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From the editorial side we are glad to inform 
you that we have 0n1y one problem -- a luxury 
problem - we receive more information %han we 
can bring without delay. 

Mainly the number of contributions of original 
reports is increasing. This is a good thing if they 
are reaily original. But from time to time we 
have seen that some of the reports received have 
been published in the original language in other 
journals. This should be avoided, and only the 
author can be responsible for that, so please - 
bear that in mind. 

Our next point is the length of the reports. Many 
of them are much longer than necesssary to give 
ful1 scientific information. Normally a scientific 
report should be of a maximum of 6 printed 
pages equal to about 12-14 typed pages. On 
going through the articles, we find that the main 
reason for the excessive length of the reports is 
the use of too many tables. 

To ensure that SCIENTIFUR will have space 
enough to bring all relevant scientific 
information we ask our contributors to bear this 
in mind, too. 

From January 1993 the authors will be invoiced 
DKK 1,200.- per printed page exceeding 6 
pages per report. Excepted are Review articles 
which are accepted in any reasonable length and 
which are very much in demand by the majority 
of SCIENTIFUR's readers. 

Please xemember that very often a good figure 
can be better documentation than several tables. 
Remember also that the very few readers who 
need the basic material from the experiment in 
question, are in a position to contact the author 
and ask for it. 

MODERN SCIENTIFIC REPORTS ARE NOT 
INCLUDING THE TOTAL BASIC MATERIAL 
- ONLY THE MATERIAL GIVING 
DOCUMENTATION FOR THE PRIMARY 
RESULTS. 

Many of the contributors for the Vth 
International Scientific Congress in Oslo have 
learned that. 

Speaking of the Vth INTERNATIONAL 
SCIENTIFIC CONGRESS IN FUR ANIEAAL 
PRODUCTION in OSLO, NORWAY August 13- 
16, 1992 - the secretariate has informed us that 
more than 100 reports and posters have been 
received and that about 200 partisipants are 
expected. 

It is reallly niee to see that the start of all this at 
the 1st international congress in HELSINKI in 
1976 initiated by The Fur Animal Div.ision of 
Scandinavian Association of Agricultural 
Scientists (NJF), was the seed that gave rise to 
the very important IFASA tree which will 
hopefully at the OSLO Congress be planted so 
effectively in the fur animal scientific garden 
that it will grow and become even more 
important in the future for all parties concerned. 

Furthermore, it is worth remembering that the 
offical confirmation of the articles of IFASA 
sand the election of the board will take place in 
Oslo, August 13, where the first council meeting 
is advertized. 

WHAT IS THE COUNCIL OF IFASA: 

The council consists of representatives from 
each country according to the following 
schedule: 
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Number of individual Number of representatives 

P -  5 
6 - 20 
More than 20 

The councillors wiT1 be elected in tke different 
countries in which there are iridividual 
members. 

The initial board of TFASA, the names of which 
can be seen on the inside OP the cover of 
SCIENTIFUR, has chosen the following 
individual IFASA members as IFASA 
representatives in each country. Tkese 
representatives, who will receive direct 
information and material. from the president at 
the latest 45 days prior to a council meeting, are 
responsible for information and election of the 
council members in the respective countries. 

The list is as follows: 

Argentina: Rafael Garcia-Mata, prof. 
Monntevideo 1344, 2-A 
10 18 Buenos Aires, Argentina 

Canada: Bruce D. Murphy, prof. 
Reproduct. Biology Research 
Royal University Hospital 
Saskatoon, Saskatchewan 
S7N 0x0,  Canada 

Czecho- Dr. Milos Skrivan 
slovakla: 6, Suehdol 

Vysoka Skola Zemedelska 
Prague, Czechoslovakia 

Denmark: Christian Barsting 
National Inst. of Anim. Sci. 
Research in Fur Animals 
R.O. Box 39 
DK-8830 Tjele 

"danid: PdAapija yaltonen, prof. 
Veterinarmed. Forsokgarden 
Kuopio Universitet 
P.Q. Box 6 
$F-7021 1 Kuopio, Finland 

France: Prof. Jean Wougeot 
InsL Nat. de la Reck. 
Agronomique 
Laborat. des Belages 
Toisons et Fourrures 
F-78 350 Jouy en Josas, France 

Greece: 

Iceland: 

Japan: 

Korea: 

The Nether- 
lands: 

Norway: 

Prof. Dr.sc. Heinz Pingel 
Karl Marx-Universilet 
Sekt. Ti.erproduktiori ung 
Veterinarmedi~jn 
Lehrstuhl Geflugel- und 
Pelztierzucht 
Stephanstrasse 1% 
0-70 1 Leipzig, Deutschland 

Vet. Paschalis Ikonomidis 
Meg. Alexandrou 58 
Aros Oresticon 52200 
Kastoria, Greece 

Magnus B. Jansson, Ph.D. 
Bzndaskolinn Hvanneyri 
Andakilshreppi 
IS-3 1 l Borgarnes, Island 

Melji Kondo, prof. 
Faculty of Agriculture 
Hokkaido University 
Sapporo City, Japan 

Deog Oh Chang, president 
Korean Fur Products Association 
Bangbae Officetel 504, 980-32 
Bangbae, 2Dong, Seocho-ku 
Seoul, Korea 

Ing. W.P.A.M. Verhagen 
Nederlandse Vereinigung 
van Fokkers 
van Edelpelsdieren N.F.E. 
Molenweg 7 
NL-661% Nedermselt, N%, 

Anders Skrede, prof. 
Dept. of Animal Science 
Agricultural University 
Box 25 
N-l432 As - NLH, Norway 

Stanislaw J. Jarosz, prof. 
Univ. of Agric. in Krakow 
Dept. of Fur.Anima1 Breeding 
Al. Mickiewicza 24/28 
30-059 Krakow, Poland 

Dr. Nicolae Barrtianac 
Brejmer State Agriculture 
Enterprise, Brasov 
Romania 

Vet. Ricardo Fe~nandez Antonio 
La Rocha - Sigras (La Coruna) 
Apartado 2243 La Coruna 
Spain 



Sweden: Anne-Helene Tauson, dr.agric. 
Inst. for Husd'urens Utf. C% V&rd 
Sveriges &andbruksunivenitet 
Funbo-Lovsta 
S-755 90 Uppsala, Sverige 

USA Dr. Fred. Stormshak 
Dept. of Animal Science 
Oregon State University 
Corvallis, Oregon, USA 

and 

USSR: Dr. Alexander V. Taranin 
Hnst. of Cytology and Genetics 
Siberian De t. of the USSR P Academy o Sciences 
63 0090 Nsvosibirsk 
Russia 

Amatolij Kaldaeva, Mr. 
Fur Farmirig and Rabbit Breed 
Science Research Institute 
GurPanova B 1 - 48 
l09 548 Moscov, Wussia 

I Tonveffiely. lime slows down when you're not having lun." I 

Members of IFASA and those who want to 
become members  can  con tac t  the i r  
representatives or the secretary o% IFASA. 
Address, phone and fax number as for 
SCIENTIFUR. See inside cover. 

Possible questions regarding the Vth 
International Congress in Oslo should be 
directed to the congress secretariate: 

Vth IFASA Congress 
c/o Terje Smith 
Norwegian Fur Breders' Association 
P.O.Box 145 @kern 
N 05Q9 Oslo, Norway 
~hone:  4-47 2 644 150 
Fax: 4-47 2 643591 

My best wishes to a11 of you until we meet in 
Oslo in August this year. 

Have a good summer, 

SCIENTPIFUR INDEX 

In tlie latest issue of SCIENTIIFUR (Vol. 16, No. 
1 )  we informed that the SCIENTIFUR INDEX 
II covering the last 5 volumes is under 
preparation and (hat we will produee an 
electronic version covering all 15 volumes. 
Ordering card was enclosed that k u e .  

Preparation of the index takes far more time 
than expected so we cali today realize that we 
will come close to tlae congress in August before 
it is finished. 

For those who prefer the electronic version we 
can inform that as advertized it will be delivered 
in a "packed" form on a 3 1/2" diskette (1.4 MB). 
But when "unpacked" the necessary space on the 
harddisk is 6 MB. This is worth to have in mind 
when ordering. 

The printed version is free of charge but the 
electronic version wiil be charged by DKK 
800,-. Please use the received order card if you 
want to reeeive the Index. It will do it easier for 
us to estimate the number we have to produce. 
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ABSTWAGTS FROM THE IFIRST INTERNATIONAL 
ARCTIC F 8 X  MEETING, SWEDEN, SEPTEMBER 1991 

The first linternational Arctic Fox Meeting took pllace at ~mmarnas  in Swedish Lapland from 30 
August - 1 September 1991, and was followed by a field trip to an Arctic fox study area in the 
~indelfjallen Nature Reserve. The meeting was organized by Anders Angerbjorn of Stockholm 
University and pal1 Hersteinsson of The Wildlife Management Unit in Iceland. 

The arctic fox (Alopex lagopus) was the subject of intensive studies in the 1920's and 1930's in the 
Soviet Union at the time when fur prices were at an all-time maximum. Besides analyses of harvest 
figures, very Xdttle work has been done sinee then on tlae ecology of this species until the late 
1970's and 1980's. Considerable work on various aspects of the biology of farmed arctic foxes, 
however, has been going on in recent decades. 

For a number of years, the organizers have been of the opinion that scientists from different areas 
and fields doing researcli on the arctic fox should meet on a regular basis to exchange information 
and ideas. 

There were 20 participants from 19 countries at the meeting giving a total of 18 oral presentations 
and d posters. Three workshops took place during the meeting. In addition, two introductory talks 
were given on the first night and one 30-min video film on arctic foxes in Iceland was shown. 

Following are the abstracts from the meeting and short resumbas of the workshops and field trip. 

Editors: Anders ~ n g e r b j ~ r n  and ~ a 1 1  Hersteinsson. Bnly abstracts received. For further information 
contact the editors om: the single author. 

The effeets ohwinter food om reproduetion In alae 
arctic fox: a fla?%d experirnemt. 

Anders ~ngerb jorn .  

The population of arctic foxes in Fennoscandia is 
very smal1 and has been so for around 60 years in 
spite of total proteetion for over half a century. 
The reasons why the arctic fox population has not 
increased to its former size are unknown. The 
population numbers fluctuate highly in relation to 
vole numbers. There is also very high interannual 
variation in reproduetion among arctic foxes. 

To determine the effect of winter food availabili- 
ty on reproductive success, we carried out a fee- 

ding experiment. The study area is situated above 
the teeline from an altitude of 700 m to moun- 
tains of 1600 m in Swedish Lapland. We added 
food (reindeer and moose carcasses) to dens dur- 
ing the winter months, January - April 1985 - 
1988. To determine the effect 0% this exltra food 
on regroduetion, we made inventories at both 
food manigulated dens and control dens. These 
inventories of dens look place during July so we 
could not only check if dens were occupied, but 
also whether a Iitter was barn and assess the num- 
ber of cubs appearing outside the den. 

The proportion of occupied dens in the experi- 
mental group was sigaiificantly higher than in the 
control group. The number of cubs at weaning in 



the food manipulated dens was also higher than in 
control dens in each year. However, no effect on 
litter size was found. 

From these results we conclude that the larger 
number of cubs produced in dens with extra win- 
ter food shows that reproduction under present 
dietary poor conditions was limited by available 
food. Many canid species show this close relation 
between reproduction and food availability, with 
pregnancy rates and litter sizes declining with the 
abundance of the main food. 

References: ~ngerbjorn,  A., ArvidSon, B., 
~ o r e n , ~ . ,  Stromgren, E. 1991. The effect of win- 
ter food on reproduction in the arctic fox, Alopex 
lagopus: a field experiment. J. Anim. Ecol. 60: 
705-714. 

Social behaviour of arctic foxes in relation to 
food distribution. 

Anders ~ngerb jorn ,  Lena Almqvist, Cecilia Kull- 
berg, Weronica Linkowski, Helena Rygme, Magnus 
Tannerfeldt. 

The arctic fox (Alopex lagopus) is described as a 
solitary animal with very opportunistic feeding 
habits. When large carcasses are available, many 
foxes can be gathered around, and interact heavi- 
ly. In such situations, the outcome of the conflict 
is likely to be related to the individuals' dominan- 
ce order. 

We studied arctic foxes in an enclosure of 4 + 4 
ha south of Stockholm. The two parts of the en- 
closure contained 6 + 6 individually marked fox- 
es. We made all observation from a 7 m high to- 
wer. The linear rank order found in each group 
was based on number of avoiding behaviours in 
interactions with other foxes. The rank order was 
related to both age and sex, with old males and 
females being dominant over younger animals. 
Furthermore, males always dominated females of 
the same age. 

In a feeding experiment, we alternated food dis- 
tribution from patchy (all food on one location), 
to be dispersed over the whole area. The number 
of food items a fox found in a dispersed distribu- 
tion, was related to its rank order, and so was 
activity. The two dominating females in each 
enclosure showed the highest activity together 
with 2nd-ranking males, and they also found 

more food (han did both dominant males and 
low-ranking individuals. When food was distribu- 
ted patchily, we found an overall higher level of 
aggression, with 2nd-ranking males at the highest 
levels. On the other hand, when food was disper- 
sed, there were more movements with larger ae- 
tivity ranges especially for old males. 

An overview of the arctic fox population In soa- 
stal tundra o i  western Alaska. 

R. Michael Anthony. 

Studies of arctic foxes (Alopex lagopus) in coastal 
tundra of the Yukon-Kuskokwim Delta of we- 
stern Alaska from 1985 through 1990 have pro- 
vied insight into their biology. The study area, 
which is encompassed by a 642,000 km2 national 
wildlife refuge, has several small Yupik Eskimo 
villages but is roadless and relatively undisturbed 
by man. Due to declining fur prices in recent 
years, annua1 harvest of arctic foxes for subsi- 
stence use and sport is generally limited to areas 
near the villages. Radio telemetry, observation of 
foraging foxes, den surveys, analyses of harvested 
foxes, and trapping of small mammals provided 
the main sources of inhrmation about territoria- 
lity, movements, foraging behaviour, productivi- 
ty, and age structure. 

The wet tundra of this portion of Alaska's Bear- 
ing Sea coast is nesting grounds for millions of 
migratory birds. The birds, their eggs, and their 
young grovide an abundanb source of food from 
May through August that foxes use for immediate 
energy needs, and also cache to supplement their 
diet of small mammals and carrion after the birds 
leave. Arctic foxes observed from tower blinds 
cached 1.5010.35 eggs/hour in an area with 30-50 
nests/km2 and 3.50 eggslhour in a brant (Branta 
bernicla nigricans) colony with 100- 1600 
nests/km2. These foraging rates extrapolated to an 
entire nesting season yieid estimates of several 
hundred to more than two thousand eggs cached 
per individual fox. Marine mammal carrion, pri- 
marily walrus (Odobenus rosmarus) carcasses that 
are commonly beached, also are a valuable food. 
In 1986 24 foxes were captured during l month 
within a 13 km2 area in wbich the remains of 2 
walruses were found. Twenty-one of the foxes 
had yellow-stained fur indicating use of marine 
mammal carrion. In 1989 16 foxes were captured 
within 48 km2 of the same coastline. Three wal- 
ruses that were not present in 1986 were found 
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and 12 foxes had stained fur. 

The relatively abundant food supply apparently 
permits many foxes to remain in the vicinity of 
their summer home ranges throughout the year. 
Of 54 arctic foxes that were radio-collared in 
spring and summer, 30 were successfully reloca- 
ted for at Eeast 10 months after marking, which 
generally included the denning season of one year 
to the breeding season of the next. There was no 
difference (P-0.38) between mean distances from 
capture location to relocation sites for l9  males 
(x=5.612.2 km) and 11 females (x=2.9&0.7 km). 
Intensive radio tracking of 18 of these foxes in- 
dicated that all were captured within the boun- 
daries of the summer home ranges, which ranged 
from 9.9 km2 for females to 19.6 km2 for males. 
Therefore, these data stiggest that most foxes that 
remained in wet tundra habitat during winter did 
not move far from their summer ranges. 

Although food resources appear to be adequate to 
allow overwinter survival of established foxes, 
they do not enhance fox productivity. Only 22 of 
88 (25.0%) uteri from fox specimens collected 
from December to March 1987-89 had placenta1 
scars (x-8.32k0.84 scars). Furthermore, only 21 of 
87 (24.1%) specimens collected in April and May 
1985-90 were gravid (x=11.46f 1.10 fetuses). 
There was no difference (P-0.57) in the ages of 
breeders (2.1510.50 years) and non-breeders 
(2.442028 years). 

Den availability does not appear to be a limiting 
factor to fox productivity in this region. At an 
inland location that is arguably the most produc- 
tive waterfowl area in North America, intensive 
searches yielded 38 dens within a 37 km2 area 
(about 1 den/km2). Another area (about 107 km2) 
with moderate waterfowl nest densities, and much 
less upland breeding foxes had 6.942.1 burrows 
per 10.7 km2. Dens occupied by breeding foxes 
had 6.912.1 burrows compared to 2.810.9 burrows 
for unoccupied dens. 

Despite the relatively low reproductive rate ob- 
served in the 1 9 8 0 ' ~ ~  observations of foxes and 
nest predation increased greatly from the 1960- 
70's. Wypotheses explaining this apparent increase 
in foxes include decreased harvest due to decli- 
ning fur prices and higher survival rates due to 
increased marine mammal carrion resulting from 
increased hunting by a larger, more mobile native 
population. Based on fur buyers' records, harvest 
by residents of the region have decreased. A sum- 

mary of the age structure of 418 arctic foxes 
trapped from 1986 through 1990 indicated relati- 
vely high survival with 10.72% of the population 
at kast 3 years old. 

An sutomatic Iseation system for wlldlife tele- 
inetry. 

Dennis Becker, Anders Angerbjorn. 

A conventional telemetry system confers many 
limitations. It assumes an experienced user, and is 
very time consuming. Despite the faet that the 
radio transmits constantly, you can only get in- 
formation when actively receiving signals. This 
gives smal1 sample sizes with only a few locations 
per day. Furthermore, it can be difficult, risky, 
and sometimes even impossible, to get data under 
severe conditions, in bad weather, in darkness, or 
in a difficult terrain. To have a more or less con- 
tinuous recording of a group OP animals is extre- 
mely costly and demands very high labour inten- 
sity. A common pattern is, instead, to take bear- 
ings intensively over a short period of time. But 
dispersing individualls can be lost when there is no 
telemetry. Furthermore, often only ons person has 
to take all bearings, with possibilities of animal 
movements between the bearings, with a lower 
accuracy as a result. 

The principle for a conventional system is to use 
multiple element antennas with a high directivity, 
which normally gives longer ranges. A direction 
finder based on the Doppler principle works dif- 
ferently. Four dipole antennas are vertically po- 
larized, and show an electronic pseudo-rotation. 
The Doppler principle makes it possible to ge- 
nerate a direction to the transmitter in only frac- 
tions of seconds due to this pseudo-rotation. 

The transmitters used in this system are of the 
same type as of a conventional system with one 
exception; the length of the pulse needs to be 
about 200 rns long. However, one pulse is enough 
to get a bearing. 

Each automatic location unit contains an antenna, 
a radio receiver, a mppler direction finder, a 
PC-computer, a 3.5" floppy drive, and a telepho- 
ne and/or radio modem. The whole system ean be 
controlled via the radio or telephone modem, 
from a distant computer, or from one of the re- 
ceiving units. The calculations 06 coordinates are 
done either at one of the receiving units, or at a 



distant computer. 

All calculated bearings are marked with channel, 
date, and time by the controlling software. The 
operator can choose to observe them directly, to 
store them in strings in ASCII-format on 20 by- 
tes, to print them, to sort them, or to export them 
via the modem. With a disk capacity of 720 kb, 
this gives about 30.000 strings with telemetry data 
on each disk. 

With an automatic location system there should be 
no inexperienced operators, and the measure- 
ments should be without subjective errors. Despi- 
te the faet that the system needs no operator, all 
signals are continually received, all day long the 
whole year round, as long as the batteries in the 
transmitter have power enough to transmit. Since 
the sampling is continuous, we can see when an 
individual is migrating, and even under what 
circumstances. We can separate mortality from 
emigration, and from "dead" transmitters. There 
are also good opportunities to analyze different 
time budget situations. 

References: Angerbjorn, A. & Becker, D. an au- 
tomatic location system for wildlife telemetry. In 
press in: Friede I.G. & Swift S.M. (Eds) 1992. 
Wildlife Telemetry. Ellis Worwood, Chichester. 

Environmental and ecological constraints on the 
development oE oral vaccination programs for the 
control of rabies in arctic fox population. 

Erich H.  Follmann. 

The arctic fox (Alopex lagopus) is considered to 
be the principal vector of rabies in arctic regions, 
although other species such as the red fox (Vulpes 
vulpes) and the raccoon dog (Nyctereutes procyo- 
noides) support rabies epizootics in more restric- 
ted areas. Due to the arctic fox's association with 
rabies throughout much of its range, oral vaccina- 
tion campaigns are being considered to reduce the 
danger of epizootics in areas of human habitation. 
Oral vaccination campaigns involving red foxes 
have proven effective in Europe and Canada and 
a similar approach is being considered for the 
arctic fox. Aspects of the environment in which 
the arctic fox lives and differences in their ecolo- 
gy, however, preclude direct application of all 
methodology developed for the red fox. Environ- 
mental factors include the presence of annua1 and 
multiannual ice in northern seas, seasonal move 

ments of oceanic ice, and the potential for the 
occurrence of freezing temperatures throughout 
the year. Aspects of the arctic fox's ecology in- 
clude the breakdown oE territorial boundaries 
following pup rearing, widespread movements 
during winter, and movements onto the pack ice 
of the Arctic Ocean following establishment of 
the shorefast ice. These factors pose significant 
challenges to developing a strategy for an effec- 
tive and economical rabies vaccination program. 
Recent studies with captive animals have shown 
that oral rabies vaccines are effective in vaccina- 
ting arctic foxes, but only a smal1 trial in eastern 
Canada has been attempted in the field. Large- 
scale programs will probably not occur in the near 
future. 

Adult arctis foxes in the denning area; numbers 
and behaviour. 

Karl Fra f jord. 

Behaviour of arctic foxes, Alopex lagopus, in the 
denning area was studied in two mountain regions 
in southern Scandinavia, and in one region of the 
western coast of Svalbard. More than two adult 
foxes were recorded in 6 of the 9 den-years in 
Scandinavia. One den probably contained two 
litters of pups and two pairs of adults, while two 
more dens may have contained two litters. In one 
den with no pups three adults were observed. 
Several adults probably visited dens only briefly, 
and more (han two adults were rarely observed at 
the same time. Some spatial separation of adults 
was also found. In one denning area in Svalbard 
most likely three adult males were observed and 
one adult female, in addition to several more 
adults passing through the area. Another denning 
area was visited by a minimum of 5 adult foxes 
during spring and summer, in addition to the 
resident pair. Since parenthood of pups was un- 
known, and since the role of "surplus" adults was 
not clear, they could not be assigned a "helper" 
role. 

