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Notes

SCIENTIFUR
Vol. 17, No. 2, 1993

Over the years, it has sporadically been frustra-
ting for me that I alone have been the person to
write the Notes in SCIENTIFUR. From the be-
ginning, the intention was that the column
should be the place where colleagues and other
persons in the fur industry should bring their
comments or introduce new ideas.

On the other hand, I have had a column where I
could inform the readers about my hopes and
optimism as well as my frustrations and ideas
regarding the future.

The past month has taught me that the Notes are
read by the majority of the SCIENTIFUR read-
ers. This I can see from the large number of
letters of congratulation I have received from
subscribers in connection with my 60th birth-
day.

Dear friends, from the bottom of my heart
thank you for the many nice words you have
sent to me. You have made me feel that my
work with SCIENTIFUR - and the writing of
Notes - is appreciated. A reaction like that is a
great reward for me for my work in the past -
and a great inspiration for the future. THANK
YOU ALL FOR WRITING TO ME.

I am glad that during my 35 active years in the
business there have in periods been really good
skin prices. It is also promising that the price
trends now show us that the deepest crisis in the
fur industry until today - and still lasting - is on
the way to become history.

Together we can therefore with optimism con-
tinue our activities in the most fascinating of
areas - namely fur animal production.

It has been painful to note that so many col-
leagues - all over the world - have had to leave
the scene because of the crisis. I think that both
privately and professionally many of us have a
lot to thank these excellent colleagues and
friends for. We hope that they will - irrespective
of their age - find a satisfactory continuation of
their professional and private lives. I take this
opportunity to ask you to accept my warmest
thanks for our fruitful sparring matches over the
years.

QOver the years, a still greater part of fur animal
research has been integrated in university and
institutional research and has thereby changed
towards more basic research. I am convinced
that in the long run, the change will be positive.
The trend has been very visible in
SCIENTIFUR. Even though everybody realizes
the huge need of basic knowledge regarding fur
animal production, it is fact that never before
has the industry had so much knowledge as the
basis for a healthy development.

if the industry can also learn to handle the fur
market, there are signs of a good future for our
favourite - THE FUR ANIMAL INDUSTRY.

The removal of the IFASA and SCIENTIFUR
office will take place during the months of July-
August this year. There will be no change of
addresses etc. until advertised in the August
issue of SCIENTIFUR. If anybody wishes to
contact me over the phone, I can be reached all
through the summer on my mobile telephone:
+45-30 81 12 31.

Thank you again for all the greetings I have

received during the last month. Have a good
summer - or winter in the southern hemisphere!

Y, editor

mn .
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Variability of morphotic components of rabbit blood

at different times of a 24 hour period

Roman Szymeczko?, Wirginia Gaczkowska”,
Birthe M. Damgaard®, Steffen W. Hansen”
1) Department of Physiology, Academy of Technology and Agriculiure,
Mazowiecka St. 28, PL-85-084 Bydgoszcz, Poland.
2) National Institute of Animal Science, Department of Fur Animals,
Research Centre Foulum, P.O.Box 39, DK-8830 T jele, Denmark.

Summary

In rabbits of the Grey Belgian Giant breed the
average values of the morphotic components in
blood change depending on the time of the 24
hour period when the blood is sampled. The
lowest number of erythrocytes, hemoglobin con-
centration, hematocrit values and mean corpu-
scular hemoglobin concentration was found by
sampling blood at 20:00, and the maximum level
of the above mentioned components of hemo-
gram -~ at 12:00. The highest amount of reticulo-
cytes, which was observed at 4:00 and 8:00 in
the morning, preceded in time the presence of
the highest number of erythrocytes. The mini-
mum amount of leucocytes and lymphocytes was
observed at 16:00. Thereafter, an increase of the
amount of these cells was observed and reached
peak values at 12:00. The highest amount of
eosinophils was recorded in the afternoon and in
the evening. While assessing the considerable
variability of morphotic components of rabbit
blood during a 24 hour period, one should sam-
ple blood at the same time.

Introduction

On the grounds of available literature it has been
asserted that almost all processes taking place
within living organisms show oscillation during
a 24 hour period (Gamski, 1953). Among a great
number of experiments proving the existence of
a day and night variability of physiological pro-
cesses was the research on variability of the
morphotic composition of blood (Baranski et al.,
1972; Bobek et al., 1978; Clark & Korst, 1969;
Fox & Laird, 1970; Rewkiewicz-Dziarska &
Gloskowska-Moraczewska, 1975).

Since there is not much information, and often
very fragmentary, on this subject, we carried
out research with the aim of proving the influ-
ence of the time of day upon the variability of
the erythrocytic and leucocytic picture in rabbits
of the Grey Giant Belgium breed.
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Material and methods

Ten nine months old male rabbits of the Grey
Giant Belgium breed were examined. The ex-
perimental animals were from the private breed-
ing farm in Bydgoszcz. They were similar as far
as their genetic pattern and weight were con-
cerned (6.5 kg up to 7.2 kg). The rabbits used in
the experiment were kept in separate cages in a
location of 18-20°C. The light-dark conditions
(LD) were 12L (from 6:00 to 18:00):12D (from
18:00 to 6:00). The illumination was of 70 lux.
They had free access to feed and water. They
were fed ad libitum, a fodder LSK diet, used for
these animals. Blood in the amount of 0.5 ml was
sampled from the vena marginalis of an ear
every 4 hours during a period of 2 days. In the
samples, stabilized with Na-heparin, the follow-
ing elements were determined: number of
erythrocytes and leucocytes using "Picoscale® of
Medicor (Pawelski, 1977), amount of reticulocy-
tes (Pawelski, 1977), hematocrit coefficient
using the microhematocrit method, hemoglobin
level using the Drabkin method (Pawelski,
1977), and leucogram of peripheral blood (Niki-
tin, 1956, Stankiewicz, 1973).

Using the formula given by Stankiewicz (1973),
the following erythrocyte coefficients were cal-
culated: mean corpuscular volume (MCV), mean
corpuscular hemoglobin weight (MCH), and
mean corpuscular hemoglobin concentration
(MCHC).

Statistical analyses (Ruszczyc, 1978) were carried
out on the results obtained. Arithmetical mean
(%) and standard deviation (SD) were calculated,
and differences between means were calculated
by students t-test.

Results and discussion

Having analysed the data presented in table 1, it
was found that the level of morphotic compo-
nents in blood, determined during the experi-
ments carried out on rabbits, changed depending
on the time of day. It was found that the lowest
absolute level of erythrocytes at 20:00 (5.23
10'%/1 + 0.28 10'%/1) was accompanied by: the
lowest absolute content of hemogliobin (142 g/1
11 g/1), low hematocrit (39% + 2%), and the
lowest mean concentration of hemoglobin in a
separate erythrocyte (36 g/dl + 2.1 g/dl).

Table 1. Hematological variables in rabbit blood at different times in two consecutive
periods of 24 hours. Values are mean + standard deviation.
Sampling time (hour)
Components N 8:00 12:00 16:00 20:00 24:00 400 t-test?
Erythrocytes 20 523 5.49 5.45 523 4.38 530 8:00-12:00:
(10%/1) 036 038 x 026 £ 028 + 060 + 0.18
Reticulocytes 20 13.00 12.80 10.30 11.80 11.60 13.80 8:00-16:00: *
(%0) * 648 * 7.16 + 3.86 * 464 £ 493 * 5.87
Hemoglobin 20 148.20 160.50 147.30 141.50 144,20 141.90 8:00-12:00: .
(g/D + 15,00 + 2220 + 13.80 + 10.90 + 10.00 + 17.90 8:00-20:00:
8:00-24:00: *
8:00- 4:00;
Hematocrit (%) 20 40 41 40 39 39 39 8:00-12:00:
£ 1 + 2 x 1 + 2 + 2 + 1 8:00-20:00:
8:00-24:00: °
8:00- 4:00: °
MCV (fl) 20 | 7695 74.15 7239 7425 7245 7318 8:00-12:00: "
+ 373 + 267 148 +333 + 368 £ 152 8:00-16:00:
8:00-24:00: ~
8:00- 4:00: ~
MCH (pg) 20 | 2849 29.30 2702 27.04 2681 26.74 8:00-12:00: "
+ 1,18 + 1.88 + 1.65 + 1.54 + 105 + 149 8:00-16:00:
8:00-24:00:
8:00- 4:00: ™
MCHC (g/dl) 20 37.03 39.51 37.35 36.45 37.04 36.59 8:00-12:00: :'
* 142 +221 £ 2.59 + 216 = 148 + 183 8:00-20:00:

1) * = significant at p < 0.05, * = significant at p < 0.0



The maximum values for the above mentioned
components were found at 12:00 (noon). The re-
sults we obtained were similar to the data obtai-
ned in rabbits (Fox & Laird, 1970; Rewkiewicz-
Dziarska & Gloskowska-Moraczewska, 1975)
and human beings (Best & Taylor, 1971) as re-
gards the character of the day and night chan-
ges.

It should simultaneously be emphasized that the
night period and morning period as compared to
the light period of a day was characterized by a
lower level of the components discussed of the
erythrocyte system except for the amount of
reticulocytes. The highest amount of these im-
mature cells of the erythroblastic system record-
ed in the morning (4:00 -~ 14%so % 5.9%s0, 8:00 - 13%e
1 6.5%o0) preceded the day occurence of maximum
amounts of erythrocytes in the blood (table 1).

Probably the maximum amount of reticulocytes
in blood during the morning hours, noticed both
in our experiments and by other authors (Clark
& Korst, 1969; Rewkiewicz-Dziarska & Glo-
skowska-Moraczdwska, 1975), resulted from the
intensified process of blood production and
maturation of erythroblastic system cells in blo-
od production organs (Clark & Korst, 1969). The
highest number of erythrocytes we observed
during a day was probably, according to Best
and Taylor (1971), a consequence of the intensi-
fied transformation of reticulocytes into eryth-
rocytes taking place between 24:00 at night and
10:00 in the morning.
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Considering the character of changes in leuco-
cyte number, it was found that the minimum
amount of leucocytes appeared at 16:00 in the
afternoon (8.7 10°/1 £ 1.0 10°/D).

In the next pe-riods of day and night, the sy-
stematic increase of the absolute amount of these
cells was observed. Their highest level was ob-
served at 12:00 (10.5 10°/1 £ 1.9 10°/1).

The fluctuation of the number of leucocytes
throughout the experiment depended first of all
on the number of lymphocytes (table 2).

It was said by Fox & Laird (1970) that the in-
crease of the general amount of leucocytes in
rabbit blood of the New Zealand White breed
was found at night.

The minimum amount of lymphocytes as well as
leucocytes was found in the peripheral blood
smear at 16:00 in the afternoon (5.94 10°/1 £ 0.70
10°/1). The systematic increase of these cells in
the peripheral blood smears was accompanied by
an increased concentration of the gamma globu-
lin fraction in serum in the same individuals
(Szymeczko et al., 1992).

The maximum amount of neutrophils in our ex-
periments similarly to the experiments of Fox &
Laird (1970), Baranski et al. (1962), and Proko-
powicz et al. (1972) was found in the evening,
i.e. at 20:00 (3.23 10°/1 £ 0.31 10%/1).

Table 2. Number of leucocytes in rabbit blood at different times in two consecutive
periods of 24 hours. Values are mean + standard deviation.
Sampling time (hour)

Components N 8:00 12:00 16:00 20:00 24:00 4:00 t-test?
Leucocytes 967 1052 8.74 9.19 9.4 9.61 8:00-12:00: *
ae'/ 20 | + 170 +192 + 103 + 135 + 105 + 080 8:00-16:00:
Lymphocytes 6.76 799 594 588 6.66 6.95 8:00-12:00:
(10°/1) 20 | o +092 + 070 £ 095 + 102 +0.77 8:00-16:00:
Monocytes 0.08 0.08 0.03 0.03 0.05 0.05 8:00-16:00
e/ 20 | x007 + 005 + 0.03 + 0.04 + 0,05 + 0.06 8:00-20:00

8:00-24:00

8:00- 4:00:
Neutrophils 268 241 311 323 2.54 2.52 8:00-16:00:
10°/1) 20 + 028 10,14 * 033 + 031 + 030 + 0.12 8:00-20:00
Eosinophils 0.03 004 0.05 0.07 0.07 0.03 8:00-20:00:
10°/1 + 0,05 + 0.04 +0.07 + 0.06 + 0.03 + 0.03 8:00-24:00:
Basophils 0.12 0.05 0.11 0.09 0.12 0.07 8:00-12:00
(10°/1y * 0,16 £ 0.09 + 0.09 + 0.05 % 0.07 + 0,06 8:00- 4:00:

1) * = significant at p < 0.05
** = significant at p < 0.01
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The highest amounts of eosinophils appeared in
the afternoon and in the evening (table 2).

The data obtained in our experiments referring
to this type of leucocytes were similar to the
char-acter of day and night changes in rabbits
of the New Zealand White breed (Fox & Laird,
1970), and differed from the experiment results
obtained by Kamyk (1969) in white mice. In the
mice, the highest amount of eosinophils in the
peripheral blood was found in the afternoon,
and the minimum amount was found at mid-
night. According to the author, light and dark-
ness cause the characteristic changes of eosino-
phils during a 24 hour period. The day and night
oscillations of the absolute amount of basophils
presented in our experiments (table 2) were
concurring with the periodic rhythm of changes
found in rabbits of the New Zealand White
breed (Fox & Laird, 1970).
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Circadian and annual rhythm in the activity of

captive beech marten (Martes foina)
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Abstract

The circadian and annual rhythm in the activity
pattern of captive beech marten kept in an ex-
tensive captive environment were studied on the
basis of regular video recordings in the period
from February 1990 to March 1991, Feed intake
and weight development of the beech marten
were also recorded. Like their wild conspecifics
the beech marten were only active in the dark
period. The circadian rhythm demonstrated is
supposed to be controlled by the changes in
light-dark conditions. A large individual varia-
tion in activity level was found. A considerable
part of the activity of the beech marten was
stereotyped. The stereotyped activity increased
distinctly at the beginning of the activity period
and was not related to the eating/drinking ac-
tivity. Changes in stereotyped activity between
months were corresponded by changes in non-
specific activity but were independent of the
specific activity. The individual activity level
was positively correlated to feed intake, Despite
free access to feed and changes in the energy
content of the feed, the beech marten main-
tained a constant body weight during the entire
experimental period.

Introduction

The activity pattern is influenced by many ex-
ternal factors, some of which are periodical,
such as the light/dark changes and the feeding
time of domestic animals. By synchronizing
inner circadian rhythms to these exogene pe-
riodical factors, the animal maintains a charac-
teristic circadian rhythm adjusted to the sur-
rounding environment.

The circadian rhythm of feral mustelidae can be
adjusted to the light/dark period, the time when
the prey appears (Zielinski et al., 1983), and
predation pressure including pressure from man
(Skirnisson, 1986).

Beech marten are described as opportunistic
generalized predators. They eat what they can
catch and manage: small rodents, birds, reptiles,
fish, insects, vegetables, fruit, mushrooms, eggs,
honey and carrion (Goszczynski, 1976; Nyholm,
1970; Pulliainen, 19804A; Amores, 1980; Rasmus-
sen & Madsen, 1985; Housa & Obrtel, 1981; Wa-
echter, 1975) and must therefore be regarded as
omnivores,
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In the description of the activity pattern of mu-
stelidae, the species pine marten (Martes martes)
(Hurrel, 1968; Nyholm, 1970; Pulliainen, 1980B),
fisher marten (Martes pennanti) (Powel, 1982),
ermine (Mustela erminea) (King, 1989), and
mink (Mustela vison) (Birks, 1986; Gerell, 1969;
Marshall, 1935) are described as being active in
the day, at twilight, and at night, whereas beech
marten (Martes foina) (Skirnisson, 1986) and
badger (Meles meles) (Harris, 1982) are de-
scribed as being active only at twilight and/or at
night. The circadian rhythm in captivity has,
however, not been described as far as beech
marten are concerned.

In captive animals - zoo and farm animals -
stereotyped patterns of behaviour may account
for a considerable part of the total activity level
of the animals (Meyer-Holzapfel, 1968). Stereo-
typed behaviour is often seen in insufficiently
stimulated environments, whereas a sufficiently
stimulated environment reduces the frequency
of stereotyped behaviour (Odberg, 1987). Like-
wise, stereotyped behaviour is often seen just
before expected feeding time. The occurrence of
stereotyped behaviour is therefore supposed to
be related to situations of conflict or frustration
(de Jonge et al., 1986).

Previous investigations have shown that beech
marten caught in the wild show stereotyped be-
haviour in captivity and that this behaviour ac-
counted for a considerable part of the activity
level of some individuals but that other indivi-
duals never showed stereotyped behaviour.
Furthermore, differences were demonstrated in
the stress physiological response pattern of ster-
eotyping and non-stereotyping beech marten
(Hansen & Damgaard, 1993). Similar differences
were found in farm mink (Bildsee et al., 1991).
The differences found did not allow for an eval-
uation of the welfare of stereotyping individuals
being better or worse than that of non-stereo-
typing individuals. It is also still uncertain whet-
her the actual performance of stereotyped be-
haviour may have a stress reducing effect. The
individual occurrence of stereotyped behaviour
is at the moment to be regarded as a coping
strategy which in itself does not permit an eva-
luation as regards welfare.

Several authors have tried to quantify the extent
of stereotyped activity of farm mink. De Jonge
et al. (1986) found that farm mink devoted on

average (mean value) 2.5% per 24 hours or 15%
of their active time to stereotyped behaviour.
Bildswe et al. (1990B) found, also on the basis of
24 hour video recordings, that mink females de-
voted 12% (mean value) of their active time to
stereotyped behaviour. Differences in methods
of calculation, housing of the animals, feeding
routines/management as well as inheritance
make it difficult to compare these results from
literature.

The purpose of this investigation was to illus-
trate the circadian rhythm of beech marten

' caught in the wild and placed in outdoor enclo-

sures exposed to natural light, weather and hu-
man beings but free from the constraints of
hunting, and to relate the stereotyped and non-
stereotyped activity to the circadian rhythm of
eating-drinking behaviour. Furthermore, the
investigation wanted to describe the seasonal
variation in the types of activity mentioned as
well as the weight development and feed intake
of beech marten.

