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ABSTRACT: In order to study the effect of high population density on the condition, blood char-
acteristics and helminth parasitism of mountain hares (Lepus timidus), 12 specimens were shot
in December 1982 and 12 more in February 1983 on the west coast of central Finland (group 1,
dense population). In addition 14 hares were shot in December 1982 about 100 km from group
1 (group 2, dense population). Group 3 consists of 15 hares from stable, rather low density
populations shot in southern Finland during three previous winters. The hares in group 1 were
the lightest, had the least fat and were the most seriously infected with Protostrongylus pulmonalis
and Trichostrongylus retortaeformis, while those in group 2 were the heaviest and had the highest
Ca, Mg, alkaline phosphatase and creatinine values. The group 3 hares had the most fat. The
group 1 animals shot in February 1983 had higher Ca, Mg, triglyceride and cholesterol values
than those shot in December 1982. It seems that high population density combined with a lack
of suitable food leads to poor condition and high endoparasite abundances. The differences in Ca
and Mg are probably due to diet. The higher creatinine values in group 2 and in the hares with

little or no T. retortaeformis infection may be due to the greater muscle mass.

Key words:
ulation density.

INTRODUCTION

Blood characteristics (Rosen and Bis-
choff, 1952; Franzmann and LeResche,
1978; Nieminen, 1980; Kie et al., 1983)
and fat levels (Rausch, 1950; Anderson et
al., 1972; Franzmann et al., 1978; Soveri
and Aarnio, 1983; Soveri et al., 1988) have
been widely used to evaluate the condition
of mammals, and the presence of a large
number of parasites also may indicate poor
condition of the host individuals (Yuill,
1964; Jacobson et al., 1978). Populations
of the mountain hare fluctuate markedly
in Finland, but not in an obviously cyclic
manner (Jokinen and Hiakkinen, 1982). The
role of parasites in population fluctuations
in mammals is unclear. Keith et al. (1985,
1986) studied the endoparasites of snow-
shoe hares in North America and Haukisal-
mi et al. (1988) and Haukisalmi and Hent-
tonen (1990) the intestinal parasites of voles
in northern Finland during different phases
of the population cycle, and their results
suggest that helminths do not have any
clear effect on population cycles. Research
has been conducted in Europe into the

Mountain hare, Lepus timidus, endoparasites, condition, blood chemistry, pop-

blood chemistry of the European hare (Mi-
hardja et al., 1979; Tataruch and Steineck,
1984) and endoparasites of the mountain
hare (Burgaz, 1970; Berg, 1981; Soveri and
Valtonen, 1983), but neither the blood
chemistry nor parasites have been studied
with respect to fluctuations in mountain
hare populations.

The purpose of this work was to detect
the possible effects of population density
on condition, blood chemistry and hel-
minth parasitism in mountain hares, and
the effects of helminth parasitism on blood
chemistry and condition.

MATERIAL AND METHODS

The material consists of three groups of
mountain hares (Lepus timidus) representing
different localities and population densities.
Twelve mountain hares were shot in the middle
of December 1982 and 12 at the end of Feb-
ruary 1983 at Kalajoki (64°15'N, 24°00’E) on the
western coast of central Finland (group 1). Both
samples were obtained in one day from the same
area of < 1 km2 Fourteen mountain hares were
shot in the middle of December 1982 at Oulu
airport, (65°00'N, 25°26'E), about 100 km north-
east of Kalajoki (group 2), and 15 hares shot in
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southern and central Finland during the three
previous winters were taken to form group 3.
Population densities were estimated from the
regional hunting statistics. Snow depth was mea-
sured in the same periods and general obser-
vations were recorded on the quantities and
qualities of forage available to the hares.

Blood samples were taken into heparinized
Vacutainer® tubes (Becton-Dickinson and Co.,
Rutherford, New Jersey 07070, USA) by cardiac
puncture immediately after shooting. The plas-
ma was separated out by centrifugation and fro-
zen at —40 C for 3 to 6 months. The hares were
weighed and aged (adult or juvenile) by radi-
ography of the distal epiphyseal cartilage of the
radius and ulna (Soveri et al., 1986). The ab-
dominal fat was weighed and categorized into
four groups according to Soveri et al. (1988; 1
= over 20 g and 4 = no fat).

