rently vnrios 

quite significantly through the breeding season. French et ale (1965) 

found a season total of 56 percent of r.dult j nckrabbits in Idcllo \101'0 

pregnant, but the greatest proportion (up to 100 p~rcent) were pro~nsnt 

in the early part of the season (February-April)" after which tho propor

tion fell to the end of the 8C-."\son. In Europe::m hares" Raczynski (196h) 
I 

found a similar trend, with l'.lmost 100 percent pregnancy fl..0J]1 l-b.rch t 'o 

June and a decline to 79 percent in August £md 17 percent in SeptC!ilber. 
, 

Green and Evans (1940c) found distinct ~e.:t50nal fluctuationo in 
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the proportions of snov[:Jhoe hs rcn vis ibly pr("lgr..3.nt in l·IinnoGota.; 

}Ic'1.rch 25~April 10 = 20%, April 11-29 = 81%, Apr il 30-1oby 7 r= 63%, 

lE Y 8-31 = 70-gaf" June l-July I! = 50-60%, end July 15-31 = 20%. 

Keith (1965a) and Ne;fson (1964) fO':ll1d si1'ililar seasonal variatio;;'lG 

in Alberta and (h1tario snOi,Dhoe hares • 

. There s eems to be e definito tendency for ov~lation r a t es and 

lltter sizes to increase as the bi'eeding Benson progro3Bes. Hclhro.ine 

(1962) found this to be true 1..'>1 European rabbits in Ne.'1 Zealand, the 

ovulation rate rising from a lCT.'-{ of 4.69 in Hay to e. In3.)'j.mum of 8.02 
. . 

1.."1 October, ...... rith a corresponding increL'.se in lltt0r size frOTl 3.82 

to 6.73 for the p eriod 1952-59. In black-tailed jackrabbits of 

Kansas, Tiemeier (1965) aiso found gr~t fluctua tions in litter size, 
I 

from a. low of 1.0 in Ja rruary to a maxirnllr.l of 4.2 in Hay and c. gr2.clual 

docrcase to the end of the s eason. BronDon a.nd Ticmeier ' (195g) in 

Kansas and French et a1. (1965) fO~ld similar fluctua tions in black-

tailed jackrabbit popUlations. 

The European har'o shoued this same pattern of sessonal variation. 

In New Zea le,nd the ovulation rate rose from a lc)\'1 of 1.0 in June to a 

peak of 3.g in NovCillber ,lith II slight docline to the end of the sroson. 

A similar pattern 1-Tasfound in Poland (Raczynski, 1964) except the 

Polish peak ovu.la:tion rate was higher, exceeding four in April, I-b.y 

Rovran and Keith (1956) noted a distinct tendency for the litter 

size of snoHshoe hares to increa se through the season. Bookhout (l965n) 
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agreoo \rlth this and shoHed an increase in litter oize fro::n 2.20 in 

May to 2.91 in July, \;l1ile Ne,'TSon (1964) noted lin incre-:l.se in ovulation 

ra.to from 2 in April to 3 or 4 in Ihy and a decrease to 3 in Juno llnd July. 

Prenatal mortality alDo varies a€Scol".aily. Hyers e.nd Poolo (1962) 

in Nc.'1 Zea.land and Bramhell lmd Hills (191;.9) in Er!Jllmd bot.h noted that 

mortality was greater at the bcgi~~ and end than at tho middlo of 

the breeding season of the European rabbit. Evnns et al. (1965) not~~ 
, " 

that resorption was " most co~on i.rl the ~ly part of the Se3.son for 

cottontails, "lith 25 percent of litters being a.ffected, ,:;hile only S.5 

percent of lnter litters were afiected. HorJvality in the Euro~0..-m lim-a 

also appears to be concentrated at the begilll'lins of the se.;}.son, ld.th a 

lesser high at the end, llJld a low at the pe3.k (Kolosov, 19!~~~Russin; 

" Raczynsld., 1964-Poland; end Flux, 1967-Nc~f Zealf>,nd). In contrast 

to this, N€I'lSon (1964) found that littel' rosorption in fl~~~TShoa hnra 

increased cos tho season progressed, rising frOIll a. 10\"1 of 4.1 pe?cont 

of litters affected in April to a high of 15.S percent in Jun~. 

(b) Anriua1 Variation and Effect of Population D0nsity 

}!n.ny investigators have simply noted that the pal'£I.I:leters of 

reproduction vary bet~/eon years, but very thorouzh invostigation of 

all variables is needed in understanding lihy theBe vurintions occur. 

For example, Hclhraina (1962) noted nnnua,l varintion of ll,s 'IllUch nB 

four weeks in the onset of broeding, and amiual variation in the 

proportions of juvenile and adult rebbitf) preznhnt in Ne"vl Zealand 

populations of the ~~rop~n rabbit, but did not investie3ta r~Gons 
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. for these variations. Hyers and Poole (1962) noted, with confined 

populations of the same ~pecies in Austrtilia, that fecundity decreased 

with increases in density thl'ough Rn increase in the resor ption · rate 

and an apparent suppression of eotrus behavior. In Britain the pro-

. natal mortality of this cpecics haa been noted ae varyirig bct~"e0n 

years and areas (BraJllbel1 and Hills, 19M~). 

French et al. (1965) studied a j ackr·a.bbit po~lation in I daho 

during a period' of increc.se from 1956 to a high in 1959, and a sharp 

decrease 'during 1960. Tney found that the ler~h of breeding s eason 

varied inversely to population density .. being 135, 130, 124, 120 and 

132 days long in 1956 through 1960. Similar relationships '\-,ere f ound 

between density and yearly figures for production of young per f elSl e 

(2.80, 2,32, 1.76; 1.20, and 1.70 for 1956-60) and prevalence of preg-

nancy (77%, 59.5%., 53%, 43.5%, and 49%~ 1956-60). French at ale (1965 ) 
I 

concluded that reproduction in rdiho ja.ckrabbits is c:ontrolled in a 

density-dependent fashion through the frequency of pregnancy and litter 

vize. Tnese t'·10 factors act independ~ntly on the populntion, and it 

was suspected that delayed onset of bre€ding was compensated for by 

a greater production of young Inter in the soa8on. 

}.fficFnrlane (1905) suggested that litter size of snmfshoe hares 

varied frOID year to year, with large litters in years of popUlat i on 

increase and small litters in years of decline. Preble (1908) ~ld Elton 
I 

(1924) supported this vim", but nona presented sufficient data to verify 

the p()int. Aldous (1937) gtudied hare ropulations in Hinnesota during 
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years of increase in 1931 a.nd 1932, .a peak in 1933, and a decl ine in 

1934 and 1935. He noted a gra dual doclins in litt~r size from 4 . 8 

in 1931 to 2.65 in 1935, with this decline st~rtLl1g s everal ye8.!"9 

before the peak y e.ar. Bookhout (1965b) found little yearly v.n.riation 

of litter size in Hichiga n hares, but his nverage litter sizo never 

exceeded 3.0 in any year , and the greatect change in aver age litter 

size b etlieen. years \-.u.s 1.0 young . Tre.pp (1962) observed that l itter 

size may vary ,dth chanses in population density in AJL>.al{.?Il huros , 

and Dodds -(1965) presented good evidence to eupport this rela t ionship 

in Ne:-;foundland. - Criddle (1938), Gre3n and Evans (1940c), Sovaraid 

(1942) and Adams (1959) found no correlation b.otHeen litter size and 

cyclic fluctuations in hare density. 

