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F u r  . A n i r n a l  D i v i s i o n  

Notes 
SCIENTIFUR 
Vol. 20, No. 1 
February 1996 

Welcome to the new Fur Animal and SCIENTIFUR 
year where we can all feel optimistic due to the 
recent auction prices especially of foxes, but also of 
mink. 

We in IFASA and SCIENTIFUR can look back on 
a year when the trend regarding number of members 
as well as subscribers increased slightly. Together 
with the economic increase in the fur business this 
gives us the best hopes for the nearest future. 

Also in the area of contributions to SCIENTIFUR 
in the form of original reports and reports to be 
abstracted there has been a remarkable increase. On 
this basis- and because we find it essential to get all 
this information to our readers as soon as possible, 
we have decided to accept the extra costs and work 
involved in publishing SCIENTIFUR No. 1 as a 
double number. We hope this initiative will be 
appreciated and that you will get the necessary time 
to consume all the important information in this 
issue. 

As many of you will already have realized when 
you received our 1996 invoice, the membership fees 
and subscription pnce are unchanged from last year. 
To help us, please settle your invoice as soon as 
possible. 

At the end of 1995 and SCIENTIFUR VOL. 19, we 
have updated the SCIENTIFUR ELECTROMC 
INDEX so that it now covers all reports, abstracts, 

and titles published in SCIENTIFUR VOL. 1-19, 
i.e. totally more than 7000 titles mainly of scientific 
reports regarding fur animal production. With this 
index and the complete volumes of SCIENTIFUR 
in hand, you have access to by far the largest data 
bank regarding fur animal science. 

THE PRICE FOR ALL THAT: 

1. Updating of existing SCIENTIFUR 
INDEX . . . . . . . . . . . . . . . . . .  NOK 200.- 

2. SCIENTIFUR INDEX 1996, 
IFASA members . . . . . . . . . . . .  NOK 350.- 

3. SCIENTIFUR INDEX 1996, 
others . . . . . . . . . . . . . . . . . . . .  NOK 500.- 

In case of prepayment, postage is included. 
Payment by bank cheque in NOK must be added 
NOK 50.- Payment in foreign currencies must be 
added NOK 80.- 

Payment by credit card: Eurocard, Diners, Amer- 
ican Express, and Visa are accepted without any 
extra costs. Wnte card number, expiry date, and 
name of card holder plus the name of the card 
you want to use for payment. 

It is very important for our costs that payment by 
cheque is accompanied by the additional payments 
mentioned, and that as many as possible pay by 
postal cheque or credit cards. 
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All our members who have been registered - pri- 
marily - as participants of the VITH INTERNA- 
TIONAL SCIENTIFIC CONGRESS IN FUR 
ANIMAL PRODUCTION, WARSAW, POLAND, 
21-23 AUGUST, 1996 have received the 2nd 
announcement of the congress. 

Hopefully, many of our colleagues will have the 
opportunity to participate in this congress which is 
the best possible forum for professional as well as 
social contacts with colleagues in fur animal sci- 
ence. 

If any of our readers have any questions regarding 
registration etc., please do not hesitate to contact the 
secretary of the congress: 

VITH INTERNATIONAL SCIENTIFIC CON- 
GRESS IN FUR ANIMAL PRODUCTION 
C/O Dr. Marian Brzozowski 
Polish Society of Animal Production 
9 Kalinska Street 
PL-02-316 Warszawa 
Poland 
(Tel./fax: 4822 221 723) 

PLEASE HELP US!!! It would help us trernen- I 
dously if contributors of original reports would - 
whenever possible - enclose a diskette, 3.5" 
WordPerfect, preferably vers. 5.1, with the ma- 
nuscript. Thank you so much in advance for your 
consideration. 

Have a good time until our next issue. 

Best regards 

Your optimistic editor 
Gunnar Jorgensen 
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Original Report 

Structural and functional features of the pineal gland of 

silver foxes: Changes under the effect of domestication 
LA. Kolesnikova 

Institute of Cytology and Genetics, Novosibirsk 

Summary 

The results of morphofunctional analysis of the 
pineal gland in relatively wild and domesticated 
silver foxes are presented. It was shown that not 
only the morphological and functional state of the 
pineal altered in domesticated males and females, 
but also the course of changes in the functional 
activity, when related to age, season and phase of 
reproductive cycle. 

Introduction 

The pineal gland, a tiny organ located near the 
center of the brain, was thought to be a vestigial 
appendage until about 30 years ago. Numerous 
investigations have revealed that the pineal is one of 
the most universally acting organs in the body, 
being involved in the control of endocrine and re- 
productive physiology; more than that, its main 
hormone has been shown to be a potent free-radical 
scavenger (Reiter, 1993). Until recently, the mor- 
phology and physiology of the pineal was studied 
mainly in laboratory animals, while the literature 
concerning its activity in wild or domestic animals 
was scant. Our group become interested in the mor- 
phology and functional state of the pineal of silver 

foxes and focused studies on the possible tran\for 
mation of some characteristics related to the reprt.- 
ductive capacities of animals in man-made en\ i r tw  
ments. 

Many mamrnals have lost seasonality of repri~lh 
tion and some monoestricity under the effr~t  < t !  

domestication. It is known that this inherent p'ittrrn 
of sexual activity has been stabilized by n.itiira! 

selection and, hence, hereditary diversity is minirrul 
D.K. Belyaev has theoretically demonstrated thc 
important role of behaviour in hereditary reorganiw 
tion of the morphological and functional system\ in  

wild animals in the course of domestication (BPII<J 
ev, 1962). The experiment with selection of si1 t er 
foxes for domestic behaviour carried out at rhe 
Institute of Cytology and Genetics provided suppon 
for his ideas. 

Foxes are strictly monoestral in natura1 conditions. 
Their mating season starts by the end of January 
and lasts almost to the end of March, i.e., it is coin- 
cident with the period when the duration of day 
light increases. As expected, strict selection of foxes 
for absence of aggressive-defence responses to 
humans (domestication) produced correlated changes 
in the function of their reproductive system. In 
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domesticated foxes, onset of the mating season 
shifted to earlier than the usual dates (Belyaev, Trut, 
1983). In some individuals, the reproductive system 
was activated outside the regular period, i.e., in 
December, in late spring, or, what is noteworthy, in 
autumn, when day light shortens, some foxes de- 
monstrated the features of second sexual activation 
during the same reproductive season (Belyaev, Trut, 
1983). These deviations may mean "abolition, or 
weakening, or, finally, change in the type of photo- 
periodic control of this vitally important function" 
(Belyaev, 1972, p. 43). 

It is accepted that the duration of day length is 
crucial in reproduction onset and that the pineal 
gland has an important role in mediating light sig- 
nals, because it is involved in synchronization of 
rhythmic activities of organ systems under environ- 
mental lighting (Reiter, 1984, 1993; Armstrong et 
al., 1986; Wayne et al., 1988). The pineal acts as a 
neuroendocrine transducer, a specific organ con- 
verting information of neural nature concerning light 
into hormonal, thereby making visual information 
available to all tissues and organs. This allows the 
organism to synchronize physiological rhythms with 
geophysical, such as diurnal and seasonal. 

The secretory product of the pineal contains compo- 
nents of indole nature, such as serotonin, melatonin 
and their metabolites (De Martino et al., 1963; 
Arstila, 1966; Reiter, 1991). The two step conver- 
sion of serotonin into melatonin, the main pineal 
hormone, is light-sensitive; the involved enzyme N- 
acetyltransferase is 10-100 fold more active in the 
dark than in the light. Variations in melatonin con- 
centration, which are directly related to the light 
regime, can be biochemical components of the 
biological clock, passing important time-of-day and 
seasonal information to all cells and serving both as 
a clock and a calendar (Klein, Weller, 1970; Reiter, 
1993, 1994). 

The mammalian pineal gland has evolved from the 
pineal of lower vertebrates. Its major part is the 
parietal (the so-called "third") eye. It has all the 
attributes of a light-sensitive organ, the cornea, the 
lens, the retina. Thus, the parenchymous cells of the 
marnmalian pineal gland, secreting biologically 
active substances into blood, have derived from the 

photoreceptor cells of the "third" eye of the lower 
vertebrates. This substitution is a unique example of 
evolutionary plasticity. The rnicroevolutionary plas- 
ticity of the pineal has also been noted. Even close- 
ly related species sharply differ in size and histolo- 
gical organization of the pineal, which are under the 
control of ecological conditions (Guello, Trames- 
sani, 1969). It has been suggested that the amount 
of pineal tissue and specificity of its histology are 
traits of adaptive significance and that the pineal 
may undergo both functional and morphological 
changes, when ecological conditions alter (Kolesni- 
kova, 1987). 

Materials and methods 

The aim of this study is to compare the morphologi- 
cal indices of the physiological activity of the pineal 
in unselected (relatively wild) and domesticated 
silver foxes. The pineal is examined here as an 
organ mediating the effect of photoperiodicity on 
reproduction with the use of stereological analysis 
of simi-thin sections. 

In analysis of the morphofunctional state of the 
pineal taken into account were: the absolute and 
relative weights, the ratio of parenchymous and 
stromal elements, the numbers of light (more ac- 
tive), dark and intermediate types of pinealocytes, 
their sizes, diameter, volume, surface area of cells, 
and nuclei, and, in a number of cases, the concen- 
tration of serotonin and melatonin in the pineal. 
The pineals were isolated from foxes killed by 
electric shock, and fixed in 0.1 M solution of para- 
formaldehyde in a phosphate buffer (pH 8.0). The 
procedures used to make the preparations were tlie 
same as in routine electron microscopy. 0.8 rnkm 
serni-thin sections were stained with toluidine blue. 
The concentrations of serotonin and melatonin in 
pineal tissue were determined according to Miller 
and Maikel (1970). The estimates obtained in No- 
vember-beginning of December for a large number 
of previously mated females bf the commercial 
population were used as reference standard for 
studying changes due to selection for tame behav- 
iour, as well as sex, age, season and stage of the 
sexual cycle. All foxes were maintained under the 
same conditions at the Experimental Fur Farm near 
Novosibirsk. 
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Three groups were under observation: (1) relatively 
wild, the commercial population, (2) foxes, subjec- 
ted to selection for absence of aggressive-defense 
responses to humans (domesticated) with strictly 
rhythmic reproduction, and (3) domesticated, show- 
ing certain forms of extraseasonal sexual activity. In 
one experiment (Table 7), foxes, which were 
selected for aggressive responses to humans (ag- 
gressive), were used. 

Results and discussion 

Histological characterization of the fox pineal 
The first morphological data for the silver fox pine- 
al were obtained in relatively wild adult females 
during cornrnercial sacrifice at the end of Novem- 
ber-beginning of December. The daylength is about 
8 hours in the latitudes of Novosibirsk at this time 
of the year. Morphological analysis and hormonal 
assays evidence that some foxes already then show 
signs of preparation for mating (Kolesnikova et al., 
1985). 

The pineal gland of foxes is a smal1 organ: at an 
average body weight of about 5 kg, its weight is 2.8 
mg. In closely related species, the gland is larger, 
about 4 mg at the same body weight in the fann- 
bred polar fox and it is almost an order of magni- 
tude heavier in the dog (Khelimsky, 1969~). To 
compare, the pineal is about 1 mg in the adult rat 
with a body weight of 200-300 g. The weight of the 
pineal in foxes shows wide individual variations 
from 1.1 to 6.5 mg. The variations were not associ- 
ated with significant structural differences; no consi- 
derable age-related differences in pineal weight were 
observed. 

In foxes, the pineal is kidney-shaped. In the majori- 
ty of cases, a superficial transversal groove crosses 
the more convex dorsal aspect. The pineal is occa- 
sionally divided into two identical lobes attached to 
the pineal stalk. Like in other marnmals, the pineal 
gland of foxes is covered by the connected tissue 
smooth-surfaced membrane, and its dorsal surface is 
covered by the meningeal membrane. Chromato- 
phores render the pineal membrane grey (Khelimsky, 
1969~) .  In this study, approximately 30% of the 
pineals appeared greyish during autumn-winter 
observations. The stroma of the fox pineal consists 
of vessels, branching in their course, and associated 
with connective tissue cells and fibrillar structures. 

Unmyelinated and occasionally myelinated neural 
fibres innervating pineal parenchyma pass into the 
gland as a part of nn.conarii (Kappers, 1960). Par- 
enchyma is structurally homogeneous, no distinct 
cell groups or connective tissue septa were revealed. 
Division into peripheral and central zones in autumn 
is hard to distinguish; the brain sand, a complex of 
calcium salts with byproducts of pineal hormono- 
poesis (Khelimsb, 1969b), detected in aged humans, 
was not revealed in the pineals even of 8-9 year old 
foxes. 

The shape of the parenchymous cells is irregular; 
the nuclei are relatively large and oval. Based on 
staining intensity, the nuclei of pinealocytes may be 
divided into light, dark, and intermediate. These 
differences are made apparent by all the staining 
techniques. The light nuclei are larger. Their boun- 
dary with cytoplasm is clear-cut. Chromatin clumps 
are on the nuclear periphery, closely adhering to its 
membrane. The nucleolus then has the appearance 
of a large, dense, occasionally the sole, accumula- 
tion of chromatin. The dark nuclei contain finely 
dispersed and more uniforrnly distributed chromatin 
in karyoplasm. The nucleolus, as a rule, is hardly 
discernible. Cell cytoplasm around the light nucleus 
is more abundant and it occasionally appears lighter, 
however, no particular differences in its density and 
stainability were detected. Obviously, the light and 
dark nuclei in the pineal of the fox are counterparts 
of those described in other mammals (Quay, 1962; 
Arstila, 1966). 

According to electron microscopic data distinctive 
features of the light cells include a smaller number 
of mitochondria and free ribosomes in the cy- 
toplasm, lower electron density of the nucleus and 
a larger amount of a granular reticulum surrounding 
it (Arstila, 1966; Chasov, lsachenkov, 1974). This 
subdivision is somewhat tentative because differen- 
ces between cell types and their nuclei are mainly 
quantitative. Moreover, there is a wide variety of 
intermediate staining intensities with predominance 
of features of light or dark cells and nuclei. It ap- 
pears more correct to regard cells differing in stain- 
ing as representatives of different functional states 
which are morphologically and physiologically 
identical (Arstila, 1966; Satodate et al., 1970). 
Mitoses in pinealocytes of adult foxes are extremely 
rare, as previously reported for another animal 
(Quay, Levine, 1957; Khelimsky, 1969b). 
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There are granular inclusions in the cytoplasm of 
part of the pinealocytes. In foxes, the majority of 
such cells lie in the periphery of the gland near the 
connective tissue capsule. The number of cells with 
granular inclusions varies widely, without being 
appreciably related to age and pineal weight. The 
inclusions have the appearance of rounded homoge- 
neous granules intensely staining by the Gomori- 
Gab technique like hypothalarnic PAF-positive 
neurosecretion. The same has been observed for 
rodents (Milofsb 1957). The same has been obser- 
ved for rodents (Milofsky, 1957). The frequent peri- 
vascular location of granular accumulations suggests 
that the biologically active substances they contain 
can be released into the blood. Such granules have 
been described in the pineal of other mamrnals and 
man; they are thought to contain lipids, melatonin 
and serotonin (De Martino et al., 1963; Osinchak, 
1963; Arstila, 1966). Granules in the fox pineal 
stain for lipids with Sudan III. They change in 
colour from native dark brownish to light yellow, 
when treated with hydroxyperoxide, and this may be 
evidence for the presence of melanin. 

It should be recalled that research on pineal secre- 
tion stopped in the sixties. It became lirnited to 
morphological descriptions of secretory material. 
Attention of pineologists shifted to the biochemistry 
of melatonin and term "secretion" was used, when 
comparing melatonin concentration in pineal tissue 
and plasma. In spite of some evidence that this 
process can be intense, and, hence, controlled, it 
was assumed that it is passive because of high 
melatonin lipophility. This attitude is not consistent 
with the numerous processes in which the pineal 
virtually participates. 

Morphofunctional state of the pineal in relatively 
wild and domesticated female foxes outside the 
mating season 
The most conspicuous and highly significant effect 
of domestication was an almost 25% decrease in 
pineal weight (Table 1). This raised the question: 
Was the reduced weight of the pineal gland due to 
a decrease in the number of the volume of pinealo- 
cytes, the major elements of pineal parenchyma? 

Pinealocyte counts by the dissociation method (Be- 
lov et al., 1975) demonstrated that their number per 
mg of pineal tissue of the relatively wild is smaller 
than that of the domesticated females. It is note- 

worthy that their number in the whole pineal was 
virtually unaltered, being 375.000 in Gr. 1 and 
368.000 in Gr. 2. Indirect analysis of the weight of 
parenchymous cells and stromal elements provides 
evidence for a proportional decrease in these char- 
acteristics in domesticated females. 

Analysis of cell composition, sizes of the nuclei and 
cells of different types in pineal parenchyma at the 
very beginning of preparation to mating showed that 
its activity as an endocrine organ in domesticated 
foxes is decreased compared to relatively wild coun- 
terparts. Thus, there was an increase in the number 
of the less active dark cells, and, accordingly, in 
their total volume and the surface area of their 
nuclei. There was a parallel decrease in the ratio of 
the light to dark nuclei per area unit, in the volume 
of the more active light nuclei, in the relative vo- 
lume and surface area of nuclei of all types and in 

the number of cells containing secretory granuh 
(Table 2). 

Such changes may evidence that basal metrihd~~ 
rate (nonspecific protein synthesis) is suppn.\\cd 
the number of cells containing PAF-positive m.itzrt 
al, as well as scores for their amounts, demon\tr~tc 
that the pineal parenchyma of domesticated foie.\ 
contains much less secretory material. According 111 

the data in the literature, the pineal secretop pr- 
duct may contain melatonin, on the one hrind ar4 
melatonin has an inhibitory influence on the rrprih 
ductive system, on the other hand. With ID 

mind, the decrease in pineal activity during prejl.ir.9 
tion to mating may be one of the reasons uh! ck* 
mesticated foxes become sexually active earlier t h ~ n  
relatively wild foxes. 

Morphofunctional state of the pineal in relati\ r11 

wild and domesticated foxes during the estral pcrro(1 
Females of the two behavioural groups were taken 
in autumn; the groups were composed of foxes. 
which had been involved in matings, showing iio 
abnormalities of the reproductive function and no 
deviations from strict seasonality. The pineal was 
removed on the day after mating. The period during 
which the unselected females came into estrous 
lasted from February 6th to March 2nd. In the do- 
mesticated foxes, this period lasted from January 
30th to March 21st. Thus, when adjusted for other 
characteristics of sexual activity, the two groups 
were not identical with respect to heat onset. 
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Table 1. Morphological features of the pineal in relatively wild (1) and domesticated (2) foxes 

*: the differences are significant by Student's t-test. 

Group 

1 

2 

Table 2. Characteristics of the morphofunctional state of the pineal in relatively wild (1) and domesti- 
cated (2) foxes at the period preparative to mating 

Weight of the 
pineal, mg 

2.81 4 0.08 
(1 11) 

2.12 + 0.06" 
(1 16) 

Table 2 continued 

Relative volume 
of nuclei of all 
ty Pe 
units/thousands 

Group 1 
821.2 ir 0.09 
(5) 

Group 2 
558.5 0.07" 
(5) 

*: the differences are significant by Student's t-test 
**: the differences are significant by Fisher's test 

Number of pinealocy- 
teslmg (thousands) 

134 + 35 
(7) 

174 i 46 
(7) 

Weight of pinealo- 
cytes, mg 

1.95 t 0.26 
(5) 

1.22 -1 0.20" 
(5) 

Total surface 
areas of nuclei of 
all types, mm2 

657.61 + 64.21 
(5) 

424.81 2 68.95" 
(5) 

Weight of stromal 
elements, mg 

1.05 + 0.10 
(5) 

0.66 o 0.08" 
(5) 

Ratio of light 
to dark nuclei 

2.0 + 0.11 
(20) 

1.7 + 0.09 
(17) 

Total surface 
areas of dark 
nuclei, mm2 

66.16 + 4.97 
(5) 

93.52 + 4.49" 
(5) 

Relative volume 
of dark cells, 
unitslthousand 

202.40 + 8.2 
(5) 

256.00 -i 16.3" 
(5) 
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Table 3. Morphological features of the pineal in relatively wild (1) and domesticated (2) female foxes 1 
during estrous 

*: differences are significant by Student's t-test. 

The pineal weight of domesticated females remains 
significantly smaller; there are no differences com- 
pared to the estimates for autumn (Table 3). How- 
ever, both groups showed similar signs of pineal 
activation. 

The vessels of parenchyma, especially of its central 
zone, were dilated, filled with erythrocytes and the 
boundary between the zones became more distinct 
than outside the mating season. The peripheral zone, 
where the cellular elements are denser than in the 
center, contains abundant cells with light nuclei. 

However, the two behavioural groups and the two 
periods of the year do not differ in the ratios of the 
light to dark nuclei, characterizing the activity of 
parenchyma, and also in the linear density of the 
nuclei, characterizing the relatively proportion of its 
cellular and connective tissue elements. Cells with 
granular inclusions were mostly located in the peri- 
phery, like during the period of preparation to ma- 
ting. 

The mean volume of all types of pinealocytes, as an 
integral index of pineal activity, was the same in 
foxes of both groups. However, its increment was 
markedly different compared to the period of ane- 
strous: nuclear volume increased by 18.6% in the 
relatively wild and by 42.3% in the domesticated 
females (fig. 1). The increment in the arnount of 
granular material was also larger in the tame foxes, 
but remained smaller than in Gr. 1. 

Fig. 1, Changes in indices of the pineal activity in 
relatively wild and domesticated foxes during 
estrous as percentage of estimates obtained during 
anestrous. 

The decrease in the amount of granular material at 
virtually the same volume of pinealocyte nuclei may 
evidence for enhanced secretion at the time of 
estrous, i.e., for higher hormone releasing activity of 
the pineal. It appears likely that the sharper changes 
in the activity of the pineal involved in the regula- 
tion of reproduction may partly have produced 
changes in heat onset in domesticated foxes. It is of 
interest that the indices of pineal activity in do- 
mesticated foxes differ not only at the time-points 
of comparisons, but also in the time course of 
changes. 
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This supports the view that complex and different 
mechanism are engaged in the regulation of the 
sexual cycle and also suggest that there are several 
pathways for achieving the effect within each mech- 
anism (the pineal in the given case). 

Morphofunctional state of the pineal in female foxes 
showing evidence of extraseasonal sexual activation 
The group of domesticated foxes showing once or 
repeatedly signs of extraseasonal heat during their 
reproductive life history was of particular interest 
(Gr. 3). Their extraseasonal sexual activity was 
confirmed by the condition of their genitals and 
composition of vaginal smears. Regardless of the 
time of extraseasonality, the pineal was taken in 
autumn, during preparation to mating for all foxes 
with normal rhythmicity. Their indices of pineal 
activity were compared to those of the relatively 
wild and domesticated foxes showing strict seasona- 
lity. 

While foxes of the three groups did not differ in 
body weight, the absolute weight of the pineal of 
foxes showing signs of extraseasonality (Gr. 3) was 
considerably and significantly lower not only than 
in Gr. 1, but also than in Gr. 2, being 1.83k0.08 mg 
(n=70). As a result, the difference in pineal weight 
between foxes of Grs. 1 and 3 reached almost 1 mg, 
33% of that in the relatively wild foxes. Pinealocyte 
counts demonstrated that their number per mg of 
pineal tissue increased with decreasing weight, 
pinealocytes in the whole gland was 368.000, Le., 
not different from that in Gr. 1 and 2 (Kolesnikova 
et al., 1988). 

As noted, the pineal cells in silver foxes do not 
divide and rnitoses are exceptional. Cell number in 
the pineal of adult foxes does not change during 
their lifetime, presumably being determined by its 
number in the embryonic pineal. The fact that pine- 
alocyte number does not differ in all the studied 
groups justifies the belief that selection for behav- 
iour does not produce correlated changes in the 
number of pinealocytes during embryogenesis. Re- 
organization of the seasonal pattern of reproduction 
does not correlate with these changes either. 

Changes in weight, some decrease in sizes of pinea- 
locyes and their nuclear volume in domesticated 
foxes showing strict seasonality suggest that their 
pineal activity is decreased outside the breeding 

season compared to relatively wild foxes. In con- 
trast, changes in pineal activity of females showing 
signs of extraseasonality were not as clear-cut. 
Some indices characterizing pineal structure eviden- 
ce that deviation reached maximum: their mean 
pineal weight being minimal and the number of 
cells per mg of tissue being maximal. Concornitant- 
ly, functional characteristics, such as nuclear volume 
(92.97t2.68; n=34), number of secretory granules 
(0.961r0.15; n=35) did not differ from those in Gr. 
1. 

A possible explanation may be the heterogeneous 
composition of Gr. 3. Firstly, the group included 
females differing in intensities and regularities of 
extraseasonal activation, Le., with differently 
changed seasonal pattems. Secondly, foxes of Gr. 3 
were also heterogeneous with respect to the time of 
extraseasonality, i.e., the group was pooled, con- 
sisting both of females that already passed estrous 
or were approaching it at the time of study. 