Surplus adults in the denning area may have re- 
sulted from a relaxed territorial defence, rather 
than from a need for more adults to bring food to 
pups. Interactions between adults were rarely ob- 
served, and were mainly restricted to the transfer 
of food from male to female. Adults were mostly 
inactive when observed in denning areas, and 
were resting 60-90% of the time. Male activity 
varied significantly with time of day, but female 
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activity did not. Foxes were inactive 79.6 and 75.2 
% of day- and nighttime hours respectively, but 
the difference was not significant. 

Seasonial variations in energetles o6 Svalbaird 
f oxes (Alopex lagopus). 

terized data acquisition system. Heart rate, body 
temperature and activity will be measured conti- 
nuously throughout the year with a computerized 
telemetric system. 

Pair bsnds and territory fadelity among arctic 
Poxes. 

lacyvind Haga, James B. Mercer. 
 all Hersteinsson. 

The Svalbard arctic fox population differs from 
other populations in that there are no smal1 ro- 
dents available as a food item to thein. In other 
fox populations these constitute an important part 
of their food intake. The size of these populations 
are known to vary with accessibility of these ro- 
dents. In summer and autumn the diet of Svalbard 
foxes coasists mostly of seabirds and at this time, 
when food availability is high, the animals are 
known to hamster excess food. In the winter, 
when food availability is much more unstable, 
they have to rely on carcasses of reindeer and 
ptarmigan. Wowever, mortality in Svalbard rein- 
deer is usually low in the winter until April, so 
this source of food is somewhat unreliable. In 
addition to the problem of food availability, low 
ambient temperatures and lack of light combine 
to give unfavourable energetic conditions for 
Svalbard arctic foxes in the winter. The question 
arises as to whether these animals have developed 
any special adaptations, particularly with regards 
to energetics, to cope with these harsh conditions. 

We are carrying out a research program designed 
to examine seasonal variation in several aspects of 
energetics in captive arctic foxes from Svalbard. 
Since the Norwegian mainland is a rabies free 
area, our animals were kept under strict quaranti- 
ne conditions for a period of 6 months after arri- 
ving on the mainland. (Rabies in arctic foxes have 
been frequently diagnosed in polar areas during 
the last century. In Svalbard the last outbreak 
came in 1981 when 12 arctic foxes were found to 
carry the virus). Measurements of food intake, 
body weight, resting metabolic rate (RMR), RQ, 
activity and heart rate during periods of tem- 
porary food restriction are planned in order to see 
whether there are any seasonal variations in the 
animal's ability to cope with this sort of situation. 

Metabolic rate will be measured by open circuit 
indirect calorimetry. All parameters necessary for 
calculating RMR will be collected by a compu- 

In a study of the beliavioural ecology of arctic 
foxes in Iceland (Hersteinsson, 1984) it was not 
noted that two out of three mated pairs studied in 
1978 stayed on their home ranges through the 
following winter and produced litters in 1979. In 
the case of the third pair the male disappeared 
during the winter and a new male mated with the 
vixen of that range in 1979. 

In all three ranges a second female was present 
during the cub-rearing season and in two of the 
ranges in 1979, including the range where a new 
male had taken over. In spite of apparent courting 
of that male and the younger fernale in his range, 
no evidence was ever found of two litters being 
produced within any of the ranges in either year. 
It is concluded that one vixen in each case was 
non-breeding. 

At least two non-breeding vixens were found to 
"help" at the den while one never did so. Insuffi- 
cient information was available on two non-bree- 
ding vixens. 

Age determination of breeding pairs killed at 
breeding dens in Iceland reveals a positive corre- 
lation between the ages of mated pairs. This may 
indicate long-term pair bonds, in agreement with 
the observations mentioned above. 

If pair bonds last while both members of the pair 
survive, the mean age 06 rnates of foxes should 
change in predictable way with age for each sex 
if the rate of mortality and mean age of "eligible" 
foxes are known. A model which explores this 
hypothesis will be introduced. 

Referenres: Hersteinsson, P. 1984. Behavioural 
ecology of the arctic fox in Iceland. B. Phil. the- 
sis, Oxford. 



Population iluctuation in the Ieelandic arctie Iox. 

In many parts of its geographical range the arctic 
fox exhibits marked population cycles lasting 3-5 
years in response to cycles in small rodents (Mac- 
pherson, 1969; Finerty, 1980). The only wild ro- 
dent in Iceland, Apodemus sylvaticus, is of minor 
importance in the diet of the arctic fox there 
(iiersteinsso~r, 1984) and the arctic fox population 
there does not go through short term population 
f luctuations. 

Records of fox skin exports, however, show that 
the arctic fox went through considerable long 
term population fluctuations in the latter half of 
the 19th century and early 20th century. Indeed 
such fluctuations are still gsing on, with the latest 
population peak taking place in the 1950's follo- 
wed by a population minimum in the early 1970's. 
At the present time, the population is increasing 
in size. 

The causes of the long term population fluctua- 
tions are not known, but it is possible that epizoo- 
tics of distemper, known to have almost wiped 
out the dogs in large parts of Iceland occasionally, 
may play a part. In addition, the use of poison, 
particularly strychnin, may have been of impor- 
tance in the past. 

Superimposed on the long term fluctuations are 
fluctuations of approximately 10-years duration 
due to population cycles in ptarmigans Lagopus 
mutus (Gudmundsson, 1960) of the same duration. 
Although the numerical effects on foxes of ptar- 
migan cycles has only been detected in north- 
eastern Iceland during the last few decades, this 
effect may have been more widespread geo- 
graphically in earlier times. 

References: Finerty, J.P. 1980. The population 
ecology of cycles in smal1 mammals. Yale Univer- 
sity Press, New Haven, U.S.A. 
Gudmundsson, F. 1960. Some reflections on ptar- 
migan cycles in Iceland. Proc. XIIth Orn. Congr., 
Helsinki, pp 259-265. 
Macpherson, A.H. 1969. The dynamics of Cana- 
dian arctic fox populations. Can. Wildl. Service 
Rep. Ser., 8, 1-49. 

Golour moupks of aretic foxes In IceIand. 

Pall Nersteinsson. 

In his historical book on the arctic fox in Iceland, 
Gunnlaugsson (1955) states that the species occurs 
in a wide variety sf colour morphs. We describes 
thern as white, grey, blue, brown, yellow and 
black. 

It is clear that the non-white morphs mentioned 
are all varieties of the so-called blue fox which 
does indeed occur in a wide range of hues in Ice- 
land. The grey, blue and brown colours all appear 
to be controlled by a number of loci which results 
in a wide Spectrum of colours. Only the yellow 
(now termed "cinnamon") and black have been 
hypothesized to be controlled by single genes 
(Adalsteinsson et al., 6987). 

The white morph is greyish brown dorsally and 
light grey ventrally during summer and virtually 
white during winter. A rnajority of white foxes, 
however, have a low but variable amount of dark 
guard hairs during winter. Similarly many foxes 
of the dark morph have a white patch on the 
chest, which may vary in size from just a few 
hairs to a large cross. In such cases white toes and 
a small white blaze on the chin are the rule. 
Furthermore, white bands just below the tip of 
guard hairs vary in frequency between foes, thus 
affecting colour. 

At present about one-third of the aretic foxes in 
Iceland are of the white morph. There is consi- 
derable geographical variation in the frequency of 
the colour morphs, with less than 10% white in 
parts of the northwest and over 60% white in the 
east. 

The dark (blue) morph appears to be associated 
with coastal habitats where a large proportion of 
the diet comes from bird cliffs and sea-shores 
while the white morph is associated with inland 
habitat where the camouflage value of a white 
coat is of importance during winter. 

Export records from the late 19th century and 
early 20th century suggest that the frequency 
distribution of the colour morphs was roughly 
similar to what it is today, with the exception of 
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the northwestern fjords where the white morph 
was far more common in earlier times. It is sug- 
gested that this may be caused by one or both of 
two factors, firstly a colder climate in the late 
19th century, and secondly a higher dependence 
there on ptarmigan (Lagopus mutus) in earlier 
times than is the case nowadays. 

Referenees: Adalsteinsson, S., P. Nersteinsson & 
E. Gunnarsson. 1987. Fox colors in relation to 
colors in mice and sheep. J. Heredity 78: 235-237. 
Gunnlaugsson, T. 1955. A refaslodum. The Agri- 
cultural Society of Iceland, 383 pp. 

Arctic fox in the ~ilpisjarvi region, NW Finnish 
Lapland, in 1985-91. 

Asko Kaikusalo. 

The distribution of the arctic fox in Finland co- 
vers only the northernmost part of the country, 
the mountain (fell) region. In addition, in the 
1980's we have one observation of successful 
breeding on an isolated treeless fe11 (Naltiotun- 
turi) in the middle of eastern Lapland. The most 
abundant population with a continuous range 
inhabits the most northwestern part of the Finnish 
Lapland, the only part of Finland that reaches 
Scandinavian mountain range. 

Arctic foxes have been monitored there with a 
varying intensity since 1964. In 1985-91 there 
were 42 dens (some of them close to the border on 
the Norwegian side); more than half of them have 
been checked every summer in 1985-91. During 
the same period the supply of food resources has 
been determined with snap-trapping of smal1 
mammals and estimating the abundance of rein- 
deer carcasses. During this period, the year-to- 
year variation in the total number of arctic foxes 
in Finland has been estimated to range between 
10-80 individuals. 

The food of arctic foxes has been analyzed by 
identifying all the prey remains found at dens and 
by analyzing scats collected at dens in all seasons. 
In addition, supplemental feeding has been at- 
tempted in the vicinity of some dens. 

The number of arctic foxes in Kilpisjarvi region 
has varied from 10 to 60. The reproductive suc- 
cess depends primarily on food supply, which 
consists of microtine rodents (Lemmus lemmus, 
Clethrionomys ru fucanus, Microtus oeconumus and 

M. agrestis) and reindeer carcasses. In the absence 
of big predators, as is the situation in the Kil- 
pisjarvi region, the supply of carcasses depends 
on whether winter grazing and calving of reindeer 
takes place in the vicinity of fox dens, and how 
unfavourable weather and other conditions are 
during calving. In the summer, arctic foxes feed 
considerably also on birds of the alpine zone and 
in the winter on fish, mainly burbots, which fish- 
ermen abandon on the ice. 

Litter size estimates have been based on the num- 
ber of young seen at the dens. There is an alar- 
ming trend in the litter size: in 1964-74 the mean 
was 6.6 (range 3-12, 11-10) whereas in 1985-91 
the mean was only 2.4 (range 1-5, n=28). This 
difference was not related to any observable trend 
in microtine fluctuations or abundance of reinde- 
er carcasses. 

In 1989-91 some supplemental feeding has been 
attempted. From February to May whole or cut 
reindeer carcasses and frozen fish have been 
transported with snow mobile to the vicinity of 
five dens situated close to each other. Gensuses in 
late May have shown that with the help of the 
supplemental food single foxes or pairs have stay- 
ed at the den site in spite of poor supply of na- 
tural food. Breeding success has not, however, 
improved, obviously because the supplemental 
feeding has been finished in early June due to 
transportation problems. On the other hand, 1 or 
2 red fox litters have been raised yearly in these 
dens at the same time. We hope (his is an accident 
even though records on breeding red foxes in the 
alpine zone in this region are extremely rare. 

Aeknowledgements: The World Wildlife Fund 
(WWF) in Finland has supported this project in 
1985-1991. 

Arctic fox projeet - Greenland: Parasitology and 
morphology of the arctic fox in Greenland. 

Christian M. Kapel, Thomas Bjeirneboe Berg. 

The project's aim is to investigate the parasitology 
and morphology of arctic foxes, Alopex lagopus, 
from various parts of Greenland in relation to 
feeding biology and fauna composition of the 
different habitats. 

The 5 study areas were selected with respect to 
logistic accessibility, the degree of geographical 



isolation of the fox populations, diversity of po- 
tential food items and diversity of potential para- 
sitological vectors (transmitters). 

Study areas: 1) 
Greenland: Abs 
oxen. Commercial sheep and reindeer farming 
area. Year round ice free coastal region, but with 
drift ice in summer. Foxes from the east coast 

Ab- 
deer 

area (wild and farmed). Inland areas and year 
ro 
3 
Greenland: Absence of small rodents. Reindeer 
and muskoxen area. Inland area. 
4) Thule. North West Greenland: Absence of 
small rodents and ruminants Coastal area, sea ice 
(Oct-Jun). The area may be influenced by immi- 
grating Canadian arctic foxes. 
5 )  
land: Absence of reindeer. Lemming and musk- -- 
oxen area. Inland areas and coastal areas with 
access to a polynia (Year round ice free sea zone). 
The population is well isolated from other popu- 
lation~ in Greenland. 

Parasitoilogy: No publications exist on the general 
parasitology of arctic fox in Greenland, and only 
limited information exists on helminths and tri- 
chin infections. The parasitology of collected 
foxes will be examined for all potential endopara- 
sites. Of special interest is the epidemiology of 
gastro-intestinal helminths and trichinas. 
Parlhology: The material will be tested for rabies 
only. 
Feeding biology: The feeding biology of the col- 
lected foxes will be estimated using analysis of 
stomach contents. The results obtained here will 
be of interest in relation to both parasitology and 
morpkology. 
Morphology: 1000 fox craniums from all parts of 
Greenland (present in the museum of Zoology, 
Copenhagen) will be examined by metrical and 
non-metrical measuremetns. Integrated with re- 
sults from foxes colleced in the present study new 
knowledge maybe revealed on the morphology of 
arctic foxes in relation to feeding biology, colour 
morphs, sexes and geographic isolation of distinct 
populations of foxes. 

Social behaviour and cooperative breeding in 
arctic foxes, in a semi-natural environment. 

Cecilia Kullberg, Anders ~ngerbjorn.  

All species of canids (hat have been studied in 
detail show cooperative breeding at least occasio- 
nally. The helper-at-the-den system, when extra 
adults serve as helpers by feeding and guarding 
the cubs of an alpha pair, have been observed a 
few times among wild arctic foxes, but have not 
been studied in any detail. 

During a 3-month study of arctic foxes in two 
enclosures of each 4 ha, we measured the social 
behaviour during the reproduction season, and 
analysed changes by a factor analyses. The be- 
haviour could be categorized in four different 
factors: l )  territory defence, 2) food related, 3) 
friendly interactions, 4) aggressions. Older foxes 
dominated younger ones and males dominated 
females of the same age. The subordinate females 
were probably suppressed from breeding by the 
high aggression levels and territory defence of the 
dominant females in each enclosure. 

A litter with one surviving cub was born in one 
enclosure. The father of the cub increased his 
territory defence (urine marking and barking) and 
began feeding the alpha female when the litter 
was born. Mowever, about l0  days after the birth, 
the alpha female died. The cub was adopted by 
his one year old sister, who also increased her 
territory defence. Also, the father and a one year 
old brother helped in feeding the cub. The domi- 
nant female in the other enclosure came into heat 
only after the death of the alpha female in the 
other enclosures (her mother), probably due to a 
behavioural inhibition by the alpha female as long 
as she was present. Striking differences in social 
behaviour between the enclosures illustrates how 
dependent the social organization in a group of 
arctic foxes can be on reproductive status and 
composition of foxes in the group. 

Fishlng arctic foxes omi a rocky Island In West 
Greenland. 

Sussie Maller Nielsen. 

The study took place on a small rocky island off 
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the coast of West Greenland in 1990. A breeding 
pair of arctic foxes was repeatedly observed cat- 
ching live fish in smal1 rock pools. It was found 
that a major part of their diet consisted of live- 
caught fish and that hunting for live fish only 
took place at low tide, while most resting and 
sleeping took place at high tide. 

Use of various types of whole year nest boxes in 
farmed b%ue fox (Alopex lagopus). 

Vivi Pedersen. 

The use of 3 different whole-year nest boxes and 
a shelf was examined among 50 blue fox vixens 
from November 1987 to February 1989. All vix- 
ens had simultaneous free access to a top box, a 
side box, an open box and a shelf. The vixens 
were manually scanned for choice of stay each 
10th minute in 5 * 2 hours observations in twen- 
ty-two 14-day periods. 

The use of each nest box and the shelf differed 
significantly during the 22 periods (p<0.0001, 
GLM). After a short period of getting accustomed 
to the shelters the vixens preferred to use the top 
box and used the shelf a little less. 

During a disturbance test performed twice in 
1989 most blue foxes fled into the top box when 
disturbed and some into the side box. 

It was revealed that the use of the top box and the 
shelf was for both short and longer lasting stays, 
whereas the use of the sidebox and open box was 
mainly for shorter stays. Short versus long lasting 
stays were supposed to reflect exploration/terri- 
torial patrol and resting/hiding, respectively. 

Most blue foxes used the open box for defaeca- 
tion but a decrease in number of animals defaeca- 
ting (p<0.0001, chi-square) and a decrease in 
amount of faeces (p<0.0011, Kruskal-Wallis test) 
in the open box were found during the study. 
very little defaecation was observed in the side 
box and top box. 

The conclusion of the study was that farmed blue 
foxes used whole-year shelters when provided to 
them and defaecation took place mainly outside 
the nest boxes, except for the open box. It was 
also concluded that when they had a choice be- 

tween 3 different types of nest boxes they prefer- 
red to use a top box which had a tunnel and a 
solid floor. 

Fat deposition and seasonal variation in body 
composition of aactlc fsxes In Svalbard. 

Pal Prestrud, Kjel l  Nilssen. 

We studed the seasonal variation in body compo- 
sition of arctic foxes (Alopex lagopus) to determi- 
ne the adaptive significance of fat deposition in 
this species. Homogenates of 75 minced fox car- 
casses were analyzed. On a large sample of trap- 
ped animals the thickness of subcutaneous fat was 
measured and the amount of fat was indexed 
subjectively. Fat was deposited both subcutane- 
ously and viscerally in September-October, and it 
reached a maximum of about 20% of the skinned 
carcass weight in November. In no year did the 
amount of fat deposited decline between Novem- 
ber and March. The fat deposits were depleted 
from March through May, reaching about 6% of 
the carcass weight by the summer. Fifteen percent 
of the trapped foxes did not have any subcutane- 
ous or visceral fat deposits in winter. The amount 
of fat deposited varied among years but did not 
change with age and was independent of sex. 
Females that reproduced the previous spring were 
less fat in winter than other foxes. Fat depositon 
in arctic foxes is probably an adaptive response to 
a combination of food shortage in severe winters 
or in brief periods during normal winters, increa- 
sed energy requirements during the reproductive 
season, and thermoregulation during low term- 
peratures. 

Growth, size and sexual dimorphism in arctic 
foxes (Alopex lagow) In Svalbard. 

Pal Prestrud, Kjel l  Nilssen. 

Weight gain and lower leg length increase of arc- 
tic foxes captured in Svalbard, Norway, from age 
25 days to maturity were described using the 
Gompertz growth model. The asympotic values of 
calf length were 14.3 cm in females and 15.2 cm 
in males. The asymptotic values of body weight 
were 3102 g in females and 3583 g in males. Ma- 
les grew larger than females mainly by growing 
for a longer time. Growth ceased when foxes 



were 6-7 months of age. Absolute growth rates 
were approxirnately 50% greater than were pre- 
dicted from the established regresssion between 
growth rate and body weight in carnivores. The 
difference in body weight, body length, tail 
length and calf length among juvenile, yearling 
and adult foxes caught in December-March were 
not significant. From measurements on a sample 
of trapped foxes, males were significantly larger 
than females in body weight (19%), body length 
(4%), calf length (6%) and tail length (4%). From 
the weight of 13 fully-furred fetuses, the neona- 
tal weight of arctic foxes was estimated to be 45- 
60 g. 

Temporal and spatial variation In the proportion 
of the lolue colour phase in aretle foxes in Sval- 
bard. 

Pal Prestrud. 

The proportion of the blue colour phase in trap- 
ped arctic foxes (Alopex lagopus) in Svalbard 
from 1901 to 1989 was examined by collecting 
data from trappers accounts and diaries, by inter- 
viewing trappers and direct observation of live 
foxes during a field study. The proportion of blue 
foxes declined from more than 30% at the begin- 
ning of this century to less than 4% in the 1980s. 
Most of the decline took place before 1941. The 
reason for the change in frequency of occurrence 
of the different colour phases is unclear. The 
overall proportion of blue foxes did not vary 
between 4 different areas in Svalbard, although 
there were differences in the proportion caught 
by different trappers in the same year (5%-60%). 

The proportion of the blue colour phase in arctic 
fox populations varies throughout the Arctic, 
though the reason remains unclear. 

The effect of summer feeding on juvenile arctic 
fox sarvival - a field experiment. 

Magnus Tannerfeldt, Anders ~ngerb jorn .  

The arctic fox (Alopex lagopus) population in 
Sweden is smal1 and its numbers fluctuate widely 
with food availability, i.e. rodent populations. 
This fluctuation is mediated through differences 
in recruitment rates between years. The recruit- 
ment consists of three factors: number of litters, 

number of cubs per litter and cub survival rate. 
The number of liitters and their size have been 
shown to depend on food availability during the 
winter and spring. 

To examine cub survival during tlie summer and 
how it relates to food availability, we conducted 
a feeding experiment in northern Sweden during 
a year of low rodent density, involving six occu- 
pied and six unoccupied arctic fox dens. 

Feeding lowered cub mortality rate, which revea- 
led that food availability during the period of 
parental care has a decisive effect on cub survi- 
val. 

Also, a body condition index measured early in 
the summer can be used to indicate the chances 
for cub survival until the autumn, provided that 
most deaths are caused by starvation. 

Arctic fox cubs that had access only to natura1 
food had negative rates of growth more often 
than fed cubs did. Although there was no dif- 
ference in overall growth rate, cubs with a steady 
food supply grew in accordance with the curve 
given by a quadratic equation, whereas those with 
low food availability had a large variation and did 
not fit any of the examined growth curves in a 
sensible way. These findings indicate that arctic 
fox cubs minimize the risk of starvation rather 
than maximizing the growth. 

Workshop I: Aspects of population dynamics and 
demography. 

Participants discaissed the great differences in 
demography between populations, in particular 
the greater variance between years in areas with 
fluctuating food resources. 

The following factors were identified as varying 
temporally within populations: 1) proportion 
breeding by age group, 2 )  cub survival. 

Factors identified as varying between populations: 
1 )  Fertility, 2 )  Eitter size, 3 )  Variance of cub 
survival, 4 )  Variance of adult survival. 

The importance of genetic and envisonmental 
components affecting these differences are still 
unsolved. 
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Workshop II: Experimental work In the wild and 
in captivity. 

The need for experimental work on arctic foxes 
in captivity on aspects of reproductive biology 
and energetics was emphasized by the partici- 
pants. 