The lungs, stomach and intestines were ex-
amined for parasites. Lesions in the lungs of
groups 1 and 3 were categorized (0-3) according
to Soveri and Valtonen (1983), but the lungs of
the hares in group 2 could not be examined.
Macroscopic and stereomicroscopic examina-
tions were made of the contents and walls of
the stomach and intestines and the numbers of
intestinal helminths were counted. Intensity is
described as the mean number of parasites per
hare examined.

Plasma chemistry profiles were obtained after
thawing the samples. Calcium and magnesium
concentrations were determined by atomic ab-
sorption spectrophotometry (Perkin-Elmer 2380,
Perkin-Elmer Corp., Norwalk, Connecticut
06859, USA), alkaline phosphatase (EC 3.1.3.1)
and gamma glutamyl transferase (EC 2.3.2.2)
activity according to the recommendations of
the Scandinavian Society for Clinical Chemistry
and Clinical Physiology (1974, 1976), and urea
concentrations enzymatically (Talke and Schu-
bert, 1965), as also cholesterol (Allain et al., 1974).
Triglycerides were assayed by an enzymatic
method (Wahlefeld, 1974) modified by Boeh-
ringer Mannheim GmbH (Mannheim, Germa-
ny), creatinine was determined kinetically by a
colorimetric method (Fabiny and Ertigshausen,
1971) and total protein was determined by the
biuret method (Weichselbaum, 1946).

Differences between the groups (1-3) in the
weight and condition of the hares and the in-
tensity of parasite infection were analysed using
the Kruskal-Wallis (K-W) test. If a particular
variable differed significantly between the age
groups, the test was performed separately on
the juveniles and adults, otherwise the age groups
were pooled. Two-way analysis of variance was
used to study the effects of age and group on
blood parameters. Because of the fairly high
variances in some parameters, logarithmic
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transformation was performed on all the vari-
ables. Multiple regression analysis was em-
ployed to study the possible effects of the nem-
atodes Trichostrongylus retortaeformis and
Protostrongylus pulmonalis on blood parame-
ters and the body weight of the hares. In ad-
dition to the intensity of parasites, sex, age and
season were used as discrete independent vari-
ables to check their effect on the relationship
between parasites and blood parameters. The
regression analysis for body weight had body
length as an additional independent variable,
since weight is largely determined by the gen-
eral size of the individual. Blood parameters and
parasite intensities were log-transformed.

RESULTS

According to the annual bag records
(Fig. 1), the number of hares shot in Ka-
lajoki reached a peak during the winter of
1982-83 and declined steeply the following
year. Marks of overbrowsing could already
be found in December, such as the bark
of growing trees had been eaten in many
places, and these marks were clearly vis-
ible in February. Snow depth was 5 to 10
cm in December and 50 to 60 cm in Feb-
ruary. The situation was very much the
same in Oulu region except that the veg-
etation was different, lacking dwarf shrubs
but containing more larger shrubs. The
hares in group 3 were from populations of
stable and rather low density.

Since the sexes did not differ on any
parameter studied (Kruskal-Wallis, P >
0.05), they were pooled except for multi-
ple regression analysis. The fat index did
not differ between the adults and juveniles
(Table 1), and thus the combined material
was used to determine the differences be-
tween the groups in this respect, which
were statistically highly significant (K-W
=26.6, P < 0.001; most fat in group 3 and
least in group 1). Two-way ANOVA was
used to determine the effect of age and
place of origin on eviscerated carcass
weight. Weight (Table 1) differed between
the groups (F = 3.4, P = 0.04; highest in
group 2 and lowest in group 1). The adults
were heavier than the juveniles (F = 7.5,
P =0.01). No interaction between age and
origin was detected. The weights of the
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gastro-intestinal tracts (F = 8.7) and the
ratio of intestinal weight to body weight
(F = 8.0, Table 1) differed highly signifi-
cantly between the groups (P < 0.001;
highest in group 1 and lowest in group 3)
and the amount of wood in the gastro-
intestinal contents (Table 1) almost signif-
icantly (K-W = 0.7, P = 0.06; highest pro-
portion in group 2 and lowest in group 3).
Age did not have any effect on these pa-
rameters.

