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ABSTRACT

A segment of a continulng study of Snowshoe Hares was conducted
from May 1960 to November 1961, near College, Alaska. Objectives
regarding home range, reproduction, behavior, age~determination criterfi;
and census methods were achieved by live-trapping and snaring.

The Schnabel (Krumﬂblz) formula and Petersen ratio for estimating q
population size were invalidated by differential trap response. The
calendar graph, Webb strip-census, Hartman toe-clip ratio, pellet count,
and road survey all proved poor or useless as-useﬁ during this $tudy for
estimating hare abundance in this area. An Increase in hare sign in
marginal habitat between 1958 and 1961 indicated an increase in popu~
lation density.

Some hares were caught many times in succession in the same trap.
Many more ivolded traps, some for periods of nearly two years. Inclement
weather restricted movements of hares.

Adult and juvenile sex ratios were 1:1. The season of births
extended from mid-May to early August. There was a mean of &.6 f;tuses

per female per pregnancy.

Hare parasites noted were: Mosgovoylia pectinata, Taenia pisiformis,
Dirofﬁlarla scapiceps, Obeliscoides cuniculi, Protostrongylus boughtoni,

Heemaphysalis leporispalustris, and Hoplopsyllus glaclalis,
Exclusive~boundary-strip home range decreased significantly at the

.01 level from 14.5 acreas at a low p&pulation density to 13.1 acreas at
a higher density.
A juVentle female hare made the maximum despersal movement noted,

1.6 miles,



Snow collected on vegetation formed winter cover for hares.
Hares used burrows occasionally.

A sound resembling a low click (htch") was observed in hares.

Possible displacement behavior was observed in hares.

Two litters were found in simple degresslons in the leaves, and one
in a nest-like form. Leverets less than 24 hours old could move from
their place of birth.

A hare's foot color cannot be used as an age criterion in Alaska_'
in summer, since adults may have brown, white, or mottled hind feet.

The epiphyseal groove appears to close at approximately seven months.
Juvenile males can be recognized until December by a short, stubby p;nis,
and juvenile females by a short, blunt vulva and lack of palpable teats.
A combination of body weight and hind-foot length is recommended for
determining the ages of juvenile hares. A lens weight of 160 mg. can be

used to separate hares less than a year old from older hares.



INTRODUCT ION

This study is second In a series of ecological investigations of a
subarctic Snowshoe Hare population which was originated In 1955 by the
Alaska COoperatlve Wildlife Research Unit as part of a long-term study
of the patterns and causes of hare population fiuctuations In Alaska.
Thomes P. O'Farrel]l studied a hare population on a 160-acre plot two
miles north of the Unlyerslty of Alaska, from June 1958 through April

1960. 1 studied the same population from May 1960 to November 1961.

Lepus americanus macfarlani Merriam is the subject of this study.
(Madmal names are from Hall and Kelson, 1959.) According to Hal]‘ﬁnd
Kelson, this subspecies Is distributed throughout Yukon Territory; a
large portion of Northwest Territories; the northern half of British
Columbfi; and Alaska, southeast of a line passing approximately through
the following villages: Arctic Village on the south slope of the eastern
Brooks Range, Kokrines in the Kokrine Hills, Takofna in fhe Beaver
Mountains, Itulilik on the Holitna River, and Togilak on the p&rthern
coast of Bristol Bay. There are no Snowshoe Hares on the Alaska Peninsula
west of the Naknek Lgkg region. There have been hares on Kodiak and
Afognak Islands since they were transplanted there in Ié3h (Elkins and
Nelson, 1954). In 1954, Hares were transplanted from Kodiak fo Woody and
Long Islands nearby (Ibld.), and Hensel (1960, notes on file at Alaska
Cooperative Wildlife Research Unit, College, Alaska) introduced some
hares on Deranof Island. These transplants have been successful,

Several transplants made to the islands of Southeastern Alaska were not
(Elkins and Nelson, 1954). Hares are absent from the Southeastern main-

land, except on river deltas such as the Stikine and Taku, Elkins and
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Nelson also mentioned that there Is a population of hares on the moraine
of Mendenhall Glacier and adjacent portions of Douglas Island, near
Juneau, Presumably this isolated populqtlon resul ted from a natural
movement of the species from the Interior.

Lepus americanus dalli Merrism is the only other subspecies of
Snowshoe Hare in Alaska and is distributed to the west and northwest of
L. a. macfarlani. Its range extends to the coast, north to the Brooks
Range, and south to the lake-dotted Kuskokwim Delta. Ko Snowshoe Hares
are found on most of the Kuskokwim Delta or north of the Brooks Range.

The history of Snowshoe Hare population fluctuatéons in Alaska can
be traced through various records and observations. The followlqg data
are from Gasser (1935), Buckley (1954), Hopla (1960), and Dr. Frederick
C. Dean (vliva voce). Gasser salid there was a high hare population in
1901-05 in the vicinities of Rampart, Copper Center and Fairbanks. Hares
were very nu;brous and destructive agaln near Fairbanks in 1913. Gasser
and Buckley both reported a general population high in Alaska in 1924-26,
and Buckley reported a low in 1928. In 1935-36 there was a high near
Fairbanks. Buckley mentioned highs in 1942-43 and 1947, and lows in
1938-40, 1943-45, and 1948-50. In the fall of 1954 hares were very
abundant In the Fairbanks area. Apparently they suffered a population
crash that winter, because in the ;prlng of 1955 the hare population was
very low (Dean, viva voce). In 1956 it was still very low; Dr. Cluff
Hopla of the Arctic Aeromedical Laboratory in Fairbanks attempted to trap
hares at that time for his study of tularemia. He said, ''In spite of
numerous snares and |ive-traps plus endless hours of searching, no hares

were obtained.!" Although hare studies were formally initiated in 1955



at the Cooperative Wildlife Research Unit, hares were not abundant
enough to be studied effectively until 1959, From 1959 through 1961
the hare population in the vicinity of Fairbanks seemed to the casual
observer to be increasing rapidly. The present study is temporally
situated when the population is beginning a steep ascent.

The objectives of this study were: (i) to determine the effect
of population density on home range size of Snowbhoe Hares In Interior
Alaska; (i11) to study reproduction, behavior, ecology, and age-
determination criteria of Snowshoe Hares In a taiga habitat; (ili) to
continue compilation of data on this particular hare population; and
(iv) to test various census methods which might prove useful under sub-
arctic conditions.

Field assistant, Peter Dzikiewicz, operated the trap lines from
1 May until 10 June 1960, after which he continued to help me for about
one month, and at other times in the fall of 1960. During the winter of
1960-61, field assistant, Rex Thomas, occasionally operated the trap
lines when | was unable to do so. Flield work was terminated In mla-
November 1961, although a few observations were made during tﬁe suc~-

ceeding three months.



DESCRIPTION OF STUDY AREA

Location and Geologlcal History

~ The 160-acre study area is located in the taiga of Interior
Alaska, near Fairbanks (64° 50' N lat., 147° 50' W long.) (Fig. 1).
The area lies two miles north of the University of Alaska, on a south-
facing slope on the north edge of the Tanana River Valley. It occu-
ples the northeast quarter of Section 30, TIN, RIW of the Fairbanks
Meridian. This plot is situated in good hare habitat and is easily
ac;esslble by road from the University. The plot was established by
O'Farrell (1960), who studied its hare population from the summer of
1958 through April 1960.

A minor amount of reconnaissance |ive-trapping and tagging was
carried out in an additional area one-half mile north of the Univer-
sity. When the area proved to be unsatisfactory for further Snowshoe
Hare study, its use was discontinued. ;

Black (1958) has described the geological history of Interior
Alaska in a general manner; Pewe' (1958) has described that of the
Fairbanks area in greater detail. O'Farrell (1960) adequately related

PeWwd's description of geology and soils to the study area.

Climate

The extremes of climate common in Interior Alaska are important in
the ecology of Its inhabitants. Fig. 2 illustrates the4iemperature and
precipitation regimes for the period during which this study was conduc-
ted. The weather of the Fairbanks area was recorded at Fairbanks
International Airport, at an altitude of 436 ft. above sea level. This

is 114 ft. lower than the lowest point on the study area. Since the
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Fig. 1. location of the Ballaine study area. Insert shows
looation of this area in Alagka,



*sguout ‘uorreatdidosdd

T 1 T T T
(o] O (@ o) (@
© 0 < 2] o
*d ‘sangeasdwof],

80
70

T
(@)

T
O

10 -

- 20 -

1

Fairbanks temperature and precipitation regimes,

June 1960 through November 1961,

2.

Fig.



airport is at a lower elevation one h!ght expect the temperatures there
to be slightly lower due to cold air flow and accumulation, but this was
not always the case. Temperatures recorded on the study area were fre-
quently more extreme at both ends of the scale than those recorded at the
same time at the airport. The difference was generally no more than a
few degrees. 1 have used the weather records taken at the airport
chiefly because they are more complete than my own observations on the
study area. Adequate time and equipment were not available for a
detailed microclimatic study of the plot.

The first snowfall on the study area in the fall of 1960 occurred
in late September. Snow was almost entirely melted by mid-April,
having lasted about 6.5 months., The mean depths of snow during the
months in which it was measurable are shown in Table 1 below. Snow
depths were measured on 20 yardsticks, graduated in inches. Each

stick was located half way between two live-traps.

TABLE 1. MEAN MONTHLY SNOW DEPTHS ON THE BALLAINE STUDY AREA

Month Mean depth Month Mean depth
in inches in inches
October 1960 2.5 January 1961 11.3 -
November 1960 4.5 February 1961 10.9
December 1960 6.8 March 1961 124

"An ecologically important snow formation in taiga is gaii (Pruitt,
1958), the snow that collects on trees. During the winter in Interior

Alaska the increasing weight of qali on small trees and shrubs often



bends them over, providing forms with "roofs' for hares. The presence of
qali depends upon lack of wind in winter, small amounts of incoméng solar
radiation, and continuously low ambient air temperatures (ibid.). The

low density of the taiga snow allows it to accumulate on branches.

Vegetatloar

The study area supports mixed coniferous and ddciduous vegetation
stands. These are apparently late regeneration or early climax stages
of the northern coniferous forest biome, or taiga. The area was sepa-
rated into nine stands (Fig. 3) chiefly on the basis of physiognomy.

The stands were analyzed using a modified version of Dansereau's (1957)
pictorial technique. Life form, height, stratiflcation, and coverage
can be depicted by this method. Dansereau's method, or modiflcatfons of
it, have proved more useful than many tabular techniques in giving the
reader a rapid Idea of the character of the vegetation in an area.
Several biologists (Weeden, 1960; Bider, 1961; and Getz, 1961) have
used variations of this technique,

Detailed description§ of the stands are given in the Appendix.
Included with these descriptions are pictorial graphs, tables of coverage,

and photographs of each stand.
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10
CENSUS METHODS AND POPULATION DENSITY

A major attempt was made to determine the level of density of the
hare population 6n the Ballaine study area. Unfortunately, few reliable
data were obtained because the ﬁethads used were biased by heterogeneous
trap response among hares, Each method and its results are described
below. This is followed by a discussion of the response of hares to
traps and weather conditions, both of which affect a here's trapabil-
ty.

An attempt was made to determine the regional population density by
counting the number of hares seen along.certain roads at certain times,
continuing a system of estimating used by Paul E. Tovey (1956, l957,

1958, data on file at Cooperative Wildliife Research tnit, College, Alaska).

- Ballaine Plot Population Level

0'Farrell (1960) surveyed the 160-acre study area and established
trap lines, The grid conslstedlof 25 National double-door 1lve-traps
(9 x 9 x 32 In.) placed at 500 ft. intervals. The trap sites were
lettered A through E from south to north, and numbered 1 through 5 from
west to east (Fig. 3). This gave each trap site a binomial, e. g. A-1,
B-3, E-5. Each trap was located within 50 ft. of the surveyed trap site
(except trap C~2). Traps were occasionally moved to different places
within this radius. There was no trap at site C-1, sincg ;hls site was
in a hay field not frequented by hares. Trap £€-2 was located about 100
ft. east of the surveyed site, in thé edge of woods bordering the hay
field,

Special equipment used in tagging included a supply of hay with

which to bait live-traps; a Chatillon spring scale with a 4 1b, capacity
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graduated in ounces; a steel measuring tape graduated In Inches and
millimeters; National Band and Tag Company monel metal ear tags, style
1005, size 3; special'tag-crlmping pli&rs; a burlap sack in which to
weigh hares; and gloves to protect hands while handl(ng hares.

The brome hay contributed by the University Esperimental Farm
probably was relatively unattractive to hares when green plants were
abundant and hare food was not covered by snow. However, it provided
food for hareslin the traps. |

The traps were camouflaged with burlap sacks, moss, and small
branches. Most traps were situated in runways (Fig. 4). Funnels
were constructed by sticking twigs into the ground near the trap
entrances, and placing branches so as to guide the hareS'Ipto the
trap.

Methods used for determining relative ibundance of hares were of
two types: estimates and indices. The estimates used and their

results were as follows,

The Schnabe! (Krumholz) formula.-~ This method, originated by
Schnabel (1938), is based on tagging, relessing, and recapturing
animals. It may be called a multiple census, since each day's catch
may be regarded as a separate censds.

When methods based on reﬁapture are used to estimate population
size, several conditions must be met. There should be no loss or gain
of marks; no blrths, emigration, or immigration; no difference in
mortaltfy between marked and unmarked individuals; and the same sus-
ceptibility to capture in marked and unmarked individuals. The first

condition was met in this study. Ear tags were seldom missing from
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and sticks placed so as to funnel hares into the

A live-trap situated in a hare runway.
trap.

Fig. 4.



TABLE 2. APPARENT TRAP AVOIDANCE IN HARES ON THE BALLAINE STUDY AREA, COLLEGE, ALASKA

;

No. Captures A B

: Distance

Previous ‘ Tle- gl No. Days  jyn. Feet

To Date Of Site Of Date Of Site Of Between tween

Tag No. Sex A Capture Capture Capture Capture A and B and B
2139 F 0 20 May 1959 A-L 26 April 1960 B~k 340 500
2147 M 0 18 June 1959 c-4 28 May 1960 B-4 343 - 500
2151 M 0 19 June 1959 A-5 9 July 1960 A-5 383 0
2169 M 0 25 June 1959 E-4 24 April 1960 E-5 301 500
2511 F 1 11 Nov. 1959 A-L 8 Nov. 1961 share 723 336
2513 F 0 18 July 1959 D-2 5 May 1960 E-5 289 1600
2531 F 0 31 July 1959 8-1 9 Oct. 1960 * 433 336
2551 M 2 11 May 1960 B-3 11 Nov. 1961 B-3 547 0
2559 < M o 9 Aug. 1959 E-3 26 June 1960 E-3 319 0
2577¢ M ] 25 Nov. 1959 D-3 6 Nov. 1961 snare 707 336
2579 F 0 16 Aug. 1959 B-1 10 April 1960 8-2 312 500
2617 M 2 10 Aug. 1960 c-2 1 Nov. 1961 * Lho 336
2713 F 0 19 April 1960 D-5 12 May 1961 D=5 386 0
2763 F 0 31 May 1960 B-5 30 June 1961 B-5 396 0
2219 M 0 22 June 1960 E-b4 20 May 196! E-&4 330 0
2245 F 0 14 July 1960 B-2 18 May 1961 A-3 306 672
2249 M 0 15 July 1960 D-4L 23 May 1961 B-1 310 1804
3739 F 0 30 July 1960 % 12 May 1961 D-4 284 336
3947 F 0 29 Oct. 1960 A-5 25 Oct. 1961 B=5 359 500

*Live-trap placed off regular grid.
*%Many trap-nights occurred between all A and B dates.
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recaptured hares, An attempt was made to correct for the second condi-
"tion by conduction censuses when there was no natality. The censuses
occupied a short time (14-24 days), reducing the emigration and |
immigration factors. Most hares which had been captured and released
appeared t6 suffer little, other than becoming excited during the tagging
operation, A few hares, however, died while being handled from what
ap#éarpd td be hypoglycemic shock. The fourth condition could not be
met. Some hares developed a '‘trap habit' and were captured again and
again in the sﬁme trap; others became trap shy after the first capture,
and were not caught again for several months (Table 2). (See discussion
of trap response.)