The major obstacle to such work was identified as 
the difficulty involved in breeding wild-caught 
arctic foxes in captivity. 

While farmed blue foxes are readily available it is 
clear that artificial selection in the past may have 
affected the variables of interest. 

Some of the reproductive variables may be ame- 
nable for study by experiments in the wild, parti- 
cularly those associated with food resources. 

It was the general view of the participants that 
the recommendations as drafted would be useful 
as guidelines. 

When conducting studies on the arctic fox, whe- 
ther in captivity or in the wild, information of 
importance in the event o% a rabies outbreak 
should be collected whenever possible. The need 
for studies on the importance of nutritional status 
and other factors, such as garasite load, which 
may affect arc tic foxes' susceptibilit y to rabies, 
was emphasized. 

The participants agreed that studies on the move- 
ments of arctic foxes, partbcularly dispersal mo- 
vements of juveniles and migrations/emigrations 
of adults and juveniles on sea-ice, must be em- 
phasized in order to gain further understanding of 
rabies epidemiology. 

Participants also agreed that those present at this 
Workshop III: Ecology and the epidemiology of meeting should stay in contact and discuss both 
arctic rabies. data and theories on arctic fox ecology and rabies 

epidemiology at future meetings. The Second 
The draft recomrnendations of the WWO meeting International Arctic Fox Meeting should take 
on arctic rabies in Uppsala in 1990 with regard to place in 1994. In order to facilitate the attendance 
research on the ecology of host species and epide- of Soviet scientists, who could not be present at 
miology of arctic rabies were presented by pal1 this meeting, Alaska was suggested as a likely 
Hersteinsson and Erich Follmann. venue. Dr. Erich Follmann undertook the coordi- 

nation of such a meeting. 
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Fur samples of cross foxes (red fox x silver fox) 
of both sexes were analysed by means of disperse 
- roentgenfluorescent spectrometry from three 
topological parts of the body (middle part of 
back, dorsal part of middle of tail, terminal part 
of tail) during ontogenesis. On the basis of sta- 
tistic evaluation of observed concentrations of K, 
Ca, Mn, Fe, Cu, Zn, Br, Rb, Sr and Pb, an une- 
ven distribution of these elements was noticed in 
dependence on age, sex and sampling locality. 
Higher concentrations of the majority of the ob- 
served elements were found in fur of males com- 
pared with females. The highest content in males 
and females was on the tail. 

Introduetion 

Observation of abiogenic substances concentration 
in the fur of animals seems to be a perspective 
method of research which is made for optimaliza- 
tion of their mineral nutrition. 

It was assumed that this method can be significant 
mainly in furbearing animals, where the mineral 
composition of fur can also influence the fur qua- 

lity. Samkov, Ju. (1972) and Saba et al. (1982) 
were of this opinion. They determined the con- 
centration of P, K, Ca, Mn, Fe, Zn, and Cu in the 
fur of silver foxes, and Saba et al (1982) found 
that white hairs contain more Ca, Mg, and P than 
the coloured fur. Berestov, et al. (1984) observed 
the concentration of Zn, Fe, Mg, Ca and Cu in 
the fur of polar foxes and standard black mink 
during ontogenesis and they found that the con- 
tent of mineral elements in fur changed in depen- 
dence on age of animals and stage of fur matura- 
tion and that the content of observed elements 
differs also in dependence on the locality from 
which the fur was sampled. In polar foxes they 
found the highest concentrations of Zn, Cu, Fe, 
and Ca in the fur tail. Mertin, et al. (1990, 1991) 
dealt with the content of mineral substances in 
the fur of silver foxes and cross foxes in indivi- 
dual periods of their ontogenetic development and 
found that the concentration of mineral sub- 
stances changes during ontogenesis also in foxes 
of Vulpes genus. Significant are also differences 
in deposition of mineral elements in individual 
localitites of the body and between the sexes. 
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Material and method 

The experiment took place in the Department of 
Fur Animals Breeding of the Research Institute of 
Animal Production in Nitra, CSFR. There were 
used 90 males and 90 females of cross foxes (red 
fox x silver fox) in the trial. Fur samples were 
taken during ontogenesis at the ages of 30,60,90, 
120 and 200 days. In 30, 60 and 90 day old ani- 
mals the fur  was taken from the back. To study 
the topographic differences in concentration of 
mineral elements, the samples were taken from 
the middle part of back, the dorsal part of the 
middle of the tail and the terminal part of the tail 
at the ages of 120 and 200 days. Fur samples were 

cut from the animals (approximately 2 g). Each 
age category was represented by 5 males and 5 
females. The mineral elements K, Ca, Mn, Fe, 
Cu, Zn, Rb, Sr, Br and Pb were determined by 
means of disperse - roentgenfluorescent spectro- 
metry in fur samples (Tumanov, J. & Stepanok, V. 
1986). The obtained concentration values of the 
observed elements were elaborated to basic vari- 
ance-statistical characteristics (M +: SD). Signifi- 
cance of differences of arithmetical means were 
tested by a t-test. Animals were kept in iron cages 
with grates in two-row sheds and they were clini- 
cally healthy during the experiment. The nutri- 
tional value of feed rations is given in table 1. 

Table 1. Contents of digestible nutritive substances in feeding doses (g 418 MIIME). 

Digestible protein (g) 10.7 10.3 10.3 8.6 

Digestible fats (g) 

Digest. sacharides (g) 

Results and discussion 

Basic statistical traits of the concentrations of the 
observed elements during ontogenesis in the fur 
of cross foxes are given in tables 2 - 10. In all ca- 
tegories, in the observed topological regions of 
the body and in both sexes, there is quantitative 
representation of the studied mineral elements. It 
is obvious from the results of our analyses that 
the content of observed mineral elements in the 
fur of young cross foxes (table 2 ,3 ,4 )  changes in 
most cases in dependence on their age. This faet 
manifested itself markedly with manganese. We 
observed the highest concentration in males at the 
age of 60 days, and the lowest content in females 
at the age of 30 days. Zinc content had a rising 
tendency in dependence on age during the growth 
of the observed young. More marked differences 
were found in females. 

A similar tendency of concentration increase with 
regard to the age of the animals was observed also 

with iron. It concerns mainly the first phase of 
growth of juvenile hairs up to the age of 60 days, 
whereas a moderate decrease of its content is 
observed in the further phase. Observations of 
copper content showed that its increase in con- 
nection with age manifested itself only in the 
group of males. The content of the observed ele- 
ment varied in juvenile hairs of females and a 
falling tendency was noticed. Similar tendencies 
can be stated also with bromine content and it is 
documented mainly with results obtained in fe- 
males. 
Concentration of potassium, calcium, rubidium, 
strontium and lead in juvenile hairs of cross foxes 
is relatively stable and there were not observed 
significant differences in their content in depend- 
ence on sex and age. 

From our results follows that the concentration of 
most of the observed mineral elements in juvenile 
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hairs increases in dependece on the age of ani- centration of elements in juvenile hairs of silver 
mals. We came to similar results in our previous foxes. The increases of mineral element contents 
work (Mertin et al., 1991) which dealt with con- is less marked in cross foxes than in silver foxes. 

Table 2. The concentration of elements in juvenile hair of cross foxes. 

Table 3. Evidence of differences of arithmetical averages of the concentration of in- 
vestigated elements in juvenile hair between males and females according to age. 
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Table 4. Evidence of differences of arithmetical averages of the concentration of in- 
vestigated elements in juvenile hair according to age. 

1 - age 30 days; 2 - age 60 days; 3 - age 90 days 

In male crosses there was a significantly higher 
content of manganese, bromine and strontium (p 
s 0.01) at the age of 60 days, of zinc, (p s 0.01), 
and iron, copper and rubidium (p s 0.05) at the 
age of 90 days compared with silver foxes. On the 
contrary, in the fur of silver fox males, there was 
significantly more lead (p s 0.01) at the age of 60 
days and rubidium (p 5 0.05) at the age of 30 
days. Furthermore, the authors determined higher 
values of most of the observed elements in the fur 
of female crosses, namely potassium, copper and 
zinc (p 5 0.01) at the age of 30 days, iron and 
copper (p 5 0.01) at the age of 60 days and potas- 
sium, zinc (p s 0.01), and calcium (p 5 0.05) at the 
age of 90 days compared with females of silver 
foxes. 

Changes in the concentration of the observed 
mineral elements in juvenile hairs of foxes is 
probably related to the changes in nutrition. In 
the fur of young which pass from milk nutrition 
to nutrition with standard feed mixtures, we ob- 
served changes in concentration mainly of those 
elements the content of which differs in solid 
food and maternal milk. Determined differences 
in the concentration of the observed mineral ele- 
ments in the fur of males and females are prob- 
ably in relation to the varying intensity of the in- 
dividual generations of fur in both sexes and 
specific differences in their metabolism. 

The results of the concentrations of the observed 
elements in summer fur of crosses in the moulting 
period at the age of l20 days are given in tables 
5, 6 and 7. We noticed significant differences in 
arithmetical means of the content of the observed 
mineral elements between the sexes in most cases 
in the fur of males within one locality. On the 
level of significance p s 0.01, in the back for Mn, 
Fe, Br, Sr, in the middle of the tail for Fe, Br, 
and on the level of significance p s 0.05 for Pb, 
and on the terminal part of the tail for Mn, Rb, 
and Pb. An uneven distribution of mineral ele- 
ments in the individual localities of the body was 
noticed in the fur of males and females. The 
highest content of observed elements was in males 
in the terminal part of the tail. We noticed highly 
significant differences for Ca, Fe, Zn, Cu, Rb, Pb 
(p c 0.01) and for K (p c 0.05). The content of Sr 
was approximately on the same level and Mn was 
significantly higher on the back (p s 0.01). Results 
determined from the observed topological sites in 
females show a more even distribution of mineral 
elements compared with males and is in line with 
the results of Mertin et al. (1991) gained in silver 
foxes, although compared with silver foxes there 
occur greater differences in the concentration of 
Ca and Zn. The highest concentrations of the 
observed elements in fur of cross foxes were in 
the terminal part of the tail: Fe, Cu, Zn, Rb (p s 
0.01) and Ca, Br (p s 0.05). 



Table C. The concentration of elements in the hair of cross foxes in the moulting season 
(age 120 days). 

MPB - the middle part of the back; MT - the middle of the tail; TPT - the terminal part of the 

tail 

Table 6. Evidence of differences of arithmetical averages of the concentration of the in- 
vestigated elements in hair in the moulting season between males and females 
from three localities of the body. 
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Table 7. Evidence of differences of arithmetical averages of the concentration of the 
investigated elements in hair in the moulting season from three localities of the 
bod y. 

+ : P 5 0.06; ++ : P 5 0.01; 1 : MPB; 2 : MT; 3 : TPT 

In the period of fur maturity (tables 8,9,  10) was 
found a significantly higher content of K, Ca, Mn 
and Pb in females. The concentration of Cu and 
Zn was approximately on the same level and the 
content of bromine was significantly lower in 
females. When the observed elements in the fur of 
males and females were evaluated in various sites 
of sampling an uneven distribution of these ele- 
ments was determined. The highest concentrations 
of the observed elements were in the fur of males 
on the tail. We also noticed similar results in fe- 
males. The highest concentrations were manife- 

r 

sted in most cases on the tail. 

Significant differences in the content of K, Fe, 
Zn, Br, Pb were in the terminal and of Cu and Sr 
in the dorsal part of the middle of tail. Most of 

the significant differences between the terminal 
part of the tail and further observed localities in 
both sexes confirms the presupposition that there 
exists a relationship between fur colour and con- 
centration of elements (Samkov, Ju., 1972) al- 
though this faet is mentioned in the quoted work 
in relation to Ca, Mg and P. The high concentra- 
tions of mineral elements in the fur of the tail is 
confirmed by Berestov, V. et al. (1984) in the fur 
of polar foxes and mink, and Saba, L. et al. (1984) 
in the fur of silver foxes. In connection with the 
significantly increased level of the observed mi- 
neral element contents, it is necessary to assume 
that they are important during the growth and 
formation of winter fur with due impact on its 
qualitative properties. 



Table 8. The concentration of elements in the hair of cross foxes in the fur ripeness 
period (age 200 days). 

MPB - the middle part of the back; MT - the middle of the tail; TPT - the terminal part of the tail. 

Table 9. Evidence of differences of arithmetical averages of the concentration of the 
investigated elements in the hair in the fur ripeness period between males and 
females from three localitites of the body. 
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Table 10. Evidence of differences of arithmetical averages of the concentration of in- 
vestigated elements in the hair in the fur ripeness period from three localities 
of the body. 

+ : P S 0.05; ++ : P S 0.01; 1 : MPB; 2 : MT; 3 : TPT 
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The influence of the curing time of the forepart 
and hindquarter nutria muscles on over-reaction 
degree of muscle pigments and cooking losses and 
heat contraction were studied. There were not 
found differences in chemical analysis, total hae- 
me pigment content, pH and heat contraction 
between forepart and hindquarter muscles. The 
over-reaction degree of muscle pigments in fore- 
part muscles was higher (by 3%) and its maximum 
occured earlier (about 12 h) in comparison with 
hindquarter muscles. Taking into consideration 
the over-reaction degree of muscle pigments, 
cooking losses and heat contraction of cured nu- 
tria muscles, the optimum curing time for nutria 
forepart is 2.5 days and for hindquarter muscles 
3 days. 

Introduction 

Nutria meat in Argentina, Brazil, Chile and Uru- 
guay is commonly consumed and treated as a 
delicacy. In Poland we can observe prejudice 
against consumption of this meat, probably 
caused by the animal appearance. On the other 
hand, about 3.8 thousand tons of valuable nutria 
carcasses obtained during the year (ref. 10) are an 
important source of proteins. 

The slaughter yield of nutria meat of about 55 % 

(ref. 11) is similar to beef and rabbits. The nutria 
muscles contain high-quality proteins, provide the 
complete range of essential amino acids and con- 
tain a relatively high level of unsaturated essential 
fatty acids (the rate of essential unsaturated fatty 
acids to saturated fatty acids is about 0.367) (refs. 
4, 8). Moreover, they can be treated as a rich 
source of minerals and vitamins, especially of 
niacin, thiamin and riboflavin (ref. 8). Nutria 
muscles are characterised by good functional pro- 
perties i.e. gelling (ref. 5) and emulsifying ability 
(ref. 6) .  Eesiow et al. (ref. 7) compared, after 48 
h storage, the influence of the curing time on the 
changes of some functional properties of nutria 
meatcured by a dry method and beefcured with- 
out or with the participation of enzymatic pre- 
paration. They found that emulsifying capacity, 
cooking losses and heat contraction for nutria 
meat and beef cured with the enzymatic prepara- 
tion were similar and more preferable than corre- 
sponding functional properties for beef cured 
without the enzymatic preparation. 

There is lack of information available in the li- 
terature concerning the influence of the curing 
time on over-reaction degree of muscle pigments 
and a little on functional properties of nutria 
muscles. 

The objective of this work was to examine the 
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influence of the curing time on over-reaction 
degree of muscle pigments, cooking losses and 
heat contraction of nutria muscles. 

Material and methods 

Investigations were made on forepart and hind- 
quarter muscles isolated from nutria slaughtered 
at 7 months of age. The nutria meat pieces of 2 x 
2 x 5 cm were removed 24 h after slaughter, 
without fat and connective tissue and were cured 
by a dry method. The curing mixture consisted of 
99.4% NaCl and 0.6% sodium nitrate, which was 
added in an amount of 2.3 kg/100 kg meat (ref. 
13). The curing was carried out at 2-4°C til1 96 h. 

The protein content was calculated by multiplying 
the nitrogen content determined by the Kjeldahl 
method, by 6.25. The fat content was determined 
by the Soxhlet method and the water content by 
the drying method at 105°C. 

pH was measured with a digital pH-meter by 
direct coupled electrode insertion into ground 
meat. 

Cooking losses and heat contraction were deter- 
mined by the method described by Duda (ref. 2) 
and expressed in %. It was done in the following 
way: 20 g ground meat balls were immersed in 
cylinders with 200 cm3 of water and the volume 
of dislodged water was measured. After weighing, 
the samples were heated for 20 min. in a water 
bath at 10O0C, followed by cooling in running 
water for 5 min. and draining for 10 min. After 
weighing to assess cooking losses, the samples 
were once more immersed in cylinders to assess 
heat contraction. 

Total haeme pigment content in meat and nitroso 
pigment content in cured meat was determined by 
the Hornsey metod (ref. 3) in modification by 
Mroczek et al. (ref. 9) in the following way: a 5 g 
minced meat sample was mixed in a dark glass 
bottle to a smooth paste with 5 cm3 of the solvent 
(acetone to chloride acid 40:3). The remainder of 
the solvent in the volume 16.5 cm3 was then added 
with intermittent mixing for 3 min. The samples 
were kept in dark for 30 min., and then filtered. 
The intensities of the colors of the resulting solu- 
tions were measured in a l cm cell at a wave- 
length of 512 nm and 640 nm with the spectrofo- 
tometer "Specol". The control sample was pre- 
pared by completing 21.5 cm3 of acid acetone sol- 
vent with distilled water to the volume of 25 cm3. 

Total haeme pigment content (Z,) in ppm of he- 
matin was counted on the base of the formula: Z, 
= A,,,x680. In the estimation of total pigments the 
ratio A,,-JA,, should not be greater than 2.0 if 
oxidation of the nitroso-haerne to hematin is 
complete. 

Nitroso pigment content was measured by the 
same procedure. However, in place of the acid 
acetone solvent, the water acetone solvent (ace- 
tone to water 403) was added. Moreover, the 
control sample was prepared by completing 21.5 
cm3 of water acetone solvent with distilled water 
to volume 25 cm3 and (hen the absorption was 
measured at a wavelength of 540 nm. 

Nitroso pigment content (Z,) in ppm hematin was 
counted on the basis of the formula: Z, = 
A,x290. 

Total haeme pigment contents (Z,) and nitroso 
pigment content (Z,) were expressed in mg/g 
muscle tissue by multiplying the Z, and Z, values 
by 0.026 (ref. 1). 

The over-reaction degree of muscle pigments was 
counted on the basis of the formula: P = 
Z,/Z,x100%. 

Three parallel determinations were made within 
each of the three series of study. Data were ana- 
lysed statistically using methods of correlation 
and regression. The t-Student test was used to 
estimate the significant differences between aver- 
age values (P - 0.05) (ref. 12). 

Results and dlscussion 

Characteristics o/ the testing material 
The testing material was characterised by deter- 
mination oE 
1. The percentage oE forepart and hindquarter 

muscles (together with dorsal), fat and bones 
in eviscerated nutria carcasses (table 1). 

2. Total haerne pigment, protein, fat and water 
content in forepart and hindquarter muscles 
(table 2). 

3. pH, cooking losses and heat contraction of 
forepart and hindquarter muscles (table 4). 

Percentage of hindquarter rnuscles in nutria car- 
casses was slightly lower (3.4%) compared to 
muscles of the forepart (table 1). 



Table 1. Percentage of forepart and hindquarter muscles, fat and bones in eviscerated nutria 
carcasses. 

Average weight Muscles Total Fat Bones Losses 

X - mean values of 18 carcasses, SD - standard deviation 

Similar results were obtained by Niedzwiadek et 
al. (ref. 11). Mowever, the authors compared the 
content of muscles in nutria carcasses excluding 
the dorsal muscles. Percentage of fat in nutria 
carcasses (about 8.6%) was consistent with that 
observed by Niedzwiadek et al. (ref. 11). The 
lower percentage of total meat (about 44.9%) in 
comparison with data (63.2 to 70 %) presented by 
Niedzwiadek et al. (ref. 11) may be attributed to 
different feeding conditions and age of animals. 
There were not found significant differences in 
the chemical analysis and total haeme pigment 
content of nutria muscles excised from the fore- 
part and hindquarters, respectively (table 2). Ni- 

edzwiadek et al. (ref. 11) pointed out the lack of 
differences in content of protein and water, value 
of pH, water-binding capacity, content of myo- 
globin and haeme pigments between samples from 
nutria of different sex and age. The authors (ref. 
11) only found an influence of animal age on the 
fat content in muscles, which increased from 9.1 
to 107 % in 6 month old to 12.1 to 12.8 % in 18 
month old nutria. On the other hand, the chemical 
analysis of nutria muscles according to Niedzwia- 
dek et al. (ref. 11) i.e. protein content (about 
19.9-20.7%), fat (9.1 - 10.7%) and water (65.7- 
69.9%) differs from data presented in table 2. 

Table 2. Total haeme pigments, protein, fat and water of forepart and hindquarter nutria muscles. 

Muscles Protein Fa t Water Total haeme pigments 

Forepart 22.54 1.99 74.44 4.08 
SD 0.18 0.25 1.41 1.93 

Hindquarters 22.56 2.49 75.17 3.97 
SD 0.14 0.24 0.26 1.43 

X - mean values of 18 carcasses, SD - standard deviation 

Over-reaction degree o J rnuscle pigments 
On the basis of the data presented in table 3 con- 
cerning the influence of curing time on the nitro- 
so pigment content, and the values of total haeme 
pigment content (table 2), the over-reaction de- 
gree of muscle pigments was counted. 

It was found that the over-reaction degree of 
muscle pigments in hindquarter muscles had low- 
er values in comparison with forepart muscles 

during all the examination periods (fig. 1). The 
time to obtain the maximal over-reaction degree 
of muscle pigments in the forepart and hindquar- 
ter muscles was 63 h and 40 min. and 75 h and 30 
min., respectively. From a practical point of view 
it means that, considering the over-reaction de- 
gree of muscle pigments, the hindquarter muscles 
should be cured for 3 days and forepart muscles 
for 2.5 days. 
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Table 3. Influence of curing time on nitroso pigment content in mg/g muscle tissue. 

Muscle curing time (hours) 
24 48 72 69 

Forepart 2.01 2.21 
SD 0.14 0.09 

Hindquarters 1.79 1.99 
SD 0.13 0.17 

X - mean value of 9 determinations SD - standard deviation 

Table 4. Influence of curing time on cooking losses, heat contraction and pH of forepart and 
hindquarter nutria muscles. 

Figure 1. Influence of curing time of fore-part 
( l )  and hindquarter (2) nutria muscles on changes 
in the over-reaction degree of muscle pigments 
(P): 
1 P = -4.61 x 10-3t2 + 0.59t i- 39.65 r = 0.99 
2 P = -3.14 x 10"t2 + 0.47t + 35.36 r = 0.98 

Cooking losses and heat contraction 
In comparison of uncured hindquarter and fore- 
part nutria muscles, it was found that cooking 
losses of hindquarter muscles are higher than the 
forepart, but heat contraction of both kinds of 
meat do not differ significantly (table 4).There 
were not found significant differences between 
pH values of uncured and cured meat during 96 
h. On the other hand, both cooking losses and 
heat contraction of uncured forepart and hind- 
quartea muscles are over two times higher in 
comparison with cured meat. The observed de- 
crease of both parameters was the highest within 
24 h curing time. 