Conaway et a1. (1960) found an increase in reDorption of ~~ 

rabbit litters with increa sing popUlation densities due to flooding . 

}!JYkyt.o~,rycz (1960) and Chris til1n and Lenunyan (1958) reached s im11nr 

conclusions with experime~tal colonies of hUropean rabbits and house 

mice. This effect was not found in a study of a populati~n decline 
, ' 

in Ontario uno'/Ishoe hares (N~7.{Son, 1964). NE.'t-180n concluded that , 

juvenile mortality vm s the most important factor in a population de-

cline, concurring vnth the conclusions o! Green and Evans (19400) for 

hares, and Chitty (J.952) for W.crotus. 

ROtran nnd Keith (1956) suggestE1d tha.t reduction .in litter ~ize 

accompa.nies cyclic d eclines of sno,;;shoe hares, and their four Ye:lrB t 

data (19h9-52) around tho pa.2k year of J,.950 in Alberta suppor t this 
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suggcation. An extensi v0 s t udy in Alberta (1961·-.64) i ncluding a pzak 

year in 1961 (Keith, 1965a ) showed a great dccrea~o in tho ma!ln number 

of young per fenB1e per yC::Jr during tho t;,'TO ye:U-D of rnpid population 

decline 1962 and 1963 (13.0 young, 8.6 young, 5.9 youne, 11.9 yOUn3 for 
. ! 

1961-64). This rc-duced production of young 'tr?S due to a cornbir..ation 

of varj~ble8, incluillUlg o~uation r ate, incidonce of progn~ncy, and 

mean number of litters per f GB.le (m.?inly the influenco of a f ourt.h 
. I 

litter grouping in 1961 and 1964). Keith found a consUtnt r at o of 

prenatal mortality from yea.r to year, but juvenile and adult ID'J?t.!l.lity 
! 

changed greatly beb1Den years. Adult mortality \-13S found to ba l ens 

than 52 percent annually before the decline, and 83 parcent duri ng the 

decline. Juvenile mortnlity .... las ImTest in 1961 and hiehc3t in 1962 and 

1963, ~dth annual rates as high as 99 pe?cent. The cyclic docl ins in 

Alberta was caused by an approxiw~te halving of the r eproductive rate, 

a doubling of the adult mortality rate, and an increase of first year 

mortality to 99 percent. 

(c) Geographic Variation 

Lord (1960) observed that many specie3 of non- hibernating luge-

morphs and rodents ShCM an increase in litter size vlith incl-eaning 

latitude, and presented data to support this contention in cottontail 

rabbits. Barkaloii (1962) supported this thesis with data on the Bi'!2.tnp 

rabbit. Evans et ale (1965) found no correlation botween onset of 
, 

cottontail breeding and latitude, but their litter sizoo t ended t o 

increase from scuth to north. Lord concluded t hat the s electivo factor 
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in this situation must be severity of the Hinter, and associat ed winter 

mortality. 

Investigators study.Lng black··tailed jackrabbits have found con-

siderable variation in the ler~th of the breeding season and average 

litter size with latitude. In Arizona the jackrabbit breeds for a 

period of at least ten months (Vorhies and Taylor, 1933), in California 

the season is 242 days (Lechleitner, 1959), in Kansas it l asts 220 days 

(Bronson and Tiemeier, 1958), and in Idaho 128 days (French et al. , 1965) . 

The overall average litter size increases from a low in Arizona of 1.79 

(Haskell and Reynolds, 1947) and 2.24 (Vorhies and Taylor, 1933) t o 

2.3-2.5 in California (Lechleitner, 1959), 2.6 in Kansas (Br onson and 

Tiemeier, 1958) and 3.35 in Idaho (French at a1., 1965). Bronson and 

Tiemeier (1958) commented, however, that the larger litter size about 

compensated for the smaller number of litters, and the total production 

figures fro~ thes e ,areas were not greatly different • 
. 

Flux 0-967) made a compc.rison of mean litter size of the European ' 

hare and found a close correlation between litter size and mean annual 

temperatures, or latitudes. Utter sizes varied from a 10'1-1 of 2.2 

youug in the north island of Ke\of Zealand to a high of 2.8 in Canada . 

Keith et a1. (1966) summarized the reproductive characteristics 

of the snm'/shoe hare over its principal geographic range. The breeding 

season of this species has been shovm to be rew~rkably similar in ons~t, 

duration and termination over its "mole ranse ' (Table 2). The data in 

Table 3 shorr a distinct increase in. litter size from south to north, 
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and Keith et ale de::.:onstratcd that these differences are genetica.lly 

determined. Table 3 also ShOHS that the average number of youns Pl'o-

duced per f~rzle per year are greatest at the intormediate latitudes. 

Factors governing these variations in production of young are complex, 

and need a fuller explanation. 

(d) Climatic Effects 

Lyman (1943) observed that the onset of breeding is governed oxo-

genously by the increase in daylength and endogenously by a basi c rhythm, 

and he demonstrated that by altering the duration of illumination he could 

greatly modify both the sexual and moulting cycles of snowshoe hares . 

Bissonette (1938) and Bissonette and Csech (1939) induced modifications 

in the cottontail sexual cycle by altering the photoperiod. 

Severe weather has also been known to influence the onset of cotton-

tail breedinz. 1 • .,right and Conaway (1961) recorded a delay of four "',eeks 

in the onset of }~ssouri cottontail breeding caused by a series . of 

heavy snowstorms at the time of normal first conceptiom. In the 

Missouri incident of ~wamp rabbits being concentrated on high ground 

by flood waters, COn3.vray et ale (1960) found that ovulation r a te and 

partial resorption rates were not affected, but total litter r esorp-
I 

tion or abortion caused mortality in 40-60 percent of the ova shed. 

Bronson and Tielneier (1958) cited an ex~le of abnormally high 

total litter mortality in black-tailed jackrabbits of Kansas follo1nng 

a spring blizzard, "'hen litters in six of 17 pregnant ferriales Hore 
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undergoing resorption o 

stieve (1952), Siivonen (1956) and P~c3ynski (1964) suggosted 

that the atropean hare breeds earlier in mild than cold Hinters. 

Flux (1967) found a close and significant correlation between tho 

onsot of breeding and t€1llperature in this species in lk~" ZC:lland. 

Lechleitner (1959) found that the yearly precipitation cycle and 

vegetation depending on it influenced the onset of reproduction of 

the black-tailed jackrabblt in California. 