Four Schnabel censuses were conducted, and the population estimates

derived from them are shown in Table 3,

TABLE 3. ESTIMATES OF HARE POPULAT!ONS ON THE BALLAINE STUDY
AREA USING THE SCHNABEL (KRUMHOLZ) FORMULA

Census period No. hares per No. hares per
160 acres acre

16 August - 16 September 1960 246 1.5

2L December 1960 - 6 January 1961 127 0.8

11 May - 24 May 1961 1k 0.7

20 October - 4 November 1961 122 0.8

The Schnabel censuses indicate a decrease in population density
throughout the study period. Some decrease might be expected between the
first and third estlmates given in Table 3, because of winter mortality,

however, | find it difficult to believe that the hare population density
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consistently decreased from August 1960 6o November 1961. During the
study | noticed an increase in the amount of hare sign (viz. tracks,
pellets, and tree barkings) in areas formerly not frequented by hares.

In the winter of 1960-61 | saw comparatively little hare sign in areas
which probably were marginal habitat for hares, e. g., the more open
upland stands and more densely settled areas in the College community.

By the winter of 1961-62 hare sign had increased greatly in these marginal
areas. Although the downward trend of the Schnabel estimates may reflect
some winter mortality, | belleve that any population estimate, or even
indication of a trend, would be biased far too much by the effects of
differential trap response. Therefore, the Schnabel method is unsatis=
factory for determining either the relative or absolute abundance of

hares.

The Petersen (1896) ratio.-- Often called the "tagging ratio",
"Petersen-Jackson method", or "Lincoln Index", thtsvmethod Is also based
on the recapture of marked individuals. The population (N) is supposed
to be related to the number marked and released (M) in the same way the
total caught at a subsequent time (n) is related to the number of
recaptures (m).

=8 whence N = Mn
m

Confidence limits can be calculated for this estimate,

Since the Petersen (1896) ratio requires the same conditions as the
Schnabel method, it did not contribute any more valid information on the
number of hares in the study area. To overcome the difficulty of varied
trap response, | decided to use a recapture procedure different fromtthe

method of capture. The 45 hares captured in live~traps and marked during
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the last Schnabel census (20 October to 4 November 1961) were used as
"orecensus' hares. From 4 November to 12 November, 64 snares were sys-
tematically distributed over the study area. A total of 34 ‘'census"
hares was snared, four of which were recaptures., Using these data in the
Petersen ratio, | obtained an estimate of 383 hares on the 160-acre study
area, or 2.4 hares per acre (confidence 1imits + 360 at the 95% level).
The broad confidence limits are probably due to the small number of
recaptures obtalned by snaring.

0'Farrell*s (1960) population estimates for October and November
1959, using the Lincoln Index (Petersen ratio), were 215 hares (confi-
dence 1imits O and 636) and 55 hares (confidence limits 11 and 105),
respectively. Unfortunately, from the Information this method provided,
it is impossible to tell if the hare population changed between October

1959 and October 1961.

The Calendar Graph used by Adams (1 .== With the abscissa marked
off by calendar periods, horizontal lines are plotted across a graph.
One line is entered for each animal tagged. The line starts at the
date of the first capture and ends at the date of last capture. The
number of animals known to be present at a given date is determined by
erecting a perpendicular at the point on the abscissa representing that
date. The number of horizontal lines intercepted by this vertical line
Is the number of animals known to be present. Adams used this method
successfully on an island population. O'Farrell (1960) found the method
useful only as an index to the minimum hare population of the Ballaine
study area.

The calendar-graph method indicates the following (minimum) numbers

of hares on the study area during the four Schnabel censuses mentioned
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above:
14 August - 17 September 1960 115 hares
18 December 1960 - 7 January 1961 " 89 hares
7 May = 27 May 1961 69 hares
15 October - 4 November 1961 sS4 hares

The apparent decrease in the number of hares between 14 August 1960 and
L November 1961 is an artifact produced by the calendar graph. If |

had not trapped again after 17 September 1960, the calendar graph would
have shown 69 hares on the study area during the period 14 August -

17 September. Many hares tagged previous to 14 August 1960 were first
recaptured between 17 September 1960 and 4 November 1961. Nine hares
tagged previous to 1 May 1960 were not caught again until the last census
period in 1961. Most of these were taken by snare, indicating that they
had successfully avoided live-traps for more than a year, The minimum
number of hares present on the study area during the period 14 August-

17 Septe%per 1960 (115 hares) is the best population figére the calendar-
graph can provide. O0'Farrell (1960) obtained calendar-graph estimates

of 80 to 85 hares for the summer of 1959. Perhaps this indicates in a
rough way that the hare population had increased. The calendar-graph

has no value in indicating the true size of a hare population unless
nearly all animals are handled frequently, and the method is used over an

extended period.

Webb's (1g§z> strip census.=-~ This method consists of counting the animals

observed while the observer is walking along an arbitrary line. The dis-
tance at which an animal is flushed is recorded. The angle between the

flushing site and the 1ine walked (observer at apex) is noted. The
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formula is:

AZ
P= oy SThe 0,

where P Is the population, A the total area of study, Z the number of
animals flushed, Y the average flushing distance, X the length of the
walk-line, and D the average angle in degrees. On many occasions |
attempted to use this method while walking the trap lines of the study
area,

O'Farrell (1960) found that the Webb strip-census technique was
not feasible for estimating the number of hares on the study area., |
concur. The hare's pelage provides good camouflage in summer and winter.
This, plus their habit of ''freezing' when alarmed, makes hares diffi-
‘cult to see during either season, Although hare sign was abundant on
the study area, | seldom saw more than two or three hares (and often
none) while running the trap lines in winter. Even fewer hares were
seen during summer, because of dense foliage. This method might be
feasible during the autumn pelage change when many hares possess a large
amount of white fur before any snow has fallen, and in the spring when

the snow has melted and some hares are stil] partly white,

Hartman's (1960) toe-clip ratio.-- This method can be used only when

there is snow on the ground. It consists of capturing a large number of
hares, clipping one toe from the hind foot of each hare, and then
releasing the hares, At a subsequent time the proportion of ''clipped"
tracks crossing a predetermined line is noted, This method is based on
the same principle as the Petersen ratio described above.

In Ontario, Hartmen (1960) clipped one hind toe from each of

several hares, released the hares, and at a subsequent time noted the
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proportion of "clipped' tracks on his study area. According to him,
this method was satisfactory. 1| clipped toes from the right hind feet
of 25 hares on 29 chober 1960, and from the left hind feet of 13 hares
ion 28 December 1960. | could not distinguish "clipped' tracks from |
normal tracks. The snow was always too dry and powdery or too grainy to
show sharp Impressions. Hares leave only indistinct, rounded tracks.
Hartman must have worked with moist snow In which hares left distinct

tracks. Thls snow condition Is not common in Interior Alaska.

Indices.-- A change in population size can often be detected by
comparing counts of related phenomena (e.g., runways) taken at different
times. Two Indices were used on the Ballaine study area; the number of
hare runways crossing trap lines, and counts of hare peilets in twanty
1/10,000-acre plots.

Runways crossing the trap lines on the Ballaine study area were
counted several times during the winter of 1960-61 (Table 4). Since
my ceﬁsuses yielded such unreliable estimates, | cannot relate the num-
ber of runways to a known population,

From 30 December 1960 to 7 January 1961 Rex Thomas operated twenty
1/10,000-acre plots for pellet counts on the study area. Few pellets
were deposited in the plots, ylelding unsatisfactory redults, chiefly
because the sampling intensity was too low.

A low point in the hare population fluctuation in the Fairbanks
area occurred in 1955-56 (Dean, yiva voce). As the hares began to
Increase again, O'Farrell (1960) used a Petersen ratio to obtain an
estimate for Aprlf 1960 of 42 to 94 hares on the Ballaine study area.
| have cited this estimate because it has the narrowest éonfidence band

of any of O'Farrell's estimates, and so may be regarded as his best



TABLE §4.) NUMBER OF RUNWAYS AND INDIVIDUAL HARE TRACKS CROSSING TWO

ONE-HALF MILE TRANSECTS ON THE BALLA

INE STUDY AREA, COLLEGE,

ALASKA '

Snow - Snow Sﬁrface . No.

depth, hardness No. individual
Date inches g/cm? Transect runways tracks
21 Nov. 1960 5.0 B, D abundant  abundant
29 Nov. 8.6 B Y 171
10 Dec. 6.0 6 B 61 abundant
10 Dec. 6.0 = 6 D 69 abundant
3 Dec. 5.0 L B 81 67
13 Dec. 8.0 L D 62 80
30 Dec. 7.7 9 B 3 ng
30 Dec. 7.7 . 9 D 34 113
3 Jan. 1961 12.0 B Lo k2
3 Jan. 12.0 D Sb 22
6 Jan. 12.0 7 B 35 10
6 Jan. 12.0 7 D 50 12
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Indication of the population size at that time, The population size in
November 1961 was probably near the estimate | obtained using the Petersen
ratio, i.e., bétueeh 200 and 500 hares. In relative terms, the number of
hares present on the study area in November 1961 may have been two to

five times as large as it was in April 1960.

Trap response and response to weather.-- The nature of a hare's response

to a trap is an Important factor to be consldered when censuses are made,
In many census techniques it is assumed that there Is a uniform prob-
ability of capture in the population., This assumption is relatively
invalid, éspeclally in the case of Snowshoe Hares. Some hareS are
attracted to a trap after having been caught in it once. Perhaps it is
the bait which attracts them. Some extreme examples are as follows:

(i) a juvenile male was caught in trap B-1 on the reconnaissance study
area on 16, 20, 22, 24 August and 6, 9, 10 September 1960 (dead and
mutliated); and (ii) a juvenile female was caught in trep B-4 on the
reconnaissance study area on 24 August and 7, 8, 10, 11, 12, 13, 14, 15,
16 September 1960. She died on 16 September after losing considerable
welight and becoming weaker each day.

Some hares may be caught several times in the same trap at inter-
vals which are not quite so frequent. Again, the reason may be bécause
of attraction to the trap, or perhaps because the trap occupies a runway
which the hare uses more frequently than other runways.

Many hares were caught only once, or were caught once and recaptured
only after a long intérval. Many of these probably avoided traps. On
the Ballaine plot 271 hares were tagged between 1 April and 31 December
1960. One hundred thirty-two of these (49%) were not caught again, and

65 (24%) were caught only once more, Most of the hares (110 or 83.3%)



22

caught only once were juveniles, which probably emigrated from the area,
Evidence which seems to support the idea that hares avoid traps is

shown in Table 2, The table shows that eight hares were not recaptured
until more than a year after the first capture, even though trapping was
carried out many times in the Interval. Almost two years elapsed between
successive captures of two of tﬁese hares. Seven of the hares listed in
Table 2 were recaptured at the same trap, ten were recaptured within

500 ft. and three farther than 500 ft. This indicates that although
these hares were not captured for periods ranging from ten months to
almost two years, they had remained in the same vicinity, no doubt
avoiding the traps.

Other workers have found bias in live-traé samples. Young,et al
(1952), studying the heterogeneity of trap response in a population of
House Mice, ﬁgg_muscylus, stated that "live-trap samples of the sort
used are likely to be strongly biased, and unlikely, therefore, to pro-
vide a secure basis 6n which to construct estimates of population size."

Geis (1955) found Eastern Cottontails, Sylvilagus floridanus, to have

mugh variability in trap response. He gave three reasons why rabbits
may enter traps more often than expected: some rabbits have a small
home range within which the trap is located so as to be encountered
frequently; rabbits vary in their innate tendency to enter traps; and
once a rabbit has had experience with a trap, its Behavior is altered so
that it is more likely to be recaptured. My Interpretation of the
Ballaine plot data, as discussed above, is that once a hare has had
experience with a trap, It is quite as likely to become shy of that

trap as to become attracted to it.

In Table 5 the trap success and recapture success are listed by



TABLE 5. MONTHLY TRAP SUCCESS AND RECAPTURE SUCCESS, MAY 1960 - NOVEMBER 1961

A B c - D E
' Trap Recapture
Cum. no. No. No. re- No. trap- success, success,

Year  Month tagged¥ captures captures  nights A/C x 100 B/A x 100
1960 April 166

May 181 L 29 7hls 6% 66%
June 207 42 16 720 6 38
July 273 102 36 840 12 35
Aug. 335 108 46 728 15 43
Sept. 359 Ls | 2] 288 16 L7
Oct. 384 5k 29 87 62 54
Nov. 396 26 14 by 59 5k
Dec. k2o 88 64 202 Ly 73

1961 Jan. 420 7 7 178 L 100
Feb. 422 10 8 24 42 80
March L4 3 1 15 20 33
April 511 2 2 10 20 100
May bh2 53 35 335 16 66
June 4os - 25 12 178 14 48
July Lol 13 B 80 16 31
Aug. 501 b b 223 18 10
Sept. 512 12 1 95 13 9
Oct. 536 42 18 288 15 43
Nov. 542 23 17 9% 2L 7h

TOTALS 542 7h40 364 5175

AVERAGES 1% hox

*Cumulative number of hares captured since beginning of 0'Farrell's (1960)
project, July 1958.
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month for the entire study period. Trap success fs expressed as a per-
centage. This percentage represents the ratio of total captures to units
of effort, viz. trap nights. During the study, 740 hares were caught
(including recaptures), resulting in a trapping success of 14%. The
number of hares had increased since 0'Farrell's (1960) study. O'Farrell
caught 348 hares in 1959 and 1960 (including recaptures), for a trapping
success of 8.4%. In 1960 the trapping success was lowest in May and

June, being only 6%. The reasons for this probably were (i) the adults
present on the study area'ﬁad become somewhat ''trap-educated"; (ii) the
hay bait in the traps was less desirable as green plants betame avail-
able; (ii1) as Grange (1932a) suggests, females move around very little
during late pregnancy; and (iv) the young born during the latter part

of May were not yet active. Trapping success Increased to 12%, 15%, and
16% in July, August, and September, respectively, and the young born
during the summer became more active and were caught in the traps. In

the fall, as snow covered the yegetation, more hares were probably
attracted to the hay bait; trapping success increased to 62%, 59%, and Li%
In October, November, and December, respectiveiy. In January 1961
trapping success dropped to L%, perhaps in part because of low temperatures
(~25° to -35° F.). A trapping success of.142% was obtained for Febrfiary.
The number of trap nights and number of hares caught during March and
April were too small to yield any reliable information, During May and
June 1961 trapping success was 16% and 14%, respectively, higher than the
success during the same period in 1960, probably because | had not trapped
very often during the late winter and early spring. Also, the population
was greater at this time than it was in the spring of 1960. Trapping

success figures for July, August, and September 1961 were 16%, 18%, and



25

13%, respectively, which was unexpectedly lower than the figures for the
same months in 1960, Low success may have been due in part to avoidance
of traps, and in part to the weather. In October hares probably moved
little, as frequent thaws alternated with low temperatures and heavy
snowfalls occurred. The efficienc‘@bf the traps was lowered considerably
by alternate thawing and freezing; the traps were often frozen open, and
therefore were impossible for a hare to spring.

Recapture success can be defined as the proportion of recaptured
hares in a sample, expressed as a percentage. In Table 5 the recapture
success for each month of the study is listed. In May 1960 recapture
success was 66%, which is relatively high, At that time a large propor-
tion of the hares living on the study area had beeﬁ tagged by O'Farrell
(1960) and by Peter Dzlkiewic‘. As young hares were added to the popula-
tion, the recapture success was lowered in June and July to 38% and
35%, respectively. Recapture success began to rise as a larger proportion
of the young was tagged. The figure was 43% in August, and rose to 73%
in December. Since so few hares were captured in January, February,
March, and April 1961, little of significance can be obtained from the
figures for these months. In May 1961 recglllre success was 66%, as high
as in May 1960. It decreased again in June and July 1961, and then
increased in the fall as it had in 1960.

I cannot detect a significant difference in trap response between
males and females (Table 6), since the ratios varied so widely, O0'Farrell
(1960) stated that more males than females were captured during April
1960 because males were more active than females during the breeding sea-
son. This trend appeared to carry over into May 1960. However, | doubt

its significance, since in May 1961 the ratio was 2! males to 32 females.