The following types of deviation from strict seaso- 
nality were obsemed: heat-like activity in October 
long before preparation to native mating (subgroup 
1). Subgroup 2 included females with sexual ac- 
tivation in December, shortly before the natura1 
season, which was frequently protracted up to 4 
weeks, yet never passing to "real" estrous. Occasio- 
nally, activation in December terminated in heat 
(subgroup 3). Some foxes, sexually active in De- 
cember, had recurrent heats and paired during the 
regular mating season (subgroup 4). There was 
another type of activation, late in April, as a rule, in 
those females, which did not mate, or when mated, 
did not give birth on the regular dates (subgroup 5). 
Extraseasonality was most frequently recorded in 
October. Exactly this type was extraseasonal, in the 
ful1 sense of the term, because it occurred, quite 
paradoxically, when day length shortened, while its 
lengthening serves as a signal for mating onset of 
foxes in nature. 

The pineal of foxes showing sexual activation in 
October (subgroup 1) differed in weight and mean 
nuclear volume of pinealocytes not only from tame 
females with strict seasonality, but also from groups 
showing other deviations (Table 4). It may be sug- 
gested that the pineal was the smallest in foxes 
precisely with the October deviation because their 
reproductive system was most reorganized to pro- 
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duce loss of seasonality under the effect of domesti- 
cation. 

Morphofinctional state of the fox pineal during 
pregnancy 
Data that decreasing daylength shortens the duration 
of pregnancy, while increasing daylength increases 
the duration in rodents (Ellendo6 Smidt, 1961; 
Mitchel, Yochin, 1970), prompted us to study the 
functional state of the pineal in pregnant foxes. 

Data on the functional state of the pineal during 
pregnancy are controversial. There is information 
that it is activated during the last phase of pregnan- 
cy and that its activity is decreased during its se- 
cond half in association with its unaltered morpho- 
logical and biochemical status. The general view is 
that the role of the pineal gland during pregnancy is 
unclear (Karasek et al., 1982). 

In this study, all the relatively wild and domestica- 
ted foxes were selected in auturnn outside the bree- 
ding season. They all were two-six years of age and 
they had been previously involved in matings. The 

day after mating was taken as the first day of preg- 
nancy. The foxes were sacrificed throughout the 
entire pregnancy. The material was collected for 
several years. Because pineal weight is considerably 
reduced in the group of domesticated foxes, it ap- 
peared worthwhile to analyze the possible time 
course of its changes. As shown in Table 5, there 
were no regular changes in pineal weight in both 
groups. The other characteristics of the functional 
state of the pineal, like its weight, did not change in 
foxes during pregnancy. The relative proportions of 
cells and nuclei of different types and their sizes 
remained virtually unaltered in both groups. Ex- 
ceptional were the diameters of the light and dark 
pinealocyte nuclei. They were significantly larger 
both in domesticated and control foxes at the end of 
pregnancy (Table 6). 
The similar state of the pineal and its similar course 
of changes during pregnancy in domesticated and 
relatively wild foxes is noteworthy. As noted, the 
pineal was less active in domesticated foxes during 
preparation to mating, but at heat onset its activity 
became almost the same in both groups because 
changes in Gr. 2 were more dramatic. 

Table 4. Characteristics of the morphofunctional state of the pineal in domesticated female foxes with 
normal reproductive pattern and different rhythmicity deviations 

*: differences from normal are significant by Student's t-test 
**: differences from average for subgroups 2-5 are significant 
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Table 5. Pineal weight (mg) in foxes during pregnancy 

Table 6. The diameter of pinealocytes at the beginning and end of pregnancy in relatively wild (1) and 
domesticated (2) foxes 

Pregnancy (days) 

5-10 
20-25 
26-30 
31-35 
36-40 
4 1-45 
46-50 
Average weight 

The lagging characteristics of pineal activity in the 
domesticated foxes "caught up" those in Gr. 1. This 
characteristic remains virtually the same in both 
groups during pregnancy, and there was a parallel 
increase in nuclear diameter of pinealocytes on days 
46-50, evidencing enhancement of synthetic pro- 
cesses. It appears that pregnancy, as a specific peri- 
od, has the most diverse compensatory mechanisms 
protecting embryos from changes in extemal and 
intemal environments. In the domestic foxes there 
might have been some disturbances of the biological 
clock. Once occurring, they could be compensated 
by functional activity of the pineal. 

Relatively wild 

2.64 (5) 
3.00 (3) 
2.68 (4) 
2.61 (5) 
2.48 (4) 
2.83 (7) 
3.15 (4) 
2.77 (32) 

Group 

1 

2 

Age-related changes in pirteal activi~,  in female 
foxes 
Morphological analysis of the pineal in young fe- 
males aged 8-9 months (November-beginning of 
December) demonstrated certain differences between 
aggressive and domesticated foxes already during 

Domesticated 

1.98 (5) 
2.00 (2) 
1.50 (4) 
2.30 (5) 
1.72 (6) 
1.66 (5) 
2.00 (3) 
1.88 (30) 

the period of sexual maturation. Thus, the difference 
in pineal weight obsewed for adults is also true for 
underyearlings (Table 7). Pineal weight in young 
tame foxes is much smaller, with the difference in 
weight being the same as in adults. The difference 
becomes prominent when the weight of the pineal 
is related to that of the body. the index for the 
amount of pineal tissue per unit of body weight is 
largest in aggressive underyearlings (62~10-~)  and 
lowest in tame adults (39~10-~). 

Linear density of pinealocytes, as an index of sa- 
turation of the organ with secretory elements, was 
the same in both groups and virtually did not 
change with age. Young foxes with different types 
of behaviour did not differ significantly in the ratio 
of the number of light to dark nuclei and the vol- 
ume of the light, more active nuclei. However, these 
values were somewhat higher in the young tame 
foxes. 

5-10 days 

Diameter of dark 
nuclei, rnmk 

8.34 ir 0.56 
(5) 

9.55 2 0.39 
(5) 

46-50 days 

Diameter of light 
nuclei, mrnk 

1 1.36 20.80 
(5) 

9.70 ir 0.48 
(5) 

Diameter of dark 
nuclei, mmk 

20.43 3.78" 
(4) 

14.27 2 2.40 
(3) 

Diameter of light 
nuclei, mrnk 

29.66 ir 2.50" 
(4) 

28.19 ir 6.09* 
(3) 
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Table 7. Characteristics of the morphofunctional state of the pineal in aggressive (1) and domesticated 

(2) foxes at the age of 8-9 months 

*: the differences are significant by Student's t-test 

We compared these characteristics of the functional 
state of the pineal in young and adult foxes pre- 
viously involved in matings. The data evidence that 
they did not change significantly in the domesti- 
cated foxes. In the group of aggressive females the 
size and the number of the active light nuclei were 
significantly larger in adults. 

This suggests that in foxes the pineal is already 
morphologically mature by the age of 8-9 months in 
terms of weight and density of parenchymous ele- 
ment~: their values reached those obsemed for 
adults. In adult aggressive females, the proportion of 
the more active light nuclei and their sizes increase 
at preparation to mating. No such signs of activation 
are noted in the domesticated females, as clearly 
shown in fig. 2. 

No special study of the functional activity of the 
pineal was carried out in adults of different ages. 
The difference in the pineal weight registered at a 
young age persists for years (Table 8). This means 
that pineal weight is not so much dependent on age 
and phase of the sexual cycle, as on whether the 
population is domesticated or relatively wild. 

There are data indicating that the pineal retains its 
high biochemical and secretory activity throughout 
maturity. It is functionally active to the age of 70 in 
humans (Wurtman et al., 1964), and during adult 
life in rats (De Martino et al., 1964). Our data also 

ratio of ' t to dark nucki . -k +30!%- 1 

Fig. 2. Changes in indices of the pineal activity in 
relatively wild and dcmesticated adult foxes, ex- 
pressed as percentage of estimates for 8--9 month 
old foxes. 

Morphofunctional state of the pineal in male foxes 
Like in females, the activity of the parenchyma of 
the pineal is not the same in males of the relatively 
wild and domesticated populations during sexual 
quiescence. Pineal weight is significantly smaller in 
Gr. 2 at the beginning of preparation to mating 
(Table 9). The relative proportion and sizes of cells 
of different types do not differ distinctly. The size 
of the dark, less active nuclei, remain the same. 

evidence for the morphological and functional con- However, the light nuclei are much larger in do- 
stancy of the state of the pineal in foxes throughout mesticated males. Although smal1 in number, their 
the entire studied period (Kolesnikova et al., 1988). volume is larger. 
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Table 8. Pineal weight in relatively wild (1) and domesticated (2) foxes of different ages 

*: the differences are significant by Student's t-test 

1 year 

1 group 
2.69 ir 0.18 
(32) 

2 group 
2.29 ir 0.14* 
(41) 

Table 9. Morphofunctional indices of pineal activity in relatively wild (1) and domesticated (2) male 
foxes at the beginning of preparation to mating 

2 years 

2.56 t 0.19 
(-1 1) 

1.91 t 0.14 
(20) 

*: the differences are significant by Student's t-test 

Group 

1 

2 

Thus, a distinctive feature of the pineal of domesti- 
cated males at the beginning or preparation to ma- 
ting is the smal1 number f cells with very large light 
nuclei, presumably, the synthetic processes intensely 
proceed in these nuclei. The two behavioural groups 
do not differ significantly in the number of granular 
inclusions, and, for this reason, it is difficult to 
suggest, which function dominates, secretory or 
accumulatory . 

3 years 

2.20 t 0.32 
(7) 

1.80 t 0.20 
(9) 

Seasonal changes in the state of pineal parenchyma 
were found to be similar in the two behavioural 
groups. At the onset of sexual quiescence signs of 
decrease in activity are distinct. In June, in the 

Pineal weight, 
mg 

2.91 t 0.17 
(22) 

2.26 t 0.19* 
(17) 

relatively wild and domesticated males, when J,i\ - 

length is close to 18 hours, the relative volume (->I 
cells with light nuclei decreases as a result of in- 
crease in the number and volume of the less acti\e 
types. The surface area and number of light nuclei 
decrease. The directionality and expression of most 
seasonal changes are almost the same in male foxes 
of the two behavioural groups (fig. 3). The only 
significant difference is an increase in the mass of 
cells containing secretory material in domestic ma- 
les. l t  is 182.2153.3~10-~ in June and 66.0t17.0~1 
mg in November. The secretory function of the 
pineal seems to be more inhibited in domesticated 
males. 

4 years 

2.57 I 0.55 
(3) 

2.23 I 0.32 
(3) 

Diameter of light 
nuclei, mrnk 

5.20 t 0.64 
(5) 

7.16 0.77 
(5) 

5 years 

2.10 t 0.46 
(3) 

Average 
weight 

2.72 t 0.14 
(56) 

2.12 t 0.09* 
(73) 

Relative volume 
of light nuclei, 
units/thousand 

74.8 t 15.2 
(5 )  

106.2 t 12.6 
(5) 

Number of light 
nucleilpineal 

3134.36 t 779.58 
(5) 

1647.80 i 480.1 8* 
(5) 
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number of lipht nuclei 
aveme vohune of nuclei r -BO% averaec V- 

Fig. 3. Changes in indices of the pineal activity in 
relatively wild and domesticated male foxes in July 
as percentage of estimates obtained in November. 

Based on the experimental data, the conclusions and 
suggestions concerning the fox pineal are as fol- 
lows: 

- the functional activity of the pineal in adult 
domesticated female foxes is decreased during 
preparation to mating. Because of the sharper 
changes in tame females, the groups level off by 
the time of estrous, becoming similar with that 
in the relatively wild during pregnancy; 

- the changes in pineal reach a maximum in foxes 
showing the October form of extraseasonal 
sexual activation; 

- the pineal is already morphologically forme4 at 
the age of 8-9 months. The activity of 
parenchyma rises with agae in the relatively wild 
females, while it remains at the same level in 
the domesticated foxes; 

- the characteristics of the morphological and 
functional state of the pineal of the relatively 
wild and domesticated males are different in 
auturnn. However, these changes cannot be 
unambiguously accepted as signs of decrease in 
activity. The secretory function of the pineal is 
to a larger extent suppressed during sexual qui- 
escence in males of the domesticated group. 

Thus, selection for behaviour has led to changes in 
the key link of the mechanism providing strict sea- 
sonality of reproduction in foxes. Not only the 

morphological and functional state of the pineal 
altered in domesticated males and females, but also 
the course of changes in its functional activity re- 
lated to age, season and phase of the reproductive 
cycle. 

It appears quite probably that the pineal, as an evo- 
lutionary plastic organ, when under strong pressure 
of selection for behaviour, can give rise not only to 
a wide range of physiological modifications, but 
also can supply genetic material for further transfor- 
mation of sexual seasonality. 
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Abstract 

Effect of environmental and social enrichment on 
growth, feed consumption, fear responses, Space 
utilization, fur quality and reproduction was studied 
in juvenile farm blue foxes (Alopex lagopus). 
Altogether 16 males and 14 females were group- 
housed in a highly-enriched test house with free 
access to net and earthen floor sections. Equal 
number of animals kept singly in conventional farm 
cages served as controls. The results showed that fur 
quality and reproduction performance was poor in 
group-housed blue foxes, but good in controls. 
Individual variations in animal size were also large 
in group because dominant animals, being mostly 
males, tended to consume the feed portion of lower- 
ranking animals. Daily handling slightly increased 
number of curious animals, but the difference in 
temperament between handled (group-housed) and 
non-handled (single) animals was not very distinct. 
Animals spent most of their 24-h time on the net 
than on cage floor sections, indicating that they do 
not find net material unpleasant. Animals also 
preferred high places with an unobstructed view. 
The present test house fulfilled animals' needs for 

rest, observation, seclusion, biting, and digging quite 
well, However, on the basis of the present produc- 
tion results, it is suggested that group-housing 
cannot be recommended for commercial farming 
purposes. 

Introduction 

Environmental enrichment can be considered the 
addition of environmental features which enhance 
the complexity of the captive animal environment, 
resulting in beneficial effects on behaviour and 
other aspects of biological functioning (Newberry, 
1994). Probably, an ideal environment for captive 
animals would be one in which behaviour falls 
within the behavioural range of their relatives in the 
wild, or, in the case of domesticated animals, semi- 
natura1 environments. Social enrichment is one 
means for increasing behavioural complexity in a 
natura1 direction by providing better access to 
mutual contacts among individual animals (Wicht- 
mnn,  1993; Korhonen & Alasuutari, 1995). 

Interest in improved housing conditions in the 
husbandry of farrned fur animals has increased over 
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the last years. Consequently, recent ethological 
studies now often include the placement of resting 
platforms or nest boxes within cages (Jeppesen & 
Pedc;-sen, 1990; Braastad, 1992; Harri et al., 1991; 
Korhonen & Niemela, 1993, 1995; Mononen et al., 
1993; Pedersen & Jeppesen, 1993; Rekila et al., 
1994) or housing animals in larger groups within 
serni-natura1 enclosures - (Alasuutari & Korhonen, 
1992; Korhonen & Alasuutari, 1994, 1995~) .  

Particularly results of cage fumishing experiments 
are promising. First, because the amounts of plat- 
form use have been generally high and second, 
because platforms have been found to function 
appropriately as a place for observing and rest 
(Korhonen & Niemela, 1995a; Korhonen et al., 
1995). In addition, Jeppesen & Pedersen, ( 1  99 1, 
1992) have found evidence suggesting that whole- 
year nest boxes promote stress reduction in silver 
foxes. Bakken et al. (1994) have further emphasized 
that farm foxes benefit from some kind of cage 

furnishing, into which they can seek shelter when 
they are disturbed by humans or neighbours, and a 
place from where they can observe their surround- 
ings. 

The standing Comrnittee of the European Conven- 
tion on the Protection of Animals Kept for Farrning 
Purposes has also set demands requiring more 
enriched housing conditions which would, for 
instance, ensure the possibility for expression of a 
wider variety of behaviour, increased opportunities 
for social interactions and possible contact with 
earthen floors (European Convention, 1991). Cur- 
rent recomrnendations also endorse the positive 
effects of handling and human presence on animal 
well-being. That concept has been supported in the 
results of recent studies showing a reduction in fear 
responses of silver foxes towards humans by early 
handling (Pedersen d Jeppesen, 1990; Pedersen, 
1992, 1993a). However, further research will be 
needed before final conclusions can be drawn. 

Ground enclosure 

l I I k 

Ground enclosure 

Fig. 1. Schematic diagram of the enriched test house construction. A-I are the main sections of the 
test house. A=shed cage, B=earthen floor enclosure, C,D and E are net floored cage sections, 
F=elevated part of tower, G=upper part of the tower crosswise the shed, H=ground floor enclosure, 
I=shed cage. 
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The present study was designed to expand the 
understanding on the effects of environmentally and 
socially enriched housing conditions (1) on the 
production parameters in juvenile farmbred blue 
foxes (Alopex lagopus). Therefore, development of 
body weight, feed consumption, fur quality, and 
whelping results were compared between enriched 
and non-enriched fox groups. A second aim (2) was 
to find out to what extent pronounced man-animal 
relationships, including daily handling, would affect 
temperament or fear responses of foxes housed in 
enriched conditions. Third, (3) the enriched test 
house provided us a possibility to compare foxes' 
preference between earthen and wire-mesh floors. 
Final purposes of above mentioned study aims was 
to find out to what extent enriched housing environ- 
ment would advance animal welfare. 

Materials and methods 

Construction of enriched test house 
The present experiments were camed out at the Fur 
Farming Research Station of Kannus in 1994-95. 
The enriched test house was built in summer (July) 
before weaning. A schematic diagram of the house 
is given in fig. 1. The enriched housing construction 
comprises 9 separate head sections. Section A was 
a conventional cage (180 cm wide x 110 cm long x 
70 cm high) located inside the fox shed. A wire- 
mesh tunnel (30 cm wide x 100 cm long x 30 cm 
high) connected section A to section B which was 
an earthen floor enclosure (200 cm wide x 400 cm 
long x 180 cm high). 

Three wooden nest boxes were placed inside this 
enclosure. The enclosure was connected by a wire- 
mesh tunnel to section C which was a large combi- 
nation cage (159 cm wide x 525 cm long x 70 cm 
high) made of wire mesh construction. Height of the 
combination cage from the ground was 80 cm and 
it contained 7 smaller sections (107 cm wide x 75 
cm long x 70 cm high each). Foxes had a free 
access to each of the following: (1) a nest box, 70 
cm long x 40 cm wide x 40 cm high, (2) a trian- 
gular, flat corner wooden platform; 65 cm x 91 cm, 
(3) a large, V type wooden platform; 103 cm long 
x 30 cm wide, (4) a small, V type wooden platform; 
52 cm long x 30 cm wide, (5) an empty cage 
without enrichments, (6) a small wire-mesh net 
platform; 52 cm long x 30 cm wide, (7) a large, 
wire mesh net platform; 103 cm long x 30 cm wide. 

Ceiling height was 23 cm from the cage roof 
throughout. For further details see Korhonen & 
Niemela (1994a). Section C provided access to 
sections D and E which were similar to C, except 
section D had neither nest boxes nor platforms. 
Section E accessed section F which was a 240 cm 
high tower (110 cm wide x 70 cm long). Tower F 
comprised three platforms at various heights from 
the floor level as follows: 70 cm, 110 cm and 190 
cm. From the top of tower a 240 cm long cage G 
(1 10 cm wide x 70 cm high) ran horizontally along 
the roof of the shed. This cage was equipped with 
two platforms. 

From the other end of section E there was an access 
to ground enclosure H which was identical to 
enclosure B. Section H had a tunnel connection to 
section I which was a conventional shed cage 
(similar to section A). Wooden whelping nest boxes 
were introduced into the test cage system before the 
breeding season in February. Five top nest boxes 
(70 cm long x 40 cm wide x 35 cm high) were 
placed in section D and one in sections I and A 
each. One bottom nest box (70 cm long x 40 cm 
wide x 40 cm high) was also placed in sections I, E 
and A. In addition, four bottom boxes were located 
in sections B and H. 

Experimental animals 
The experiments began on July 18th when 16 male 
and 14 female blue fox kits were placed inside the 
enriched test house. A control group also included 
16 males and 14 females each placed singly inside 
conventional farm cages (110 cm long x 60 cm 
wide x 70 cm high) within the shed. Litters were 
divided half to both experimental and control 
groups. In November, the animals were pelted. Only 
three males and 6 females were left alive to con- 
tinue breeding. 

Measurements 
Testing of animal's human fear response was made 
as follows: each animal was placed inside a separate 
cage (60 cm long x 40 cm wide x 40 cm high) for 
1 min. After that, the cage door was opened and the 
experimenter reached for the fox. The test based on 
the following reaction, body posture and ear posi- 
tion (Fox, 1970; Pedersen d Jeppesen, 1990). The 
animals were classified either (1) curious or (2) 
non-curious. The experimental animals were handled 
5 days a week for 10 minlday by three different 
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persons on successive days as follows. The handler 
entered section B, sat on a smal1 chair and waited 
until the animals (or some of them) approached. 
Thereafter, these animals were fondled and the 
handler also talked to them. The number of animals 
that approached and escaped to the tower was 
calculated for each handling day. 

Amounts of given and left fed were weighed daily 
to calculate consumption. Body weights were 
measured three times during the experiments. Space 
utilization of breeding animals (3 males, 6 females) 
was recorded by video camera equipment (CCD 
camera 7240, time lapse tape recorded Bische UB- 
480, Koyo monitor, Bische 12-300 infrared light, 
500W). Video recordings, over a 5-day period, were 
made in Febmaxy. Because the test house was so 
large, it was impossible to videorecord all of its 
sections at the same time. Thus, the recordings were 
made section by section. As a consequence of this, 
we were not able to have quite accurate results of 
the total use. 

However, our analysis revealed that recordings do 
provide a fairly good overview of the situation. 
Furthermore, the results were corrected to be pro- 
portional to 1440 minlday. 

Statistical analysis 
The data were analyzed by the General Linear 
Model (GLM) procedure of SAS. The comparisons 
between the groups were performed using Tukey's 
Studentized Range (HSD) test. 

Results 

Weight development 
The test animals were weighed for the first time on 
September 7th (Table 1). Females from enriched test 
house were then found to be significantly lighter 
than female controls. A parallel difference was 
found in the other weighings also. In males, on the 
other harid, no statistically significant differences 
were detected between experimental and control 
groups. 

Table 1. Companson of body weights (kg; mean I SD) between group-housed and control (single) 
blue foxes. Means with different superscripts are significantly different. Sept 7th: a b ,  pc0.05. Sept 
27th: a b ,  pc0.01. Oct 25th: a>b, pc0.001. a c ,  pc0.01. d>c, pc0.05. d>b, pc0.01, a=d 

Table 2. Comparison of feed consumption (glanimayday; mean I SE) between group-housed and 
control animals. Feed portions of group-housed foxes are only calculated values because in reality they 
were divided by the group members so that the actual amount eaten per fox is unknown. Values of the 
control animals are the actual individual amounts 

Date 

Sept 7th 
Sept 27th 
Oct 25th 

Group-housed 

Males 

5.9 + 0.7a 
7.4 I 0.9a 
9.8 I 1.4a 

Controls 

Females 

4.7 i 0.3b 
6.0 I 0.6b 
7.5 i 0.7b 

Males 

5.9 k 0.5a 
7.4 i 0.9a 
9.3 I l.lad 

Females 

5.5 I 0.3a 
6.9 I 0.5a 
8.4 I 0 . 7 ~  
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Table 3. Number of curious and non-curious animals 

Feed consumption 
Because the animals in the enriched test house were 
reared in group, they have to be fed higher feed 
rations than controls (housed singly) to ensure that 
all animals received feed. Thus, also the feed 
consumption of experimental animals tended to be 
higher than that of controls (Table 2). Average feed 
consumption of animals of the former group was 
about 50 glanimallday more. 

Fear responses 
Fear responses of the animals were first tested on 
September 7th. This testing episode revealed that 
there were 13 and 9 curious animals in experimental 
and control groups, respectively (Table 3). During 
the second testing one additional control animal was 
classified as curious. The final fear test on October 
25th showed 20 animals were curious in the experi- 
mental and 16 in the control groups. In both study 
groups, the number of curious animals increased as 
much (change +7) during the experimental period. 

EfSect of handling 
Response of foxes to our three handlers differed 
(Table 4). The foxes were most tmstful of handler 
number 3 (on average 9.8 foxeshandling session 
approached handler) and least trustful towards 
handler number 2 (6.4 foxes/handling session 
approached handler). The results was also parallel 
concerning foxes that dared to make very close 
contacts with the handler, for instance, by nibbling 
the shoes and trousers of the handler. The number 
of foxes that approached the handler progressiveiy 
increased, being highest at 4 weeks (14 
foxeslhandling session approached handler). There- 
after, however, the number of animals decreased, 
and reached a plateau (5-8 foxeshandling session 
approached handler). Four foxes (1 male, 3 females) 
were very "human-attractive", as they approached 
the handler in over 75% of the handling sessions. 
On the other hand, only 13 foxes approached the 
handler in over 25% of the handling sessions. 