Keith (1965a) found that breeding st~ted progressively later 

from 1961-63 (Harch 31, April 8, April 14) and llatl ea.rlier again in 

1964 (April 9). He found no correlntion bet~'leen the earlinesD of 

breeding and daily temperuture l precipi~tion, sky conditions and 

snOii conditions. 

(e) Effects of Age and Physiological Condition 

Lord (196lb and 1963) found that the average litter size in 

cottontails increased with age to at least thr,ee years, varying fi'om 

a l~~ of 4.72 in juveniles to a high of 6.00 in three year old females. 
, 

The prevalence of prc.snancy also varied with nge, being 0.31, 0.77, 

0.70, and 0.68 for femaleo aged from juvenile to three years. FigureD 

for production of young per fcnale follo'l'red a. similar pattern d..46, 
I 

4.20, 4.11 and 4.08). 
• I 

Lord found an invorse relat10nship botHeen the 

. amounts of juv~nile and adult breeding.' 

In n confined population of European rabbits }.~ers and Poole (1962) 

found that older fer.alen had more and larger ~tt€ra' , and reduced resorption 
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losses than younger females. Hyers 'and Poole found no relationship 

bob'reen length of gestation period and either age of fe:nale or size 

of litter. In "rild populations of European rabbit HcIb-minG (1962) 
, 

. observed that rabbits aged 10-33 mon~hs had the highest ovul~tion 

:rate, those over 33 months Here second, and those less thnn ten 
, 

months old had the lOl'l6st ovulation rato. 
I 

Flux (1967) found in New Zealand populations of Europoo.n hare 

that 35 breeding juveniles had a much 10'lo1er mean number of corpora 

lutea (1.80),' implantation sites (1.64) and healthy embryos (1. 50) 

than adults (2.81, 2.55 and 2.21 respectively). Prennta1 mortR1ity 

rates appeared to be similar in juveniles and adults. Newson (1964) 

found a distinct tendency in sum'lshoe hares for ovulation rate to 

increase 'Iorith maternal age. 

Brambe1l and Hills (194g) found the loss of entire litters in 

European rabbits declined steeply with increased Tilaternal body "leight, 

and also noted that mortality of litters was greatest in lactating 

females. HcIb-raine (1962) observed that adult rabbits showed a 

distinct tendency to increased litter size ~dth increased maternal 

eviscerated Height. Lit.t'3:o'The varied from 5.33 in 1,100 g females 

to 7.0 in 1,900 g females. Juvenile females sho",ed no such pattern. 

A similar pattern of ovulation rate:'Ioreight was 'seen in snowshoe hares 

(Newson, 196h). 

x. Gno:/TH AND DEVELOPl.fENT OF TtIE YOUNG 

Snovrsh~e hare young arc born full~' furrod and .... lith open oyes after 
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a gestation period of 37 days (Hall and Kelson, 1957). \'lei ght of 

young vlithin a few hours of birth can b -a quite variable. Mescure-

ments in the literature have varied from 39.6 to 85.0 rr~ (Grange, 

1932; }~cLulich, 1937; Criddle, 1938; Severaid, 1945; Adams, 1959; 

and '!'l'app, 1962). ' Bookhout (1964) ll1'3.intained a colony of captive 

snm\fshoe hares in Hichigan and sa crificed 20 pregnant fern.3.1es (a 

total of 53 young) at various stages of gestation b "t Heen s even and 

34 daYB~ Bookhout used a combination of length, weight and morpho-

logical features of embryos to draw up a prenatal grm·Jth curve \'mich 

he felt vras accurate to ± one day ~ Kei th (unpublishc-d) used additional . . 
data from captive and wildreared hares \·rith that of Bookhout end un-

published Il'.a.terial of Joseph Dell (New York state Conservat i on Department) 

in the aging of hare embryos. Keith felt these data enabled him to age 

eillbryos quite accurately. 

Aldous (1937) believed that the period of parental c~e was short 

in snovTshoe hares. His observations in Hinnesota caused him to con-

clude that the young were completely weaned by one month of a ge . Grange 
. , 

(1932) observed that a cpptive second littor \'las nursed for six rTeeks 

to tvro months, although the young also ate quantities of greens before 

this time. Severaid (1945) observed in captive hares that young 'Here 

weaned in 25-28 days, although tenninal litters were often nursed up 

to 56 days. 

A number of investigators have publish ed data ' on the growth rate 

of young snm:sho,e hares (Grange, 1932; N.!l.cLulich, 1937; Severaid, 19l~; 

Adams, 1959; and O'Farrcll, ·1960). Thes~ gro",,-th curves Har e mostly based 
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on change in body weight. Keith (unpublished) felt that body "leight 

"TaO not sufficientjO and used a combinat i on of body 'Height rrith longth 

of the hind foot. Keith m de extensi"lre messuremants of grm·rth rates 

on captive hares and found ID:lrked diffel'€:nces bet"leen captive and 

"dId grmrth rates in body ",eight, hind foot . l ength and lens "Feight data. 

He modified the captive growth curve "d.th data collected f rom wildreG.red 

hares and derived a gro~~h cucr've based on body weight and hind foot 

length Hhich was accurate to 90 days of age. 

XI. FOOD HABITS 

During the spring and summer, ' with all the succulent vegetation 

available" snoHshoe hares probably have an almost unlimited diet 

diversification. Some plants have been singled out as import3nt in 

summer despite this great availability. Criddle (1938)" in }funitoba" 
I 

observed that the Gramineae, including bluegrass, broJ:;1e, t imothy" and 

the cereal grains were ~portant foods. 'Hembers of the Compositae family 

were also mentioned as being important, including Aster sPP." Taray~cum 

spp. (eandelions)" Balsamorhiza spp." and Ar~ica spp. Leguminosae are 

also important summer foods" including Hed.icD.f~ spp. (alfalfa.) " Trifoli'll2 

spp. (clovers)" and Vicia spp. (vetch). Other plants ment ioned 't!1:J~ e 

1!!Patien~ spp. (j ewelweed) of the Aceraceae, Splraea spp. of the 

Rosaceae, and ~hronium spp. of the Liliaceae (Gr ange" 1932; Criddle, 

1938j Adams, 1959). 

In winter, vrhen the arillual forbs die and 10'''' bushes become covered 

rTith snm'l, the snoHshoe hare is dependent on high bushes and trees" and 
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its diet is much mc,re restricted. Sevc.ra l lluthors have r anked food 

species for their impol·tance in the hares--;·rinter diet. Trembling aspen 
. . 