TABLE 6.

SEX AND AGE RATIOS OF HARES CAUGHT AT COLLEGE, ALASKA, FROM

MAY 1960 TO NOVEMBER 1961

Adult Adult Juvenile Juvenile

Year Month males females males females
1960 May 31 13 0 0
June 10 12 9 11
July 6 3 50 43
August 2 3 L) 62
September 0 3 17 25
October 3 21 24
November 1 0 13 11
December 7 7 31 Lo
1961 January 2 5 0 0
.February 6 L 0 0
:Harch 0 3 0 0
April 1 1 0 0
May 21 32 0 0
June 3 15 1 5
July 0 3 3 7
August 0 S 19 15
September 0 0 L 8
October 9 L 19 10
November b 4 8 7
TOTALS 109 120 236 268
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Inclement weather seemed to restrict the movement of hares.

In Table 7 catches are listed for days which followed nights of inclement
weather. The mean trap success for 35 days preceded by raln or snow In
the evening or night was 7.5%. The mean trap success for 53 days pre-
ceded by nights of clear weather was 14,5%.

Hares are usually active in the evening, night, and early morning.
During this study, lnclemént weather such as rain, snowfall, or thawing
(creating wet conditions) at these times tended.to reduce hare activity.
During long rainy periods hare activity seemed lbw at first, then as rain
continued day after day the hares again began to move about, getting
caught in the traps agaln. The evening preceding 26 August 1961 was
rainless, but heavy rain fell during the night. Four hares u&re‘;aught.
presumably in the evening, and died from overwetting., Hares ieemed
relatively inactive during snowfalls, but-soon after a snowfall ended
many fresh tracks appeared.

Censuses in which 1ive-traps are employed can easily be affected by
any hare behavior which affects trapability. The biologist should
consider these types of behavior before embarking on a census whose

results may not justify the time and effort expended in obtaining them.

~ JNterior Alaska Population Level

The number of hares seen per mile along a road has been suggested
by some biologists as a possible means of determining the rglative
abundance of hares. Paul E.‘Tovey (data on file at the Cooperative
Wildlife Research Unit, College, Alaska) conducted four highway surveys
in June 1955, 1956, 1957, and 1958, respecftvely, on a route thgh inclue
ded the Steese Highway and the Fairbanks-Gulkana-Tok Junction highway

triangée. His surveys were conducted between 1900 and 0700 hours. He



TABLE 7. RESPONSE TO WEATHER: NUMBER OF HARES CAPTURED FOLLOWING NIGHTS OF INCLEMENT WEATHER, BALLAINE
ZSTUDY" AREA, COLLEGE, ALASKA ‘ ’

Weather Weather
condition condition
No. No. trap- preceding No. No. trap- preceding

Date captures nights night Date captures nights night

12 June 1960 2 24 raining 8 Sept. 1960 2 24 raining
15 June o " o 12 Sept 0 ' "
16 June (o] " " 13 Sept. 5 " "

30 June 0 " n 13 Nov. 3 10 snowing
6 July 1 " " 2 Jan. 1961 2 24 "
7 July 0 " " 3 Jan. 0 " "
20 July L Lo " 6 Jan. ] " "
29 July 2 " " 7 Jan. 0 " "

2 Aug. 6 " n 11 May 7 " raining
5 Aug. 3 n ] 6 Aug. 2 " _ ]
16 Aug. 1 24 " 11 Aug. 6 " "
18 Aug. L "n- " - 26 Aug. L " "
20 Aug. 3 " " 9 Sept. 1 " "
21 Aug. 2 " " 21 Oct. 0 " "

25 Aug. 3 " n 23 Oct. 1 " snowing
27 Aug. 0 " " 24 Oct. 0 " "
5 Sept. 1 " " 28 Oct. 1 " "
30 Oct. 1 " "
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counted 661 hares in June 1955 and 95 hares in June 1956, in each of two
536-mile surveys. Again in June 1957 he made a 536-mile survey, and saw
two live hares and one dead one. In June 1958 he drove 1,000 miles on the
same route and saw only two hares on the Steese Highway.

Apparently the hare population did not ‘''crash' in all areas of
Interior Alaska in the winter of l95h—55. The population in the College
area did crash at that time, but Tovey's highway survey of June 1955
indicated that the hares were still abundant, at least on the highways,
in other parts ﬂpf the Interior.

In July and August 1960, | drove L6k miles in eight evenings on five
different roads. Twenty-seven hares were seen. Nineteen of these were
on the Steese Highway in a local area of high hare density north of the
Tanana Hills, near Central. These drives were mainly exploratory. | was
atfemptlng to find a road on which a sufficient number of hares could
be seen to allow me to obtain data on hare activity. No satisfactory
roads were found in the vicinity of Fairbanks, although | knew from
collecting that hares were abundant in many of the areas concerned.
Centering driving time around sunrise, 106 miles were driven In sl‘ days
on a circuit including Farmer's Loop Road, Yankovich Roﬁd, and Sheep
Creek Road, all north or west of College. No hares were’seen, al though
hares were known to be abundant throughout the area. Driving time was
then centered around sunset, and the éboye circuit driven twice and the
Chena Hot Springs Road once. No hares were seen. A constant speed of
30-35 mph. was maintained on all morning and evening drives,

On 15 July 1961 haré% were counted along the Elliot Highway between
Fox and Livengood, a distance of 68 miles, Sixty-two hares were seen.
0f these, 14 were seen betwéeh 1800 and 2010 hours on the way to Livengood,

and 48 were seen between 2115 and 2325 hours on the way back to Fox. On
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the same date, in a short exploratory drive north of Livengood on the
"Reservoir Road,' approximately 70 hares were seen in 3.5 miles, between
2010 and 2025 hours, This local area apparently had a very dense popu-
lation that was, perhaps, near a cyclic peak. The onyy other area where
hares were commonly seen along'a road was in the vicinity of Central,
between the Tanana Hills and Circle City. On 5 September 1961 John Burns,
a fellow graduéte student, and | drove from the base of the Tanana Hills
to Central, then to Circle Hot Springs and about eight miles along
Deadwood Road. We saw 38 hares between 1650 and 2030 hours.

Only In areas of very dense hare populations does one see even a few
hares along roads. Heavy traffic is an important factor In the vicinity
of Fairbanks. | belleve that any of the local roads which are potentially
suitable for road surveys are too heavily traveled, and so repel hares,

In driving to and from.the study area hares were seldom seen, although
they were known to be abundant.

Many variables affect a road survey: weather, sexual activity of
hares, traffic, and attractive salts and minerals on the roads. Extensive
highway surveys such as Tovey's made over a period of years, under the
same conditions each year, may show gross changes in the Interior Alaska
‘hare population, This seems an Impractical procedure, bécause the
questionable validity and gross nature of the results probably‘uould not

Jjustify the expense of the survey.
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REPRODUCTION AND DYNAMICS OF THE POPULATION

Data on reproduction were gathered by live-trapping on the Ballaine
study area and by collecting hares in other areas, using snares, live-
traps, and a .410-gauge shotgun. Snares and live-traps proved most
effective, These were placed in runways in various areas of good hare

habitat near College.

Sex Ratio

From April 1959 to Febrifary 1960, when the Ballaine hare population
was low, O'Farrell (notes on file at COpperative Wildlife Research Unit,
College, Alaska) captured 207 hares of which 109 (53%) were males and 98
females, This does not differ from a 1:1 ratio at the .05 level when
subjected to a chi-square test. From 7 to 30 April 1960 O'Farrell
captured 114 hares of which 85 (75%) were males and 29 females. He
attributed this difference in ratio to the greater activity of males
during the breeding season. During April 1961 | did not capture enough
hares to determine any difference in sex ratio.

From May 1960 to November 1961 [ captured 229 adult hares. The
sex ratio was 109 males (48%) to 120 females. Of 504 juveniles captured
during this period, 236 (48%) were males and 268 females, (Table 6).
Neither ratio differed from a 1:1 ratio at the .05 level, when sub-
jected to a chi-square test. All hares were considered to be adults
between December and June.

Other biologists have found similar ratios. The following sex
ratios have been reported for high hare populations. Unfortunately, the
term “high'is subjective. It would be interesting to know exactly when
peaks occurred in the following populations. Webb (1937) in Minnesota
found 53.6% males in 3,930 hares. Aldous (1937) in Minnesota found
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54% males in 1,625 hares. Severaid (1942) in Maine found 49% males in
219 live-trapped adult hares, and 54% males in 119 young born in
captivity.

Rowan and Keith (1956) in Alberta found 30.3% males in a sample of
109 adult and juvenile hares taken from a population which was near the
peak of its cycle. This ratio differed significantly from a 1:1 ratio.
A shift in sex ratio occurred at the peak, which restored a 1:1 ratio.
This shift in sex ratio was believed by Rowan ahd Keith to be positively
correlated with the peak of the cycle. Philip (1939) collected 151
hares in the Fairbanks area during June and July 1937. Of these, lB?@%
were males. This obviously differs from a 1:1 ratio. 1937 was a peak
or near=-peak year,

Dodds (1960a) in Newfoundland found 52% males in the 642 hares caught
between 1955 and early 1959, These hares were collected from several

areas with differing population densities.

Natal ity Factors

0'Farrell (1960) found that the breeding season for Ballaine study
area hares began in mid-March with the descent of the testes. He noted
courting behavior in early April and the first litters were born during
the last week in May. After 18 July no males with scrotal testes
were captured. O'Farrell stated, "After July 9 all adult female hares
were lactating but none appeared pregnant. Probably no litters are
conceived after mid-July and the last litters were born at that time,"
Combining data from the summers of 1960 and 1961, | found that the
earliest litter was born on about 17 May and the latest litter on about
5 August. Two litters were known tohave been born on about 23 July.

The first pregnancy observed was on 5 May, and the last on 28 July. The
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first lactating female hare was noted on 27 May and the last (two hares)
on 30 August.

The Snowshoe Hare's breeding season appears to begin at about the
same time across the continent, in mid- and late March (Severaid, l945§
Aldous, 1937; Green and Evans, 1940c; Adams,1959; Criddle, 1938; Dodds,
1960a) . Rowan and Keith (1956) said that more southerly hares often
bear young slightly earlier than hares farther north, but that the north-
ern hares seem to extend their breeding season later into the fall. |In
Alberta, Rowan and Keith found that 13.4% of the recorded pregnancies
occurred in August. Green and Evans (I9h0g), in Minnesota, found é neg-
ligible number of births in August. Criddle (1938) believed that some
Manitoba hares breed as late as September and occasionally October. Adams
(1959) found lactating hares in Montana in mid-September. Dodds (1960a)
found that the testes ascend in early August in Newfoundland; hares could
therefore be born in August and early September. Hensel (1960, notes
on file at Cooperative Wilalife Research Unit, College, Alaska), in an
experimental study of hares planted on some small islands near Kodiak
Island, Alaska, found the breeding season to extend from mid-March to
August. No doubt some Interior Alaska hares are born in August, but
they probably constitute a small proportion of the season's young.

Table 8 shaﬂs litter sizes found by blologists In North America.

It appears that litters, as Rowan and Keith (1956) suggested, are somewhat
larger in northern latitudes, It also appears that litter size may fluc-
tuate somewhat with population density. Dodds (1960a) found the litter
size to be 2.3 young In a high, decreasing population. From two popu-
lations which were low and increasing he calculated a mean of L young

per litter. His grand average for both wild and captive hares was 3,2



TABLE 8. SNOWSHOE HARE LITTER SIZE AND FREQUENCY IN NORTH AMERICA

_ X no. Potential
. : - X no. - litters/ _ no. yg/
« Approx. N No. Fin.. Y9/  F_ . - F
Authority Region tatitude’ sample ' .- litter season - .Season
Severaid (1945) Maine 1° 161 2.9 2.82 8.2
Aldous (1937) Minn. 46° 266 2.8
Green and Evans o
(1940c) Minn. 46 140 2.9 2.4b 6.8
Adams (1959) Mont. hgo 4 2.7 - 3.0 2.9¢
MacLulich (1937) Ontario 489 - 49 33 - 2.8
Criddle (1938) Manitoba 50° 149 3.4
MacLulich (1937) Mani toba 51° 26 b, d
Dodds (1960a) Newf . 46°-52° 3.2 2.6
" 11] X 1 1] o ]8 u
" " 8 0 2. 3f
Rowan and Kelth Alberta 56° 82 3.8 2.8b 10.5
(1956) c
Hensel (1960) Kodiak, 58° L L.9 2.2 10.8
Alaska
Philip (1939) Fairbanks, 65° ke 4. 99
Alaska .
Tovey and Bishop Interior, 65° 114 4.2 ©a8
Alaska
Trapp College, 65° 12 4. 6P 1.7 7.8
(this study) Alaska

*Notes on file at Cooperative Wildlife Researgh Unit, College, Alaska

@From céptlve hares.
b

SFrom pglpatiﬁhia?-

From embryo counts. dF rom capff&e and wild hares.

©From two small, increasing populations.

fFrom a large, decreasing population.
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young per litter. Two biologists in Alaska, Philip (1937) and Hensel
(1960, notes on file at Cooperative Wildlife Research Unit, College,
Alaska), each obtained a mean of 4.9 young per litter. Philip studied
a néﬁf—peak population, and Hensel studleq’L rapidly increasing island
population. A mean number of 4.2 embryos per female was found in 114
female hafes collected in several areas in Interior Alaska, where popu-
lations were high, in June and July of 1955 and 1956 (Tovey and Bishop,
notes on file at Cooperative Wildlife Research Unit, College, Alaska).
In 12 pregnant hares examined during the summers of 1960 and 1961, I
found a mean of k.2 fetuses per female.

Green and Evans (1940c) believed that litter size was not an impor-
tant factor in cycles, but the important factor was varying mortality rate
in juveniles., They reported a constant reproductive rate for their seven-
year study period.

Using the method employed by Green and Evans (1940c), ! calculated
the average number of litters per female per season. Table 9 sho*s the
calculation and the result, 1.7 litters per female per season; This is
unexpectedly low, in view of the increasing population. Most biologists
(Table 8) have obtained higher figures, from 2.2 to 2.9 litters. My
sporadic trapping, and differential trap response between pregnant and
non-pregnant females, may have been responsible for the low figure.
Pregnant hares may not move around as much as non-pregnant females, and
hence may be less susceptible to capture. Of 59 pregnant hares trapped,
L1 or 69% were captured during the first two periods shown in Table 9
(5 May to 3 June). This seems to indicate that the majority of females
participate in the first breeding activities of the season. Probably

fewer females have second and third litters. Severaid (1942) said that



TABLE 9. AVERAGE NUMBER OF LITTERS/FEMALE HARE SEASON, CALCULATED BY
GREEN AND EVANS (1940c) FORMULA, FOR COLLEGE, ALASKA

Peridd No. days Percent No. days
- in period females recognizable
pregnant pregnancy
5 May - 19 May 15 x 9k¥% = 14.1
20 May - 3 June 15 X 82% = 12.3
L June -~ 18 June 15 x 1% = 1.7
19 June - 3 July 15 X 86% = 12.9
L July - 18 July 15  x 50% = 7.5
19 July - 28 July 10 X 20% - 2.0
TOTAL 50.5

Total number of days of recognizable pregnanc =
NEEEEF’BT‘EEV?'EEB¥?3§'EEE'E£ 31sETEgLTE§&ETj£§Tﬂ§ﬁii

Average number of litters/female season

Ex. 0.5 =1.7
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of 17 captive female hares in Maine, 100% conceived once, 94.1% twice,
64.7% three times, and 23.5% four times. It seems quite likely that some
Ballaine study area hares conceive a third time, but unlikely that fourth
litters occur, Since the hare's gestation period is approximately 36
days (Grange, 1932a), and since a female may breed again on the day of
parturition (Severaid, 1942), it is possible for a Ballaine study area
hare to bear a first litter on 17 May, a second on 22 June, and a third

on 28 July,

Mortality and Longevity

Snowshoe Hares are short-lived in the wild., Their environmental
longe@ity seems to be considerably shorter than their physiological
longevity., Of 55 known-age hares born in the summer of 1959, at least
20 or 36% survived at least one year, and at least 3 or 5% survived at
least two years. Trapping has not continued into the third year for this
cohort, Differential trap response and emmigration were partly respon-
sible for the apparently high mortality. | captured three hares in
1961 which were at least three years old, probably born in the summer
of 1958. Further trapping on the study area should reveal what propor-
tion of the 1959 cohort survived for three years.