Materials and methods

Animals

The investigation was performed in the period
from February 1990 to March 1991 and included
20 female beech marten (Martes foina) all cap-
tured in nature and housed singly in outdoor
wire netting cages. 11 of the females had been
kept in captivity from 1988, 7 from 1989, and 2
from January 1990.

Cage environment

The cages were 2.0 m high, 2.7 m long and 1.1
m wide and covered with stainless steel netting
(25 mm x 40 mm). Each cage was furnished with
2 shelves, one in the left side 0.7 m above floor
level (2.7 m long and 0.10 m wide) and one in
the front of the cage 1.45 m above floor level
(1.10 m long and 0.1 m wide) as well as with
natural branches (birch or elm).

On the back of each cage 1 m above floor level a
nest box (I m x 0.5 m x 0.5 m) made of wood
with a drop-in bottom (H 0.18 m x W 0.23 m x
L 0.30 m) made of stainless steel netting was
fitted to the cage.

Meteorological data were collected by the Natio-
nal Institute of Plant and Soil Sciences and re-
present local values. The data include: mean
temperature over 24 hours, minimum tempera-



ture, rainfall, evaporation, mean wind velocity
over 24 hours, and mean relative humidity over
24 hours.

Management and feeding

The animals were given wet mink feed ad libi-
tum from a feed kitchen between 12:00 h and
15:00 h. Water was also given ad libitum. Feed
intake was recorded 4 days a week in weeks 7,
9, 11, 14, 16, 18, 20, 22, 24, 26, 29, 33, 36, 42,
46, 50 in 1990 and in weeks 4, 9, 12, 16, 21 in
1991. Feed intake was calculated as the dif-
ference between feed given and feed left over
the following day. Loss of water through eva-
poration from the feed was recorded, and apart
from a few of the hottest summer days with a
9% loss, this had no great influence on feed
intake. This loss has not been included in the
calculations.

From June 11 to July 10 the amount of metabo-
lizable energy was increased from 118 kcal to
182 kcal per 100 g feed. From December 15 to
January 12 the amount of metabolizable energy
was reduced correspondingly. In the intervening
period there were only minimal changes in the
energy content of the feed.

For females which were, in the period of heat,
placed together with males, it was impossible to
determine the individual feed intake. Only fe-
males placed alone are included in the calcula-
tions.

Handling of the animals

Once a week the animals were caught in a mink
trap and checked visually. This lasted less than 5
minutes for each animal. The animals were
weighed once a month except in the whelping
period (March-May).

Video recordings

The activity pattern of the animals was recorded
with a Hitachi KP 113 1/2" CCD camera and a
Rainbow 7.5 mm guto iris optical instrument. By
means of a 6 channel digital switch (VRC
Krammer), allowing transmission of multiple
video signals through a single channel medium,
it was possible to record the activity in 6 cages
at the same time on a time lapse recorder (Hita-
chi VT-L30E). In order to make night observa-
tions, infrared lamps were installed (IR 300/ 715
filter with Badger wide lens kit) on top of the
camera. With this equipment it was possible to
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make 24 hour recordings of the 20 females over
a period of 4 days.

The behaviour of the beech marten was recorded
as follows: February 12-16, March 12-16, April
16-21, May 14-18, May 20-21, June 11-15, July
16-21, August 11-15, September 3-7, October
8-12, November 12-16, December 10-14, 1990,
and January 22-26 and March 18-22, 1991.

Analysis of video recordings

The video tapes were analysed every 5 minutes
for 24 hours by recording of the behaviour and
position of the animals. The following selected
behavioural elements were recorded:

1. Specific activity: carrying/manipulating ob-
jects, biting equipment, digging in gravel,
sniffing/exploring.

2. Non-specific activity: moving without rela-
tion to objects or to another individual and
without uniform pattern of movement.

3. Stereotyped behaviour: repeated, uniform
pattern of movement with typical intensity
apparently without any purpose.

4, Drinking and eating behaviour: contact with
feed or water bowl.

The following positions were recorded:

5. In nestt  in nest or entrance to tunnel.
6. On floor: on the floor of the cage.
7. Up: on branches, shelves, wire netting

or on tunnel.

Furthermore, the following types of behaviour
were recorded:

1. Total activity: specific activity + non-speci-
fic activity + stereotyped activity + drink-
ing/eating + social interactions + defecation
+ grooming.

2. Non-stereotyped behaviour: total activity +
stereotyped behaviour.

For each individual, a given form of behaviour
within one hour was calculated as the percentage
of the activity in question constituted per hour
of the total number of behavioural observations
per hour. Likewise, a given form of behaviour
in a month was calculated as the percentage
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which the activity in question constituted per 24
hours of the total number of behavioural obser-
vations per 24 hours.

Changes in housing and parallel experiments

At the end of April, 4 of the females had kits.
The kits from 3 of these females were taken
away from their mothers on July 8, and the last
litter was removed on September 12.

In the period of heat from late June to late Sep-
tember a male was placed with a female and the
pens were equipped with an extra conventional
mink nest box without a tunnel. At video re-
cordings in July, August, and September 8, 12
and 7 females, respectively, were placed with
males.

In the period from November 5 to November 16,
18 females were included in an investigation of
stress physiological responses to repeated blood
sampling.

In September there were no recordings of two
females due to a failure in video recording.

Statistics
For statistical analysis of behaviour or position
between months the Wilcoxon signed rank t-test
was used.

Variation in weight development was tested by
means of the following model by the GLM-pro-
cedure:

Yijk = “+m‘+dl+pk+euk

Y measured value of weight for month i,

individual j, pregnancy/lactation d

" = general mean

m; = effect of month i (i = February, March,
April........ March)

d = effect of individual j (j = 1, 2, 3......20)

pr = effect of pregnancy/lactation k (k =
preg./lact., non-preg.)

e = random variation.

Variation in feed intake and behavioural ele-
ments was tested by means of corresponding
GLM-models in which was included the effect
of activity level, heat, contact with male, weath-
er observations (mean temperature over 24 hours
(C), minimum temperature (C), rainfall (mm),

evaporation (mm), mean wind velocity over 24
hours, and mean relative humidity over 24 hours

(%)).
Results

Circadian rhythm

Circadian rhythm of total activity, stereotyped
activity, non-stereotyped activity as well as
drinking/eating activity is shown in fig. 1. In
the light period, the beech marten stay in their
nest boxes. In the dark periods, the beech mar-
ten are active in their pens. In the summer
months from May to September the activity
starts just before sunset and in July-August the
activity period continues until just after sunrise.
In the winter months from November to March,
the start of the activity period is a little delayed
in relation to the start of the dark period.

Total activity increases significantly at the start

of the dark period and falls steeply immediately
before sunrise. In January, February, March,
April, and May the activity pattern has a bimo-
dal structure with the first peak approx. 2 hours
after sunset and another peak 3-5 hours before
sunrise. When the nights are short, the activity
increases until midnight and then it decreases
again. In medium-long nights a constant activity
level is maintained for 7-9 hours in the middle
of the night, and when the nights are long an
activity peak is seen in the middle of the night
besides the activity peak after sunset and before
sunrise.

Stereotyped activity increases significantly in
the first 2 hours of the dark period. Thereafter
an even decline towards sunrise is seen in the
months of February, March, April and May.
From June to September the level of stereotyped
behaviour remains constant for 2-7 hours in the
middle of the night until 2-4 hours before sun-
rise when the level falls significantly. From Oc-
tober to March the curve runs parallelly with the
curve for total activity with 2 or 3 peaks in the
course of the night.

In the period from September to March, the
non-stereotyped activity is constant at night
from 1-2 hours after sunset to 2 hours before
sunrise. From April to August the non-stereo-
typed behaviour increases during the night and
is at its maximum approx. 3 hours after mid-
night, whereafter it falls steeply.



LYYr i - -
KT R BB 2ANT 25 e
o

P TOTAL ACT. » e
s 4 NON-STEREOTYM 4 n o

STEREOTYP!
ORENEAT

ware

DA RADN 2 5 8T8
HOWR

e TOTALACT 20 STEREOTYPE
o HON-STEREOTYM 4 4e

e DRFHI/EAT
BEFTEMBER 850
= LIGHT DARK LIGHT
“ 7
] A !
4 ;
R /’ \'., /oY
Cy J ‘
E
H /
¥ L
£l B !
¥
[ o . i
» -
/ A
oL et o 22 T
¥ T W N NN RANT 2 LSS T
HoUR
——- TOTAL AGT w0 STEREOTYY
o0 HON-STEREOTYPE 4~ DPSICEAT

DECEMBER 1
e s

°
B PWRRARAN 2 45 7o

HUR
— YOTMLACT ocs STEREOTYR
0 nu KO- STEREOTYM .+, & ORNKEAT

R

Multidisciplinary

Houn

4 HOR - STEREGTYPY

FULY 1ie
- +
= e parx et
; \ i
'
{ 1
© .
, B
€
R
c
tx
er
1

U W RN 2AN 23 45 ¢ 78

TOTALACL ava

OCTOBER Bo¢ NOVEMBER 1950
@ @
bt Ak i »
CH «©
- »
€ £
[ N :
E”? o E®
N L L4
L LT T
A
»: ', 2, y
\
: . \ \
p— y
” 4 ol A
W, - h
L A \{/
: N g ' :
B .t . t\ H S ki
LA . SR & P ° PR S

B WM A BB MY 23 4S5 8T
HOUR

TOTAL ACL  soe

. STEREQTYPI
80 NON-STEREOTYE  aa s ORNEAT

IANUARY B9t

MAY 60
b van uar
| “
H v
H E
N A
! c
| £®
L]
v i T
0 N
\
A ’
s “
&
N : « s
. i 1 N
$bmrd ol w0 L YN L
WOV BN T2 23 ¢ 88
HOUA
STERECTYPH - TOTALACL  sea STEREOTYP
DRNIEAT o NOM-STEREOTYM  aae DRINIVEAT
AVCUST 190
S v - '
= axarr oAk . e
\\
\
“
-
(3
A
c
4 .
H
1
0 :
! !
w0 1
I i
J
. G .
L B :-\Q‘:-.x!
WU BMwBA RO 23 ¢ 5 8 18
o
— YOTALACYL. ocoe STEREQTYP
rac NON~STEREOTYPL a4 e DRENKEAT

WYX ARB N 25 405 8 7 9

HOUR
oen TOAL AT >0 sTEREOTYP
9.0 NOH-STEREOTYP e s ORAIEAT

o - -
«
A /\
S
i
N
E] ] \\
i .-
i A\
© llp_.kv,n\ \\
\\
od . u L. |
WU HRNBDARBN LY 45 8T BOTBOBARDHNT LI .88 T
HOUR HOUR
— e . TOTALACT  ses STEREOTYPE
ppasLL o S ond i SeGNON-DTEREOTW 1ii CPRNEN

99

il
T

Figure 1 shows the circadian rhythm in total activity, in stereotyped and non-stereotyped ac-
tivity and in eating-drinking behaviour distributed on months in the period from February 1990
to March 1991. The vertical lines show the time of sunset and sunrise.
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From October to March the stereotyped activity
constitutes the main part of the total activity
level. After blood sampling in November it is
seen that the predominant activity is stereotyped
activity. The significant reduction in activity in
November at 22:00 h is caused by blood samp-
ling at this hour.

In the spring months of April and May the oc-
currence of stereotyped and non-stereotyped ac-
tivity is identical but staggered so that the stere-
otyped activity is highest before midnight and
the non-stereotyped activity highest after mid-
night. From June to September the level of non-
stereotyped activity is higher than the level of
stereotyped activity. The eating and drinking
behaviour of beech marten continues throughout
the night. No correlation in time between ea-
ting/drinking behaviour and the occurrence of
stereotyped behaviour was found.

Annual rhythm
The monthly activity levels were subject to sea-
sonal fluctuations (table 1).

The total activity level was higher in July and in
August than in February, March, April, and
June. No statistically significant difference be-
tween total activity level in the spring and in the
autumn-winter was found.

An analysis of variance showed that 67% of the
variation in total activity was caused by indivi-
dual differences (p < 0.001, F-value 23.3) and
the minimum temperature (p < 0.05, F-value
2.5). The period of heat and the possibility of
social contact had no significant effect. There
was a strong positive correlation between total
activity and stereotyped activity (R = 0.94, p <
0.0001). A positive correlation was also found
between total activity and non-stereotyped ac-
tivity (R = 0.68, p < 0.0001).

Table 1. Per cent occurrence of behaviour per month calculated as average of population. Min.-
max. values in brackets. ((beh. per 24 hours/tot. obs. per 24 hours) x 100).

Total Stereo- Non-ste- Drinking/ Non-
activity typed reotyped eating specific Specific
February 8.4 (0.7-42) 4.8 (0.0-32) 8.6 (0.7-18) 1.6 (0.4-5) 1.8 (0.0-6) 0.8 (0.0-8)
March 8.6 (0.7-32) 4.9 (0.0-25) 8.8 (0.7-12) 1.3 (0.4-8) 1.8 (0.0-5) 1.2 (0.0-7)
April 9.7 (1.0-33) 4.9 (0.0-26) 4.8 (0.7-9) 1.0 (0.4-2) 1.9 (0.0-8) 1.8 (0.0-9)
May 10.4 (1.7-28) | 4.0 (0.0-17) 6.4 (1.8-12) 1.4 (0.4-2) 3.0 (0.0-8) 2.0 (0.0-10)
June 9.1 (2.4-28) 8.4 (0.0-19) 5.8 (2.4-13) 1.3 (0.4-8) 2.4 (0.4-7) 2.0 (0.0-7)
July 12.0 (0.0-26) | 3.2 (0.0-16) 8.8 (0.0-24) 1.1 (0.0-2) 6.1 (0.0-23) 1.9 (0.0-8)
August 12.6 (0.0-32) | 4.8 (0.0-25) 7.9 (0.0-25) 1.1 (0.0-4) 8.7 (0.0-10) 2.2 (0.0-8)
September 12.1 (0.0-88) | 3.8 (0.0-19) 8.5 (0.0-26) 0.1 (0.0-4) 5.7 (0.0-21) 1.4 (0.0-9)
October 11.8 (1.0-37) | 7.2 (0.0-30) 4.6 (0.5-17) 1.2 (0.0-8) 0.9 (0.0-4) 2.0 (0.0-8)
November | 14.0 (0.0-49) | 10.8 (0.0-36) | 2.7 (0.0-14) 0.6 (0.0-4) 1.5 (0.0-5) 0.6 (0.0-5)
December 11.2 (0.4-45) | 6.7 (0.0-31) 4.5 (0.4-15) 1.4 (0.4-8) 1.8 (0.0-9) 1.2 (0.0-8)
January 12.8 (0.2-54) | 8.9 (0.0-39) 3.9 (0.2-15) 1.5 (0.0-5) 1.9 (0.0-11) 0.5 (0.0-4)
March 18.0 (0.9-39) | 9.1 (0.0-32) 4.0 (0.9-10) 1.0 (0.4-2) 1.2 (0.0-8) 1.7 (0.0-7)




When dividing total activity into stereotyped and
non-stereotyped activity, two opposite seasonal
rhythms (table 1) were found. In May, June,
July, and September the level of stereotyped
behaviour was significantly lower than in QOcto-
ber, November, January, and March 1991, The
non-stereotyped activity was higher in May,
June, July, August, and September than in the
other months. The individual variation (p <
0.0001, F-value 18.5) and the minimum tempe-
rature (p < 0.0001, F-value 7.9) explained 63%
of the .variation in stereotyped behaviour. The
variation in non-stereotyped activity was caused
by the individual variation (p < 0.0001, F-value
8.3) and by month (p < 0.0001, F-value 5.7). The
weather had no significant influence on non-
stereotyped activity. There was a positive corre-
lation between stereotyped activity and non-
stereotyped activity (R = 0.38, p < 0.0001).

A further division of the non-stereotyped ac-
tivity into specific activity (see Materials and
methods) and non-specific activity shows that
the non-specific activity was higher in May,
June, July, August, and September than in the
other months of the year. The specific activity
was lowest in February, March, November, and
January.
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The individual variation (p < 0.0001, F-value
4.7) and the relative mean humidity over 24
hours influenced the specific activity (p <
0.0003, F-value 5.5) and explained 34% of the
variation. 46% of the variation in the non-speci-
fic activity was caused by: individual (p <
0.0001, F-value 5.8) and month (p < 0.0001, F-
value 7.0).

A moderate positive correlation was found be-
tween stereotyped activity and non-specific ac-
tivity (R = 0.27, p < 0.0006), whereas the corre-
lation between stereotyped activity and specific
activity was modest (R = 0.18, p < 0.02). The
most significant variation in non-stereotyped
activity was caused by variation in the non-spe-
cific activity (R = 0.90, p < 0.0001),

No significant annual variation was found in the
eating/drinking behaviour of the beech marten,
apart from an extremely low level in the month
of November. November was atypical due to the
previously mentioned blood sampling which, as
regards time, coincided with a reduced frequen-
cy of non-stereotyped activity and an increase
in stereotyped activity (Hansen & Damgaard,
1993),

Table 2. Per cent occurrence of position per month calculated as average of the population.
Min.-max. values in brackets. (Position pér 24 hours/tot. obs. per 24 hours) x 100).

In nest box On cage floor On branch/shelf
February 91 (58-99) 6 (0.4-30) 3 (0.0-16)
March 91 (69-99) 6 (0.7-28) 3 (0.0-23)
April 90 (66-99) 7 (0.7-29) 3 (0.0-14)
May 89 (74-98) 6 (1.0-18) 5(0.4-17)
June 90 (72-98) 7 (1.4-25) 3 (0.0-12)
July 87 (64-100) 7 (0.0-21) 7 (0.0-18)
August 86 (68-100) 7 (0.0-26) 7 (0.0-25)
September 87 (63-100) 5 (0.0-20) 7 (0.0-22)
October 86 (58-100) 8 (0.5-39) 5 (0.0-31)
November 86 (49-100) 9 (0.0-38) 5 (0.0-25)
December 88 (55-100) 8 (0.4-31) 4 (0.0-22)
January 86 (43-100) 8 (0.2-38) 5 (0.0-33)
March 86 (61-99) 7 (0.4-22) 7 (0.0-31)
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Position in the cages

The position of the beech marten in the cages is
shown per month in table 2, In July and August
the beech marten are significantly less in their
nest boxes than in February, March, April, and
June (p < 0.05). The individual variation (p <
0.0001, F-value 9.8), month (p < 0.02, F~value
2.1), and minimum temperature (p < 0.0008, F-
value 4.9) influence the animals’s use of their
nest boxes.