(Populus ~reffiUloides) and ,.rnite spruce (Picea jQ.auca) s eem to be the 

most highly utilized species over wide areas of hare range (Gr~nge, 
. \ 

1932- Hisconsinj Criddle, 1935·-Hs nitoba; Tra.pp» 1962- All:.ska j and 

Bookhout, 1965a-Nichigan). Bookhout mentioned the following species 

as also being highly utilized by hares: paper c?nd yellow birch (Betula 

~ifera and !!. allegh~iensis), "!hi to cedar (TIm.je: spp.), sugar JP.3.ple 

(~ saccharum), American e~TJ1 (tnJD~ ru!leri.£~), j a ck, red and white 

pines (Pinus banksiana, P. resinoss and P. ~~bicnul~s), bla ck spruce 

(picoa mariana), eastern hemlock (Js!1Sa canadensis), and beaked hazel, 

(Corylus .£2.!:nuta ). Criddle also observed high utilization of besked 

hazel, and mentioned the j~portance of bog bir~h (Betulu pillui~ ) , bur 

oak (Quercus ]l1.B. croc.ru~), wolf 'rillo .... : (~l;).cagnus com.mutata) and other 

willows (50.lex sPP.), hawthorne (Cratae~s sPP.), plum and cherry shrubs 

(Prunus sPp.), and most lesser shrubs in Hanitoba. 

Trapp (1962) also found willows, paper bjrch and bla ck spruce to 

be important foods ir:t Alaoka, and listed bo.:; l):i1bG1'~ (Va ccinium uliginosu.m ), 

Labrador tea (Ledum groenlandicum), rose (Ros~ a cicularis), a l dor (Alnus 

fructicosa), and balsam_poplar (Po~u.lus balfKl.~~) l),e being utilized 

foods. Adams (1959) observl.'!d that douglas fir (Pscudotsu.ga t .a.xifolia) 

and B0rberi~ repens 'Here the most highly utiliz ed foods in lftontana, and 

Dodds (1960) found that birch Has the most importent food species in 

N6' .... foundland. 
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Criddle (1938) noted that haros rnrely ate Hanitoba. maple (~ 
- . __ ,' ," " . t' (. 

~CtU:92), highbush cranberry (Y1bl~ ~:?ilobllP!) I &3.8katoon~barry 

(!Izt~chJ...££. !l-lrifoli~) or sncr.·rb9rry (§Y1n~':ErlcB.t.E.os ~1.:ius). }hcLulich 

(1937) ob::;erved that .. dId and ccpti ve h!U'cs refused to eat 9lint~a. 

bo!'cc,Jis. 

. . Bookhout (1965a) obsorved that th0 ~ean pellet dOpo3ition r~te 

of captiva hares Ln ~1ichigan \ 'laS 1;'6 per day, "lith a r~mge of 348- 535, 

arid he r;oted that fe-.... er P911ets '\-lere produced from the beat diets in 

his feeding trials. Adams (1959) observed roingestion of pellets on 

four occa.sions in tho ' wild, and on many occn~ions with captiva an~A1B. 

The pellot "!as takon directly from the anus, put into the mouth, chm·ycd 
; 

and 51·ml1e.-red. Lord (1964) obsorved the. t the cottontail rabbit's usual 

method of digesting its food, since it lacks a rum~n, was to reingest 

cortain food pellets to complete their dige~tion. 

Maclulich (1937) rcilorted that hares ",ould eat 'any kind of. frozen 

nesh, and Trapp (1962) concluded that they .... 'ould eat meat "Then it "rae 

available as carion. Hardy (1910) reported hares eating dead fish, and 

Soper (1921), Criddle (1938), and Seton (1953) ~eported hares ~ting the 

nesh of carcasses of all kinds inc1udiIJ..e other hares. Trapp (1962) 

and 1·b.cLulich both reported hares eating sand, sometimes in Inrge 

quanti ties. This is a common occurrenco in NGW Bruns.-rick in tho 

breeding season, and se€.ms to be done 1nrgely by progm.nt haros Mood 

and }lunro, unpublished). 
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, XII a POPLlLATION DYNAHICS 

1. Sex Ratios 

Sex ratios for the snoi'13hoe hara are given in Table 4, with COll-

I 

parative data for black-tailed jackrabbit and European hare i n Table 5. 

l·~ost d£,ta in these two tables do not differ oignificant1y from equality. 

O'Farrell's (1960) ratio for April, 1960, of 75 pGrcent males may be 

explained by the greater activity of males in the breeding seaeon" and 

was not a reflection of the true s ex ratio. Rowan C'.nd Keith (1956) 

found a si~1ificant change from a scarcity to a preponderance of males 

in a year of peak density and years of decline. HOHever, Keith (1965a) 

found no divergence from a 1:1 :rati-o in oither adult or juvenile ratios 

in extensive work from 1961-64. 

Flux (1967) found significant differential mortality in male 
I 

European hares in Nmi Zealand which is reflected in his data in Table 5. 

In litters '\-Thich suffered postimp1antat.ion mortality the proportion of 

males was 56.8 perc0nt (n = 81 embryos), while in litters "'hich ,suffered 
-

no such mortality, the proportion of males Was 53.8 percent (n = 132 

embryos). 'Raczynski (1964) found 55.1 percent wales (n = 49 embryos) 

in litters sho;dng embryonic mortality, and 50 percent males (n = 96 ' , 

embryos) in li:tters shOi.,.ing no mortality in Poland. 

2. Mortality 

Eberhardt et a1. (1963) observed that rabbits' have an extremely 

high mortality rate "Thich is a necessary corollary to a high r eprcductive 
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rate. Green and Ev~ns (1940b) observed annu&l adult mortal ity of the 

sno\-rshoe hare to averago ."1bout 70 percent per- annum over the period 

1932-38, although in the winter of 1937-38 it increased to t he leval 

of 97 percent, a rise of 50 percent over the levels of the pre\~ous 

winter, and returned to near normal i ll 1938-39. Green and Evans con-

cluded that adult mortality r emained r elE.tively constant t hrough all 

years of the study, but that great yesrly variations wer e s een ~~ong 

juvenile mortality rates (Table 4). 

Keith (1965a) found that adult mortality did vary between years, 

(Table 6). Adams (1959) found adult mortality in Hontana to be 78 

percent during a population decline, but studied no years of increase 

for comparison. Although Green and Evans (1940b) concluded there was 
, 

no change in adult mortality bet.-reen years of increase and decline, -

Keith cited the increase in adult mortality td 97 percent in 1937-38 

as evidence to the contrary. 

Green and Evans (1940b) concluded that changes in juvenile mortality 

alone vlere responsible for the population cycle which they had studied 

(Table 6). Keith (1965a) agreed; that juvenile mortality changed be-

tween years of population increase and decline, noting from age ratios . 
a high in juvenile mortality in 1962 which \-las 4.5 times higher than 

1961 (the year of peak de~sity). Keith observed that the mortality 

rate from the time of trapping (about 52 days of age) to January \oras 

relatively constant each year, and the differences in mortality occurred 

chiefly between birth and 52 days of ~ge (Table 6). Dodds (1965) also 
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noted a differential ffiortality of juveniles, citing a change in the 

mean proportion of juveniles from 89.1 percent in September ~amples 

to about 67 percent in October-December samples. Dodds concluded 

that the population decline from the 1960 peak in Newfoundland \·;as 

caused by increa sed juvenile mortality. Tiemeier (1965)" studying 

the black-tailed jackrabbit in Kansas, found variation from 35-85 

percent in juvenile mortality from birth to autumn, with a mean . 
\ . ~ 

juvenile mortality rate of 63 percent for this period. In cotton-

tails, Lord (1961a) found a 75 percent mortality rate in the first 

four months of life. 