Cooking losses of hindquarter muscles decreased 
during curing til1 48 h and then observed changes 
were not significant. In the case of the forepart 
muscles, the lowest cooking losses were found for 
cured meat at 96 h. The result does not differ sig- 
nificantly from the one obtained after 72 h of 
curing. 

The hirndquarter muscles cured for 96 h were 
characterised by the lowest heat contraction and 
this value and values obtained after 24 and 48 h 



for cured meat were insignificant. On the other 
hand, forepart muscles cured for 72 h were char- 
acterised by the lowest heat contraction and did 
not differ significantly from the results obtained 
after 48 and 96 h of curing. 

On the basis of obtained results of cooking losses 
and heat contraction one can point out that the 
curing time at which is obtained the highest over- 
reaction degree of muscle pigments is also opti- 
mum for obtaining the lowest heat contraction 
and the lowest weight change of the meat. 

Significant correlation coefficients between heat 
contraction and cooking losses for nutria fore- 
part (r = 0.99) and hindquarter muscles (r = 0.99) 
were found. 

Correlations were alss found between correspon- 
ding parameters of nutria forepart and hind- 
quarter muscles, i.e. over-reaction degree of 
muscle pigments (r = 081), cooking losses (r = 
0.99) and heat contraction (r = 0.98) (r,-critical 
correlation = 0.73, for n-l  = 4, at P = 0.1) 

Conclusions 

1. The percentage of hindquarter muscles in nu- 
tria carcasses was lower by 3.37% in compari- 
son with forepart muscles and the total meat in 
nutria carcasses was about 44.9%. 

2. There were not found differences in chemical 
analysis, total haeme pigment content, pH and 
heat contraction between forepart and hind- 
quarter nutria muscles. 

3. The over-reaction degree of muscle pigments 
in forepart muscles is higher (by 3%) and its 
maximum occurs earlier (about 12 h) in 
comparison with hindquarter muscles. 

4. Taking into consideration the over-reaction 
degree of muscle pigments, cooking losses and 
heat contraction of cured nutria muscles, the 
optimum curing time for nutria forepart is 2.5 
days and for hindquarter muscles 3 days. 
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Summary 

The selection of silver foxes for domesticated 
behaviour produces changes in the ovarian and 
testicular endocrine functions. It was established 
that in the anoestrus period the plasma level of 
progesterone in domesticated females was signifi- 
cantly lower than in undomesticated ones. Before 
the mating season the selected females had a plas- 
ma oestradiol level significantly higher than non- 
selected foxes. Differences were also found in the 
content of the sex hormones between female sil- 
ver foxes of two types of defensive behaviour at 
the period of oestrus and in pregnancy. The ces- 
sation of testicular endocrine function at the end 
of the breeding season occurred more rapidly in 
domesticated males than in the control males. 

Introduction 

The hereditary reorganization of behaviour is one 
of the key mechanisms of the domestication of 
animals (Belyaev et al., 1985). This concept was 
experimentally proved in the studies on silver fox 
selection for domesticated behaviour (Belyaev, 
1979). The aim of silver fox selection is to analyze 
the mechanisms of the evolutionary changes oc- 
curring during domestication. There is no doubt 
that domestication being carried out on the basis 
of selection for defensive behaviour with respect 

to man involves some deep changes of physiologi- 
cal functions connected with behaviour through 
the nervous and neuroendocrine regulatory me- 
chanisms. Up to date it has been cleared up in 
detail for the sexual function and the pituitary- 
adrenal complex (Naumenko & Belyaev, 1980; Be- 
lyaev & Trut, 1983; Osadschuk & Trut, 1989). The 
article presents some results of research of many 
years on hormonal activity of gonads in silver 
foxes after twenty years of selection for domesti- 
cated behaviour. 

Materials and methods 

The work was carried out on sexually mature 
female and male silver foxes (Vulpes fulves 
Desm.) 2-3 years of age, bred on the experimental 
animal farm of the Institute of Cytology and Ge- 
netics, Siberian Branch of the Academy of Scien- 
ces of Russia. The animals chosen for this study 
were from a population selected for domestication 
and tame behaviour (here called "tame" or do- 
mesticated) and from a commercial population 
showing clearly aggressive behaviour towards 
humans (comparatively wild or undomesticated). 
The state of the gonad's endocrine function was 
assessed by measuring sex steroids (testosterone, 
oestradiol and progesterone) in the peripheral 
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blood plasma and by production of these hor- 
mones by the gonads in vitro. 

A peripheral blood sample was taken from v. 
saphena in the same females once or twice a 
month during anoestrus, three times during pro- 
oestrus and once during oestrus. The onset of 
prooestrus was determined by vaginal smears and 
the external appearance of the genitalia and that 
of oestrus - also by vaginal smears and the readi- 
ness of females to mate. During pregnancy the 
interval between taking blood samples was 5-10 
days. In silver fox males blood was collected once 
a month but during the breeding season (January 
- February) the samples were taken after the 
males were given access to females in oestrus, 
whether the mating took place or not. 

The determination of sex hormone production by 
the gonads in vitro was carried out in November 
in females, in mid-December (beginning of ac- 
tivation of the reproduction system) botk in males 
and females and in mid-March (end of the breed- 
ing season) only in males. The study of the ovarial 
hormonal production was performed at prooestrus 
and oestrus. The glands were incubated in Kreba- 
Ringer bicarbonate buffer with a glucose content 
of 200 mg %, in an atmosphere of 95% oxygen, 
5% carbon dioxide, at 3°C. Steroid hormones in 
plasma and in gland incubates were radioimmu- 
noassayed using commercial kits produced by the 
firm "Cea-Ire-Sorin" (France). Results were ana- 
lyzed using Student's t-test. 

Results 

Females 
Figure 1 shows the concentration of oestradiol 
and progesterone in the blood plasma of female 
silver foxes in anoestrus. During this period, 
changes in plasma oestradiol are similar in tame 
and in undomesticated animals. The lowest con- 
centration occurs in spring and summer. In do- 
mesticated and undomesticated females a signifi- 
cant increase in blood plasma oestradiol concen- 
tration is found in autumn. After that, its level 
declines and begins to increase again by the onset 
of the breeding season. For almost the complete 
anoestrus period the oestradil concentration in 
tame and undomesticated females does not change 
significantly. However, in January, the oestradiol 
concentration in domesticated animal significantly 
(p < 0.05) exceeds that in the undomesticated 
ones. It should be noted that the oestradiol con- 
centration in January was measured in females 

showing no signs of oestrus activity. The proge- 
sterone concentration throughout anoestrus fluc- 
tuates insignificantly, but increases to the begin- 
ning of the breeding season (p < 0.05) in both sets 
of animals. During almost the whole anoestrus the 
blood concentration of progesterone in tame fe- 
males is significantly lower than in undomestica- 
ted ones (fig. l). 
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Figure 1. Oestradiol and progesterone concentra- 
tions in the blood plasma of silver fox females 
during anoestrous. The significance of differences 
between domesticated and undomesticated ani- 
mals is marked by an asterisk in all pictures. * - 
p < 0.05 ** - p < 0.01. 

While the reproductive tract of female silver 
foxes is functioning actively, characteristic 
changes are observed in blood sex hormone con- 
centrations (fig. 2). In both groups, the oestradiol 
concentration rises during prooestrus to reach 
maximum concentration before it ends (signifi- 
cantly different from values of the earlier and the 
later prooestrus, p < 0.05). During oestrus, the 
oestradiol level decreases in association with ovu- 
lation. In prooestrus, the concentration of oestra- 
diol does not differ significantly between the two 
groups of animals, but in oestrus in tame animals 
it is significantly lower than in undomesticated 
foxes (fig. 2). The progesterone level in prooe- 
strus also rises significantly in both groups. In 
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oestrus it significantly rises on average 4-6 times 
(fig. 2) owing to the development of the corpora 
lutea which secrete progesterone. While at the 
start of prooestrus the progesterone concentration 
in tame females is significantly (p < 0.05) lower 
than in the undomesticated, by the end of pro- 
oestrus the difference is no longer significant, and 
in oestrus the progesterone level in tame animals 
is significantly higher than in domesticated ones 
(p < 0.01). 
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Figure 2. Oestradiol and progesterone concentra- 
tions in the blood plasma of silver fox females 
during prooestrus and oestrus. 

The production of oestradiol and progesterone 
was studied twice during anoestrus - in Novem- 
ber and December (fig. 3). In November, there 
was no significant difference between the two 
groups in ovarial production of the hormones. In 
the tame females there is a significant increase in 
ovarial progesterone and oestradiol production 
from November to December (p 0.05). In the 
undomesticated animals these variables remain 
unchanged from November to December (fig. 3). 
In December, ovarial oestradiol and progesterone 
production in vitro are significantly greater for 
tame than for undomesticated foxes. In both 

groups, ovarial production of oestradiol is signifi- 
cantly greater in prooestrus than in anoestrus (p < 
0.01), and the increase in progesterone production 
is much more considerable (150-200 times). From 
prooestrus to oestrus the ovarial production of 
oestradiol decreases (p < 0.05). Ovulation and the 
transformation of follicular to luteinizing cells 
and the formation of the corporea lutea at the 
place of the ovulated follicles leads to an increase 
of ovarial progesterone production at oestrus (fig. 
3). At this stage of the cycle significant differ- 
ences in production of both hormones are found 
between the two groups: the production of oestra- 
diol is significantly lower, and that of progestero- 
ne significantly higher in tame than in undome- 
sticated foxes (fig. 3). 

I ANOESTRUS 
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0 I D O H E S T I C A T E D  DOEIESTICATEU 

Figure 3. Oestradiol and progesterone production 
in vitro by silver fox female ovaries. 

Changes in blood progesterone concentration 
during pregnancy are identical in the two groups. 
It significantly increases, reaching a maximum 
value at the 5- 10th day of pregnancy after which 
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it gradually and steadily declines until the end of 
pregnancy (fig. 4). The concentration of oestra- 
diol in blood is comparatively stable throughout 
pregnancy (fig. 4). In the preimplantation period 
and the last week of pregnancy the concentration 
of sex hormones in tame animals is significantly 
higher than in relatively wild animals. 

tween the two groups of animals which display 
genetically determined differences in behaviour. 
The testosterone level is significantly lower in 
domesticated than in relatively wild animals in 
only March and April. 
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Figure 4. Oestradiol and progesterone concentra- 
tions in the blood plasma of silver fox females 
during pregnancy. 

Males 
As seen in figure 5 both groups of silver fox 
males show a characteristic seasonal variation in 
peripheral blood testosterone levels. The maxi- 
mum concentration occurs in January-February 
while low values occur in June-October. The data 
indicate that fluctuations in testosterone level 
correspond to the male sexual activity. 

Except for spring, no significant differences in 
testosterone concentration have been found be- 

Figure 5. Testosterone concentrations in the 
blood plasma of silver fox males during the an- 
nual reproduction cycle. 

To help explain observed differences in testo- 
sterone concentration, the production of this hor- 
mone by testicles in vitro was measured. In the 
period preceding the mating season (December) 
the testosterone production by the testicles was 
practically identical in the two groups (fig. 6 ) .  In 
March when the mating season is coming to an 
end, the two groups differ in testicular secretion 
of testosterone, the latter being significantly 
lower in domesticated animals. Thus, there is a 
close correspondence between the peripheral blo- 
od concentrations and testicular production, since 
in both cases the alues for domesticated animals 
are lower than for relatively wild ones. 
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Figure 6. Testosterone production in vitro by 
silver fox male testicles. 
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The prolonged period of sexual quiescence in the 
silver fox is characterised by an almost complete 
atrophy of the gonads and the reproductive tract 
and a very low concentration of plasma oestradiol 
and progesterone in females and of testosterone in 
males in comparison with the breeding season 
when endocrine function of gonads rises to the 
highest activity. At the end of prooestrus the oes- 
tradiol level reaches Pts maximum value and the 
progesterone level comes to its maximum on the 
5-10th day of pregnancy. Maximum testosterone 
concentration in blood plasma also coincides with 
the mating season. 

Similar dynamics of sex hormone levels in the 
blood in tlie repri~ductive cycle of red and blue 
fox were reported by Mondain-Monval et al. 
(1977), Moller et al. (1980), Sirotkina et al. (1990). 

It has already been noted that by being lower 
through most of anoestrus, the progesterone level 
of tame foxes is significantly different from un- 
domesticated ones. An obvious explanation might 
be that this difference is due to increased secre- 
tion of this hormone by the ovaries. However, in 
vitro progesterone production of ovaries during 
anoestrus (November, fig. 3) is not significantly 
different in the two groups which does not sup- 
port the suggested explanation. On the other 
hand, the ovaries are not the only source of pro- 
gesterone. The adrenal glands secrete progesterone 
into the blood stream in silver fox and its produc- 
tion by the adrenals is comparable with that in the 
ovaries through all stages of the oestrus cycle 
(Osadchuk, 1989). Accordingly, it is possible that 
the low anoestrus progesterone concentration in 
the blood of tame foxes, compared to undomesti- 
cated ones, is due to a decreased secretion of pro- 
gesterone by the adrenals. During activation of 
the reproductive system in December, ovarial 
oestradiol and progesterone production in vitro, 
unlike in November, are significantly greater in 
tame than in undomesticated animals (fig. 3). In 
January, a significant difference in blood oestra- 
diol levels appears between the two groups (fig. 
1). We may suppose that such differences are due 
to the growth and, correspondingly, the hormone 
secretion by the follicles in tame being earlier 
than in undomesticated animals. This supposition 
agrees with earlier work (Braude & Trut, 1970) 
which showed that in domesticated silver foxes 
the number of growing follicles and the weight of 
the ovaries in December are higher than in undo- 

mesticated animals, which supports the earlier 
activation of the reproductive system in tame 
animals in the period just prior to the mating 
season. The above data suggest that the behav- 
ioural domestication of silver fox correlates with 
the changes in their hormonal system. 

In oestrus was also shown the difference between 
females of two behavioural types. In particular, 
the blood progesterone level and its production in 
vitro by the gonads are significantly higher in the 
tame animals while the level and production of 
oestradiol are significantly lower (fig. 2, 3). One 
possible explanation of the observed difference in 
hormonal goriadal function between the two 
groups is that in the tame foxes more egg-cells 
ovulate and a larger number of corporea lutea are 
formed. It is possible that a higher level of ovula- 
tion in the tame animals results in a greater secre- 
tion of progesterone by the corporea lutea. 

At the p~eimplantation stage of pregnancy the 
oestradiol and progesterone concentration in tame 
animals is significantly higher than in undoinesti- 
cated ones (fig. 4). The reason may also be con- 
nected with the inereased number of corporea 
lutea in tame ones. 

The selection of silver foxes for domesticative 
behaviour leads to changes in the endocrine func- 
tion of testicles. At the end of the breeding season 
the testosterone - producing function of the te- 
sticles as well as the level of testosterone in the 
perigheral blood of tame males are lower than in 
undomesticated ones (fig. 5, 6) .  In other words, 
the domesticated males are characterized by an 
earlier extinction of the endocrine function of the 
testicles in the reproductive season. 

Thus, the present paper indicates that the do- 
mestication of silver fox developed at the basis of 
genetically determined polymorphism of the de- 
fensive behaviour has changed not only the selec- 
ted character proper, i.e. behaviour, but as a cor- 
related response, has considerably changed the 
hormonal function of the gonads. What are the 
actual mechanisms involved in the realization of 
correlated responses? By now, few facts have 
been accumulated to imagine this process. It has 
been shown that in domestication of silver fox, 
considerable changes occur not only in the endo- 
erine system, but also in the nervous links of the 
neuroendocrine regulation of the sexual system, 
in particular; in the state of the neurochemical 
brain mechanisms, including serotonine (Naumen- 



ko & Belyaev, 1980). Brain regions of domestica- 
ted and undomesticated silver foxes differ sharply 
in the content of serotonine and enzymes of sero- 
tonine biosynthesis (Kulikov et al., 1987). Higher 
levels of brain serotonine in the tame animals, on 
the one hand, may inhibit aggression and, on the 
other hand, change the secretion of hypophysial 
gonadotrophins reguhting the hormonal function 
of gonads. 
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Pntrodustion 

Investigations of the protein requirement in mink 
is probably the specific area offered the most 
scientific attention during the period where mink 
have been produced as farm animals. 

This review covers some basic investigations for 
the determination of the requirements of protein 
and amino acids but, additionally, a certain num- 
ber of investigations concerning the influence of 
protein levels on production and reproduction 
will be reevaluated on the basis of the estimated 
content of digestible amino acids. 

Conclusively, the estimated demand for amino 
acids during early growth on late growth/fur 
growth will be given on the basis of experiments 
for evaluation of the protein and amino acid re- 
quirements and determined digestibility coeffi- 
cients of each single amino acid in the feedstuffs 
used. 

Deposition of protein and amino acids in mink 
during the growth period 

Analyses for the content of amino acids in the 
shaved body of mink and the hair show clearly 
that the deposition of amino acids in mink differs 
from most other domestic animal species by a 
higher deposition of cystine. The analyses also 
give the explanation for this since the hair con- 
tains an extremely high amount of cystine. 

From table 1 it can be seen that the differences in 
amino acid composition between mink and pigs 

are very smal1 except for the content of cystine. 
Investigations by SmPth (1980) have shown that 
the amino acid composition in muscles from dif- 
ferent species vary only a little. The differences 
in total deposition between species are thus pri- 
marily connected to differences in the amount of 
protein deposited in hide, hair, claws, hooves and 
horns. 

Investigations have shown that mink hair contains 
only 7-12% of the total deposited amount of pro- 
tein, but approximately 60% of the deposited 
amount of cystine. This by itself indicates a high 
requirement for cystine, but it is further stressed 
by the fact that the analyses do not include the 
amount moulted with the summer coat. Investiga- 
tions of the amino acid composition in hair, body, 
and hide have been carried out by J~rgensen & 
Eggum (1971), Chavez (1980) and Glem-Hansen 
& Enggaard Hansen (1981). In table 2 is shown 
the deposited amount of nitrogen and amino acids 
in hair and the shaved bodies of a male and fe- 
male kit on 24th August when the summer coat is 
fully developed. 

The deposition of protein and amino acids in 
mink throughout the growth period was inves- 
tigated in slaughter experiments where the mink 
were killed at different stages and analysed for 
nitrogen and amino acid (Glem-Hansen & Eng- 
gaard Hansen 1981). The deposition of all the 
amino acids except for cystine follow the same 
curve liniarity as for nitrogen. Figure l shows 
how the deposition of cystine deviated from the 
other amino acids represented by the nitrogen 
deposition. As mentioned previously, the curve 
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linlarity for cystine deposition would have devi- presenting the moulting of the summer coat but, 
ated even more from the nitrogen curve if the much more important, a marked increase in depo- 
cystine deposited in the hair of the summer coat sition of cystine during the period from moulting 
had been included. The curve liniarity shows a to the time for a fully developed winter coat at 
minor irregularity for nitrogen for the stage re- ultimo November. 

Table 1. Amino aeid eomposition af mink and gigs at diflerent stages raf development given 
in grams per 16 g OP N. 

Sourees: 1) Glem-Hansen (1976); 2) dsrrgensen & Eggum (6971); 3) Buraszewskl(P973) 

This indicates a rather high requirement for Determination oE amlno aeld requirement in mink 
cystine or methionine which within ceirtain lirnits, 
can replace cystine as a source for cystine deposi- Experiments for the determination of the amino 
tion in the period from 20 weeks of age to pelting acid requirement in mink lare sparse and have 
time. concentrated on the sulphur-containing amino 
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acid methionine and cystine and, in some cases, should be considered that the level of arginine in 
lysine and arginine. Leoschke & Elvehjem (1959) a casein diet is much lower than in a traditional 
found that methionine and arginine were the first Scandisiavian diet based primarily on fish pro- 
limiting amino acids for mink fed a casein diet. II: ducts. 

Table 2. The content of N and amino acids in grams per anima1 in the hair and the hairless 
body, aespectively, from an male and fernale kit on August 24th. 

Source: Glem-Hansen & Enggaard Hansen (1981) 
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Danish experiments have shown that the sulphur- 
containing amino acids are the first limiting fac- 

Gram Methlonine 
+ Gystlne 

-2 

/<  

/" _ _ .  , l 2  10 to 19 weeks of age 2.6 - 27/16 g N 
20 to24weeksofage  3 . 7 - 4 . 1 / 1 6 g N  

- 
G 8 12 16 20 24 2 3  26 to30weeksofage  3 .0 -3 .1 /16gN 

tor for hair growth in mink fed a diet with a tra- 
l 4  ditional amino acid composition (Glem-Hansen 

Age i n  veeks  
The influence of sulphur-containing amino acids 
on pelt characteristics, body weight and body 

Figure 1. Nitrogen (-1 and cystine (- - - ) length is shown in table 3. 
deposition in dark males throughout 
the  growth season 

1980 & 82). The experiments showed that the 
following contents of sulphur-containing amino 
acids fulfilled the requirement for maximum 
protein retention when the digestible protein con- 
tent equalled 20-25% of the metabolizable energy 

LI in the diet. 
m 
X 

Table 3. The effect OP increasing content of sulphur-containing amino acids on pelt charac- 
teristics, final body weight, and body length. The protein level in the basic dlet was 
28 to 29% of ME from digestible protein. 

* The supply of sulphur-containing amino acids was given as DL-methfonine. Later experiments 
have shown that  D-methionine cannot be utilized by mink whleh rneans Bhat the utllizable 
amounts of methionine + cystine in the last two experimental groups Is reduced from 5.6 to 4.5 
and from 7.7 to 5.6 respectively. 

These experiments indicate that a diet with a protein from sulphur-containing amino acids does 
protein content equal to 28-29% of ME from not iully meet the minks9 requirement f ~ r  maxi- 
digestible protein and a content of 3.5% of the mum pelt cpuality. An amount of 4 5 %  of tlie pro- 
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tein from sulphur-containing amino acids ap- Even Qhough the differences were not statistically 
parently meets the requirement. significant, there was a tendency to improved pelt 

quality when the basal diet was supplied with 
Finnish reports concerning supplementation with methionine, while a supplement of lysine did not 
DL-methionine and L-Pysine to diets containing affect the pelt quality. The results are shown in 
protein equal to 20-25% of ME from digestible table 4 and described in two reports by Berg et al. 
protein concluded that a supply of methionine (1986) and Tyopponen et al. (1987). 
and lysine did not have any effect on pelt quality. 

TabPe 4. The inb?;uence of methionine and lysine supply on gellt characteristics in pastel mink 
males. 