In July and August the beech marten spent more
time on branches and shelves than in February,
March, April, June, November, December, and
January (p < 0.05).

The individual variation (p < 0.0001, F-value
9.8), month (p < 0.02, F-value 2.1), and mean
wind velocity (p < 0.03, F-value 3.62) explained
48% of the variation.

No significant difference was found between
months in the time the beech marten spent on
the cage floor (p > 0.05). An analysis of variance
showed that individual (p < 0.0001, F-value

19.4) and minimum temperature (p < 0.03, F-
value 2.7) caused 62% of the variation.
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Figure 2 shows the average weight + SD of the
mink females in the period from December 1989
to June 1991.

Weight development

The weight development of the beech marten
population is shown in fig. 2. The statistical test
explained 85.8% of the variation. Differences
between individuals (fig. 3) is the main reason
for the variation (p < 0.0001, F-value 66.9),
whereas month (p < 0.0001, F-value 7.5) and
lactation/nursing (p < 0.0001, F-value 9.53)
contribute less to the variation.
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Figure 3 shows the average weight £ SD for each
of the 20 females in the period from December
1989 to June 1991.

Feed intake
Feed intake in grams and kcal is seen from fig,.
4,

An analysis of variance explaining 67% of the
variation in grams of feed eaten showed a signi-
ficant effect of individual (p < 0.0001, F-value
98.0), week (p < 0.0001, F-value 16.7), mean
temperature, rainfall, evaporation, percent hu-
midity (p < 0.005, F-value 4.7-5.8), and mini-
mum temperature (p < 0.027, F-value 2.8).

From the 1491 recordings of feed intake and
weather it was possible on 156 of them also to
include behavioural parameters.
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Figure 4 shows the average feed consumption in
grams of feed and kcal per female in the period
from February 1990 to June 1991. Pregnant
lactation females are not included.

An analysis of variance explaining 75% of the
variation in feed intake (grams) showed that
individual (p < 0.0006, F-value 2.7), month (p <
0.002, F-value 7.8), daily mean temperature (p <
0.002, F-value 6.9), and total activity level (p <
0.0001, F-value 6.6) contribute significantly to
the variation. The same factors had a statistically
significant effect on the variation in metaboli-
zable energy eaten (kcal).

An analysis of correlation showed that active
forms of behaviour were positively correlated to
feed intake in grams and kcal (p < 0.0001).
Furthermore, there was a negative correlation
between energy content in the feed and feed
intake in grams (p < 0.003).

Discussion

Circadian rhythm

Beech marten are active in the dark period.
Their active period varies with the length of the
dark period. The beech marten were thus active
in July between 22:00 h and 04:00 h whereas in
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January they were active between 17:00 h and
07:00 h.

The anatomical place of the prime endogen cir-
cadian pacemakers for photocally influenced
circadian rhythms in vertebrate is the suprachi-
asmatic nucleus of the anterior hypothalamus. In
addition to this master clock there seem to be
other oscillators, e.g. in the ventromedial hypo-
thalamus involved in food anticipatory rhythms
(Rosenwasser & Adler, 1986).

It is doubtful whether from their visual hiding
in their nest boxes the animals are able to con-
nect the daily manual feeding once a day with
the allocation of fresh feed. Furthermore, the
beech marten had free access to feed (fed ad
libitum), and the feed resources can therefore
not have been determining the activity pattern.
From investigations with farm mink it is known
that if the animals are fed ad libitum, they do
not develop any increase in activity just before
feeding time (Zielinski, 1986, Hansen et al.,
1992). Farm mink fed restrictively do, however,
show an increase in activity just before expected
feeding time (Bildsge et al., 1990A4).

Furthermore, the activity of beech marten does
not seem to be affected by human activity at the
farm, as farm personnel worked at the farm
from 08:00 h to 16:00 h all year round.

The results obtained indicate that by means of
exogenous periodical factors (Zeitgebers) in the
environment - in this case the change in light/-
dark conditions ~ the beech marten use the cir-
cadian system for temporal orientation. Good
adaptation by the visual system to darkness fol-
lowed by a higher feeling of security in the en-
vironment in relation to possible predators in-
cluding man and to prey can determine the ac-
tivity pattern. The relatively large eyes in com-
parison with, for instance, mink might indicate
that beech marten have an especially good vision
in the dark.

The results obtained as regards the circadian
rhythm of these beech marten caught in the wild
are identical with the results obtained by Skir-
nisson (1986) when observing the circadian
rhythm of beech marten in the wild by tele-
metry.

In captivity a secure day shelter in the nest box
can further maintain the night activity observed.
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Beech marten which, in captivity, only have a¢-
cess to a conventional mink nest box without
tunnel are more sensitive to human activity. To
disturbances in the day hours close to the cages
these beech marten often react with activity out
in the cage (own unpublished observations).

Seasonal changes in activity

There is no unambiguous picture of the seasonal
variation in the activity of mustelidae living in
the wild. In feral mink (Gerell, 1969) the activity
level is lowest in the summer months and highest
in the autumn and winter months, Opposite, the
activity of American Zobel (Martes americana)
is highest in July/August and lowest in March-
/April (Zielinski et al., 1983). These differences
should probably be seen in relation to type of
habitat, presence of food, predation and repro-
duction conditions.

Skirnisson (1986) found that beech marten living
in villages were less active in the autumn and
winter months than beech marten living in for-
ests or fields which is probably due to differ-
ences in feed resources, Furthermore, he could
in these periods demonstrate a significant positi-
ve correlation between total activity and mini-
mum temperature. Our results also showed that
when the minimum temperature increased, the
total activity level also increased.

The increase in the total activity level of beech
marten in July and August coincided with the
heat period of the females. It was, however, not
possible to demonstrate a statistically significant
effect of heat or the fact that some of the fe-
males were at this time placed together with
males. There is a large individual variation in
activity level. This variation could express dif-
ferent levels of sensitivity to captivity and/or
different adaptation strategies in the relatively
insufficiently stimulated environment (Hansen &
Damgaard, 1993).

Stereotyped behaviour

A distinct difference in circadian rhythm be-
tween stereotyped and non-stereotyped activity
in the period from April to September was de-
monstrated. The stereotyped activity increases
markedly immediately after the start of the dark
period and remains constant - depending on the
length of the dark period - for some hours and
decreases again gradually towards sunrise. The
non-stereotyped activity increased markedly
throughout the night and was at its maximum 2-

3 hours after midnight, decreasing abruptly be-
fore sunrise. The time when stereotyped behav-
iour occurred was not related to the eating/drin-
king activity and is, therefore, probably not
motivated by hunger. In farm mink, fed restric-
tively, the increase in stereotyped behaviour just
before feeding time is supposed to be related to
non-rewarding appetence behaviour for feed (de
Jonge et al., 1986). The correlation between
stereotyped activity and feeding can therefore
be indirect, as the activity period of farm mink
fed restrictively is synchronized with feeding
time. Experiments with a marked reduction of
the quantity of feed increase the stereotyped as
well as the non-stereotyped activity just before
feeding time, but the stereotyped activity remai-
ned increased after the normal feeding routine
had been resumed and after the animals had
regained the weight loss induced (Bildsee et al.,
1991).

There seems to be a correlation between stereo-
typed activity and non-specific activity. The
stereotyped activity decreased in the summer
months and at the same time the non-specific
activity increased. The opposite changes were
seen in the winter months. The specific activity
does not, however, seem to be influenced by
changes in stereotyped activity.

This correlation between stereotyped behaviour
and non-specific activity combined with an un-
changed level of specific activity has previously
been demonstrated in farm mink (de Jonge et
al., 1986). The stereotyped activity of farm mink
as well as of beech marten caught in the wild
could express a routine/habit by which the non-
specific activity of the animals is expressed as a
repeated uniform patiern of movement in an in-
sufficiently stimulated environment,

It is, however, possible that individual differ-
ences in the activity pattern of the animals con-
tribute to the relation found between stereo-
typed and non-specific activity. Thus, an incre-
ased level of non-specific behaviour in animals
not performing stereotyped behaviour will result
in the changes found in the relation between
ste-reotyped behaviour and non-specific behav-
iour in the summer months at population level.

Placement in outdoor pens

On average the beech marten spent between 86
and 91% of the 24 hours in their nest boxes, dis-
tributed over the 13 months in question. Corre-



spondingly, they spent from 5.5 to 8.8% on the
cage floor and from 2.7 to 7.2% on branches/-
shelves.

Farm mink spend approx. 70% of their time in
the nest boxes, and the physiological stress level
increases significantly at nest box deprivation
(Hansen et al., 1993). To these mustelidae which,
like other carnivores, spent a large part of their
time resting, the nest box seems to be an impor-
tant element in the cage design. In the period of
heat, when male was placed with female, both
animals preferred to use the original nest box to
the extra conventional mink box placed in the
pen. The result indicates partly a social accep-
tance by the beech marten and partly that they
prefer a dark nest box to the conventional nest
box.

The relatively uniform use of nest boxes by
beech marten throughout the year takes place
despite the annual variation in the length of the
dark period.

In the summer months the activity of the popu-
lation is limited to relatively few dark hours
whereas in the winter months the activity is
distributed over more hours (fig. 1).

The individual variation in the activity level had
a considerable influence on the position of the
beech marten in nest boxes, on branches/shel-
ves, and on the cage floors. Time spent on bran-
ches/shelves was furthermore reduced when the
wind velocity was increased, and the activity
level in the wire netting cage was reduced at
falling temperatures.

Feed intake and weight development

There was a significant positive correlation be-
tween the activity level and feed intake/energy
consumption of the beech marten. Animals
which were active more than 20% of the 24
hours used on average 204 grams of feed,
whereas animals which were active from 5 to
20% and from 0 to 5% of the time ate 165 grams
and 100 grams of feed, respectively.

An increase of the energy content of the feed
from June to December resulted in a decrease in
the feed intake of the beech marten. This is also
seen from the negative correlation between
energy content in feed and grams of feed eaten.
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In the experimental period, the individual
weight varies less than 100 grams, showing that
the beech marten are capable of regulating their
energy intake both in relation to energy content
in the feed and to activity level, despite their
free access to feed.

Weather changes affected the feed intake, but as
the weather influenced the activity level, it was
concluded that the most important factor in con-
nection with feed intake/energy intake was the
individual activity level. It has previously been
demonstrated that beech marten in captivity de-
veloping stereotyped behaviour eat considerably
more feed than beech marten not developing
stereotyped behaviour (Hansen & Damgaard
1993).

Conclusion

Beech marten caught in the wild, kept in exten-
sive captive conditions, were active in the dark
period. The length of the activity period varied
with the length of the dark period, but the total
activity level remained constant. The circadian
rhythm demonstrated is supposed to be control-
led by the change in dark-light conditions,
whereas human activity at the farm and feeding
did not influence the activity pattern directly.

The most important factor in connection with
the variation in activity level was the individual
variation. Besides, low minimum temperatures
had a reducing effect on the activity level.

A considerable part of the activity of beech
marten was performed as stereotyped activity.
The stereotyped activity increased significantly
at the beginning of the activity period and was
not related to the eating/drinking activity.
Changes in the level of stereotypies between
months were corresponded by changes in non-
specific activity but were independent of speci-
fic activity.

A positive correlation was shown between the
activity level and feed intake of the animals.
Very active animals consumed twice as much
feed as individuals with a low activity level. The
individual weight remained more or less con-
stant in the experimental period despite free
access to ample feed.
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Weight development and behaviour of mink in the nursing

period with and without the use of spray watering

Steen H. Megller & Steffen W. Hansen
Natl. Inst. of Animal Science, Dept. of Fur Animals,
Research Centre Foulum, P.O.Box 39, DK-8830 T jele, Denmark

Introduction

Mink likes to drink every 2 hours day and night
(Moller, 1991a,b; de Jonge et al., 1986), and
therefore water ought to be available 24 hours a
day. In Denmark, a constant water supply is
usually provided by automatic watering systems
with drinking valves (Maller, 1992). 1t is easy to
verify that there is water in the valves, but it is
difficult to ascertain whether the mink drink the
water they need. In the nursing period cases of
dehydration of the females are seen, and for the
kits an insufficient water intake may affect the
weight development (Msller & Lohi, 1989). 1t is
therefore important to clarify which factors
affect the water intake of the mink.

The intake of drinking water by the Kits is
closely connected to their age and motor devel-
opment. The kits start exploring the cage at the
age of 5 weeks and if they come across water
they are able to drink. They can not release a
drinking valve until the age of 6 weeks (Maller
& Lohi, 1989). The normal water supply is
therefore often supplemented with various auxi-
liary devices which make the water in the exist-
ing system more easily accessible.

The spray watering system from Forelco is in
principle quite another type which distributes a
flat jet of water from the top of the cage. The
producer states that "the system is meant for use
in the nursing period and in periods with air
temperatures of more than 28°C when it is diffi-
cult to maintain the right fluid balance. Spray

watering can help the females cool down in a
shower, and the kits can cover their need for
liquid by licking water from the female’s wet
pelt".

Objective

The objective of this investigation was to illu-
strate the effect of spray watering in the nursing
period on the weight development and behav-
iour of farm mink as well as on the hygiene in
the cages,

The objective was met by

1. measuring the weight development of the
female and of the Kkits,

2. recording the behaviour of mink females
before, during, and after activation of the
spray watering system, and recording whether
the kits are licking water from the female’s
wet pelt,

3. estimating the hygiene in the cage and nest
environment,

4. recording temperature and humidity in the
cages.

Materials and methods

In a closed 6-row shed 96 pastel females was
equipped with a spray watering system, and 100
pastel females were regarded as a control group.
The experiment started on May 9, approximately



108  Scientifur, Vol. 17, No. 2, 1993

one week after most of the kits were born. The

experiment ended at weaning when the kits were -

approximately 7 weeks old.

Females and kits were weighed the day after
birth and from then on every fortnight until
weaning. The kits were weighed by sex from the
second weighing. Weighings which should have
taken place on Saturdays were advanced to Fri-
days, and Sunday weighings were postponed
until Mondays.

The spray watering system was on for 30 se-
conds at a time in connection with feeding at
9:00 and 14:00 and in the quiet periods at 11:00
and 16:00. In case of temperatures above 28°C, it
was also turned on at 13:00 and 15:00 by ther-
mostatic control. In order to obtain a uniform
experimental treatment on all days, clocks, ther-
mostats and magneto valves were installed for
control of the spray watering system.

The behaviour of the females in the period with
spray watering was observed two days a week at
09:00, 11:00, and 14:00, totally 11 days from
May 10 to June 14. Observations were made by
scannings of all cages in the experimental and
the control group before, during and after the
spray watering system was on. When scanning,
the period with spray water was extended to 60
seconds to perform the observations in 3 satis-
factory way. It was recorded whether the fema-
les were in the nest box og in the cage, if they
were active, and if they used the spray water. It
was furthermore recorded if the kits licked sali-
va from the corner of the female's mouth, and if
they sucked water from the female's pelt. Owing
to the observations, the nest boxes were not cov-
ered with straw.

The environment in cages and nests was evalu-
ated in the morning before the spray water was
turned on for the first time. The environment
was given scores from 1 to 5, with 1 for dry and
clean, 3 for greasy and tatty, and 5 for very wet
and dirty.

The temperature was recorded every hou; out-
side the shed, under the roof, at the level of the
cage, and in two nest boxes from the spray wa-
ter and the control group, respectively. The
humidity was recorded every hour in two nest
boxes from the spray water and the control
group, respectively, The measurings were made
with "Grant Squirrel" data loggers. The mink
tended to move the nest away from the sensors
in the nest boxes, and the results can therefore
hardly give a real expression of temperature and
humidity in the nest.

When the experiment started on May 9, there
were 71 litters in the experiment group with an
average of 6.72 kits and 65 kits in the control
group with an average of 5.46 kits. Spray wa-
tering had no influence on the large difference
in kit result or on the high percentage of barren
females, but these factors must be included in
the specification of the results.

Results

Weight development

As the spray watering system was started one
week after birth, the weight change from 2 to 6
weeks after birth is used as an expression of the
effect of spray watering on the weight develop-
ment. It is thus not necessary to correct for the
displacement in age of 1 day occurring at the
weighings around weekends.

The weight development of females is illustrated
in Figure 1.
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Figure 1. Weight development of nursing fe-
males with and without spray watering.

It appears. from Figure 1 that the females with
spray water were heavier than the females in the
control group throughout the entire period. The
females with spray water lost an average of 27 g
more than the females without from week 2 to
week 6 from birth. An analysis of covariance of
the weight loss in the two groups, with the fe-
male’s weight at birth and litter size as the two
covariates, showed that the difference in weight
loss could be referred to these factors (both with
p<0.001). Spray water, therefore, had no effect
on the weight development of the females.



Weight development of male and female kits is
illustrated in Figures 2 and 3,
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Figure 2. Weight development in the nursing
period of male kits with and without spray wa-
ter.
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Figure 3. Weight development in the nursing
period of female kits with and without spray
water.
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It appears from Figures 2 and 3 that male as well
female kits with spray water grew a little better
than the kits in the control group. The differ-
ence in weight gain from week 2 to week 6 was
not immediately significant. An analysis of co-
variance in the two groups with litter size as
covariate showed a generally negative effect of
litter size. The effect amounted to 6 g per kit for
males and 4 g per kit for females (both with
p<0.01). As litter size was largest in the experi-
mental group, spray water did have a signifi-
cant, positive effect on weight gain for both
sexes (p<0.01). Spray water thus meant an in-
creased weight gain of approx. 20 g for males
and 16 g for females.

Behaviour

The majority of the females used the spray wa-
ter during the 11 days of observation. The f{re-
quency of females taking a "shower" appears
from Table I for all, lactating, and barren fe-
males, respectively, in the experimental group.

It appears from the table that there is a large
variation in the number of times the females
used the spray water. On average, the 96 females
used the spray water 7.6 times during the 33
observations. Only 4% of the females were never
seen under the spray water, whereas 19% used it
less than 4 times. 58% of the females used the
water between 4 and 11 times, and 19% used it
more often than [1 times. No females used the
spray water each time. A 2 test showed that the
barren females used spray water more often than
the females with kits (p<0.01). Litter size, ho-
wever, had no effect on how often the female
used spray water.

