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Abstract 
Blue fox pelt characteristics were studied in relation 
to three pelting days (November 20, December 2 
and 16) in order to find the optimal pelting time. 
The study included 720 young blue fox males 
originating from five farms and from three pelting 
groups on each farm. Samples were taken from the 
hip region of dried raw skins for leather thickness 
and weight measurements. The dried raw skins were 
graded for fur auction and auction data was 
collected. The data was analysed by using 
Friedman's non-parametric test and analysis of 
variance taking into account litter and farm effects. 
Fur quality showed no statistically significant 
difference between the three different pelting dates 
(p=0,33) although the share of the best fur quality 
(Saga Royal) increased from the first to the last 
pelting date (6%, 8%, and 12%). Likewise the share 
of skins with low and sparse under wool (flat) 
diminished significantly towards later pelting (16%, 
13%, and 7%, p<0,01). A larger amount of woolly 
skins with short and weak guard hair appeared if 
pelting was postponed (p<0,01). The clarity of the 
fur colour, from bluish to brownish shade, was best 
in the earliest and poorest in the latest pelting group 
(the share of most bluish pelts, R+ and R: 47%, 
32%, and 32%). The difference between the two 
first pelting dates was significant (p<0,001). The 
leather became significantly (p<0,001) thinner and 
lighter towards mid-December indicating the 
maturation of the skin and the fur. The results 
confirm that the fur volume, especially fur length, 
still increase in December. Finally the economic 
balance between the positive price effect of fur 
density and the negative effects of increasing 
woolliness and deteriorating colour clarity will 
define the optimum pelting time.  
 
Introduction 
Pelting of blue fox is usually started around mid-
November and finished in early December. The 
features that signal the fur maturity and thus the 
correct pelting time are e.g. fluffiness and colour of 
fur and length of under hair. In practise, however, 

the date of first auction often sets the starting of 
pelting. Furthermore, a general belief that unwanted 
fur features start to appear shortly after the 
traditional pelting time has encouraged early 
pelting. An earlier pilot study has shown that about 
40 % of under hairs in blue fox are still growing and 
unprime in late November (Blomstedt et al., 2001). 
An ideal time to pelt would be when there is an 
optimal balance between the fur maturity and the 
desired fur characteristics.  
The skins in the pilot experiment were studied as 
dressed and lacked the auction data or other 
information of economically important fur and 
leather characteristics. Therefore it was important to 
perform an experiment, where these relations could 
be studied. The purpose of our present field study, 
therefore, was to monitor the priming of blue fox 
skin from mid-November until mid-December and 
to analyse possible changes in the skin features and 
pelt traits in relation to pelting time. 
 
Materials and methods 
 
Animals and pelting.  
The animal material was selected from 5 private 
farms. On each farm 3 equal groups, A, B and C, 
were formed of male cubs deriving from litters with 
at least 3 male cubs and born between May 10 and 
June 5. Each litter was thus represented with one 
cub in each group. The total material consisted of 
720 animals. The feeding and care of animals was 
according to normal farm practice. On each farm the 
groups were pelted according to the following time 
schedule: Group A on November 20, group B on 
December 2 and group C on December 16. After 
euthanizing the foxes were skinned and the fresh 
skins stored in a deep freezer at -20oC. At a later 
time all skins were thawed, and then fleshed and 
handled according to common practice on the 
respective farm.  
Raw skin biopsies: From each dried raw skin a 
biopsy sample (Ø 6 mm) was taken from the site 
anatomically corresponding to the hip region. Hair 
was carefully removed and the remaining leather 
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samples were weighed (g) with an analyse balance 
and the leather thickness (mm) measured with a 
digimatic caliper (Mitutoyo). 
 
Pelt characteristics.  
The weight (g) of dried raw skin was recorded. Fur 
characteristics, the coverage of guard hairs and the 
density of under fur hairs, were graded by a 
professional skin grader at Finnish Fur Sales Co Ltd 
(FFS), (scores 1-10, 10 best). Furthermore, the pelts 
were submitted to the commercial auction grading 
of the FFS. In this procedure fur colour, colour 
clarity and pelt size are measured objectively by 
using the automated sorting and measuring 
equipments (ATE-Applied Engineering Ltd, Finland 
2003) based on very high resolution and high 
performance detection line scan cameras. Pelt size is 
measured in centimetres and sorted to major size 
groups, the difference between two groups being 90 
mm. The commercial grading categories for size are: 
class 50: > 133 cm, class 40: 124,1-133,0 cm, class 
30: 115,1-124,0 cm. class 20: ≤115 cm). The fur 
colour is expressed in pixels (the higher the number 
the lighter the pelt colour).The colour clarity grades 
are: R+ (bluish, the best shade); R; R-; OC 
(brownish, the poorest). Fur quality is classified 
manually by professional skin graders. The 
categories for basic fur quality are: SR (Saga 
Royal=best); S (Saga); I (Quality I); II (Quality 
II=lowest); III (Quality III=skins with various 
defects).  Quality groups SR, S, I and II are 
considered as regular skins, quality III as low 
grades. Of additional quality descriptions following 
are included in this report: heavy skins (HEAV, 
very dense under wool, a positive character), 
woolliness (WOL, short, weak guard hairs, three 
grades: 1=slight, 3=serious), flat skins (FLAT, low 
and sparse under wool), bites or damaged hair 
(CHIP). All pelts from farms 2-4 were sold at the 
auction in April 2003, all pelts from farm 1 at the 