Fur quality 
Fur quality of skins was professionally evaluated 
after pelting by dividing skins into the following 
categories: (1) poor skins (Finnish Fur Sales' 
auction category III), and (2) the others. It appeared 
that the skins of foxes from the enriched test house 
were poor and thus all classified into the category 
III (1). None of the control skins were poor in 
quality . 

O Space utiiization 
1 2 3 4 5 6 7 8 9 1 0  

Waak 
The tower was them most favoured section (F + G) 
where the animals spent almost half of their 

Fig. 2. Number of foxes that approached experi- circadian 24 h (Table 5). The next popular section 
mental handlers. Data are presented as mean number was cage section I in the fox shed. 
of animaldweek. 
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Table 4. Mean number of animals that approached, made physical contact with handler or escaped 
to tower in the presence of experimental handlers 

Of the two earthen floor enclosures, H section was 
preferred by the foxes. Total time spent on ground 
surfaces was only 11 % of the total space utilization 
of the test house. Circadian distribution for spatial 
utilization in the three most popular sections is 
shown in Fig. 3. The animals spent less of their 24- 
h period in the tower during working hours than 
after them. The reverse was true in the earthen floor 
enclosure H and cage section I. 

Variable 

Approached 
Physical contact 
Escaped to tower 

Table 5. Average circadian time (min124 h i SE) a 
fox spent at the different sections of the 
enriched test house. Data are based on 
continuous 5-day video recordings. For the 
sections see Fig. 1. 

Handler 1 

8.2 
3.9 

12.6 

Whelping result 
Some aggressive encounters including leg bitings 
were observed as the breeding season approached. 
The condition of one male was so poor that it had 
to be removed from the test in late March. Two 
females out of the total six whelped. The first 
female delivered 8 kits on May 13th inside the top 
nest box in section D. The other female whelped 9 
kits on May 26th inside top nest box of cage section 
I. Both females transferred their kits almost daily 
from one nest box to mother throughout the test 
house. After two weeks, all the kits of female 1 was 
dead and only three kits of female 2 survived until 
the age of weaning. Occasionally, a third female 
was obsewed to assist in nursing. She spent periods 

Section 

Ground enclosure H 
Ground enclosure B 
Cage I 
Tower F + G 
Other sections 

of varying duration together with the biological 
mother and kits inside the whelping nest box. On 
the other hand, some other test animals (both males, 
and females) were occasionally observed to disturb 
the lactating females. 

Handler 2 

6.4 
3.7 
9.6 

Spent time 

126 + 10 
61 + 6  

543 + 93 
692 t 54 

1 8 t 2  

Whelping of the controls succeeded normally, and 
the whelping result was 7.9 kitslfemale. 

Handler 3 

9.8 
4.7 

11.8 

Discussion 

The present study sought to evaluate the effect of a 
highly-enriched group-housing arrangement on some 
essential parameters which can be considered 
indicative of welfare in the farm fox. It is known 
fact that the estimation of an animal's welfare is 
complex. Several sound physiological and behaviou- 
ral parameters have been employed for welfare 
evaluation, also in the case of farmed foxes (Peder- 
sen, 1993b; Jeppesen, 1994; Rekila et al., 1994). In 
the present study, we concentrated on the measure- 
ments of growth, feed consumption, fur quality, 
reproductive performance, fearfulness and space 
utilization. Although these crucial parameters cannot 
be extrapolated to cover all aspects of animal 
welfare, we suggest that the present results provide 
a relatively good overview of the situation (Korhon- 
en, 1994). Most of the variables that were presently 
used, are often considered mainly as productive 
parameters. However, they would also include 
marked signals from the point of animal welfare 
(Braastad, 1992; Korhonen & Niemela, 1993; 
Bakken et al., 1994). 

Body growth data clearly showed that rearing foxes 
in group easily leads to marked body size variation 
among the group members. Weaker individuals, i.e. 
mainly females, do not receive enough feed because 
stronger ones (males) dominate the feeding situa- 
tion. Previous experiments (Korhonen & Alasuutari, 
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1994, 1995) in group-housed arctic blue foxes eating. For instance, we noticed that sometimes feed 
housed in large earthen floor enclosures have was left on the feeding trays but, nevertheless, some 
provided parallel results. Further, the present results group-housed females did not attempt to eat it. In 
permit us to suppose that although animals in conventional farm cages, in which animals are fed 
groups would be received higher than normal feed singly, they do not face above mentioned problems. 
rations, males at the top of hierarchical order might Our weight data revealed that also the growth of 
even prevent some lower-ranking females from control females in farm cages was normal. 

5 

O 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Clock hours 

Fig. 3. Circadian distribution of time (rninlh) animals spent on the three most favoured sections of the 
enriched test house. 

Our final fear test showed that there were 4 animals 
more which were curious in handled group com- 
pared to non-handled one. This can be considered as 
an indication that handling affected positively on 
character of our blue foxes. Early handling, from 2 
to 8 weeks of age, has been found to have a posi- 
tive effect on the welfare in silver foxes by reducing 
their fear responses towards humans (Pedersen & 
Jeppesen, 1990; Pedersen, 1992). In the present 
study, handling sessions were started not before 
mid-August, i.e. animals were older than in previous 
silver fox experiments. This party explain why 
difference in fear response between handled and 
non-handled animals was not so distinct. Second, it 
is very likely that handling is not as significant for 
animals housed in groups because some of the 
group-housed animals attempt to avoid handler. The 
animals in the experiments of Pedersen & Jeppesen 

(1990, 1992) were more easy to handle individually 
because they were housed only in pairs inside 
conventional farm cages. Furthermore, also group- 
housing and handling together may have some 
interactive effects, either positive or even negative, 
on welfare and temperament of animals (Hubrecth, 
1993). 

Further research will be needed in order to clarify 
this hypothesis. 

Handler number 2 was the least attractive to the 
foxes as the number of foxes that approached in her 
presence was the lowest. However, a very interest- 
ing finding was that the number of foxes that 
escaped up to the tower was also the least in the 
presence of handler number 2. Thus, it is tempting 
to conclude that handler number 2 probably was the 
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most neutral person of our three handlers. Possibly 
some individuals cause stronger reactions among 
foxes than others. Probably the most neutral indivi- 
duals are also the most disturbing from the foxes 
point of view. 

Reproductive success in our enriched test house was 
poor. The result was very comparable to that 
obtained from large ground enclosure experiments 
in which only few females normally become preg- 
nant or whelped (Korhonen & Alasuutari, 1994, 
1995). This is due to the pronounced social tension 
characteristic of the dominante hierarchy of group- 
housed blue foxes which effectively prevents most 
females from breeding (Korhonen & Alasuutari, 

1995). Social conflicts and disturbances by other 
individuals were probably the fundamental reason 
for the high kit losses of our lactating females also, 
as has been the outcome in previous group-housing 
experiments (Korhonen & Alasuutari, 1994, 1995). 

Main goal of cornrnercial fur farming is to produce 
furs with high quality. To a certain extent, the 
quality of furs can be considered also as an indica- 
tion of animal welfare (Korhonen & Niemela, 1993; 
Korhonen, 1994). Our present study clearly showed 
that group-housing in highly-enriched test house 
significantly decreased fur quality of the animals. 
Correspondingly, Hubrecht (1993) have found that 
socialization with enriched pens can lead to the 
development of coat and skin problems in labora- 
tory dogs. Therefore, such kind of enrichments may 
have questionable or marginal value for animal 
welfare. 

In light of the present video results, it is clear that 
net flooring can not be considered a poor surface 
for farmed foxes, as the test animals spent most of 
their day in cage sections with net flooring. This 
finding is in good agreement with that of our 
previous preference experiment (Korhonen & 
Niemela, 1994b) in which foxes were also found to 
use significantly net flooring. Furthermore, it 
appears obvious that foxes do have a preference for 
higher places from which they may effectively 
survey their surroundings, as reflected the popularity 
of the tower. Moreover, the second most popular 
section, i.e. cage I, was similarly located in an 
elevated location offering unobstmcted view. Pre- 
vious experiments made in conventional farm cages 

also support the significance of observing possibility 
(Mononen et al., 199; Korhonen & Niemela, 1995; 
Harri et al., 1995). 

It is known that also in the wild, foxes choose to 
sleep and rest on elevated places such as logs or 
boulders outside their dens (Tembrock, 1957). 
The recomrnendations of the European Convention 
(1991) imply that needs for rest, observation and 
seclusion should be satisfied in order to enhance 
welfare of farmed foxes. According to the present 
results, it is obvious that the presently studied test 
house fulfils these needs well. Our test system also 
provides good facilities for such important needs of 
dog-like animals as biting and digging. The com- 
plexity of the test house also should provide the fox 
with better possibilities to behave in a manner 

appropriate for the species (Korhonen & Niemela, 
1994b). On the other hand, Hubrecht (1993) have 
noticed in dogs that appropriate enrichment can 
increase the complexity of dog behaviour but, 
however, it is not necessarily easy to assess the 
welfare implications of the changes. The same 
problem apply with respect to the present results. In 
conclusion, the present and previous results (Kor- 
honen & Alasuutari, 1994, 1995) support the 
concept that group-housing cannot be considered 
suitable for commercial fur production particularly 
due to the poor breeding success and deteriorated 
fur quality observed. However, the facts that 
enriched test house can satisfy the animals' needs 
for rest, observation, hiding, digging and biting 
(European Convention, 1991) are positive indica- 
tions of welfare implications. 
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Summary 

The authors monitored the ethological features 
displayed by nursing chinchilla females (n=3), of 
non nursing breeding females (n=3) and of breeding 
males (n=2). Observation was done at 1, 10,20,30, 
40,50 and 60 days of age. The 24 hours of the day 
were divided into four 6-hour intervals, two in the 
daytime, the other two at night. Behaviour ele- 
ments to be observed were: resting, pressing close 
together, movement, cleaning themselves, scouring, 
eating, drinking, cecotrophy and suckling. Suckling 
frequency, in the period from 1-50 days: every 1 ,2 ,  
3, 4, 3 and 8 hours, on the 60th day there was no 
suckling at all. Cecotrophy occured only in the 
daytime. The authors make proposals with respect 
to scheduling the care of chinchillas. 

Introduction 

Under the environmental conditions that have been 
created by man it is primarily behaviour through 
which animals are able to express their general 
feeling. By observing their behavioral indications 
important information can be obtained, whether the 
environmental circumstances meet the requirements 
of an animal or a group of animals. In the recent 
past several studies have been made on the behav- 

iour of carnivorous fur animals (Braastad, 1992, 
1994; Braastad and Bakken, 1993; Korhonen, 1994) 
with the aim of striving for animal welfare. Also, 
some comprehensive studies have been prepared 
(Bakken et al., 1994). 

Our knowledge with respect to the behaviour of 
tame chinchillas is insufficient or contradictory in 
several fields: the publications deal with very limi- 
ted numbers of behaviour elements at a time (Anon., 
1986). We can mention the observations made on 
fur chewing (Tóth, 1987) and growing (Gyôrpál, 
1994) animals. Based on all this, our objective was 
to exarnine the ethology of nursing females (who 
nursed young of various ages), non-nursing females 
and breeding males under standardised environmen- 
tal circumstances. 

Material and method 

The investigations were performed using the chin- 
chilla flock maintained at the Experimental Station 
of the Faculty of Animal Breeding at Kaposvár. 
The breeding chinchillas were accomodated in bed- 
ded cages arranged in 3 fioors in a closed barn 
fitted with windows and heated in winter. The basic 
area of the room was 37 m2. The relative humidity 
fe11 between 50 and 60 %, and the temperature was 
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17-18 "C (23-25 "C in summer) inside the barn. 
The dimensions of the cages were: 0.35 m x 0.60 m 
basic area and 0.38 m height. The animals were 
bred in the traditional system of polygamy; the 
males had free access to the females throughout the 
year, except for the suckling period. The young 
chinchillas were weaned when they were 56 to 60 
days old. The ration consisted of a cornrnercial 
chinchilla pellet and water ad libitum. Grass hay 
was provided every other day. 

The ethological observations were made around the 
clock at natura1 lighting in the daytime and using a 
weak (40 W), artificial, blue illumination at night. 
The behaviour elements to be observed were group- 
ed as follows (Széky, 1979; Csizmadia, 1991). The 
heading "resting" included separate observations of 
sleeping, lying, sitting and sitting on 2 feet. Quiet 
movement and fast movement were recorded as 
"movement". The behaviour elements concerning 
metabolism, such as eating pellets, hay and bedding 
material were considered as one, and they were 
defined as "eating". "Cecotrophy" and "drinking" 
were taken into account separately. Suckling frequ- 
ency was measured among the reproductive behav- 
iour elements. 

Behaviour of the nursing females was examined at 
the following times: on the day of delivery (the 
observations were started within 24 hours after 
birth) and 10, 20, 30,40, 50 and 60 days after deli- 
very. On one occasion (24 hours) several nursing 
females were observed simultaneously. Namely, we 
decided to observe every individual 2 times per 
hour for 5 minutes instead of observing one animal 
for 24 hours. The non-nursing females and the 
males were observed for 5 minutes, too, but only 
once in an hour (in due course). We put in 5 min- 
utes rest in every half hour; this way the behaviour 
of 5 animals could be followed and recorded. 
The 24 hours of the day were divided into four 6- 
hour intervals, two in the daytime and two at night 
(the observations at the end of auturnn). The fol- 
lowing numbers of individuals were examined: 3 
nursing, 2 non-nursing, 1 pregnant female and 2 
breeding males. 

For the evaluations the behaviour elements were 
expressed as percentages. The exceptions were the 
elements of "nursing" and "cecotrophy": in these 
cases the frequencies of occurrence were indicated. 

This way we could calculate the ratios and frequen- 
cies of the behaviour elements and the relations of 
these in different parts of the day. The total of the 
percentages exceeds 100 % due to the fact that 
more than one behaviour element was observable at 
a time, e. g. "pressing close together" during "rest- 
ing", etc. 

Results and discussion 

I. Results of the observation of nursing females 
l .  Inactive behaviour elements 

1.1. Resting 
Resting represented the biggest ratio out of the daily 
activity of the nursing females in every case (table 
1 and figure 1). Concerning the females with day- 
old young, the resting time was longest during the 
early afternoon hours, but was fairly even through- 
out the day. In the case of females nursing 10-day 
olds the time of resting was surprisingly short, i.e. 
app. 20 to 40 % in the single time intervals; it was 
shortest in the morning hours (before noon). The 
females nursing 20- and 30-day olds spent rested as 
much time as the ones that were nursing day-olds. 
A huge fluctuation was observed on the 40th day 
among the values for various parts of the day; the 
animals had the longest rest periods in the morning 
and at night (from 7 p.m. to 1 a.m.). By the 60th 
day of nursing the daily routine changed. Contrary 
to what is generally believed, the animals spent, 
although slightly, more time resting in the night 
than in the daytime. 

Figure 1. "Resting" 
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1.2. Pressina close tonether 
The role of this kind of behaviour is to warm the 
young progeny and maintain the contact between 
mother and progeny. It is usually the young who 
snuggle up to the mother. While being pressed 
together, the mother can have a rest. Eating, scou- 
ring and nursing may occur simultaneously. This 
latter behaviour represents the second highest ratio 
after resting. 

Obsening the behaviour of the mothers nursing 
progeny of various ages (table 1 and figure 2) it can 
be established that the mothers pressed close to- 
gether with their babies in the daytime rather than 
at night. It was also obsewable that this kind of 
behaviour occured most evenly and at highest ratio 
in the case of the mothers nursing l-20-day olds, 
and the time spent with this kind of behaviour 
decreased with increasing age and agility of the 
young chinchillas. 

% Fiure 2. "Press close together" 
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2. Active behaviour elements 

2.1. Movement 
The active period of chinchillas is at night. II is 
mostly during the evening and night hours that they 
move (table 1 and figure 3). Figure 3 shows that the 
time spent with movement increases until the 30th 
day, then a tendency of decline is characteristic. The 
probable explanation is that at the beginning the 
mothers spend more time eating and searching for 
food. At the same time, the young chinchillas suckle 
more times, and the mothers have more rest (the 
exception is the 20th day) and spend more time 
pressed close to their offspring. As the young start 
eating a solid diet and start drinking water from the 
20th day on, they disturb their mothers less and less 
by the intention of suckling, and so, the movement 
of the mothers drops, too. 

Figure 3. "Movement" 
30 

2.2. Cleaning themselves 
This kind of behaviour can be described as wiping 
the head from the back ahead with the front legs or 
cleaning the paws and hair by the mouth. Scrat- 
ching, usually around the ears, also occurs. The real 
duration of cleaning (figure 4) as a behaviour ele- 
ment is hard to determine. Quite often, it takes only 
some seconds, and is not associated with any part of 
the day. 

Table 1. Development of some important behaviour elements according to the daily activity 

Behaviour elements 

Resting 

Pressing close together 

Movement 

Eating 

Age of youngs (days) 

1 10 20 

Ratio of the daily activity (%) 

30 

67.5 

60.6 

4.8 

11.6 

33.6 

63.1 

8.9 

13.4 

65.8 

59.8 

6.7 

21.5 

60 40 50 

58.6 

48.6 

15.2 

16.6 

43.9 

57.9 

4.7 

10.5 

71.4 

42.5 

2.2 

15.2 

68.9 

45.8 

3.9 

15.1 
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On the first day the mother spends more time clea- 
ning herself (2.5 %), and scouring the newbom 
chinchillas. The ratio of cleaning herself becomes 
app. 1 % between the ages of 10 and 40 days of the 
progeny. Towards weaning age the young take 
more care of cleaning themselves, and they partici- 
pate in the cleaning of their mothers, too (this be- 
haviour helps in keeping up the contact between 
them). The ratio of cleaning themselves becomes 

J 

more elevated in case of the mothers, too, i.e. 2.4 % 
and 4.9 % by the 50th and 60th day, respectively. 

Figure 4. "Cleaning themselves" 
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2.3. Scourinq 
This behaviour element is very frequent, and has a 
social function in addition to simple body care. 
Our observations underline that 1 and 10 day old 
chinchillas scoured for the longest time (4.7 % and 
1.9 %, resp.); scouring the offspring mostly occurs 
in the daytime (figure 5). At older ages the young 
are already self-supporting, so the time spent with 
scouring them becomes reduced. 

1 1 2  l FBUre5. 

"Scouring" 

hours, which was positively associated with move- 
ment and negatively with resting. All this can be 
traced back to the active life of chinchillas at night. 

I x Figure 6. "Eating" I 
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3.2. Drinltinq 
The chinchilla does not require much water to 
drink, so this behaviour element is scarely obser- 
vable and only for a short time. Knowing the usual 
times of drinking is of practical importance from the 
point of view of vitamin and drug administration. 

The time spent drinking shows a very varied picture 
as compared to the daily activities (figure 7). The 
females nursing 1 to 30 day old progeny spent 1 % 
of the day drinking water. The animals drank during 
the night hours (from 7 p.m. to 1 a.m.) Drinking 
became irregular by the 50th day, and it amounted 
to a very low ratio by the 60th day due to the re- 
duced number of sucklings (0.5 % and 0.3 %, 
resp.). 

3. Behaviour elements relating to metabolism 

3.1. Eatinq 
Chinchillas prove an outstanding manual ability in 
this respect. They usually use their front legs for 
grabbing the food and for fonvarding it to their 
mouth. Then, they nibble the bite with a fast and 
smal1 masticating motion characteristic of rodents. 

The time spent eating increased parallelly with milk 
production until the 20th day (table 1 and figure 6). 
It decreased as the animals started consuming a 
solid diet. The chinchillas ate mainly in the evening 

K 
- Figure 7. "Drinking" 
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3.3. Voidinq 
Voiding occurs in attachment to other behaviour 
elements, and can't be characterised with a typical 
body position. Therefore, these behaviour elements 
were not observed in the course of the investiga- 
tions. 
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3.4. Cecotrophy 
After a shorter or longer resting period the chin- 
chilla bends forward quickly, humpbacking, and 
takes excrement by the mouth out of the anus. 
Then, standing straight again, it produces some 
motion with the mouth, similar to chewing, but in 
reality, it swallows the matter without chewing it. It 
repeats eating cecotrophs several times. In contrast 
to the rabbit, the chinchilla performs cecotrophy 
mainly in the daytime and not in the night or dawn 
hours (figure 8). 

Fiiure 8. "Cecotrophy" 
Number of occasions 

I 

4. Reproduction related behaviour elements 

suckling. The duration of nursing cannot be mea- 
sured precisely. What can be measured is its frequ- 
ency (figure 9). According to our observations the 
females nursed every hour on the day of delivery 
without any differences among the parts of the day. 
When the progeny were 10 days old, the mothers 
nursed every other hour on average, but there were 
significant differences among the parts of the day. 
Similarly to the later stages, nursing was more 
typical in the daytime. On average, the females 
nursed every 3 hours on the 20th day, every 4, 3 
and 8 hours on the 30th, 40th and 50th day at all. 

Figure 9. "Suckling" 

10 , Number of occasions 

Behaviour elements of nursing chinchilla females 

4.1. Nursinq 
The chinchilla mother nurses in a half-squatting 
body position, sitting on the hind legs and leaning By 6 weeks of age the growing chinchillas have 
by the front legs. The young suckle lying on their turned to consurning a solid diet (pellet and hay) 
backs or sitting on their 4 feet in a resting position. and to drinking water. From this stage on the im- 
Occasionally, they produce a low sound during portance of breast-rnilk drops considerably and 

finally ceases. According to our observations, the 50 
day old chinchillas suckle very few times and the 
60 day old ones don't suckle at all any more. 

I I 

I Figure 1 o. Behaviour elements of non suckling females l 

Scour. P.c.t. Eat. Drink. C.t. Rest. Move . 

I 
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Behaviour elements of female before birth 

Interval (hours) Behaviour element6 

I 

Notes: Scour.= swunng; P.c.t.= pressing close together; Eat.= eating; Drink.= 
drhking; C.t.= cleaning themselves; Rest.= reding;hove.= movement; Cecot.= 

cemtfophy; * acco = resting in f e W s  

If the mother's state of health makes it possible, the 
young (growing) animals can be weaned before the 
age of 8 weeks. 

4.2. Matinq 
The male has access to the non-nursing females and 
to the fresh mothers for 1 to 2 days after delivery. 
Mounting after delivery does not endanger the pro- 
geny if the breeding pair are accustomed to each 
other. The copulation takes only some seconds 
(Anon., 1992). In the course of the exarninations 
mating could be observed only one time: in the case 
of a fresh mother, at early dawn (between 1 and 2 
o'clock a.m.). 

II. Results of the observation of non-nursing 
females 

Similarly to the nursing females, the non-nursing 
ones spent a large part of the day resting, i.e. 49.2 
% of the daily activities. The authors applied a 
logarithmic depiction (figure 10) in order to make 
the results of the observations clearer for the reader. 
The behaviour element groups of "eating" and 
"movement" had similar ratios of occurrence, and 
they showed the highest percentages in the after- 
noon hours (7.45 % eating and 10.65 % movement 
within the total daily activity). 
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The time intervals were the same for drinking and 
eating. The individuals observed produced cecotro- 
phy 3 times daily on the average, which occured in 
the moming and at early dawn. The animals spent 
a short time scouring the male and pressing close to 
the male, which arose from the fact that the males 
spent two-thirds of the day in the male's corridor; 
they entered the females' cages particularly in the 
night. There was one occasion when we could ob- 
serve the behaviour of the female just before deli- 
very. The carrying females moves with difficulty, 
and she spends the overwhelming part of the day 
resting (95.7 %, figure 11). Consequently, the ratio 
of movement was as low as 1 to 2 %, and move- 
ment occured mostly during the night hours and 
drinking only in the moming. She spent 2.3 % of 
the day eating, almost exclusively in the daytime. 

III. Results of the observation of males 

The males spent 65.6 % of the day resting in the 
male's corridor (figure 12). They spent only 12.1 
% of the time in the cages of the females. Inside 
the female's cage the male strove to stay close to 
the female: they pressed close together and had a 
rest together several times. The males observed 
spent 7.2 % of the time eating, mostly at night. 
Drinking and cleaning themselves took a short time, 
mostly in the moming hours. Movement occured 
mainly in the evening but the ratio was very smal1 
(some tenth percentages) in spite of the fact that the 
males had a rather large area for this kind of ac- 
tivity (basic area of the male's corridor + cages of 
the 1-4 females). 

Conclusions 

Considering the results of the investigations the 
following conclusions can be drawn with respect to 
the most important behaviour elements: 

The frequency of nursing showed the following 
tendency in the case of mothers nursing progeny of 
various ages: every hour on the first day, every 2nd, 
3rd and 4th hour on the lOth, 20th and 30 th day, 
resp.. The mothers nursed most often early in the 
moming and later in the moming. Disturbing the 
breeding flock is to be avoided. No nursing was 

observed on the 60th day, so the young chinchillas 
can be weaned before 56-60 days of age. By that 
time they have entirely switched over to consuming 
a solid diet and water. 

Resting and cecotrophy as two behaviour elements 
are characteristic in the daytime: therefore, distur- 
bing the chinchillas in this part of the day is un- 
desirable. 