3. Prec~ation and Disease 

Saunders (1963) reported that the N~dfoundland lynx consumed 

an estimsted 200 hares per year. Dodds (1965) observed that high 
I • 

lynx populations were generally correlated with high har-s populations, 

but that hare populations continued to increase despite the w2XimQ~ 

predation pressure exerted by the high lynx popUlations. Dodds cori-

~luded that predation by lynx was probably not a II"..ajor factor involved 

in the hare decline. 

~~clulich (1937) observed seven recently captured and confined 

hares die in convulsions from what he termed "shock disease". Adams 

(1959) observed the same phenomenori in five percent of adult tiares 

and 25 percent of juveniles Hhich he handled in Hontana.. Adams attri

buted this "trap siclmess" to hypoglycemia. OfFarrel'l (1960 and 1965) 
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observed death by hypoglycemic "shock" in 20 juveniles and no adults. 

These juvE:niles all ~eighed 200-300, gra"11s 1 and all deaths occurrCd in 

June; July and August. Keith (pers. comm.) studied this "ahockH 

phenomenon in Alberta, and observed that it '\-Tas characterized by a 

·drastic decline in the level of blood sugar. Wood (unpublished) 

noted that mortality of this type in Ner.'T Bi'unsHick occurred mainly 

in the summer and early fall, and mostly in juvenile hares. 

4. Parasites 
'. 

Table 7 summarizes data on common snowshoe hare parasites from 

various parts of the range. Booy~out (1965a) found that young snow-

shoe hares shm'led first incidence of both endo- and ectoparasites at 

about four .. reeks of age, and that parasite burdens could be consider

able, even in the youngest hares • . Some investigators have concluded 

that immature hares are mor~ susceptible to parasitism than adults, 
• t • 

but Erickson (1944) found greater infections of most species of 
I 

helminths in adult hares. Boo51oUt 1s (1965a) data showed that massive 

infestations bf young hares are possible, and he conclud~dthat such 

loads may have more dra.stic effects on young hares. 

Erickson (19M.) believed that Obeliscoides, Trichostro!}g¥lus, 

Nel1'.at.odirus, Passal1.~.~, Protostrongylus and Taenia were significant 

factors in hare mortality. HacLulich (1937), and Dodds and HackimTicz 

(1961) believed that Obelisoides was an linportant factor in hare declines. 
. --I 

Bookhout (1965a) found little evidence that ectoparasites were of any 

pathological sigr.ificance. Green and Schillir~er (1935 and 1936) 
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stated conclusively that ticks were prin~y vectors of tularemia, end 

concluded that the diseasa had an ~~ortant ~ole in the hare decline 

beb:een 1933 and 1934. Bookhout ob~CTved that the effects of mites 

and fleas in his study were negligible • . 
. I 

Bookhout (1965a) concluded that lungworms and stomach \,orws 

almo::;t certainly d&J\3.ged the ,,;e1l-'!:Jeing of the host ,,'hen infection ,ms 

heavy, and Nulticeps blisters shoHed indication of mechanical da.m.age 
! 

in some cases. ~ick80n (1944) pointed out that extensive parasitism 

of "Tild animals may not be acc()j:npanied by d6:Juonstratable pathological 

conditions, but that this afforded no basis for believing the parasites 

to be harrr~ess. Bookhout concluded that the most subtle influences 

of parasitism may be inconspicuous, but nO~0the1ess of paramount 

importance to the infected host. 

5. Population ~~c1es 

Hairston et a1. (1960) sumarized evidence to shoH that popula-

tions ·of herbivors are seldom food limited and most often predator 

limited. They concluded that herbivors are not likely to compete 

for common resources, and thus are not lLiuted by resources in the 

classical density-dependent fashion. Hairston et a1. disrr~ssed 

popu13.tion control by the vaearities of the Heather, which was 

subst'antiated in studies of snol'Tshoe hare (Keith · et a1., 1966) and , 
I 

black-tailed jackrabbit (French et al., 1965). 

Christian (1956) produced evidence that cro~dine alters t~e 

reproduction of young mice, thus llnp1icating social-psychological 
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f actora in population control. Toa mechanie.m l res not clear , but \las 

evidently density-depenrle:nt. F-.(' ~nch e:t al" (1965) found ch~.nging pro-
\ 

\ 
ductio!l of young in a bhck~u..il€d j ackrabbit popul2.tion to be d(ln~ity-

dependent. In their stll~~ food arid predation '\1Qro not li.-:rl.tin$, end 

die~se a.nd parasites did not seem to effect tho \loll-being of t he 

population. Frenell et 801. concluded that a socil'.l~p9ychologica1 factor 

or so:ne other ID.al)ilos tation in intra specific c O"'"..I!?ctition \ )"as limiting , 

the j~ckrabbit population in e density-d0pendont r~~~er. 

\ 'ilic fJnoushoa hare :ts 'Hell kn01m for the ~atinct C:'..nd ,r egular 

cyclic fluctuations in populntion don8itie~ it displaye. Keith (1963) 

rOvi{;;1€d data. from siX Canadian provincos and tho Northuest Territories 

lLTld calcul.ated the average time uetvieen cyclic high8 1l.8 8.3 yenra end 

10ii s e.s 8.9 yez.rs. T'noa6 cyclic fluctua.tions can sholf an:.:l.zing o..--dremes. 

E3tiIates have ranged from as 10i'1 a.s one haro per square mile to ns 

high a.s 30,000 he-res per Equare mile (Keith, 1963). The caUSC93 b al-}ind 

this regular ~..nd incred1b10 cyclic pattern remain one of the biggost 
- - -

~stories in ecology. 