auction in December 2003. The skin price is 
recorded as euros. 
 
Statistics.  
The statistical analyses were carried out at the MTT, 
Information Services. Continuous variables were 
analysed by using ANOVA taking into account 
treatment, litter and farm effects (Littell et al., 1996, 
pages 76-86). Categorical variables measured in 
ordinal scale were analysed using the Friedman’s 
non-parametric test, where litter was used as a block 
effect (Gibbons et al., 1992). Other categorical 
variables were analysed using the chi-square test for 
contingency table. All statistical analyses were 
performed using the SAS software (release 8.2) 
MIXED and FREQ–procedures (SAS, 1999) and 
NPARRCB–macro (Berry,1997). 
  
Results and discussion  
Pelt size and leather characteristics.  
The skins from 3 pelting groups covering a period 
of 4 weeks did not differ significantly regarding the 
mean skin weight (Table 1). The majority of the 
skins in all pelting groups measured 124 – 133 cm 
(category 40) and represented 49,4%, 45,9% and 
47,8% of all pelts in the respective group. 
Corresponding figures for size group 50 
representing the longest skins were 38,6%, 43,7% 
and 41,8% and for size 30 group 11,6%, 10,4% and 
9,9% in pelting groups A, B and C, respectively. In 
the shortest size group (20) there were only 2 skins. 
The distribution of all skins sold by FFS in April 
2003 auction was: class 50: 19%; class 40: 40%; 
class 30: 32 % and class 20 or smaller: 7% (Smeds, 
Sampo program skin information).  
In leather samples the average thickness decreased 
from 0,53 mm to 0,43 mm  (s.e.± 0,008) and the 
average weight from 13,3 mg to 11,6 mg (s.e. ± 0,2) 
as the pelting was delayed (Table 1).  

 
 

VIII International Scientific Congress in Fur Animal Production - ‘s-Hertogenbosch, The Netherlands, 15-18 September 2004

273



 
Pelting groups  

November  20 
A 

December 2 
B 

December 16 
C 

 

Dried skin: mean mean mean ± s.e. p 
Mean weight     g 893 896 900 ±  7.0 0.56 
Mean length   cm 134 134 135 ±  0.4 0.38 
 
Distribution of skins in size categories 

 A   B   C   
Size group Range in cm    
Size 50 >   133.0 38.6  % 43.7  % 41.8  % 
Size 40 124.1 – 133.0 49.4  % 45.9  % 47.8  % 
Size 30 115.1 – 124.0 11.6  % 10.4  %   9.9  % 
Size 20 106.1 – 115.0    

 
 
 
 
 
 

 
Leather samples:    ∅  6 mm A B C  
 mean mean mean ± s.e. p 
Sample weight   (leather)  mg 13.3 12.3 11.6 
Leather thickness  mm 0.53 0.47 0.43 0.008 

 
Both changes were significant (p<0,001) and 
indicate progressing maturation of the leather. 
Kondo & Nishiumi (1991) have shown that in mink 
during hair growth the leather part is thick due to a 
loosely arranged network of collagen bundles and 
large inter-bundle spaces embedded in a gel like 
matrix. After the hair growth has ceased, i.e. the fur 
is mature, the leather part is thin because collagen 
bundles are tightly packed and the inter-bundle 
spaces are minimal. A variation in leather sample 
weight and thickness between skins from the same 
pelting date may indicate genetic differences as 
documented in mink (Berg and Lohi, 1991) or 
differences in the skin structure caused e.g. by diet 
(blue fox, Dahlman & Blomstedt, 2000). In this 
study leather samples from longer skins were 
significantly heavier and thicker than those from 
shorter skins (class 50: 12,9 mg, 0,50 mm; class 40: 
12,2 mg, 0,47 mm; class 30: 11,7 mg, 0,46 mm; 
class 20: 10,1 mg, 0,41 mm; p<0,005). Connection 
between animal size and leather thickness (large 
individual – thick skin, small individual – thin skin) 
has also been demonstrated in other species, e.g. 
mink (Harri & al., 1984). 
 