The number of females active or under the spray
water at the three times of cbservation appears

~ from table 2.

Tell me: What is the diff”erence' between spray
water and water spray ?
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Table 1. Frequency of females observed in the shower under spray water during the 33 observa-
tions over 11 days.

No. of times in the
shower

Total no. of females

n=96

Lactating females
N=71

Barren females n=25
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Table 2. Number of active females in the experiment group before, during, and after the pe-
riod with spray watering. Sum over 11 days for each hour.

Hour 9 I 14
Before spraying 210 122 136
Active at spraying 433 285 268
Of this in shower 318 197 214
After spraying 273 157 194

It appears from Table 2 that the activity in the
experimental group and the use of spray water
was highest in the morning and lowest around
the middle of the day. The activity more than
doubled when the spray water was activated,
and almost 75% of the active females used the
spray water. Afterwards the activity fell steeply

to 1.3 times the level before spray watering.

The proportion of active females in the experi-
mental group increased from 15 to 20% after

the spray watering period. In the control group
15% of the females were active at both observa-
tions. The activity of the experimental females
after the period with spray watering was signi-
ficantly higher than before spray watering, and
than the activity of the control females, both
with (p<0.001).

The distribution of females active in the cage or
under the spray water on the 11 days of obser-

vation appears from Table 3.
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Table 3. Number of active females in the experiment group before, during, and after the spray
watering period. Sum over 3 times of observation for each day.

Date 10/5 | 14/5 | 18/5 | 22/5 | 25/5 | 29/5 | 31/5 | 5/6 | 8/6 | 12/6 | 14/6
Before spraying 54 41 46 37 38 41 33 45 49 52 32
Active at

spraying 167 122 | 134 97 73 77 64 96 73 41 43
Of this in

shower 99 86 100 58 52 64 46 88 68 28 40
After spraying 61 73 77 59 38 48 41 65 | 78 47 37

It appears from the table that the activity of the
females before spray watering was the same
during the experimental period, whereas it was
falling while the spray water was on. On the
first three days of observation, the spray water
activated three times as many females as before
the water was on. Hereafter the activity was
more or less doubled while the water was on.
The females used spray watering in 33% of the
cases on the three first days, whereafter it was
used 19% of the times. On the other hand, an in-
creasing proportion of the females which were
active in the spray watering period did also use
the water. '

There was some correlation between the activity
level before the period with spray watering and
the number of females using the spray water (r =
0.63). A statement showed, however, that only
43% of the females, which had been active in
the period just before, used the spray water.
There was an even better correlation between
the use of spray water and the activity level
afterwards (r = 0.74), but only 56% of the fe-
males which were active afterwards, had actual-
Iy used the spray water.

The temperature did have an effect on whether
the passive females were lying in the nest or out
in the cage. The proportion of females lying out
in the cage could be described with the follow-
ing equation of regression:

% passive females in the cage = -41 + 3.75 * °C
in the cages, Rz = 0.66

This means that at a temperature above 11°C the
females started lying out in the cages, at 15°C
approx. 15% were lying out, at 20°C approx.
34% and at 25°C approx. 53%.

Saliva licking was observed the first time on the
June §, and after that it occurred in 2.5% of all

_ observations. There was no difference in the

frequency of saliva licking between the experi-
mental and control groups before the period
with spray watering. After the period with spray
watering, the frequency of saliva licking in-
creased to 4.5% in the experimental group
against 1.8% in the control group. The dif-
ference was significant (p<0.001). In this ma-
terial, no correlation was found between saliva
licking and temperature.

The general impression was that females, which
had used the spray water, shook off the water
and rubbed their pelts against the cage before
they went into the nest boxes. Only in one case
out of 40, saliva licking was observed in a fe-
male which had used the spray water. In none of
totally 2343 observations it was observed that
the kits licked water from the female’s wet pelt.
A few times it was noted that approx. 6 week
old kits licked water from the wire netting or
from the straw on the bottom of the cage, when
the spray water had stopped.

Environment

The cage environment was significantly better in
the control group than in the group with spray
watering (x2 test p<0.001). Most of the cages
were clean and dry, but there were more wet
and dirty cages in the spray water group. The
nest box environment was more uniform, as
almost all nests were given grade 1. There were
a few more wet and dirty nests in the spray wa-
ter group, but the difference was not significant.
The distribution of the various grades appears
from Table 4.
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Table 4. Percent distribution of grades for environment in cages and nest boxes in the spray

watering and control groups.

Grade 1 2 3 4 5
Cage spray watering

52.0 35.7 11.6 0.7 0
Cage control

64.5 29.0 6.1 0.4 0
Nest spray watering

92.4 6.1 1.3 0.2 0
Nest control

91.2 8.2 0.6 0 0

It was noted that the females in the experimental
group often defecated under the spray water
instead of at the back of the cage, as they nor-
mally do. This defecation pattern was more
commen in females with kits than in females
without kits, and the difference was significant
in a y2 test (p<0.01).

In the experimental period the temperature vari-
ed between 3°C and 28°C with an average of
13°C. The temperature in the shed followed the
temperature outside closely. The temperature in
the nest boxes also varied with the temperature
outside, but in general it was approx. 6°C hig-
her. The nest boxes in the control group were
1°C warmer than in the spray water group, and
the difference was significant (p<0.001).

The relative humidity in the nest boxes varied
between 20 and 70%. The humidity was highest
at night and lowest during the day, and no clear
effect was seen of spray watering. The humidity
was just under 5 percent units higher in the
control group than in the spray water group, but
the reason for this difference was rather an in-
sufficient adjustment of the sensors than an
effect of the spray water.

Discussion

It has previously been found that additional
water supply can reduce the weight loss of the
females and increase the weight gain of the Kkits
if the weather is hot in the nursing period
(Moller & Lohi, 1989). No effect is seen when
the temperatures are below normal (Msller &
Lohi, 1988). In 1990 the average temperature in
May was 1.2°C above normal, whereas it was
normal in June when the kits start looking for
water. The conditions for proving an effect of
the spray watering system existed, but they were

not optimal. It is possible that a higher tempera-
ture in June might have had an effect on the
weight gain of the females, a higher effect on
the weight gain of the kits, or a changed behav-
iour in connection with the spray water.

The large difference in the starting weight of
the females and in litter size could explain the
higher weight loss of the females in the spray
water group. Therefore, no effect of spray wa-
tering was seen on weight development which
indicates that the spray water did not add a sup-
plement to the water intake of the females. The
negative correlation between litter size and the
weight development of the females has not been
found earlier (Hansen, 1990). That the weight of
the females at birth has a negative effect on the
weight development in the nursing period is in
accordance with earlier investigations (Tauson &
Alden, 1985).

- The negative effect of litter size on the weight

development of the kits is in accordance with
earlier results (Hansen, 1989; Mgller, 1992). The
positive effect of spray watering on the weight
gain of the kits may be a result of the kits lick-
ing water from the cage and the floor material
after spray watering. In that case the effect is
the same as obtained from auxiliary devices on
the drinking valves which give the kits access to
water without releasing the valve. Experiments
with drip watering in the nursing period has
previously shown a positive effect on the weight
development of the kits (Msller & Lohi, 1989).
The effect of drip watering corrected for age at
the time of weighing was not stated in the ar-
ticle. Later the effect on gain until 7 weeks has
been calculated to be 60 g for males and 42 g for
females. The reason why drip watering gave
three times as high an effect as spray watering
may be that the experiment lasted one week lon-



ger, that the mean temperature was 1°C higher
in June, and that the drip watering was available
all the time, whereas spray watering was only
available in short periods.

The frequent use of spray water at the beginning
of the period may be due to an interest of no-
velty, or that the females are activated by the
disturbance caused by spray watering. The use is
remarkable, as the females stay very much in
their nests in early lactation. This may explain
why barren females used the spray water more
often than females with kits.

The reduction in the use during the period may
reflect adaptation to the disturbance and or a
reduced interest. A quickly reducing interest in
new things has been described earlier in con-
nection with the use of water trays and toys
(Hansen, 1990; Falkenberg, 1989). The in-
creasing share of active females using the spray
water indicates that, as time went on, most fe-
males were only active to use that system.
Production-wise, it is of no importance that
barren females use the spray water, as it was
established to help the nursing females and their
kits. The majority of the females with kits used
the possibility from time to time, on average
21% of the times, so spray watering did not cov-
er a daily need of the females, even though they
used it regularly.

Even though there was correlation between the
activity before, during and after the period with
spray watering, there was large variation as to
which females were active at what time. Less
than half the females active in the period be-
fore, used the spray water when it was turned
on. The majority of the females using the spray
water were therefore activated by the water.
Only a little over half of the females, which had
used the spray water, were active afterwards.
That saliva licking is seen at the age of 5 weeks
is in accordance with previous investigations,
but then the kits’ own water intake was followed
by a reduction in saliva licking (Maller & Lohi,
1989). In this investigation, the frequency of
saliva licking increased after spray watering.
The reason may be that saliva licking is trigge-
red by the increased activity and disturbance
after spray watering, and thus was concentrated
around the observation periods. This is support-
ed by the fact that no difference was found in
the period before spray watering. Why saliva
licking occurred most often in females which
did not use the spray water is not known. The
function of saliva licking has not been docu-
mented. The correlation with the kits' own water
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intake indicates that intake of liquid is an im-
portant function, but a social funktion can not
be excluded.

It is in accordance with previous observations
that the kits did not lick water from the female’s
wet pelt (Hansen, 1990). Despite intensive sur-
veillance, this phenomenon has only been obser-
ved once (Jonasen, 1987), and is therefore not
considered to be of any practical significance.
This is substantiated by the observation that the
females shook off the water before they went
into the nests.

As the Kkits lick water from the bottom of the
cage during spray watering, the females’ ten-
dency to defecate here constitutes a health risk.
It is therefore important to keep the cage clean
of feces under the spray water as well as under
the drinking valves. Nothing explains why some
females defecated under the spray water, or why
primarily the nursing females did that. Normally
the females defecate at the back of the cage, but
the use of spray water seemed to change this
pattern. If the farm is supplied with dung gut-
ters, spray watering will cause part of the water
and feces to fall outside these.

The nest box environment was not affected by
spray watering, as the females shook off the
water before they went into the nest boxes. The
cage environment was affected because the bot-
tom got wet, and quite a few females defecated
under the spray water. In the hot and dry weat-
her it was no more, however, than ordinary
cleaning could still maintain a good environ-
ment,

No significant effects on temperature or humi-
dity in the cage and nest box environment could
be found. The reason may be that the effect of
spray watering was too short in relation to the
measuring interval of one hour.

Conclusion

Under the temperature conditions given, spray
watering had no effect on the weight develop-
ment of the females in the nursing period. The
kits had a higher gain from 2 to 6 weeks in the
spray water group. The effect on growth may be
caused by the fact that the kits licked water
from the bottom of the cage after spray water-
ing. The mode of operation thus corresponds to
other additional watering systems, but as spray
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watering is only available in short periods, the
effect is limited.

The kits were not seen licking water from the
female’s wet pelt, and the behaviour does not
seem to have any practical significance to the
water supply of the kits. Saliva licking was ob-
served most frequently in the experimental
group after the period with spray watering, but
the reason is more likely that the time of the
behaviour is disturbed than that the frequency is
increased.

The spray water activated many females, espe-
cially in the first three days, and gradually most
of the active females used it. A large part of the
females which had used the spray water were
active in the period afterwards. The activity
after spray watering was therefore higher than
before, and higher than in the control group. In
general, there was large variations as to which
individuals were active before, during, and after
the spray water period. Barren females used
spray water more than nursing females, whereas
litter size had no significance. Even though ma-
ny of the nursing females used spray water, no
effect on the production parameters measured
could be found.

There was a clear correlation between tempera-
ture and number of females lying out in the
cage.

Spray watering had no distinct effect on tem-
perature or humidity in the environment. The
hygiene in cages with spray watering was a little
poorer than in cages without, whereas no dif-
ference was found in nest box environment. The
reason was that the bottom of the cages were a
little more wet and dirty, because nursing fema-
les often defecated under the spray water. This
may have adverse consequences, as the kits lick
water from the cage floor.

As the mink’s requirement for liquid depends on
temperature, it is likely that the effect of spray
watering would be higher at temperatures above
average in the month of June.

The behaviour and weight development of the
females and the kits are in accordance with and
supplement previous investigations. The corre-
lation between temperature and the females
position as well as the distinct dynamics in the
activity of the individuals have not been de-
scribed earlier. The function and importance of
saliva licking need further clarification.
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Stress reactions in farm mink and beech marten

in relation to housing and domestication

Steffen Werner Hansen

Dr. Steffen Wemner
Hansen

National Institute of
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Dept. og Fur Animals
P.O.Box 39
DK-8830 Tjcle
Denmark

New doctor in the family. We congratulate Steffen W. Hansen with the new title and wish him

success in the future.

The thesis is based on following reports:

1. Hansen, S.W. and Damgaard, B.M. 1991,
Stress physiological, haematological and
clinical-chemical status of farm mink placed
in groups or singly. Acta. Agric. Scand. 41;
355-366.

2. Hansen, S.W. and Damgaard, B.M. 1991.
Effect of environmental stress and immobi-
lization on stress physiological variables in
farmed mink. Behavioural Processes 25:
191-204.

3. Hansen, S.W. and Hansen, B.K. 1992. The
effect of cage environment on the circadian
rhythm, behaviour and feed intake of farm
mink. Submitted to Acta. Agric. Scand.

4. Hansen, S.W. and Damgaard, B.M. 1992.
Behavioural and adrenocortical coping stra-
tegies and the effect on eosinophile leuco-
cyte level and heterophil/lymphocyte ratio
in beech marten (Martes foina). Accepted
for publication in Appl. Anim. Behav, Sci.

This report describes domestication processes
which may have resulted in a reduced tendency
to escape and in an increased threshold value for
ilicitation of stress reactions in farm mink in
relation to marten caught in the wild. The social
acceptance by farm mink of animals of their
own species is related partly to the solitary and

territorial way of life of their wild relatives and
partly to the production environment being poor
in stimuli.

The possibility of evaluating the stress level on
the basis of plasma cortisol, number of eosino-
phil leucocytes and heterophil/lymphocyte-ratio
(H/L-ratio) is discussed in relation to results
obtained by repeated immobilization of farm
mink and to results obtained in less stressing but
biologically relevant situations under various
housing conditions.

The applicability of stereotypic behaviour as a
behavioural indicator of stress is discussed.

It is concluded that the intensity and duration as
well as the nature of stress have a decisive effect
on the sensitivity of the adrenal glands to ACTH
or on the capacity for secretion of cortisol. This
effect influences the number of eosinophil leu-
cocytes and the H/L-ratio. At moderate stress,
farm mink react with an increase of the plasma
cortisol level and the H/L-ratio as well as a
decrease in the number of eosinophil leucocytes.
In case of extreme stress, a habituation takes
place causing the plasma cortisol level to de-
crease and the level of eosinophil leucocytes to
increase.

The development of stereotypic behaviour is
supposed to be caused by the frustration/con-
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flict of captivity, Stereotypic behaviour may,
however, also occur independently of the origi-
nal causality and is thereby losing its value as an
individual indicator of stress under actual hou-
sing conditions.

An evaluation of stress level based on individual
behavioural or physiological variables therefore
seems inadequate. By using several stress indica-
tors, their mutual dynamics can be illustrated
and the stress level evaluated on a broader basis.
An evaluation of stress level ought to take into
consideration the marked circadian and seasonal
variations, such as effect of management routi-
nes and reproduction status proved as regards
the stress physiological variables used.

A large variation in the way in which individu-
als react to stressors may cause the stress re-
sponse on population level to be blurred. The
conclusion, therefore, is that when evaluating
stress level, the various types of individual stress
reactions must be taken into consideration.

Ph.D. Thesis, 37 pp, 74 refs. In DANH, Su.
ENGL (translated into English). Author’s sum-
mary.

Behavioural and adrenocortical coping strate-
gies and the effect on eosimephil leucocyte level
and heterophil/lymphocyte-ratio in beech mar-
ten (Maries foina)

S.W. Hansen, B.M. Damgaard

Adaptation to captivity was examined in 18
female beech marten (Martes foina), all cap-
tured and kept in the experimental cage systems
for 9 months prior to the study. The behaviour
of the animals was recorded over 24 h and feed
intake measured in two periods over 5 days.
Plasma cortisol concentration, number of eosi-
nophil leucocytes and the heterophil/lymphocy-
te-ratio were measured by repeated blood
sampling in the day and night hours. The pur-
pose of the investigation was to evaluate the
adaptation to captivity by establishing on the
individual level the association between total
activity, stereotypic activity and plasma cortisol.
On the basis of the possible association, eosino-~
phil leucocytes and heterophil/lymphocyte-ratio
were indicators of welfare, demonstrating the

applicability of the physiological variables. The
results made it possible to conciude that the
population can be divided into two types with
regard to coping strategy. An active type char-
acterized by a high activity level (A), in which
the majority of activities is of stereotypic na-
ture, and a passive type with a low activity level
{B) not showing any stereotypic behaviour. Ac-
tive beech marten are furthermore characterized
by a considerably larger feed intake than passive
beech marten. Active beech marten react to
acute stress by increased stereotypic behaviour
and a faster and larger cortisol response than
passive beech marten which react by a generally
reduced activity. Type A has a higher basic level
of eosinophil leucocytes and a longer lasting
reduction of the level as a response to repeated
acute stress than B. At repeated acute stress, A
reacts with a quicker and more constant increase
in the heterophil/lymphocyte-rate than B. At
the same time a circadian variation in plasma
cortisol concentration and number of eosinophil
leucocytes was demonstrated, showing that the
levels were higher in the morning than in the
evening,
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Fig. 1. Circadian rhythm of total activity and
stereotypies (in percent of total observations per
hour) in high active (A, n = 8) and low active
(B, n = 10) beech marten in October

Applied Animal Behaviour Science, 35, 369-388,
1993, 3 tables, 7 figs., 3 refs. Authors’ summary.