Criddle (1938) serf no evidence of Vl'Xiatlon in birth r a t os bot1ll3en 

years of increasing and decreasing nbuncknce, and attributed the inel'e.?sea 

in donsity to a.n abs ence of ticks and disea se. J.1acilllich (1937) observed 

that reproductiva output (rrsinly litter size) changed in relation to the 

change in populntion trend, but considered that this alone coul d not 

bccount for the cycle. Ci.teen and Evans (1940c) denied a variat i on in 

reproductive output with population trend, ~nd cccountcd for cycle~ by 
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cha.nsos in juvenile survival rates. · Doddo (1965) concluded t.'1at nGither 

the docline in l"c.'Productbre r 's.ta nor the disPl'opor tionate cox ioatio 

favoring ~le8 \ll1ich he observed accounted fully for the bh arp populJ.l

tion decline iIi Ne~lfoundland in 1960. : He concluded the decline \;"J.S 

.cc.uoed by a grE'at decre.?ce in juvonile GUl'viv.l1.. 
I . 
I 

Keith (1965a)conc1uct.ed a D!ost extonsive study into the pTob1e..na 

of this cyclic species und concluded that the fluctuations are the com-

bincd result of . a variablo reproductive rate, including lit~er si~e, 

number of litters, and incidence of pregnancy, vari~blo adult mortality; 

nnd v-ariable juvenile mortsli ty • 
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LOCATI01J Mm DESCRIPTIO)! OF AREA 

'Ihe I!'.~jor portions of t...0.is study ~~.-J~ be conduct~d on a 5~ acre 

study area at the Acadia Forest ~eriment Station ncar Fredericton 

in central Nor Bruns.-rick. Co~l€rr:6nv...<o.l7 data relating to cert--Jin 

aspects of sno' . .;shoe hare ccolo3Y i:rlll b,o gathered ~ .other arC~6 of . , 

N~;i Bruns.rick, nova Scotis., end Prince. Ed.· .. ~c.rd Islv.nd. \'1oz-k effort 

\Jill be divid~d a.PPl'oxirl'9.tely 75% in contral lk'.., Bruns-wlck, nnd 25% 

in the other nr€.::.s. Thentudy l'xess \1i11 be further dofinsd at a 

lBtm- dnte ,,:hen logietical problc.:£!8 l"olntcd to the gathering or data 

have.been more fully lnvestigat€d. 

ME"IlfODS 

'ibis study has bee:1 designed in thrGG be-alc okzsa, as ' fo110:'13: . 

1. Li va 'Il-apping Pro~~ 

An extensive PTogram of liva truppin,g iEl plnnn€d for cent,ral N Cd 

BrunmTick to yield da tn on population density, reproduction, ego end 

sex ratios, mtallty, mort.!J.lity, I1?vCJJlents, groHth of young end body 

condition. Population dGn8ity 'Hill be csti.m:?tsd by m.9..rk-rec~pture t echni-

ques in the vpring before young h~vo become ective, llnd again in the 

'llutumn after reproductio:a h0.s ceased end aD_ young are of tra!J:lb1e v.ge. 

Li va trepping rrill also be carried on poriodic:?.lly throughout the bro:::ding 

Beacon. 

2. Collection end Poot-:r.oz-tC!:l EY..ami nation of Spocirnen9 

Periodic sa.rnpling of ho.ro populations trill bo Ji:ado throu.Shout tho 
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Oo:'.Bon. Ca~c[,.S808 will bo thoroughly o:mmined for data relating to 

roprod~ction, gromh of young, body comUtiona, aga and BOX co::wooi-

tion, p?!'c.si tes and diB~se. Considerablo offort lrl.ll be e:'Pond~d 

on t~king a l..?..rga sample ~ch year in cont!'al l:ml Bruns-..ri.ck in ordor 

to Gtudy in deteil the above listed parc..~etera. Collections will c.1so 

be l:.2de in other p3.!"t~1 of Nc:r,'l Brunmr.ick, Prince Echmrd roland end Nova 

Seotin for the pur~ose of .studying regir~ \~riations in reproductive 

3. Food Habits and Habi~t ProferonCC3 

A Eerics of perlilalwut qun.rter"",.nl.aCl~o plots will be established 

on the study area at Ac~dia Forest ~~~riccnt Station. Poriodic co11oc-

tion of haro fecal ' pellets frem these plots wl-1l yIeld data on habitat 

utilization by h:U-Bn. These plots ''lill e.lso form tho baois for otudy 

of l'rintor food h3.bits of harco and lh"!gulates each spring, and ll.!1~1y9is 

of vegutative composition of the study area. Hubitat utilization in 

lTinter months will be studied by n~ns of track counts 011 a. number of 

trc.~ectB in the otndy area. 

110re w:tensive inveeti~2.tion8 of hnro damage to the regoneTntion 

of cor:::Ttlercially V'J.luo.ble tree specilJs in cDntrCll Nu;l E:rlL71ffidck are tioo 

planned. Tnis phaso of the Hork "ill be inte~ra ted loTi th other studies 

of bro~'7Blng and forage production being ct'.l'l'icd out under Project 1-:2-5-3. 

Reported incideuts of extenGiv~ hare darr~ge to habitat nnd e~p3cially 

to foreotry valueo Hill be ;tnveDtigatcd whenovcr pos3ible. 
I 
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MATffiIALS AIID ~uIPHEirr NEEDED 

1 S·l;.a.tion Hagon cquiPPDd for a11-m~~thor use. 

1 Uotorized toboggan of the "oki-doo" varioty. 

150 Live traps - Nationa.l Live Trap CO. I T01l'.3.hmrk, Hisconain. 

1 20 g~ge/.22 rifle collecting gune 

1 'l'l'iple beam balance ace. to 0.1 Gm., cap. 2,500 gm. 

1 ~~21ytical b~nce, acc. to 0.1 ~g. 

1 Drrlng oven. 

1 Refirgerator. 

1 Freezer. 

1 Compound nrl,croscope. 

1 Binocular diDsectiU3 Bcope. 

lfioceD.aneous pioces of field and labor(;.tory es:quipment 8Jld chc.ud.cal 

eu,ppliea. 

lJoto: Host of the ~jor item:3 requirGd arc nO'i>l , available at tho Fr6dcricton 
~ , 

headquarters (C.ll.S.)1 or h~ve boen orde:red. 

PERSONNEL AND COOPERATION ~UnlED 

The logistics of thio otudy, e.8 plD.nned l are ouch that project 

le2.dcr T. J. \'Tood will nero the full-timo asoistanco of a H11d11fo 

Tec..hnician l plus a ottident asoiGtant. o3.ch sununGr. It is hoped that 

c02plcto portions of this study c'an be contracted to graduate ~tudcntD 

llorldng for 1~3ter's degrees at universitie3 in the region. 11r. ~t3.l1 

H!.~'l1'"o .. a attld.en't. of Hr. Bru~o \vright, Northe.aot \'lildlife Stnt:f.on; 10 at 
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present cr.rrying out a s tudy of the repl"oducti va biology of the snO:l-

. 6hoe h~.re for a ¥!3.8ter's the2is as part of thin project. Hr . J.~unro 

'bi.ll .carry out the t:Collection end Post-mor tem E..~IUtion of Specin~nsll 

pns Gc of th1.a project in contral N0~ Brun31Tick during thG 196B brG2ding 

S e::l.80n. 

To f ncUitate a study of the reproductive biology of t he sn01T8hoo 

haro throughout all of the }!:l.ritime provinces, an effort will be rr....1.da 

t.o hire undergz-aduate studentn on contract €?ch year in PTince Ecl.iJard 

loland and Nova Scotia, \'Those dutios lTill include the collection nnd 

O""....mimtion of hare ce.rC.3.6SeO during the brecdin2 eoason. In this \,.,.-ay, 

regior31 differences in such factors ll.e onset end co~sation or breedin3, 

litter O~0 and litter nu:;ill)cr "Till bo studiro. 