Movement, eating and drinking were the most com- 
mon elements at night. Timing of taking care, feed- 
ing, drinking and administering vitamins andfor 
drugs by the drinking water is recommended in the 
late aftemoon hours. 
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Abstract 

By examining 77 chinchilla litters (144 newbom 
young) litter size expressed by the number of young 
ranged from 1 to 4 according to the following 
ratios: 26.8, 46.5, 23.9, 2.8 % respectively. The 
average litter size was 1.87. 

In the different litters the average birthweights were 
as follows: 48.1, 47.0, 39.8, 37.6 grams, respec- 
tively. At the age of two and seven months (wean- 
ing and type classification age) the individual 
weight of the young bom in litters of 2 was the 
highest (273 and 532 gr., respectively). 

The average birthweight of the chinchillas was 43.6 
gr.. Based on birthweight the chinchillas were di- 
vided into three groups: d under 41 gr., b/ 41-50 
gr., C/ over 50 gr.. At the age of two months only 
group d was significantly smaller, and at the age of 
seven months there was no more any difference that 
could be verified statistically: the young bom with 
low birthweight had compensated their backward- 
ness. 

The first week of life was crucial from the point of 
view of survival. During the first week mortality 
was lowest in the litters of 2 (9.1 %) and highest in 
the litters of 4 (25 %). At the age of seven months 
the death losses depending on litter sizes from 1 to 
4 were as follows: 21.1, 18.2, 35.3, 50.0 %, respec- 
tively. Thus, only two young could be reared on 
average in the litters of 3 and 4. Mortalities in 
group al, b/ and c/ depending on birthweight during 
the period from birth to weaning were 34.0, 14.7 
and 10.7 %, respectively. 

Introduction 

In the recent past the number of carnivores within 
the fur animal stock of Hungary has decreased, and 
this has resulted in the chinchillas' becorning the 
most important fur animal species in this country. 
At present, the chinchilla stock can be put at 5-6000 
animals, approximately, and the chinchillas are 
mostly kept on smal1 farms with 20-30 breeding 
females on each. In spite of all this, knowledge 
relating to chinchilla reproduction is insufficient in 
Hungary . 
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Through litter size and individual birthweight, ma- 
ternal effect plays an important role in the growth 
and survival of the young of multiparous species. 
Observations made on rabbits as model animals, 
similar to the chinchillas in many respects, have 
emphasized that there is a negative phenotypic 
correlation (r= 0.33--0.46) between litter size and 
individual birthweight (Krogmeier et al., 1992, 
Lampo and van den Broeck, 1975, Moura et al., 
1991, Polastre et al., 1992). The correlation exist- 
ing between litter size and the amount of milk 
produced by suckling rabbits is also negative: r= - 
0.35 (Lebas, 1975). According to observations made 
on chinchillas the number of young bom alive per 
litter is in positive correlation with litter size at 
weaning (r= 0.73) on one hand, and with litter 
weight at birth and at weaning (r= 0.94 and r= 0.66, 
respectively) on the other hand. Day-old birthweight 
is related to the weights measured at weaning and 
at four and seven months of age as shown by the 
following correlation values: r= 0.21,0.25 and 0.27, 
respectively (Neira et al., 1988). Mothers accomo- 
dated in well-illuminated cages gave birth to re- 
markably larger litters in terms of both size and 
weight of the litters, as compared to mothers kept 
in dark cages (Garcia et al., 1989). Previous studies 
have suggested that parity has an influence on litter 
size (Hillemann and Tibbitts, 1957). 

Litter size and body weight at birth affect the survi- 
val of suckling chinchillas as well. In this investiga- 
tion the author had the objective of evaluating the 
combined and single effects of litter size and birth- 
weight as two important factors from the point of 
view of the matemal effect. 

Material and methods 

The exarninations were carried out on the standard 
chinchilla stock maintained at the Experimental 
Station of the Faculty of Animal Husbandry of the 
Pannon University of Agricultural Sciences. The 
breeding chinchillas were housed in a closed room, 
which was fitted with windows and heated in win- 
ter. The basic area of the room was 35 m2, the 
relative air humidity varied between 50-60 %, the 
temperature was 17-18 "C on average but became 
more elevated (20-25 "C) during the summer 
months. 

The growing chinchillas were accomodated in a 
four-floor cage system, either on slatted floor or on 
bedding. The basic area of the cages was 40 x 65 
cm, and their height was 35 cm. The traditional 
polygamic method of mating was applied, i. e. the 
males had access to the female breeders throughout 
the year, the only exception being the suckling 
period. The progeny were weaned at the age of 56- 
60 days and their type was classified when they 
were 200-210 days (7 months) old. The breeding 
and growing animals were fed a chinchilla mix 
available from commercial feed distributors. This 
mix was provided ad libitum until the age of seven 
months. Drinking water was available without limi- 
tation from chinchilla self-drinkers fitted with mb- 
ber teats. 

Data on litter size at birth, individual body weight 
at birth, weaning and type classification and morta- 
lity during the first week, at two and seven months 
were processed. Three groups were formed accor- 
ding to birthweight as follows: a/ under 41 gr., the 
low quartile; b/ 41-50 gr., the interquartile; c/ over 
50 gr., the upper quartile. Altogether, the data of 77 
chinchilla litters (144 and 150 newbom chinchillas) 
were evaluated. The differences between the single 
groups were examined by analysis of variance in the 
course of the calculations concerning body weight, 
and by x2 - test in the case of mortalities (Précsényi 
et al., 1995). 

Results and discussion 

Development of body weight 
The distribution of litter sizes showed the following 
frequencies: 

Litter size 1 2 3 4 
No. of progeny, % 26.8 46.5 23.9 2.8 

The average litter size was 1.87. Other sources 
report litter sizes of 2.03 in Denmark (Anon., 1989) 
and 1.75 in Chile (Neira et al., 1989) 

Table 1 teils about the development of body weights 
at birth, weaning and seven months of age, depend- 
ing on litter size at birth. At birth, the newbom 
from litters of 1 and 2 young chinchillas on one 
hand, and from litters of 3 and 4 young on the other 
hand proved to be similar in weight, the difference 
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between these two combined groups was, however, 
found significant (p<0.001). At the age of two and 
seven months the litters of 2 differed greatly from 
the others (pc0.001), while the largest body weight 
was measured in the litters of 2, too, at the age of 
seven months. This finding is surprising despite the 
fact that difference from the litters of 1 was not 
significant. 

The chinchillas' birthweight ranged between 27 and 
62 gr.; the average weight was 43.6 gr.. When two 
months old, the group of chinchillas bom with 
small body weights still differed significantly from 
the groups in which the animals had been bom with 

l 
i 

intermediate or large weights (pc0.05). However, 
the significant differences among the three groups 
disappeared by the age of seven months (Table 2), 
which can probably be explained by the ability of 
the smallest newbom chinchillas to compensate 
partly for their initial backwardness. 

The effect of litter size and body weight on the 
distribution of chinchilla litters is demonstrated in 
figure 1. This figure depicts the tendency that the 
ratio of the progeny bom with small weight 
increases as litter size increases. This phenomenon 
is unfavourable for the chinchillas' later growth rate 
and for their chance to survive. 

Table 1 Effect of litter size at birth on the weight of chinchillas 

* ~ ~ 0 . 0 5 ,  *** p<O.OOl 

Table 2 Effect of birthweight of chinchillas on their weight at 2 and 7 months of age 
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Fig. 1. Distribution of chinchilla litters according 
to body weight and litter size at birth. 

The examination detected a significant relationship 
between body weight at birth and at two months of 
age (r= 0.48, pc0.0001) on one hand, and between 
body weights at two and seven months of age (r= 
0.46, pc0.0001) on the other. In contrast to the 
results by Neira et al. (1989), there was actually no 
relationship between birthweight and body weight 
at seven months of age (I= 0.14, p>0.1). It is worth 
noting, however that these correlation coefficients 

have no adequate reliability due to the small number 
of samples taken into account. 

Development of mortality 

The numbers in Table 3 demonstrate the develop- 
ment of animal losses as a function of litter size 
atbirth. The first week proved to be crucial from the 
point of view of the chinchillas' survival since more 
than half of the losses occured during this short 
period. It can be observed that the fewest animals 
were lost in the litters of 2 (9.1 %). This group was 
followed by the litters of 1, 3 and 4. Looking at the 
losses between the first two weeks of life and wea- 
ning time at two months of age it can be stated that 
there were no losses in the litters of 1 and 2, while 
the losses were as low as 1.9 % in the litters of 3 
and as high as 12.5 % in those of 4. The effect of 
litter size is detectable in terms of the death losses 
after weaning, too. As compared to the litters of 1 
newbom (5.3 %) the losses were more than twice as 
big in the litters of 3 (11.8 %) and 4 (12.5 %). To 
sum up, it can be stated that - in litters of 3 - two 
growing animals survived until type classification 
time. Mortality rate was even more unfavourable in 
litters of 4 since in these only every other young 
survived up to seven months of age. 

TabIe 3 Effect of litter size at birth on the mortality of chinchillas 

Similarly to the observations described in relation many respects. Sirnilar tendencies have been obser- 
to the development of birthweight, it is true for the ved in rabbits (Szendrô, 1995) and mink (Korhonen, 
death losses, too, that small litter size (one new- 1992), too. Presumably, these mothers produce 
bom) is, although slightly, less favourable than a litters with only one newborn because they are not 
litter size of 2, which can be considered optimum in able to carry the embryos to term successfully due 



46 Scientifur, Vol. 20, No. 1, 1996 

to their own poor body condition or health. This 
may result in high embryonic mortalities, and con- 
sequently, in small litter sizes, but postpartum los- 
ses until weaning are also higher. Death losses as a 
function of birthweight are shown in Table 4, and 
also - in more details -, in finure 2. 
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Fig. 2. Effect of body weight at birth on the mor- 
tality of chinchillas (from birth to weaning). 

The results point at the opposite tendencies existing 
in body weight and mortality rate from birth to 
weaning: as body weight increases, mortality decre- 
ases. An exception are the chinchillas bom with a 
weight over 60 gr. In their case the rate of mortality 
is 100 %. The reason for that lies in the phenome- 
non that these newbom are very agile and lively 
from the early hours after birth, and they get to the 
place of another mother through the buck's corridor 
before the corridor has been blocked, and that fe- 
male kills them. By modifying the technology of 
keeping (buck corridor inside the mothers' cages), 
and by proper organization of animal care (Anon., 
1988) (the time of blocking the buck's corridor 
should be determined based on the weight of the 
newbom) the occurrence of such cases can be re- 
duced. 

Of course, it should not be neglected either that the 
small chinchillas were bom in large litters almost 
exclusively, so their high mortality rate can be 
attributed to the poor rearing issues apart from their 
low viability. 

The death losses until weaning of suckling chinchil- 
las as a function of litter size and birthweight are 
shown in figure 3. The data indicate that the young 
bom with a small weight die at a high rate (25.0- 

33.3 %), which emphasizes the opposite tendency as 
compared to litter size. The relatively high rate of 
mortality among young chinchillas of over 41 gr. of 
birthweight as observed in some litters goes back to 
the reasons mentioned above. Otherwise, these 
young stand the best chance of staying alive in the 
other litters. 

Fig. 3. Effect of body weight and litter size at birth 
on the mortality of chinchillas until 2 months of 
age. 

For better rearing results the most viable young 
originating from large litters are recommended to be 
put out to nurse. However, this opportunity is rarely 
feasible on the small domestic farms because of the 
scattered litterings on these. 

Table 4 Effect of weight at birth on mortali- 
ty until weaning 
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Conclusions 

1. Litter size and individual body weight at birth 
provide preliminary information on the expectable 
growth of young chinchillas. The chinchillas bom 
with large body in smaller litters will be bigger at 
weaning, and also, at the time of type classification. 

2. The first week of life proved crucial from the 
point of view of rearing young chinchillas. 

3. By modifying the technology of keeping and 
animal care the rate of death losses can be reduced. 

4. The rearing results are most favourable in the 
cases of litters of 2, the cases that occur most frequ- 
ently, and the body weight of the growing animals 
is largest in these litters both at weaning and at type 
classification time. As litter size increases, the in- 
dividual body weight measured at two and seven 
months of age decreases and the efficiency of rear- 
ing becomes reduced. Actually, only two newbom 
can be reared successfully in litters of 3 and 4. For 
this reason -especially in smal1 populations-, litter 
size is not worth increasing through the practical 
breeding of chinchillas. 
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Summary 

The morphological and biochemical indices of mink 
and fox female blood in the lactation period at dif- 
ferent feed conditions were studied from 1990- 1994. 
The influence of deficient feeding and feed com- 
position on the serum protein fractions and on the 
activity of blood enzymes were established. It was 
shown, using correlation analysis, that the typical 
manifestation of exchange violation in fur animals 
was increasing connection between blood indices at 
unbalanced rations. 

Introduction 

The lactation period is characterized by an increased 
basal metabolism. The energy balance requires 
increased nutrients to the milk glands (Gratsev, 
Galantsev, 1973). 

Environmental factors and management influence 
the efficiency of lactation (Jorgensen, 1985). Defici- 
ent feed intake or deficiencies in the composition of 
the feed can be a reason for nursing disease (lacta- 
tion emaciation) - an illness in the lactating female. 
This disease is mostly obsemed in mink. As pre- 

vious studies have shown, the females have defici- 
ent protein tumover with hypoalbuminaemia and 
changes in serum enzyme activity (Berestov, Koz- 
hevnikova, 1981; Brandt, 1989). The kits of sick 
females often have slow growth and reduced re- 
sistance to infection. 

Studying the tumover in lactating animals is impor- 
tant for understanding the adaptation processes in 
the maternal organism to nursing and for designing 
methods of protection and treatment of nursing 
disease. Effective preventive measures must be 
based on early diagnostics using morphological and 
biochemical blood indices. Data on changes in 
blood indices in lactating fur animals are not nu- 
merous (Brzozowski et al., 1994; Stanislawska, 
1979, 1981; Stanislawska et al., 1979. Neither are 
investigations regarding nursing disease (Berestov, 
Kozhevnikova, 1981; Brandt, 1989). 

Materials and methods 

The laboratory of ecological physiology monitored 
farmed fur animal populations in Karelia for phy- 
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siological status using the following morphological 
and biochemical parameters: Erythrocytes (RC), 
hemoglobin (Hb), total serum protein (PROT), albu- 
mins (Alb), alpha-globulins (A-gll), beta-globulins 
(B-gl), gamma-globulins (G-gl), aspartate arnino- 
transferase (ASAT), alanine aminotransferase 
(ALAT), lactate dehydrogenase (LDH), alkaline 
phosphatase (AP), superoxide dismutase (SOD). The 
methods of measuring these indices have been de- 
scribed previously (Berestov, 1981; Ilukha, 1991). 

In this article we use only results obtained in 1990- 
1994 on the fur fanns "Kondopogskiy zverovod" 
and "Veskelskoe". The breeding results (litter size, 
date of birth) and ages were also registered. The ge- 
neral characteristics of the animal groups and condi- 
tions of the experiment are shown in Table 1. 

All obtained results were computed statistically. The 
significance of differences was tested using Chi- 
square test. 

Result and discussion 

The data show a relation between mink and fox 
blood morphological and biochemical indices during 
lactation and feed composition. In mink fed a ba- 
lanced diet until the end of lactation the initial of 
albumin level remained the same high level but the 
concentration of globulins was increased. In the 
blood of all examined females, except the young, 
was observed a lower content of alpha-globulins 
(Table 2). All females before weaning had a lower 
erythrocytes count. Females with larger litters had 
decreasing levels of haemoglobin. 

The changes in the enzyme spectmm consisted of 
increasing LDH activity in young mink females 
incl. females with both smal1 and large litters. This 
was accompanied by lowered AP and ALAT ac- 
tivity. No injury to the stmcture of the liver was 
observed but its protein synthesising function was 
changed. The increasing LDH activity can be con- 
nected with glycolysis. 

Table 1. The general characteristics of the animal groups and their experimental conditions 

- -- 

Mink 22 10% deficiency of protein in the feed and more 

than 10% deficiency in total energy. 
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Table 2. Morphological and biochemical indices (means+SD) of mink blood in the lactation period 
under normal feed conditions 

A - females with smal1 litter sizes (1-5 kits), B - females with large litter sizes (more than 6 kits), 
C - young females, D - old females. 
Differences were significant (* - compared with Exp. gr. 1, 4 - between groups A and B, C and D; 
Chi-square test). 

Hb 

PROT 

Alb 

A-g1 

B-g1 

G-g1 

AS AT 

ALAT 

LDH 

AP 

SOD 

Using feed rations deficient in protein and energy 
for lactating mink resulted in changes in the compo- 
sition of serum proteins and enzyme activity. In 
comparison with the norm redistribution of the 
serum protein fractions consisted of a lowering of 
the albumin concentration and an increase in alpha- 
globulins (Table 3, fig. 1). As previous studies have 
shown, the hypoalbuminaemia is the most frequent 
feature of females with nursing disease (Berestov, 
Kozhevnikova, 1981; Brandt, 1989). The changes in 
the fox blood during lactation compared with mink 
were analogous. The character of the turnover pro- 

cess was dependent on adequate provision of the 
necessary nutrients and energy (Table 4, fig. 1). 
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42.16 
2.33 
7.54 
0.49 

22.68 
3.13 

60.12 
3.34 

The changes in serum protein composition and 
enzyme activity which regulate protein tumover in 
female foxes were more intensive than in mink. In 
both mink and foxes were observed many common 
change in most of the investigated blood indices. At 
deficient feeding the most typical feature in the 
serum protein picture in the lactation period was 
hypoalbuminaemia and increasing ALAT activity. It 
is probably that the most drastic changes was tread 
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when normal ASATIALAT ratio was disturbed (de- 
creasing Ritis coefficient). 

As a result of deficient intake or deficiencies in the 
composition of the feed the lactating mink and foxe- 
s had considerably decreased functional synthesis. 
This was mostly manifest in decreasing the serum 
albumin content and the hemoglobin concentration. 
The most typical for the enzyme Spectrum was a 
lowering of the ALAT activity and a change in the 
normal AS AT/ALAT ratio. 

By correlation analysis it was shown that deficient 
feeding increases the correlation between blood 
indices, particularly in foxes (fig. 2). Conelation 
analysis can be used for the control conditions of 
the lactating females, particularly in case of the 
development of nursing disease. 

A U T .  

ASAT. 

6 9 1 .  . A-g l 

AUT.  

ISAT. ALb 

bgl 

K !T 

SOD. 

W. t 

Fig. 1. The effect of different feed conditions dur- 
ing the lactation period on the fox and mink serum 
protein fraction. 

F O X  
K I T  K I T  

Fig. 2. Correlation dependence between some blood indices during the lactation period at different 
feed conditions. Only significant (Pe0.05) dependence was marked. 
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Table 3. Morphological and biochemical indices (means+SD) of mink blood during the lactation 
period under the abnonnal feed conditions l 

A - females with smal1 litter sizes (1-5 kits) 
B - females with large litter sizes (more than 6 kits) 
Differences were significant (* - compared with Exp. gr. 1, + - between groups A and B, 
i - Exp. gr. 3; Chi-square test) 
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Table 4. Morphological and biochernical indices (means~SD) of fox blood during the lactation period 
under different feed conditions 

Differences were significant (A - compared with Exp. gr. 1, B - with Exp. gr. 2, C - Exp. gr. 3; 
Chi-square test). 
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Abstract 

The separation of isoenzymes of lactate dehydroge- 
nase (EC 1.1 .I 27) in extracts of liver, heart and 
skeletal muscles of mink and polar foxes by agar 
gel electrophoresis reveals seasonal variations in the 
ratio of electrophoretic fractions of the enzyme. It 
has been shown that in winter the rearrangements of 
the isoenzymatic Spectrum of LDH is manifested in 
the increased relative content of the B-subunits of 
the enzyme in the total lactate dehydrogenase ac- 
tivity, decreased anaerobiosis coefficient in the 
tissues of liver and skeletal muscles. The aerobic 
pathways of glycolysis were concluded to be impor- 
tant in the adaptation to cold by fur animals. 

Introduction 

In the process of the evolution of fur-bearing ani- 
mals of the predator order physiological and bio- 
chemical adaptations to changing environmental 
conditions have appeared. In the annua1 periodicity 
of biological functions the rhythm of metabolism 

acquires special importance, since it has the prin- 
cipal role in the organism's adaptational response 
(Hochucku, Somero, 1977). The annua1 cyclicity of 
the basal metabolism is reflected in seasonal rear- 
rangements in heat production and oxygen con- 
sumption in fur-bearing animals (Segal, 1975; Dani- 
low, Tumanov, 1976; Harri, Korhonen, 1982). 

Seasonal adaptations are inherent in the total ac- 
tivity of a number of serum enzymes in mink and 
polar foxes (Berestov, Kozhenikova, 1980; Kozhev- 
nikova, 1987) reflecting the fluctuations in the pro- 
tein, fat and hydrocarbon exchanges throughout the 
year. Not only the total activity of the glycolytic 
enzyme in blood serum LDH but also the relative 
content of its molecular forms have seasonal cycli- 
city (Kozhevnikova et al., 1988). Taking into ac- 
count the organ origin of the isoenzymes of blood 
serum LDH, it seemed interesting to reveal the role 
of different organs in their formation at the change 
of the seasons and determine the direction of glyco- 
lysis in the adaptation to changing environmental 
factors. 
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Materials and methods 

Studies have been made on farm-bred adult mink 
and polar foxes. Extracts of liver, heart and skeletal 
muscle tissues obtained from fur animals in Febru- 
ary, April, July, and November (Meldo, Unzhakov, 
Ostashkova, 1987) were used to investigate the 
isoenzymatic LDH profile (LDH, EC, 1 .l .l .27). 

Multiple molecular lactate dehydrogenases forms in 
organs were revealed by agar electrophoresis (Wie- 
me, 1959) modified by E.G. Gorozhanskaya and 
V.S. Shapot (1973) on a home device "PEF-3". The 
electrophoresis was performed in the veronal-me- 
dinal buffer, pH = 8.6, ionic strength 0.05, tension 
3-4 Vlcm and strength of the current 50 ma/cm for 
two hours. The qualitative ratio of LDH isoenzymes 
was estimated by scanning electrophoregrams (after 
their histochemical staining) on a microdensitometer 
"Chromoscan-200". 

Results and  discussion 

In the studied representatives of the predator order - 
mink and polar foxes - the general regularities in 
the distribution of isoenzymatic LDH fractions in a 
number of organs and distinct differences depending 
on ecological specialization of a species were obser- 
ved (Kozhevnikova, 1989). 

The general regularities consisted in the tissue (or- 
gan) specificity of the sets of LDH isoenzymes 
corresponding to their metabolism level. 

For instance, in the tissues with predominantly 
aerobic exchange, such as the heart, the leading part 
in mink as well as in polar foxes was played by 
LDH isoenzymes with B-type subunits prevailing 
(fig. 1, Table 1). In this case the summary content 
of anodic forms (LDH-1 + LDH-2) made up in 
mink 70%, in polar foxes - 90% of the total acti- 
vity. The portion of cathodic enzyme forms (LDH- 
4, LDH-5) was low and fluctuated in mink between 
1.6 (LDH-4) and 4.5 (LDH-5), in polar foxes corre- 
spondingly between 2.5 and 2.9%. A high content 
of the LDB B-subunits in the heart extracts was 
observed throughout the year, which provided a 
sustained aerobic glycolysis independently of seaso- 
nal and temperature changes. During the year the 
isoenzymatic Spectrum of LDH in heart tissue on 
the whole corresponded to the organ specificity in 
the distribution of the fractions. Within the limits of 
this distribution a decrease in the relative content of 
LDH-1 and a simultaneous 1.6-fold increase in the 
content of a hybrid isoenzyme LDH-4 (Pc0.05) 
occurred in mink in spring compared with winter. 
The content of the latter in polar foxes increased 
only in auturnn and exceeded the summer level 
nearly 3-fold (P<0.01). 

Fig. 1. Enzymograms of LDH in hearts of mink (A) and 
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l 
Table 1. Distribution of LDH isoenzymes in heart winter (p<0.05). In polar foxes a 1.25-fold growth i 

tissues of mature fur animals in different in LDH-5 activity (p<0.01) was recorded in summer 
seasons compared to the previous season, which was attend- 

ed by a nearly 2-fold fa11 in the relative content of 
the hybrid isoenzymes LDH-2 ( ~ ~ 0 . 0 5 ) .  

It is interesting to compare the total content of the 
anodic and cathodic LDH form by seasons and to 
calculate the anaerobiosis coefficient (ratio of the 
activity of LDH-5 to LDH-l). 

Table 2. Isoenzymatic profiles of LDH in the liver 
of mink and polar foxes in different sea- 
sons 

Note: here and further = * . significantly differenr from the pnvious 
seasons - P<0.05; ** - Pc0.01; *** - Pc0.001. 