Aldous (1937) said that hares survive and average of two years.
Green and Evans (1940b) made On!h@f the longest and most detailed studies
of the population dynamics of Snowshoe Hares. They studied a Minnesota
population the adult segment of which consisted of 4% yearlings, 39%
two-year-olds, 7% three-year-olds, 8% four-year-olds, and 2% five-year-
olds. The annual mortality of adults was about 70% throughout the study.
The rate was constant regardless of cyclic phase. However, the juvenile

mortal ity varied greatly, and the variations in population size seemed to
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be due chiefly to this factor. In 1938, the low point in the cycle,
only 8% of the young born survived until February. The following year
91% survived until February.

Some decimating factors which affect hare mortality to varying
degrees are predatory mammals and birds, parasites, disegses, and hunting
by man. The nomenclature of the mammals discussed below is that of Hall

and Kelson (1959).

Predators.-- O'Farrell (1960) reported seeing Lynx, Lynx canadensis, on
the study area. No signs of this predator were seen during my study. |
saw one small Black Bear, Ursus americanus, and frequently observed fresh
bear scats on the study area in the shmmer of 1960. 1t Is doubtful that
Black Bears commonly prey on Snowshoe Hares, except perhaps small lever-
ets. O'Farrell (1960) reported seeing signs of Mink, Mustela vison, Short-

tail Weasels, Mustela erminea, and Least Weasels, Mustela rixosa, but

| did not see much evidence of their presence. Although | saw no hares

killed by Red Foxes, Vulpes fulva, | often saw fox tracks on all parts

of the study area. Peter Dzikiewicz reported seeing & Red Fox on the
study area in April 1960. Foxes are known to den in thé Fairbanks area,
and the remains of many hares were found at one den.

Mammal ian predators were not necessarily important factors in hare
mortality, at least under natural sonditions. Several dogs owned by
nearby residents commonly ranged over the study area and surrounding
woods. Quite frequently they distrubed traps, killing and mutilating
the imprisoned hares. On 6 November 1960 dogs killed and mutilated all
of the 18 hares caught in live-traps that day.

Common Ravens, Corvus corax, and Gray Jays, Perisoreus qaqadenéis,

acted as scavengers rather than predators. | sew two Sharp-shinned Hawks,
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Accipeter striatus, one Marsh Hawk, Circus cyaneus, and a Hawk Owl,
Surnia ulula, in the vicinity of the study area during the summer of
1960. These three species no doubt preyed only on leverets, if they
preyed on hares at al}. More important predators were the Great Horned

Owl, Bubo virginianus, the Goshawk, Accipiter gentilis, and the Red-

tailed Hawk, Buteo jamaicensis, all of which were seen occasionally
on or near the area. Great Horned Owls were reported in the vicinity by
nearby residents. | saw Goshawks several different times on and near the
study area. Rex Thomas operated the trap lines on 1 January 1961 and
reported that a large hawk attacked (and missed) a hare released at
trap A-4, This was probably a Goshawk. During the summers of 1960 and
1961 | often saw one or two Red-tailed Hawks soaring over the study area;
on 11 September 1960 | flushed one from a freshly killed hare.

The nomenclature used for the preceding birds is from the A. 0. U.

Checklist of North American Birds (1957).

Parasites.-- Twenty-seven hares collected on the study area and near the
University were examined for parasites by parasitology students at the
University during the fall and winter of 1961-62. These hares were
autopsied in detail, except for the intestines of two. No trematodes were

found. Both adult and larval tapeworms were common. Mosqovoyia pectinaté

was recovered from the small intestines of all (eight) young hares killed
during the summer. Taenioid larvae were found in the coeloms of five
hares and in the musculature of one hare. Three species of nematodes

were found in the hares: Dirofilaria séapfceps adults uere‘found in the

hind feet, and larvae were found in the blood of five hares; stomach

worms, Obeliscoidés cunléuli, were found in the s’bmachs of 12 hares; and

lungworms, Pfotostréhgxlus boughtoni, were found in the lungs of 14 hares.



Lo

Since most of the hares had been frozen for varying lengths of time
before autopsy, the incidence of arthropod ectoparasites could not be

determined. | often found ticks, Haemaphysalis leporis-palustris

Packard (Cooley, 1946), on hares in the summer of 1960. | found them
much less frequently during the summer of 1961. Fleas described by
Hopkins and Rothschild (1953) as Hoplopsyllus glacialis Lynx (Baker)
were abundant, especially on the hind feet of many hares collected in
the fall and early winter of 1960.

Dodds and Mackiewicz (1961), in Newfoundland, reported parasites

in hares. They did not find Dirofilaria or Protostrongylus, but did

find liver flukes, Dicrocoelium denderiticum, larval tapeworms,

deatiggra taeniaformis and Multiceps sp., and the nematode,

Trichostrongylus axei.

The rather high incidence of Protostrongf;gs in hares of the

Ballaine study area may have important implications in population crashes.

These nematodes may weaken hares and cause secondary infections. Helminen
(1959) collected 433 Lepus timidus pellet samples in 1957, and 303 in
1958, from different areas in Finland, He found that the occurrence

of lungworm larvae, Protostrongylus commulatus, was 78.3% In 1957 and

83.8% in 1958. He fmplied that this parasite was important in epizootics
which have at least twice coincided with the decline of hare populations
in Finland, during the 1930's and 1940's,

Philips (1939) found that hare ticks taken in the Fairbanks area in

1937, a year of high hare density, were harboring ggcterium tularense.

Hopla (1960) reported that all of the B. tularense specimens he found in
the Fairbanks area came from ticks, and that the Fairbanks area supports

the largest populations of ticks in Alaska. He said that Alaskan
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tularemia is less virulent than is tularemia farther south. Snowshoe
Hares in this area seem to be resistant to it. However, the Alaska
Department of Public%ﬂgalth reported at least two cases of tularemia

in humans who had handled hares near Fairbanks in the fall of 1961,

Other decimating factors.~-- Other than occasional hares killed by dogs,

15 hares were found dead or in a weak condition in the live-traps of
the study area. Hares taken from traps while in a weak condition
usually died during or soon after the tagging procedure. ‘*'Shock-
disease' may have caused this, and possibly was responsibie for deaths
of those hares found already dead in traps. Those which died while
being handled showed typical shock symptoms. The head would be held
stiffly back with chin high, and the body would stretch out in a rigid
m#nner. Riger mortis would set in within one or two minutes after
convulsions had ceased.

The Ballaine sfﬁgyii?éa was posted with '"'no hunting' signs, so
hunting as a decimating factor was probably negligible., The woods
across Ballaine Road from the study area were’'hunted occasionally. In
other parts of the Fairbanks vicinity, hunting and snaring of hares

may be more important.
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HOME RANGE AND MOVEMENTS

Home range data were obtained by trapping, tagging, and releasing
hares on the 160-acre live-trap grid. For comparative purposes it was
necessary to recalculate home ranges of the hares which 0'Farrell
caught In 1959 and 1960. Data were obtalined on other hare movements

while collecting hares for adtopsy specimens, outside the study area.

Home Range

The home range of an animal i§ that area traversed by the individual
in its normal activities of food gathering, mating, and caring for its
young (Burt, 1943). Occasional trips outside this area are excluded
from the definition, as such trips may be the result of disturbance,
exploring, or visiting (che. 1952). The animal is "at home! in its
home range. It knows the escape routes, the refuges,'and where food and
resting places may be found. In a strange area outside its home range,
an animal is at a disadvantage untl] it can become acquainted with the
features of the new area.

The use-patterns of a home range may change with conditions such
as population density or availability of food. The boundaries may vary
from time to time (Stickel, 1954), Logically, home range boundaries
are considered diffuse, However, when calculating the area, arbitrary
boundaries must be drawn. The chief method for determining home range
area is by live-trapping, marking, and recapturing animals. Hayne (1949)
defined trap-revealed home range as an area in which the animal enters
traps with grea&%&%ﬁr less frequency, according to the location of the
traps. The interference introduced by trapping adds to the difficulty
of deciding on home range boundaries (Stickel, 1954). Hence, the trap-

revealed home range may not entirely coincide with the true home range
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of an animal,

New methods for tracking animals are being developed, some of which
may prove useful in determining home range size, One such method
consists of tagging animals with radtoaﬁtlve Isotopes (Griffin, 1952; and
Kaye, 1961). Another involves attaching small radio transmitters to
‘animals (Dr. Rexford D. Lord, Jr., viva voce).

To calculate home range size for Snowshoe Hares, | used the
exclusive-boundary-strip method described by Stickel (1954). This
method is derived from Blair's (1942) Inclusive-boundary-strip method.
The inclusive-boundary-strip method consists of constructing squares,
whose sides are equal to the distance between two adjacent traps, around
successful trap sites. The external points of these squares are connected
so:aé to enclose the maximum possible area, regardless of what is thereby
included (Fig. 5). This amounts to adding a boundary-strip around the
connected points of capture equal to one-half the distance to the next
trap beyond each peripheral capture site. A particular animal's home
range obviously will not correspond exactly to this configuration.

The exclusive=-boundary=~strip method for calculating home range also
involves constructing squares around capture sites, but in this case
the Squareskare so connected as to enclose the least area (Fig. 5), and
to exclude as far as possible traps where the animal was not caught.
Stickel (1954) experimentally compared various methods of calculating
home range size, She made circular and oval discs of clear plastic and
tossed these known-area '"home ranges'’ randomly upon a grid of '"traps"
on paper. She noted the traps included in the area covered by each disc,
then calculated areas of the home ranges by different methods. She
compared each of the calculated home range figures with the true home

range size, i.e., the area of the disc used, and found that the exclusive~
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Fig. 5. Two methods of outlining home renges for size
measurement. (A) Inclusive-boundary-strip method.
(B) Exclusive-boundary-strip method. From Stickel

(1954), p. 3.
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boundary-strip method was the host accura’e. Range sizes by this method
averaged 2% too large. Calculated ranges based on the inclusive-
boundary-strip method averaged 17% too large. In this experiment, traps
were close enough together so that at least two were located in each
range.

I calculated home range size by the exclusive-boundary~strip method
for my own data (Table 10) and for part of O'Farrell's (Table 11), the
object being to compare size of home range at different population
densities., | used hares caught four or more times, Since O'Farrell
calculated home range size for hares by a different method and included
hares caught less than four times, | could not directly compare his
figures with mine.

The mean home range size for 26 hares caught by O'Farrell 144 times
between June 1959 and April 1960, inclusive, was 14.5 acres. The means
for males and females were not étgniflcantly different, being 14.5 and
14,4 acres, respectively, The mean home range size for 31 hares caught
by me 1f3 times between May 1960 and November 1961, inclusive, was 13,1
acres. The mean for males was 12.1 acres, for females 14.1 acres. Ap-
plying a t-test, these last two figures are not significantly different
at the ,05 Ievel.» The mean home range sizes of O'Farrell's hares and mine
differ significantly at the .01 level when subjected to a t-test.

Stickel (1960) showed that‘Pérggxscus ranges decrease in size as
the population Increases. Snowshoe Hare density in the 1959-1960 study
period was still comparatively léw, and the mean home range size was
14.5 acres. The density of hares In the 1960-1961 period was higher
(quantitative differences could not be determined accurately), and the

mean home range size had decreased to 13.1 acres. The biological sig-



TABLE 10. RECAPTURE DATA COLLECTED FROM MAY 1960 TO NOVEMBER 1961
OM THE BALLAINE STUDY AREA, COLLEGE, ALASKA
Tag Sex Date of Trap Tag Sex Date of . Trap
no. capture no. no. capture no.
1607 F 25-X11-1960 E3 2294 M 20-V11-1960 D2
28-X11 E3 8-1X D2
12-v=-1961 E3 22-X1 D2
18-v E3 1=X11 D2
3-X1-1961 D2
1778 M 11=-Vit1-1961 D3
26-X E3 2567% F 7-V-1960 03
27=X E3 10-V E5
31=X E3 11=X11 D3
2-X1 E3 24-X11 D3
28-X11 Cc2
1800 M ZS-X-196h c5 : 18-v-1961 D3
2-X1 (> 26-X D4
3-X1 cs5 27=-X D3
h-x1 : c5
2611 M 10-vV-1960 BY4
2213 F 25-VI-1960 B2 . 16-V ch
L-vitl B2 - 19-11-1961 BL4
19-VIi11 B2
30-X11 B2 2-X1 cL
29-1-1961 B2 »
20-X B2 © 2677 M 21-1v-1960 El
‘ 2=V D2
2227 M 8-vi11-1960 c3 6~V E2
20-vI11- c4 9-vi D1
11-v-1961 B3
8-x1 c5 2709 M 21-v-1960 Bk
29-X BL
2241 M 13-VI11-1960 Cc3 25-X11 B4
13-1X €3 20-X-1961 B4
13-V-1961 c3
24-y ch 2724 F I-vi1-1960 c3
24-X11 Db
2247 F . 15=-Vi1-1960 A3 27=-Xt1 o4
6-1X A3 30-X1 ok
27-X11 A2 : 22-Vi1-1961 Dk
5-1-1961 A2
22-V11 p> 2780 M 11-v1-1960 BL
30=-vIili A3 7-vVil BL
: L-vini B3
2276 F 3-V111-1960 Al 24-X11 €5
8-vii! c5 26-X11 B3
15=1X A3 19-11-1961 B3
19-11-1961 Al
3495 F 3-Vi11-1960 B3
10-VIiil ch
18-vi1l Eb
13-1X ch
29-X ch
22-X1 ch

26-X11 (0



TABLE 10. (continued)
Tag Sex Date of Trap Tag Sex Date of Trap
no. capture no. no. capture no.
3497 F- 28-v11-1960 D! 3873 F 25-VI11-1960 E3
-Vl DI 13-1X E3
9-viil E2 11=-X11 EL
15=1X D! 11-v-1961 E3
26-X11 D! 16-V E3
12-v=-1961 DI 1=viii E3
3711 F 27=V11-1960 A4 3883 M 7=1X-1960 A4
8-1X BA4 25-X11 AL
27-X11 84 11-v-1961 A4
23-1V-1961 BL 25-X A3
13-V 30-X A3
3723 F 28-v11-1960 A5 3899 F 10~-1X~1960 AL
h-vii 8k 18-X AL
23-Viil A5 29-X AL
6-1X A5 24-X11 A3
26-X11 A4
3769 M 9-X-1960 D5 27-X11 AL
22-X1 D5 28-x11 AL
11=X11 D5 2-1-1961 AL
2h-x11 D5
26-X11 D5 3915 F 15-1X=1960 C3
27-X11 D5 16-1X C3
28-X11 Db 14-y-1961 c2
26-11-1961 D5 15=v c2
20-V c3
3803 F 9-vIi1-1960 €L S5=-vitl C3
11=VIlI Ek
29-X EL 3923 M 13-V-1961 B2
2L-X11 EL 16-V B2
28-x11 EL 19-v B2
29-X11 EL 20-v B2
30-X11 Eh 8-viI Al
30~V] Al
3821 M 17-Vi11-1960 Bl 22-X B2
25=VI11 B!
18-X Bl 3951 M 29-X-1960 B3
25-X11 B! 17-v=-1961 B3
8-vi B’
3852 M 23-VI11-1960 Al 9-vi Bl
9-X Al :
18-X Al 3965 F 29-X~1960 D2
29-X Al 25-X1 C2
25-X11 Al 26-11-1961 D2
23-1V-1961 A2 12-111 [ ]]
20-X Al 11-y c2
1=X1 D2
12=-X1 D2



TABLE 10. (continued)

Tag Sex Date of Trap
no. capture no.
3975 M 22-X1-1960 D3
'25=X11 D3
27-X11 D3
29-X11 D3

* See Table I1.



TABLE 11.