 
 

Fur characteristics.  
The 
significantly from group A to C (scores 7,3; 6,7 and 
6,6; scale 1-10 (10 best), p=0,03). On the other 
hand, the density of under fur hairs increased 
significantly (p<0,001) along time (respective 
scores: A 6,4; B 6,4 and C 6,7). Guard hairs of blue 
fox pelage mature around mid-November, while a 
number of under fur hairs are still growing in length. 
The total number of under hairs is reached around 
early November (Blomstedt, 1998) but according to 
three earlier studies the proportion of mature under 
fur hairs was on December 1 still only 70-90% 
(Joutsenlahti et al., 1988, Blomstedt, 1998, Dahlman 
& Blomstedt, 2000). Thus denser appearance of fur 
coat at a later pelting is mainly due to the 
lengthening of under fur as the hairs are priming. 
How much the characteristics of under fur hairs 
affect negatively the coverage of guard hairs 
depends on the length relation and the number of 
both hair types in the fur coat.   
The fur colour, measured as pixels, became 
significantly lighter towards later pelting date  
(Table 2). 
 
 

Table 1.  Skin weight,  skin length ( =  size ),  and leather thickness 

< 0.001 0.0002 

coverage of guard hairs deteriorated 

< 0.001 
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Table 2.  Fur colour and clarity of colour 
 

Pelting groups  
November  20 

A 
December 2 

B 
December 16 

C 

 

Fur colour: mean mean mean ± s.e. p 
±  3.7 

 
Distribution of skins in categories of colour clarity 
 A   B   C   
Clarity group:    
R +    (most bluish, best)   2.1  %   0.4  %   0.4  % 
R 44.6  % 32.0  % 31.5  % 
R - 39.8  % 39.8  % 44.8  % 
OC     (brownish) 13.7  % 27.7  % 23.3  % 

 

 
The explanation is again found in the growth of the 
fair coloured under fur hairs that mix with the 
normally darker guard hairs thus diluting the 
impression of the fur colour. The clarity of colour 
(categories R+, R, R- and OC) deteriorated 

The main change in clarity distribution occurred 
between November 20 and December 2 as the 
proportion of off-coloured (OC), slightly brownish 
pelts increased from 13,7% to 27,7% (Table 2). A 
simple reason for this change is obviously the fur 
getting easily slightly dirty, especially if the weather 
is humid.  
Fur quality of regular skins. Fur quality depends on 
the density, length and quality of under fur hairs and 
guard hairs. The distribution of regular skins in 
quality categories (SR, S, I and II) showed no 

the three pelting dates even though the share of the 
best quality skins (SR) increased towards later 
pelting  (groups: A 6,1%, B 8,1% and C 11,9%). 
Most skins from all  pelting groups were of quality 
S (A 64,6%, B 65,1% and C 62,2%) and about 25% 
of quality I (A: 29,2%; B: 26,8%; C:25,4%). Only 
one skin originating from the latest pelting 
represented the lowest group of regular qualities 
(II). The additional positive quality description 
heavy (HEAV) stands for very dense under fur hair. 
Heavy type increased somewhat towards December 
without no further increase in the latest pelting 

Fur defects. Flat skin (FLAT) with sparse and low 
under fur belongs to negative additional quality 
descriptions. The decrease in the share of FLAT 
skins from group A to group C (19,3%, 14,6% and 

indicates improved quality. The number of skins 
with bites or damaged hair (CHIP) increased 
slightly, yet not significantly, towards later pelting 

the foxes reared in pairs, while getting older, 
tolerate each other less and nipping of the neighbour 
becomes more frequent as the time goes by. Woolly 
(WOL) is an expression for short weak guard hairs 
mainly in the middle part of the back. The poor 
coverage of guard hairs on the woolly area is more 
clear the denser and longer the under fur hair is. 
Thus it is understandable that later pelting makes the 
defect more visible (Blomstedt & Joutsenlahti, 
1987). The defect has genetic background (Lohi, 
personal communication). The increase in the share 
of woolly pelts was equal in all grades of the defect 

increased significantly from group A to group C 

There was no correlation between fur quality and 
thickness or weight of leather samples. 
 
Skin price. 
The difference of about 4 weeks in the pelting time 
had no clear effect on the pelt price.  The mean price 
of all skins from the experiment was in group A 
52,2, in group B 52,8 and in group C 52,5 euros 

 

pixels 347 358 362 < 0.005 

significantly (p< 0,001) along the time (Table 2). 

statistically significant differences (p= 0.33) between 

group (A 0,0%, B 2,2% and C 1,3%; p= 0,09).  