Early experience with the farm emvironment
and effects on later behaviour in silver Vulpes
vulpes and blue foxes Alopex lagopus

Vivi Pedersen

Seventy-one silver fox and 141 blue fox cubs
were exposed to constant visual contact with the
farm environment from the age of 2 to 8 weeks.
The exposure consisted in opening a door in the
nest box facing the feed gang-way. Control cubs
(33 silver and 77 blue foxes) were reared in
similar but closed nest boxes. All cubs were
tested at the age of 12-16 weeks and again at the
age of 23-28 weeks; during these tests the be-
havioural responses of the foxes towards a hu-
man being were recorded. Both tests showed
that in the two species, the early experience
with the farm environment reduced the fear
responses of the foxes towards humans. The
conclusion of the study was that early visual ex-
perience with the farm environment makes the
foxes better adapted to captivity, including the
presence of humans.

Behavioural Processes, 25, 163-169, 1991, 3
figs., 16 refs. Author’s abstract.

Effects of whole-year mnest boxes om cortisol,
circulating leucocytes, exploration and agonistic
behaviour in silver foxes

Leif Lau Jeppesen, Vivi Pedersen

An experiment was carried out for a period of 2
years, using 50 silver fox vixens kept in cages
with nest boxes, and 50 vixens kept in barren
wire cages without any sort of equipment. At
the end of the experiments, the animals living
with access to nest boxes had lower base levels
of cortisol and eosinophils, and higher base lev-
els of lymphocytes. They also were less fearful
towards humans and more active/explorative in
an open field test. It was concluded that these
animals were less stressed than those living
without nest boxes, a result that could have
practical implications for the welfare of foxes
during everyday life on the farm.

Behavioural Processes, 25, 171-177, 1991. 5
tables, 9 refs. Authors’' abstract.
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Effects of immobility stress and feed restriction
on stereotypies in low amnd high stereotyping
female ranch mink

Mogens Bildsse, Knud Erik Heller, Leif Lau
Jeppesen

Immobilisation effects
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Fig. 2. Circulating cortisol levels in response to
immobilisations and daily urine free cortisol
excretion three weeks after immobilisations.

Two experiments were conducted to examine the
effects of repeated immobilisations and feed
restriction on normal activity and stereotypies in
low and high stereotyping female ranch mink.
Repeated immobilisations had immediate inhi-
bitory effects on normal activity and stereotypi
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es in both groups, whereas feed restriction had
the opposite immediate effects. Subsequent to
both immobilisations and feed restriction, ster-
eotypies were increased, whereas normal activi-
ties returned to pre-experimental levels. Repea-
ted immobilisations were followed by increases
in cortisol levels in both low and high stereoty-
ping females. High stereotyping females had lo-
wer baseline cortisol levels than low stereotypers
but tended to show higher cortisol responses to
immobilisations. These results indicate that
stressful experiences may affect stereotypies,
but that the direction of the changes de-pends
on the type of stressor as well as the duration of
exposure to the stressor. It is moreover suggested
that stereotypies can be emancipated.

Behavioural Processes, 25, 179-189, 1991. 3
figs., 17 refs. Authors’ abstract.

A study of the use of resting platforms by
farmbred blue foxes

M. Harri, J. Mononen, H. Korhonen, K. Haapa-
nen

There are general demands and recommenda-
tions drafted by animal welfare organizations
that a resting platform with a solid surface be
provided for farmbred foxes kept in wire-mesh
cages. The aim of the present study was to eva-
luate whether or not blue foxes themselves pre-
fer to use the platforms and to determine the
underlying factors affecting their use. Data were
collected by direct visual observation combined
with automatic sampling on a total of 47 blue
foxes for 120 24-h days altogether. The animals
included individuals of both sexes and both
yearlings and older foxes. The platforms, for-
ming a shelf inside the cages, were mounted in
place in summer or autumn, and their use was
observed up to late winter. All foxes used the
platforms. They spent an average of 6.8+1% of
their daily time or 98+15 min day” on the plat-
form. A major portion of the use comprised
visits of short duration. The platforms were used
more during the working day, when short visits
were also most common, than during the eve-
ning/night hours. Open platforms were wused
more than platforms with walls (150 vs. 19 min),
The interest the animals showed in the platforms
decreased with time. Unexpectedly, the plat-
forms were used more at or above freezing tem-
peratures than during really cold weather (120

vs. 67 min). Wind alone did not increase plat-
form use, but high wind combined with high
temperature promoted use. Inter-individual dif-
ferences contributed to 59% of the variance of
use, followed by the type of platform (walls vs.
no walls) (17%) and temperature (5%). The ef-
fects of sex and orientation of the platforms
with respect to the sun were not significant.

The results do not support the hypothesis that
the platforms function as shelter, rather the
platforms were used because they were avail-
able. Because of large inter-individual variation
in the preference for platforms, this trait can be
increased easily through selection, provided that
future experiments can confirm the beneficial
effect of the platforms on the animals’ welfare.

Applied Animal Behaviour Science, 30, 125-139,
1991. 4 tables, 3 figs., 15 refs. Authors’ abstract.

An analysis of fear and aggression during early
development of behaviour in silver foxes (Vulpes
vulpes)

1.Z. Plyusnina, I.N. Oskina, L.N. Trut

The relationship between the development of
behaviour in a novel situation and plasma corti-
sol level was analysed in 30-, 45- and 60-day-
old domestic (D) foxes and foxes selected for
enhanced aggresiveness (EA) towards man (Ex-
periment 1). In the EA foxes, the increase in
defensive responses (fear and aggression) was
associated with a significant rise in plasma cor-
tisol level at 45 and 60 days of age. The D foxes
showed no defensive responses up to Day 60 and
there were no associated changes in plasma cor-
tisol level.

In experiment 2, chloditane, an inhibitor of
adrenal cortex function, injected to the EA pups
from Days 38-44 and 45-52 of life, attenuated
fear and increased locomotor activity in the
novel situwation; there was an associated decline
in plasma cortisol level. Treatment with chlodi-
tane, however, did not affect the number of
foxes showing aggression in the novel situation
and at the appearance of man both at the age of
60 days and in adulthood.

Experiment 3 demonstrated a significant in-
crease in locomotor activity in the novel situa-
tion and a decrease in the number of EA foxes
exhibiting aggression after treatment with 1-
tryptophan (a precursor of serotonin synthesis)
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after the age of 60 days. The EA foxes treated
at an early age with 1-tryptophan showed a sig-
nificant attenuvation of aggression when adults.

Taken together, the results demonstrate that
plasma cortisol level and the fear response are
related and also that enhanced aggressiveness
affects greatly the development of behaviour in
the EA foxes and contributes, together with the
fear reaction, to limitation of the socialisation

period.
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Fig. 1. The time course of changes in number of
runs and total locomotion time in foxes of dif-
ferent ages. (A) Tame (---), EA (—), foxes;
(B) chloditane-treated (---), oil-treated (—)
foxes from the enhanced aggressive population.
*P<0.05 compared with the preceding age group
by the Student’s t-test. °P<0.05 compared with
the tame pups (A) or with the chloditane-treated
pups (B) by the Student’s t-test.

Applied Animal Behaviour Science, 32, 253-268,

1991. 4 tables, 4 figs., 41 refs. Authors’ sum-
mary.

Infanticide in silver foxes
B.O. Braastad, M. Bakken
Over a period of 6 yr, the behaviour of 21

young silver fox females (with no previous lit-
ter) and 18 adult females, from 24 h before par-
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turition to 72 h after the birth of the last cub,
was monitored by means of a video camera,
Four of the adult females had previously killed
their cubs. Litter size at birth averaged 3.7 plus
or minus 1.7 and 4.8 plus or minus 1.4, resp. for
young and adult females, and litter size 1 wk
after parturition averaged 1.8 plus or minus 1.9
and 3.5 plus or minus 2.1 resp. (both p 0.05). 11
of the young and 5 of the adult females killed
one or several of their cubs, and litter size 1 wk
after parturition averaged 1.0 plus or minus 1.5
for these females vs. 4.0 plus or minus 1.6 for
normal females (p 0.001). 90% of cub deaths
occurred within 1 wk of birth, and 70% occur-
red during the night. The deaths of Kkits of
young females occurred mostly during parturi-
tion or soon after birth, whereas the av. time of
death for the cubs from adult females was 38.7
plus or minus 29.3 h after birth. All cubs killed
were eaten by their dam. No prior overt signs of
abnormal behaviour were noted in females kil-
ling their cubs.

Norsk Pelsdyrblad, 66 (5), 9-11, 1992. In
NORW. 1 table, 17 refs. CAB-abstract.

The economics of fur pelt production
Leif Jarle Asheim

In order to examine the economics of Norwegian
fur pelt production, this report focuses on six
main areas relating to the industry. (i). The
structure of the fur farming industry, and how
extensive and widespread it is; (ii) labour input
in fur farming, and seasonality of labour relative
to agricultural labour in general; (iii) profitabili-
ty of fur farming, and most significant econo-
mic factors affecting returns (iv) extent to
which fur farming has been combined with ag-
riculture, forestry, and supplementary sources of
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income; (v) extent to which the economics and
development of the fur farming industry are
determined by world market conditions; and (vi)
future prospects and challenges facing the in-
dustry. On average, the number of farms en-
gaged in pelt production is declining, whilst the
number of breeding animals per farm is in-
creasing. Profits from fur farming tend to fluc-
tuate: feed is the most important expenditure,
and thus the most effective way of improving
profitability is to obtain cheaper and better
feed. The seasonal variations in labour input
make combining fur farming with agriculture a
realistic option. Pelt prices on the world market
have been declining steadily due to increased
competition and excess supply, as well as stag-
nant and declining demand. Prospects for the
fur industry are not bright: if progress is to be
made, the industry must become more market
oriented, cutting feed costs and opening new
markets.

Norwegian Agricultural Economics Research
Institute, research report A-013-90, 1990. In
NORW, comprehensive english summary. 16
tables, 17 figs., 46 refs., CAB-abstract.

Endogenous circannual rhythms and photore-
fractoriness of testis activity, moult and prolac-
tin concentrations in mink (Mustela vison)

L. Martinet, M. Mondain-Monva., R. Monnerie

Mink are seasonal photosensitive breeders: testis
activity is triggered when days have less than 10
h light. Increasing and decreasing plasma con-
centrations of prolactin induce the spring and
autumn moults. In a 5 year experiment, males
were maintained under short days (8 h light:16 h
dark) at 13°C or long days (16 h light:8 h dark)
at 21°C, winter and summer conditions, respec-
tively. Under winter and summer conditions,
circannual cycles of prolacting secretion and
moulting were observed at intervals of about 11
months. Recurrence of testis cycles was not evi-
dent. In a second experiment, males were main-
tained under an 8 h light:16 h dark cycle from
the winter solstice or under 10 h light:14 h dark,
12 h light:12 h dark or 14 h light:10 h dark cyc-
les from 10 February. Under 8 h light:16 h dark
cycle, testis regression was slightly later than
under natural conditions, indicating photo-
refractoriness. However, mink remained sensiti-
ve to light: the longer the photoperiod, the faster

the testis regression. In a third experiment, ma-
les were transferred uner 8 h light:16 h dark or
16 h light:8 h dark from 15 May (group 1), 12
June (group 2) or 4 July (group 3); males sub-
mitted to long days received melatonin capsules
on the day of transfer. Increasing concentrations
of follicle-stimulating hormone (FSH) and lutei-
nizing hormone (LH) and testis volume were
shown by half the males in group 2 and nearly
all the males in group 3; the constant release of
melatonin from implants was more efficient
than short days; but in the three groups, prolac-
tin concentrations decreased in the few days
after shori-day or melatonin treatment. Overall,
the results demonstrate endogenous circannual
rhythms of prolactin secretion, body weight and
moulting. Although a refractory period to short
days was observed, the annual cycle of testis
activity totally relies on the annual changes in
daylength.
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Fig. 7. Mean concentrations of prolactin in mink
transferred under (a) short days (8 h light:16 h
dark) or (b) long days (16 h light:8 h dark) and
given melatonin implants. Transfer on (¢) 15
May, (®) 12 June, and (o) 4 July.

J. Reprod. Fert., 95, 325-338, 1992. 1 table, 7
figs., 48 refs. Authors’ summary.



Association between live grading scores, skim
characteristics and auction price in mink

Hilkka Kenttamies

The relationships between scores for general
appearance assessed in August and November
and the size and quality of scanblack and pastel
male pelts were studied. The size of pelt was
more closely associated with general appearance
graded in August than in November. The rever-
se situation was found for the quality of pelt.
Fur defects observed in live minks reduced pelt
quality. Size, gquality and colour of pelts in scan-
black males differed between farms, and in
pasiel males, differences between farms were
found in pelt quality and clarity. The pelts of
males with high scores in live animal grading
were sold for 4-14 Finnmark more than medium
or low scoring ones. Skin prices were more af-
fected by the date of auction than by grading
SCOres.

Acta Agric. Scand., Sect. A, Animal Sci. 42, 185-
190, 1992, 6 tables, 22 refs. Author's summary.
Metallic sheen in mink - once again

Leena Blomstedt

Compared with pelts from normal mink, those
from mink with the metallic sheen defect have
guard hairs which are bent, slightly longer than
average, and with greater distances between
them. An account is given of some trials com-
paring the development of hair in normal and
affected mink. The defect is most common in
black mink, more males than females are affec-
ted and the h2 of the condition is fairly high
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(0.33-0.52). Selection of breeding mink and
changes in nutrition have reduced the incidence
of seriously affecied pelts in Finland to 2-3%
and approx. 20% of pelts are slightly affected.

Finsk Palstidskrift 26 (2), 44-47, 1992. In
SWED. CAB-abstract.

A mew type of lesion associated with severe fur
damage in Canadian ranch foxes and an investi-
gation of possible causes

Margaret H. Hardy, Linda E. Tackaberry, Mark
T. Goldberg

In the silver fox, as in its wild ancestor, the red
fox (Vulpes vulpes L.), the annual growing phase
(anagen) of guard hair follicles occupies at least
four months. Severe damage to the hair coat
near the end of this growing period was reported
in 1985 on many ranches in New Brunswick and
Nova Scotia. A histological analysis of serial
sections of skin biopsies showed a marked in-
crease in nuclear aberrations in the hair matrix
of anagen guard hair follicles. These nuclear
aberrations indicated that cells were undergoing
apoptosis, a controlled form of cell death. Tissu-
es from affected and unaffected foxes for histo-
logical and toxicological analysis, as well as
other data, were obtained during visits to 26
ranches in 1986 and 34 ranches in 1987. Histolo-
gical sections of the 1987 skin samples showed
the mean percentage of nuclear aberrations in 43
unaffected foxes to be 0.08 £ 0.01 (SEM), while
that for 49 affected foxes was 0.51 £ 0.23. The
four foxes with the most severe coat damage also
had the highest incidences of guard hair matrix
cells with nuclear aberrations, ranging from 20
to 100 times greater than the mean for unaffec-
ted foxes. The mitotic index of the hair matrix,
which normally remains fairly constant during
the hair growth phase, was similar for unaffec-
ted and affected foxes (1.83 £ 0.06 and 1.97 &
0.07 respectively). Although our analyses of
field data have not established a specific envi-
ronmental factor associated with increased nu-
clear aberrations, the possible involvement of
toxic agents in follicle damage may warrant
further investigation.

Can J Vet Res 55, 71-75, 1991, 1 table, 3 figs.,
16 refs. Auhtors’ summary.
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Acoustic Nerve Nuclet (nuclei n. vestibulococh-
learis) of the polar fox (Alopex lagopus)

§. Herec, Z. Milart, A. Bujak, I. Ziolo

Investigations were carried out on transverse
sections of 7 medullae oblongatae of sexually
matured Alopex lagopus. The paraffin slices
were stained by the method of Kluver-Barrera
or Nissl. In the paper four nuclei vestibulares,
medialis, caudalis, lateralis and rostralis are
described. These nuclei contain multipolar cells
of different sizes. Nucleus vestibularis caudalis
is the longest and the most caudally situated.
Nucleus vstibularis medialis is the richest in the
number of the cells, Nuclei cochleares dorsalis
and ventralis contain medium size, fusiform and
oval nuerons. The described nuclei of the polar
fox are more similar to those which appear in
carnivorous than to those in herbivorous animals
concerning the structure and topography.

Annales Unviersitatis Mariae Curie-Sklodowska
Sectio DD, Medicina Veterinaria, 43, 7-13, 1988.
In POLH, Su. ENGL, RUSSI12 figs., 21 refs.
Authors’ summary.

Head arteries in the silver fox
H. Frackowiak, B. Zawidzka

Investigations were carried out on 26 corrosion
preparations of the arteries in the head of the
silver fox, including 19 male specimens and 7
female. The preparations were made with the
arteries injection method using vinyl-chloride-
coloured acetone solution.

It was observed that the arrangement of the
arteries in the head of the silver fox resembled
the arrangement of the arteries in the wild red
fox and the dog.

Individual mutability and asymmerty were ob-
served in the silver fox as well as in the red fox
and the dog as regards the outlet of certain ar-
teries.

The mutability and asymmetry were observed
most often in the outlet of the maxillar artery,
the mandibular alveolar artery, the posterior
deep temporal artery as well as the eye arteries.

Roczniki Akademii Rolniczej w Poznaniu. Zoo-
technika, no. 220, p. 27-36, 1990. In POLH, S.
ENGL, RUSS. 3 figs., 10 refs. Authors’ sum-
mary.

What is pelt length, and how can it be mea-
sured?

Erik Nyengaard

A study of 31 mink males revealed that pelt
length could be predicted on the basis of mea-
surements of both back legs before pelting with
almost the same accuracy as on the basis of body
weight (54 vs. 62%), whereas back length mea-
surements on the live animal resulted in an ac-
curacy of only 34%.

Tuberischii

Treedepude
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Dansk Pelsdyravl, 55 (2), p. 91, 1992, In DANH.
1 fig. CAB-abstract.
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Progeny testing in mink

Genetic variation within and between populations

Peer Berg

Dr. Peer Berg
Ministry of
Agriculture

National Institute of
Agpimal Science
Research in Fur
Animals

Foulum, P.O. Box 39
DK-8830 Tiele
Denmark

New doctor in the family. We congratulate Peer Berg with the new title and express our best
wishes for his future scientific work with fur animals.

The thesis is based on three papers

1. Feed consumption and efficiency in pa-
ternal progeny groups in mink,

IL Variation within and between populations
of mink.
1: Weight and skin length,

III. Variation within and between populations
of mink.
II. Skin and fur characteristics.

and a general discussion of these papers. The
first paper was published in Acta Agric. Scand.,
Section A, Animal Science and the two others
are accepted for publication in the same journal.