Date of

RECAPTURE DATA COLLECTED FROM APRIL 1959 TO APRIL 1960 ON
THE BALLAINE STUDY AREA, COLLEGE, ALASKA

27-X1

Tag Sex Date of Trap Tag Sex Trap
no. capture no. no. capture no.
2157 M 20~-v1-1959 c2 2545 M 7-Vi11-1959 B2
! 10-1V-1960 D2 16-X11 Al
12-1V c2 16-1v-1960 A2
15=1V €3 19=-1V A2
22-1v B2
2159 M 20-Vi-1959 c5
o 9-X| c5 2557% F  9-vill1-1959 DL
10-1V=1960 D5 : 22-X D3
15-1V c4 16-1v-1960 D3
20-1V D5 19«1V D3
21=-1v ch 23-1V ES
25-1V ch
28-1vV ch 2587 M 17=-Vi11-1959 DI
12-1v-1960 D2
- 2189 F 29-v1-1959 D4 16-1V €3
7=Vili Al 23-1V EL
16=-Vi1 B2
19-vi | B2 2607 F 23-1X-1959 Bh4
22-V11 B2 30-X11 Al
31-vil Al 3-1-1960 B4
21 =X Al 6-1 AL
30-X Al
2611* M 30-1X-1959  Ch
2507 M 17-V11-1959 B3 : 14-1v-1960 B4
I-viti B3 20~-1V c5
13=-1v=1960 B2 22-1V c5
17-1V c2 23-1V BL
21=-1V B2
26-1V B2 2613 F 30-1Y-1959 E3 .
‘ 24-X11 E3
2519 F 19-V]1-1959 El 29-X11 E3
30-X E2 1-1-1960 E3
6-X1 E! Loy E3
12-X1 E2 7-1 E3
2525 F 25-v11-1959 D4 2645 M 27-X-1959 B3
30-viI D4 10-X11 B3
23-1X D4 14=X11 83
30-1X D4 9-1V-1960 C3
19~1V-1960 D4 12-1v B3
|-V D5 13-1v C3
19-1V B3
2533 M 31-vi1-1959 D4 20-1V c2
3-X1 [H1 23-1v C3
10-X1 ()13 26-1V B3
26-X1 D4



TABLE (continued).
Tag Sex Date of Trap Tag Sex Date of Trap
no. capture no. no. capture no.
2655 M 30-X-1959 AL 2711 F 18-1v-1960 €3
3-x1 AL 19-1v c2
23-X1 A4 20-1vV C3
27-X1 A4 22-1V C3
9-1v=-1960 A4 2L~V c3
Th=1v Al 29~-1V C3
16-1V A2 ‘
16-1V AL 2718 M 13-1V-1960 E3
19-1V AL 14-1v D3
17-1v E3
2663 M b-x1-1959 B3 18-1v D3
9-=X1 c3 20-1V E3
13=X11 c2 23-1V E3
26-X11 c2
30-X11 c2 2720 M 13-1v-1960 C5
31-=X11 c3 18-1v )
A 2h-1y cs
2669 M 5-X1-1959 0] 25-1V c5
13-1V-1960 DI
15-1V D2 2722 M 13-1v=-1960 Ch
25-1V D2 17-1V c3
18-1v ch
2671 M 6-X1-1959 BS 2]=-1V c3
13-1v-1960 A5 24-1v ch
17-1V Bl
21-1vV A5
* See Table 10.
2693 M 16-X11-1959 Al
28-X11 A2
30-X11 A4
12-1V-1960 Al
13=-1V A2
18-1v A3
22-1V A3
2695 F 2L-X11-1959 A2
31-X11 Al
2-1-1960 Al
18=1v A2
2697 M 24-X11-1959 A5
27-X11 A5
31-X11 A5
9-1v=-1960 A5
2699 M 25-X11-1959 A3
29-X11 A3
11-1v=-1960 A3
21-1V A2
23-1v A2
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nificance of the ¥ 10% decrease in range size with increase in population
density is probably slight. Continued study of the same population may

reveal the trend more clearly.

Range Length

Range length is a linear expression often used by biologists. It
can be described in two ways: the observed range length and the adjusted
range length. The observed range length is the distance between the most
widely separated capture sites. The adjusted range length is similar,
with the addition of a distance equaling one~half the distance to the
next trap beyond each of the two capture sites. In Stickels (1954)
experiment described above, observed range lengths averaged 25% smaller
than the true range length, and adjusted range lengths averaged 3%
larger.

Ranges used for determining home range size were also used for cal-
culating adjusted range length. The mean adjusted range length for 26
hares caught by 0'Farrell in 1959 and 1960 was 1,150 ft. The mean
adjusted range length for 31 hares caught by me in 1960 and 1961 was
1,073 ft. Applying a t-test, these means do not differ significantly
at the .05 level. 1| believe that in determining the adjusted range
length of O'Farrell's hares and that of mine can be attributed to this

method's minimizing effect on differences in range size.

Movements

Aldous (1937) believed one~eighth mile to be the usual distance
traveled by hares, but 18 hares returned to their home ranges after he
had moved them one mile or more away. Green and Evans (1940a) also

believed that Snowshoe Hares seldom travel more than one-eighth mile
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from the point of first capture. MacLulich (1937) stated that the
greatest distance traveled by the hares with which he worked was 250
yards (750 ft.), which is well within the mean adjusted range length of
the Ballaine study area hares. |

Movements greater than one-eighth mile are probably common among
dispersing juvenile hares. At times during this study, hares were
collected by snaring beyond the boundary of the study area. Three
tagged juvenile hares were snared which probably had dispersed or were in
the act of dispersing. These hares are as follows: (i) a juvenile male
was tagged on 30 June 1959 at trap B-3 and was snared approximately
2,000 ft. south on 4 July 1960; (ii) a juvenile female was tagged on
14 July 1960 at trap A-1 and was snared approximately 2,500 ft. south on
14 January 1961; and (iil) a juvenile male was tagged on 24 August 1960
at trap B-3 and was snared approximately 2,500 ft. south on 14 December
1960. Another juvenile female moved a greater distance; she was captured
and tagged on 26 August 1960 one-half mile north of the University and
was recaptured on 9 September 1960 in the Ballaine study area at trap
B-1. She had moved approximately 8,500 ft., or 1.6 miles, in 14 days.
This distance and rate of travel seems unusual, but probably is not
difficult for a hare. Keith and Waring (1956), who studied orientation
and homing of Snowshoe Hares in Alberts, recorded the homing movement of
a hare which traveled three miles in three days. O0'Farrell (1960)
recorded a surprisingly long hare movement, He tagged a juvenile female
on 24 August 1958 on the Ballaine study area and recaptured it once that
year in the same area. A local sportsman shot it on 27 September 1959

at Mile 6 on the Elliot Highway, 12.5 miles north of the study area.
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BEHAVIOR

Opportunities were found for observing hare behavior chiefly in
the following situations: on the live~trap grid while tagging and re-
leasing hares; while collecting; while on r&ad surveys; and while
watching hares in an enclosure,

Two adjacent 40 x 40 ft. pens were constructed about one-haif mile
north of College, Iin an uplandvsltuatlon. On 30 June 1961 a pregnant
hare was placed in each enclosure., Each female gave birth to six young.
One or two leverets were collected at regular intervals for lenses., An
animal, probably a dog, broke Into the pens during the night of 18«19 July.
The following day | found the two adult hares and one remaining leveret

dead,

Use_of Forms and Burrows

A form usually consists of a simple, slightly oval depression in the
grond litter, under good cover. Forms are used the year around. Many
notes on the use of forms by hares can be found in the literature. Seton
(1909) mentioned that a hare may have more than one of these resting
places. Grange (1932a) sald that hares remain in thelr forms during
inclement weather. He noted that winter forms are often found with
hairs frozen to them. As a result, when the form thaws it appears that
halr was used to make this 'nest'’. Adams {1959) noted that a hare may use
a form once, or repeatedly, and that two or more hares may use the same
form, but never at the same time, Godld (1938) noted that hares do not
use the same form day after day, but seem to have several located about
their ranges. Severald (1942) sald that forms are found in places where

hares can derive protection from predators and from the elements, i.e.,
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under bushes, among clumps of small trees, under logs or fallen trees,
or under trees bent over by snow. O0'Farrell (1960) mentioned hares
utilizing the protection of vegetation bent over by the snow that
collects on it (qali).

The bending over of vegetation in this area by qali provides in
winter many more places suitable for forms than would otherwise be avail-
able (Fig. 6 and 7). Qali becomes so deep at times that a bent-over
shrub or tree top may provide excellent protection from all sides, func-
tioning simost as a small cave or burrow. The hare's ﬁhat loss by
radiation when sitting in such a place would probably be cqnsiderably
retarded. Irving, et al. (1957) found that hares conserve heat during
cold periods in winter by obtaining shelter In thick cover, which acts
to supplement the insulation of their thick fur.

Another sna;;feature used by hares is the bowl-shaped depression
about the base of a spruce tree. Pruitt (1957) used the Kobuk Valley
Eskimo term ''gqamaniq" to describe this snow feature, The snow depth at
the base of a spruce tree is usually slight, jncreasing outward beyond
the tree's ''snow shadow! to the depth found on the less protected forest
floor (Fig. 8). The temperature in a gamaniq is probably several degrees
higher than the air temperéture over the snow beyond it because the
branches retard radiation. This makes the gqamaniq a good resting place
for hares, and forms are found here occasionally. Hare sign is not
found here:as often as under bent-over shrubs, etc., which are covered
more completely by gqali.

In the southern part of the study area there were three empty five-
gallon gasoline cans (without tops) lying on their sides, which were

used as 'forms'" by hares.



Fig. 6. Many willows and small spruces are bent to the
ground by qali, providing covered forms for hares.

Fig. 7. A bent-over alder completely covered by qali. Hare
sign was found in the large space underneath,
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Fig. 8. A qameniq under a black spruce. Hares occasionally
use such depressions in the snow &s forms.
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It is generally believed that Snowshoe Hares are not ordinarily

burrow-inhabiting animals like Sylvilagus or Oryctolagus. However,

evidence seems to indicate that if unused burrows of foxes, Woodchucks,
etc., are available, hares may use them, Although Richardson in 1829
(fide MacLulich, 1937) and Audubon and Bachman in l"h (fide Grange,
1932a) did not believe that Snowshoe Hares use burrows, Maclulich (1937),
Grange (1932a), and Adams (1959) presented evidence that they do so on
occasion., O'Farrell (1960) reported a rather large snow burrow used

by a hare or hares., Dr. Brina Kessel and Dr. Frederick C. Dean have
reported one and two burrows, respectively, used by hares, | have seen
two old Red Fox or Porcupine burrows in the Bailaine study area, on a
small knoll north of the E-line, which had definitely been used by hares.
A third burrow near these two was probably used aiso, but since its
entrance was protected from above by an overhanging bank, no snow feill
immediately in front of it, and no tracks could be seen definitely
entering it. As previously mentioned, some vegetation becomes bent over
by the weight of snow and is so completely covered that the open space

underneath could in many cases be regarded as a temporary burrow.

Voice and Thumping

| have heard hares omit three types of VOcaI sounds, Aduits or
young utter a sort of grunt or growl indicating anger or fear. Young
hares often uttered this sound when picked up or when attempting to fend
of f my hand with a quick, charging bluff, Aduits often "grunted' when
behaving defensively in live-traps, This sound became much like a low
growl when they bit and scratched the burlap sack in which they were
placed.

Hares scream in a piercing manner when taken from a iive-trap.
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This scream may attract predators or other hares. On 8 September 1960

a large, immature Goshawk (Accipiter gentilis) larded on a white spruce

near which | was tagging a hare., It was probably attracted by the
screaming. Once on the Ballaine study area, in the summer of 1960, a
large dog was attracted to the screaming of a hare during a tagging
operation, When screaming young hares were being handled, adults wouid
come bounding up close, often thumping loudly with their hind feet.

When one of the two~day-old leverets in a 40 x LO ft., pen was picked up
it squealed, and the others in the nest immediately scattered in al!
directions, On 5 September 1961 | was collecting in the vicinity of
Central, Alaska, and shot a hare which screamed, attracting ancther hare
to within a few yards of the scene., In the study area on 7 September
1961 | tried to imitate a hare scream by producing a squéaling sound with
pursed lips, One hare appeared and sat watching me several yards away,
A second dashed to within ten feet of me, looking around and turring ics
ears this way and that in an alert manner. A third dashed tkrough the
trees nearby. Often when | made such a noise on seeing a hare or re-
leasing one, the sound would send it away faster,

These sounds, grunting (or grow!ing) and screaming, have been repor-
ted in the literature, e.g., Severald (i942), A third sound, a click
resembling the sound commonly written ‘'tch'’, is uttered by hares and has
not to my knowledge been described in the literature. [ was not able to
determine the significance of the sound, although | have heard it several
times, On three occasions, 8 July, 30 July, and 11 August 1960, harec
made these low clicking shounds before being removed from traps. They
appeared nervous. On 20 July two hares were released at different trap

sites, and each made the sound. One nibbled some Vaccinium a few fee:



from me, uttering a click egery few seconds. After a minute or so it
hopped away. In each of these cases | released the hare gently and then
remained very still. A similar case took place on 11 September 1960,

| released a hare, it ran about three yard ., uttered two clicks, and
hopped away. In all three of these cases the hares seemed to be nervous,
probably as a result of the tagging operation. | have heard this sound
on two other occasions, On 4 July 1961 my wife and | were sitting on an
eight-foot=high observation platform, watching the behavior of two

female hares in two enclosures below us, One female hopped nervously
back and forth near the far side of her enclosure, The other hare

hopped about her enclosure, occasionally coming directly beneath our plat-
form., We could hear her uttering c licks at various locations in the
enclosure., On 14 July 1961 | placed an adult male hare in the enclosure
with the latter female, For almost 20 minutes the two hares remained at
opposite sides of the enclosure., Then they approsched to within two feet
of each other, both alert and looking in all directions. The female, who
had been uttering clicks while watching the male, chased him three or
four times., 1 could not see that the male reacted to the clicking sounds
at any time during this observation. The female behaved nervously the
entire time.

The hare's habit of "thumping' consists of hitting the ground force=
fully with the hind feet while hopping. This behavior seems to alert
other hares in the vicinity. | often heard other hares thumping when one
| was handling screamed. Hares occasionally thumped when frightened or

flushed from a form., Once | observed a Red-tailed Hawk, Buteo jama?censis,

in a small clearing in the woods and heard a hare thumping nearby. [ do

not know whether the hare was frightened by the hawk or me, Occasionally
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after being reieased, & hare would thump a few times as It hurried away.

Agonistic and Investigative Behaviar

Scott’s (1958) definitior of agonisticebehavior inciudes esgape
behavior as we!l as fighting and hostile behavior. Agonistic behavior
was observed closely In “wo types of situations: on removing a hare
from a trap and releasing it, and on placing an adult male hare in an
enciosure with an adult female,

Adulis seemed to be more aggressive than younger hares. :When i
approached a live~trap which held a hare, the hare often crouched low
with ears back, apparently trying to hide., When | opened the trap, |
reached in and grasped tne hare by Its hind legs to avoid belhg sc¢ratched
or bitten, Occasionaily when | reached into a trap containing an adult,
the hare wou'd utter a sort of grunt or growl, scratching with Its
front feet, biting, or both, When placed in a burlap sack for weighing,
such an angry adult usv2i'y selzed a piece of burlap in its mouth and
proceaeded to pu'l, raking the burlap with bdth front and hind claws.
Hares attacking the sack in this manner usually did so with ears laid
back and eyes closei, and often grunting or growiing. One hare when
the sack was turned inside out lay on the ground kicking and biting the
sack with its eyes closed, net realizing it was free to escape,

An adult male hare was placed in a 4O x 40 ft. enclosure containing
an adu't female, in hopes that coition would occur, The female avoided
the strange maie zt first, She frequently uttered clicking sounds.
After watching hkim intently for about 20 minutes, she approached him,
then chased him three or four times, [n each chase the female, with
ears laid back, dashed after the male four or five feet. The male al-

ways ran away, seeming to fear the femaie. One such encounter occurred



when the male was in a corner of the enclosure. He jumped into the
air and over the female to escape her. The male was left in the enclo-
sure overnight and was found dead the next day with superficial scracches
on his body, probably inflicted by the female. Dr. William 0, Pruitt,
Jr., had described tc me several similar encounters of hares at his home
two miles west of the University, where he had placed out feed to atiract
wild animals, The hares' aggressiveness was probably due in these in-
stances to competition for the food, and since the hares were free=-
living probably no deaths resulted.