DtfRA TIOlJ OF THE paO-JEeT 

'Ibis study haa been des igned to last foUl" y~s. !ntclloive field 

'Work \--rill be carried on ~hroughout the bro~ding c~son (Fcbru-:u-y through 

.August) for four years, 1965 through 19'71. Ler:l S e..xtensive f ield il1vecti

ga tiol"-B are also plannod tor fall and winter periods during t he three 

lJinters of 1963-69 through 1970-71. A coraplotion report for this 

project will be pr~srcd and Dubmitted by the fall of lCf12. A more 

co;npleto ochedule of these plans llUfst await a docision on the BlLOunt 

of m3.npm·rer ausis"tance to be ~de availnble. 



( 
Al:'FEODI X 

- ( 



o 
l 

300 600 
r , bLHd 
MILES 

77 

1 qr, ') " ' . . ~ 



7a 

'I'ahle 1. Size of Home Range of the Snowshoe Hare 

.' 

Source Home R,;.nge in Acres 

Both Sexes Adults Juveniles 

Male Fenlale Hale Female 
, 

~)eton (1953) bushy areas 20-30 
open woods 40-60 

Grange (J <JJ2 '.iisconsin 10 

Keith (]G' C; ) ., o,a Albp.rta 5-40 

Ad:3.r!IS (~Q~ (1) 
J. ,) " }·ilJntc-i~ \.::t 25.2 18.9 ]2.6 15.3 

Bider (1'361) ~;" lebec 18.2 7.0 

Bookhout (19(')a) hic;1igan 22.5 17.3 

O'rarrell (196-0 )-:' Alaska ]4.5 14.4 

Trapp (19U) Alaska 12.1 14.1 

-!:- Dat.a rec:3.1cula ted by Trapp (1962) 
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Tablp. Il o ' ;)at.f;s of Conception of the Snovlshoe liare (Keith et aL, 19€-6) 

ii p.13ion, years · s t udied Dates of Conce]Jtion 
Reference First Litter Grouo 

Average Farliest Latest 

Lintereur (llnIiub. ) - 1965 April 7 
~1iscoTisin 

Rookhol1t (19(,.5b) - 1959-61 . ' Ap. 1-15 Ap. 3-10 July 6-30 , Michigan 

! Aldous (1937 ) - 1931-35 Hal'. 14-::- Jul y 26-~-

I 
Einnesota 

r.reen & Evans (19/,Oc) - 1932-38 Ap. 4-18~:-
Hinnesota 

:-: e\'lson (196/j) - 1 959-e.l /\p. 11-17 HAr. 30-Ap. 3 July 
Ontario 

.\darns (1959) - ] '/ :;3-54 Ha.r. 24-Ap. 7 Ear. 13 
Hontana 

T)orlrls (1965) - ] 'Yh-62 Ap. 4 Aug . 
Newfoundland 

Cridctle (19.3 8 ) - 1923-35 Ec r. 
Nanitoba 

24-Ap. 7-!*' Ear. 15 Aug . 

: :ochhaqrl: ('l;:Pllh. ) - 1943 
Nar..itoha 

ilp. 4 I-hr. 24 

:-Ieith p.t ale (19(,t. ) - 1961-65 
AJI-)crta 

Mar. 31-tlp. 14 fYi;-lr. 27-Ap. J ,Junc 

[(OHan f'~ Keith (J ':')t) - 19l~9 ·-5:? Ap. 1 Aug. 
hn:i. Kei.th (unpllh. ) 19%-57 

AJ.b!~rta I I 

'I'ov~ ~! ('.HII'~!b. ) - 1~/55-5f) 
A1Ciska 

Ap. 2tS-30 Ap. 18 J une 

Trapp (1 ~II.~) - 195~-t1 Ap. 8-22* ;tp. 10 <Tune 
AJ-3.skC"1 

,':- f'atp.~ p.stim:lted pv Keith et al. (1966) from infonw!tion in separate 
p~Fers 

13- 26 

, 

3-4 

17 ~<-

2 h-<Tllly 
I 

15 

30 

29 

2 



Table III. 

Reproductive Output of the Snowshoe hare (Keith et al., ,196~) 

Average Litter Size % pregnancy Hay-July 
(embryos) indicated by: 

~egion, Approx. Latitude, First Later .l.!ax., Embryos Corpora L. 
Years studied & Reference Litters Litters & Embryos 

~isconsin, lat. ~5°, 1965 2.20;:. 3 9~c 4 
Lintereur (unpub., in 
Kei~h et al., 1966) (10) -
~ichigan, lat. 46°, 1959-61 2.83+ ? 5 60 
800khout (1965a) (48) (60 ) 

~:innesota, lat. 46°, 1931-35 2.04+.15 2.79+.04 7 
Aldous (1937) (38) (194) 

t-:innesota, lat. L~6°, 1932-38 2.40+-.11 3.17+.15 7 59 
Green ~ Evans (1940 c) (45) (36) (158) 

C~tario, lat. ~6°, 1959-61 2.38+.05** 3.48+ .0 5-:1-:l- 6 88 
~T e .... ·son (196~ ) (225) (433) (362) 

lv:ontana, la.t. 4Ro, 1953-54 5 77 
Adams (1959) (53 ) 

Ontario, lat. 4~0, 1933-35 2.25+.22 3.39+.24 6 
?i.acLulich (1937) (12) (fj) 

-

Litters/adult 
Female'year 
Av. l-iax. 

2.1&2 4 

~ 

2.35 3 

4 

2;94 3 

"" 

-

Av. young/adult 
Female/year 

. . 

6.5 

6.8 

6.3 

8.2 

CXI o 



Table III. Cont'd. 

° 2.77+ ? 4.23+ ? 8 73 93 3.20 4 Ne'",foundland , Lat. 4'1 ,. 1954-~2 . 
Dodds (1965) (15) (J (4) (117 ) (117 ) 

;'ir3!"litooa, lat. 50°, 1923-25 2.52+.(}9 4.21+.12 8 5? 
:::rirldle (1\}38) ( 5A) (42) 

i' anitooa, lat. 50°, 1'143 3.4~.27 
Hoch baurr. (un~)\1 b. in Keith 
et a1., 1 q66 ) (10) 

\~aClitoba, lat. 51°, 1933 4.18+.21 
~'acl ,IJlich (1937) (23) 

I 

Alberta, lat. 54°, 1961-65 , 2.71+.13 4.49+.15 9 70 1· 3.i5 4 
Kei th et al., 0-'-jo6j (45) (87) (266 ) 

Alberta, lat. 56°, 1949-52 2.88+.26 4.06+.14 7 69 2.75 5? 
z· 1':56-57; Rowan and Keith (9) (63) (100) 
(1956) & Keith (unpub.) 