The blood chemistry results and the ef-
fects of age and origin on the blood pa-
rameters are given in Table 2. Ca, Mg,
alkaline phosphatase and creatinine were
highest in group 2 (two-way ANOVA). All
interaction terms were non-significant (P
> 0.05). The effects of sex, age, season and
abundance of parasites on the blood char-
acteristics and weight of the hares in group
1 are given in Table 3. The significant
regression models show Ca, Mg, triglyc-
erides and cholesterol to be higher in Feb-

TABLE 1.

Thousands

HARE BAG _
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FIGURE 1. Mountain hare bag at Kalajoki and
Alavieska on the west coast of central Finland.

ruary than in December, while the adult
hares had lower Mg concentrations and
alkaline phosphatase activities and higher
body weight than the juveniles.

The parasites collected were the nem-
atodes Trichostrongylus retortaeformis
and Protostrongylus pulmonalis and the
cestode Mosgovoyia pectinata. The hares

Mean fat index (1-4, 4 = no fat), body weight (kg, alimentary tract excluded), weight of stomach

and intestines (g), ratio of intestinal weight to body weight and proportion of wood in the total gastro-
intestinal contents (%) of mountain hares representing different age groups and data sets.

Juvenile Adult
n z SD n 4 SD
Group 1
Fat 11 3.45 0.69 13 3.31 0.95
Weight 11 2.40 0.28 13 2.64 0.33
Intestinal weight 11 678 135 13 662 120
Intestinal weight/
body weight 1 0.29 0.06 13 0.25 0.06
Wood in alimentary tract 11 39.6 14.6 18 45.0 16.2
Group 2
Fat 10 2.30 0.48 4 2.00 0.82
Weight 10 2.67 0.25 4 2.90 0.16
Intestinal weight 10 612 63 4 638 35
Intestinal weight/
body weight 10 0.23 0.03 4 0.22 0.01
Wood in alimentary tract 10 44.5 16.2 4 61.2 14.4
Group 3
Fat 11 1.64 0.67 4 2.50 0.58
Weight 10 2.50 0.32 4 2.76 0.24
Intestinal weight 10 490 97 4 538 85
Intestinal weight/
body weight 10 0.20 0.05 4 0.20 0.03
Wood in alimentary tract 9 27.2 22.8 4 37.5 32.0
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TABLE 2. Blood characteristics (mean and SD) of mountain hares representing different age groups and
data sets. The ANOVA column shows the significant factors in a two-way analysis of variance performed on

each characteristic (P < 0.05).

Juvenile Adult
n £ SD n £ SD ANOVA
Calcium (mmol/1)
Group 1 9 3.2 0.48 11 3.3 0.29 Group (P = 0.016)
Group 2 7 3.6 0.29 4 4.0 1.10
Group 3 10 3.3 0.43 4 3.1 0.45
Magnesium (mmol/l)
Group 1 9 1.41 0.234 11 1.33 0.249 Group (P = 0.001)
Group 2 7 1.73 0.216 4 1.90 0.608
Group 3 10 1.42 0.256 4 1.36 0.153
Alkaline phosphatase (1U/I)
Group 1 6 144 81.6 8 65 34.1 Age (P = 0.001)
Group 2 6 168 87.4 3 119 37.1
Group 3 9 137 70.0 3 38 23.5 Group (P = 0.05)
Gamma glutamyl transferase (1U/1)
Group 1 5 23 242 9 13 6.7
Group 2 5 19 14.4 3 6 3.4
Urea (mmol/l)
Group 1 9 4.8 3.02 11 3.5 2.40
Group 2 10 2.9 1.78 4 4.7 2.95
Group 3 11 4.8 2.58 4 6.4 5.39
Triglycerides (mmol/I)
Group 1 7 0.63 0.406 8 1.05 0.381
Group 2 7 1.05 1.005 4 0.95 0.266
Cholesterol (mmol/1)
Group 1 9 0.51 0.189 11 0.50 0.206
Group 2 8 0.56 0.144 4 0.44 0.172
Creatinine (umol/l)
Group 1 9 112 21.2 11 95 21.5 Group (P = 0.022)
Group 2 10 129 18.7 3 137 29.9
Group 3 11 111 56.2 4 92 12.6
Total protein (g/1)
Group 1 8 58 109 9 59 6.4
Group 2 9 60 5.6 4 58 10.7
Group 3 11 53 7.9 4 54 5.4