The material was from progeny testing of scan-
black males on a test station over two years,
Control groups (full-sibs) were placed on the
farms of origin. The design allowed for a dif-
ferentiation of genetic and non-genetic dif-
ferences between populations. Further, genetic
and non-genetic sources of wvariation within
populations could be estimated.

A genetic variation in both feed consumption
and feed efficiency was found, both within and
between populations. Feed efficiency had a po-
sitive correlation to body weight and gain. Due
to a medium to low correlation between periods,

a definition of period is nessesary to be able to
compare measures of feed efficiency. Feed con-
sumption showed high posiiive correlation be-
tween periods.

Genetic variation was found in weight and skin
length both within and between populations.
Genetic variation within populations was lower
than in other studies estimating genetic variance
within one population. Maternal effects were
important (10% to 40%) but decreasing from
0.47 in July to 0.06 at pelting (body weight).
Genetic and non-genetic differecnes between
populations were on average up to nearly two
phenotypic standard deviations. Sex-environ-
ment and sex-genetic level interaction were
found.

Also for fur and skin characteristics a signifi-
cant genetic variation was found within and
between populations. Genetic and environmental
differences between populations were generally
smaller than for body weight and skin length.
Sex-environment and sex-genetic level interac-
tions were significant for traits with a large sex-
dimorphism. A threshold-liability model yielded
different parameters on a liability scale than a
linear model on the observed scale for discrete
fraits.
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Implications of genetic variation between and
within populations and the utilization of this
variation, breeding goals, subjectively graded
traits and sex dimorphism are discussed. There is
a potential for a more efficient utilization of the
total genetic variation through selection across
populations, crossbreeding and maintaining ge-
netic diversity to accomodate possible future
changes in production conditions.
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Fig. 4.1. Sampling of the progeny test groups,
as described in the text.

Ph.D. Thesis. In ENGL. 4 tables, 4 figs., 36 refs.
Author’s summary.

IgG allotypes of the domestic mink: Genetics,
Expression and Evolution

L.I. Fomicheva

A brief review summarized the results we ob-
tined with the identification, analysis of popula-
tion distribution, genetics, expression, and evo-
lution of 12 IgG allotypes in the American mink
and several closely related mustelids. The Amer-
ican mink is a unique species with respect to
expressed allotypic polymorphism of IgA chains.
In contrast to the rabbit, human, mouse and rat,
the phenotypic expression of IgCy allotypes
shows unusual variations which mask their true
genetic relationships (linkage of Cy genes; Cy =
constant region of IgG chains). The allotypic
1gG polymorphism in the American mink during
mustelid phylogenesis underwent saltatory

changes. A parallel between the data on changes
in IgG allotype frequencies in man and mink
with disease is emphasized. In mink, these chan-

ges are provided by allotype-specific activation
of the expression of the 2 CH genes (CH = con-
stant region of the Ig heavy chains). The results
make apparent the need of including more taxa
in investigations of Ig genetics. In addition,
Aleutian disease of mink is presented as a model
of human disease.
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Fig. 13. Frequencies of phenotypes H6, H8 and
H3, H4, H6, H8 among AD-free and AD-affec-
ted mink in 2 farm populations. Open columns =
normal mink; hatched columns = AD-mink,

Exp Clin Immunogenet, 8, 185-218, 1991. &
tables, 17 figs., 74 refs. Author’s abstract.

Hormology of the Lpm system of allotypes im
the American mink and the Gp system of allo-
types in the domestic pig

V.. Ermolaev, E.G. Mirtskhulava, M.A. Savina,
L.G. Gorelov, R.S. Matichashvili, O.K. Baranov

The article presents the results of a search in
pigs for allotypes of a protein homologous to the
Lpm-macroglobulin (e;M) of the mink and a
study of the organization of the corresponding
immunogenetic system. For this purpose, anti-
sera detecting five allotypes of the a-macroglo-
bulins were selected from the bank of reagents
previously produced for porcine serum protein



allotypes. It was established that the aM1 alloty-
pe is a marker of a protein homologous to the
mink o,M and the human o,M. The remaining
allotypes (eM2-aMS5) mark the second isotypic
variant of porcine o-macroglobulins, homolo-
gous to the mink Lpm (qM). The materials of
the international comparative test showed that
the «M1 marker is a new allotype, while aM2-
oM5 correspond to four allotypes of the Gp
system (globulin of pig) described previously.

On the basis of these immunochemical data it
was concluded that the Lpm system of the
American mink and the Gp system of the pig
are homologous. Since the investigated allotypes
belong to a-macroglobulins, it is suggested that
the locus controlling them be called the AM
locus. It is advisable to give the same notation to
the homologous locus of the mink, instead of the
previously used Lpm. The genetic control of the
five allotypes was studied and the structure of
the porcine AM locus was analyzed in detail.
The organization of this locus in the pig is com-
pared with the homologous locus of the mink.

Translated from Genetika, Vol. 27, No. 2, 304-
315, 1991. 4 tables, 3 figs., 29 refs. In ENGL,
Su. RUSS. Authors’ summary.

Activation of the expression of two immunoglo-
bulin CH genes of American mink during Aleu-
tian Disease infection

LI. Fomicheva, D.K. Tsertsvadze, O.Yu. Volkova,
N.A. Popova, §.1I. Smirnykh, N.A. Kisteneva, K.N.
Kuznetsov, V.F. Kudashev, Yu. D. Kaveshnikov

The genetic allotypic polymorphism of immu-
noglobulins secreted by mink after infection
with Aleutian disease virus (plasmacytosis) was
investigated. It was shown that the expression of
two of the four allotypes of the constant region
of the y-heavy chain, which is considered stable
throughout ontogenesis, is sharply activated in
most of the infected mink, Such allotype-speci-
fic regulation of the expression of the immu-
noglobulin CH genes may also occur in the im-
mune response in humans, where many data
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have been accumulated on the association of
individual Gm-allotypes with a whole series of
diseases.

Translated from Genetika, Vol. 27, No. 5, 895-
902, 1991. In ENGL, Su. RUSS. 3 tables, 39 refs.
Authors’ abstract.

Investigation of mink MHC (MhcMuvi) class 1
molecules by isoelectric foucusing (IEF)

L. Wienberg, B. Aasted

Mink (Mustela vison) class I leucocyte antigens,
here abbreviated MhcMuvi according to the
proposal given by Klein et al. (1990), were char-
acterized by isoelectric focusing (IEF), using
Triton X-114-extracted and neuraminidase-
treated membrane proteins from spleen cells,
followed by immunoblotting and development
with a murine monoclonal antibody raised
against denatured major histocompatibility com-
ples (MHC) class I antigens.

Muvi class I antigens were investigated in a
group of 97 Danish mink (including five famili-
es), of six types (Standard, Wild, Pastel, Pearl,
Violet and Sapphire), and a group of 110 French
"Wild" mink. For each mink type maximally six
protein bands in IEF were identified. Standard,
Pastel and Sapphire mink only exhibited from
tow to four bands. This indicated to us restricted
polymorphism of the Muvi class I antigens for
these mink. The restriction patterns varied from
farm to farm. In the family material the Muvi
antigens were found to segregate as expected.

The French Wild mink were all naturally infec-
ted with Aleutian disease virus (ADYV), a parvo-
virus, and their disease status classified as pro-
gressive or non-progressive. There were ap-
proximately 50% in each group. The mink were
grouped into one of five class I muvi profiles.
When the profiles were compared to progressive
versus non-progressive disease status, we found
that mink with Muvi profile 4 and 5 almost
exclusively (13 out of 15) were classified as ha-
ving progressive Aleutian disease.

European Journal of I'mmunogenetics, 18, 165-
173, 1991. 5 figs., 10 refs. Authors’ summary.
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Mink serum amyloid A protein. Expression and
primary structure based on ¢DNA sequences

G. Marhaud, G. Husby, S. Bruce Dowton

The nucleotide sequences of two mink serum
amyloid A (SAA) cDNA clones have been ana-
lyzed, one (SAA1) 776 base pairs long and the
other (SAA2) 552 base pairs long. Significant
differences were discovered when derived amino
acid sequences were compared with data for
apoSAA isolated from high density lipoprotein.
Previous studies of mink protein SAA and amy-
loid protein A (AA) suggest that only one SAA
isotype is amyloidogenic. The ¢cDNA clone for
SAA2 defines the "amyloid prone" isotype while
SAA1 is found only in serum. Mink SAAI has
alanine in position 10, isoleucine in positions 24,
67, and 71, lysine in position 27, and proline in
position 105. Residue 10 in mink SAA2 is valine
while arginine and asparagine are at positions 24
and 27, respectively, all characteristics of pro-
tein AA isolated from mink amyloid fibrils.

BOOK CLEARANCE

SCIENTIFUR is going to move again some time in 1993. Therefore it is important for
us to reduce the stock of books and previous volumes of SCIENTIFUR.

Mink SAA2 also has valine in position 67, phe-
nylalanine in position 71, and amino acid 105 is
serine. It remains unknown why these six amino
acid substitutions render SAA2 more amyloido-
genic than SAA|. Eighteen hours after lipopoly-
saccharide stimulation, mink SAA mRNA is
abundant in the liver with relatively minor ac-
cumulations in the brain and lung. Genes en-
coding both SAA isotypes are expressed in all
three organs while no SAA mRNA was detec-
table in amyloid prone organs, including the
spleen and intestine, indicating that deposition
of AA from locally synthesized SAA is unlikely.
A third mRNA species (2.2 kilobases) was iden-
tified and hybridizes with ¢cDNA probes for
mink SAA1 and SAA2. In addition to a major
primary translation product (molecular mass
14,400 Da) an additional product with molecular
mass 28,000 Da was immunoprecipitable.

The Journal of Biological Chemistry, Vol. 265,
No. 17, 10049-10054, 1990. 5 figs., 43 refs.
Authors’ summary.

SCIENTIFUR
P.0.Box 13
DK-8830 Tjcle

OFFER UNTIL JUNE 1ST 1993

1. Previous volumes of SCIENTIFUR, Vol. 1-16
incl. postage and printed indexes:
Single volumes:

2. MINK PRODUCTION, ISBN 87-981959-0-5, 399 pages

(richly illustrated). (Totally available 1,100 copies)

1000 copies
500 copies
100 copies

Single copies

Phone +45 89 99 15 01
Fax +45 86 6529 12

DKK 1,500.-
DKK 100.-

DKK 100.-/copy
DKK 125.-/copy
DKK 150.-/copy

DKK  200.-/copy

BEAUTIFUL FUR ANIMALS - and their colour
genetics, ISBN 87-981959-5-6, 271 pages incl.

more than 300 colour photos. (Also available in
Danish, Norwegian, and Swedish) (Totally available

2,000 copies)

1000 copies
500 copies
100 copies
Single copies

DKK 100.-/copy
DKK 125.-/copy
DKK 150.-/copy

DKK 250.-/copy

Prices are ab Foulum, Denmark.

Terms of payment:

50% by order and the remaining 50% by irrevocable Letter of

Credit through our bank to be released by shipment.

Please contact us regarding final agreement.



Original Report

Reproduction 127

Cryoembryopreservation of carnivora embryos: Mustela erminea

S.Ya. Amstislavsky, L.F. Maksimovsky, Yu.G. Ternovsky, D.V. Ternovsky
The Institute of Cytology and Genetics, The Institute of Biology,

Russian Academy of Sciences, Siberian Branch, Novosibirsk

Summary

The possibility of ermine embryos being suc-
cessfully cryopreserved has been shown. The
influence of the freezing program and the stage
of embryo development on the survival of em-
bryos was investigated. The freezed-thawed
ermine embryos of the early stages of develop-
ment were transferred to the right uterine horn
of the recipient stoat and were cultured there
for 26 days. Some of these embryos developed in
vivo to the large delayed blastocysts,

Introduction

Nowadays, there is an urgent need to save en-
dangered species. To illustrate, today more than
70 species and subspecies of carnivorous mam-
mals are disappearing [ref. 1]. This paper has
been written by researchers who have been en-
gaged in captivity breeding of European mink
(Mustela lutreola) for a number of years [ref. 2].

Cryopreservation of embryos performed at a
temperature of liquid nitrogen has become a
more reliable method to conserve genofunds.
Cryoembryo banks of lineal mice have been cre-
ated in several laboratories [ref. 3]. Attempts are
being made to apply the above technology in
order to conserve genofunds of rare animals
mainly of the ruminant family [ref. 4]. However,

it is worth noting that certain mammalian em-
bryos are strongly affected by cryogenic pro-
cedure [ref. 5-8]. First of all, it applies to carni-
vorous animals (ref. 5+6], as well as swine em-
bryos [ref. 7+8], might be caused by abundant
phospholipids in the embryos of these species
[ref. 6].

In this paper, a possibility of cryopreservation
of embryos for carnivorous mammals has been
studied. To carry out the investigation, ermine
(Mustela erminea) has been chosen since the
embryonic development prior to implantation in
this species is rather well studied {ref. 9].

Materials and methods

To obtain the embryos, young female stoats
were mated with adult males. All the ermine
females used were oestral. The results of mating
were estimated by male sperm cells available in
the vaginal smear preparations made after coup-
ling. Washing out of embryos for cryopreserva-
tion was conducted during the period from the
first till the 272nd day of pregnancy. To flush
the embryos standard techniques were used [ref.
10].

Ermine embryos of different developmental
stages were frozen on the programming unit,
Embryos were frozen in plastic straws using 1 M
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DMSO (dimethylsulphxide) as a cryoprotectant.
The equilibration with DMSO was made at +2°C.
Seeding was initiated at -7°C. One group of
embryos was cooled at the rate 0.5°C/min and
plunged into liquid nitrogen (program 1), The
other group of embryos was cooled to the same
plunging temperature (-40°C) at the rate of
0.3°C/min (program 2). After cryopreservation
the embryos were thawed by placing the straws
into a water bath (+37°C) for a period of 10 sec.
Frozen-thawed embryos were tested and photo-
graphed. Some embryos were transferred after
cryopreservation into the right uterine horn of
the female recipient on the 8th day of physiolo-
gical pregnancy. Simultaneously, the right ovi-
duct was ligated to prevent the recipient’s own
embryos from getting into the right horn of
uterus.

Results and discussion

The use of program 1 to freeze the ermine em-
bryos resulted in damaging the zona pellucida
and blastomere practically throughout the ex-
periment (fig. 1). After freezing the ermine
embryos according to program 2, the results
were different, i.e. in most cases the zona pellu-
cida survived intact and the embryo as a whole
revealed normal morphology (fig. 2). Especially
promising were the cryopreservation results with
delayed blastocysts. After cryopreservation of
such blastocysts the zona pellucida was safe and
the trophoblast clearly identified (fig. 2 e,f.),
though there was certain blastocyst collapse after
thawing.

Moreover, one significant point to notice is that
in the course of cryopreservation large as they
are (500 mkm and more), the delayed blastocysts
remained morphologically intact, which might
have resulted from increased tolerance of un-
favourable factors during the diapause [ref. 11].
Various developmental stages of mammalian
embryos are known to be differently susceptible
to cryogenic procedures [ref. 8, 12-14]. Accord-
ing to our data, ermine morula and earlier
blastocysts (the 9th-12th day of embryo devel-
opment post coitum) as well as later delayed
blastocysts (the Ist-5th month of pregnancy)
successfuily stand program 2 and cryopreserva-
tion at the temperature of liquid nitrogen. Nev-
ertheless, being large, the delayed blastocysts are
difficult to transfer into the recipient’s uterus.
So to create a cryoembryobank of the above

species preference should be given to earlier
blastocysts and morolu.

Fig. 1. The ermine blastocyst after cryopreser-
vation at -196°C (the freezing program 1).

In the last experiment (see table 1), the ermine
embryos which underwent cryopreservation
were transferred into the female recipient’s ute-
rus. Here, 16 embryos of different developmen-
tal stages (morulas earlier blastocysts and di-
viding embryos of the 6th day post coitum) were
transferred into the recipient’s uterine horn on
the 8th day of physiological pregnancy. Accord-
ing to the data obtained the recipient’s own em-
bryos pass from the oviduct to the uterus later:
namely on the 10th-11th day of pregnancy [ref.
9]. How-ever, to prevent own embryos from
passing to the uterine horn in which frozen-
thawed embryos had been transferred, the rele-
vant oviduct was ligated.

The female recipient was opened on the 34th
day of pregnancy. The right uterine horn was
flushed. The frozen-thawed morulas and other
embryos of earlier stages of development (fig. 2
c,d) that were cryopreserved and then transfer-
red to the recipient’s right uterine horn had
developed in vivo to the large delayed blasto-
cysts. The above blastocysts were of different
sizes. Some of them conformed to the recipient’s
own embryos flushed from the left uterine horn
(the control) in their dimensions, but the others
failed, with their diameters being less (fig. 3
a,b). The discrepancy between the dimensions of
the cultured in uterus embryos can be explained
as the result of different developmental stages of
the embryos transferred.
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Fig. 2. The ermine embryos at different stages of development after cryopreservation at -196°C
(the freezing program 2). a) 7th day embryos before freezing; b) 7th day embryos after cryopre-
servation at -196°C; ¢) 9th day morulas before freezing; d) 9th day morulas after cryopreserva-
tion at -196°C; e) 90th day delayed blastocysts before freezing; ) 90th day delayed blastocysts

after cryopreservation at -196°C,
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Fig. 3. Cyropreservation, transfer and in vivo development of the ermine embryos (see table 1
for more detailed information). a) control blastocysts flushed from the left uterine horn of reci-
pient; b) blastocyst developed in the right recipient’s uterine horn from the transferred frozen-
thawed embryos of earlier stages of development.

Table 1. Experimental scheme on in vive cultivation of frozen-thawed ermine embryos
cryopreserved at the temperature of liquid nitrogen
No. of the Frozen Period of stor- Thawed Transferred into * | Developed after ** | Control ***
straw age at -196°C recipient in vivo culture
1 4 earlier blastocysts 307 days 4 earlier blastocysts 16 embryos trans- 4 large blastocysts 6 blastocysts
flushed out of the no apparent damages ferred with their which conform in (fig. 3 a)
uterine horn on the developmental their dimensions
12th day of pregnancy stages being dif- the control (fig. 3
ferent: b)
2 3 morulas flushed out 7 days 3 morulas 4 earlier blastocysts | 3 blastocysts of the
of oviduct on the 9th no apparent damages (fig. 2 d) (12 days post coi- smaller sizes (fig. 3
day of pregnancy (fig. tum) b)
2¢)
3 11 dividing embryos (5- | 7 days 9 embryos in several ones blasto- | 3 morulas (9 days 1 degenerated em-

6 blastomeres) flushed
out of oviduct on the
6th day of pregnancy

meres are partly damaged

post coitum)

9 dividing embryos
(6 days post coi-
tum)

bryo (not shown in
the fig. 3)

*:  Transplantation into the right uterine horn. Simultaneous ligation of the right oviduct.
#*:  Embryos were flushed out of the right recipient’s horn on the 34th day of pregnancy.
As control the left uterine horn embryos of the same animal were used.