° 4.91+.17 Alaska, lat. 60-65 , 1937 7 
Fhil ip (1939) (44) 

~laska, lat. 65°, 1955-5~ 3.72+.23 4.33+.13 7 

~ 
1.79 3 

~Qvey (un~ub. in Keith (i9) , (8S) , (1l8) 
et al., 19(6) 

Alaska, lat. 65°, 1958-61 4.63+.50 57 1.68 3 
Trapp (1962 & unpub. in (8) (78) 
Keith et al., 1966) -

* Confidence limits represent + S.E. and numbers in parentheses indicate sample sizes. 

** Based on Corpora Lutea counts rather than number of live embryos. 

'" 

12.2 

12.8 

I 

10.5 

7.2 

I 7 ;8 

-,. 

~ 
!-J 



Tab} e IV. Snovlshoe ~are Sex Ratios 

Total 

AJ dous (JY~7) KinoE:sota - increasine & 5h%-:l-
; peak popu) a tian densi ti. es (1625) 
I 

53.6% rehb (]937) ~"i nnp5ata - pf'-ak 
papuJation <l8nzit,f (3930) 

C;f'-veraid (1942 ) - Eaine 
hirh popllJati.on 

;·iaclulich (] 937) Ontario 47% 
(269) 

;:'odds (1965) Ne"lfoundland 1954-60 5X; 
(854) 

O'Farrell (1<)60) ~]aska - low density mean 53% (207 ) 
April 1960 75'i> (114) 

Trapp (1962 ) AJ.aska - low density 
}jay ] 960 - November ]961 

, 

!\,.iaJIIS (1<)59) r·jontara 
decJinine population 

rWwan (I Keith (1l):-6) H.lbtrta 
1949-50 - p eak density 30.3% 
J.950-51 - decline 60.6% 
1<j5J.-5~ - decJine 56.9"/ 

-/;- Expressed as pE'rcentaee of males 
Figures in parentheses are SM' pIe sizes 

Adult Juvenil~ 

49.3% 51~. 6:l: 
(219) (119) 

52% 54% 
(496) (58) 

48% 4$% 
(2).9) (504) 

.58% 
(101) 

l 

: 



Tab1= V. Sex Hatios of Other Hares · 

, Total 

mack-tailerl jack rabbit _ . Kansas 50. 4~~·::· 
TierneieI' (19(>5 ) (2627 ) 

r'.l.Iropean hare - Nf'lof Zea1ann 45% ,. 

FJux (1967 ) 
Canada - r:· eyJlo1ds (1952) 52.1% 

(142) 

Yueos1avi.a - Val ellti ncic (l lJ50) 52.5% 
\ (61 ) 

Switzerluncl - F'ra£uglione (1961 ) 4~.3% 
(89) 

Pol<!.nn - Raczynski (19611 ) 52 .l~; 
(764) 

.;:. Expressen as [p.rcr.nt::l.[',e of Hal PS 

Fietlref\ in parentheses are sample sizes 

<Tuverd.1e 

52% 

Embryonic 

4g. 5~~ 
(262) 

54.% 
(213) 

51.7% 
(H5) 



Table VI. Mortality Ro. tes in the ~'1o...:shoe Hare 

Green & Evans (1940b) - Minr.esota 
increasing 1932 
peak d~n5ity 1~3J 
declinine 1934-37 
increas~ng 1932 

Adams (1959) fiiontana 
declinine density - 1953, 1954 

i\eith (1965a) Alberta 
i.ncreasinE 
declining; 

Annual Juvenile 
Mortality Rate 

50J~ 
77% 

? 1, ~2, 88, 92% 
8% 

91% 

~2% 
98-99% 

Monthl~r Nortali ty 
Birth - 52 days 

33% 

51-55% 

Nonthly !';ortali ty 
Birth - 200 days 

26;{ 

35-37% 

Annual Adu J. t. 
Fortali t~r 

7~ 

78~~ 

52% 
83% 

0) 
~ 
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Table V~I\ Parasites of the Snovlshoe Hare 

1. Cestod.es (Tape,.,.orr.,s) 

CgtuT.'lenia nectinata - adult form SCi:i.rce in Ontario hare's (1), infection 6:f ivii!1nesota hares (2) 

TA.enia risiforTiClS - Cysticerci larval IbJadders" lnrect: h4% O~tario hares (1) 

42% Michigan hares(3) 

Vul +,icq,s seriali '" - CoemJri larval ' "blisters" ' infect: 'les's' than 10% Ontario hares (1) 

6% Mbnesota hares(:?') 

8% tr.ichigan hares(3) 

II. Nematodes (Roundworn~) 

O.32~: Newfoundland hares(4) 

common in Alaskan hares(5) 

Adult td.pes--found in 2 adult and 2 juvenile hares in Michigan (3.); none found in 

Newfoundland(4); common in Alaska.n hares(5) 

!richuris leooris (Whipworm) found in Ontario, '(1) infects: 53% of hares in Xichigan (J ) 

27% in Minnesota(2) 

Nf'!rr.atodirus triangularis - found in Ontario hares, (1) infI'>.0t~. 13% ~;ich iean hares O) 

ProtostrongyJus leporis - found in Ontario ~ares(l) 

Trichostrong,vlus calca.ratus - foun~ in Ontario hares (1), 

20% r.linnesota hares (2) 

infects: 86% of Michigan har~s(3.) ' 
. 30% of Minne~ota-hares(2) 

0') 
\J: 



'l'able VII. -Cont 'd. -

Gbel iscoides cuniculi (Stomach worm) - lOC~i; infection in Ontario hares (1) 

96~ in ~iichigan (3 ) 

58~ in Newfounrlland(4) 

Inf ection spott:r iT) Alaska (5) x, (f,) 

Passalurus ambir'lU5 - \)ccurred in Ontal'io (1) J infection = 12 " i 'h' h · · (1) u ~ n M1C l~an ares" 

27d!' ", ~ t h' (2) 
- ~ 1n Mlnneso a ares 

':!ellcornia evoluta - identified in one Ontario hare (1) 

S;vnthet.ocaulu s lep0ris (Lungv.-orm) ...;. occasional occurence in Ontari~ ('1) 

Protost.ronp:ullls boU!:rhtoni - infected: BJ1 of hE.rf'!s of i!estern Canada (7) 

4.4% iii t<1ichigan (3) 

42% in N8W York(8) 
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~ sp. - feriiale mosquito in:ientified on Ontario hares(l) 
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, (11 
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( . '6 ' 

Fleas uncommon on Kichigan hares 3) (7.5%), abundant in Alaska \ ) 

(1 )1>iacLulich (1937) 

(2)Eric~son (19h4) 

(3)BoOk~out (1965a) 

(4)Doods and Mackiewicz (1961) 

(5)Phi11iP (1938) 

(6)Trapp (1962) 

(7)Boughton (1932) 

(8)Gab1e and Dougherty (1944) 

(·9) Adams (1959) 
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