in group 1 which were heavily infected
with P. pulmonalis had higher Ca values
than those with little or no infection, and
those which were heavily infected with T.
retortaeformis had lower creatinine con-
centrations and alkaline phosphatase ac-
tivities (Table 3). The prevalences and in-
tensities of T. retortaeformis, M. pectinata
and P. pulmonalis infection are shown in
Table 4. The juveniles were more often
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infected with M. pectinata than the adults
(K-W = 3.8, P = 0.05). Age did not have
any effect on P. pulmonalis or T. retor-
taeformis infection, but when the ages
were combined the intensities of P. pul-
monalis were higher in group 1 than in
group 3 (K-W = 6.3, P = 0.01). There was
a significant difference between the groups
in T. retortaeformis infection (K-W = 7.7,
P = 0.02; highest intensities in group 1),
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TABLE 3. Regression model predicting blood characteristics and body weight (alimentary tract excluded)
of mountain hares in group 1. Sex, age and collection season (December or February) and abundance of the
helminths Trichostrongylus retortaeformis (TR) and Protostrongylus pulmonalis (PP) were used simulta-
neously as independent variables. Body length was used as an additional independent variable in the analysis

of body weight.

Independent
Dependent variable variables Coeff. t P R?
Calcium (n = 20) Season 0.34 2.5 0.022 052
PP 0.19 2.5 0.025 ’
Magnesium (n = 20) Age -0.20 2.4 0.029 0.53
Season 0.36 4.2 0.001 '
Alkaline phosphatase Age -55.1 2.7 0.022 076
(n=14) TR —40.0 4.4 0.001 ’
Triglycerides (n = 15) Season 0.56 3.2 0.007 0.44
Cholesterol (n = 20) Season 0.22 2.9 0.009 0.32
Creatinine (n = 20) TR —-8.32 2.6 0.017 0.28
Body weight (n = 23) Length 0.03 3.3 0.003
Age 0.26 2.8 0.012 0.69
Season —-0.43 49 <0.001

and the intensities of this and P. pulmon-
alis were much higher in February than
in December in group 1 (K-W = 129, P
< 0.001 for T. retortaeformis, and K-W
= 5.4, P < 0.02 for P. pulmonalis).

DISCUSSION

It seems that population density had some
effects on the condition of the mountain
hare (Table 1) and the intensities of P.
pulmonalis and T. retortaeformis para-
sitization (Table 4) if there was a lack of
good-quality food. The hares in dense pop-

TABLE 4.

ulations (groups 1 and 2) had to eat more
poor quality food than those in the normal
population (group 3), and this was reflect-
ed in high intestinal weights, large amounts
of wood in the gastro-intestinal contents
and a small amount of abdominal fat (Ta-
ble 1). It is evident that the nutritive value
of the diet of group 1 decreased during
the winter because of overbrowsing, and
the hares probably had to begin feeding
on plants or parts of plants which they do
not usually accept because of harmful con-
stituents (Tahvanainen et al., 1985) or poor

Number of infected hosts (N) and intensities of helminths (mean and SD per hare examined,

scale from 1 to 3 used for P. pulmonalis) among mountain hares representing different age groups and data

sets.
Juvenile Adult
N/n £ SD N/n £ SD

Trichostrongylus retortaeformis

Group 1 8/11 1,214 2,127 12/13 2,821 4,379

Group 2 6/10 202 563 2/4 838 992

Group 3 5/9 444 643 2/4 13 24
Protostrongylus pulmonalis

Group 1 10/11 2.1 0.9 13/13 2.3 0.7

Group 3 3/6 1.0 1.3 2/4 1.5 1.0
Mosgovoyia pectinata

Group 1 1/11 0.4 1.2 0/13

Group 2 2/10 0.5 1.3 0/4

Group 3 2/9 1.0 2.1 0/4
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digestibility (Pehrson, 1980) or for other
reasons (Aarnio, 1983). The diameter of
the twigs selected for food increased (Aar-
nio, 1983) and thus more wood was eaten.
This kind of diet contains less protein and
more cell wall constituents (Aarnio, 1983)
which reduce its digestibility.