LE L



Our experiments with ermine embryos show
that, after having been kept at -196°C, embryos
of several carnivorous species do survive. A re-
cently possibility of domestic cat embryos being
successfully cryopreserved has been shown [ref.
15]. We hope that these results would enable
cryoembryobanks of valuable but endangered
carnivorous species to be created.
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Birth of first fox cubs from embryo transfer
L. Jalkanen

Surgical transfer of four embryos from a silver
fox female in Finland to a different female 9
days after insemination with semen from a red
fox male on 14 Mar. resulted in the birth of 4
healthy cubs on 9 May., Future plans for the
non-surgical transfer and freezing of silver fox
embryos are considered.

Finsk Palstidskrift 26 (6-7), p. 167, 1992. In
SWED. CAB-absiract.

A study on artificial insemination in mink
Hao Yifeng

From 1983 to 1986, semen of mink was collected
with electroejaculation and artificial insemina-
tion. Eighty-one ejaculates were obtained from
94 collections. The success rate was 86.2 percent.
Semen volume, sperm density and sperm motili-
ty were 0.11+£0.01 ml, 100.70£20.99 millions and
0.71610.021, respectively. Twenty-four samples
of semen were frozen. The resuscitation rate of
the semen after thawing was 83.7 percent.

In 1985 five female mink were inseminated
through the vagina with the frozen, thawed se-
men by the conventional method. Two minks
were pregnant and each gave birth to 2.0+1.0
baby mink.

Acta Veterinary et Zootechnica Sinica, Vol. 21
(1), p. 31-35, 1990. In CHIN, Su. ENGL. 4
tables. Author’s abstract.

Profiles of oestradiol-17p and progesterone and
follicular development during the reproductive
season in mink (Mustela vison)

G. Lagerkvist, E.J. Einarsson, M. Forsberg, H.
Gustafsson

Plasma concentrations of oestradiol-17p and
progesterone were studied in yearling mink fe-
males. The blood samples were collected from 2
March until 13 April in females not subjected to
mating and in females mated on two consecutive
days, early or late in the breeding season, or

with 8-9 days between matings. Peaks in oestra-
diol-178 were recorded on the day of first ma-
ting, in relation to the second wave of growing
follicles, and in early April, around the time
when implantation should have occurred. Signi-
ficant rises in progesterone were recorded from
17 to 21 March and were slightly later in fe-
males mated late in the season.

Histological studies of ovaries from unmated
females revealed that the number of "active"
follicles exceeded the number of degenerated or
luteinized follicles until 7 April, after which the
number of degenerated follicles increased rapid-
ly. Degeneration was followed by luteinization.
On 15 April, ovaries were collected from two
females having 15 Iluteinized follicles each.
These females had increased plasma concentra-
tions of progesterone.

These studies indicate that in female mink,
peaks in oestradiol-17p coincide with the first
mating as a result of the copulatory act and that
unmated females appear to experience a luteal
phase in the absence of ovulation.
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Fig. 2. Plasma concentrations of oestradiol-17p
(least squares (L.S) means) in female mink mated
9-11 March and remated after 9 days (----) and
in females not subjected to mating (—). Standard
errors of the LS means depend on whether com-
parisons are made within (s.e. range 9-14
pmol/l, mean 105 pmol/l) or btween groups
(s.e. range 19-29 pol/i, mean 23 pmol/l).

J. Reprod. Fert, 94, 11-21, 1992. 3 tables, 5
figs., 37 refs. Authors’ summary.



Seasonal modulation of androgen syuthesis in
the mink (Mustela visonm) iIs associated with
gualitative changes in testicular steroidogenesis
in vitro

K.M. Tahka, T. Teravainen, C. Sundqvist
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Fig. 1. Seasonal changes in testicular weight,
plasma testosterone levels, and the in vitro con-
version of P and DHA to androgens (T and
DHA)., %CV.T (P) = % conversion of P o T;
%CV.T (D) = % conversion of DHA to T,
%CV.D (P) = % conversion of P to DHA. Data
on plasma testosterone levels from Sundqvist et
al. (°84). With the exception of the in vitro pro-
duction of T from DHA, the seasonal changes
observed in these parameters were all statistical-
ly significant and also correlated positively with
each other (n = 3 - 14),

Annual changes in testicular weight and micro-
somal androgen synthesis were studied in the
mink (Mustela vison). Testicular samples were
taken at different phases of the annual repro-
ductive cycle. Steroidogenesis was assessed by
investigating seasonal differences in the testicu-
lar conversion of [4-**C] pregnenolone (P) and
[4-"C] dehydroepiandrosterone (DHA) to meta-
bolites in vitro. The steroid metabolites were
identified by thin-layer chromatography. Seaso-
nal changes in the capacity of the testis to pro-
duce testosterone from DHA and P correlated
positively with the annual reproductive cycle of
the species as well as with our earlier findings
on plasma testosterone levels. Although the per-
centage conversion to testosterone (T) from both
substrates decreased (39.8% to 19%, DHA; 33%
to 15.5%, P) during testicular regression, the in
vitro production of androstenedione (A) was
increased. The A/T ratio changed from 0.32
(DHA) and 0.42 (P) during testicular activation
in November to 1.9 (DHA) and 2.52 (P) during
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regression in September. Both substrates were
utilized efficiently throughout the reproductive
cycle. During testicular regression the decreased
conversion to T was associated with a marked
qualitative and quantitative increase (per unit
weight) in the production of unidentified meta-
bolites. The conversion to 5«-reduced androgens
appears to be insignificant, since none of the
main S5a-reduced testicular androgens were
identified at any phase of the reproductive
cycle.

Qur data suggest that the observed differences
in testosterone production in vitro are in part
due to changes in the activity of 17f-hydroxy-
steroid dehydrogenase and possibly also in the
enzymes catalyzing the conversion of C,, steroids
to androgens. It would also appear that seasonal
modulation of androgen synthesis in this species
is associated with a prominent qualitative shift
in testicular steroidogenesis rather than with a
marked reduction in the microsomal capacity to
use the subsirates.

The Journal of Experimental Zoology, 258, 231-
239, 1991. 6 tables, 5 figs., 34 refs. Authors’
abstract.

GuRH-stimulated LH and FSH release by peri-
fused anoestrous red fox pituitary cells: gonadal
steroid modulation

M. Bonnin, M. Mondain-Monval, M.C. Audy

In this study, gonadotropin releasing hormone
(GnRH)-stimulated luteinizing hormone (LH)
and follicle stimulating hormone (FSH) secre-
tions in the red fox (Vulpes Vulpes L.) have
been studied during anoestrus using perifused
dispersed pituitary cells. The objective was to
compare LH and FSH responses to pulses of
GnRH in lactating and non-lactating females
and to examine the feedback of gonadal steroids.
Our results indicate that the pituitary sensitivity
to GnRH was greatly reduced in lactating fe-
males compared with non-lactating females.
Treatment in vitro of cells during 24 h (short-
term effect) by progesterone (P) or oestradiol
(E,) induced an increase of LH and FSH release,
indicating that even during anoestrus, pituitary
cells are able to respond positively to gonadal
steroids. In contrast, administration of P or E, in
vivo for several days by silastic capsules (long-
term effect) induced a reduction of LH and FSH
releases by pituitary cells in vitro. Thus, steroids
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act directly on the pituitary but their action is
time- and dose-dependent. During anoestrus in
the fox, particularly during lactation, P and E,
might exert a potent negative feedback control
on pituitary secretion. In the red fox (Vulpes
vulpes L.), the fact that GnRH-stimulated LH
and FSH secretions are reduced in lactating fe-
males more than in non-lactating females, sug-
gests that P (secreted in vivo during lactation,
probably as a consequence of a luteotrophic
action of prolactin) and E, secreted jointly dur-
ing episodic phases of oestrogenic activity, may
be responsible for decreased pituitary responsi-
veness observed during early anoestrus. This
action of gonadal steroids might occur in associ-
ation with a specific role of prolactin or a sup-
pressive effect of suckling.
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Fig. 1. Representative profiles of LH (@---@)
and FSH (o---o0) responses to an 8-min pulse of
1 nM GnRH by fox pituitary cells: each point
corresponds to the concentration of gonadotro-
pins in 2 min fractions of eluates.

Animal Reproduction Science, 27, 319-333, 1992.
4 tables, 4 figs., 38 refs. Authors’ abstract,

Regulation of the reproductive cycle
O.L. Rapoport, V.G. Bernatskii, V.D. Cheprasov

27 low-fertility female mink and 9 sexually
experienced male mink were implanted in May
with a capsule containing melatonin and "other"
hormones. In Sep., testis enlargement and vulval
swelling occurred. Matings took place between 3
and 20 Oct.; 25 of the females were mated by 8
of the males. Ten of the mated females whelped,
and litter size averaged 4.5.

Krolikovodstov i Zverovodsivo, No. 5, p. 8, 1991.
In RUSS. 3 tables. CAB-abstract.

How the inability te perceive photoperiod af-
fects the onset of puberty and subsequent repro-
ductive function in mink

R.J. Aulerich, K.A. Koudele, A.C. Napolitano

The results of this study indicate that the eyes
are the most important component in the eye-
SCG-pineal axis in mink because, without them,
the animals became disynchronous with the pho-
toperiod despite other treatments. There was no
spontaneous regeneration of the gonads and the
postbreeding season atrophy of the testes was
slowed in blinded animals, indicating that mink
require the photoperiod to stimulate reproduc-
tive function was well as to hasten its end.

The SGC may have an inhibitory role in gonadal
recrudescence because without it, the testes of
the males enlarged sooner than in intact males.
However, the effect of the eves overshadowed
that of the ganglia--blind + SCGx animals re-
sponded the same as blinded-only animals. The
SCGx females responded the same as other
sighted females. Therefore, the role of the
ganglia in sighted mink needs to be further de-
fined.

Research report from the Michigan State Uni-
versity Agricultural Experiment Station, East
Lansing, p. 85-96, 1991. 13 figs., 7 refs. Authors’
conclusion.



Heat detection and determination of optimum
insemination time in polar fox (Alopex lagopus)

M. Barta, I. Jakubicka

QOestrus cycles were investigated in seven polar
foxes: the investigation consisted of evaluation
of clinical symptoms of heat (vulva enlargement),
measurement of vaginal mucus electrical re-
sistance, and determination of progesterone
concentrations in the blood plasma of foxes; the
objective was to determine optimum insemina-
tion time. The females were inseminated with
fresh semen intravaginally by means of a pseu-
dopenis, a day following the record of maximum
electrical resistance of vaginal mucus and at the
minimum progesterone concentration in blood
plasma of 30 ng.ml’. The females were reinse-
minated on the following day. The insemination
dose had a volume of 1 ml with sperm concen-
trations of 150.10', Clinical symptoms of heat
were observed in six out of the seven test foxes.
Heat detection by means of measuring vaginal
mucus electrical resistance was successful also in
six females. Progesterone test enabled heat de-
tection in five females. Out of six inseminated
females, five foxes became pregnant (83.3%) and
a total of 33 cubs were born; this is 5.5 cubs per
female,.

Veterinarni Medicina - UVTIZ, Vol. 36 (6),
355-360, 1991. In SLOE, Su. ENGL, SLOE. 2
tables, 2 figs., 16 refs. Authors’ summary.

Collecting the sperm of male foxes by electro-
ejaculation in halothane anaesthesia

M. Barta, I. Jakubicka

A method has been developed for the collection
of ejaculate from anaestesized foxes. General
anaesthesia was produced by inhaling 3 to 5%
narcotan mixed with oxygen, the inhalation rate
being two litres per minute. An electroejaculator
with a bicolar electrode, introduced in the rec-
tum, was used for the electrostimulation of eja-
culation. The voltage needed to produce the
ejaculation effect and the number of impluses
depended on the individual. The average amount
of ejaculate per one collection was 0.86 ml,
sperm motility percentage 74.80%, sperm con-
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centration 270.62 x 10° spermatozoa per mm?
and average pH value 6.87.

Veter. Med., 34 (10), 637-640, 1989. In SLOE,
Su. RUSS, ENGL, GERM. 1 table. Authors’ sum-
mary.

Monitoring of red fox (Vulpes vulpes) reproduc-
tion 1990

Erik Lindstrem, Christina Lindstrem

Red fox (Vulpes vulpes L.) reproduction (ovula-
tion frequency and rate, whelping frequency,
mean litter size, and % subadults in the winter
(Nov-March) sample, tables 1, 2 and 3) is moni-
tored post mortem in vixens shot by hunters in
three areas of Sweden (fig. 1). Within the Grimso
Wildlife Research Area, the minimum number
of litters is also monitored by den counts and
observations of juveniles (table 4).

In this report we describe the reproduction dur-
ing 1989. The low vole densities in the Bergsla-
gen and Vasterbotten areas resulted in poor re-
production, as expected. The Sméiland material
was too small to permit any analysis on a yearly
basis. A more detailed description of the project
in English is given in report 3257 from the Na-
tional Swedish Environment Protection Board.

Statens Naturvaardsverk - Sweden, Report no.
3957, 11 pp, 1990. In SWED, Su. ENGL. 4 tables,
7 figs. Authors’ summary.

Investigation on cub production in blue foxes in
central Norway. I.

O.A. Eldoy

In 1991, questionnaires were sent to 290 blue
fox breeders in Norway, and approx. 120 re-
sponded. The average incidence of failure to
conceive was 23% for young females and 16%
for adults, the percentage of abortions 9 and 7%
resp., that of females giving birth to a litter was
69 and 77% and that of weaning a litter was 59
and 69%. The percentages of breeders not using
artificial light, removal of males or females or
open enclosures prior to mating were 90.2, 7.0,
58.2 and 74.6% resp. of breeders that moved
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females, 32.8 and 46.1% did so before the ma-
ting period or 1-2 wk after the beginning of the
mating period. 80% of breeders reduced rations
for females before 1 Jan., and 75% increased
rations well before the beginning of mating.
Details are given of nutrition and the main cau-
ses of cub mortality.

Norsk Pelsdyrblad 66 (2), p. 4-6, 1992. In
NORW. 6 tables. CAB-abstract.

Investigation on cub production in blue foxes in
central Norway. 1L

O.A. Eldey

Data on blue fox females at approx. 120 farms
in Norway, with an average litter size of 4.25
cubs, were analysed. Artificial light before the
beginning of mating or later during the mating
period had no beneficial effect on litter size.
Moving females and males 2 wk or 1 wk resp.
after the beginning of the mating period ap-
peared to have a slight beneficial effect on litter
size. Litter size appeared to be increased by
allowing animals access to a run 1-2 wk after
the beginning of the mating period. Litters were
larger at farms where the duration of the mating
period was 4-6 wk than at those with shorter or
longer mating periods, and mid-season mating
produced larger litters than early or late matings.
Females given reduced rations between I Jan.
and 1 Feb. had larger litters than those restricted
before 1 Jan., and females given extra rations
and vitamin supplements during the mating
period, pregnancy and lactation had larger litters
than those given no supplement.

Norsk Pelsdyrblad, 66 (3), p. 10-11, 1992. In
NORW. 7 tables. CAB-abstract.

Investigations on the whelping performance of
blue foxes in central Norway

O.A. Eldpy

Questionnaires on 6000 blue fox females at 130
fox farms in 5 areas of central Norway were
analysed. In 1991, 69% of young females and
77% of adult females gave birth to a litter, and
59 and 70% resp. weaned a litter. The average
kit mortality was 28.4%. Litter size at birth ran-
ged from 3.83 to 5.38 cubs for blue fox females

mated with blue fox males and from 1.50 to 5.15
for blue fox females mated with silver fox

males, and there were marked differences bet-
ween areas; it ranged from 4.10 to 5.97 cubs for
fe-males given vitamin or mineral supplements
and from 3.42 to 5.24 for non~-supplemented fe-
males. Results are compared with those in 1990,

Norsk Pelsdyrblad, 66 (5), p. 16-19, 1992, In
NORW. 4 tables. CAB-abstraci.

Whelping results in 1991
K. Pesso

For 370623 mink, 15197 polecat, 68944 blue fox,
18624 silver x blue fox, 77827 silver fox and
7032 raccoon dog females mated in Finland in
1991, the number of young born per mated fe-
male averaged 4.15, 5.73, 5.43, 4.38, 2.80 and
4.80 resp. Compared with 1990, the total num-
bers of mink, blue, crossbred and silver foxes
and polecats born decreased by 10, 54, 68, 46
and 36 %, resp.

Finsk Palstidskrift 25 (8-9), p. 159, 1991. In
SWED. 1 table. CAB-abstract.

Rearing performance of mink at farms in
Schleswig-Holstein

J. Lamp

Of 5156 females mated in 1989, 91.6% gave
birth to a litter, and the litter size per female
mated and whelping averaged 5.23 and 5.71
resp. Of these females, 61% were mated twice
within a period of 8-10 days, 24% were mated
once, 13% were mated twice at an inverval of 2
days, and 2% were mated 3 times within 14
days; litters tended to be smaller for mink mated
once than for those mated twice or 3 times. Fe-
males aged 1-3 yr had a better reproductive
performance than younger and older females.
Data are tabulated for the performance of vari-
ous colour types.