In the tissues with predominantly anaerobic ex- 
change, e.g., liver, along with all five LDH frac- 
tions, the isoenzymes incorporating A-type subunits 
prevailed (fig. 2, Table 2). In mink and polar fox 
liver extracts the portion of LDH-5 made up on 
average 70% of the total activity and the total con- 
tent of the cathodic fractions (LDH-4 + LDH-5) - 
83.2% in mink and 77.5% in polar foxes. In this 
case the relative content of LDH anodic fraction 
was not high, averaging in mink 2.1 1 (LDH-4) and 
4.15% (LDH-5), and somewhat higher in polar 
foxes - 8.5 and 5.99%, respectively. 

It appeared that in mink the total content of the 
When such organ specificity in the distribution of fractions LDH-4 + LDH-5 decreased during winter 
LDH isoenzymes was related in the liver tissues, an from 88.25 (autumn) to 76.23% and the total LDH- 
almost 2-fold increase in the relative content of 1 + LDH-2 increased in February to twice that in 
LDH-4 was observed in mink in spring compared to autumn. 
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Fig. 2. Enzymograms of LDH of of mink (A) and polar foxes (B) 

In summer the anaerobiosis coefficient made up in 
mink 74.7, whereas after the first auturnn colds it 
decreased to 51.3 and during February frosts it 
reached 16.7 1. In polar foxes we observed a similar 
correlation of anodic and cathodic LDH fractions, 
but the response to a temperature decrease showed 
up only in February when not only the total content 
of the cathodic isoenzymes was reduced from 84.64 
to 69.23% but the content of anodic grew from 9.56 
(autumn) to 19.34%, i.e. twice that in auturnn. We 
have recorded a delayed response to a decreased 
environmental temperature by polar foxes compared 
to mink earlier while studying the general activity 
of serum enzymes (Berestov, Kozhevnikova, 1980), 
which conforms with the information by A.O. Slo- 
nim (1986) about a less pronounced effect of en- 
vironmental factors on the metabolism of polar 
foxes. 

Five isoenzymes LDH were revealed in the extracts 
of skeletal muscles of mink and polar foxes (fig. 3, 
Table 3). In mink over half of the activity fe11 on 
LDH-5. Its relative content averaged 58%. The 
anodic forms LDH-l (1.26%) and LDH-2 (6.54%) 
had the lowest activity. The content of the cathodic 
isoenzyme LDH-5 was also the highest in the skele- 
tal muscle tissue of polar foxes - 45%, a quarter of 
the lactate dehydrogenase activity belonged to LDH- 
1. Along with a high LDH-5 content in both spe- 

cies, the total content of the cathodic isoenzymes in 
mink exceeded that in polar foxes by one-third, 
while a relative LDH-1 content was higher in the 
latter than in mink. This led to the almost 20-fold 
difference in the values of the anaerobiosis coeffici- 
ent (in mink - 46.1, in polar foxes - 1.87) which 
testified to a greater ability of skeletal muscles to 
the aerobic glycolysis. 

Seasonal rearrangements in the isoenzymatic LDH 
spectmm of skeletal muscles were different in mink 
and polar foxes. In mink the summer period was 
characterized by the maximum activity of LDH-5 
and the lowest content of LDH-4. In autumn a 1.3- 
fold fa11 in the relative content of LDH-5 (pc0.01) 
and a 1.5-fold growth of the hybrid isoenzyme 
LDH-3 ( ~ ~ 0 . 0 5 )  was observed compared with sum- 
mer. In spring only the content of LDH-3 reliably 
decreased - 3-fold (p<0.05) - compared to winter. 

In polar foxes the rearrangements in the LDH isoen- 
zymatic spectrum of skeletal muscles embraced the 
spring and autumn periods excluding summer. in 
spring the content of LDH-2 increased nearly twice 
relative to winter (pc0.01) and in auturnn a three- 
fold decrease of LDH-1 (p<0.01) was observed, 
which was attended by a 1.6-fold increase in the 
relative content of LDH-5 (p<0.01) in comparison 
with summer. 
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Fig. 3. Enzymograrns of LDH of skeletal muscle of mink (A) and polar fox (B) 

Table 3. Isoenzymatic profiles of LDH in the skele- When the autumn-winter LDH spectra of the skele- 
tal muscles of mink and polar foxes in tal muscles of mink and polar foxes are compared, 
different seasons a general trend towards an increase of the relative 

content of LDH-1 is observed in February compared 
to November. In mink the isoenzymes of group B 
(LDH-1) determined the lowest anaerobiosis coeffi- 
cient in winter (1 1.89), whereas its value in polar 
foxes also depended on a decrease in relative con- 
tent of the cathodic isoenzyme LDH-5 compared 
with autumn. As in the case with the isoenzymes of 
the liver tissues, the skeletal muscle tissue of mink 
responded to the seasonal fa11 of the environmental 
temperature by a decrease in the relative content of 
LDH-5 a season earlier than of polar foxes, i.e. in 
autumn. 

The seasonal rearrangements in the relations be- 
tween the isoenzymatic LDH spectra of the studied 
organs covered not only the "pure" isoenzymes 
(LDH-1 and LDH-5) but also the hybrid ones; it 
referred to LDH-4 to the greatest extent, its relative 
content changed in spring and LDH-2 and LDH-3 
in summer. 

The environmental pressure attended by a change in 
the relative content of the isoenzymes with polypep- 
tide A or B, is evidently connected with the physio- 
logical requirements of the organism. Though bio- 
chemical reactions catalyzed by enzymes and their 
moiecular forms occur inside the cells of different 
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organs, the blood washing them reflects the direc- 
tion of metabolism on the whole (Berestov, Koz- 
hevnikova, 1981). Undoubtedly, the changes in the 
molecular profile of the lactate dehydrogenase of 
organs play a significant role in seasonal rearrange- 
ments of the isoenzymatic LDH spectrum in the 
blood serum of mink and polar foxes. It should be 
noted that the general direction in the changes of 
the isoenzymatic LDH spectrum of blood serum by 
seasons (Kozhevnikova et al., 1988) was analogous 
to those in liver and skeletal muscles and evident of 
fine regulation in the biochemical functions of an 
organism in conformity with changing environmen- 
tal conditions showing a direct participation of the 
systems responsible for energy provision in the 
adaptational processes. In homogenates of liver and 
skeletal muscles as well as in blood serum the low- 
est anaerobiosis coefficient was in winter. Its value 
was always lower in polar foxes than mink which 
was conditioned by a higher, than in the latter, 
content of LDH- 1. 

It is known that LDH isoenzymes having a common 
substrate specificity are not identical (Lehninger, 
1976; Wilkinson, 1981) and the physiological sense 
of their existence with polypeptides A and B con- 
sists in fine regulation of the alternative ways of 
metabolism: LDH-5 (A) catalyzing the final stages 
of the anaerobic transformation of carbohydrates 
(reduction of pyruvate to lactate) whereas LDH-1 
(B) to a greater extent catalyzes the aerobic oxida- 
tion of the accumulated lactate to pyruvate. 

Proceeding from the stated properties of LDH isoen- 
zymes to catalyze the alternative glycolysis path- 
ways, one can suppose that adaptation to winter 
conditions goes by intensifying its aerobic pathways 
which allows maintenance of the necessary level of 
pyruvate and reducing equivalents in the liver and 
skeletal muscle mitochondria at the expense of the 
isoenzymes belonging to group B. The latter, as has 
been shown above, bear a great functional load in 
winter, since precisely at their expense a fa11 in the 
anaerobiosis coefficient took place. 

The intensification of the aerobic glycolysis path- 
ways in liver and skeletal muscles in mink and 
polar foxes with reduction in environmental tem- 
peratures can be treated as a peculiar kind of adap- 
tation of the energy exchange and, alternatively, as 
an addition to respiration mechanism of producing 

energy. It should be noted that we have recorded a 
similar seasonal direction of glycolysis earlier in the 
level of the isoenzymatic LDH spectra in blood 
serum, which was in essence a reflection of the 
changes observed in the tissue level (Kozhevnikova 
et al., 1988). In this case, a shift in the lactate dehy- 
drogenase reaction towards aerobiosis occurred 
against the background of a growing share of glyco- 
lysis in the total cell energy provision (Berestov, 
Kozhevnikova, 1989) which agrees with the infor- 
mation by Isaakian (1972) and Haskin (1975) about 
a more intensive utilization of the glycolytic path- 
way in the muscles and liver of animals in cold 
conditions. 

In the spring-summer period the role of the aerobic 
way of the transformation of pyruvate in the lactate 
dehydrogenase reaction becomes less important (not 
only a relative content of LDH-1 decrease, but the 
content of LDH-4 and LDH-5 increases), and the 
process of carbohydrate decomposition is obviously 
shifted towards the reduction of pyruvate to lactate 
which goes on against the background of the re- 
duced total value of glycolysis and intensified heat 
production and oxygen consumption (Kozheivzikova, 
Berestov, 1987). 

Thus, seasonal rearrangements in the isoenzymatic 
profile of the acetate dehydrogenase of blood serum, 
liver, skeletal muscles in mink and polar foxes are 
manifested in changes in the relation of the activi- 
ties of the "pure" form of the isoenzyme LDH-5 and 
LDH-1 dependent on the requirements of the orga- 
nism to adaptation to environmental factors. All this 
is indicative of a fine regulation of the biochemical 
functions at the expense of the system sin charge of 
producing energy. The latter shows up in winter to 
a greater extent and is manifested in the stimulation 
of aerobic glycocysis pathways as the most efficient 
for producing energy. 
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Enzymes of the antioxidant system during post- 
natal ontogenesis iii the mink 

V.A. Ilukha 

The activity of the key antioxidant enzymes, super- 
oxide dismutase and catalase, was estimated in 
various organs of mink (Mustela vison Briss.) pups 
during postnatal ontogenesis. The organ-specific 
distribution of these enzymes was established and 
the levels of their activity were matched to certain 
periods of ontogenesis. This enzymatic system is 
already formed by tlie moment of birth, and further 
changes in it are related to the growth of organs and 
the effects of environmental factors. 

Ontogenesis (Russiun Journal of Development Bio- 
logy) 26, 2, pp. 115-118, 1995. In RUSS. 2figs., 18 
refs. Author's abstract. 

Reference data on the anatomy and serum bio- 
chemistry of the silver fox 

Lipo and T-Bil (p<0.01); concentration of Mg and 
Glu (p<0.05); activity of LDH and lipase (pe0.05). 

The biochemical data were uniform with some 
exceptions. These were AST (142 IU/l) and ALP 
(122 IU/l) in a 5-year-old male fox. Glu (over 200 
mgldl) in four 2-year-old females foxes, CK (629 
IUA) in a 2-year-old female fox, and finally CK 
(366 IUA) and lipase (428 IUA) in an 8-year-old 
female fox, all of which were elevated. These data 
were similar to the reference values for the dog 
previously reported. 

The reference values presented in this report for the 
silver fox will be valuable as a guide for clinical 
diagnosis and research. 

Jpn. J. Vet. Res. 39: 39-50, 1991. 5 tables, 2 figs., 
19 refs. Authors ' summary. 

Innate skin growth disturbance in chinchillas 

Jan Zwierzchowski, Ewa Smielewska-Los 
Yao-ming Zhan, Julz Yasuda, Kimehiko Too 

Clinically healthy silver foxes obtained from a 
closed colony were investigated for the purpose of 
establishing base-line data for this species. The 
anthropometry (bocly weight; body length; length 
and width of the head, width, depth, and circum- 
ference of the chest; length of the tail), anatornical 
measurements (weight; longitudinal and transverse 
length; thickness of the main organs) and serum 
biochemical assays (AST, ALT, ALP, LDH, CK, 
lipase, GGT, T-Cho, B-Lipo, TG, Phos-Lip, Tp, T- 
Bil, UA,. BUN, Crea, Glu, Ca, IP, Mg, Fe, Na, K, 
Cl, LDH and CK isoenzymes) were carried out. The 
data were presented as mean values with standard 
deviations, and compared with those of the dog. 

The coefficient of variation (CV) for each of the 
anthrapometnc parameters was low, except for that 
of female body weight for which the CV was 17%. 
The body size of the male was larger than the fe- 
male, and the weights of the main organs, corres- 
ponding to body size, were greater than the female. 
The results were equivalent to those for a Beagle 
dog aged between 3 and 5 months. Significant dif- 
ferences between the sexes were detected in the 
following parameters: concentrations of BUN, B- 

On a chinchilla farm, where marked decreases in 
fertility were observed, morphological changes of 
unknown origin (not reported so far in this species) 
occurred on the skin of four animals in subcu- 
taneous tissue/hypodermis in the form of oedema 
(anasarca) on the abdomen. The changes were 
noticed in three females and one male. All animals 
were the progeny of the same mother and were 
related to lier in F1, F2, F3, and F4 generations. 

Studies were performed on two of the females. No 
clinical disease symptoms werq found; the animals 
were in good health. In the abdominal and chest 
regions the oedema was located symmetrically and 
it felt cold and soft on examination with symmetri- 
cally palpable sclerosis (callosity) hardening. 

Hematological indices of the blood and the level of 
serum protein were within standards and tests for 
parasites proved negative. Bacteriological examina- 
tion revealed a few colonies of E. coli, but colonies 
of Proteus sp. and Staphylococcus epidermiditis 
were isolated from the subcutaneous tissues affect- 
ed. In one of the females, growth of Aspergillus 
fungus was found and, in the other, the mucor type 
of fungus. 
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Post mortem examination showed quite large ana- 
sarca in chest regions, hypogastrium and groins. 
Cross-sectional study of the tissue presented con- 
gestion and the presence of hard formations filled 
with greasy substance. Microscopic picture depicted 
numerous cyst-like forms, the capsule of which was 
made of epidermis, dermis, sheath of the hair and 
hair gland. The inside of the cysts were filled with 
exfoliated epidermis and the rernnants of hair. Hy- 
podermis was characterized by numerous widened 
cavitav veins filled with blood and capillarectasia. 
Stromal connective tissue was markedly oedema- 
tous. 

Angiectasia and telangiectasia were of a congenital 
type. Cystiforms in hypodermis looked like innatel- 
congenital cystes dermoides. 

The changes observed may be of hereditary origin 
because of the same progenitor. 

Oizly abstract received. Authors' abstract. 

Sex and regional differences in intracellular loca- 
lization of estrogen receptor immunoreactivity in 
adult ferret forebrain 

receptor protein in particular brain regions might 
contribute to the differential regulation of estrogen- 
dependent functions in the two sexes. 

Neuroendocrinology 3, 58: 31 6-324, 1993. 2 tables, 
5 Jigs., 47 refs. Authors' abstract. 

Time of pelting of silver fox 

Vilhelm Weiss 

The effects of date of pelting, age, and pelt pro- 
cessing method on pelt quality were investigated on 
62 silver fox pelts from 2 farms. The incidence of 
pelts with hair loss was 30 and 55%, respectively at 
the 2 farms. The incidence of loose hairs was not 
significantly affected by litter, age at pelting or 
method of processing, but was significantly higher 
for foxes pelted in early than in late December. 

Dansk Pelsdyravl 56 (1): 404-406, 1993. 111 DA h'li 
I photo, 2 refs. CAB-abstract. 

Focusing on the time of pelting 

K.A. Selbekk 
S.A. Tobet, T. W. Chickering, T. O. Fox, M. J. Baum 

Estrogen receptors were visualized in adult ferret 
brains using the H222 estrogen receptor antibody 
and immunocytochemical techniques. H222 irnrnu- 
noreactive (H222ir) cell nuclei were present in 
many forebrain regions in gonadectomized ferrets of 
both sexes. In many instances, H222ir cells also had 
immunoreaction product in their processes. All cells 
with H222ir processes also contained H222ir nuclei. 
More H222ir processes were observed in females in 
the medical and lateral preoptic arealanterior hypo- 
thalamus, and at the level of the descending fomix 
and caudal anterior commissure. Quantitative image 
analysis confirmed that females had significantly 
more (approximately 50%) extranuclear H222 im- 
munoreaction product than males in cells in the 
magnocellular or preoptic subnuclei of the bed 
nucleus of the stria terminalis. Cells in the principal 
subnucleus of the bed nucleus of the stria terminalis 
and ventrolateral septum were notable for the rela- 
tive paucity of H222ir processes. Sex differences in 
the intracellular extranuclear distribution of estrogen 

51 silver foxes were pelted on 6 Dec., 2 1 Dec or f *  

Jan., and their pelts were evaluated before and &rtrrmr 
processing. Of 23, 14, and 14 pelts froni t o t r k  

pelted on the 3 dates, none, 4, and 10, respectit e l \  
had no loose hairs. 

Pelts from foxes pelted on 21 Dec. or 6 Jan. shoued 
a lower degree of hair loss after processing than 
those from foxes pelted on 6 Dec., but there was no 
evidence that type of processing had a significant 
effect on pelt quality. 

Norsk Pelsdyrblad 67 (11): 12-13 + 16, 1993. I I I  
NORW. 2 tables, 2 photos. CAB-abstract. 

The advantages of water 

Janne Hansen 

133 pelts from mink at 2 farms with or without 
access to shallow water trays in their cages from 



Multidisciplinary 63 

Aug. to pelting were compared, and a further 367 
pelts were also examined. Pelts from mink with 
access to water tended to have better clarity than 
those from animals with no access to water. How- 
ever, use of water may lead to smaller pelts, higher 
food consumption andlor a higher bacterial growth 
in nest boxes. 

Dansk Pelsdyravl 57, 7: 283-284, 1994. In DANH. 
3 tables, I f ig .  CAB-abstract. 

The effect of fertility on the production of fur 
bearers 

Kai Rune Johannessen 

Possibilities of improving maie and female fertility 
in mink and foxes by means of management and 
selection are discussed, and the importance of ferti- 
lity for economic return is considered. 

Norsk Pelsdyrblad 67, 9: 4-5, 1993. In NORW. 1 
photo. CAB-abstract. 

females whelping in Finland in 1988. For females at 
13 farms with 1-10 breeding females, litter size 
averaged 4.09 i 1.47 cubs vs. 3.75 i 0.61 at 12 
farms with 59-222 females. 

Finsk Palstidskrift 27, 6-7: 170, 1993. In SWED. I 
f ig .  CAB-abstract. 

Population of fur bearers in 1994 

Jens Groot 

In 1994, the numbers of breeding females in Den- 
mark were 1,8 12,970 for mink, 9,167 for blue fox- 
es, 5,605 for silver foxes, 409 for polecats, 185 for 
raccoon dogs, and 8,282 for chinchillas, and there 
were 2,783 mink farms and 228 fox farms. Data are 
tabulated by district, farm size and colour type, and 
numbers are compared with those in previous years. 

Dansk Pelsdyravl 57, 6: 239-242, 1994. In DANH. 
8 tables. CAB-abstract. 

Local distribution of pelt production in 1992-93 
Effect of farm size on the average litter size 

J.  Makela 
Pasi Koppinen 

Antal honor 
O = Obsewationsfarmernas valpresultat 

Fig. 1. Litter size on farms of different sizes, 1988 

In an attempt to provide a method of accurate as- 
sessment of the performance of breeding animals at 
individual farms, the relationship of farm size with 
litter size was determined, using data on silver fox 

In 1992-93, in Finland, the production of mink, fox, 
raccoon dog and polecat pelts was 1,512,120, 
1,226,305,51,899 and 70,271, respectively. Data are 
tabulated by district, colour type and farm size. 
production is compared with that in the previous 
year, and economic aspects are considered. 

Finsk Palstidskrift 27 (12): 310-314, 1993. In 
SWED. 23 tables. CAB-abstract. 

Work expenditure on fox farms 

Bogumil Strzyzewski 

Work expenditure was determined on the basis of 
measurements camed out on 8 farms (the picture of 
the day's work). The measurements were repeated 
a few times in each of six periods of the year. It has 
been established that the upkeep of one vixen takes 
up from 23 to 154 hours of work a year. The extent 
of work expenditure is affected, above all, by the 
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size of the herd and in cases of sirnilar herds by the 
level of mechanization of the farm. In the structure 
of work expenditure the first place is taken by work 
connected with feeding foxes (35-63%), thereafter 
work connected with breeding and veterinary care 
(15-42%), cleaning (6-27%) and others 14-16%). 

Annals of Warsaw Agricultural University SGGW- 
AR, Animal Science, No. 25: 53-57, 1990. 3 tables, 
3 refs. Author's abstract. 

reforms to date as well as of system transformations 
may not be considered as encouraging. 

Zeszyty Naukow Akademii Rolniczej w Szczecinie, 
nauki Spoeczne i Ekonomiczne 30: 3-23, 1992. 5 
tables, 6 refs. In POLH. Complete translation into 
ENGL available. Author's summary. 

Long-term effects of different handling proce- 
dures on behavioural, physiological, and produc- 
tion-related parameters in silver foxes 

Economic results obtained on fox farms 
Vivi Pedersen 

Bogumil Strzyzewski 

The investigation was based on the data collected 
on 8 fox farms from 1981 to 1984. The costs ne- 
cessary for the upkeep of one vixen and for obtain- 
ing one pelt were determined. Depending on the 
farm size the costs calculated per one vixen varied 
from 20.000-30.000 z1 to 50.000-60.000 zl. In the 
structure of costs the feed amounts to 30-50% and 
the labour cost up to 20%. The index of production 
profitability for particular years and farms amounted 
to 110-167 pnts. 

Annals of Warsaw Agricultural University SGGW- 
AR, animal Science, No. 25: 59-62, 1990. 3 tables, 
4 rejs. Author's abstract. 

Sixty years of fur farming at Lubiechow 

Miroslaw Bochenek 

The Fur Animal Farm at Lubiechow, was establish- 
ed over 60 years ago. Due to outstanding economic 
and breeding results achieved during that period, it 
can be considered as one of the best in the country. 
Unfortunately, the organizational, institutional and 
system environment existing since 1945 did not 
allow for ful1 use of available potential material and 
labor capacities. Those conditions unfavourably 
influenced the farm's development and, at present, 
they still determine the existence of the farm. Since 
the beginning of systematic changes which started 
at the beginning of the eighties, we expected some 
improvement of the farm's situation and extemal 
conditions. Unfortunately, the results of economic 

Fifty-one silver fox vixens, subjected to three dif- 
ferent handling treatments as cubs (no-handling, 
gentle or forced handling), were studied for long- 
term effects on behavioural, physiological and pro- 
duction-related parameters in a one and a half year 
period following the last handling session. As juve- 
niles, the animals were exposed to three different 
behavioural tests at 18, 22, 28, and 32 weeks of 
age. Both forcibly and gently handled animals 
showed reduced fear responses compared with non- 
handled controls in test situations involving close 
contact with humans (P<0.05). The foxes were 
tested again as adults at 10, 13, 15, and 18 months 
of age with the same behavioural tests. 

It was revealed that forcibly handled animals persi- 
stently showed reduced fear responses compared 
with control animals, both in close contact with 
humans and when exposed to a novel object, 
whereas gently handled animals only differed from 
control animals in one of the tests involving some 
human contact and when exposed to a novel object 
(P<0.05). Significant differences between adult 
gently handled and forcibly handled animals were 
found in the 'confront' test involving close human 
contact. In this test more flight responses were 
observed in the gently handled group than in the 
forcibly handled group (P<0.01). Control animals 
had significantly larger adrenal weights compared 
with both forcibly handled animals and gently hand- 
led animals at 22 months of age (total mean adrenal 
weight: controls, 0.62 g; gentle, 0.54 g; forced, 0.54 
g, Pe0.05, general linear models). Other physiologi- 
cal measures and production-related parameters such 
as body weight, body size, gastric ulceration and 



pelt qualities did not differ between treatments 
(P<0.05). Early post-weaning handling made foxes 
less fearful towards humans. Forced handling seem- 
ed somewhat superior to gentle handling as a means 
to produce animals which, in the long term, adapted 
better to the farm environment both behaviourally 
and physiologically. Non-handled control animals 
suffered from long-term stress as reflected by high 
levels of fear responses and enlarged adrenals. Thus 
post-weaning handling may be beneficial in the long 
term for the well-being of farmed foxes. When 
applied as a management routine, handling had no 
significant influence on later production-related 
parameters and was not considered an economic 
risk. 3.0 1 'Human' test 

JUVENILE M U L T  

Fig. 1. Flight responses of 51 silver fox vixens 
when juvenile (left) and adult (right) in response to 
three tests. The vixens had been subjected to three 
different early handling treatments (control, CO; 
gentle, GE; forced, FO. 
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'Object' test 

Research on taming and reproduction in fox and 
raccoon dog 

Xu Guiqin, Li Changsheng, Li Yulan 

Raccoon dog and fox were tame and docile accor- 
ding to their ecological characters and behaviour 
pattern so as to set up relative reflection. The results 
indicated that domestication can improve female 
reproduction. The survival rate of young raccoon 
dogs was improved significantly (Pc0.01) by t-test. 

Ecology of domestic animal 14 (2): 6-9, 1993. In 
CHIN. 2 tables. Authors' abstract. 