The elevation of magnesium and cal-
cium in group 1 during the winter (Table
3) may have been the result of changeover
to a diet rich in these minerals. The dwarf
shrubs favoured by hares in early winter
such as Vaccinium myrtillus and Calluna
vulgaris, are lower in Mg and Ca than the
trees and shrubs available and eaten by
them in late winter (Aarnio, 1983). The
hares in group 2, which did not have dwarf
shrubs in their environment, already had
higher Mg and Ca values in December.
Different feeding habits may explain the
higher Mg value in the plasma of the young
hares in group 1. Soveri et al. (1988) found
higher Mg values in the bones of young
mountain hares than in those of adults,
possibly for the same reason. The higher
concentration of triglycerides and choles-
terol in February is most probably a re-
flection of starvation, as the mobilization
of body fat by excessive lipolysis results in
an increased concentration of these com-
ponents at least in some other animal spe-
cies (Bartley, 1989). The higher plasma
creatinine concentration in the hares in
group 2 suggests greater muscle mass (Fin-
co, 1989), as they were the heaviest hares
but did not have the greatest fat reserves.
The lower alkaline phosphatase activity in
the adult hares was to be expected, as this
is known to decrease when animals reach
adulthood (Kramer, 1989).

The parasites seem to have fairly minor
effects on the blood characteristics of the
hares (Table 3). The effect of T. retortae-
formis in reducing alkaline phosphatase
activity may be due to some kind of in-
hibition of growth and osteoblastic activity
because of serious infection and a possible
lack of energy, whereas the increase in Ca
in the presence of heavy infection by P.
pulmonalis and the decrease in creatinine
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brought about by heavy T. retortaeformis
infection are difficult to explain. One can
accept that T. retortaeformis infection re-
sulted in a decrease in muscle mass and
thus in creatinine, and although it seems
that this species had no clear effect on body
weight (Table 3), it may have led to a slow
decrease in body proteins and thus in mus-
cle mass without having any effect on plas-
ma total proteins or fat reserves.
Trichostrongylus retortaeformis is a
common parasite of hares in Finland, par-
ticularly when the population is dense
(Soveri and Valtonen, 1983), and group 1
had the highest intensities of infection by
both it and P. pulmonalis. A high density
of host animals favours the transmission of
parasites, and poor condition may reduce
host resistance. The hares in group 2, al-
though originating from a dense popula-
tion, had a fairly low level of T. retortae-
formis infection, perhaps partly because
they were in better condition. Another pos-
sible reason for this difference between
groups 1 and 2 may be that the infection
pressure on group 2 may have been much
lower due to differences in the climate,
vegetation etc. Both the prevalence and
intensity of infection were very high in
February in group 1, but the reason for
this is unclear. It may have been due to
increased ingestion of infective larvae by
the hares or the maturation of inhibited
intestinal larvae. The winter is so cold in
this area that it is impossible for T. retor-
taeformis eggs to develop into infective
larvae, but such larvae could have survived
from autumn under the snow and been
found by the hare when digging for plants
under the snow. On the other hand, it is
known that mountain hares seldom dig for
food under the snow (Pulliainen, 1972).
Inhibited larval development is known to
occur in some parasitic nematodes in cattle
(Fabiyi and Copeman, 1989) and in the
snowshoe hare (Keith et al., 1985), but there
are no reports of it involving T. retortae-
formis. Even so, this could still be the most
likely explanation for the increase in prev-
alence during the winter. The activation
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of arrested larvae may be of seasonal or-
igin, as in the snowshoe hare, or it may be
due to the poor condition of the animals.
When the host is in poor condition, the
best strategy for inhibited larvae may be
to mature and produce their eggs before
the host dies.