7,3%) was statistically significant (p< 0,01) , and  

(A 5,9%, B 7,8% and C 11,9%; p= 0,11). Possibly 

(1= Altogether the defect slight, 3= serious ).

(35,7%, 42,8% and 48,9%; p= 0,02).  

(p= 0.69).  
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Conclusions 
• Maturation process of the skin part continued 

linearly throughout the whole experiment. 
Mature leather is an advantage in 
manufacturing especially when leather-out 
garments are produced.  

• Hair volume increased from the second half of 
November until mid-December through length 
growth of under fur hairs. Thus the amount of 
skins in the best quality group (SR) and skins 
with additional quality description heavy 
(HEAV) increased. Consequently, the amount 
of flat skins decreased. 

• The coverage of guard hair was affected 
slightly in negative direction. Along with this  
the proportion of skins marked as woolly 
(WOL) increased. 

• There were more bites in skins pelted on 
December 16. Possibly rearing foxes in female-
male pairs instead of two males in the same 
cage as in this experiment might diminish these 
damages.  

• Fur colour becomes paler if pelting is 
postponed. In this experiment the clarity of 
colour deteriorated slightly after November 20. 
However, fur colour and colour clarity have 
very little influence on skin price.  

• In this experiment pelting time did not affect 
pelt price.  

• Considering both the fur and the leather part of 
the skin it seems that the best result is achieved 
by pelting in early December. 
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Abstract 
Khlebnikov known as the “Chronicler of Russian 
America” in 1824 filled his “Special Notebook” 
with descriptions of the peltry of Alaskan black, 
cross, and red foxes, in Alaska and the 
neighboring islands trapped for commercial 
purposes. Relying on Khlebnikov’s reports, in 
1981 geneticist Borodin estimated the number of 
pelts by method of population genetics is known 
as Hardy-Weinberg’s law. This estimation 
provided answers to puzzling questions: 1) Are 
the differences in natural viability between black, 
red, and cross foxes? 2) Did the higher market 
price of black and cross fur make hunting for 
foxes carrying the B gene preferable? (In fact, a 
black fox was three times more expensive than a 
red one at that time). 3) How honest were of the 
Russian American Company employees involved 
in pelt production in 1824? What if they biased 
their data to conceal theft of the exceptionally 
expensive pelts?  
 
Introduction 
August 3, 1784, in the then Russian America, in 
the Kodiak island, the famous merchant of fur 
Shelikhov established the first Russian 
settlement, in the Three Saints Harbor; June 8, 
1799, on the initiative of Irkutsk merchants and  
 
G.I.Shelikhov 1747-1795 
 

 

with government support, all Russian fur 
merchants united into The Russian-American 
Company (RAC). 
In 1806, the czar Alexander I approved the flag 
of the RAC, with beige, lilac, red stripes, and a 
double-headed black eagle holding a ribbon with 
the inscription “The Russian-American 
Company”. 
In November 1817, a new governor of the RAC 
office arrived. This was K.T.Khlebnikov, who 
became a corresponding member of the St. 
Petersburg Academy of Sciences. The directorial 
board of the RAC appointed him manager of the 
RAC, whose office was located in the island of 
Sitka (from indian: “Shitha-qwan”) in Russian 
America. These were the most prolific years of 
his life. Khlebnikov wrote his “Notes on 
California” published in 1829. As a researcher, 
he made a collection of what grew and thrived 
about – ethnographic, entomologic, mineralogic 
specimens – and sent them to the St. Petersburg 
Russian Academy of Sciences starting from 1831 
(Shur, 1972, 1974). November 1832, Khlebnikov 
left Russian America to occupy an administrative 
post in St. Petersburg. In 1835, he was elected as 
a director of the RAC. Khlebnikov has been 
justly called the “Chronicler of Russian 
America”. 
 
T.Khlebnikov 1784 – 1838 
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Material and Methods 
Khlebnikov filled his “Special Notebook” with 
descriptions of the peltry in Alaska and the 
neighboring islands. He believed that his long 
residence in the Sitkha island compelled him to 
write memories about the terrestrial animals, he 
noted the widely spread Alaskan black, red and 
cross (or “sivodushka”, or “zamarajka” in 
Russian) foxes. 
Years later, Iljina (the first russian investigator in 
genetics of coat color in foxes) in her “Genetics 
and Selection of Fur Animals” (Moscow, 1935) 
observed that populations of foxes inhabiting 
Kamchatka, Chukotka, Yakutia, Alaska show 
polymorphism for coat color that is controlled by 
two alleles of the B gene. The Alaskan 
homozygous black foxes are BB, while those 
homozygous red foxes are bb. Heterozygotes Bb 
showing intermediate coat color are called cross 
foxes (“sivodushka”, “zamarayka”, “bastard” in 
Russian) (Iljina, 1935). 
 