Seasonal changes in activity of Arctic foxes Alo- 
pex lagopus L. in Svalbard 

Karl Frafiord 

Daily and seasonal activity pattems of Arctic foxes 
Alouex lanovus were studied on the western coast of 
~valbard irAm 1986 to 1989. The activity of radio 
collared foxes (n=ll ,  including two pups) was 
recorded on a chart recorder, and the activity of 
litters of pups (n=6) was observed in denning areas. 
Only one collared fox, a female, was known to be 
breeding. The range in activity by month and in- 
dividual was about 10-60%, and yearly means were 
32% and 36% in adult males and females, respec- 
tively. Variation between months was not signifi- 
cant. A seasonal variation was found although no 
two seasons were different from each other. Aver- 
age percentage of activity in the summer was 40%, 
and in the winter 15%. No influence on the rate of 
activity of temperature and wind speed was found. 

Foxes averaged 39% activity in nighttime hours 
(2000-0800) and 28% in daytime hours (0800-2000) 
(pa.06).  Three adults (two males, one female) and 
one pup that were monitored when living in the 
same bird cliffs influenced each others' activity only 
to a smal1 extent. 

Applied Animal Behaviour Science 40: 285-296, Fauna Norv. Ser. A 14: 39-46, 1993. 2 tables, 5 
1994. 1 table, 2 figs., 35 refs. Author's abstract. figs., 23 refs. Author's abstract. 
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Fig. 1. Mean frequency of behaviours per 5 min of observation of winners vs. losers (Wilcoxon test, 
z=0.87, b0.05), females vs. males (z=1.49, b0.05) heavier vs. lighter foxes (z=0.85, b0.05),  larger 
vs. smaller foxes (<=0.89, b0.05). 

Agonistic behaviour and dominance relations of 
captive arctic foxes (Alopex kgopus) in Svalbard 

Karl Frajord 

Agonistic behaviour and dominance relations were 
studied in three groups of arctic foxes (Alopex 
lagopus) on the western coast of Svalbard (79"N): 
(1) Five 'tame' foxes (388, 29 9) kept in captivity 
for 9-26 months, (2) twenty-two 'wild' foxes ( l  188,  
11 9 9) kept in captivity for 4 days to 3 weeks, and 
(3) free-living foxes. Experiments were started by 
introducing two foxes (n=74 dyads) into a large 
enclosure (360 m2), scoring winners and losers in a 
competition for food, calculating a dominance index 
(DI), and observing the frequency of 12 behaviours. 
D1 was correlated with body size as measured by 
the length of a front foot, but not with body weight. 
Males dorninated females more frequently than vice 
versa (P40.06). Tame foxes were more playful and 
less aggressive than wild foxes. Fighting was mostly 
restricted to chasing and following, and no injuries 
were seen. When considering all 12 behaviours no 
significant difference was found between winners 

and losers, males and females, larger and smaller, 
heavier and lighter foxes. However, winners were 
more frequently following and chasing (i.e. offen- 
sive), while losers more frequently behaved submis- 
sively. Ignoring (dominant) or evading (subordinate) 
behaviours were frequent, and no distinct display 
signalling high social status was found (see figure 
1). 

Behavioural Processes 29: 239-252, 1993. 3 tables, 
3 Jigs., 42 refs. Author's abstract. 

Metabolic adaptation to climate and distribution 
of the raccoon procyon lotor and other procyoni- 
dae 

John N. Mugaas, John Seidensticker, Kathleen P. 
Mahlke-Johnson 

Our analysis has illustrated that within Porcyonidae 
there are two distinct modes of metabolic adaptation 
to climate. One is typified by those species with low 
H,'s (Bassariscus asturus, Nasua nasua, Nasua 
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narica, procyon cancrivorus, and PotosJlavus), and 
the other by Procyon lotor with its higher H,. Those 
with low H,'s have more restricted geographic di- 
stribution~, and, with the exception of Bo,rsariscus 
astutus, they are all confined to tropical and sub- 
tropical areas. 

P 

1, 40 1 JUNE 10-11 FEMALEC 4 

TIME (h) 

Fig. 7. Relationship between body temperature and 
time of day at various months of the year: captive 
females, open circles, captive males, closed circles. 
Vertical cross-hatched areas represent civil twilight. 

The fossil history of this family indicates that it had 
its origins in tropical forests of North and Central 
America. This indicates that those procyonids whose 
distributions are still primarily restncted to tropical 
forests share many o; tlie iiieiabolic adaptations 
characteristic of their ancestors. We speculate, there- 
fore, that ancestral procyonids had a lower than 

predicted H,, a pelt with modest to poor insulative 
quality, good thermogenic ability but poor heat 
tolerance, modest to poor capacity for evaporative 
cooling, no well-defined molt cycle, no cyclic peri- 
od of fattening, noctumal habits, and a modestly 
diverse diet of high-eiiough quality to provide for an 
average reproductive potential. Although this pedi- 
gree contributed to the success of this family in 
tropical and subtropical forests, it lirnited the ability 
of its members to expand their distributions into 
cooler, less stable climates. Viewed in this perspec- 
tive, Procyon lotor's high basal metabolic rate, 
extraordinarily diverse diet, weI1-defined cyclic 
changes in fat content and thermal conductance, 
high level of heat tolerance, high capacity for eva- 
porative cooling, and high reproductive potential all 
stand out in sharp contrast to the condition describ- 
ed for other procyonids. 

This suggests that the North American raccoon 
represents culmination of a divergent evolutionary 
event that has given this species the ability to break 
out of the old procyonid mold and cany the family 
into new habitats and climates. 

Smithsonian contributions to Zoology No. 542, 34 
pp. 1993. 12 tables, 7figs., 153 refs. Authors' sum- 
mw"Y 

Home range and movements of Arctic foxes Alo- 
pex lugopus in Svalbard 

Karl Frajjord, På1 Prestrud 

Movements and home ranges of arctic foxes Alopex 
lagopus were studied in two regions of Svalbard by 
means of radio tracking (n=17), ear tagging (n=192) 
and visual observations. The movements of radio 
collared foxes were highly variable, and most foxes 
roamed over wide areas at least during periods of 
the year. Home range size was estimated for l 1  
foxes when more stationary and for three other less 
stationary foxes, and were in the range 5-120 km2. 
During non-stationary periods several foxes roamed 
over areas 500-1000 km2 or more. These move- 
ments may more correctly be classified as nomadic, 
and should not be termed home ranges. Only 3 of 



68 Scientifur, Vol. 20, No. 1, 1996 

12 radio collared foxes that disappeared from an 
area returned later. Seven of the 17 foxes were 
relocated to the same area in more than one season. 
Overlap of home ranges was extensive, even more 
so when a number of non-tagged foxes in the re- 
gions were included. The heavier juveniles and 
adults were more sedentary than those of weight 
lower than medium. 

Polar Bio1 12: 51 9-526, 1992. 6 tables, 3 figs., 28 
refs. Authors' summary. 

Arctic fox (Alopex lagopus) dens in the Disko Bay 
area, West Greenland 

Sussie M. Nielsen, Vivi Pedersen, Bente Bang Klit- 
gaard 

Seventeen arctic fox (Alopex lagopus) dens in the 
Disko Bay area, West Greenland are described 
regarding location, type, size and vegetation cover. 
The dens were found in ridges, screes and level 
ground, mainly in areas of dwarf-scmb heath. The 
mean number of entrances was 17.8 + 18.4 SD 
(range 1-63), with more than half of the dens ha- 
ving fewer than 10 entrances. For dens in slopes, 
there was a prevalence for south-facing slopes, but 
for dens with an open exposure, entrances were 
most frequently oriented towards the north and east. 

The dens were not found to be lush green, as report- 
ed from several other areas. A visual difference be- 
tween the den vegetation and the surrounding vege- 
tation could only be recognized at a few den sites. 

A vegetation analysis revealed a significant dif- 
ference between the den and the surrounding area in 
the occurrence of eight plant species. Among the 
species occumng more frequently on the den than 
in the adjacent area, Stellaria longipes was the most 
conspicuous because of its white flowers. This spe- 
cies is therefore suggested as a guide species in the 
search for new dens in the Disko Bay area. Dens 
with recent fox activity were larger and more con- 
spicuous than dens without sign of recent activity. 

Arctic, Vol. 47, No. 4: 327-333, 1994. 2 tables, 3 
figs., 30 refs. Authors' abstract. 

Dorninance relations in captive groups of adult 
and juvenile arctic blue foxes (Alopex lagopus) 

Hannu Korhonen, Sakari Alasuutari 

Dominance relationships were studied in captive 
Arctic blue fox (Alopex lagopus) groups comprising 
adults (four males, five females) and juveniles (four 
males, five females). The results showed that Arctic 
blue foxes easily formed a social organization with 
an observable hierarchy, in which adults typically 
dominated over juveniles. Within the same age 
group, males usually dominated over females. Do- 
minance correlated most significantly with body 
weight in auturnn, but later that conelation de- 
creased. Urine marking activity was very low during 
autumn and early winter, but increased significantly 
prior to and during the breeding season when ag- 
gressive encounters were also most pronounced. In 
addition to several adults, the social status of some 
juveniles was high at breeding time. Altogether 7 
out of 1 1  females (63.6%) whelped, but the survival 
rate of litters was low and kits of only two adult 
females survived (18.2%). It can be concluded that 
hierarchical development and reproduction in Arctic 
blue fox groups are markedly influenced by domi- 
nance relationships. 

Polar Bio1 15: 353-358, 1995. 3 tables, 22 refs. 
Authors' abstract. 

Contaminants in fishes from Great Lakes-influ- 
enced sections and above dams of three Michigan 
rivers. II: implications for health of mink 

J.P. Giesy, D.A. Verbrugge, R.A. Othout, W.W. 
Bowerman, M.A. Mora, P.D. Jones, J.L. Newsted, 
C. Vandervoort, S.N. Heaton, R.J. Aulerich, S.J. 
Bursian, J.P. Ludwig, G.A. Dawson, T.J. Kubiak, 
D.A. Best, D.E. Tillitt 

Populations of mink (Mustela vison) have declined 
in many areas of the world. Such declines have 
been linked to exposures to synthetic, halogenated 
hydrocarbons. In the Great Lakes region, mink are 
fewer in areas along the shore of the Great Lakes 
and their tributaries where mink have access to fish 
from the Great Lakes. Recently, there has been 
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discussion of the relative merits of passage of fishes 
around hydroelectric dams on rives in Michigan. A 
hazard assessment was conducted to determine the 
potential for adverse effects on mink, which could 
consume such fishes from above or below dams on 
the rivers. Concentrations of organochlorine insec- 
ticides, polychlorinated biphenyls (PCBs), 2,3,7,8- 
tetrachlordibenzo-p-diox-in equivalents (TCDD-EQ), 
and total mercury were measured in composite 
samples of fishes from above or below hydroelectric 
dams on the Manistee and Muskegon Rivers, which 
flow into lake Michigan, and the Au Sable River, 
which flows into Lake Huron. Concentrations of 
organochlorine insecticides, PCBs, and TCDD-EQ 
were all greater in fishes from below the dams than 
those from above. Concentrations of neither organo- 
chlorine insecticides nor mercury in fishes are cur- 
rently a risk to mink above or below the dams. All 
of the species of fishes collected from downstream 
of the dams contained concentrations of PCBs and 
TCDD-EQ, which represent a hazard to mink. The 
hazard index for PCBs was less than one for the 
average of all species from the upstream reaches of 
the Manistee and Au Sable rivers, but not the Mu- 
skegon. The hazard index (concentration in fishl- 
NOAEC) was greater than 1 for all of the species 
collected from below the dams, in all three rivers. 
The greatest hazard index was observed for carp 
(cyprinus carpio) downstream on the Muskegon 
River. Because the concentrations of PCBs used in 
the hazard assessment were corrected for relative 
toxic potencies, the hazard ratios based on PCBs 
should be similar to those based on TCDD-EQ. This 
was found to be true.Thus, either total PCBs or 
TCDD-EQ could be used as the critical toxicant in 
the hazard assessment. However, if uncorrected 
concentrations of PCBs, expressed as Aroclors03, 
were used in the hazard assessment, the toxicity of 
the weathered mixture would have been underesti- 
mated by approximately five-fold, and, in that in- 
stance, TCDD-EQ would be the critical contarninant 
for the hazard assessment. The average maximum 
allowable percentage of fish from above the dams, 
which would result in no obsewable adverse effects 
of TCDD-EQ, was 70%. Based on the average 
TCDD-EQ concentrations in the fishes, an average 
of 8.6% of the diet could be made up of fishes from 
below dams on the rivers. The most restrictive daily 
allowable intakes were for carp on the Muskegon 
and steelhead trout (Onchorhyncus mykiss) on the 
Manistee Rivers. Only 2.7% of the diet could be 

made up of these two species from below dams 
without exceeding the no-effect concentration. This 
would represent approximately 15 days of food 
intake. Currently, consumption of all species of fish 
from below the dams, would pose some risk to 
mink. The concentrations of PCBs and TCDD-EQ 
in fishes from below the dams were 10-20 times 
more hazardous, on average, than those form above 
the dams. 

Arch. Environ. Contam. Toxicol. 27: 21 3-223, 1994. 
7 tables, l fig., 76 refs. Authors' abstract. 

Immobilization of captive raccoon dogs (Nycte- 
reutesprocyonoides) with medetomidine-ketamine 
and remobilization with atipamezole 

Jon M. Arnemo, Randi Moe, Adrian J. Smith 

Eight captive raccoon dogs (Nyctereutes prnc\.ortcjr 
des) were irnmobilized with medetomidine t1Cl 
(MED) 0.1 mgkg and ketamine (KET) 5 nirthp 
i.m. in a crossover study. In group I, the anirlial\ 
were left to recover spontaneously, and in groily I I  
the animals received atipamezole HCI (AT1 I I 
mgkg i.m. for reversal 20-25 min after the hlI..Ib 
KET injection. MEDIKET rapidly induced coriiplrir 
imrnobilization in both groups. The induction tinw. 
were 3.3 I 0.2 (x r SEM) and 3.4 + l . l  nitri [ r i  
groups I and II, respectively. Both the cornc.11 
pedal withdrawal reflexes were absent in iniriirrhr 
lized animals, and the mean times to reappecirariz r 

of these reflexes in animals recovering spont.iriz 
ously were 90.3 i 8.6 and 102.4 -r 10.0 niin. rr 
spectively. In group I, the mean rectal tempersturr 
dropped from 36.8 r 0.2"C to 35.4 i 0.1 "C record 
ed 5 and 90 min after the MEDIKET injection. 
respectively, and the mean heart rate dropped frorri 
110.0 I 5.7 to 75.0 i 6.4 beatslrnin at the corre\- 
ponding times. All animals had irregular respiraloe 
patterns, with intermittent periods of apnea and 
tachypnea shortly after immobilization. Respiratory 
patterns became more regular during the immobili- 
zation period (group I) and the mean respiration rate 
increased from 7.9 0.7 to 18.0 i 2.3 breathslmin 
recorded 20 and 90 min after the MEDIKET injec- 
tion, respectively. Administration of AT1 markedly 
shortened the recovery of immobilized animals 
without apparent side effects. The mean time from 
AT1 injection to when the animals were able to 
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walk was 15.9 t 2.3 min. In animals left for sponta- 
neous recovery the mean time from MEDIKET 
injection to when the animals were able to walk was 
129.3 t 7.0 min. Medetomidine and ketamine can 
be recornrnended for imrnobilization of captive 
raccoon dogs; induction is rapid, there are few side 
effects, and the animals can be remobilized with 
atipamezole. 

Journal of Zoo and Wildlife Medicine 24 (2): 102- 
108, 1993. 2 tables, 33 refs. Authors' summary. 

The husbandry of ferrets 

G. Allmacher 

In order to aid in the critical examination of the 
husbandry of ferrets a survey is given on the met- 
hods of keeping these animals as helpers for hun- 
ting; house pets or laboratory animals. The special 
requirements of ferrets regarding their care and 
housing are described. 

Dtsch. Tierarztl Wschr. 101: 81 -132, heft 3, 1994. 
In GERM. Author's summary. 

Circumpolar size variation in the skull of the 
arctic fox Alopex lagopus 

Karl Frafiord 

Eleven skull and mandible dimensions were mea- 
sured in arctic foxes, Alopex lagopus, from Fenno- 
scandia, the Far East (Siberia), Baffin Island (Cana- 
da), Greenland, Jan Mayen and Svalbard (n=278), 
and comparisons with data from the literature were 
made, including samples from most parts of the 
species' circumpolar range. Significant differences 
between regions were found, notably Fennoscandian 
and Siberian foxes were larger than foxes from 
Greenland, Jan Mayen and Svalbard. Overall skull 
size was reduced with increasing latitude, which 
may indicate energetic constraints on body size in 
high latitudes due to a lower primary productivity. 

Directions for the correct use of zooiogically rele- 
vant species names for our domesticated and 
laboratory animals, with reference to the current 
latin names of their parent species 

W. Meyer, T. Bartels, K. Neurand 

This study is concemed with the correct use of the 
scientific zoological nomenclature for domesticated 
and laboratory animais. With the help of four tables 
and the most current latin names of all important 
domesticated animals (animals of economic impor- 
tance, ranch-bred animals, companion animals, 
fancy animals, laboratory animals) are given. 

The authors suggest a formal nomenclature for 
domesticated animais which should principally be 
related to the scientific name of the parent species 
(binominally and in italics), as always followed by 
the completion "forma domestica / f. dom." (not in 
italics). Problems arising from the use of such scien- 
tific names when hybridization and introgression is 
concemed are also discussed, and appropriate no- 
menclature is proposed. 

Schweiz. Arch. Tierheilk. 135: 156-1 64, 1993. In 
GERM. 38 refs. Authors' summary. 

Environmental acceptability test for animal pro- 
duction units 

Wilfried EckhoJ Ewald Grimm, Andreas Hacke- 
schmidt, Volkmar Nies 

Procedures for assessing the environmental accepta- 
bility of animal housing in Germany are presented 
based on current understanding of environmental 
impact, existing legislation and practicable evalua- 
tion methods. Evaluation criteria and check-lists are 
given. 

KTBL-Arbeitspapier No. 189, 153 pp., 1994. 50 
refs, many tables and figs. Darmstadt, Germany; 
KTBL Kuratorium f ir  Technik and Bauwesen in der 
landwirtschaft, ISBN 3-7843-1 829-0. In GERM. 
CAB-abstract. 

Polar Bio1 13: 235-238, 1993. 3 tables, l fig., 20 
refs. Author's abstract. 



Multidisciplinary 7 1 

Data on the role of otter (Lutra L.) in pond 
farming 

J. Lanszki, S. Kormendi 

Exarninations have been made for a one year period 
on a 12 ha delimited fish pond which can be consi- 
dered as a model. The food composition of the otter 
has been exarnined by spraints analysis on 166 
spraints. 

0 t t i . s  feed predominantly on fish. The relative 
frequency per cent of the latter is 75.1% in a year 
average. There was no pike perch in the fish food. 
The rate of the carp - as main fish - was at high 
value in winter and in summer in the period follow- 
ing the netting and preceding the introduction of the 
fish. In the main fish producing penod the main fish 
could be found at a low rate in the food of the otter 
while weed and incidental fish had a rate of 77.8- 
85.7%. 

Observations show that otter gets its nutrition main- 
ly in shallow coastal water in summer and autumn. 
Preyed carp belonged to the 200-300 g range of 
sizes. 

The authors' proposals aim to decrease damages due 
to otters in fish ponds. 

Halaszat 86, 4: 190-191, 1993. In HUNG, Su. 
ENGL. I table, l fig., 2 photos, 5 refs. Authors' 
summary. 

Prolactin receptor concentrations in the skin of 
mink during the winter fur growth cycle 

Jack Rose, Todd Garwood, Basem Jaber 

July August Stpt Oct Nov Dtc 

Fig. 3. Concentrations of l 2 ' 1 - o ~ > ~ ~  receptcrs in the skin 
of mink collected monthly from July through December 1992. 
Each value represents tne mean (ISEM) of three trials (N = 
3 for each trial). Bars with different letters are significantly 
different at P c .05. 

The objectives of this study were to determine: 1) 
if the skin of mink might be a target organ for 
prolactin (PRL) by establishing if PRL binding sites 
(receptors) exist in the cell membranes of skin, and 
2) if PRL receptor concentrations change during the 
onset and progression of the winter fur growth 
cycle. Skin was collected on October 6, 1992 for 
characterization of PRL receptors and from July 
through December 1992 (N = 3 minklmonth) to 
evaluate possible changes in PRL receptor concen- 
trations during the fur growth cycle. PRL receptors 
were quantified using ' 2 5 ~ - o ~ ~ ~  in a validated ra- 
dioreceptor assay. Scatchard analysis of saturation 
data revealed a single class of high-affinity (K, = 
5.21 x 10'" .84 M), low capacity (B,, = 27.03 sr 
3.37 fmoleslmg) binding sites. Only oPRL (40% 
displacement) and to a lesser extent oGH (3% dis- 
placement) inhibited the binding of '2S~-oPRL to 
mink skin cell membranes. No inhibition of 1251- 
oPRL binding to membranes occurred in the pre- 
sence of a 500-fold excess of bTSH or oLH, in- 
dicating that the receptors were hormone specific. 
Concentrations of 12SI-oPRL receptors during the 
onset and development of winter fur growth (July 
through November) exhibited no significant change. 
However, following completion of the winter fur 
growth cycle (December 1) PRL receptor concen- 
tration was significantly higher than all preceding 
months. The greater binding observed at that time 
may refiect a change in tissue sensitivity, in pre- 



72 Scientifur, Vol. 20, No. 1, 1996 

paration for growth of the summer pelage. These 
data suggest to us that the skin of mink is a target 
organ for PrL and are consistent with the hypothesis 
that part of the affects of PRL on fur growth occur 
directly at the level of the skin. 

The Journal of Experimental Zoology 271, pp 205- 
21 0, 1995. 3 figs., 35 refs. Authors' summary. 

Effects of adrenalectomy (ADX) and exogenous 
testosterone (T) or dihydrotestosterone (DHT) on 
the initiation of hair growth cycles and prolactin 
receptor concentrations in the skin of mink 

Brady K. Cottle, Jack Rose, Michael D. Kennedy 

Recently, we demonstrated the presence of PRL 
binding sites in mink skin, suggesting a direct ac- 
tion of the peptide on hair follicles. Because ADX 
induces hair growth, it is possible that the actions of 
adrenal hormones are mediated, in part, through 
changes in skin PRL receptor concentrations. This 
study was conducted to determine: 1) if the PRL 
binding capacity of mink skin was influenced by 
ADX, 2) if ADX induced hair growth could be 
overridden by exogenous T or DHT, and 3) if ADX 
plus exogenous T or DHT would influence the PRL 
binding capacity of skin. Mink that were ADX'd 
(N=4) exhibited hair growth 5 weeks earlier than 
controls (N=4; Pc0.01). Neither T (N=3) nor DHT 
(N=3) delayed the onset of growth immediately 
following ADX. After completion of the hair 
growth cycle in all ADX mink, a second hair 
growth cycle was observed which began imrnediate- 
ly without any apparent resting (Telogen) stage. 
Interestingly, the second hair growth cycle follow- 
ing ADX began 12 days earlier in mink treated with 
T than ADX's mink treated with or without DHT 
(Pc0.05). The concentrations of PRL binding sites 
in mink skin in September were not altered by 
ADX, exogenous T or DHT. In November, PRL 
binding was higher in ADX mink supplemented 
with DHT than controls (Pe0.05) but not of ADX 
mink treated with or without T. In addition, PRL 
binding capacity was higher in November than 
September (Pc0.05) in ADX mink supplemented 
with DHT. It would appear that ADX induced hair 
growth is not mediated through a change in PRL 
binding to mink skin, although we did not distin- 
guish between PRL binding to hair follicles versus 

the entire epidermis. The apparent stimulatory effect 
of T during the second hair growth cycle and the 
higher PRL binding following DHT treatment may 
have resulted from differential metabolism of the 
steroids in the skin as a result of the expected lower 
serum PRL concentrations in November. 

Western Regional Conference on Comparative En- 
docrinology 23-25 March 1995, Universi~, of Was- 
hington. Only abstract received. Authors' abstract. 

Short-day stimulation of testicular activity and 
immunoreactivity of the hypothalamic GnRH 
system in mink following deafferentation of the 
pineal body by bilateral superior cervical gang- 
lionectomy and melatonin replacement 

Daniel Maurel, Line Boissin-Agasse, Giséle Rnrli. 
Jean Boissin 

.- Control (n:5) .---. Intocl. Melotontnl- L 

7 cm3 . SCGx(nz5)  

r T : .-- -. SCGI . Meloloninin 

OL, , , , , , , , , , , , - 
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Fig. 3. Long-term effects of ganglionectomy and 
subcutaneous melatonin implants on testicuiar ac- 
tivity (T.V., testis volume; P.T., plasma testosterone 
level) in intact and ganglionectomized mink reared 
in a natura1 photopenod. 
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The effects of superior cewical ganglionectomy on 
testicular function (testis volume and plasma testo- 
sterone levels) and the imrnunocytochemical activity 
of the GnRH hypothalamic system were studied in 
the mink, a short-day breeder. Animals reared in a 
natura1 photoperiod were (i) ganglionectornized at 
four different times during the period extending 
from the end of summer-to the end of autumn (Sep- 
tember 15, October 20, October 28, and December 
l), and (ii) reared for 50 days in a short gonadosti- 
mulatory photoperiod (4L:20D). Lastly, an attempt 
was made to overcome the effects of superior cervi- 
cal ganglion removal by administering melatonin to 

implants in January triggered testicular activity 50 
days later. 