LITERATURE CITED

AARNIO, M. 1983. Selection and quality of winter
food of the mountain hare in southern Finland.
Finnish Game Research 41: 57-65.

ALLAIN, C. C, L. S. Poon, C. S. G. CHAN, W.
RICHMOND, AND P. C. Fu. 1974. Enzymatic
determination of total serum cholesterol. Clinical
Chemistry 20: 470-475.

ANDERSON, A. E., D. E. MEDIN, AND D. C. BOWDEN.
1972. Indices of carcass fat in a Colorado mule
deer population. The Journal of Wildlife Man-
agement 36: 579-594.

BARTLEY, J. C. 1989. Lipid metabolism and its dis-
eases. In Clinical biochemistry of domestic ani-
mals, 4th ed,, J. J. Kaneko (ed.). Academic Press,
New York, New York, pp. 106-141.

BERG, C. 1981. Endoparasitism in wild Norwegian
hares. Parasitologiska Institutet, Abo Akademi.
Information 16: 88-89.

BURGAZ, I. 1970. A report on the presence of en-
doparasites in Lepus timidus and Lepus euro-
paeus in Sweden. In Transactions of IX Inter-
national Congress of Game Biologists, Moscow,
Russia, pp. 628-635.

FaBINY, D. L., AND G. ERTIGSHAUSEN. 1971. Au-
tomated reaction rate method for determination
of serum creatinine with the Centrifichem. Clin-
ical Chemistry 17: 696-700.

FaBiyl, J. P., D. B. COPEMAN. 1989. Inhibited de-
velopment of trichostrongylid worms in grazing
cattle. Australian Veterinary Journal 66: 240-
242.

FiNnco, D. R. 1989. Kidney function. In Clinical
biochemistry of domestic animals, 4th ed., J. J.
Kaneko (ed.). Academic Press, New York, New
York, pp. 496-542.

FRANZMANN, A. W AND R. E. LERESCHE. 1978.
Alaskan moose blood studies with emphasis on
condition evaluation. The Journal of Wildlife
Management 42: 334-351.

s , R. A. RAUSHC, AND J. L. OLDEMEYER.
1978. Alaskan moose measurements and weights
and measurements—Weight relationship. Ca-
nadian Journal of Zoology 56: 298-306.

HaukisaLmi, V., H. HENTTONEN, AND F. TENORA.
1988. Population dynamics of common and rare
helminths in cyclic vole populations. Journal of
Animal Ecology 57: 807-825.

, AND 1990. The impact of climatic
factors and host density on the long-term pop-

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

ulation dynamics of vole helminths. Oecologia
83: 309-315.

JacoBsoN, H. A, R. L. KIRKPATRICK, AND B. S.
MCGINNES. 1978. Disease and physiologic
characteristics of two cottontail populations in
Virginia. Wildlife Monographs 60: 1-53.

JOKINEN, M., AND I. HAKKINEN. 1982. Metsijinik-
sen kannanvaihteluun vaikuttavista tekijoista ul-
kosaaristossa. (On the population dynamics of the
mountain hare (Lepus timidus) in the outer ar-
chipelago of SW Finland; English summary).
Suomen Riista 29: 66-75.

KEITH, L. B, J. R. CARY, T. M. YuiLL, AND . M.
KEITH. 1985. Prevalence of helminths in a cy-
clic snowshoe hare population. Journal of Wild-
life Diseases 21: 233-253.

KEITH, I. M., L. B. KEITH, AND J. R. CARY. 1986.
Parasitism in a declining population of snowshoe
hares. Journal of Wildlife Diseases 22: 349-363.

KIE, J. G.,, M. WHITE, AND D. L. DRAWE. 1983.
Condition parameters of white-tailed deer in
Texas. The Journal of Wildlife Management 47:
583-594.

KRAMER, J. W. 1989. Clinical enzymology. In Clin-
ical biochemistry of domestic animals, 4th ed.,
J. J. Kaneko (ed.). Academic Press, New York,
New York, pp. 338-363.