0'Farrell (1960) adequately discu¥sed escape behavior in the hares
of the study area. | have a few notes to add., When | remained still
after releasing a hare, the hare often remained within a few yards, per-
haps nibbling vegetation. !n most cases when | dropped the hare tc the
ground, it dashed two or three yards away (sometimes only itwo or three
feet) and immediately began to eat some leaves or grass. This may have
been due either to a voracious appetite or to displacement behavior.
Many hares probably had remained irn the traps 12 hours or more, snd no
doubt were very hungry after consuming the hay bait. Sti:l, | dc not
think their hunger was so strong that it would have dominated the impuise
to escape. Certainly the hares were in a dangerous situation, since 2
predator had just released them, To run only a few feet away ard begin
eating seems odd in such a situation, There may have been a conflict
between two motivations: curiosity, and the drive to escape. A hare,
on being dropped from a dark burlap sack and seeing no movemen: arcund
it, could have been bewilidered as to the source of its discomfort. The
conflict between escape and curiosity drives may have resuited in dig~

placement activity. Displacement activity occurs when two incompatible
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drives conflict, and a third unrelated drive is expressed instead.
Tinbergen (1952) said displacement activity is '...an activity belonging
to the executive motor pattern of an instinct other than the instinct(s)
activated,’ He also said that there must be a surplus of drive. A

hare which has just been tagged may be excited enough to have such a
surplus. Tinbergen said that displacement activities are common in
hostile situations, and that foraging is a common form of displacemenrt
activity; it is an outlet though which the thwarted or conflicting drives
may find expression,

Hares exhibit investigative behavior (Scott, 1958) when examining
new territory or looking for the source of a noise. Occasicnally | have
seen hares sit up on their haunches to look at something, with torso
straight and forelegs held up in front. A female in an enclosure did
this in order to look over the low vegetation at a male | had place in
the enclosure. In many instances | have seen hares sit up this way when
surprised.

When examining objects, a hare often bobs its head up and down,

When t looked into a trap that contained a hare, and then remained still,
the hare usually approached my end of the trap, bobbing its head and
apparently sniffing the air. Some captive leverets cautiousiy investi=-

gated their surroundings in this manner.

Use of Runways

Hare runways in the winter have some cﬁaracteristics worth noting.
0'Farrell (1960) suggested that runways are rarely so deep that a hare
cannot see the surrounding snow surface. This may be important in pre-
venting surprise attacgggby predators. | have noted that a hare runway

does not always consist:of a continuous path, but sometimes is a series
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of "landing spots,'' with short patches of untrodden but somewhat leveled=-
off snow in between, Runways often become very hard under certain cold
weather conditions, and easily support the weight of a man. On 29 Jan-
uary 1961 | measured the hardness of 17 runways on the study area.

These measurements were taken with a pressure gauge which was pushed
against the snow surface., | recorded the pressure at which the snow
surface collapsed. The mean hardness was 717 g/cmz, or about 10.6
1b/in.2, With all four feet resting on the snow surface, a hare

exerts a pressure of about 9 g/cmz. | obtained this figure by deter=-
mining the area of a hare's footprints in the thawing snow of April 1962,
The four footprints covered a total of 168 cm®. The mean weight of 31
young-of ~the-year hares weighed in the winter of 1960-61 was 1,489 g.
Dividing 1,489 g. by 168 cm? yields 9 g/cm2, This figure Is a slight
underestimate of the pressure applied to the snow surface. The area of
a hare's track in the snow is a little larger than the actual area of

the foot, due to snow caving in on the edges of the track.

Hare'Nests!' and Behavior of Young

On 30 May 1961 Dr. William O. Pruitt, Jr., reported finding a hare
form at 2030 hours containing five recent]y born leverets. The form was
located near his home, in a white spruce stand with an alder and willow
understory. It was situated partly within a small brush pile under a
leaning willow (Fig. 9). The form was oblong, 28 cm long and 18 cm wide,
At one end was an entrance. The other end was partly beneath the brush
pile, which was about 16 cm high., The sides of the form were 10 to 11 cm
high and consisted of dead twigs and grass (Fig. 10). This particular
form could just as well have been called a nest. However, there were

no hairs lining it, and my observations lead me to believe that its



Fig. 9. White spruce-willow-alder stand where a hare "nest"
with young was found in June 1961. Arrow indicates
location of form.

Fig. 10. Knife placed in the form (Fig. 9), blade pointing
to the hollow under a brush pile where leverets
were found.
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nest~like appearance was an exception to the usual appearance {(a simple
depression in leaves) of forms whare litters are born. When | investi-
gated the form at 2330 hours on 3C iy 1961, only one leveret remained,
hiding under the brush pile. The others may have moved off by themselves,
may have been carried away by the mother or may have remained well hidden
nearby. Dr. Pruitt noted that when he made a sharp noise by breaking a
stick, one leveret in the above nest awkwardiy moved 15 to 20 ft. away.
He replaced it in the form, The measurements of the remaining leveret
were as follows: body length 155 mm, tail 8 mm, hind foot 40 mm, ear
from notch 26 mm, ear from base 30 mm, sex undetermined, age about

three or four days. The leveret remained still while | watched it except
once when it came slowly toward me for about a foot.

On 30 June 1961 two pregnant hares were placed in two 40 x 40 ft.
outdoor enclosures located in an upland csituation one-haif mile north of
College. One female gave birth to six young on 3 July. She was dis-
covered crouching over them in a circular depression in the leaves about
24 cm in diameter. The form was partly protected from above by a balsam
poplar and a Shepherdia shrub (Fig. 11). The mother hopped back and
forth nervously on the far side of the enclosure while her young were
examined, The leverets, which were p?dhably not more than 24 rours old,
did not ''freeze'' at my apprcach, nor did they make any sign of noticing me.
Each leveret was tagged. On 4 July one leveret was dead. This one had
seemed weak during the tagging operation the previous day. Receat droppings
indicated that the mother had visited the form during the night, which
had been cold and rainy. On 5 July the young had moved out of the form
and were huddled at the base of a Shegherdia bush rearby. It had been

raining a short time previously and the leverets were slightly



Fig. 11. Form under a Shepherdia shrub, where six young were
born on 3 July 1961. Steel rule marks diameter of
the form.

Fig. 12. Form under a small white spruce, where six young
were born on 5 July 1961l. Steel rule marke dia-
meter of the form.
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wet on their backs., After being weighed, oneofthe two-day-old leverets
walked away, using its hind feet alternately. It was replaced with the
others and immediately escaped in another direction. When replaced
again it squealed, whereupon the other four leverets scattered.

During the night of 4=5 July the other adult female gave birth to
at least six young. In the afternoon of 5 July three of the leverets
were found in a leafy depression 29 cm in diameter. The form was under
the branches of a small white spruce and was surrounded by dead willow
twigs (Fig. 12). The leverets were weighed and tagged. Three more
were found in the next few days, in different parts of the enclosure.
Apparently they had moved from the nest when less than a day old, or
were moved elsewhere by the mother. When the first three were tagged
one squealed, and the other two scattered at once. Natural camouflage
made the leverets difficult to see on the littered ground (Fig. 13 and
14). The mother showed concern when | handled her young, but she would
not come within 20 ft, of me., All the penned hares were annéyed by
mosquitoes, which were abundant. The adults were constantly flicking
their ears, and mosquitoes were seen biting the young around their eyes.,

It seems that leverets less than a day old can move away from the
form in which they were born. Severaid (1942) o'served that ''Leverets
are fully precocial and, if disturbed, will walk by the time their hair
dries." He went on to say, '""Even when undisturbed they leave the form
in a week or less, and in captivity can generally be found scattered about
the pen after the third or fourth day."

One two-day-old leveret had green stains on its front feet. It may
have been eating plant material already. A six=-day-old leveret which

was collected had green material in its stomach, along with some white



Fig. 13. lLeverets less than 24 hr old, in the form where
they were born.

Fig. 14. A leveret's small size and protective coloration
meke it difficult to see among the leaves.
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material which was probably partly digested milk. Nice et al. (1956)
observed a three-day-old leveret chewing and swallowing grass. Severaid
(1942) said that leverets are normally weaned between the fourth and

fifth weeks,

Food Habits
In summer, hares seem to feed on any green plant food available.

Hares rapidly ate all the Equisetum arvense from two outdoor enclosures

(Fig. 15). The winter diet consists mainly of smal! iwigs and tips of

Vaccinium uliginosum, Ledum groenlandicum, Rosa ~ ¢/ leris, and Salix,

— i

spp. Betula papyrifera bark and twigs 2'.c sem to bhe an important

winter food of hares in Alaska. Bark of $21i. spp., Alaus fruticosa,

Populus tremuloides, P._balsamifera, Picea naricuz, and P. glauca is

resorted to mainly in the latter part of the winter w ..n other food has
become scarce. Barked trees were most frequerti,; obsarved in early
spring. Many stands of small birch and poplars were conspicuously barked
and girdled at this time. No doubt many of the damaged trees died.
Hares may be an important factor in forest succession, due to the exten-
sive damage they do by barking and girdling trees when populations are
high.

Seiskari (1954) noted that the five most-preferred winter foods of

Lepus timidus are, in order of decreasing usage: Vaccinium myrtillus,

Populus tremula, Salix sp., Betula sp., and Vaccinium vitis-idaea. Dodds
(1960b) stated that birch is the most important hardwood food source for

Moose, Alces americana, and the most important of all tree species for

hares, in Newfoundland. He said that both hares and Moose browse plants
less than 6 ft. high very heavily.

Seiskari (1956) stated that Finnish Moose, Show Hares and Willow



Fig. 15. Comparison of vegetation inside and outside hare
pen, left, outside. Note the abundant Equisetum.
Right, inside. Hares have consumed all Equisetum.

Fig. 16. Brush pile, mostly willows, debarked by hares.
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Ptarmigan each favor certain species of willow, and therefore do not
compete with each other for this food. He said that Moose are less
selective than the other two. They eat equal quantities of Salix aurita,
S. caprea, and S. cinerea. Hares favor S, cinerea and §. caprea, and

the Willow Ptarmigan prefers S. phylicifolia. Feeding height is

similar for all three animals. The genus Salix is ubiquitous in Alaska
and is represented by many species. Research on the species used by
hares and other animals might yield similar findings.

Windfalls, brush piles, and fresh spruce, poplar, birch, and willow
branches on the ground seem to receive attention from hares at any time

during the winter, Often | left a fresh branch of Picea glauca or

Populus tremuloides on a trail in the study area. In a few days all

bark and part of the outer wood were usually gone. Dr. Brina Kessel
reporied that hares had been feeding on several freshly cut slash piles
near her home north of the study area in February 1961, Some of the wil=-
low piles were almost completely debarked, including the small top
branches, some of which were at least three feet above the snow surface.
The photograph (Fig. 16) was taken in May after the snow was gone. How

a hare could have climbed on top of the brush pile and reached the upper-
most branches is an interesting question., Perhaps hares have unsuspected
climbing abilities.,

While on road surveys, on several occasions | noticed hares which
appeared to be eating gravel from the road. | was not able to obtain
concrete evidence of this. It has been observed that many animals crave
certain minerals, and will eat soil to obtain them. | noticed a hole
about 10 cm in diameter and 10 cm deep in the ground of a black spruce

muskeg stand on the study area. Hares kept the hole open and free from



snow throughout the winter of 1950-51, Apparently it cortained a min-
eral or salt which attracted the hares. Maclulich (1937) said that
hares eat sand., Adams (1959) reported finding sand in the fecal pelie:s
of hares in Montana.

Hares will be carnivorous, as will many rodents, when given the
opportunity. Seton (1928) mentioned a report about hares feeding on
frozen, skinned carcasses of other Snowshoe Hares, foxes and weasels.
Hares seem to prefer their meat frozen, but wiil not feed cn the carcass
of a clean unskinned animal (Soper, 1921). Soper said that only when a
wound is present to provide a starting point will lares eat a frozer
carcass. In November 1961 six frozen hares which had died in live-
traps were left in the study area. Four of these remained untouched.
The other two, which were somewhat biood-spattered and from which
patches of hair had been removed, were eaten. Eventually they were
reduced to scattered bits of bone and fur by other hares, Gray Jays

(Perisoreus capadensis), and perhaps other animals.
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PELAGE CHANGE

| obtained data on pelage change by obszrvation of hares which
were live~trapped, coliected, or observed in the woods.,

Snowshoe Hare peiage ard pelage change have been described thor-
oughly by Grange (1932b) in Wisconsin and Severaid (igk2, 1945) in
Maine, My observations on peiage change in the hares of the Fairbanks
area substantiate 0'Farre!l’s (1950) find'ngs., During the first week
in August hares begirn to change from their short, grayish=brown summer
pelage to the longer white winter coat, The change is completed by
the first of November. Vernal melt begins in late March, and the hares
have obtained their dark summer ccat by mid=June {Fig. 17). According
to Grange (1932b) and Severaid (1942) Snowshoe Hares in Wisconsin and
Maine begin their autumn pelage change in late September and finish
in December (Fig. 17). In the spring, in Wisconsin and Maine, the
change begins in ear!y March and is complieted by early June. While
the Alaskan hare retaias its winter ccat for neariy five months, the
hares of Maine and Wiscorsin keep theirs for less than t hree months,
The long Alaskan winter is reflected in the thickness and duration of
the white coat. Nortchern hares have richer and fuller winter coats
than do hares in more southerly latitudes. In Wisconsin and Maine,
Snowshoe Hares are in summer pelage for neariy four months, whereas in
Alaska hares keep their summer coats for less than two months.

The periods of molt occupy a large part of the year., Seve-aid
(1942) described sever arhitrary stages in Verna: and Autumnal pelage
change. He designated the vernal stages V=1 through V-7, and the
autumnal changes A-! through A-7,

It is well known that pelage characteristics in hares vary from one
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region to another. Hares in the State of Washington (Lepus americanus

washingtoni) never turn white in winter, but remain in brown pelage the
year around. Adams (1959), in Montana, was able to distinguish adults,
which had white feet, from immature hares, which had brown feet. This
criterion does not hold for hares in Alaska. All the adult hares
0'Farrell (1960) captured in this area during July 1959 had brown feet,
which seems to negate Nelson's (1909) statement that in summer Interior
Alaska hares have white hind feet. | collected six adults in the summer
of 1960 which had completely brown feet. Nelson was not entirely wrong,
since some adult hares do retain white hind feet in summer. On 4 July
1960 | captured an adult hare, age 1 year 1.5 months, which had completely
white feet. Some adult hares have hind feet which are mottled brown

and white,
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AGE DETERMINATION

Several age-determination criteria were tested: hind-foot color,
epiphyseal groove closure, gerital morphology, hind-foot length, body
weight, and lens weight. Collected hares provided most of the data,
since dissection was necessary to obtain lenses ard long bores.
Genital morphoiogy and body weight were also recorded from hares live-
trapped and reieased on the study area, Krowr-age hares for body-
weight and lens-weight studies were cbtained from tweo - urces; hares
Tive-trapped on the Ballaine study area, and hares coliecred outside
its boundaries. When very small {urder 600 g.) hares were captured,
their ages were estimated according to 0'Farrell's (i960) body-weight
curve, Many young hares were collected outside the study area. Many
adult hares captured on the study area had been caught first when very
yeung, and so their ages could be cetermined. The young born in the
hare pers were weigh§2 every other day from birth. A¢ the same inter-

vals one or two leverate were collecied for their lenses.