E.D.Iljina (1910-1986) 
 

 
 
Turning away from Khlebnikov’s “Special 
Notebook”, we find that in 1824 trapped by 
hunters for commercial purposes in the Kodiak 
island were 59 black foxes, 104 cross foxes, 89 
coarse coat red foxes, and there followed a list of 
fox wild-caught at various locations of the island 
(Liapunova & Teodorova, 1979). 
 
 
 
 
 
 
 
 
 
 
 

D.K.Belyaev (1917-1985). 
The eminent russian geneticist in the field of fox 
breeding 
 

 
 
P.M.Borodin (born 1948). 
A follower of D.K.Belyaev 
 

 
 
A hundred fifty years elapsed, when in 1981 the 
young researcher at the Institute of Cytology and 
Genetics (Novosibirsk, Russia) P.M.Borodin, a 
follower of the eminent fox breeder D.K.Belyaev, 
realized the implications of Khlebnikov’s reports 
and narratives. “What, Borodin wondered, would 
they mean, after all? And then he had it! 
Khlebnikov’s reports were, in actual fact, most 
detailed gene-geographical descriptions of fox 
populations occurring in Russian America” 
(Borodin, 1981; Borodin, 1982). 
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Results and Discussion 
Relying on Khlebnikov’s reports, Borodin 
estimated the number of pelts of black and cross 
foxes (i.e., the concentration of the B gene) in 
population that was distributed in the area 
neighboring the Three Saints Harbor. 
Borodin also relied on Iljina’s data according to 
which coat color of Alaskan black fox is 
controlled by two mutant genes (BB). Red foxes 
do not have the B gene and, therefore, their 
genotype is bb. As for heterozygous cross foxes, 
every one carries a B gene and a b gene. Borodin 
calculated the frequency of the B gene in the fox 
population at The Three Saints Harbor which in 
those years was:  

2  59 + 104 

2  (59 + 104 + 89) 

= 0,44 

What did the calculations disclose? They 
provided answers to puzzling questions: 1) Were 
there differences in viability between black, red, 
and cross foxes, that is to say, were foxes subject 
to selection for this character (color phase)?; 2) 
Did the higher market price of black and cross 
fur make hunting for foxes carrying the B gene 
preferable? (In fact, a black fox was three times 
more expensive than a red one at that time). 3) 
How honest were the RAC employees involved 
in pelt production in 1842? What if they biased 
their data to conceal theft of the exceptionally 
expensive pelts? 
Borodin made the following calculations to 
clarify the issues. Based on the list of pelts, 
Borodin calculated that the frequency of the B 
gene in the Three Saints Harbor population was 
0.44. In the same way the b gene was calculated 
as 0.56. This meets expectation, if the entire 
composition of the fox population is expressed as 
1 (100%), the concentration of the B allele as p, 
and the concentration of the b allele as 1–p. In 
fact, the alternative states (two alleles) of a gene 
are under consideration.  
At the given gene frequencies, what should be 
the number of black, red, and cross foxes in the 
Three Saints Harbor population? To give an 
answer, Borodin referred to the mathematical 
law of the variability in coat color in a wild 
population of fur bearing animals. In population 
genetics, the law is known as Hardy-Weinberg’s 
(after the English mathematician Hardy and the 
German physician Weinberg). 
 
 
 

How did this law come into being? 
Why do eminent animal breeders still give it due 