1) The two levels of protein shown were tised in the periods 8 to 20 weeks of age and 21 to 31 
weeks of age, respectively 

2) Points for pelt characteristics: 10 = best, 0 = weakest 
3) * PC 0,05; ** P< 0,01; *** P< 0,001 

Previous research by J~rgensen & Glem-Hansen digestible protein during the period 1st July to 
(1970) sliowed an obvious improvement of the 31st August and 1st September to pelting, respec- 
pelt quality when DL-methionine was added to a tively. The results are shown in table 5. 
diet containing 25/19 percent of the ME from 

Table 5. The effect of different protein and meithionlne content on pelt characteristics in 
dark mink (30 males and 30 females per group) 

It can be seen from the table that a reduction of rated the pelt length as well as the pelt quality 
protein in the diet from 44/33 to 25/19 deterio- and the underfur density. A supply of methionine 
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improved all pelt characteristics to nearly the nitrogen. Thus, the results agree very well with 
same level as the high protein group. later experiments. 

The content of sulphur-containing amino acids Results from an investigation by Jargensen & 
per 16 g nitrogen was 3.7 g in the basal diet and Glem-Hansen (1979), where DL-methionine was 
the supplemented diet contained 4.6 g per 16 g added to diets differing in protein content, is 

shown in table 6. 

Table 6. 'Fhe effect of protein content and supply of methianine to the diet on pelt charac- 
teristics In dark males (15 males and 15 females per group). 

The experiment showed a positive effect on pelt 
length as well as pelt quality when the diet con- 
taining 25 percent of the ME from digestible 
protein was supplemented with methionine even 
though the characteristics did not reach the same 
level as the 44 percent protein level. 

Investigations of the effect of supplementation of 
methionine, threonine, lysine and isoleucine to 
diets containing protein equal to 30, 35 and 40 
percent of ME from digestible protein during the 
growth period did not show any influence on 
weight gain, pelt length or other pelt charac- 

teristics. On this basis, it was concluded that 30 
percent of ME from digestible protein in a diet of 
traditional Danish composition meets tlie require- 
ment (Lund 1983). 

In a later series of experiments, where the protein 
level was reduced to 25 percent of ME from di- 
gestible protein, it was shown that even that level 
of protein meets the requirements since there was 
no effect of supplementation with methionine. 
The results are shown in table 7. Unfortunately, 
the diets were not analyzed for amino acid con- 
tent. 

Table 7. The effect of different protein contents and saigp8ementation of DL-methlonine to 
the diet during the growth period on pelt characteristics In dark males. 

Methionine as replacement for cystine in the diet tion with E-methionine, D-methionine and L- 
cystine were compared to sulphur-containing 

Nitrogen balance experiments have been carried amino acids given from natura1 sources (Glem- 
out to investigate the possibilities of replacing the Hansen, 1982). The results are summarized in 
expensive cystine with methionine. Supplementa- table 8. 
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Table 8. The effeet of sulphur-containing arnino acids originaitlng from natural feedstuifs, 
L-eystine, D-methionine, or L-methionine on N-retention in pastel mink males (3 
weeks balance perlod). 

The experimental diets for supply of amino acids 
contained 213 of the amount of protein in the 
control diet (natural feedstuffs). It means that 213 
of the amino acid in question was given from 
natura1 feedstuffs and 113 as a synthetic amino 
acid. It can be concluded from the table, that D- 
methionine cannot be utilized by mink, which 
should be taken into consideration in the evalua- 
tion of result from experiments investigating the 
requirement of sulphur-containing amino acids 
on the basis of diets supplemented with DL-me- 
thionine. This has been considered in the conclu- 
sions in the present report. 

The table also shows, that within the levels used 
in this experiment, k-methionine can be utilized 
just as effectively as L-cystine by the mink. 

Based on amino acid experiments, it can be con- 
cluded that the sulphur-containing amino acids 
are the first limiting factor for utilization of pro- 
tein for mink kits fed a traditional Scandinavian 
diet during the period from ultimo August to 
primo December. 

During the period of intensive growth, the results 
have been ambiguous since some experiments 
have shown a positive response on the weight 
gain to a supply of methionine while others have 
responded positively to a supply of lysine. How- 
ever, it is obvious that the requirement for sul- 
pkur-containing amino acids is less pronounced 
during the early growth period than during the 
period whese the winter coat is developed. 

The majority of investigations have shown that 
the requirement for sulphur-containing amino 
acids are met if the content of methionine plus 
cystine equals 3% of the protein during intensive 
growth from 10 to 20 weeks o$ age with a protein 
content equal to 25 to 30 percent of ME from 

digestible protein. During the period from 20 
weeks of age until pelting in December the re- 
quirement for sulphur-containing amino acids is 
larger if we want to minimize the amount of pro- 
tein, namely 3.5 - 4.0% of the protein with a pro- 
tein content of 30 percent of ME from digestible 
protein. 

The available research reports indicate that a diet 
which meets the requirements of sulphur-con- 
taining amino acids, without any supply of syn- 
thetic amino acids, automatically fulfills the re- 
quirements for other amino acids if a traditional 
Scandinavian diet is used. 

The requirernent for protein during the growth 
period 

Usually we talk about a requirement for protein, 
even though we know that it is a wrong expres- 
sion, which summarizes the requirement for a 
number of essential amino acids needed for the 
synthesis of body protein by the organism. How- 
ever, the practical value of experiments for deter- 
mination of the protein requirement is obvious as 
long as the basis for the experiments are diets 
which do not differ too much from the composi- 
tion used in practice. This very important limita- 
tion should be kept in mind when results from 
experiments are transferred to practical use. 

Due to the faet that availability and market prices 
have caused considerable changes in diet compo- 
sition over the years, this chapter will be concen- 
trated on recent investigations. The already men- 
tioned investigation by Lund (1983) included 
groups of dark and pastel mink kits which were 
fed protein levels of 30,35 and 40 percent of ME 
from digestible protein during the period from 1st 
July to pelting in late November. The key results 
are shown in table 9. 
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Table 9. The effect of different dietary protein contents during the growth period on pelt 
characteristics in dark and pastel males. 

It can be seen that none of the pelt characteristics affect the pelt characteristics negatively. Experi- 
were influenced to any important extent, which ments carried out in Norway during the early 
means that the lowesf level of protein fulfilled seventies referred by Skrede (1975), investigated 
the requirement just as well as higher amounts. levels of dietary protein from 26 to 42 percent of 
From table 7 i was concluded that even a level of ME from digestible protein. The results are shown 
25 percent of ME from digestible protein did not in table l 0  and 1 1. 

Table 10. The effect of dietary protein content during the growth perlod on pelt 
characteristics in dark males. 

Table 11. The effect of dietary protein content during the growth gerisd on pe1t characteristics 
Pni dark malles. 
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The conclusions drawn from the experiments early eighties agreed reasonably well with the 
were &hat diets with 3/4 of the protein originating Danish and Norwegian results showing that 30 
from fish offal meet the requirement when the percent of ME from digestible protein meets the 
protein content equals 30 percent of ME from requirement for weight gain as well as for devel- 
digestible protein or maybe even less. opment of the pelt. The results are shown in table 

12 and 13 (Berg et al. 1983 & 1985). 
Experiments carried out in Finland during the 

Table f 2. Tkie effect o% dietary protein content during the growth period on gelt characteristics 
in males. 

* The levels si proteiin refer to the periods July to August/Segtember to pelting in table 12 as 
well as table 13. 

Table 13. The effect of dietary protein content during the growth period on pelt characteristics 
in dark males. 

It can be seen that these investigations confirm to the above mentioned investigations a marked 
the earlier mentioned requirements. Even though, deterioration in pelt quality in pastel males when 
the difference between the two protein levels the dietary protein content was reduced from 39 
40136 and 27/23 is small, it was statistically sig- to 25-26 percent of ME from digestible protein. 
nificant. A similar decrease was not found in dark males 

on the same diets. The results are shown in table 
Willemann & Lyngs (1989) found in disagreement 14. 



Table 14. The effect of different dietary protein eontent and different fat/earbohydrate rela- 
tionships during the growth period Pn dark- and pastel males. 

* The differenses were statistieally significarit at the 95 percent level. 

A series of experiments with different protein pelting time (ultimo November). The results are 
levels at certain stages during the growth geriod shown in table 15 and 16. 
can give information on when we have the high- 
est requirement (Lund & Hansen 1987). The ex- From table 15 it can be seen that a protein con- 
perimental period was divided into three subper- tent of 30% of ME from digestible protein ap- 
iods, namely 1st Jaily to 15th August, 16th August garently meets the requirement in the period 1st 
to 30th September, and 1st October to July to 15th August. 

Table 15. The effect of dibferent dietary protein eontents during the below-mentioned sub- 
perisds sn pelt characteristlcs in dark and pastel males. 

* Percentage ME from dig. protein in the periods 1st Juliy ((D 15th August/lóth August to 30th 
September/lst October to pelting. 
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Talble IB. The effeept of diffeaent dletary protein contents during the below mentioned sub- 
periods opa pelt characteristics in% dark and pastel males. 

" Percentage ME from dig protein In the periods Pst July to 15th August/Póth August to 30th 
September/lst Octsber to peltlnp. 

I 
The requirement for protein at different stages 
during the growth period has been investigated by 
Glem-Hansen (1980). The requirement was deter- 
mined in N-balance experiments with N-reten- 
tion as a function of protein intake. The results 
are shown in figure 2. The requirement is tradi- 
tionally considered to be the intersection between 
the two regression lines. 

Similar curves were made for the following per- 
iods until pelting time. On this basis the protein 
requirements for maximum N-retention were as 

L.----- shown below. 
1 2 3 4 5 6 7 s  

N-in ta lce ,  g / k g  rn ink lday  From 10 to 15 weeks of age = 
Figure 2 .  The effect of N intake on N-reten- 41 percent of ME from dig. protein 

óion fna dark malle mink at  10 to IS 
wereks of age From 16 to 119 weeks of age = 

42 percent of ME from dig. protein 

Even though the authors conclude that they did From I9 to 21 weeks of age = 
not find any statistically significant differences 32 percent of ME from dig. protein 
between the experimental groups, i w a n  be seen 
that there is an obvious tendency to a decrease in From 22 to 24 weeks of age = 
pelt quality in the groups fed the low level of 31 percent of ME from dig. protein 
protein during the period from middle August 
until pelting. 



In a follow-up experiment these levels of protein above and the other two were fed 25 percent less 
were used with the shown variations throughout and 25 percent more protein, respectively. The 
the growth period. The experiment included three results of this experiment are shown in table 17. 
groups where one followed the "standards" shown 

Table 17. The effect of dietary protein levels doring the growth period on pelt eharasterlstics 
in dark males. 

It can be seen that the protein content which 
resulted in maximum N-retention did not fully 
meet the requirement for maximum development 
of pelt quality. The group whick had the best pelt 
quality was fed a diet with 32 percent of ME 
from digestible protein. The other two groups 
were fed diets with 24 and 20 percent of ME 
from digestible protein during the period 7th Oc- 
tober to 30th November. In the period from 3rd 
July to 6th October they were fed diets with 41, 
32 and 24 percent of ME from digestible protein, 
respectively. 

Norwegian investigations coneerning the protein 
requirement during the growth period based on 
different protein sources have been published by 
Skrede (1978). The experiments showed that the 
protein source influences pelt development, but 
the use of inferior protein sources can be com- 
pensated by a larger amount of protein in the 
diet. In the first experiment, two different pro- 
tein sources namely, traditional cod offal without 
the heads and cod offal with very little meat left 
on the bones, were used as the main protein 
source given at two dietary protein levels. The 
results from the experiment are shown in table 18. 

Table 18. The effeet of different protein Bevels from two protein sources In diets during the 
growth period on pelt chaaracteristles in dark malles. 

with little meat 
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The next series of experiments included groups fishmeal, cod offal with little meat left, cod 
fed diets with a lower protein content and com- heads, and cod skin as the main sources of pro- 
prised a combination of slaughter house offal and tein. The results are shown in table 19. 

Table 19. The effect of different dietary protein levels from different protein sources during 
the growth period on pelt characteristics in dark males. 

Protein source 

In tables 18 and 19 only experimental groups up 
to the protein level which met the requirement 
are included. This means (hat a further increase 
of the protein content did not influence the pelt 
quality. From table 19 it can be seen that a re- 
duction of the protein content from 28 to 23-24 
percent of ME from digestible protein had a ne- 
gative influence either on pelt quality or pelt 
length. Several investigations have shown a nega- 
tive correlation between pelt quality and pelt 
length. This means that a reduction in pelt length 
automatically has a positive influence on the pelt 
quality. Based on this investigation, it can be 
concluded that 23-24 percent of ME from digest- 
ible protein does not fully meet the requirement 
for maximum pelt development in mink. 

When cod skin was the main protein source the 
pelt length as well as the pelt quality were im- 
proved by an increase of the protein content up 
to 33 percent of ME from digestible protein. It 
should be taken into consideration that the fig- 
ures for this group in the table are based on 8 
skins only, but it can also be added that the same 
tendency was found for female skins. 

Ir can be concluded that the protein requirement 
during the growth period is normally met by a 
content of 30 percent of ME from digestible pro- 
tein when the basis is a traditional Scandinavian 
feed composition. However, attention should be 
given to amino acid composition especially during 

the period of intensive hair growth from about 20 
weeks of age to pelting time. Buring this period 
the content of sulphur-containing amino acids 
should be 3.5 to 4.0 percent of the protein (g/16 
g N). 

The requirement for protein during the reproduc- 
tion period 

Most of the investigations for determination of 
protein and amino acid requirements are carried 
out during the growth period. This is understand- 
able since the greatest part of the feed is used 
during that period. 

The breeding or reproduction period covers two 
separate periods, namely the period from pelting 
time to mating in March when the requirements 
are dominated by the need for maintenance and 
a gestation period from mating time to the time 
when the females give birth. During this period 
the requirements are partly needs for maintenance 
and partly for foetal growth. The lactation period 
is normally considered a part of the reproduction 
period. The requirements during this period are 
dominated by the need for milk production by the 
females during the first 3-4 weeks after birth of 
the kits and by the need of easily digestible nutri- 
ents for the kits during the remaining period until 
weaning at 6 to 8 weeks of age. 



In the Scandinavian countries it has been consid- 
ered appropriate to use diets with a high amount 
of protein during the reproduction period. In 
Denmark, the protein content has been between 
50 and 58 percent of ME from digestible protein 
while Norwegian, Swedish and Finnish diets usu- 
ally contain 40 to 50 gercent ME from digestible 
protein. Climatic differences between the coun- 
tries might indicate a certain difference in the 
energy requirement during winter which influ- 
ences the relationship between nutrients. 

Wowever, logical considerations concerning the 
protein requirement for maintenance and the 

content in the diets do not justify such a high 
amount of dietary protein during the period prior 
to whelping. 

Experiments have in agreement with this shown 
that 26-27 percent of ME from digestible protein 
meet the requirement prior to whelping (Skrede 
1978). Tke result can be seen from table 20. 

It can be seen from the table, that mortality was 
high in all groups. Based on litter size and morta- 
lity, there is a tendency to inferior reproduction 
in the group fed 26-27 percent of ME from di- 
gestible protein compared to higher amounts. 

Table 20. Reproduction In dark females fed decreasing dietary protein Bevels of differerat origin 
during the breeding and isetaatfon periods. 

The same tendency can be seen from the weight This can be seen from table 21. 
gain of the kits up to 21 and 42 days of age. 
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Table 21. The welght gain of kits fed diets wltk two digfererat protein sources at three protein 
levels during the laetation perlod 

The results indicate that the protein requirements However the mortality from birth to weaning was 
for lactating females as well as for kits in the twice as high in the low protein group compared 
very early growth period are met by a diet with to groups fed higher protein levels. The results 
38-39 percent of ME from digestible protein. are shown in table 22. 

Danish experiments from the sixties (J~rgensen i% This experiment shows that a protein content of 
Glem-Hansen 1970) did not show significant dif- 44 percent ME from digestible protein does not 
ferences in litter size between groups fed diets fully meet the requirement for maximum weight 
from 65 to 25 percent of ME from digestible gain for the kits. 
protein. 

Table 22. Weiglit gain in kits from groogs fed different protein levels duriltag the laetation 
period (Dark mink). 

Investigation of the influence of the amount and 
quality of the protein on the composition of mink 
milk showed that the biological value (HIV) and 
the protein content did not influence the content 
of protein, fat, and carbohydrate in the mink 
milk. The amino acid composition in the milk was 
not infliuenced either, but the composition of 
fatty acids in the milk clearly reflected the fatty 
acid composition in the diet (Glem-Hansen et al. 
1973). The weight gain of the kits as a measure 
for milk prodiiction indicated that the protein 
content and the protein quality to a considerable 

extent influenced the amount of milk produced 
(Glem- Hansen & J~rgensen 1973). 

Experiments with different protein contents in 
the diets during the lactation period, comyrising 
levels from 21 to 54 percent of ME from digest- 
ible protein, showed that protein levels below 42 
percent of ME from digestible protein did not 
meet the requirement for maximiam weight gain 
even in the period before they begin to eat solid 
feed. Thus it can be concluded that the require- 
ment for maximum milk production in females 
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was not fully met. The weight gains in the kits retained body protein between group l and 2. 
are shown in figure 3 and 4. This means tkat 42 percent ME from digestible 

protein apparently covers the protein requirement 
AS can be seen from the figures, the weight gain for maximum N-retention. The difference in 
was increasing by increasing levels of protein in body weight between group I and 2 was equalized 
the diet. However, it should be added that ana- during the following growth periad. This was also 
lyses of one male and one female kit from each of reflected in the pelt length as shown in table 23. 
the group 1 to 3 showed no differences in the 

FEMALES MALES 

O 5 10 15 20 25 30 35 40 45 O 5 10 15 20 25 30 35 40 45 
A g e  i n  days  A g e  i n  dayr; 

"ginre 3 and 4. The body weight development in male and female kits on differenlt dietary 
protein levels during the lactation perlod. Group 1 to 5 were fed diets with 54, 
42, 34, 26 and 21 percent from digestible proteiii, respectively 

Table 23. Effect of different dietary protein levels diaring the Ilactation period on pelt cha- 
racterlstics in dark males bed the same dlet from weanlng to pelting. 

From weaning to pelting all groups were fed a contents in the diets showed no differences in 
diet containing 50 percent of ME from digestible weight gain in dark kits fed protein levels from 
protein. Thus, it can be concluded that a lack of 43 to 57 percent MIE from digestible protein. A 
protein during the lactation period and the very group OP pastels was fed a diet containing 38 per- 
early growth period causes a reduction in the pelt cent ME from digestible protein and showed a 
leragth. tendency to lower weight gain, which can be seen 
Recent experiments with different dietary protein from table 24 (Olesen 1990). 
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Table 24. Weipht gain of pastel male kits fed different dietary protein levels during the lac- 
tatlon period. 

Investigations on the effect of a reduction in with the amino acids methionine, lysine or threo- 
dietary protein content in relation to common nine during the lactation period when Phe basic 
Danish standards in the eighties combined with a diet contained 39 percent ME from digestible 
supplement of four different amino acids up to protein (Lund 1985). However, there was a nega- 
the level given in the "standard diet" did not show tive response to a supply of isoleucine as shown in 
any statistically significant effect when supplying table 25. 

Table 25. Effeet of supplement of a dlet containing 39 pereent ME from digestible protein with 
methioninie, lysine, threonine, and isoleueine to pastel and dark mink dsrrlng the 
laetation period on weight galn. 

Even though the differences were not statistically 
significant, it should be noticed that there was a 
tendency to a positive effect on weight gain when 
supplementing with lysine. 

The lactation period and the very early growth 
period until the kits are 8 to 10 weeks of age is 
the period where we have shown the highest de- 
mand for protein. In one particular experiment it 
was indicated that lysine might be the first limi- 

ting amino acid for kit growth during the lacta- 
tion period. Most experiments show that the re- 
quirement for protein and amino acids will be 
mel by a diet containing 40 to 45 percent of ME 
from digestible protein. 

The investigations indicate that litter size and 
percentage of barren females will not be affected 
as long as the protein content equals 30 percent of 
ME from digestible protein. However the weight 
gain and the mortality during the lactation period 



are affected negatively when the protein content 
is lower than 40 percent of ME from digestible 
protein. 

The practical experlence in Denmark of an im- 
proved reproduction by increasing protein levels 
up to 55 to 60 percent ME from digestible protein 
seems to an effect of something ellse than protein. 

Estimation of tbe amino acid aequlaement during 
the growth and pelt development period 

Based on the previously referred reports for de- 
termination of requirements for protein and ami- 
no acids during the growth and pelt development 
period, the requirements are estimated for the 
most important amino acids. Since the feed intake 
primarily depends on the dietary content of me- 
tabolizable energy, the requirement for amino 

acids will be related to the content of ME in the 
diet. 

The content of digestible amino acids in a number 
of experimental diets is calculated on the basis of 
Nordisk Fodermiddeltabel, which is a table of the 
contents of digestible amino acids in feedstuffs 
based on arnino acid digestibility experiments 
with mink (Glem-Hansen et al. 1985). Since it has 
been shown that the sulphur-cantaining amino 
acids, cystine and methionine, are the first limi- 
ting factors fos maximum pelt develapment the 
effect of these amino acids on pelt quality will be 
examined in the following. 

The results in table 26 to 28 show that a content 
of sulphur-containing amino acids of less than 
0.25 to 0.30 grams per 100 Kcal ME cause in- 
ferior pelt quality. 

TabPe 26. The effect o% eontent of sulphur-contsaining amlno racids (cystine + methionine) in 
the diets during growth and pelt development oaa peli quallty (Land & Hansen 1987). 

Table 27. The effect OP eontent of sulphur-contatnlng airnano aclds (cysilne -i. methisnine) in 
the diets durinp growth and pelt developnierat on pelt qaiality (Hllleanann % Lyngsi 
1985). 

Table 28. The effect sf content of sulphur-eontalning amino aclds (cysalne + methionine) In 
the dieis during growth and pelt development on peHt qjuallty (Lund 1988). 
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Table 28 shows the results from the previously In table 29 to 30 the anallysed amounts of sul- 
mentioned experiment where they found no dif- phur-containing amino acids are related to pelt 
ference in pelt quality when the protein content quality. In table 30 the influence on pelt length is 
was reduced to 25 percent of MIE from digestible included since it was influenced by the treatment 
protein. The content of sulphur-containing amino which was not the case in the experiments refer- 
acids in the diets explains the probable reason for red in the other tables. 
that since it was relatively high and thus, most 
probably, met the requirement. 

Table 29. Tke effect of content of sulpliur-containing amino acids (cystine c methionine) in 
the diets during growth and pelt development on pelt quality (Dark) (Glem-Hansen 
$C J~rgensen 1873). 

Table 30. Tke effect of content of sulpkur-containing amiimo acids (cystine + methionine) in 
tke diets during growth and pelt development on pelt quallty and pelt length. (Skrede 
1978). 