7 Arbeitstagung uber Haltung und Krankheiten
der Kaninchen, Pelztiere und Heimtiere, 31 May
bis 1 Juni, p. 74-79, 1990. In GERM. 2 tables, 2
figs. CAB-abstract.
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Winter energetics and feeding activities in the male mink

Hannu Korhonen, Paavo Niemala

Agricultural Research Centre of Finland,

Fur Farming Research Station,
SF-69100 Kannus, Finland

Summary

The present paper provides comparative data on
the energetics and feeding activities of male
mink of different initial body sizes during the
coldest part of winter. The results showed that
heavier mink tend to eat somewhat more than
lighter mink; thus initial weight differences
easily persist throughout the actual winter pe-
riod. A decrease/increase in the ambient air
temperature consequently decreases/increases
the feed intake of the mink. The dependence of
feed consumption (y) on the daily minimum
temperature (x) is described by the equation:
y=381.3 + 2.18x (p<0.001;F=60.63). The ambient
air temperature significantly affects locomotor
activity: the colder the temperature, the less the
animals move about and vice versa. It can be
concluded that despite its high basal metabolic
needs and modest thermoregulation, the mink
does well in the cold because of its specific be-
havioural adaptations.

Introduction

Winter places many special demands on the
thermoregulation, energetics and behaviour of
animals living in Northern Hemisphere. Particu-
larly smaller animals may have difficulties be-
cause of their relative small body surface area
and limited thermoregulatory capacity (Schmidt-

Nielsen, 1984). A typical example of such an
energetically uneconomical species that lives in
northern conditions is the mink (Mustela vison).
It has a small, elongated body, a thin fur coat,
short legs and a relatively high basal metabolic
rate (Iversen, 1972; Korhonen et al., 1983). Nev-
ertheless, it can survive even north of the Arctic
Circle (Syrjala-Qvist et al., 1990).

Although energetics and thermoregulation in the
mink have been studied rather intensively, there
is still lack of information as concerns feeding
behaviour, locomotor activity and body size in
relation to the ambient air temperature during
the winter. The purpose of the present study is
to provide such comparative data for farmed
male mink of different body size.

Materials and methods

The experiments were carried out at the Fur
Farming Research Station of Kannus (63.54 N,
23.54 E) in Western Finland. Three experimental
weight groups were formed: (1) light animals
(mean body weight at the beginning of the ex-
periments 2096 + 57 g), (2) medium-sized ani-
mals (mean weight 2264 = 55 g) and (3) heavy
animals (mean weight 2578 + 118 g). Initially,
each group was comprised of 10 male mink of
farm origin, but soon after the start of the ex-
periment one mink from both groups 2 and 3
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died; thus, finally these two groups had only 9
animals. The mink were accustomed to the test
conditions for about a week. The actual experi-
ments began on January 4th and lasted for 8
consecutive weeks of the coldest winter period.
Body weights were measured four times during
the experiments.,

The animals were fed a commercial standard
fresh feed once daily (c.f. Korhonen et al., 1986).
Each mink was housed in its own cage that was
equipped with a special feeding tray. The daily
feed intake as well as feed remains were care-
fully controlled individually. In addition, during
8 days the feed consumption of the mink was
measured four times daily (in the morning, at
midday, in the afternoon, the following mor-
ning) to estimate their daily intake profiles.

Feeding behaviour and locomotor activity of the
animals were measured with video camera
equipments (CDD video camera 720, Bische UB-
480 tape recorder, Koyo monitor, Bische 12-300
infrared light; 500 W). Video recordings were
made during 10 days of different ambient air
temperatures. Three animals from each of the
three body size groups were used for the video
recordings.

The results were statistically treated by analysis
of variance, regression analyses and by the Pear-
son’s product moment correlation. ‘

Results
At the beginning of the experiments, the body

weights of the groups were significantly dif-
ferent (p<0.05) from eachother (table 1). At the

next weighing time (Jan 29), however, the dif-
ference between the light and the medium
groups had disappeared (p>0.05), but during the
third and last weighings the earlier differences
between the groups reappeared (p<0.05). Thus, it
can be concluded that the weight differences
between mink of different initial body sizes re-
main rather constant throughout the winter pe-
riod.

Table 2 summarizes the weekly feed consump-
tion in the groups. No significant differences
(p>0.05) were found between the groups, except
during weeks 4 and 5, when the feed intake of
group 2 was lower (p<0.05) than that of the
other groups.

Group 3 (heaviest minks) showed a tendency
towards a slightly higher, but insignificant, feed
intake (often 10-20 g daily) than the lighter
groups. In relation to body mass, however, the
consumption in each group was of about the
same order of magnitude.

Daily feed consumption (y) was affected by
ambient air temperature (x) according to the
following equations: (1) in relation to circadian
minimum temperature; y=381.3 + 2.18x
{(p<0.0001;F=60.63), and (2) in relation to cir-
cadian mean temperature; y=377.9 + 3.02x
(p<0.0001:F=65.60). However, no significant
relationship (p>0.05) was found between feed
consumption and daily maximum temperature.
In summary, equations (1) and (2) clearly show-
ed that a decrease/increase in ambient air tem-
perature consequently resulted in decreased/in-
creased feed consumption in male mink during
the coldest winter period.

Table 1. Body weights of light (group-1), medium (group-2) and heavy (group-3) minks dur-
ing the experiments. Means (£ SD) with a different letter are significantly different

(p<0.05)
Date Group-1 Group-2 Groupk-3
Jan 7 2096 + 57° 2264 % 55° 2578 + 118°
Jan 29 2354 + 110° 2427 £ 104° 2674 £ 105°
Feb 2 2367 £ 112° 2505 % 82° 2748 + 131°¢
Feb 29 2415 + 89 2546  87° 2743 + 148°




Table 2.
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Weekly feed consumption (mean + SD) of the experimental groups. S=significance;

NS=not significant, *p<0.05. T=ambient air temperature (°C)

Days studied Group 1 | Group2 | Group 3 S Tmin | Tmax | Tmean
7.-12.1, (0 346 £ 24 | 329+ 53 | 323 + 68 NS -14 -3 -8
13.-19.1. (2) 372 £ 57 364159 |372+55 NS -13 -4 -8
20.-26.1. 3) 372+ 53 | 353+88 | 382+44 NS -7 -1 -4
27.1.-2.2. (4) 362 £ 59 | 34472 | 387+ 28 * -3 +2 -1
3.-9.2. (5) 372 £ 52 | 346 £ 86 | 381 £ 51 ¥ -8 -2 -5
10.-16.2. (6) 370 £ 63 | 373+ 62 | 385+ 47 NS -7 -3 -5
17.-23.2. ) 343+ 84 | 329+98 | 363+ 80 NS -12 -3 -7
24.-29.2, (8) 369+ 59 | 372£59 | 384+ 39 NS -3 +2 0

The circadian profiles for feed intake are pre-
sented in tabel 3. The mink were fed at 8:30
AM. The first weighing of feed intake (1) was
performed 2 hours after the feeding (10:30
A.M.). During this first interval the mink con-
sumed on average (calculated from the total 8-
day material) 13.9% (i.e. 1/7) of the daily feed
given. The second weighing (2) was 4.5 hours
after the morning feeding (1:00 P.M.). Up to
now, 24.0% of the daily feed had been con-
sumed, At the third weighing time (3), i.e. 6
hours after feeding (2:30 P.M.), the intake reac-
hed the amount of 32.1% of their daily con-
sumption. The last weighting (4) was carried out
the following morning at 8:30 A.M. At this time,
the mink had normally eaten almost all of the
daily 400 g feed ration. Thus, it can be said that
male mink generally consume the major part
(2/3) of the daily feed ration outside the time
interval of 8:30 A.M. and 2:30 P.M.

There were also some differences in the daily
intake profiles between the groups. During the
first two hours group 1, group 2 and group 3
consumed 12.5%, 13.5% and 15.7%, respectively.
After 4.5 hours the corresponding percentages
were 23.0, 22.4 and 26.5, and after 6 hours 30.4,
31.9 and 34.2. Thus, the heaviest group tended
to eat the most and the lightest group the least.

From table 3 we calculated the feed consump-
tion of the three first weighings (i.e. the actual
daily consumption), and calculated the regres-
sion between this daily consumption (y) and
ambient air temperature (x); the equation is:
y=121.4 - 1.76x (p<0.01; F=7.311). Thus, on cold
days minks tended to eat the most during the
daytime, and vice versa.
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Table 3. Cumulative feed intake (% of total daily 400 g ration) of the groups. T=ambient air
temperature (°C). For feed weighings see Results.

Date Weighings Group |1 Group 2 Group 3 Tmin
Jan, 16 (1) 15.8 14.5 13.8 -6
) 21.3 25.8 24.5 -10
3) 333 37.5 325 -8
4) 94,0 91.3 98.0 -17 .
Jan, 21 (n 11.8 13.8 8.8 -6
{2) 20.0 20.3 21.3 -4
3) 31.0 36.3 29.3 -3
4) 100 94.0 100 -13
Jan. 23 (1) 11.0 13.5 20.0 -1
2) 20.8 23.0 32.8 -1
3) 27.3 28.8 38.8 -1
4) 94.0 88.5 93.5 -4
Jan. 28 ) 5.0 7.0 10.5 +5
(2) 20.0 20.0 217.0 +6
3) 24.5 27.0 315 +7
4) 96.5 92.3 98.3 -1
Feb. 6 (1) 15.3 16.3 20.3 -14
2) 28.5 24.8 26.8 -9
(3) 333 37.8 34.8 -8
4) 100 85.5 95.3 -13
Feb. 18 ¢)) 11.0 11.8 14.0 -2
(2) 22.5 18.8 22.8 -3
3) 278 29.3 30.8 -3
4) 88.8 82.8 97.5 -7
Feb. 19 (1) 15.5 16.0 18.8 -6
2) 23.8 24.8 30.5 -4
3) 37.8 32.0 37.5 -3
4) 93.0 84.8 91.0 -13
Feb. 20 (1) 14.3 15.0 19.5 -11
2) 213 21.5 26.3 -6
3) 28.0 26.5 38.5 -3
4) 73.8 62.0 86.8 -17

As calculated from the total material studied, 62 min, 180 + 49 min and 218 + 90 min, respec-
the daily rate of activity in the mink averaged tively (p>0.05). The daily activity rates of each
198 + 67 min. For group 1, group 2 and group 3 group separately are given in table 4.

the total daily mean activity rates were 207 &



Table 4. Circadian locomotor activity, time spent eating and circadian number of eating epi-

sodes for each mink group. The data are expressed as mean + SD
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Date Group Activity rate Eating Eating Tmin
(min/day) (min/day) (episodes/day) -0

Jan. 16 1 240 + 82 84 + 68 18+ 13 -6
2 252 £ 21 418 111
3 248 + 89 373 104

Jan. 17 1 190 £ 50 55+ 38 12+ 8 -10
2 183+ 18 48 + 17 101
3 135 £ 59 339 9+5

Jan. 18 1 172 £ 65 75 + 35 125 -20
2 134 + 23 51+ 16 i1:2
3 130+ 18 66 % 18 12+ 4

Jan. 20 1 210 £ 61 74 + 41 154 -6
2 138 + 59 43+ 14 136
3 131 £ 11 4216 101

Jan. 22 1 198 £ 72 98 + 68 26 £ 15 -6
2 154 £ 32 47 £ 12 161
3 247 % 26 48+ 3 121

Jan. 31 i 251 £ 40 82+ 55 197 -5
2 198 + 28 48 + 2 18+ 2
2 261 + 73 48 + 11 134

Feb. 2 1 264 + 58 67 £ 12 189 -3
2 217 £ 38 42+ 8 13+ 4
3 299 1 11 411 13 132

Feb. 18 1 166 £ 35 98 + 33 155 -17
2 162 + 32 48 1 15 115
3 103+ 11 291 16 5+3

Feb. 19 | 219+ 71 72 + 36 139 -21
2 178 + 63 33+£20 94
3 328 £ 95 198 51

Feb. 20 1 155 + 54 90 % 25 153 -2
2 187 £ 60 60 £ 12 131
3 238 + 89 55+ 14 132

Ambient air temperature had a very significant-
ly effect on locomotor activity; the colder the
temperature, the less the mink moved (depen-
dence on circadian minimum temperature:
F=4.573, p<0.05; on circadian maximum tem-
perature: F=10.066, p<0.01: on circadian mean
temperature: F=6.981, p<0.01).

There was no significant relationship (p>0.05)
between the daily locomotor activity rate and
feed consumption. The same held true for the
relationship between individual locomotor ac-
tivity and body weight (p>0.05).
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On average the mink spent 57 * 31 minutes
eating daily. The mean circadian number of
eating episodes was 13 £ 6. For the individual
numbers, see table 4. Significant group differ-
ences were found between circadian numbers of
eating episodes: group 1 ate the most frequently,
i.e. on an average 16 + 8 times, which differed
significantly (p<0.05) from group 2 (12 £ 4) and
group 3 (11 = 4). Group 2 and group 3 did not
differ from each other. A similar tendency held
true for the time spent on eating: group 1: 79 +
39 min, group 2: 46 £ 13 min and group 3; 42 +
15 min (p<0.05). It is tempting to conclude that
the smaller mink spent more time feeding due to
their smaller stomach volume, which forced
them to eat more frequently than the larger in-
dividuals.

A significant dependence (p<0.05) was found
between the circadian numbers of eating epi-
sodes and ambient air temperature; the colder
the temperature, the less frequently the mink
ate. The daily activity profile of their eating
rhythms was rather similar to that of their com-
mon daily activity rhythm. Thus, the mink ate
less frequently during the middle and early part
of the nights. Most often, they were observed to
consume their feed before midday and in the
evening.

Discussion

The results show that ambient air temperature
regulates the daily activity of mink; with increa-
sing cold the mink decreases its locomotor ac-
tivity, and vice versa. The lower critical tem-
perature of mink is about 4+24°C (Korhonen et
al., 1983), and an ambient air temperature of -
5°C requires the mink to almost double its meta-
bolic rate. Therefore, it is for the mink,
energetically more economical to stay in the
shelter of a well-isulated nest than to move
about at lower temperatures.

It was found that with a decreasing ambient air
temperature, the mink also decreases its feed
consumption. The fact is that in cold weather
the feed also freezes, which partly prevents the
mink from eating very efficiently. During the
warm weather the mink ate less during the day-
time than during the cold weather. This behav-
iour is reasonable because on cold days the feed
is less frozen, especially during the daytime, as
daytime temperatures are the highest then and

the shortest time has elapsed since the last feed-
ing, which best guarantees access to unfrozen
feed. Furthermore, it should be noted that on
cold days decreased feed intake is partly com-
pensated by decreased activity and shelter pro-

~ vided by the nest.

Feeding behaviour plays a marked role in the
daily activity budget of the mink. The fact that
that the mink eats on average 13 times in a 24-
hour period is interesting, and can be explained
at least by the following reasons: (1) The sto-
mach volume of male mink is about 50-70 ml
which can hold 75 g fresh feed at once (C.f.
Mink production, 1985). Thus, mink cannot con-
sume the total daily feed portion (400 g) at once
but is forced to eat frequently. (2) The length of
the gastrointestinal tract of the mink is very
short, i.e. only four times its body length (c.f.
Mink production, 1985). Therefore, feed passes
through the tract rather rapidly, in about 3
hours. The short gastrointestinal tract and small
stomach volume significantly regulate its daily
locomotor activity, forcing the mink to leave the
nest every now and then throughout the day.
The circadian activity of mink, which in the
present study amounted to about 3.5 hours, thus
consists of short bursts of activity between rest-
ing periods.
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Dietary regulation of Iintestimal brush-border
sugar and amino acid transport in carnivores

R.K. Buddington, JW. Chen, J.M. Diamond
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Fig. 1. A: uptake rates (nmol'mg™min™) for Glc,
Fru, Pro, Asp, Leu, and Lys averaged over en-
tire length of small intestine of mink fed HC
(open bars) and HP (solid bars) diets for 3 (st
pair of bars), 10 (2nd pair of bars), and 25 days
(3rd pair of bars). Values for Fru, Asp, Leu, and
Lys at 3 days are averaged from only proximal
and midintestinal regions. B: uptake capacities
(nmol'min™g body wt?) of small intestine for Pro
and Glc after 3 days of feeding (1st pair of bars)
on HC (open) and HP (solid) diets and for Glc,
Fru, Pro, Asp, Leu, and Lys after 10 (2nd pair
of bars) and 25 days (3rd pair of bars) of feed-
ing on 2 diets. Levels of significance for effect
of diet: °P = 0.05; °P = 0.025; °P = 0.01; P =0.005;
*P=0.0025; P = 0.001).

The ability of omnivores and herbivores to re-
gulate reversibly their intestinal brush-border
nutrient transporters is functionally related to
the unpredictably variable composition of their
natural diets. To determine whether carnivores
are able similarly to regulate the activities of
their intestinal nutrient transporter, we fed to
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three species of vertebrates that are carnivorous
as adults (cats, mink and leopard frogs) diets
with either at least 50% digestible carbohydrate
or with negligible carbohydrate levles. Rates of
transport for the sugars glucose and fructose and
the amino acids (A As) aspartate, leucine, lysine,
and proline were measured throughout the in-
testine (only proline and glucose in the frogs) by
an in vitro sleeve everted method. Although all
three species consume much carbohydrate dur-
ing early development, only the mink was able
to regulate sugar transporter activity in response
to changes in levels of dietary carbohydrate. In
contrast, the sugar transporters of the cat were
unresponsive to varying carbohydrate levels, and
long-term feeding of a high-carbohydrate diet
caused down-regulation of sugar transport in
frogs. Of the three species, only the mink is a
member of a family that includes omnivorous
species, whereas all members of the families to
which the cat and frog belong are carnivorous as
adults. All three species were able to regulate
rates of AA transport, though the patterns and
magnitude of the responses differed between
species as well as between AAS, suggesting inde-
pendent regulation of some AA transporters.
Combining these results with published studies
of five other species, we conclude that the abili-
ty of a species to regulate its intestinal brush-
border nutrient transporters in response to chan-
ges in dietary composition has been programmed
during evolution by the natural diet.

American Journal of Physiology, 261, 4 PT 2;
R793-R801, 1991. 5 tables, 3 figs., 21 refs. Aut-
hors’ summary.

Effect of evening primrose oil as a feed supple-
ment on reproduction in the blue fox

Anne-Helene Tauson, Mats Forsberg

Addition of evening primrose oil (EPO) to a
blue fox diet in the reproduction period was
evaluated in an experiment with 2 groups, each
of 12 male and 25 female blue foxes, regarding
the effects on reproductive performance. The
experiment was carried out as a field trial and
the experimental period lasted from March 10
until the end of the mating season (males) or
early July (females). During this period the con-
trol group was fed the standard diet of the farm
and the experimental group was fed the same
diet supplemented with 4.5 g EPO and 2.5 mg














































