consideration? 
The answer goes far back. In 1908, at the 
Cambridge University, after supper, the 
geneticist Pennet and his friend Hardy, both 
gifted talkers, exchanged ideas about the science 
already in vogue, genetics, of course. Pennet 
stated that he has heard critical comments on 
Mendel’s theory and that he was groping for 
answers. 
Thus, for example, if the gene for short fingers 
would be dominant, and the one for long fingers 
would be recessive, then the number of 
individuals with short fingers would keep 
increasing from generation to generation. After 
several generations, there would no long fingers 
in Great Britain?! 
Pennet did not share this line of reasoning, but he 
could not explain why it was incorrect. In 
response Hardy said that the explanation was a 
cinch – sufficed a couple of formulas written 
straight away on his napkin. On the spot Hardy 
proved, to Pennett’s surprise, that, at a definite 
frequency of genes for normal and short fingers, 
the relative number of individuals with long or 
short fingers remains the same in each generation 
in the absence of natural or artificial selection, or 
differential migration, or other factors affecting 
gene frequency. Hardy thought that the 
conclusions were rather trivial, not worthy of 
being published. However, Pennet insisted that 
the conclusions deserved a better treatment than 
a napkin inscription. By that time, the German 
physician Weinberg independently arrived at the 
same conclusion. And accordingly the law 
became known as the Hardy-Weinberg law. 
In fact, the same rule was earlier stated by the 
geneticist Castle, who collaborated with the 
mink breeder Moore and contributed much to the 
genetics of coat color in mink and horse (Castle 
&  Moore, 1946; Castle, 1948). However, Castle 
is not mentioned in textbooks with reference to 
this law. 
The concept of Hardy-Weinberg crystallized 
from this law. According to the concept the 
frequencies of alleles became the foundation of 
theoretical population genetics. 
It also heralded the coming into being of genetics 
(Mendelism) as an independent science and its 
establishing alliance, or synthesis, with the 
theory of evolution. Subsequently, the Russian 
biologist Chetverikov (1880-1895) and his 
followers paved the way to population genetics a 

VIII International Scientific Congress in Fur Animal Production - ‘s-Hertogenbosch, The Netherlands, 15-18 September 2004

279



basis to any consideration of any evolutionary 
event. 
The Hardy-Weinberg law in population genetics 
may be equated to Newton’s first law of motion 
in mechanics, which states that a body remains in 
its state of rest or uniform motion unless acted on 
by external forces. The Hardy-Weinberg law 
states that, in the absence of disturbing 
ecological processes, gene frequencies will be 
retained unaltered. However, in real ecological 
settings, processes disturbing gene frequencies 
are continually at work. 
It is well to remind, at this juncture, that the 
Hardy-Weinberg law has been applied with 
reference to natural fox populations by Iljina and 
Romashov. They have published the relevant 
materials in a paper entitled “Analyses of fox 
populations by Hardy’s formula” in 1942 
(Romashov & Iljina, 1942). 
In the case considered here, the B allele is 
codominant, or incompletely dominant, to the b 
allele. Matings of foxes of two genotypes ВВ  
bb yields an F1 progeny with foxes of the Bb – 
genotype (cross foxes), with mixed pelage 
containing hair of color inherited from both the 
black and the red foxes. Calculation of gene 
frequencies in matings between the F1, 
individuals demonstrated that a quarter of the 
population in the F2 will be of the ВВ genotype, a 
half of the Bb genotype, and the genotype will be 
bb  in the remaining quarter.  
To determine the proportion of the F3 that will be 
the progeny, say, of matings between individuals 
of ВВ  Bb, genotypes, let us multiply ¼ by ½, 
the product is ⅛. Thus, provided mating is 
random, ⅛ of the population will be the offspring 
of this pair. The question is, what proportion of 
the generation will be offspring of the pairs ВВ 

 BВ ? Bb  bb ? All these combinations will 
yield ⅛ of all the number of individuals of the 
next generation F3. Then, what proportion of it 
will be heterozygous cross foxes Bb ? Having 
calculated the frequencies of gametes of this type 
among the possible combinations, 4  ⅛ = ½ is 
obtained. What is the number of individuals of 
genotype Bb in the F2 generation? Also half. 
What if we calculate the results of all the 
possible combinations in the F3  generation and 
in any next generation? It proves that the ratio of 
the genetic components in a population are 
retained unaltered! 

Conformance with the Hardy-Weinberg 
equilibrium in application to the black, red, and 
cross foxes in Khlebnikov’s records requires 
satisfaction of the following conditions. 1) The 
fox population must be composed of a very large 
number of individuals; 2) Matings between the 
different color phase foxes must be entirely 
random; 3) The male and female sex cells, or 
gametes, carrying the alleles В and b must unite 
at the time of fertilization entirely at random to 
form the zygote, an elementary organism starts to 
develop. In such a case, the appearance 
probability of a zygote of each type, under 
random mating in the given population is 
determined only by the frequencies of the В and 
b genes. In this equation, p is the frequency of 
the В gene; q is that of the b gene; p2, 2pq and q2 
are the phenotype frequencies of the black, red, 
and cross foxes, respectively. 
In random mating, the equilibrium frequencies of 
the genotypes are expressed as the products of 
the corresponding alleles. In the examined case, 
there are only 2 alleles, В and b, with frequencies 
p and q. For this reason, the frequencies of the 
three possible genotypes will be written as  

(p + q)2 = p2 + 2pq + q2 = 1. 