The amounts of amino acids in tables 26 to 30 are 
given as the total amounts. Therefore, the digesti- 
bility of amino acids should be taken into consid- 
eration. Om the basis of the experiments referred 
above it can be concluded that a content of 
digestible sulphur-containing amino acids of 0.25 
to 0.30 grams of cystine + methionine per 100 
kcal ME fully meets the requirement for maxi- 
mum pelt development. 

Based om the above-mentioned experiments and 
the calculated amount of digestible amino acids in 
the diets it will not be possible to list up the mi- 

nimum requirements for each single amino acid, 
but it is possible to estimate the levels for amino 
acids which most probably will meet the require- 
ments during the growth and pelt development 
period. %n table 31 these amounts are given for 
the amino acids which are considered as essential. 

It will probably by somebody be considered irre- 
sponsible to state demands for amino acids on this 
basis. Therefose, these demands should only be 
used as a basis for composition of diets for ex- 
perimental purposes until a better basis in estab- 
lished. 
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Table 31. Demand for essential anrigns acid csntent in diets for mink during the growth and 
pelt development perisd. 
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Blue foxes (Alopex lagopus) were fed a slaughter- 
house offal-based (SH) or a fish mixture-based 
diet supplemented with fish oil (FM) for one 
year. The trial lasted from weaning to the follow- 
ing breeding season, until the weaning of the 
litters. The aim of the study was to ciarify the 
long- term effects of feeding abundant fish fatty 
acids on the breeding result of blue fox females 
and early growth of the puppies. Both dietary 
groups consisted of 20 vixens and 7 males. The 
number of unmated females in the SH and FM 
dietary groups was 3 and 4, the number of barren 
females was 2 and 5, and the number of females 
which destroyed their litters was 4 and 3, respec- 
tively. The litter size at weaning, counted per 
mated and (whelped females), was 4.7 1 and (5.33) 
in the SM group and 3.94 and (5.73) in the FM 
dietary group. During the suckling period, body 
weight of the vixens declined significantly more 
in the SH dietary group than in the FM group. 
The weight gain of the puppies during the early 
growth period was better in the FM dietary 
group. Pup mortality (1-42 days) in the FM die- 
tary group (23.2%) was, however, twice as great 
as in the SW group (1 1.1%). This may be due to 
deleterious effects caused by accumulation of 
long-chained polyunsaturated fish fatty acids in 
the tissues and organs. Moreover, two females 
from the FM group die8 during the experiment 
showing lipid accumulation in their internal or- 
gans. 

Fish products are commonly used in the feeding 
of the farmed fox species, blue fox (Alopex lago- 
pus) and silver fox (Vulpes vulpes). Fish oil sup- 
plementation in the diets, based on slaughterhouse 
offal, is also employed. Fish is, however, very 
seldom included in the diets of these carnivorous 
fur-bearers in their natura1 habitat. Their nutri- 
tion in the wild is mainly based on smal1 mam- 
mals and birds (Dekker, 1983; Fay & Stephenson, 
1989; Kaikusalo, 1971; Papageorgiou et al., 1988; 
Robertson & Whelarz, 1987). As the animals adapt 
to eertain food sources during their evolutional 
development, different dietary fatty acids may 
prominently alter the physiology of the animal 
when accumulated in the tissues (Nelson & Ack- 
man, 1988). The polyunsaturated long-chained 
omega-3 fatty acids, found in fish oil, have been 
shown to accumulate in the tissues and organs, 
especially the liver, of blue and silver foxes (Rou- 
vinen CG Kiiskinen, 1989; Rouvinen, 1991). This is 
an indication of impaired oxidation of these fatty 
acids. The previous part of this study also revela- 
ed that long-term feeding of blue and silver foxes 
with fish oil caused unphysiological lipid accu- 
mulation and degenerative changes in the liver 
tissue of the animals (Rouvinen, 1991). 

Accumulation of polyunsaturated fatty acids in 
the body Pncreases the requirement for antioxida- 
tive agents by being suseeptible to peroxidation. 
Vitamin E, as a natura1 antioxidant, is known to 
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protect tissues by inhibiting the formation of free 
radicals together with a selenium dependent en- 
zyme, glutathione peroxidase, which damages the 
free radicals formed during lipid peroxidation 
(Kormann & Weiser, 1984). In fur-bearing ani- 
mals, vitamin E deficiency has shown to cause 
anaemia and poor growth, depigmentation of hair, 
yellow fat, muscular degeneration and death (En- 
der & Helgebostad, 19875; Havre et al., 1973; 
Helgebostad, 1971). Moreover, reproductive fail- 
ure has been reported in several species, including 
embryonic degeneration in rats, hens, tur-keys, 
cows and ewes, sterility in male rats, guinea pigs, 
hamsters, dogs and cocks, and also reduced egg 
production and hatchability in hens (McDonald et 
al., 1988). 

In this study, the effects of long-term feeding 
with a fish mixture based, fish oil-supplemented 
diet on the breeding performance of blue foxes 

were clarified. Emphasis was on the litter size of 
the mated and whelped vixens and on the growth 
and mortality of the offspring during the suckling 
period. 

Materials and methods 

The animals used in this study were born in the 
spring of 1988 and were fed two different diets 
from their weaning, on July 18th, onwards (Rou- 
vinen et al., 1991). The diets were a slaughter- 
house offal-based diet (SH) and a fish mixture- 
based diet supplemented with fish oil (FM). Dur- 
ing the following breeding and lactation season, 
until July 27th, 1989, the animals were fed the 
same type of diets as they received during their 
growing-furring period (table 1). There were 20 
females and seven males in both dietary groups at 
the beginning of the breeding season, but only 
four males from both groups were used in ma- 
tings. 

Table 1. Composition of experimental diets from January 1st to April 27th and from 
April 28th to July 27th, 1989. SH = slaughterhouse offal, FM = fish mixture 
diet. 

Fur animal carcasses 

Sugar beet pulp, dried 

a) beef offal, Pouttu Oy, Kannus 
b) cod 56 %, Baltic herring (spring) 35 % and blue whiting 9 % 
c) cooked wheat 50 % and barley 50 % 
d) 1 kg mixture contains: vitamin A, 500.000 IU, vitamin D,, 50.000 IU; vitamin C, 6.000 

mg; vitamin E, 4.000 mg; vitamin K, 10 mg; vitamin B,, 1.500 mg; vitamin B,, 600 mg; 
vitamin B,,, 1 mg; choline, 2.500 mg; pantothenic acid, 500 mg; nicotinic acid, 1.000 mg; 
pyridoxin, 400 mg; folie acid, 50 mg; and biotin, 3 mg. 
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During the experiment, feed consurnption of the 
groups was measured on the basis of the feed 
delivered minus the feed collected the next morn- 
ing. Feed spil1 was ignored. Feed consumption 
was calculated per breeding animal unit, which in 
this experiment was as follows: females + 7/20 
male + number of kits per feniale. The animals 
were fed once a day. Watering was by hand dur- 
ing the winter months and was automatic during 
spring and summer. Proximate chemical compo- 
sition of the diets was analyzed from samples col- 
lected during February 6-18th and during May 
3rd-$th, 1989. The feeds were analyzed for dry 
matter (DM), ash, Kjeldahl nitrogen, fat and 
gross energy (GE, bomb calorimeter) according to 
standard procedures employed by the laboratoay 
of the Institute of Animal Production, Anlmal 
Nutrltion Section, Jokioinen. Metabolizable ener- 
gy (ME) of the diets was calcuiated by using the 
digestibility coefficients determined in the pro- 
duction experiment during the autumn of 1988 
(Rouvinen et al., 1991) and the factors 18.8 (pro- 
tein), 38.9 (fat) and 17.2 (carbohydrates) kJ per 
gram apparently digestible nutrient (Tauson, 
1988). 

Breeding females were weighed to the nearest 20 
g on February 7tk, and at mating time, i.e. on the 
average April l l th for the SI-I dietary group and 
April 15th for the FM dietary group. The vixens 

Table 2. Proximate chemical composition of the diets during February 6th to 18th and 
May 3rd to 8th, 1989. SI-I = slaughterhouse offal, FM = fish mixture diet, DM 
= dry matter, GE = gross energy, ME = metabolizable energy. 

which gave birth were weighed sne week after 
parturition and six weeks after parturition, at the 
end of the suckling period. The pups were count- 
ed on the day after birth, and were both counted 
and weighed to the nearest l g at 7 days of age, at 
2 1 days of age and at weaning, i.e. 42 days of age. 

After the breeding season, empty feaiales and 
females (hat died during the experiment were 
sarnpled for histopathological study. Samples from 
liver, heart, kidneys, smal% intestine and skeletal 
muscle were stored in buffered formalin and sent 
to the National Veterinary Institute for examina- 
&ion. 

Statistical significances were tested by the Ge- 
neral Linear Modeis (GLM) procedure of the 
Statistical Analysis System (SAS Institute Inc., 
1988). 

Chemical composition of the diets (table 2) was 
kept constant during the breeding and lactation 
periods. Fat content in the diets varied between 
19 and 21 % in DM. In the FM dietary group, the 
protein content was higher, varying between 34- 
35 % in DM, than in the SW dietary group (30-31 
%). GE and ME contents of the diets did not dif- 
fer between the experimental groups. 

a) Digestibility coefficients for protein 77.9, 79.2; fat 88.6, 91.3; and carbohydrates 70.5, 
64.8 in S14 and FM diets, respectively (Rouvinen et al., 1991). 
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The number of males and females in the experi- sterile males were not the cause of reproductive 
mental groups, the number of barren females and failure. During the experirnent, two females died 
those who destroyed their litters are presented in from the FM dietary group, one in the late suck- 
table 3. A11 males mated with the barren females ling period and the other soon after weaning of 
produced litters with other females, therefore, the litter. 

Table 3. Number of breeding animals in the experimental groups during spring 1989 and 
the number of unmated and barren females and females which destroyed their 
litters. Diet SH = slaughterhouse offal, FM = fish mixture. 

Feed consumption and consumption of metaboli- 
zable energy were similar in both experimental 
groups (fig. l), except during June and July when 
the animals in the §H dietary group consumed 
more. This was due to the higher number of pup- 
pies per breeding animal unit in the SH group. In 
this group, there were 82 puppies at three weeks 
of age and 80 at weaning, while in the FM dietary 
group there were only 67 puppies at three weeks 
of age and 63 at weaning. Furthermore, July feed 
consumption declined in both dietary groups due 
to weaning of the litters. After weaning, the pups 
received the normal fur animal diet produced by 
the local feed kitchen. 

January February March Aprll Moy June July 

Monlh 

Fig. 1. Baily intake of metabolizable energy per 
breeding animal unit (c.f. text) in blue foxes from 
January 1st to July 27th, 1989. Biets SH = slaugh- 
terhouse offal, FM = fish mixture. 

Body weight of the whelped females (fig. 2) were 
similar in both dietary groups from February 
until mating. During lactation, one week after 
parturition (p a 0.001) and at the end of the suck- 
ling period (p a 0.05) the females receiving the 
FM diet were heavier than the females in the SH 
dietary group. 

0 50 100 l50  

Time, doys  

Fig. 2. Body weight of the whelped blue fox 
vixens from February 7th until weaning in July, 
1989. The slaughterhouse offal diet (SN) is mar- 
ked with --o-- and the fisk mixture diet (FM) 
with --a--  . For statistical significance NS = not 
significant, * p a 0.05, and *** p < 0.001. 
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Fig. 3. Litter size per mated and whelped female 
at birth, one and three weeks after parturition, 
and at weaning. SH = slaughterhouse offal diet, 
FM = fish mixture based Biet. 

0-7 8-21 22-42 Total 

Time, deys 

Flg. 4. Pup mortality during the suckling period 
in blue foxes SW = slaughterhouse offal diet, FM 
= fish mixture diet. 

At birth (24 hoairs after parturition), the litter size 
per mated female was slightly better in the §H 
dietary group (5.29) than in the FM group (5.13) 
(fig. 3). The difference increased towards wean- 
ing, being 4.71 in the SH group and 3.94 in the 

FM group. The litter size calculated per whelped 
female was better at parturition in the FM dietary 
group (7.45) than il1 the SN group (6.00) (fig. 3). 
At weaning time, however, there were only 5.73 
pups per whelped female in the FM group and 
5.33 in the SH group. This was due to the much 
higher mortality rate in the FM group (fig. 4). In 
the FM dietary groug, 23.2 % of the puppies died 
between days 1-42. In the SH group the corre- 
sponding f igure was 1I 1.1 %. 

o t I 
O I 0  20 30 40 

Age, days 

Fig. 5. Body weight gain in blue fox puppies 
during the suckling period. The slaughterhouse 
offal diet (SW) is marked with --o-- and the fish 
mixture diet (FM) with --o-- . For statistical sig- 
nificance NS = not significant, ** p a 0.01, and 
*** p a 0.001. 

Body weight of the blue fox puppies at one week 
of age did not differ between the dietary groups 
(fig. 5). At three weeks of age (p < 0.01), and at 
weaning (p a 0.0011), the pups from the FM die- 
tary group were, however, significantly heavier 
than those receiving the S)% diet. 

The results of the histopathological study of the 
dead and barren females are presented in table 4. 
Both barren females from the SN dietary group 
showed degenerative changes in their livers and 
heart and also chronic enteritis. Moreover, one 
suffered from nephrosis and the other from chro- 
nic myocarditis. In the FM dietary group, four 
out of the five barren females had chronic neph- 
ritis. One of these animals alss had muscle dege- 
neration, and Cibrous tissue growth in the liver. 
Both mortality cases from the FM dietary group 
showed lipid accumulation in their internal or- 
gans. 
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Table 4. Histopathological findings of the barren females and the females which died 
during the experiment. Findings are graded as follows: + slight, u moderate, 
and +++ severe. Number of findings per group is given in parenthesis. N = 
number of animals sampled. 

reticulo-endothelial 

fibrom tissue growth 

chronic myocarditis 

muscle degeneration 

chronic nephritis 

chronic enteritis 

Skeletal musclle 

lipid accumulation 

fibrous tissue growth 

lipid accumulation 

Disenssioin group, due to all the females being in their first 
breeding season. The number of emgty females on 

The average breeding result of blue foxes counted average is 14.9 % and pup mortality from birth 
three weeks after parturition is 5.8 kits per mated until three weeks of age is 22.4 % (Einarsson & 
female (Einarsson & Skrede, 1989). In this experi- Skrede, 1989). For one-year sld blue foxes, the 
ment, the corresponding litter size was much amount of barren females is usually higher, about 
smaller, 4.8 in the SH group and 4.2 in the FM 22.5 %, and pup mortality during the first 50 days 



is 35 % (Einarsson & Skrede, 1989). In the pres- 
ent study, the percent of barren females was 1 1.6 
% in the §H group and 3 1.3 Yo in the FM dietary 
group. The number of implantation scars in the 
uterus of the mated females was, however, not 
examined at the following pelting time. 'This 
would have given valuable information about the 
absorption of the fetuses in tke uterus and also 
about the number of barren females and destroy- 
ed litters. In young blue fox females, the prenatal 
mortality of the fetuses is known to be about 25 
%, and in 60 % of the "empty" females approxi- 
mateiy 4.5 implantation scars have been observed 
(Einarsson, 1982). 

The marine fish fatty acids have been shown to 
accumulate in blue and silver fox tissues due to 
the limited oxidation of these long-chained po- 
lyunsaturated fatty acids (Rouvinen, 1991). In the 
rat, feeding fish oil or high erueic acid rapeseed 
oil is known to cause ligid infiltration, cell de- 
struction, local inflammatory reactions and fi- 
brous scar tissue growth in the heart muscle (Be- 
are-Rogers, 1977; Kinsella, 1987). In addition to 
the body fat composition, dietary influences on 
the composition of tke milk in monogastric ani- 
mals are well documented (Seerley, 1984). In milk 
fat, the fatty acids and triglycerides are derived 
from blood plasma of the nursing female. During 
lactation the vixen uses its own body fat reserves 
in addition to the nutrients in the diet. In a recent 
study, blue fox vixens fed PUFA (polyunsatura- 
ted fatty acids) and control diets showed clear 
dietary effects in their rnilk fat composition (Ru- 
sanen (& Valtonen, 1991). The diets fed to the 
vixens during breeding and lactation were for- 
mulated according to the same recipe as the diets 
described in the present study, PUFA diet being 
the FM diet and control being the §W diet. The 
fat of the milk from the PUFA (FM) females 
contained considerably more eicosenoic (C20:5o3) 
acids than the milk from the control (§H) females. 
Furthermore, the level of cetoleic acid (C20: l o1 1) 
was almost significantly (p < 0.06) elevated (Ru- 
sanen & Valtonen, 1991). In the present study, the 
pup mortality observed in the FM dietary group 
(23.2 %) was twice as great as in the SN group 
(1 1.1 %). Moreover, the vixens had been fed the 
fish fat diet during several months before their 
pregnancy and lactation. Their dietary back- 
ground, and especially the more prominent accu- 
mulation of the fish fatty acids in the body fat 
reserved over time could have had an even greater 
impact on the milk fatty acid composition. There- 
fore, it is reasonable to believe that the higher 

mortality observed in the FM dietary group is 
related to the harmful effects of the accumulation 
of cetoleic and omega-3 fatty acids in the tissues 
and organs of the animals (Rouvinen, 1991). 

The pup mortality figures obtained in this study 
(fig. 4) were, however, very low compared to 
literature. This is explained by the faet that the 
pups were coiinted the first time one day after 
parturition and thus the mortality during the first 
day was ignored. For the same reason, our figures 
for litter size 'at birth' were also very low, being 
6.0 in the SI-% group and 7.5 in the FM group per 
whelped female, compared to the value 9.0 given 
by Einarsson & Skrede (1989). 

The body weight of the whelped females (fig. 2) 
in the §H dietary group declined more after par- 
turition and during ths suckling period than the 
females from the FM group, although the amount 
of metabolizable energy provided by the diets was 
similar (table 2). The higher protein content of 
the fish diet may have enabled the females to 
maintain their body weight better diaring lacta- 
tion, although the females in this group had larger 
litters to take care of (fig. 3). 

The growth of the puppies in both dietary groups 
was poorer than the average weight gain for blue 
foxes during the suckling period (Einairsson & 
Skrede, 1989). This may be partly due to the late 
breeding and parturition of the young vixens. It 
is, however, more Iikely to be caused by the low 
percentage of ME from protein in both diets. 
According to recommendations (Enggaard Hansen 
et al., 1990), ME from protein should be above 
35-37 % during breeding and lactation. In this 
study, ME from protein varied between 27-32 %, 
and the percentage from carbohydrates was corre- 
spondingly higher (27-31 %). The dietary ash 
content was, however, lower in the present study 
than in the grevious part of this research (Rouvi- 
nen et al., 1991). Fat and protein digestibilites are 
known to decrease with high dietary ash contents 
(Ahrnan, 1976; Skrede, 1978; Rouvinen Oi Kiiski- 
nen, 1991). Lower ash content may have improved 
the digestibilities of fat and protein in the present 
diets, and thus elevated their percentages in ME, 
compared to the diets employed during the au- 
tumn of 1988. Moreover, the digestibility coeffi- 
cients employed in the ME ca%culations were de- 
termined on approximately five month old ani- 
mals (Rouvinen et al., 1991). In young blue fox 
puppies, the utilization of beef tallow varies be- 
tween 73-84 % (Rouvinen, 1989). Apparently the 
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more efficient utililzation of the fish fat diet in 
the present study resulted in better growth during 
the suck'ling period (fig. 5). 

It is generally recommended that fur-bearing 
animals should be supplied with 100 IU of vita- 
min A per kg body weight daily (Juokslahti, 
1989). The requirement for vitamin E given in the 
literature (Brandt, 1987) is 6.6 mg/Mcal plus 0.6 
mg/g polyunsaturated fatty acids plus a non spe- 
cified amount depending on the production inten- 
sity. In the present experiment, the supplementa- 
tions used were 80 mg/kg feed for vitamin E and 
10000 W/kg feed for vitamin A (table 1). Both 
levels were well above the recommended mini- 
mum (Roche, 1987). Keeping in mind tke dietary 
history of the animals and the long-term accumu- 
lation of polyunsaturated fatty acids in the body, 
it is possible that the vitamin E7 supplementation 
empolyed wcas not adequate to meet the increased 
requirements during gestation and lactatioii. In 
addition, one barren female suffered from mus- 
cular degeneration (table d), which is probably 
the most important manifestation of vitamin E 
deficiency in domestic animals (McDonald et al., 
1988). In the present study, the males were ap- 
parently not affected by vitamin E deficiency, 
since all males used in matings produced litters. 
The barren females, however, may have been 
pregnant, but absorbed or aborted the fetuses or 
destroyed their litters after birth. In this study, 
this was not controlled. 

Feeding abundant fish oil to blue foxes during the 
breeding and suckling periods increased the mor- 
tality of the females, the number of barren fe- 
males, and the mortality of the puppies. It is like- 
ly that the reproductive failure and poorer viabi- 
lity of the offspring is caused by long-term accu- 
mulation of long-chained polyunsaturated fish 
fatty acids in the tissues and organs. On the basis 
of these results it is not recommended to use feed 
mixtures with fat, which is solely of fish origin or 
high fish oil supplementations in blue fox diets 
during their breedilig and lactation periods. In 
this experiment, the number of breeding females 
per dietary treatment was small, and a further 
study on this subject is ciearly needed. Since the 
litter size of the blue fox is relatively large, the 
data regarding the early growth and mortality of 
the pupgies shouid, however, be sufficient to 
support the present conclusions. 
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Abstract 

The effect of feeding mink during pregnancy, 
lactation and growth with 3 levels of hake was 
investigated. The diets comprised 87,73 and 58 % 
hake; and 0, 14 and 28 % slaughter offal, namely 
Dl ,  D2 and C or control diet, respectively. Thirty 
pregnant wild female mink were assigned to each 
of the experimental diets (D1 and D2) and 10 to 
C. At lactation, both groups were divided in 6 lots 
of 10 dams, and animals from D1 were fed either 
Dl ,  D2 or C, and from D2 continued on D2, or 
D2 supplemented with 3 % oil or C. The control 
group continued on diet C. After weaning, off- 
spring from dams fed C continued on the same 
diet, and weaned kits from each of the 6 feeding 
treatments were fed either on diets Dl,  D2 or C. 
Feed intake, digestibility, number of weaned kits, 
body weight of dams and kits were measured, and 
fur characteristics evaluated. Digestibility was 
higher in the control diet (77.4 vs 70.1). The in- 
take during pregnancy and early lactation was not 
affected by diet. However, in late lactation and 
growth, the intake of the experimental diets was 
40 to 60 % higher than the control. Body weights 
of dams and kits at weaning were slightly higher 
in the control diet; however the differences were 
of no practical importance. The number of wean- 
ed kits was higher in dams fed diet D2 during 
pregnancy (6.4) than C or D1 (5.0). During 
growth, neither body weight nor fur charac- 
teristics were affected by diet. It was concluded 
that diets with higher levels of hake than 55-60 % 
were nutritionally adequate to feed mink, how- 

ever the feed uptake, with exception of pregnan- 
cy and part of lactation, was 40 to 60 % higher. 