Brain Research 578, pp 99-106, 1992. 4 figs., 23 
refs. Authors' summary. 

Diurnal variations of urinary 6-sulphatoxymela- 
tonin in male intact or ganglionectomized mink 

D. Maurel, N. Mas, G. Roch, J. Boissin, J. Arendt 
Udnary 6-rulphilorymdiiain in m k  mink 

s l 
mink reared in a natura1 photoperiod. In mink rear- 
ed in a natura1 photoperiod, deafferentation of the , 
pineal on September 15 (L = 12.5 h) or October 20 
(L = 10.5 h) resulted in consistently low values of 
testicular volume and plasma testosterone until the .!! 
end of the experiment (February). When the opera- ;1" 
tion was performed on October 28 (L = 10 h) testi- E z 
cular activity was initiated but only lasted a short 
time and did not allow maximal gonadal develop- I 

ment. When superior cervical ganglionectomy was 
carried out on December 1 (L = 8.5 h), during the o 
phase of renewed testicular activity, the increases in 
testicular volume and testosterone levels were not 
affected by the operation and the subsequent varia- 
tion of these parameters was identical to that ob- 
sewed in intact animals. Similarly, in mink reared 
for 50 days in a photoperiod of 4L:20D before 
superior cervical ganglionectomy, deafferentation of 
the pineal did not prevent gonadostimulation in- 
duced by short days. These results show that once 
the hypothalamic system secreting GnRH is trig- 
gered by short days, its activity is no longer control- 
led by the photoperiod. The immunohistochemical 
study of GnRH-secreting hypothalamic neurons, 
carried out in December without prior colchicine 
treatment in animals ganglionectornized in Septem- 
ber or October, showed the presence of only a smal1 
number of GnRH-positive perikarya. Similarly, 
positive axonal endings in the extemal layer of the 
median eminence were scarce and weakly immu- 
noreactive. On the other hand, in intact animals, in 
those ganglionectornized on December 1, and those 
exposed to the short photoperiod of 4L:20D, peri- 
karya and immunoreactive endings were numerous 
and intensely labeled. In mink ganglionectomized in 
October (L = 10.5 h) and thereby maintained in a 
phase of sexual quiescence, insertion of melatonin 

Group 3 lntaci 

O Group 4 SCGx 

Fig. 5. 24 hr variations (mean +. SEM) in urinary 
aMT6s measured in intact (group 3, n = 5) or gang- 
lionectomized (SCGx, group 4, n = 3) mink main- 
tained under an experimental photoperiodic regimen 
(LD 15:9) for one month. 

The existence of the major urinary metabolite of 
melatonin, 6-sulphatoxymelaton (aMTós), was vali- 
dated for mink and the 24 hr urinary excretion 
pattern was determined in intact and superior cervi- 
cal ganglionectomized animals under different pho- 
toperiodic conditions. Within- and between-assay 
variations, parallelism between serially mid-night 
pooled urine dilutions and standard curves in aMT6s 
free urine of mink at 1 : 125 dilution and recovery of 
aMT6s in mid-day pooled urine at 1:125 dilution 
provided a good validation for the mink urinary a 
MT6s assay. In natura1 photoperiods (January, LD 
9.15; April, LD 13:l l)  the diumal rhythm was 
characterized by low aMT6s values during the day 
and high value at night. There were no differences 
in the noctumal values measured under long - 
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(April, 4.11 + 0.40 nghr) or short-day (January, 
4,74 i 0.36 nglhr) conditions. In an experimental 
long photoperiod (LD 15:9), the same result was 
obtained on the 24 hr rhythm in intact animals, but 
in ganglionectornized mink the nocturnal rise in 
aMT6s was abolished and the nocturnal values were 
always low (0.88 i 0.09 ngthr). Our results agree 
with those obtained in- other species concerning 
plasma melatonin rhythm and urinary aMT6s ex- 
cretion; we thus conclude that this is an effective 
assay for measuring pineal activity in mink. 

J. Pineal Res 13, pp 11 7-123, 1992. 1 table, 5 figs., 
41 refs. Authors' summary. 

Concentrations of some mineral elements in the 
mink body in the period of fur maturity 

D. Mertin, K. Suvegová, E. Oravcová, P. Sviatko 

Concentrations of CO, Cu, Mn, Zn, Ca, Mg, K, Na, 
Cd, Fe and Pb were investigated in the bodies of 
young mink in the period of fur maturity. In a trial 
24 males and 15 females were used which came 
from the Farm of Fur-bearing Animals of the Re- 
search Institute of Animal Production at Nitra. The 
animals were clinically healthy, in adequate condi- 
tion with good-quality fur. They were raised in 
cages made of galvanized wiring of standard type in 
two-row shelters. They received normal feed rations 
which covered their needs with respect to the con- 
tent of main nutrients. 

In the period of fur maturity the animals were skin- 
ned out. The cadavers were homogenized, and an 
average sample of 200 g was taken from each. The 
samples were analyzed using atom absorption spec- 
trophotometry. 

The values of the concentrations of the investigated 
mineral elements were processed as basic variation- 
statistical characteristics (&). Significance of arith- 
metical means was tested by t-test. 

We found significant differences in the concentra- 
tions of some investigated mineral elements between 
the males and females. The males had significantly 
higher (P50.01) contents of Na (6,719.140 and 

1576.360 mgkg) and Pb 12.037 and 0.822) than the 
females. Highly significant differences were deter- 
mined in the females in the concentrations of CO 
(0.289 in the males, 0.594 mgkg in the females), 
Mn (1.709 and 3.360 mglkg, resp.), Ca (10,345.7 
and 13,975.0), Cd (0.315 and 0.473), Fe (21 1.940 
and 247.491), and at a significance level P 5 0.05 in 
the concentrations of Zn (67.487 and 70.431 mgkg) 
and K (4,174.660 and 4,555.050 mglkg). 

We did not find any significant differences in the 
concentrations of Cu and Mg. The copper content 
varied from 6.493 to 6.600 mgkg and the Mg con- 
tent from 679.603 to 740.333 mgkg. 

In absolute values, the highest concentrations both 
in the males and females were found in Ca 
(10,345.7 to 13,975.0 mgkg), Na (1,5766.4 to 
6,719.1) and K (4,174.6 to 4,555.1 mgkg). The 
lowest contents were in Cd (0.315 to 0.473 mglkg), 
CO (0.289 to 0.594 mgkg) and Pb (0.822 and 2.037 
mglkg). 

Zivoc. Vyr. 39 (2), pp 121 -127, 1994. In CHECH, 
Su. ENGL. 4 tables, 7 refs. Aurhors' slrnt~nary. 

Morphometry of small intestine walls in muskrat 
(Ondatra zibethica L.) 

H. Jackowiak 

The work presents the results of morphometric 
studies of the walls of small intestines of 7 adult 
muskrats (800-900 g). In the successive sections of 
small intestine, changes in the mucosa and muscular 
layers were found and determined. In the mucosa of 
the distal sections of the small intestine it was found 
that together with the decrease of the length of villi, 
there follows an increase of the length of intestinal 
crypts. The observations have shown an increased 
density of goblet cells on the villi and intestinal 
crypts of the ileum. The increase of the muscular 
layer in muskrat takes place by the increase of the 
thickness of its circular muscle layer. 

Roczniki Akademii Rolniczej w Poznaniu - 
CCXXXIX, pp 59-66, 1992. In POLH, Su. ENGL. 2 
tables, I l  refs. Author's summary. 
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Comparison of production results between blue 
foxes housed with and without platforms 

Hannu Korhonen, Paavo Niemela 

The production results of farmed blue foxes (Alopex 
lagopus) housed in cages with and without resting 
platforms were compared. No differences in weight 
gain or reproductive performance were found be- 
tween the groups. However, locomotor activity prior 
to the breeding season tended to be slightly lower in 
animals provided with platforms. Platform use dur- 
ing the period of winter fur development (Oct-Nov) 
varied for the different platform constmctions, being 
highest in wooden U-type platforms placed 30 cm 
from the cage roof (54.1 % of observations on plat- 
fo rm~)  and lowest in the corner platform type 
(12.6%' p<0.001). Use of platforms made of wire 
mesh (45.2%) did not differ significantly from that 
of the wooden U-types. Ceiling and constmction 
material affected platform dirtiness. The proportion 
of clean platforms was lowest (35.7%) when the 
platform was 30 cm from the roof. Net platforms 
remained very clean throughout the study. The time 
required for cleaning was greatest in August, ran- 
ging from 82 seconds/platform/week for the U-30 
type to 2 seconds for the net type. Fur quality 
(p<0.001) and clarity (p<0.001) had a significant, 
but negative, correlation with platform dirtiness. The 
condition of almost all the wooden platforms de- 
teriorated over time due to chewing. Wire mesh 
platforms were not chewed on. From the farmer's 
point of view, wire mesh seems to be preferable to 
wood as a platform material. 

V-n U-23/30 Corner-23 Wire mesh-23 

c Aisle of shed + l m 

Fig. 1. Schematic pictures of platform types stu- 
died. 

Agricultural Science in Finland, Vol. 4, pp 351-361, 
1991. 5 tables, 2 figs., 20 refs. Authors' summary. 

Field immobilization of raccoons with ketamine 
hydrochloride and xylazine hydrochloride 

Jerrold L. Belant 

A 5: 1 combination of ketamine hydrochloride (KH) 
and xylazine hydrochloride (XH) was used to im- 
mobilize raccoons Procyon lotor (Linnaeus, 1758). 

Ten raccoons were intramuscularly injected a total 
of 11 times with dosages between 22.0 to 38.2 
mglkg KH and 4.4 to 7.6 mgkg  XH. Mean (+.SE) 
induction time (3.4 i 0.5 min), recovery time (101.2 
i 27.8 min), and resting heart rate (92 -c 7.6 bpm) 
were similar to values reported for captive raccoons 
immobilized with 10 mgkg KH and 2 mgkg XH. 
Mean body temperature decreased 1.3"C between O 
and 20 min post-recumbency. Respiration (23 + 4.0) 
was generally deep and consistent. A mixture of 5: 1 
MWXH is a suitable immobilizing agent for wild 
raccoons during field studies. 

Acta Theriologica 40 (3), pp 327-330, 1995. 1 
table, 19 refs. Author's summaq. 

Body size of Chilean foxes: a new pattern in light 
of new data 

Jaime E. Jiménez, José L. Yánez, Elier L. Tabilo, 
Fabián M. Jaksic 

By using body measurements and weight data of 
culpeo fox Dusicyon culpaeus Molina, 1782 and 
chilla fox D. griseus Gray, 1837 from the Chinchilla 
National Reserve (north-central Chile) and Torres 
del paine National Park (southem Chile), the body 
size distribution of Chilean foxes was analyzed and 
compared to data previously published by Fuentes 
and Jaksic (1979). Contrary to those authors, our 
data show that not only the larger but both species 
increase in size in southem Chile. 

Thus, latitudinal size distribution of D. culpaeus and 
D. griseus may not be the result of character dis- 
placement through exploitation competition, as 
previously interpreted, but of bioenergetic adapta- 
t ion~. 

Acta Theriologica 40 (3), pp 321-326, 1995. 1 
table, 19 refs. Authors' summary. 
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Original Report 

Summary 

Simulation of a Mink Breeding Programme. 

Ejner Blrsting 

Managing Director, ScanBrid Int. A/S, kskovve j  235 

DK-4632 Bj~verskov, Denmark. 

The broiler breeding plan at ScanBrid Int. has been 
designed to be used in simulation experiments. The 
plan is similar to a mink breeding program, so a 
special mink model has been developed for a PC. 

The mink model is called MINKSIM, and it can 
simulate selection in a mink population for 
litter size, pelt quality and body weight. 

Population parameters describe the mink type to 
work with and selection parameters control how 
the selection is done. The user designs the selec- 
tion experiment by filling in the parameters in a 
start-up input screen. 

The simulation method is stochastic. Therefore the 
results have to be based on replicate lines, and the 
results are presented as average progress for all 
lines. 

The model can be used in actual planning of selec- 
tion, and an example from the 1995 grading and 
selection season shows the value of the model as a 
decision making tool. 

A modern tool for the planning of breeding 
schemes. 

Computer simulation is an artificial representation 
of a real system, where a model is set up to reflect 
a dynamic system in the real world. The model 
will be a sort of simplified version of the real 
system, but experiments on a computer model can 
be advantageous if real experiments 

- are expeiisive 
- take a long time 
- are dangerous. 

A simulation model can range from a simple bud- 
get model to very complex ones using many hours 
to run on a big mainframe computer. 

A simulation model is a very useful tool to analyse 
the genetic progress in a mink population affected 
by artificial selection. The population is influenced 
by both random and systematic effects. 

The random effects are the inheritance of breeding 
values from generation to generation, and the sy- 
stematic effects are the selection priorities given by 
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the breeder as he selects breeding animals for a 
new generation. 

There are two simulation methods: 

1) Stochastic simulation (Monte Carlo) 

2) Deterministic simulation. 

Some of the differences between the two methods 
are : 

Stochastic 
Simple programming 
Calculates means and standard deviations 
Uses much computing time 
All replicates give different results 

Deterministic 
Very complex programming 
Calculates means 
Uses moderate computing time 
All replicates give the same results. 

A mink breeding model can be brought on a form, 
which will run on a normal PC with an acceptable 
response time. 
- - - - - - - 

The Mink Model 

The mink model is a stochastic model, and it can 
simulate a breeding programme with selection for 
litter size, pelt quality, and body weight. 

The simulation is controlled by two sets of parame- 
ters: 

a) the population parameters. 

- phenotypic standard deviation 
- phenotypic correlations 
- genetic correlations 
- heritabilities. 

b) the selection parameters. 

- population size 
- mating ratio 
- percentage second year females 
- percentage males and females culled at 

weaning time 
- percentage males and females culled for 

body weight before grading for quality 
- number of replicates 
- number of selection cycles (years) 
- relative economic weights for the three 

traits. 

Fig. 1. Input screen for simulation parameters 

=S IMULER 
Command ===> 

S C A N S I M  

Name: Test 1 
Heritability Litter siz. Quality weight 

0.15 0.25 0.30 
STD 1.50 1.25 250 _- 

Correlations Phenotypic Genetic 
Quality Weight Quality Weight 

Litter siz. -0.02 -0.13 -0.04 -0.10 
Quality -0.18 -0.20 

Litter siz at start: 5 
Per group Males: 8 Females: 40 Young fem.: 25 
Pct keept after weaning Males : l00 Females: l00 
Pct keept after weighing Males : l00 Females: 100 

Number replicates: 5 Years : 10 
Relative 
economic weights Litter:0.30 Quality:0.40 Weight:0.30 

J 
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Al l 

~ e a r  Line 1 Line 2  Line 3  Line 4  Line 5 l i n e s  

1 o .  O00 o .  O00 0 .000  o .  O00 0 . 0 0 0  o .  O00 

5 O .  040  O .  0 3 1  O .  034 O .  043 O .  0 3 6  0 . 0 3 7  

1 O 0 . 1 1 2  - 0 . 0 8 9  O .  1 1 0  O .  098  O .  1 0 8  0 . 1 0 3  

Fig. 2. Output from SCANSIM simulation program. Inbreeding for all replicate lines 

Selection indices are calculated on own, full-, and 
halfsib information for quality and weight on both 
sexes. As litter size is only expressed in the fe- 
males the dam's information is also used in the 
index calculation. The mink model is programmed 
in SAS and structured in five macros, where the 
first macro asks for the parameters as shown in 
figure l .  

Selection experiments 

The simulation can be seen as a type of selection 
experiment. The same results may not be seen in a 
real selection experiment, because all factors can 
be controlled in the computer unlike the situation 
in a population of live animals. In a real selection 
experiment the results are often compared to a 
control line, and the results are expressed in rela- 
tion to the control line. 

When one uses the simulation model in a sirnilar 
way and just compares different alternatives one 
can get very useful results from a simulation ex- 
periment. 

The results from a simulation experiment with the 
model are: 

- per cent inbreeding 
- progress in litter size, pelt quality, and 

body weight 
- a simple graph for the progress in standard 

deviation units. 

Parts of the output from an experiment with the 
parameters from figure 1 are shown in figures 2 
and 3. The inbreeding is calculated for the 5 repli- 
cates from year 1 to 10 and the average for all 
replicates. Only year 1, 5, and 10 are shown in 
figure 2. The average inbreeding for the 5 replt- 
cates in 10 years is 10.3 percent. 

The selection responses for litter size, pelt qualii\. 
and body weight are printed for year 1 to 10. The 
average for all replicates and the lowest and h i ~ h -  
est responding lines are listed for all three trut\ 
Only the years 1, 5, and 10 are shown in figure 1 

Simulation as a planning tool 

The model has been used in an actual plannini. 
situation in the grading and selection season Ni, 
vember 1995. A breeder had a wild mink line H i th 

a litter size of 7.13 kits per female and a reason 
ably good pelt quality. 

His breeding goals are 

l )  maintain the litter size at its high level 
2) a moderate improvement in pelt quality 
3) as much improvement in body weight (to im- 

prove pelt size) as allowed by 1) and 2). 

The problem was to find how much economic 
weight could be given to body weight and still 
allow improvements in quality and no change in 
litter size. 
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Fig. 3. Output from SCANSIM simulation program. Progress in the three traits under selection. 

Population parameters from the actual population in 1994 were used. 

Line size (population) 87 males and 435 females, 2/3 first year females 

Year 

1 

Fig. 4. Simulation experiment with SCANSIM. Five replicates in five years. 

Body weight 

The plan and the results from the simulation ex- body weight and the 'cost' was only a reduction in 
periment can be seen in figure 4. Alternative 1 is progress for pelt quality of one third, and litter size 
his actual selection from the 1994 season and in was not affected at all. 
alternatives 2 to 5 priority is shifted from pelt qua- 
lity to body weight. At the present marked situation this is a much 

more profitable program than the original alterna- 
Alternative 3 was used in the 1995 selection be- tive 1. 
cause it could more than double the progress in 

Aver. 

47.7 

Litter siz. Pelt quality 

Min 

1.6 

Aver. 

-0.2 

Max 

81.3 

Max 

0.4 

Aver. 

0.3 

Min 

-0.4 

Min 

0.2 

Max 

0.1 
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Polychlorinated biphenyls (PCBs) and reproduc- 
tion disturbances 

Walter Popp, Carola Vahrenholz, Rudolf Kraus, 
Klaus Norpoth 

A review of the impact of chlorinated biphenyls 
(PCBs) on reproduction is presented. PCBs are 
able to pass the placenta; accumulation in offspring 
is mainly achieved by breast feeding. Disturbances 
of fertility and embryotoxicity were detected in 
animals; teratogenicity without maternal toxicity 
was only observed in rnice. In animal experiments 
disturbances of feta1 and postnatal development 
were detected as well as in human studies. Neuro- 
toxicity was observed even at low-level exposures 
in monkeys, which are most comparable to humans 
because of the development of the same clinical 
symptoms. Technical PCBs which are dominating 
in occupational and environmental exposure until 
now must be judged as toxic for reproduction: 
dermal exposure (especially in accidents) should be 
considered as an important route of exposure be- 
side inhalation. Work to list possible PCB exposure 
risks and to develop ways to reduce these risks are 
necessary now. 

Zbl. Hyg. 193: 528-556, 1993. In GERM. 10 
tables, 137 refs. Authors ' abstract. 

The principal reproductive indices in chinchilla 
laniger 

M. Puzder. J .  Novikmec 

For the investigated chinchilla population, body 
length was 250-260 mm, tail length 170-180 mm, 
and ear length 60 mm. Age at sexual maturity 
averaged 8 months (4-10). Longevity was up to 20 
yr, with the max. reproductive performance at 9 yr. 
Oestrous cycle length was 28 days, with increased 
sexual activity from Nov. to May, peaking in Jan.- 
Feb. Anoestrus occurred in summer and early 
autumn. Oestrus duration was 3 days. Mating was 
of short duration, and occurred mostly at night. 
Females formed an oestrous or a vaginal plug from 
consolidated vaginal secretions, closing the uterus 
to prevent the discharge of deposited semen or 
another mating. The number of Graafian follicles 
was 4-16, and the annua1 young production 4-8. 

Ejaculate volume was 0.01-0.02 ml, containing 120 
x 106 spermatozoa. There was no success with AI. 
Postpartum oestrus interval was 12-48 h, and the 
possible number of 3 pregnancies annually was 
limited, by the breeding methods used, to 5 litters 
in 2 yr. The most frequent litter size was 2 (range, 
1-4). Pregnancy duration averaged 11 1 days, large 
litters being born 1-2 days earlier and singles 1-2 
days later. Parturitions were normally clustered in 
M%.-May and in Aug.-Sep. Implantation occurred 
within 3 days, and 30-day embryos were the size 
of a pea; no embryo growth was noted between 40 
and 60 days of pregnancy. Pregnancy diagnosis by 
palpation was difficult, and was done mainly by 
weighing the dam. Parturition duration ranged from 
minutes to 2 h. The placenta was consumed imme- 
diately after birth. Males nested with the young but 
left after the postpartum mating. Birth weight was 
30-50 g, and the young were born fully developed. 
Weaning was at 50-56 days of age. Body weight at 
1 month was around 120 g. 

Veterinarstvi 42 (7): 258-259, I992 (5 pp. English 
translation). In SLOV. CAB-abstract. 

Reproductive effort in the arctic fox Alopex 
lagopus: a review 

Karl Frafiord 

This paper reviews the available information and 
.hypotheses about litter size and reproductive effort 
in the arctic fox Alopex lagopus, considering both 
free-living populations and Norwegian farm foxes. 

The most important factor for reproductive success 
in free-living foxes is probably food, and there 
appear to be two different strategies of litter size. 

In regions with voles and lemrnings, the arctic fox 
has large litters but breeds only in years when the 
numbers of small rodents are high. In regions 
without small rodents, the arctic fox has small 
litters but may breed more regularly or annually. 
The litter size of farm foxes seems to be in-be- 
tween that of the two groups of native foxes, per- 
haps resulting from the diverse origin of farm 
foxes. A reduction in the litter size of farm foxes 
during the period 1977-1992 was found, but most 
of this may indirectly have resulted from cross- 
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breeding with red foxes Vulpes vulpes which start- 
ed about 1982. An increase in the proportion of 
breeding females and a reduced mortality of pups 
may be more profitable than an increase in the 
number of pups per female. 

Norwegian Journal of Agricultural Sciences 7: 
301-309, 1993. 2 tables, l fig., 38 refs. Author's 
summary. 

The endocrine function response of mink gonal 
des to administration of chorionic gonadotropin 
under artificial light conditions 

R.G. Gulevich, D. V. Klochkov, L. V. Osadchuk 

Experimental regimens imitating early coming of 
auturnn and stimulating the reproductive system of 
male and female mink revealed that, with additio- 
nal illumination, responses of both male and fe- 
male gonades after the chorionic gonadotropin 
administration in November, were argumented. 

Sechenov Physiological Journal 79, No. 4: 75-80, 
1993. In RUSS, Su. ENGL. 2 tables, 2 figs., 20 
refs. Authors' summary. 

Sex steroids and brain serotonin in silver foxes 
during the estrus cycle 

L. V. Osadchuk, N. N. Voitenko 

A significant increase in hypothalamic serotonin 
and estradiol levels was found in silver foxes dur- 
ing proestms. During estms, the plasma estradiol 
concentration was reduced and a significant in- 
crease in progesterone level was correlated with a 
decrease in the brain serotonin content. 

The data obtained suggest that the brain serotonin 
plays a mediating role in the control of ovarian 
hormonal activity and ovulation in silver foxes. 

Sechenov Physiological Journal 78, No. 4: 118- 
123, 1993. ln RUSS, Su. ENGL. 2 tables, 20 refs. 
Authors' summary. 

Whelping performance in 1993 

Kaj Eklund 

In 1993, in Finland, litter size at birth per breeding 
female averaged 4.12 for mink, 5.99 for polecats, 
5.66 for blue foxes, 4.74 for blue fox females 
mated with silver fox males, 2.82 for silver foxes, 
and 5.66 for raccoon dogs. The results are com- 
pared with those in the previous 2 years. 

Finsk Pulstidskrift 23, 8-9: 184, 1993. In SWED, l 
table. CAB-abstract. 