In this way, Borodin calculated that in 
conformance with the Hardy-Weinberg law one 
would theoretically expect for the Three Saints 
Harbor population in 1824 that the frequencies of 
alleles for any character in a population in any 
generation would remain unaltered provided no 
external disturbing effects intervene. In the given 
case, the allele В is codominant or incompletely 
dominant to the b allele. Mating between foxes 
of two genotypes ВВ  bb will yield an F1 
generation of Bb genotype – with coat having 
intermingled black and red hair. Calculation of 
the frequencies of genes in matings between 
individuals of the F1 generation discloses that ¼ 
of the population will be of the ВВ genotype in 
the F2 , ½ of the Bb, and ¼ of the bb genotype. 
The quadratic equation familiar to all the high 
schoolchildren underlies the Hardy-Weinberg 
law. According to the law, in application to the 
black, red, and cross foxes in Khlebnikov’s 
records, the equation for coat color of foxes for 
future sale would be written as  
 

p2BB + 2pqBb + q2bb = 1 
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In conformance with the Hardy-Weinberg law, 
one should theoretically expect the following 
estimates for the trapped foxes in populations 
that was distributed in the area neighboring the 
Three Saints Harbor in 1824: 49 black, 124 
cross, 79 red.  
 

 
 
From the records in Khlebnikov’s “Special 
Notebook”, it follows that there were 10 times 
more black and red foxes than theoretically 
expected, the number of cross was 20 times 
smaller than expectation. Do these differences 
between the expected and the observed number 
of trapped foxes suffice to regard the calculated 
assumptions valid for the Three Saints Harbor 
fox population? Statistical tests demonstrated 
that the differences were due to random causes. 
From the equation it further follows that 
throughout the year foxes showed no preferential 
mating to either red, or black, or cross foxes. 
From Khlebnikov’s notes Borodin, made another 
very important inference, namely hunting was 
not targeted at foxes of a particular coat color 
(whatever black, red, or cross). This was because 
foxes were mainly trapped. 
What about the morale of the professional 
hunters and buyers of pelts at the RAC? A fair 
deal was lucrative for the partners, with one 
supplying, and the other buying all the pelts. 
Really, it cannot be imagined that the 

professional hunters sold off pelts to foreign 
merchants without sorting them by color. They 
did sort them. Table 1 gives the price list of fox 
pelts of different colors in roubles in the bygone 
days (Slunin, 1895, 1900). 
From the prices listed in Table 1, it follows that 
it would be more profitable to steal pelts of black 
than cross foxes, and theft of cross would be 
more profitable than of red. In the case of 
preferential theft of color phases, the Hardy-
Weinberg law would be necessarily violated. 
Since in Borodin’s calculations there was 
conformance with the Hardy-Weinberg law at 
virtually all the fur loading stations in Russian 
America. The honesty of pelt business at the 
Russian-American Company must be 
acknowledged. 
Nevertheless Borodin noted that gross deviations 
from the Hardy-Weinberg law did occur at the 
trading stations. He detected them in materials 
recorded in the trading stations located in the 
islands of Unga and Nuchek where the 
“Bostonians” (thus Khlebnikov called merchants 
from the United States) “played their pranks”. It 
is quite conceivable that it was not a matter of 
honesty, control of the RAC at the other trading 
stations; the simple reason was absence of buyers 
(no “Bostonians”). 
Accusations, moreover hasty, became pointless 
after the lapse of centuries. What if the culprits 
of the deviation from the Hardy-Weinberg gene 
frequencies were fox populations themselves, 
and the human factor was irrelevant? The islands 
are small and so were the fox populations 
inhabiting them. It should be reemphasized that 
that the Hardy-Weinberg law concerns only 
populations of small size! 
This clears up matters. In fact, there was a 
considerable deficiency of heterozygotes (cross 
foxes) that certainly arose as a result of decrease 
in population size and inbreeding. Borodin also 
thought that this inference was justified on the 
basis of the estimates made by Khlebnikov, the 
“Chronicler of Russian America”. 

 
Table 1. The price list of fox pelts of different color in roubles. 

 
Years Color 

phase 1801 1827 1836 1850 1890 1891 1896 
Red 

Cross 
Black 

0,4 
0,8 
2 

2 
3 
6 

2 
4 
6 

3 
6 
9 

4-5 
8-10 
80 

3-5 
8-12 
60 

5 
8-15 
150 
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Abstract 
Insulation of pelage depends on its density and 
length. Hair density is an important factor to 
determine the quality of fur, and it is also important 
for mammals to adapt to their habitat. This study 
was carried out to measure hair density and to 
observe morphology of medulla in Japanese 
mustelids. Hair density was calculated from number 
of hair per hair bundle and number of hair bundle 
per cm2. Morphological observations of medulla 
were made with JSM. The hair density was high in 
order in sea otter, river otter, mink, ermine, sable, 
Japanese weasel, least weasel. The morphology of 
medulla observed with SEM varied more than 
expected. It was suggested that the observation of 
medulla with SEM may identify its species. This 
study suggested the possibility of clarifying whether 
hair density and morphology of medulla depend on 
taxonomy or habitat by examining the skins from 
individuals inhibiting in different environments. 
 