Hind-Foot Color

The use of hind-foot coler to distinguish adult hares from juveniies
has been discussed above under peiage change, Adult hares cannot be
separated from juveniiess in Interior Alzska on the basis of foot color,
because adults may have white, completely brown, or mottied hind feet in
summer. Brown and mottied feet have been observed more frequertly than

white,

Epiphyseal Groove Closure

In many studies, the presence or atsence of an epiphyseal carilage

plate on one of the long bones has beer used as a criterior for separating
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immature from adult amimais. 1a lagomorphs the epiphyseal groove seems
to become indiscernable during the animal's first winter, The date of
closure may vary with species, nutrition, land fertility, growth rate,

day length, sex, and time of birth (Hale, 1949). Martinson, et al. {1961)
reported that the epiphyseal groove in the Swamp Rabbit, Sy'vilagus

aguaticus, closes at about ten months and that in Eastern Cottontails,

Sylvilagus floridanus, it closes at seven months in males and eight

months in females. Dodds (!960Ga) noted that in Snowshoe Hares in
Newfoundland the epiphyseal groove is indiscernable at about seven months,
Closing of the epiphyseal groove in Interior Alaska hares seems to occur
at approximately seven months, but due to the paucity of data (Table 12)

a reliable conclusion cannot be drawn,

Genital Morphology

In most cases, the sex of a Snowshoe Hare is easily determined. New-
born leverets are an exception; their genitals are so tiny that it is
easy to err in sexing them, A juveniie male can be recognized by his
short, stubby penis (Fig. 18), and an adult by his larger, posteriorly
curved, pointed penis (Fig. 19). Juvenile and adult females can be
recognized by a ramp-shaped vulva with a slit completely down the
posterior surface (Fig. 20 and 21). Hoglund and viklund (1953) are the
only other biologists wh: have, to my knowledge, published a descriptica
of the difference between young male and femaie hare genitais (1n their

case Lepus timidus of Finland),

0'Farrell (1960) noted the difference between juvenile and adult hare
penises and suggested that this difference might be useful in separating
the two age classes in the field, This criterion was especiaily useful

o me in separating young-of-the-year from maies a year or older,



TABLE 12. CLOSURE OF THE EPIPHYSEAL GROOVE IN INTERIOR ALASKA
SNOWSHOE HARES

Age in months No. hares Condition of
in sample epiphyseal groove

0.5 - 3.5 | L3 open

Lo ] closed

4.0 ] nearly closed
5.5 ] nearly closed
5.5 2 closed

6.5 ] nearly closed
7.5 1 closed

13.5 ] closed

17.5 1 closed




Fig. 18. Juvenile hare penis. A, anterior. P, posterior.

Fig. 19. Adult hare penis., 4, anterior. P, posterlor.



Fig., 20, Juvenile hare vulva, A, anterior. P, posterior.

Fig. 21. Adult hare vulva, A, anterior. P, posterior.
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in the fall and early winter. 't is at this time thatyihe adult and
juvenile age classes are difficult to separate by body wcight and general
appearance alone. | have attempted to determine the date at which the
first young-of-the-year obtains an adult-type penis.

A hare's genitals can be seen by pressing back the skin just anterior
and posterior to the genital region. The penis can be recognized with
little difficulty, even in leverets as young as two days old. The short
juvenile penis undergoes morphological changes to reach the adult form,
During most of the charge period it stil!l remains rather stubby, but
develops a small projection which points anteriorly (Fig. 22).

I recorded penis shapes of several known-age hares. Hare No. 3759
was captured at the ages of 146, 166, 179 and 243 days. Through 179 days
the penis was stubby, but possessed an anteriorly projecting process,

At 243 days it was nearing adult form, but still pointed anteriorly. Two
hares, No. 3821 and Nc. 2294, captured at 155 days and 169 days respectively,
both had short, stubby penises. Hare No. 2264, 130 days oid, had a short,
stubby pernis with a small projeztion from the center. The aduit penis

is usually much longer than the juveniie; it points posteriorly when
unsheathed, and is quite pointed (Fig. 19). Hare No. 2780, caught at age
214 days, had a peais which apparentiy had recently attained the adult

form, It was pointed posteriorly, but was unusually thin,

Other data which may iadicate when the juveniie penis changes to
the posteriorly pointed penis of the adult is as foilows. Of 11 male
hares captured in November 1960, ten had stubby penises and one ar adult
penis. Of 39 males captured in December 1960, 29 had stubby penises, 3
had penises of a transitional shape, and 7 had adult penises. Orly two

male hares, both with adult penises, were captured in January 1961, Of



Fig. 22, Transitional hare penis. A, anterior. P, posterior.
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six males captured in February 1961, four had transition-type penises,
and two had adult penises. The first transition-type penises appeared in
December, indicating that it was possible for some young-of-the-year
hares to have adult penises by the end of that month,

It seems that the hare penis attains adult form at approximately
200 days (or 6.5 months), perhaps later. |If the first young are born
in late May, they would be 6.5 months old in the middle of December. |
believe this criterion can be used with confidence,éntil the end of
November,

O'Farrell (1960) also noted the difference between vulvas of juvenile
and adult hares. When the skin around an adult female's genitals is
stretched, the vulva spreads easily and appears thick and fleshy. The
vulva of a juvenile has the characteristic ramp~like shape, but is not
so fleshy and does not spread open easily. O0'Farrell's description of
female hare genitals seems adequate. | have found similar characteristics§
Fig. 20 shows a juvenile vulva spread open. It is rather blunt, and may
be mistaken for a penis by an inexperienced observer. Note the ramp=-
like shape and the posterior slit., An adult female can often be distin-
guished from a juvenile in the summer and early fall by a more easily
spread, longer, and more pointed vulva (Fig. 21). She may also be
identified by palpable teats, which juveniles lack. I do not know at
what age the criterion of vulva shape becomes untrustworth in distinguish-
ing young-of-the~year from adult females. The difference is slight at

any time, and is certainly unreliable after November.

Body Weight

O0'Farrell discussed the growth of Interior Alaska hares and compared

his results with those of Severaid (1942) and Adams (1959). He found
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that A!‘ska hares grow faster than the Montana hares of Adams' study.
They grow at a rate similar to Severaid's Maine hares until 60 days,
after which Alaska hares grow at a greater rate, This is to be expected
at Alaskan latitudes, where the growing season is short, and the winter
long and severe.

O'Farrell weighed three leverets at birth, obtaining a mean weight
of 52 g. The mean weight of nine leverets less than 24 hours old born
in my hare pens was 64 g. Lacking any better standard, | used 0'Farrell's
growth curve to determine the ages of all leverets captured in the field,
Ages of hares whose weights exceeded 1,000 g could not be determined with
confidence, since O'Farrell's growth curve begins to level off at this
weight. Fig. 23 shows the growth data obtained from 38 known-age weights
derived from pen-raised leverets, and weights of 86 hares whose ages
were determined by interpolation on 0'Farrell's growth curve, These 86
weights represent hares which were first captured as leverets ¥under
600 g), their ages determined by interpolation, and then released., These
hares were subsequently recaptured and weighed again., Weights of adults
during the breeding season were not used,

If | were to construct a curve to fit the growth data in Fig. 23,
it would be as misleading as | believe Q'Farrell's curve to be; perhaps
more so, since it would be based on 0'Farreil's, After 70 days the adult
weights of hares in my studylﬁayy hetween 992 g and 1,790 g. O0'Farrell’s
curve, based on a small sample, is deceptively smooth; the points show
little variation, even in adult weights.

Age determination of this sort, especially using wild leverets
weighing 300 g or more, can be misleading, as Severaid (1942) has shown.

He raised many hares in outdoor enclosures, and found that weight alone
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is not satisfactory for age determination. He believed that any one
meastirement is not sufficiently stable to determine the exact age of a
growing hare, but by ma2tching weight and appendage measurements with
averages and variations of known-age hares, the age may be estimated

with a fair degree of accuracy.

Hind-Foot Length

Hind-foot growth data were obtained from 38 measurements of pen-
raised leverets and 30 hind-foot measurements of hares coiliected and
recaptured in the field, Hind~foot measurements taken in the field
seemed subject to considerable error. Those which showed inconsisten-
cies (e.g., successive measurements of 138 mm, 123 mm, 130 mm, 123 mm,
and 142 mm on one adult hare) were not used.

The plot of the points (Fig. 24) appears to level off at the adult
hind-foot length of 139 * 8 mm, at about 80 days (!1.5 weeks). Sever-
aid¥e (19h2) hind-foot growth curve for Maine hares began to level off
at about 16 weeks, and showed no further increase after 24 weeks, when
the adult hind-fcot length averaged 136 - 138 mm.

Several attempts were made tc fit curves to the hind-foot data
with the aid of an IBM 1620 Computer, but rene of the results were
satisfactory. A polynomial of the formy = a + b2x2 + b3x3 resul ted
in a curve which appeared to fit the data nicely up to 81 days from birth;
after that it went 6 - 7 mm too high, and subsequently fell below the
data at about 160 days. Brody's (1945) exponential growth equation of
the form W = A - Be Kt was also tried, A is a constant with an assumed
maximum value; B and K are aiso constants, but with values calculated to
give a fit. W is hiand-foot length in miliimeters, and t is time, This

formula with an assumed maximum vaiue of 145 mm resulted in a curve which



Iength in mn

160 —

120—

100 —

80—

60— o

Fig. 24.

T l ! l | l | [ [ l

40 60 80 100 120 140 160 180 200 22¢

Age in days

Increase in hind-foot length in Interior Alaska hares,



88
started 10 mm below the data at zero days, crossed that data at six days,
and thereafter remaird 3 - 5 mm above the data. A sigmoid type of
differential growth equation of tke form dW - KW(A - W) was used. In this
case W is hind-foot lengthk, K is a constai:, A is the maximum assumed
hind-foot length, and t is time. This equation yielded a curve which
started 20 mm too high at zero days, crossed that data at 15 days, was
20 mm below the data at 35-40 days, and eventually approached the data at

about 200 days. This was the general form of the curve for the different

assumed values of A (140, 142, 145, 147.5, and 150 mm).

Lens Weight

Generally, my procedure for handling lenses was similar to Lord's
(1959). One eye was dissected from each hare and was placed in 10%
formalin to harden the lens, Al lenses remained in formalia at least
two weeks, although Lord said that one week is sufficient. After fixing,
the lens was removed from each eye, riansed in tap water, rolled on a
paper towel to remcve excess moisture, and placed with an identifying
tag in a small crucible., Crucibles were then placed in a Bench-Top
Laboratory Oven (Planchets, Cheisea, Mich.) and aliowed to dry for 36
hours at 80 C. One lens at a time was removed from the warm oven and
weighed immediately on a Roller-Smith precision balance (Roller-Smith
Co., Bethlehem, Pa.). Results are shown in Table 13.

Lord (1959) found the lens weight of the Eastern Cottontail,

Sylvilagus floridanus, to be a potent®al! too! for age determipation; in

1961 he published a lens growth curve for the Florida Gray Fox, Urocyon

cinereccfuzntcus. Other lens growth studies have been conducted on

Blacktaii Jackrabbivs, kzp.s californicus, by Fineman and Detman (1960);

i

on Raccoons, Procyon lowor, by Sandersor (1961): on Swamp Rabbits,




TABLE 13. LENS GROWTH IN SNOWSHOE HARES

Age in Lens wt Age in Lens wt. Age in Lens wt
months in mg months in mg months in mg
12.2 52.2 85.4
4.1 54.9 85.6
15.7 55.2 87.6
15.9 57.4 90.8
16.8 63.9 92.0
19.9 64.0 2 -3 93.0
20.9 64.5 93.1
0 -1 22.1 65.6 9h4.2
22.5 66.4 9k .4
22.8 1 -2 66.5 119.3
25.4 67.0 127.3
26.1 67.3 86.0
35.7 68.6 91.7
Li.9 68.6 3-4 97.7
56.6 72.0 109.9
19.1 73.6 114.2
22.5 74.8 93.8
23.5 77.6 b -5 107.2
24,2 78.2 113.4
35.2 6L.0 84,6
1 -2 39.4 73.4 95.5
43.9 2 -3 76.8 5~-6 97.8
Lo.3 82.3 98.4
50.6 84.7 137.0

20.7




TABLE 13. (continued)

Age in Lens wt
months in mg
5-6 143.5
6 -7 133.4
7-8 1446
9-10 120.5
10 - 11 187.4
11 - 12 154.6
162.6
13 - 14
186.2
187.2
16 - 17 194.8
196.4
189.2
17 - 18 '
200.7
27 - 28 190.8
198.3
29 - 30

201.5
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Sylvilagus palustris, by Martinson, et a'. {(1961); on the wild rabbit,

Oryctotagus cuniculus, by Dudzinski and Mykytowycz (196i); and on

Prongho~n Antelope, Antiloczarpa anmericana, by Kolensky and Miller (1962).

Fireman and Detman; anc Martinson, et &'., did not present curves, but

simply separated their data into juvenile and aduit groups., Sanderson's
lens growth curve for the Raccoon flatfens out at approximately one

year and is useful only for telling the month of birth of the Raccoons
iess than 2 year old, The lens weights of cottontails, wiid rabbits,
Gray Fox, and Pronghorn Astelope increase rapidly in the first part of
growth, then the rate decreases, Growth does not stop, but appears to
continue increasing slowly.

| weigied lenses from 89 rares (Table 13). Nine of these were
frcﬁ{knownwage, pea-raised leverets:; {he remainder from hares captured
in the field, whose spproximate ages had been determined by using
0'Farrell's body-weight growth curve, The lens weights range from 12,2
mg in 2 leveret less than 24 hours oid o 20!.5 mg in an adult 2.5 years
old. The piot of the points (Fig. 25) appears tfo leve! off at 15-17
months, at approximately 194 mg. Whether or not the lens really does
stop growing cannot be determined from the few data in the older age
classes, Lens-weight data can be used to ceparcte juvenile hares from
hares one year or older at 160 mg.

Attempts to fit curves to the !ens-weight data, using an IBM 1620
Computer, yielded unsatisfactory results, The same polynomial as that
used for the hind-fcot growth data w2s (ried, It resulted in a curve
which appeared to fit thre s370 well, except at ages less than iwo months,
where the curve was 10 = 15 mg above the data, An exponential fiiz was

attempted, using the equation W = A ~ Be-Kt, as described in the dis-
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cussion of hind-foot growth., This also appeared to fit the data except
at ages less than two months, where it also was about 10 - 15 mg above
the data. Huxley's differential growth equation of the formy = be, as
used by Kolensky and Miller (1962), resulted in a curve which started
about 17 - 18 mg above the data at one month, then crossed the data and
paral]e]&d the lower part of it until 10 months, where it went and there-
after remained far above the data. A futile attempt was made to decipher
an equation used by Dudzinski and Mykytowycz (1961) on the growth of the
lens in Oryctolaqus. They were able to construct a curve and calculate
95% confidence limits, but they found that lens weight was a reliable
indicator of a rabbit's age only until about 150 days.

Probably the most practical way to determine ages of juvenile hares
is to use a combination of body weight and hind-foot length. For
greatest accuracy, only ages of hares weighing less than 1,000 g should
be determined from the body-weight data, i.e., hare§ less than 70 days
old. Using the hind-foot data, approximate ages can be determined only
for hares whose hind feet are less than 100 mm long, i.e., hares less
than 40 days old. When using body-weight and hind-foot~length data to-
gether, the latter will be the limiting factor. Body-weight-determined
age can be matched with hind-foot-determined age, and the mean used as
the hare's age. Since this method can be applied only to a small segment
of the population (hares less than 1.5 months old), its usefulness is

limited.
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SUMMARY

From May 1960 to November 1961 a field study was conducted on an
increasing population of Snowshoe Hares on a 160-acre study area on
Ballaine Road near College, Alaska. The objectives of the study were
(i) to determine the effect of population density on home range size;
(ii) to study reproduct:.on, behavior, and age-determination criteria;
(iii) to continue compilatior of data on this population as part of a
long-term study; and (iv) to test census methods. Data were obtained
chiefly by live-trapping and sraring.

An increase }n hare sign in marginal habitat indicated that the
hare population had increased between 1958 and 1961. No reiiable method
has been found for measuring this increase. The Schnabel (Krumholz)
formula and the Petersen ratio were tested, but were invalidated by
differential trap response, The calendar graph, Webb strip-census,
and Hartman toe-clip ratio all proved poor or useless under Interior
Alaska conditions, Indices tested were the number of hare runways
crossing lines on the study area, and counts of hare pellets. Neither
method, as tried, yielded reliable results.