Introduclion 

Wake offal is widely used in the South East of 
Argentina as part of mink diets, because its price 
is competitive compared to cattle and poultry 
offal. However, there is some caution required 
when feeding mink with a high content of hake 
due to potential risks with some anti-nutrional 
factors, and also because the feed uptake may 
increase with the augmentation of fish offal in 
the diet. 

With regard to the nutritional properties of fish, 
Stout (1960) pointed out that some factors in Pa- 
cific hake may interfere with iron metabolism, 
bringing about anemia and undercoat decoloriza- 
tion. Nowever, Skrede (1978) found no adverse 
effect when feeding diets with a high amount of 
cod offal on fur quality and animal growth. Ad- 
ditionally, DiMarco and Maldonado (1990) re- 
ported that adult mink were fed with hake offal 
as the only source of protein with no adverse 
effect on animal growth and fur characteristics. 

In view of all these findings the present study was 
carried out to evaluate the effect of feeding mink 
during pregnancy, lactation and growth with 2 
levels of Iiake offal higher than in the conven- 
tional diet. 



Materlais and methods 

A feeding triali was carried out on a mink farm, 
close to Mar del Plata (Province of Buenos Aires, 
Argentina) from %ptember 1989 to dune 1990, to 
study the efflect of feeding mink wifh a higher 
content of hake than in cowveaitional diets. 

Three diets were used; a control diet (C) and two 
experimental diets: Dl and D%. The contro% was 
formulated with 55 % hake offal, 28 % cattle 
offal and 14 96 carbahydrates, and the two ex- 
gerimental diets were formulated with (%) 87:0 
and 73:14 hake and cattle offal, respectively, and 
12 % carbohydrates. Additionally, the three diets 
conlained 1 % sainflower oil. 

Thirty pregnant wiBd females, right after mating 
(20-9-89) were asigned to each of the experi- 
mental diets (B% and D%) and 10 to the reference 
diets (C). At birth, eacb group of dams fed the 
experimeatal diets (D1 and D2) was subdivided in 
6 groups of 10 dam$ with their kits, and fed as 
follows. Animals fed B1 during pregnancy were 
fed during Bactatiion either diets D1 i- 3 %  oil; or 
D2 or C. And animais from D2 were fed eitker 
diets D%, or D% + 3 %  oi1, or C. And araimals from 
C during pregnancy were fed the same diet dur- 
ing lactation. In all cases, the addition of 3 % oil 
was made by redueing the amount of hake by 3%. 

Aftes weaning, kit$ fed the control diet continued 
on the same feed, and those from the 6 experi- 
mental treatments (Dl -Dl; D1 -D2, D1 -C and 
182-D2, D2-D2 .o- oil, D2-C), were fed either diets 
Dl,  B2 or C until pelting. 

Feed intake was estimated by the difference be- 
tween the offered and refused meal placed in a 
tray inside the cage, during 4 days, at the middile 
of pregnancy, at 15, 30 and 45 days of lactation 
and 65 days of poslweaning growth. Also, at the 
middle of laclation, diet digestibility was mea- 
sured. 

The number of kits, weight at weaning (28-12- 
89) of dams and kits, and live weights during 
growth at 5,40,68 and 110 days o% weaning were 
recorded. Furs were individualized at pelting and 
pooled with the rest of the furs. Undressed, dry 
skins were visually rated by a fur grader accord- 
ing to a standard based on: Iength of the pelt, 
density and coverage of the underfur and guard 
hairs, luster, silkiness, depth of underfur and 
general fur quality. 

Intake during the 3 suckling periods was studied 
by regression analysis, using the number 0%' kits as 
independeat variable, and an equation to predict 
Pntake aceording to the days of lactation was es- 
tablished. Bther parameters such ais weights, 
number of kits and fur characteristics were com- 
pared by analysis of variance. 

Diet composition 
Tke weight of the ingredient from animal sources 
represented 85 to 87 % of the three diets, al- 
thokigh in C, 58 % was fish offal which increased 
to 73 % in D2 and 87 % in Dl.  Other components 
were similar, with exception OP cerelose: tbat was 
present only in C at 2 %. All treatments were 
fortified with the same mineral and vitamin mix- 
ture. 

According to tkeoretical estimations (NRG, %982), 
B1 was richer in proteins and poorer in lipids 
than C. Therefore, during the suckling period, oil 
was increased from 1 to 4 %, to raise ME from 
lipids to 48 %, lowering proteins to 44 95 of the 
ME. 

Diet 182 was also richer in proteins and poorer in 
ligids than C, therefore it was used in lactation 
and growth with two levels of oil, one ais during 
pregnaricy and supplemented with 4 % oil to have 
similar lipid and protein levels to Dl .  
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Table 1. Composition of the diets (1). 

Parameter Diet l (Dl) Diet 2 (D2) Control 
(T) 

Slaughter offal(2) 
Hake offal 
Corn gluten 
Wheat bran 
Flour by-product 
Cerelose 
Sunflower oil 
Energy/Prot (3) 
% ME as protein 
% ME as lipid 

(1) In lactation, oil in D1 increased from 1 to 4 % and gluten was replaced, in both diets, by 
blood meal in equal proportions. D2 was used in lactation as stated in table 1 and supple- 
mented with up to 4 % oil. 

(2) 36 % bovine liver, 28 % lung, 36 % rumen and omasum 
(3) Values were calculated from NRC (1982) 

Digestibility 
Dry matter (DM) digestibility of the experimental 
diets (70 %) was slightly lower than the control 
diet (79 %), which is in agreement with previous 
results in adult mink fed high levels of hake (Di- 
Marco and Maldonado, 1990). 

Digestibility depression could be related in part to 
the higher content of bones (ash) in high-fish 
diets, which can reach up 13 % ash versus 9 % in 
the conventional diet. Previously, it was observed 
that digestibility corrected by the faecal excretion 
of ash was not different among diets. The nega- 

tive effect of the ash in the diet was also pointed 
out by Skrede (1978a), who found that each 1 % 
of dietary ash was able to depress nitrogen di- 
gestibility by 0.6 %. Digestibility of the high fish 
diet might also depend upon the proportion of 
bones, meat, head and skin present in the fish 
offal (Skrede, 1978b). 

Intake during pregnancy 
Intake was unaffected by diet composition during 
pregnancy, where the average daily intake of the 
three diets was 2 13 g/head daily or 59.1 g/head of 
DM. 

Table 2. Intake of pregnant mink fed a conventional diet (C) and with high contents of 
fish by- products (Dl and D2). 

Intake D 1 D2 C Average 

Wet feed 
Dry feed 
% DM 

B Averages followed by equal letters do not differ statistically (p < 0.05). 



Pntake during lactation 
Intake during the suckling period depended upon 
the stage of Pactation, number of kits and type of 
diet. At the beginning of Bactation, the relation- 
shig between daily DM intake in g (Y) and the 
number of kits (X) was deserribed by the Eainction: 

Function 1 shows that the average consumption of 
feed, during the first 10- B 5 da,ys of lactation, was 
43.4 g for the dam and only 47 g per suckling kit. 
The exgieeted intake of wet feed with 28 % DM 
for a dam with 5 kits w9PI then be: 

Consumption of wet feed (g/d): 
(43.4 + (4.7 x 5)) / 0.28 = 2238.9 

The intake at the beginning of lactation was only 
15 % higher than the average intake measured 
duaing pregnancy (kable 21, and was not affected 
by the level of hake on the diet. 

At the middle of lactation, when kits were be- 
tween 30-36 days of age, the intake of the control 
diet was described by the equation: 

In midlactation the intake of DM per kit in- 
creased from 4.7 g to 12.7 g, which represents for 
a dam with 5 kits 410 g/day of feed, or 100 % 
more than in pregnancy. Animals fed experimen- 
tal diets showed intakes over and under the men- 
tioned values, but the average trend was similar to 
that described by equation 2 (fig. la). 

At the end of lactation, intake of the control diet 
for dams with kits aged 4 2 t o  48 days (fig. Ib) 
was described by the relationship: 

The additional intake of DM per kit increased 
from 12.7 g to 38.2 g in the last 15 days of lac- 
tation. The feed uptake of a dam with 5 kits 
would then be 851 g/day, which is 31 1 % higher 
than in pregnancy, and twice the intake observed 
B 5 dayc before. 

Intake at the end of laetation was on average 53.7 
% higher in both experimental diets (D1 and D2) 
eompaaed to the control (fig. Ib). From mid to 

end of lactation the consumption of feed increases 
with the number of kits (fig. 2). 

Fig. 1.a 

"' 
I i 

D L 1 6 8 1 0 

NI ir r l h t  ( i f  kit:: 

Fig. 1.b 

Fig. 1. Consumption of dry matter at 30 (a) and 
45 (b) days of lactation as a function of the num- 
ber of kits, for the control (C) and high fish offal 
diets (D1 and B2). 

From equations 1, 2 and 3, the following rela- 
tionship was established to predict the feed con- 
sumption of dams and kits at any time of Iactation 
(x). 

where (a) is the dam intake obtained by rounding 
the intercepts of equations 1, 2 and 3. (b) is the 
intake per kit, (n) number o6 kits, and (c) or 0.28 
in this case, is the average feed dry matter (table 
2). 
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a with and without oil supplementation did not 
show intake differences, and both diets D2 and 

n D1 in lactation presented 40 % of the ME as simi- 
lar to the control diet (table k). 

a) 
-Y loco Intake in growing mink u 
-&.J z- The average intake of a male and a female, of 19 
- weeks and 2.9 kg of weight, fed Phe control diet 
-u m 
3: ---< was '707.6 g of feed, or 205 g of DM/cage or 788 
LL U g DM/kg of body weight. This Is eiose to the re- 

O 
-- ---r-- -r ----T---- commendation of 65.7 oF DM/kg of body weight 

10 20 30 40 
0 for mink of the same age and weight (Ensrninger 

b y s  nf bctotim and Olentine, 1978). However, it is lower than the 
previous results of DiMareo and Maldonado 
(1990) who reported an intake s f  DM/kg of body 

Fig. 2. Predicted and observed feed uptake for a weight in 103.7 g in adult mink. The intakes of 
dam with 5 or 9 kits. (Filled square: 9 kits; Empty the experimental diets were between 55 to 65 % 
square: 5 kits). higher tkan in the control diet (table 4). 

Differences between intakes of the experimental 
and control diets, are hard to explain since D2 

Table 4. Consumption of feed in growing mink at 65 days postweaning. 

Diet Body weight (kg) Intake/cage Intake/kg Diff. 
Male + Female g/d m % 

Control (C) 2.9 

D1 3 .o 

D2 2.9 

a, b: Averages followed by equal letters do not differ statistically (p s 0.05) in the same co- 
lumn. 

The greater intake of the experimental diets is in 
disagreement with previous results (DiMarco and 
Maldonude, 1990) where the intake of an experi- 
mental diet similar to D1 was lower than the con- 
trol. In short, these results pointed out that grow- 
ing mink consumed 55 to 65% more when fed the 
experimental diets. This indicates that the feed 
uptake increases according to the proportion 0% 

fish in the diet. This should be taken into account 
for formulation of minimum cost diets. 

It seerns important to study the effect of different 
levels of lipids and/or carbohydrate in high fish 
offal diets on feed intake. 

Number of kits and body weight performance 
The effects of the diets upon body weight of 
d a m  and kits at weaning, and the number of 
weaned kits are shown in table 5. In general, dams 
fed conventional diets were heavier at weaning 
but body weight of the kits did not show a defi- 
nitive drift. Kits fed experimental diets seemed 
less developed during lactation. Nevertheless, 
dams and kits reached an acceptable body weight 
at weaning. Differences between treatments were 
of no praetieal importance (table 5). For example, 
kits whose mothers were fed the maximum level 
of Fisk offal (Dl) during pregnanncy and Pactation, 
weighed at weaning 798.9 g (males) and 61 1.3 g 
(females) and dams ended at 937.6 g. 



Table 5. Number and body weight of mink kits at weaning. 

DIETS 
Pregnancy Lactation 

PAWAMETERS AT WEANING 
Body weights 

Dams Mits Number 

D1 D1 + 3 % oil 937.6 798.9 61 1.3 5.1 

The average of weaned kits from dams fed the 
maximum of fish offal during pregnancy (5.1) 
was similar to dams fed constantly with the con- 
tro1 diet (5.8), which were below dams fed D2 
(6.4). Feeding a combination of diets in lactation 
after D1 or D2 in pregnancy did not improve 
animal performance. 

During postweaning growth, the increase of body 
weight was not affected by diet, reaching average 
weights of 2130 g and 1160 g for males and fe- 
males, respectively, at 110 days. Body weight 
changes are depicted in fig. 4, where it can be 
observed that weights for both sexes were slightly 
higher (non-statistically different) in the animals 
fed the experimental diets (D1 and D2). 

Fig. 3. Evolution of body weights in male and 
female mink fed two experimental diets (Dl, D2) 
or the conventional diet (C). 

Pelt characteristics 
The size of the pelts was not affected by the type 
of diet, as it was expected according to similari- 
ties of the animal weights. Between 30 to 40 % of 
males and 45 to 55 % of the female pelts were 
graded in the largest categories for each sex (more 
(han 77 cm and between 59.1 to 65.4 cm, respec- 
tively). 

Fur quality in terms of visual trade characteristics 
was similar in the 3 diets. Pmportant is to remark 
that the furs from each treatment of this study 
were individualized with colored tags and pooled 
with the fuïs from the farm, to avoid any bias at 
grading. 

The results of this trial show that diets with high- 
er levels of hake offal were nutritionally adequate 
to feed mink in all stages, since performance and 
pelt characteristics were not different from the 
conventional diet. However, the feed uptake was 
up to 65 % higher in late lactation and growth. 
From an economical perspective high fish offal 
diets can bring about benefits during maintenance 
of the breeding stock, pregnancy and part of lac- 
tation but thereafter, only if the total price of the 
diet is at least 65 % cheaper than conventional 
diets witk 30 % slaughter offal. 

Reformation of these diets with different 
amoaints of carbohydrate and or fat to lower the 
intake at the level of the conventional diets, seems 
to be of central importance. 
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I am grateful to Adrian Maldonado for the care, 
feeding and help during the development of the 
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Cocimano for her he%p with the translation of this 
paper. 
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In Mink Vaccines, Schering-Plough 
Is t he Leader in Innovation. 

S tate-of-the-art Iiealth protection for 
mink breeding stock and kits is firmly rooted 
in the quality, research and technical service 
for whicli Scliering-Plough Animal Healtli 
is famous worldwide. 

Behind each via1 stand generations 
of experience in developing innovative 
approaches to the control of mink diseases, 
and research tliat assures quality and effi- 
cacy. Today, Scliering-Plougli proudly carries 

on tlie traditions and record of achievement 
of ASL, pioneer in mink immunology. 

But most important-Schering-Plough 
is the leader in professional technical service 
to mink ranchers. . . supporting our prod- 
ucts and the people who use tliem with solid 
answers and practical solutions wlienever 
questions arise. For additional information, 
contact the nearest International Representa- 
tive listed below. 
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An estimation of usefulness of studies oin the 
karyotype polymorphism in selection of blue 
foxes. 1. Distribution of the pslymorphic forms 
and their reIationship with punctual estimation 
of phenotype, Individual index and body welght. 

M.Switonski, D. Lechniak, P. Przysiecki, A. Fi- 
listowicz, A. Pietrzak, D.  Landzwojczak. 

It is known (hat in populations of blue foxes the 
existing karyotype polymorphism (2n-50 or 49 or 
48) is caused by the centric fusion. On the fox 
farm in Sniaty (RSP Eubnica) cytogenetical stud- 
ies were undertaken with the main aim to increase 
the proportion of animals with 48 chromosomes. 
At the first stage of this project karyotypes of 334 
animals were studied. Among them the following 
frequencies: 46.4%; 42.5% and 11.1% of animals 
having 50, 49 and 48 chromosomes were obser- 
ved, respectively. 

It was revealed that animals with 48 chromosomes 
demonstrated higher values of the punctual esti- 
mation of phenotype and the individual index. An 
analysis of body weight was carried out on 66 
foxes. It was also found that animals with 48 
chromosomes achieved higher body weights. 
However, it should be mentioned that statistically 
significant differences were observed for the 
punctual estimation of phenotype (males) and the 
individual index (females), only. 

3 tables, 14 references. In POLN. Authors' 
abstract. 

An estimation of usefulness of studies on the 
karyotype polymorphism in selection of blue 
foxes. II. Relationship wlth reproductive per- 
formance. 

M. Switoloski, D. Lechniak, P .  Przysiecki, A.  Fi- 
listowicz, A. Pietrzak, D.  Landzwojczak. 

An analysis of some parameters of reproductive 

performance of blue foxes showed that animals 
with 48 chromosomes were better than the other 
two forms. In the case of females, it concerned a 
litter size at birth (8.73) and especially at weaning 
(7.48) - statistically significant differences. The 
values of these two parameters in femates with 49 
chromosomes were 8.33 and 6.41, but in females 
with 50 chromosomes, 7.76 and 6.03, respectively. 
Also body weight of cups at weaning was the 
highest in litters of females witk 211-48. However, 
it was also found that these females killed their 
pups more frequently than females of the other 
two karyotype forms. 

The reproductive performance of males was ana- 
lysed from the point of view of their sexual ac- 
tivity only. The following parameters were taken 
into consideration: number of matings during the 
reproductive season, date of the first and the last 
mating and duration of the reproductive activity. 
All above mentioned parameters were better in 
males with 48 chromosomes. 

The above relationships showed that propagation 
of animals with 48 chromosomes on blue fox 
farms is desirable. 

2 tables, 13 references. In POLH. Authors' 
abstract. 

Genetic parameters oP body welght of polar fox. 

A. Filistowicz, P .  Przysiecki, P. Los. 

Weritability of body weight and genetic, pheno- 
typic and environmental correlation coefficients 
among body weights measured at 3, 4 and 5 
months of age, at pelting time and after 
slaughtering were estimated. 

Heritability estimated from father9s component 
oscillated from 0.012 to 0.290, estimated from 
parent9s component from 0.357 to 0.628, estima- 
ted from mother's component from 0.602 to 1.170. 
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The greatest genetic (0.988) and phenotypic 
(0.944) correlation were found between body 
weight of foxes at pelting time and after slaugh- 
tering. 

The fathers of progeny which grew fast to 3 
months of age had lower results of genetic evalu- 
ation in comparison to tke body weight of prog- 
eny at 5 months age during pelting time and after 
slaughtering. 

The changes of the ilevels of the two analyzed 
traits were observed to depend on age, sex and 
breed of rabbits. The greatest changes depended 
on age. The level of AspBT groups as well as the 
ALAT activity were lower in  the tissues of older 
rabbits. 

Great substantial effects of age on the analyzed 
traits were confirmed by analysis of variance. 

2 tables, 8 references. In POLN. Authors' abstract. 
3 tables, 10 references. IN POLW. Authors' 
abstract. 

The effect of age, sex and breed on the LBH 
aetivity in the rabbits tissaies, 

The results o l  wsrk ori estalblishang highly fertile 
Bines of white New Zealand rwlblbits. 

S.  Niedzwiadek, B.  Bielanski, J .  Fijal,  M .  Rynski. 

The experimental material consisted of white New 
Zealand rabbits. After the analysis of pedigrees, 
two lines of rabbits N1 and N2 were established, 
each containing 200 females and 80 males. Five 
ful1 generations were analysed. Selection for re- 
production traits comprised the number of rabbits 
born and reared in each litter. 

Selective breeding allowed high indices of repro- 
ductory utility to be obtained. The average num- 
ber of rabbits per litter in the generation F5 was 
7.6 for N1 and 8.2 for N2. The achieved progress 
manifested itself as the increase in the number of 
rabbits born by 14.7. The number of rabbits rea- 
red per litter amounted to 7.2 and 7.6 which me- 
ant an increase by 18% for N1 and 20.6% for N%. 
The progress per one generation was about 2.5%. 

W .  Wilczewska, W. Stepkowska. 

The experiment was conducted on 70 and 140 
days-old rabbits New Zealand (Nz), Black Tan 
(Czp) and crossbreeds oE NzX (P Nz, d Czp) and 
CzpX (Q Czp, d Nz). 

The activity of LDH was determined in liver and 
kidney homogenates. The changes of the activity 
of LDH were observed to depend on age, sex and 
breed of rabbits. The greatest ckanges depended 
on age. 
The LDH activity was lower in the tissues of 
older rabbits. 

2 tables, 10 references. Ira POLW. Authors' 
abstract. 

Compa~rlsan oá the electrsphoretis pictures of 
blood serum proteins In difleerent varieties OP 
ccommon fox. 

1 table, 10 references. In POLN. Authors'abstract. 
A. Brodacki, C.  Jezewska, Z .  Rupec. 

The effect o% age, sex and breed oin the level o% 
AspAT and ALAT astivity in rabbi% tissoae. 

H .  Stepkowska, J .  Rysinska, A. Kolataj, E.  Bietr- 
zycka- Wilczewska. 

. The experiment was conducted on 70 and 140 day 
old rabbits New Zealand (Nz), Black Tan (Czp), 
and crossbreeds of NzX (a Nz, 9 Czp) and CzpX 
(d Czp, Q Nz). 
The concentrations OP AsgAT and ALAT activity 
were determined in liver and kidney homogena- 
tes. 

The aim of the studies was to determine diffe- 
rences between the electrophoretic pictures of 
blood serum groteins in five varieties of common 
colour foxes. With the helg of horizontal elec- 
trophoresis serum proteins were separated into 30 
- 35 striated classified into 19 subregions. In five 
subregions a variability was observed (hat has 
been described in literature. Slight differences 
were ~bserved in the phenotypic frequencies of 
serum proteins forms between individual varieties 
of common colour foxes. 

l kable, 1 fig., 13 references. In PQLN. Authors' 
summary. 
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The estimation of the effect of administered 
hormonal preparation on heat stimulation and 
synchronization In arctic fox females. 

A.  Frindt, M. Brzozowski, M. Bednarz, T .  Kaleta. 

The aim of the study was to attempt to estimate 
the effect of the hormonal preparation D-phe6- 
Gn-RN (VEB Berlin Chemie) classified in the 
group of gonadotropin hormones on heat stimula- 
tion and synchronization in arctic fox females. 
The investigations were carried out in 1987- 1989. 
The preparation was administered intramuscular- 
ly. The dose wm l00 kg per animal. Favourable 
influence of the administered preparation on heat 
stimulation and the improvement of reproduction 
indicators was observed. Barticularly, this effect 
was observed in primiparae and in females in 
which heat was late. The investigations comprised 
a relatively smal1 number of animals. Thus, ob- 
tained results should be confirmed in further 
detailed studies. 