MIHARDJA, S., A. G. RICO, J. P. BRAUN, P. BENARD,
V. BURGAT-SACAZE, ]J. P. THOUVENOT, B. PER-
IQUET, M. E. BONNEFIS, AND P. FERNET. 1979.
Contribution a la définition de valeurs de référ-
ence chez de lievre: Hématologie—biochimie
sanguine. Annales Recherches Véterinaires 10:
87-92.

NIEMINEN, M. 1980. The composition of reindeer
blood in respect to age, season, calving and nu-
trition. Ph.D. Dissertation. Acta Universitatis
Ouluensis Series D., No. 54 (Pharmacologica et
Physiologica No. 11).

PEHRSON, A. 1980. Intake and utilization of winter
food in the mountain hare (Lepus timidus L.).
A laboratory investigation. Ph.D. Thesis, Univer-
sity of Stockholm, Stockholm, Sweden, 67 pp.

PULLIANEN, E. 1972. Nutrition of the arctic hare
(Lepus timidus) in northeastern Lapland. An-
nales Zoologici Fennici 9: 17-22.

RAuscH, R. 1950. Observation on histopathological
changes associated with starvation in Wisconsin
deer. The Journal of Wildlife Management 14:
156-161.

ROSEN, M. N., AND A. L. BisCHOFF. 1952. The re-
lation of hematology to condition in California
deer. Transactions of North American Wildlife
Conference 17: 482-496.

SCANDINAVIAN SOCIETY FOR CLINICAL CHEMISTRY
AND CLINICAL PHYSIOLOGY. 1974. Recom-
mended methods for the determination of four
enzymes in blood. Scandinavian Journal of Clin-
ical Laboratory Investigation 33: 291-306.

1976. Recommended method for the de-




SOVERI ET AL.—BLOOD CHEMISTRY AND ENDOPARASITES OF THE MOUNTAIN HARE 249

termination of -glutamyl transferase in blood. TALKE, H., AND G. E. SCHUBERT. 1965. Enzyma-

Scandinavian Journal of Clinical Laboratory In- tische Harnstoffbestimmung in Blut und Serum
vestigation 36: 119-125. in optischen Test nach Warburg. Klinische
SOVERI, T., AND M. AARNIO. 1983. Measuring the Wochenschrift 43: 174-175.
body condition of hares during the winter. Finn- TATARUCH, F., AND T. STEINECK. 1984. Himato-
ish Game Research 41: 23-28. logische Untersuchungen beim Feldhasen (Lepus
s , AND M. KARKKAINEN. 1986. europaeus P.). Zeitschrift fur Jagdwissenschaft
Kyynir -ja virttindluun kasvurusto janisten idn- 30: 25-34.
miirityksessi. (The epiphyseal cartilage of ra- WAHLEFELD, A. W. 1974. Triglycerides. Deter-
dius and ulna as an age indicator for hares; En- mination after enzymatic hydrolysis. In Methods
glish summary). Suomen Riista 33: 26-30. of enzymatic analysis, 2nd English ed., H. U.
, , AND E. TANHUANPAA. 1988. The Bergmeyer (ed.). Academic Press Incorporated,
effect of condition and age on bone measure- New York, pp. 1831-1835.
ments and minerals in the mountain hare. Ca- WEICHSELBAUM, T. E. 1946. An accurate and rapid
nadian Journal of Zoology 66: 562-564. method for the determination of proteins in small
, AND M. VALTONEN. 1983. Endoparasites amounts of blood serum and plasma. American
of hares (Lepus timidus L. and L. europaeus Journal of Clinical Pathology 16: 40-49.
Pallas) in Finland. Journal of Wildlife Diseases YuiLL, T. M. 1964. Effects of gastrointestinal par-
19: 337-341. asites on cottontails. The Journal of Wildlife
TAHVANAINEN, T., E. HELLE, R. JULKUNEN-TIITTO, Management 28: 20-26.

AND A. LAvoLA. 1985. Phenolic compounds of
willow bark as deterrents against feeding by Received for publication 3 October 1990.
mountain hare. Oecologia 65: 319-323.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use