Some hares acquired a '"trap habit'' and became caught in the same
trap several times in succession, A larger number appeared to avoid
traps after being caught once, some for periods up to two years. Most
of these appeared to have remained close to the point of first capture,

Total trapping success was 14%. It increased from a low of 6% in
May and June 1960 to 62% in Octcber, and diminisﬁed again during the
winter., The summer of 1961 showed a success similar to that of 1960.
During the entire study recapture s.ccess was highest in May, decreased

during the summer as young were added to the population, and increased



95

again in the fall as the young were marked, Inclement weather restricted
movements of hares, as shown by Tow tirapping success on days following
nights of rain or snow,

Counts of hares along roads were useless for determining the rela-
tive abundance of hares in the Fairbanks area because very few hares
were seen, even where they #ere known to be abundant.

The earliest litters in 1961 were born in mid-May and the latest in
early August. Lactation in some femaies appeared to be continuous from
late May until late August. Dissection of 12 pregnant hares showed a
mean of 4.6 fetuses per female per pregnancy.

In a cohort of *73 known-age hares at least 20 (36%) survived at
least one year, and at least 3 (5%) survived at least two years., Differ-
ential trap response and emmigration apparentiy contributed to this
apparent high mortality.,

Foxes, Goshawks, and Red-tailed Hawks were probably the most import-
ant natural predators on hares,

The following internal parasites were found in hares: Mosqovoyia

pectinata, Taenia pisiformis, Dircfilaria scapiceps, Obeliscoides cuniculi,

and Protostrongylus boughtoni. Ticks were frequently found on hares in

the summer of 1960, but were rare in the summer of 1961. Fleas seemed
especially abundant on the hind feet of hares coilected in the fall and
early winter of 1960.

Home range size as calculated by the exclusive-boundary-strip method

2

decreased signé:~gant¥y at the .0! level from 14.5 acres in a period of
low population density {June 1959 - April 1960) to 13.] acres in a period
of highﬁ? dersity (May 1960 =~ November 1951). The mean adjusted home

range length figures minimized diff&-ences in range area, and so weie un-
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satisfactory for determining relative home range size.

The greatest dispersal movement noted, 1.6 miles in 1k days, was
achieved by a juvenile female hare,

Qali covers shrubs and trees in winter in Interior Alaska, bending
them to the snow surface and thus providing good cover for hares.

Evidence was found that hares occasionally use burrows.

Hares make a sound resembling a low click (*tch'), apparently when
nervous,

Some agonistic, investigative, and possible displacement behavior
was observed in hares.

Seventeen hare runways had a mean hardness of 717 g/cm2 in January
1961, A hare, when standing, exerts about 9 g/cm2 on the snow surface.

Two litters were found in simple depressions in the leaves, and
one in a nest-like form. Leverets could move from their place of birth
when less than 24 hours old. A six-day-old leveret had green plant
material in its stomach.

Hares seemed to eat almost any green plant food available, Winter
food consisted of small twings and tips of most deciduous plants and
heaths. in late winter hares turned to the bark of willows, poplars,
birch, and alders. Hares sometimes appeared to eat sand or gravel on
roads. Hares ate frozen carcasses of other hares when a wound was
present as a starting point.

The autumnal pelage change extended from the first week in August
to the first of November, and the vernal change from late March to mid-
June. Hares retained their winter coats for nearly five months and sum-
mer pelage for less than two months,

The color of a hare's hind feet cannot be used as an age criterion

in summer, since adults may have brown, white, or mottled feet at this
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time., Epiphyseal groove closure in the humeri appears to occur at about
seven months. Juvenile males have short, stubby penises until December.
An adult male has a larger, posterioriy pointed penis. Juvenile females
have short, blunt, hard-to-spread vulvas in summer and fall, and lack
palpable teats. Adult females have palﬁable teats, and their vulvas,
which spread easily, are longer and more pointed.

Body weight, hind-foot length, and lens weight =.re considered as
age-determination criteria. None proved suitable, because of excessive
variability. Matching body weight and hind-foot length may be an accurate
method when used on juvenile hares with hind feet less than 100 mm long.
The year of birth of an adult hare cannot be determined by these cri=
teria. A lens weight of 160 mg can be used to separate hares less than

a year old from older hares.
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APPENDIX

The nine vegetation stands of the Ballaine study area are depic~
ted in Fig. 27 through Lk, Each pictorial graph represents one 100-ft.
line transect placed subjectively in the approximate center of a stand.
Coverage was determined by the line-intercept technique. Heights of
trees were either estiméted or determined with an Abney level., The

nomenclature used is that of Anderson's (1959) Flora of Alaska.

A description and photograph of each stand supplement the pictorial
graphs. Following each graph is a table in which coverages are listed.
Some classes of vegetation are excluded from some of the graphs in
cases where the ground layer was so dense that it was impossible to depict
all of its components. Species or classes with a trace coverage are not
shown on the graphs. Symbols used to depict plants or plant types are
shown in Fig. 26, Table 1L shows a complete list of the species in each
class,

Stand A occupies the SW corner of the plot (Fig. 3). It is charac-

terized by tall Betula papyrifera (ca. 50 ft.), Picea glauca, and Salix

app. (Fig. 27 and 28, Table 15). There is an abundance of Equisetum
arvense in the summer, but little other ground cover. Bryoids are present
but sparse. In a limited area immediately around trap A-1 there is a

dense stand of Alnus fruticosa which has a thick ground cover of Ledum

groenlandicum and Vaccinium uliginosum, This was not treated as a

separate stand, since it occupies only a very small area next to the road.
Stand A, and all other areas above the 600-ft. contour line, are better
drained than those areas below this level, |

Stand B occupies that part of the SW corner of the plot bordering

Stand A, and is also present in the SE corner (Fig. 3). Picea glauca
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TABLE 14,

SPECIES OF PLANTS COMPRISING THE PHYSIOGNOMIC CATEGORIES IN
VEGETATION STANDS ON THE BALLAINE STUDY AREA, COLLEGE, ALASKA

Those species marked with an asterisk are the commonest and

and most conspicuous members of their category.

Anderson's (1959) Flora of Alaska.

Bryoids:

Heaths:

Forbs:

*Sphagnum spp.

*lichens (several unidentified species)

*Ledum groenlandicum Oeder

*Vaccinium uliginosum L.

*Vaccinium vitis-idaea L.

*Empetrum nigrum L.

Shepherdia canadensis (L.) Nutt.

Chamaedaphne calyculata (L.) Moench.

*Cornus canadensis L.

*Mertensia paniculata (Ait.) Don.

*Linnaea borealis L.

*Epjlobium anqustifolium L.

*Rubus ar-ticus L.

*Petasites frigidus (L.) Fries

*Pyrola secunda L.

*Rubus chamaemorus L.

Achillea millefolium L.

Saussurea angustifolia (Willd.) DC

The nomenclature



TABLE 14. (continued)

Epilobium palustre L.

Aconitum delphinifolium DC.

Solidago multiradiata Ait.

Arenaria lateriflora L.

Geocaulon lividum (Rich.) Fern.

Polemonium acutiflorum Willd.

Actaea arquta Nutt.

Moneses uniflora (L.) Gray

Chenopodium capitatum (L.) Achers

Lysiella obtusata (Pursh.) Rydb,

Equisetum:

*Equisetum arvense L.

Graminoids:

*Calamagrostis (inexpansa A. Gray?)

Carex spp.

Shrubs:
*Rosa acicularis Lindl.
#Viburnum edule (Michx.) Raf.
Ribes triste Pall.
Trees:

*Betula papyrifera Marsh

%Populus tremuloides Michx.,

*Picea mariana (Mill.) B. S. P.

*Picea glauca (Moench) Voss.




TABLE 14. (continued)

*Salix spp.

%*Alnus fruticosa Rupr.

Populus balsamifera And.




IN FEET

HEIGHT

60

50

3+ Bt
40 50

COVERAGE IN
FIG. 27. VEGETATION

=1==%i<::2<>=g=.<.‘=1<?="=

60 70

FEET
STAND A.




TABLE 15. VEGETATION COVERAGE IN STAND A (FIG. 27), BALLAINE STUDY
AREA, COLLEGE, ALASKA

Vegetation form Percent coverage
Bryoids 6%
Heaths 0
Forbs 28
Equisetum 71
Graminoids 0
Shrubs 0
Trees

Betula papyrifera 58

Picea glauca 21

Salix spp. L2

. Alnus fruticosa 12



Vegetation stand A,

Fig. 28.
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is the predominant tree here (Fig. 29 and 30, Table 16). Some Salix spp.

and Picea mariana are present also, This stand is distinguishable from

Stand Alby its lack of large Betula papyrifera, and by the presence of

a dense ground cover of Ledum groenlandicum, Vaccinium uliginosum,

Equisetum arvense, and bryoids. In the SE corner of the plot Picea

glauca are slightly more dense, but not as tall as in the SW corner.

The SW corner has a denser growth of Salix spp. and Alnus fruticosa.

Stand C, located in the NW corner of the plot (Fig. 3), has a dense

tree layer of Betula papyrifera and Salix spp. (Fig. 31 and 32, Table 17).

Equisetum arvense and Ledum groenlandicum form a dense ground cover,

Bryoids are fairly abundant. Picea glauca and Alnus fruticosa are

abundant in some parts of the stand. The area is well drained.
Stand D is a small, well-drained stand occupying a small hill in
the south-central part of the plot (Fig. 3). It is surrounded by lower,

more poorly drained muskeg. Tall Picea glauca and Populus tremuloides

are conspicuous in the tree layer (Fig. 33 and 34, Table 18). Shorter

Picea mariana are also common. There is essentially no shrub or ground

layer, except for a covering of bryoids.

Stand E is located on the south border of the plot (Fig. 3), and is
slightly wetter than the other upland stands. North of the A-line,
where the transect was made, the tree layer consists of a very dense

mixture of Betula papyrifera and Salix spp. (Fig. 35 and 36, Table 19).

There are no shrubs, and the ground cover is sparse, South of the A-line
this situation changes abruptly to an open stand of increasingly taller

Populus tremuloides and some Picea glauca. There are more forbs and

bryoids in the southern part. In the northern section, trees become

shorter and Betula papyrifera fewer as the stand merges with muskeg to

the north.
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TABLE 16. VEGETATION COVERAGE IN STAND B (FIG. 29), BALLAINE STUDY
AREA, COLLEGE, ALASKA

Veqetation form Percent coverage
Bryoids 98%
Heaths 86
Forbs Trace
Equisetum (not shown) 30
Graminoids Trace
Shrubs Trace
Trees

Betula papyrifera seedlings trace

Picea glauca 34

Picea mariana 13

Salix spp. 16

{



Fig. 30. Vegetation stand B.



"0 ANVLS NOILVLI93A

1€ "9l

1334 NI 39VH3IAO0D

O¢

1HO13H

1334 NI



TABLE 17. VEGETATION COVERAGE IN STAND C (FIG. 31), BALLAINE STUDY
AREA, COLLEGE, ALASKA

Vegetation form Percent coverage
Bryoids 28%
Heaths 58
Forbs (not shown) 36
Equisetum (not shown) 89
Graminoids 0
Shrubs trace
Trees

Betula papyrifera 71

Picea glauca 9

Salix spp. 48

Alnus fruticosa 25




Vegetation stand C,

Fig. 32.
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TABLE 18. VEGETATION COVERAGE IN STAND D (FI1G. 33), BALLAINE STUDY
AREA, COLLEGE, ALASKA

Vegetation form Percent coverage
Bryoids Lg%
Heaths trace
Forbs trace
Equisetum trace
Graminoids 0
Shrubs trace
Trees
Populus balsamifera trace
Populus tremuloides 25
Picea glauca 52
Picea mariana 37

Salix spp. 9



Vegetation stand D,

Fig. 34.
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TABLE 19. VEGETATION COVERAGE IN STAND E (FIG. 3%), BALLAINE STUDY AREA,
COLLEGE, ALASKA

Vegetation form Percent coverage
Bryoids 6%
Heaths 0
Forbs 3
Equisetum 8
Graminoids 3
Shrubs 0
Trees
Betula papyrifera 73
Populus balsamifera 2

Salix spp. 86



Vegetation stand E.

Fig. 36.
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Stend F occupies the drainages of Pearl Creek, and intermittant
stream crogsing the plot from the north=-central boundary to the SE
corner {Fig. 3). Pear! Creek is flooded in the spring by meiting snow,
and often contains running water in summer during prolonged rainy
periods, There is a dense canopy of Salix spp. interspersed with Alnus
fruticosa {(Fig. 37, 38, Table 20). There is a lush ground layer of

Equisetum arvense, There are few shrubs, Bryoids are common, and

graminoids are present. The latter are found in greater numbers here
than in any other stand, except Stand H, There are a few forbs and a
very few heaths in the ground layer.

Stand G occupies the highest portion of the plot, the NE corner
(Fig. 3). The canopy consists of a dense layer of Salix spp. of

varying heights interspersed with taller Betula papyrifera (Fig. 39 and

Lo, Table 21). There is a sparse shrub layer consisting almost entirely

of Rosa acicularis. There is a dense ground layer of Equisetum arvense.

Forbs and bryoids are common, but heaths are almost entirely lacking.
Black spruce muskeg is the most extensive stand on the plot (Stand

H, Fig. 3). The tree layer consists of clumps of Picea mariana of rela-

tively low height, plus a few Salix spp. and occasional Betula papyrifera

and Picea glauca (Fig. 41 and L2, Table 22)., Heaths are abundant in the

ground Tayer, Below these is an almost continuous blanket of bryoids,

mostly Sphagrum, There are few shrubs, forbs, or Equisetum arvense.

Graminoids are relatively common. This stand is underlain largely by

undifferentiated silt impregnated with permafrost., [t is less well~

drained than those stands underiain by frost-free loess on higher ground.
Stand ! is Jocated in the north-central portion of the plot (Fig. 3).

It is muskeg similar to Stand H, with fewer Picea mariana and with a

farger number of Salix spp. and Betula papyrifera (Fig. 43 and 44, Table 23).
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TABLE 20. VEGETATION COVERAGE IN STAND F (FiG. 37), bALLAINE STUDY
AREA, COLLEGE, ALASKA

Vegetation form Percent coverage
Bryoids 24%
Heaths (not shown) 2
Forbs 17
Equisetum 98
Graminoids 16
Shrubs (not shown) L
Trees
Picea glauca trace
Salix spp. 88

Alnus fruticosa 18




Fig. 38. Vegetation stand F (foreground).
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TABLE 21. VEGETATION COVERAGE IN STAND G (FI1G. 39), BALLAINE STUDY
AREA, COLLEGE, ALASKA

Vegetation form Percent coverage
Bryoids 14%
Heaths trace
Forbs (not shown) 20
Equisetum 77
Graminoids trace
Shrubs 12
Trees

Betula papyrifera 35

Picea glauca 9

Salix spp. 93

Alnus fruticosa trace




Vegetation stand G.

Fig. 40.
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TABLE 22. VEGETATION COVERAGE IN STAND H (FIG. 41), BALLAINE STUDY
AREA, COLLEGE, ALASKA

Vegetation form Percent coverage
Bryoids 96%
Heaths 86
Forbs ! 8
Equisetum trace
Graminoids 16
Shrubs trace
Trees
Betula papyrifera trace
Picea glauca trace
Picea mariana 6L
Salix spp. 7



Fig. 42. Vegetation stand H (foreground).
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TABLE 23. VEGETATION COVERAGE IN STAND | (FI1G. 43), BALLAINE STUDY
AREA, COLLEGE, ALASKA

Vegetation form Percent coverage
Bryoids 76%
Heaths 96
Forbs (not shown) ‘ 8
Equisetum (not shown) ]
Graminoids 12
Shrubs trace
Trees

Betula papyrifera 15

Picea glauca 5

Picea mariana 3

Salix spp. 30



Fig. 44. Vegetation stand I,
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This area is very open., A few Picea glauca and P, mariana are

scattered over it. As in Stand H, the ground layer is a dense cover of

heaths over an almost continuous blanket of bryoids.
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