3 tables, l fig., 4 rejs. In POLW. Authors' sum- 
mary. 

Regeatability of curve form oP electric resistance 
of vagina mucus of fox dams. 

P. Przysiecki, P .  Los, A. Filistowicz. 

Electric resistance of vagina mucus at succesive 
days of fox dams estrus was estimated. The curve 
type of electric resistance (A, B, C and D) of 
vagina mucus measured 4 days before and 4 days 
after the day characterized by highest resistance 
was measured with the use of an electric resistan- 
ce reading instrument and the number of values 
(l ,  2, 3 and 4) were assigned respectively. 
Repeatability and fenotypic correlations between 
electric resistance and succesive days of estrus 
were estimated. The greatest repeatability (0, 4) 
of electric resistance was found at the first day 
and the day of maximum resistance (O day). 
The curve type of vagina mucus resistance is 
characterized by relatively significant repeatabili- 
ty (0.38). 

2 tables, 4 rejs. In POLW. Authors abstract. 

Remarks and observations concerning technology 
of artificial insemination in fortes as a result of 
s poll. 

A. Frindt, M. Brzozowski, R .  Trojnar. 

The method of fox artificial insemination has 
been applied in farm gractice only in recent 
years. The first instruction coincerruiing this opera- 
tion was elaborate. Nowever, not all points were 
fully clear. Because of this faet the pol1 was sent 
to inseminators comprising questisns related to 
the technology of foxes insemination. Their re- 
marks and observations will be used for ela- 
boration of a new, broadened and supplemented 
version of instruction. 

In POLH. Authors' summary. 

Charaeterisitics of raceoon dog reproduction uri- 
der barm conditions. 

G. Jezewska, I. Kotual, J. Maciejowski, S .  Socha. 

The course and reproduction results of raccoon 
dogs reared in two farms were examined in four 
successive years. Significant differences were 
found in the dates of oestrus occurrence in fe- 
males from a farm in northern Poland (later oe- 
strus) as compared with those from a farm in 
western Poland. The factors differesitiating repro- 
duction results appeared to be environmental 
conditions (differences between farms) and age of 
females. Older females produced and reared more 
offspring than did younger females. 

3 tables, 2 figs., 6 rejs. In PBLH. Authors' 
abstract. 

Slimming o l  raccoon dogs in the pre-reproduc- 
tion geriod. 

B. Barabasz, A .  Zon, R .  d;rzy&. 

The aim of this study was to estimate the slim- 
ming rate of raccoon dogs and to define breeding 
procedures when preparing these animals for 
reproduction. The experiment was carried out om 
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64 raccoon Bogs, divided in 3 groups, aceording 
to body weight in November: I - males, over 10 
kg, females, over 8.5 kg; II - males 8.5-10 kg , 
females 8-8.5 kg; III - males under 8.5 kg, fe- 
males under 8 kg. The feed for all animals was 
identical and contained 0.565 MJ M.E./100 g feed 
and 15.3 g dig. proteir.i/MJ M.E. Feed consump- 
tion and temperature on the farm were controlied. 
Males in group I reduced body weight by 30.4% 
and mated 9.2 times on average, their sexual ac- 
tivity period being 26.9 days. Males in groups II 
and III reduced body weight by 28.6 and 23.6% 
respectively, and their mating results weae poorer. 
Best resmlts in reproductisn were observed in 
group III females; their body weight was reduced 
by about 18.496, in this group were lowest empty 
females (22.2%), the Iargest ilitter size (6.2), and 
kit mortality in this group was negligible (2.3%). 
Decidedly poorer results were obtained by fe- 
males of grsup I and IH, which lost body weight 
by 22.2 and 23.696, respectively. The study con- 
firined a possibiiity of considerable reduction in 
feeding raccoon dogs in the periock November- 
March. 

2 tables, 2 figs., l 1  refs. BPI POLW. Authors' ab- 
stract. 

Description of silver Eox females destroyang thelr 
Iltters in Bratotowka farm in 1881-1988. The 
influerace of age and the repeatabllity of behav- 
tour. 

T.  Kaketa, M.  Brzozowski. 

Using the breeding documentation of the Ba- 
torowka farm the age and breeding utilization of 
73 silver fox females killing cubs (at least once) 
were analysed. The control group comprised fe- 
males in which natural losses of cubs were ob- 
served about the country's mean. The majsrity of 
experimental females destroyed litters at the age 
of 4 years, being previously good mothers. 

3 tables, 6 refs. IPI POLH. Authors' abstract. 

Studies on the purposefalness sf sisirag biolagfeal- 
Iy active sabstances radministered in feed rations 
for youaig mink. 

used in feed rations om digestibility, growth of 
mink, antioxidant state of blood acdvity and skin 
histological structure of young mink was studied. 
Expeaimental animals had highes body weight 
than control animals. Bctter mink skins were also 
obtained from them. The preparations given did 
not increase h e d  digestibility. Thus, the author 
concludes that these substances do not work at the 
level of nutrient availabllity but at the cellular 
level 06 metabolism. 

6 re fs.  In POLH. Author's abstract. 

Dfgestlbliity of notrlents rand nitrogen regention 
in polar foxes fed with doses contaianing shrimp 
remnnants (Lemder dsgersw). 

M.O. Lorek, S .  Florek, I .  Wtdsiecka. 

The experiment was carried out on P2 polar foxes 
at the age of 4 months divided into three groups. 
The animals in group I were fed standard feed 
and were the control. In feed doses in the experi- 
mental groups, 50% of the meat in the k e d  was 
substituted with fressh shrimp remnants in group 
II and in group II% shrimg meal was used. Nutri- 
ent digestibility and nitrogen retention showed a 
negative effect of the experimental factor - that 
is that of shrimp remnants. 

B tables, 17 refs. In POLM. Authors' abstract. 

Thie digestibility sf autrlents and mltrogen aeten- 
tåon in ferret fed diet with slaughter biood and 
livex. 

H.  Bieguszewski, T .  Pietryga, B. Glowinska. 

The digestibility of nutrients and nitrogen reten- 
tion of 180 young ferrets were tested. To the meal 
dose of expierimental groups (DI-BIV), the fol- 
lowing additives were added: D1 - Prozen 
slaughter blood, DHI - slaiighter blsod conserved 
with sodium benzoate and sulphuric acid, %>III - 
Iivex, DIV - livex and syntlietic methionine. The 
experimental feeddiing did not have an un- 
favourable effect sn body weight and nitrogen 
retention. Decrease of  digestibility of organic 
matter and erude fat was noticed in ferrets fed 
tbe diet with livex. 

N.A. Balakiriev. 
5 tables, 7 refs. In PQLH. Authors' abstract. 

The effect of a few biologically active substanses 
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Studies on tlie fsod engineerilrag of psultry offal 
in the feedlng of Poxes. Bart I. Food enginieering 
of poultry offals. 

Studies oai the composltlon and sontent of eom- 
plete dry and granulated mixed feeds for foxes. 

J .  Slawon. 
J .  Slawon. 

Factors limiting the use of poultry offal in the 
feed for carnivorous fur animals are biologieal 
impurities, sliort storage life and presence of bio- 
logieally active substances. The aim of the studies 
was to work out industrial methods to eliminate 
these factors. As a result of laboratory and tech- 
nologieal tests a method was worked out to pro- 
cess the offals with the help of a destructor which 
sterilizes and dehydrates the product down to 
50.3-52.3 dry matter. The product, having a con- 
sistency of sausage pastry, protected with antioxi- 
dants, is ready to be fed or stored in a cola store. 

I table, 4 refs. In BQLM. Author's abstract. 

Studies on the bos8 engineerlag of poultry offral 
In tlie feeding OP foxss. Part II. Galealation of 
feed dose recipes witlin a high share OP prseessed 
offals. 

J .  Slawon. 

The usefulness of processed poultry offal in the 
fee for carnivorous fur animals was examined. 
Relatively low price and availability made their 
high share in the feed justified. In two successive 
breeding seasons, the processed offal was used as 
a feed component for young IOxes and mink. 
Metabolic energy from the offal in per cent of 
total feed energy ranged from 37.5-48.7s. Ana- 
lysis of body weight gains and hair cover quality 
of the experimental animals showed that feeding 
with 35% offal, which corresponded to 40% EM 
made it possible to obtain results similar to those 
of the control anirnals. 

d tables, 5 refs .  In PQLM. Author's abstract. 

The paper presents 5 year9s studies om the content 
and production technology of complete dry mixed 
feeds for young polar foxes as a substitute for 
fresh food to be used permanently or periodically. 
Studies were performed at the same time on two 
kinds of mixed feeds, that is, on tke complete dry 
mixed feed and on the complete granulated mixed 
feed. The dry mixed feed had been soaked in 
water before feeding and mixed with the tradi- 
tiorial food. The share oF metabolic energy from 
the dry mixed feed in the aeady-made food con- 
stituted 50 and 75%. The granulated feed was 
given to foxes 2 days a week during the whole 
period of rearing, and was the main source of 
food. The components for the feed were of Polish 
origin, well selected with regards to chemical and 
microbiological quality. Young polar foxees fed 
partly with the complete dry mixed feed reached 
a body weight and hair cover quality equal to 
those o% the control animzals. The foxes which 
were given the complete granulated mixed feed 2 
days a week had ful1 value hair cover and their 
body weight equalled or significantly exceeded 
that of the control animals. 

4 tables, l 6  refs. In POLW. Author's summary. 

Hernatslogieal indices and acid-base balance In 
ferret, fed a dlet wlth slaaighter blood and livex. 

B. Glowinska, W .  Bieguszewski. 

Hematological indices and acid-base balance pa- 
rameters caf l00 young ferrets were tested. To the 
meal dose of experimental groups (DH-DIV), the 
following additives were added: D1 - frozen 
slaughter blood, DII - slaughter blood conserved 
with sodium benzoate and sulphuric acid, DIII - 
livex, DIV - livex and synthetic methionine. The 
experimental feeding did not have any unfavour- 

.Unlortunaieiy ihis lab 15 funded only by  as  much gold 
as  we can m a h e  'rom bisrnulh 
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able effect on the morphological indices of ferret 
blood, electrophoretic picture of blood plasma 
protein and on aminotransferases activity. Addi- 
tion of conserved blood to the ration had an in- 
fluence on the gamma globulin of blood plasma. 
Decrease of blood pH, the level of bicarbonate 
and sum of base excess was noticed. 

3 tables, B refs. In POLH. Authors' summary. 

Use sf fox earcasses as a feed for carni~orou~ fur 
anlmals. 

B. Dzierzynska, A.  Swulinska, I. ArQrucka, E. Po- 
spiech. 

Experiments were carried out on 84 carcasses of 
the polar fox strain (Alopex lagopus). An 
emulsion and a carcass pulp were produced from 
eviscerated carcmses without heads, legs, tails and 
pelts. The experiments demonstrated that: 

- the chemical composition and biologieal values 
of fox muscles are as slaughter anirnals, 

- the emulsions were composed of lower 
amounts of protein than muscle tissues but this 
did not decrease their nsefulness as a feed, 

- the post mortem changes in the fox carcasses 
differ from these processes in porcine and 
bovine muscles. The increased storage life in a 
cold store in a freezer room is characteristic 
for the fox carcasses, 

- increased slaughter hygiene increases stability 
of the carcass pulps and the emulsions. 

2 tables, I fig.,  I I  refs.  In POLH. Authors'sum- 
mary. 

Effect of feeding on efficaey of nutria grsdue- 
ting. 

Tbe imgasvement oP rearing indices in polar 
foxes by nireans ob additional pug feeding. 

M. Rynski, S .  Niedzwiadek, P .  Bielanski, A. Zon. 

The introductory research comprising 72 litters 
proved that additional pup feeding should be 
started on the twenty-first day after bbrth. In the 
second phase 288 litters of polar foxes were 
examined. They were fed high protein and high 
energy mixed feed. The experiment groved that 
giving pups high protein mixed feed resulted in 
considerable improvement of rearing indices in 
young foxes. In the first2B days of life the losses 
in all groups of pups were uniform and amounted 
to 7.3-10.4 per cent. In the groups where the pups 
were additionally fed from the 21st day til1 wean- 
ing loss rate was lower than in the control. The 
lowest loss rate (3.4 per cent) was observed iii the 
group fed with high protein mixed Feed. 

2 tables, 7 refs. In POLH. Authors' summary. 

The Innfloenee of additional feeding on rearing 
indlaes in ferret pups. 

M .  Rynski, S .  Niedzwiadek, P. Bielanski, A.  Zon. 

The introductory phase of research eomprised 120 
ferret litters. It was establised that the seventeenth 
day after birth is the optimum time to start addi- 
tional feeddig. In the main phase 375 litters were 
examined. It was determined that additional Feed- 
ing of ferret pups with speciallly devised high 
protein and high energy mixed feed gave satisfac- 
tory results with regard to improvement of 
rearing indices. Pup losses decreased by 8 per cent 
food, in comparison with the animals not receiv- 
ing additional feed. Pups additionally fed with 
high protein and high energy mixed feed were 
characterized by considerably higher body weight 
at weaning in comparis~n with the controls. 

J .  Kuzniewicz, F .  Paluch, P. Los, Z .  Blszowski. 
2 tables, 5 refs.  In POLH. Authors' summary. 

Economical effectiveness of two different feed 
systems was estimated. Comparison of profitable 
feeds systems was found that can be used to re- 
duce calculations. Low feeding is connected with 
greatest expense compared to heavy feeding. 

2 tables, 3 refs. In POEH. Authors' summary. 

Effeet of anima1 nuanaber Ira cages on body weight 
of polar Eoxes. 

A. Filistowicz, P .  Przysiecki, J .  Kuzniewicz, P. 
Los. 

The litters for the experiment were selested by 
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analogy to number of kits (4, 5, 6, g), rate of 
males and females, date of birth and body weight 
of weaning kits. AI1 animals were kept for 5 
weeks after weaning in cages. The dimension of 
1 cage was: 200 x 100 x 100 cm. The number of 
animals in cage (from 4 to 8) in the ffrst month of 
the weaning didn9t influence significantly the 
daily gain. The rate of males and females and the 
number of kits in one cage significant influences 
the movement of growth at the different periods 
of life. 

length and strength of cover hair). Sex effected 
onlly extension of cover hair. The interaction of 
year x sex, group x sex, year x group x sex on all 
of the estimated physical traits was not observed. 

l table, 6 refs .  In POLH. Authors' summary. 

Determination oP hair density In skin of polar 
Norwegiara and Polish foxes and crossbreds. 

S. Kubacki, W .  Brudnicki, J .  Zawislak. 
l table, 6 refs. In POLH, Authors' summary. 

Effects of arnimal raambers Bri eages on some be- 
havisi- forms of pups polar Pox. 

A.  Filistowicz, D. Kiecon, P .  Las, P. Przysiecki; 
M .  Switonski. 

The litters for the experiment were selected by 
analogy to the number of kits in litters, number 
of males and females, date of birth and body 
weight of weaning kits. All animals were kept in 
cages. The dimension of 1 cage w=: 200 x 100 x 
100 cm. Behavior forms of polar fox pups 6 days 
after weaning were observed. Number of litters 
and rate of puppies, feeding time, the way of 
feed intake, frequency of fights, rest time and 
break in rest time and time of establishment of 
the hierarchy in the groups were observed. 

2 tables, 8 refs .  In POLH. Authors' summary. 

Effect of black-out cages oai some physical traits 
of underfur hair and cover hals od" polar fox. 

&raps of skin for histologieal investigation of 
skin tissue from Polar foxes were collected from 
three animal groeips (that is Norwegian, Polish 
and crossbred o Polish x o Norwegian) from two 
farms (Warlity and Zalesie). Together for eack 
farm during the years (1887-1989) 54 skin scraps 
xere  collected (18 pieees for each group). As a 
[esult of these investigations it was ascertained 
that the hair in the skin of Polar fox grows in 
:omplexes (hair formation group) with a different 
~ u m b e r  of elusters in a complex (from 1 to 3 or 
more). Complexes with one cluster exhibit the 
highest hair formation efficiency. According to 
+he investigated types of fox (Norwegian, Polish 
and crossbred groups) large differences appear in 
the structural participation. Most numerously 
represented in Norwegian fox are the double and 
threefold cluster formation, but in Polish fox a 
single cluster formation dominates. In general, 
hair formation efficiency in a complex is greater 
in Norwegian fox and the number of secondary 
hairs (S) on one original hair is formed from 35 
(Warlity) to 45 hairs (Zalesie). 

I table, 4 f i g s . ,  19 refs .  In YCILH. Atrthars' sum- 
mary. 

P. Przysiecki, I. Nurucka, A.  Cwikla, A.  Filisto- 
wicz, J .  Blasiak, P .  Los. 

Selected quality Indices oI hair cover in ferrets. 
Thickness, length, strength and extension of un- 
der fur and cover hair of male and female polar 
fox were compared. The animals were kept from 
1th of August til1 30th of September in 1989 and 
1990 in black-out pavilions and the control group 
was kept in non black-out pavilions. Black-out 
cages have a detrimental effect on mature cover 
hair development, but not significantly on the 
strength of underfur hair and thickness, nor 
liength and extension the botk ports of polar fox 
hair. It was found that year was the most irnpor- 
tant factor whick Snfluenced the estimated physi- 
sal traits of hair (extension of under fur kair, 

M. Piarkowska, S. Niedzwiadek, G. Palimaka- 
Rapacz. 

The exabmination comprised 72 skins of young 
ferrets obtained after achieving fur maturity. A 
Iaboratory method was applied to evaluate the 
pellts. It w@ isdetermined that the hair cover is 
charaeterized by high volume and the diameter of 
underfilar hairs is similar to (hat of mink and con- 
sidesably higher than in nutria and rabbit. Com- 
pared with other species it has been determined, 
by measuring the guard and under fur hair 
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length, that ferret pelts should be viewed separa- 
tely as belonging to the medium hair group. The 
density of underfur w= low and that of guard 
hair relatively high. 

l table, l fig., l 3  refs. In POLH. Authors'sum- 
mary. 

Comparison of hair cover colour in Greenland 
and steel-siiver coypus. 

R.  Cholewa, J .  Gedymin. 

For more exact and objective evaluation of hair 
cover colour in Greenland and steel-silver coypus 
a colorimeter was used to determine 293 hair 
samples taken from the centre of the posterior 
half of the right side. The colaur was character- 
ized by the tone (Ad), saturation (Pe) and photo- 
nnetric brilliance (Y%). A high similarity was 
found with regard to the colour quality factors, 
that is tone (Ad) and saturation (Pe). Photometric 
brilliance appeared to depend upon the hair cover 
colour in both coypu varieties. 

Gage-hoiising of muskrats. 

W.L. Shevyrkov, T.Yu. Antipova. 

Possibilities of adapting muskrats to cage-housing 
were examined. Over 50% of the femafes were 
transported about 11200 km from the place they 
were caught and produced offspring in the same 
year. The authors examined the bsdy weight in 
larger and smaller groups. The best results were 
obtained when two animals of opposite sex were 
kept in one cage. It was noticed that males from 
early litters (until July 12) and from late litters 
(middle of July til1 the end of August) developed 
equallly well and all of them reached sexual ma- 
turity in the spring of the following year. Their 
maturity was determined on the basis of the te- 
stosterone level in blood. 

Q refs. In POLH. Authors' summary. 

An attempt to adapt muskrats to cage housing 
conditions wlthout a. swlmming-pool. 

R.  Cholewa. 
I table, 4 refs.  In POLW. Authors' summary. 

Establishing optimum number of animals per 
cage for fur-bred raccsom dogs. 

P.  Bielanski, A. Zon, S .  Niedzwiadek. 

The experiment csncerned 378 raccoon dogs dur- 
ing the period from weaning til1 slaughter and 
was carried out at Chorzelow fur animal farm. 
After weaning, in the 6-7th week of life, raccoon 
dogs were divided in three experimental groups 
and kept in cages; group I - 1 animal per cage, II 
- 2 and III - 3. The experiment proved that the 
number of animals per cage had no influence on 
growth and development of raccoon dogs. Ani- 
mals from all groups aclrieved, before slaugh- 
tering, uniform, high body weight from 8652 g in 
group I to 8722 g in group III. Organoleptic eva- 
luation of pelts proved the pelts of raccoon dogs 
kept individually in cages to be better with regard 
to size and quality. 

4 tabbes, I2 refs. In POLH. Authors' summary. 

To increase our knowledge about cage housing of 
muskrats (Ondatra zibethica L.) without a swim- 
ming-pool, studies were carried out on the repro- 
duction, growth and skin quality of muskrats. 
Typical cages used for foxes and mink were re- 
adapted. The studies were conducted for 4 years. 
The offspring came from 30% of the females, 4.5 
offspring per mother, on average. Until4 weeks 
of age 3.6 offspring were reared. The type of 
housing had little effect on the result. Rowever, 
monogamous breeding gave better results than 
that of a harem type. The size of the animals was 
larger (kan that of those at large, but the skin 
quality was similar. 

3 tables, 8 refs. In POLH. Authors' summary. 

W .  Scheuring. 

Testing s f  P059 slaughter coypus seemingly 
healthy and 43 siek anlmals during one year 
(1984-85), stated that: 
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1. Infection level with intestinal parasites was 
38.9% (hernatodosis - 28.5% and coccidiosis - 
19.5%). 

2. Six species of Coccidiae were discovered - 
three of them are new for Polish paraitofau- 
na, they are: Eimeria myopotami, E.nutriae 
and E.fluviatilis. 

3. Clinical and sectional forrns of coccidiosis in 
the intestinall epithelium from duodenum lo 
rectum were eaused by E. coypi in the given 
period of time. 

4. Seasonal incidence in extensity of coypu coeci- 
diosis (June - September). 

3 tabtes, 3 jigs. PPI PBEN. Authors' summary. 

The Inifluenee of baeeding eonditioas on tke oe- 
cmrrenee r8f Elmeira Ira nutria. 

A.  Balicka-Laurnas, S.  Niedzwiadek, A. Ramisz. 

Standard nutria both bred in cages and in enclo- 
sures with waler pools were examined. The total 
number of exarnined faeces samples was 300 in 
which 168 were from nutria bred without water 
pools and 132 with. Three species of Eirneria 
were found (E.pellucia, E.seideli and E.coypi). 
Dlfferences in intensity and extent of contagion 
with coccidia depending on tke system of breed- 
ing were found. A greater extent and intensity of 
contagion was present in nutria bred with water 
pools. A positive result was present in 91.7 per 
cent of faeces samples with an average intensity 
of 37 11 8 oocytes per 1 g of faeces. The respective 
values for nutria bred without water pools were 
88.1 per cent and 732 oocytes per 1 g. 

.l table, 13 rejs. In POLW. Authors' summary. 
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