Blood barriers of the epididymis and vas de- 
ferens act asynchronously with the blood barrier 
of the testis in the mink (Mustela vison) 

R.-Marc Pelletier 

The purpose of the present study was to determine 
whether the blood barrier of the epididymis and 
vas deferens acted synchronously or not with the 
blood barrier of the testis. The permeability of the 
blood-epididymis and blood-vas deferens barrier 
was tested in neonatal mink kits up to puberty and 
monthly in adult mink throughout the annua1 sea- 
sonal reproductive cycle. Attention was focused 
particularly on time intervals when the blood bar- 
rier of the testis has been documented to be perme- 
able, namely, before puberty and during testicular 
regression in the adult. One of two electron-opaque 
permeability tracers was perfused into the blood 
stream: horseradish peroxidase (HRP) or lanthanum 
nitrate. The convoluted tube of the epididymis was 
divided into three anatomical regions: the caput, 
corpus, and cauda. The vas deferens was divided 
into proximal and distal regions. At birth and 
throughout puberty, the three regions of the 
epididymis and the two of the vas deferens showed 
a lumen and a competent blood barrier. In the 
adult, a lumen persisted in the epididymis and vas 
deferens throughout the annua1 seasonal reproduc- 
tive cycle, and the blood barrier of the excurrent 
duct remained impermeable even when the blood 
barrier in the testis became momentarily permeable 
during testicular regression. When HRP was used 
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to test the permeability of the blood-tissue barrier 
of the excurrent ducts, no tracer deposits were 
observed on the lumenal surface of the epithelium. 
Conversely, when lanthanum semed as the tracer, 
deposits of the probe were associated with micro- 
villi and intracellular membranes despite imperme- 
ability of tight junctions. The data show that the 
lanthanum technique can yield false-positive re- 
sults. The findings also indicate that 1) a blood- 
excurrent duct barrier is established before the 
blood-testis barrier and 2) the two barriers act 
asynchronously. It is therefore plausible that they 
are modulated by distinct factors. 

Microscopy Research and Technique 27, pp 333- 
349, 1994. 20 figs., 42 refs. Authors' summary. 

Synaptonemal complex analysis of spermato- 
cytes in hybrids of silver fox and blue fox 

l. Gustavsson, M. Switonski, K. Larsson, L. Ploen 

Investigations of male meiosis in silver fox x blue 
fox hybrids have revealed meiotic arrest at the first 
prophase stage. Synaptonemal complex analysis 
using light and electron rnicroscopy demonstrated 
the occurrence of multivalents, bivalentlike struc- 
tures, and unpaired axes. We conclude that the 
sterility of male hybrid foxes probably is due to 
pairing problems of chromosomes caused by ex- 
tensive karyotypical differences of the two species, 
resulting in unpaired chromosomes, chromosome 
segments, and broken chromosomes. 

Journal of Heredity 79, pp 338-343, 1988. 4 figs., 
l table, 33 refs. Authors' abstract. 

Circadian variations in plasma levels of sexual 
and corticosteroid hormones in silver fox 

L. V. Osadchuk, L.N. Tru2 

Selection of silver fox for domestic behaviour leads 
to a lot of changes in hormonal regulation of adap- 
tation and reproduction. It was suggested that se- 
lection can change the circadian system. The aim 
of the present work was to investigate circadian 
variations in plasma level of oestradiol, testoste- 

rone and cortisol in silver foxes in control and 
domesticated populations. 

We have observed diumal rhythm in plasma con- 
centrations of cortisol. Cortisol levels elevated 
during the moming hours (10.00) in silver foxes in 
the control population and fe11 to a nadir between 
14.00 and 22.00 h and then slightly increased again 
at night (2.00). The domesticated animals have 
another diumal pattern of cortisol which is only 
characterized by decreasing cortisol levels at night 
(22.00-2.00 h). 

No considerable fluctuations were obsemed for 
sexual hormone concentrations over the 24-h blood 
sampling period. 

The obtained results indicate that selection of foxes 
for domestic behaviour modifies the diurnal rhythm 
of plasma corticosteroid levels. It is possible that 
the obsemed changes in plasma cortisol rhythm 
resulted from an altered circadian pattern in central 
regulatory systems controlling corticosteroid adre- 
nal function. 

Congrés du G.E.R.B. 1993, ISSN 0154-0238. Only 
abstract received. Authors' absrract. 

Freeze-fracture study of cell junctions in the 
epididymis and vas deferens of a seasonal 
breeder: the mink (Mustela vison) 

R.-Marc Pelletier 

The present study used the freeze-fracture tech- 
nique and vascular infusion of horseradish peroxi- 
dase (HRP) as a junction permeability tracer, vi- 
sible in thin sections, to investigate potential seaso- 
nal variations in the mink epididymis and vas 
deferens cell junctions. The junctions were studied 
in kits during the neonatal period, during and after 
puberty, and during adulthood monthly throughout 
the annua1 reproductive cycle. Results showed the 
existence, at the time of birth, of a junctional com- 
plex joining ductal cells that reached the lumen of 
the epididymis and vas deferens. The lumenal 
impermeable segment of the junctional complex 
was characterized by the presence of an occluding 
zonule made up to continuous tight junctional 
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ridges extending around the perimeter of the cell. 
The basal permeable segment of the junctional 
complex contained mainly discontinuous ridges 
frequently forming gaps and tight junctions next to 
adhering junctions. Receding annular junctions 
were present in the apical and lateral cytoplasm of 
principal and clear cells. The membrane domain 
apical to the occluding zonule bore 30-35 nm 
exo/endocytosis blebs and 40-60 crenations associ- 
ated with deforming tight and gap junctions made 
up of randomly scattered particles. Pattems of 
junctional strands varied greatly from one principal 
andlor clear cell to mother. However, cell junc- 
tions did not significantly vary from the neonatal 
period to adulthood nor from breeding to testicular 
regression. 

Anatomical subdivisions of the epididymis with 
fever junctional strands per zonule and high diver- 
sity in their patterns exhibit no permeability dif- 
ferences to HRP when compared with subdivisions 

containing more numerous strands. The junctions 
were impermeable during the neonatal period and 
throughout the annua1 reproductive cycle. The 
following conclusions were reached: 
1) a competent occluding zonule developed in the 
mink epididymis and vas deferens before it did in 
the testis; 2) the number of strands and the diver- 
sity of pattems did not correlate with permeability 
differences; 3) after the development of a lumen in 
the testicular excurrent duct, neither receding cellu- 
lar changes caused by testicular regression nor 
seasonal passage of a bolus of sperm through the 
duct modified the occluding zonules; and 4) in the 
testicular excurrent duct, junction modulation (Le., 
formation and deformation) paralleled that in the 
testis and followed the direction of the synthesis- 
transport-secretion process. 

Microscopy Research and Technique 30, pp 37-53, 
1995. 24Jigs., 49 refs. Authors' sumrnary. 
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Abstract 

It has been said that succinic acid (SA) added to 
the rations of cage - bred mink stimulates the ph- 
siological condition and productivity of them. SA 
has an improving effect on the energetic metabo- 
lism of weakened kits and lactating females. This 
preparation normalizes blood enzyme activity, 
increases the aerobic fraction of LDH and stimula- 
tes the growth and development of the animals. 
Adding SA to the diets of healthy juvenile mink 
improves the commercial indices - size of skins 
and their quality. The effect of SA on the hypo- 
thropic kits is stronger than on healthy fur animals. 

Introduction 

It is known that succinic acid (SA) is a biologically 
active preparation, a natura1 metabolite. A special 
interest in SA is connected to its intensifying resto- 
rative processes in a biochernical and physiological 

sense, which is based on an extremely high activity 
of this preparation. SA, as a component of the 
energy metabolism, has a principal role in the 
regulation of physiological functions, which pro- 
vides the resistance of an organism to extreme 
environmental factors and different pathologies. 

All this gives grounds for using SA in fur faiming 
where the animals are affected by multiple environ- 
mental factors including stress causing loss in 
productive qualities. 

Employing SA in fur farming is an urgent problem, 
since it is aims at the solving the main problem - 
optirnizing the physiological condition and increa- 
sing the productive qualities of the animals. 

The present work is directed at generalizing the 
results of the prolonged research of the effect of 
SA on the physiological condition, growth, devel- 
opment and fur quality of cage-bred mink. 
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Materials and methods 

Studies have been made on dark-brown mink bred 
on Karelian farms. The succinic acid obtained from 
furfurol (Specification TY-6-09-40-3237-87, 1988, 
p.16) was added to the food rations. Succinic acid 
is an ecologically pure product of natural origin, a 
substrate of oxidation participating in the Krebs 
cycle in all live animal and plant organisms. The 
mass fraction of SA is 97.5% in the preparation, 
and 2.5% fumaric acid, also a natura1 metabolite. 
SA was added to the food at a dose of 50 mglkg 
mink body weight. The frequency and scheme of 
administration are the property of the author of this 
article and are patented for use in fur faming. 
Address for consultations and buying licenses for 
using SA: 185610, Petrozavodsk, l1  Pushkinskaya 
str., Karelia, Russia. 

The effect of SA was studied on weakened (con- 
ventionally called hypotrophic) mink kits and adult 
healthy cage-bred mink. The serum enzyme ac- 
tivities of lactate dehydrogenase (LDH, EC 
1.1.1.27), aspartate aminotransferase (ASAT; EC 
2.6.1.1 .), alanine aminotransferase (ALAT; EC 
2.6.1.2.), alkaline phosphatase (AP; EC 3.1.3.1 .) 
were determined by the microexpress method (Be- 
restov, 1981). Multiple molecular lactate dehydro- 
genase forms in blood serum and liver extracts 
were revealed by agar gel electrophoresis (Bere- 
stov, Kozhevnikova, 1981; Meldo et al., 1987). 

The animals were weighed monthly. After slaugh- 
tering, the fur quality and the skin size were asses- 
sed. The mink kept on general rations were the 
control animals. 

Results and discussion 

Knowing the properties of SA as a stimulator of 
the functions most markedly manifested in a weak- 
ened organism, first of all we have tested the pre- 
paration on the weakened (conventionally called 
hypotropic) mink kits and adult mink females at 
the reproduction stage. The enzymatic status of 
mink blood and the changes in the body weight of 
the animals were controlled. 

The results showed that the activity of the blood 
enzymes - LDH, AP, ASAT - in hypotrophic mink 
was higher than in the control animals (fig. 1). 

Fig. 1. The influence of succinic acid (SA) on 
blood enzyme activity in 5 month old hypotrophic 
mink kits. 

Adding SA to the kits' food caused the normaliza- 
tion of the activities of LDH and ASAT. The ac- 
tivity of LDH in the blood of hypotrophic kits fed 
the rations including SA corresponded to that in 
the control mink, since this preparation prevented 
an increase in the total activity of LDH obsewed at 
an earlier age (Kozhevnikova er al., I99 1 ) .  A high 
background activity of ASAT in hypotrophic kits is 
normalized only in October. Under the influence of 
SA the AP activity decreased, and its reduction 
below the level observed in the control animals 
was compensated by increase of AP in the leuko- 
cyte which was extremely low in the hypotrophic 
kits (Uzenbaeva, Meldo, 1991). 

It is evident from the table that in hypotrophic kits 
as well as in healthy, the serum LDH was repre- 
sented by five molecular forms. The relation of 
isoenzymes corresponded to the earlier observed 
species specificity in the distribution of isoenzymes 
in mink blood serum, when a relative content of 
the anode form of LDH-l and LDH-2 was marked- 
ly lower than LDH-5 (Kozhevnikova, 1989). 

In hypotrophic kits the relative content of LDH-5 
was higher, and the sum of the anode forms (LDH- 
1 + LDH-2) lower than in control animals. This 
phenomenon had a reflection in the anaerobiosis 
index (ratio activity of LDH-SLDH-I) which was 
naturally higher in the weakened kits (12.83) than 
in control (7.92). 
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Table 1. Effect of succinic acid on the isoenzymatic spectrum of LDH in blood serum and 
liver extracts of hypotrophic kits of dark brown mink 

Adding SA to the rations of hypotrophic kits 
caused an increase in the relative content of LDH-l 
and LDH-2 (22.8%) and a fa11 in the anaerobiosis 
coefficient by nearly 3-fold (fig. 2A) testifying to 
the stimulation of the aerobic glycolysis paths. 

Indices 

Fig. 2. The influence of succinic acid on the coef- 
ficient LDH-SILDH-1 in blood serum (A) and liver 
(B) of mink kits. 

The shift of the lactate dehydrogenase reaction 
towards the aerobic process under the influence of 
SA was observed on the organ level, particularly in 
the liver (Table 1). It appeared that, in hypotrophic 
kits under the effect of SA, the ratio LDH-5ILDH- 

Group 

Blood serum 

Normal 

3 
control 

M k r n  

Hypotrophic 

1 
without SA 

M r m  

5.9520.8 
11.76rt2.3 
26.614.6 

8.54k2.8 
47.1216.6 

7.9210.7 

2 
with SA added 

M k r n  

1 1.0022.5 
11.85i13.1 
25.0822.3 
4.74t0.6 

47.30k3.1 
4.310.4 

LDH- l 
LDH-2 
LDH-3 
LDH-4 
LDH-5 
LDH-SILDH- l 

4.62t1 . l  
7.39110.8 

22.1 113.4 
6.72k0.6 

59.16t4.6 
12.83t1.2 

Liver 

1.54k0.1 
3.3910.3 
6.972 1.3 
7.04t0.6 

8 1.0427.2 
52.5024.9 

2.66k0.3 
4.85k0.5 
9.3911.1 
6.3310.1 

76.7211 1.2 
28.8412.6 

LDH- l 
LDH-2 
LDH-3 
LDH-4 
LDH-5 
LDH-5LDH- 1 

1.73k0.2 
2.66k0.2 
5.03k0.4 
4.85k0.5 

85.70k7.6 
49.50k4.8 
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1 was reduced nearly twice (fig. 2B) at a high 
relative content of LDH-5 which is specific to this 
organ (Kozhevnikova, 1989). Moreover, this de- 
crease in the coefficient of anaerobiosis was signi- 
ficant not only in regard to diseased animals but 
also healthy (control), which is proof of an inten- 
sive stimulation of the aerobic ways of glycolysis 
by SA. 

Thus, the effect of SA is well-pronounced in hy- 
potrophic mink kits. It normalizes the enzymatic 
activity of blood. Succinate prevents the increase 
of total LDH activity in weakened animals by 
stimulating the aerobic ways of glycolysis. An 
increase in the relative content of the anode frac- 
tions of LDH, showing up not only on the level of 
serum but also in liver extracts and following a de- 
crease of the relative content of the LDH-5 frac- 
tion, is proof of the activated energetic metabolism 
by SA. A simultaneously increased activity of 
ASAT observed in addition to the reported change 
in the isoenzymatic spectrum of LDH indicates the 
role of the aspartate aminotransferase reaction in 
the total chain of energetic metabolism. 

Fig. 3. The influence of succinic acid on the abso- 
lute monthly growth of body weight in hypotrophic 
and control mink kits. 

The stimulation of energetics by SA revealed by us 
in blood serum and liver is reflected on the level of 
the whole organism, in particular, on the intensity 
of the growth of hypotrophic kits. The weakened 
animals affected by SA gradually gained body 
weight despite the fact that the initial body weight 
in the hypotrophic kits was one-third lower than 
the control (fig. 3). As a result, their absolute 

weight increment in October increased by 60% 
compared with the weight increment in healthy 
kits, which favoured the levelling of the total 
weight increment in the weakened and healthy 
animals. 

Sirnilar regularities in the change of body weight in 
mink were revealed in a number of experiments in 
which we tested a possibility of the regulation of 
the physiological condition of adult mink females 
by adding SA to their rations from the second half 
of pregnancy. From Table 2 it follows that the test 
and control females had in October practically 
equal body weights despite a certain difference in 
the initial ones (February). The body weight of the 
test females grew at the expense of the everyday 
increments under the effect of SA, already begin- 
ning with the period of intensive lactation (the 
weight increment in early June was highest). In 
October the final weight increment exceeded the 
one in the control animals by 25%. The improved 
physiological condition of the adult females asses- 
sed by the weight increments was obviously a 
result of the effect of SA on the ways of energy 
metabolism. For instance, in the lactation period 
the total activity of LDH in mink females under 
the effect of SA was reduced by 5 0 9  compared to 
the level in the control animals. Precisely at this 
time, when the functions connected with lactation 
were intensified, the efficiency of SA was the 
highest and compared with other biological periods 
led to the maximum aerobization of the LDH iso- 
enzymatic spectrum of LDH (ratio LDH-51LDH-1 
was the lowest), showing an important role of 
aerobic glycolysis while strengthening the functions 
of the matemal organism. In lactating females as 
well as in hypotrophic kits, in addition to the aero- 
bization of the isoenzymatic LDH spectrum an 
increase of the total activity of this enzyme took 
place under the influence of SA, and the increase 
of ASAT activity was attended by a sustained 
ALAT background and a decrease in AP activity. 
The regulatory effect of SA on the physiological 
condition of the hypotrophic kits and lactating 
adult females is an example of a possible control 
of the functional condition of animals. For exam- 
ple, earlier it has been shown that at lactational 
exhaustion of mink females the energy exchange is 
inhibited, and only by affecting its level directly is 
it possible to stabilize the animals' condition (Bere- 
stov, Kozhevnikova, 1981). 1.e. an effect at the 
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energy level regulates the functional condition of Table 3. Body weight dynarnics of mink kits (fe- 
the organism on the whole. male + males) produced by mothers fed 

rations with added SA 
The above-reported normalizing effect of SA on 
the mink organism can cause an increase in the 
productive qualities of the animals and, first of all, 
improvement of mink fur quality (Patent). 

Table 2. Body weight dynarnics of adult dark 
brown female mink fed rations added SA 

Adding SA to the rations of the adult females 
during pregnancy and lactation has a positive effect 
not only on the monthly body weight increments, 
as has been shown above, but also on the useful 
qualities of the juveniles. The analysis of the data 
indicates that under the effect of SA the total 
weight increment of the juveniles (females and 
males) increased on average by 10% compared to 
the control (Table 3). The commercial quality of 
the skins improved (Table 4). The size of female 
skins grew by 8% and male by 5%. The number of 
large female skins increased by 23.4%, especially 
large male skins by 26.9% compared with the 
control. The quality oftest female skins grew mar- 
kedly. The number of normal (no defects) skins 
increased by 23% and the number of the skins with 
medium defects decreased by 12%. As a result, the 
quality in the female test group exceeded the con- 
tro1 by lo%, male by 7%. Thus, adding SA into 
the rations of the adult females during pregnancy 
and lactation has a positive effect on the kits pro- 
duced by them, i.e. an improvement of the juve- 
niles' physiological condition via the mothers' 
organism takes place. 

Table 4. Quality assessment of skins of kits pro- 
duced by mothers fed rations with added 
S A 

Control 

M k m  

1040k55.5 
915158.5 
822277.0 
948k46.4 

1045k30.4 
1040k38.3 
1350185.6 

3 10155.2 

Month 

February 
March 
June 
July 
August 
September 
October 

Total weight 
increment 

Test 

M t m  

972252.4 
896127.8 
938172.0 

1040k41.6 
1 126135.7 
1152161.7 
1388139.3 

416k39.0 

Indices 

FEMALES - 

Size: 
Large 
Medium 

Defect: 
Normal 
Small 
Medium 
Large 
Area of skins, cm' 
% of control 
% of standard quality skins 

MALES 

Size: 
Especially large A 
Especially large B 
Large - 

Defect: 
Normal 
Small 
Medium 
Large 
Rejects 
Area of skins, cm' 
% of control 
Ti of standard quality skins 

Test 
(50 mgkg) 

Control 

% of the total 

n=24 

70.8 
29.2 

33.3 
39.3 
25 .O 

2.4 
754.9 
108.0 
81.0 

n=13 

15.4 
76.9 
7.7 

30.8 
23.1 
38.5 

7.6 
1061.7 
105.0 
101.9 

number of skins 

n=19 

47.4 
52.6 

10.5 
42.1 
36.9 
10.5 

699.0 
100.0 
71.0 

n=14 

2 1.4 
50.0 
28.6 

28.6 
14.3 
42.9 

7.1 
7.1 

101 1.3 
100.0 
94.1 
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Taking into account the efficiency of SA, we have 
organized its testing on a number of Karelian fur 
farms ("Kondopozhsky zverovod", "Sviatozersky" 
fur farm, etc.) which confirmed its very useful 
properties. 

Special SA testing in fur farrning has shown that, 
in clinically healthy mink kits, this feed additive 
produced a positive effect on the accumulation of 
live mass in females and males (fig. 4). 

Fem le 

0 l q ~ r i r n t  

z Hale 

u1 VII U111 IX X 

Fig. 4. The influence of succinic acid on the rela- 
tive monthly body weight increment (% of the 
initial level) in female and male mink in industrial 
experiments. * 

Moreover, in the test females at the age of 4 
months there was no slow down in the increment 
of live mass which was observed in the control 
animals. The effect of SA has also manifested itself 
on the comrnercial characteristics of the skins, 
which is shown in the diagram (fig. 5). One can 
see that the skin size in the test mink was larger. 
In the females the percentage of large skins ex- 
ceeded the one in the control ones. In males, espe- 
cially large skins prevailed at the expense of a 
decrease in the number of large, all of them had 
less defects which determined a higher percentage 
of high-quality skins. 

" 
Control Experinent Control Experilrnt 

Fig. 5. The influence of succinic acid on thc quan 
titative distribution of mink skins (female antf 
male) of different sizes, in %. 

Thus, the testing has shown that employing S.4 in 

fur farming allows a normalization of the functiom 
of mink as well as improvement to its productivir! 

Succinic acid obtained from furfurol is comparati- 
vely cheaply produced on a commercial level. 
Since it is a natura1 metabolite, it is not accumu- 
lated in the organism of fur animals which ex- 
cludes side effects. 

The preparation is efficient in smal1 doses, and the 
administration technique is simple, which makes it 
accessible for wide use on fur farms. 
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Utilization of iron by foxes given feed with ad- 
ded Livex 

S. Jarosz, B. Barabasz, O. Szeleszczuk, B. Gaw- 
likowska 

The authors investigated the effect of Livex in the 
feeding of polar foxes (as it contained an increased 
amount of easily available iron) and its effect on 
iron metabolism. The investigations were made on 
the Fox Farm of State Farm Gliwice, between July 
and December 1988. The experimental animals 
were divided into three groups (30 animals each): 
group I - feed with 50% Livex added; group II - 
feed with 50% Livex added + CuSO, (10 nig per 
kg of fresh feed); group III - Control, farm feed, 
no Livex added. 

The animals of group I showed a final body mass 
lower (7.03 kg) than those in group III fed no 
Livex (7.58 kg). As to live body length the animals 
of all groups did not differ significantly (59.5 - 
60.9 cm). 

The estimation of some features of the hair cover 
(colour purity, length, elasticity, and silkiness of 
hairs, all-over estimate) was most advantageous in 
group III (controls) while the differences between 
the latter and groups I and II were significant. The 
surmised negative effect of large additions of Livex 
(50%) to the feed was corroborated as to colour 
purity and structure of hair cover. Colorimetric 
measurements of colour purity of the hairs corrobo- 
rated this suggestion. Healthiness of the control 
animals and those fed large doses of Livex did not 
deteriorate, as the animals grew correctly, were fit, 
and no deaths were noted among them. Also, no 
great changes were noted in the haematological 
indices or in enzymatic activity of transaminases 
ALAt and AspAt. An analysis of contents of iron 
and copper in blood serum showed their highest 
level in foxes of group II. Iron in considerable 
amounts was also found in hairs of animals of 
groups I and II. The relation between Fe and Cu 
necessitates further investigations. 

Zeszyty Naukowe Akademii Rolniczej w Krakowie, 
Zootechnika 27, 242: 135-154, 1991. ln  POLH, Su. 
ENGL, RUSS. 8 tables, 13 refs. Authors' summary. 

Dietary variation in Arctic foxes (Alopex lago- 
pus) - an analysis of stable carbon isotopes 

A. Angerbjom, P. Hersteinsson, K. Lidén, E Nel- 
son 

We used stable carbon isotopes to analyse indivi- 
dual variation in Arctic fox diets. We extracted 
collagen from bones (the lower jaw), and measured 
stable carbon isotopes. The foxes came from three 
different localities: Iceland, where both microtines 
and reindeer are rare; west Greenland, where mi- 
crotines are absent; and Sweden, where scat ana- 
lyses showed the primary food to be microtine 
rodents and reindeer. The Icelandic samples 
included foxes from both coastal and inland habi- 
tats, the Swedish sample came from an inland area, 
and the Greenland sample from coastal sites. The 
spatial variation in the isotopic pattem followed a 
basic division between marine and terrestrial 
sources of protein. Arctic foxes from inland sites 
had 613C values of -21.4 (Iceland) and -20.4%~ 
(Sweden), showing typical terrestrial values. Coa- 
stal foxes from Greenland had typical marine val- 
ues of -14.9%0, whereas coastal foxes from Iceland 
had intermediate values of -17.7%~. However, there 
was individual variation within each sample, pro- 
bably caused by habitat heterogeneity and tenitori- 
ality among foxes. The variation on a larger scale 
was related to the availability of different food 
items. These results were in accordance with other 
dietary analyses based on scat analyses. This is the 
first time that stable isotopes have been used to 
reveal individual dietary pattems. Our study also 
indicated that isotopic values can be used on a 
global scale. 

Oecologia, 99: 226-232, 1994. 2 tables, SJigs., 45 
refs. Authors' abstract. 

Food habits of Arctic foxes (Alopex lagopus) on 
the Western coast of Svalbard 

Karl Frajjord 

Food habits of Arctic foxes (Alopex lagopus) on 
the western coast of Svalbard were studied in the 
years 1986-89. Faeces (n=1018) were collected 














































































