Introduction 
Insulation of pelage depends on its volume, that is, 
its density and length. Therefore, fur breeders have 
been interested in hair density, as it is an important 
factor to determine the quality of fur. Hair density of 
major fur animals is known (Kaplan 1971), while 
not many studies concerning other mammals than 
mink (Mustela vison) and fox (Vulpes vulpes) 
indicate how to measure the density.  The authors 
of this study made public how to measure hair 
density (Kondo et al., 1989) and those have been 
appreciated (Blomstedt, 1992; Nixon, 1993).  
Many of the studies on hair density thus far were 
conducted from the viewpoint of people who use fur 
for keeping them warm and there have not been 

many studies conducted from the viewpoint of 
significance for mammals.  This study measured 
hair density of Japanese mustelids based on the hair 
density measurement method authors adapted.  It 
also observed the morphological structure of 
medulla of guard hair which is considered to be 
related to insulation of pelage as well as to habitat of 
mammals (Kondo, 2001; Kondo et al., 2002).  
Finally, it discussed hair density and morphology of 
medulla in relation to habitat of mammals. 
 
Materials and methods 
The winter skin samples used in measuring hair 
density and observing medulla were collected from 
the following mammals; sable (Martes zibellina), 
least weasel (Mustela nivalis), ermine (Mustela 
erminea), Japanese weasel (Mustela itatsi), mink 
(Mustela vison), river otter (Lutra lutra), sea otter 
(Enhydra lutris).  
Specimens of skins (approx. 1 cm2) for observation 
were taken from the dorsal side of each skin close to 
the tail. The specimens were soaked into detergents 
for 24 hours, dehydrated by alcohol. 
 
Measurement of hair density 
Hair density was determined according to the 
method applied previously (Kondo et al., 1989).  
The hair on the specimens cut from the skin samples 
were first sheared, and then the number of hair 
bundle (HB) per a unit area (2.5 mm x 2.5 mm) was 
counted at ten places on the surface of each 
specimen using a stereo microscope with 
micrometer. Also, each skin specimen was sectioned 
perpendicularly to the backbone, and the number of 
hair (H) per one hair bundle was measured using a 
scanning electron microscope (SEM). After these 
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measurements, hair density (number of hair / cm2, 
HD) was calculated from the following formula; HD 
= H x HB / cm2 
 
Observations of hair medulla 
Observations of the hair medulla with SEM were 
made according to the method applied previously 
(Kondo et al., 1985).  First, guard hairs taken from 
each fur-skin sample were attached onto brass 
standard stubs with scotch tape, and then cut along 
the axis of the fiber using a razor blade under the 
stereo microscope.  The prepared stubs were 
coated with gold by ion-spattering apparatus.  
Observations were made with a JSM-T220 SEM at 
15kv.  
 
Results 
 
Hair density 
The examples of the hair bundle used to calculate 
the hair density are shown in figure 1, which are the 
hair bundles of sable and sea otter.  In the hair 
bundle of sable (A), one guard hair and 14 underfurs 
are shown. In sea otter (B), one guard hair and 36 
underfurs.  
 
Fig.1. SEM features of hair bundles. 
 

 

 
 

A: Hair bundle of Sable (Martes zibellina) composed of 
guard hair and 14 underfurs. 
B: Hair bundle of Sea otter (Enhydra lutris) of guard hair 
and 36 underfurs. 
 
The results of number of hair per hair bundle, 
number of hair bundle per cm2 and hair density are 
shown in table 1.  
 
Table 1. Number of hairs/bundle, number of 
bundles/cm2 and hair density 
 

        No.of 

hairs/bundle 

X±SE 

No. of 

bundles/cm2 

X±SE 

Hair 

density 

/cm2 

Sable 12.4±0.38 1,037±39  12,860 

Least 

weasel 

8.2±0.29 687±16   5,630 

Ermine   12.1±0.40 1,450±40  17,550 

Japanese 

weasel 

17.4±0.96 727±21  12,650 

Mink 26.3±1.12 1,283±16  33.720 

River 

otter 

34.2±0.71 1,714±33  58,600 

Sea otter 34.1±0.77 4,520±92 154,100 

 
Table 1 shows that the hair density was high in sea 
otter, river otter and mink.  The hair density of 
sable, ermine and Japanese weasel were much lower 
than in the first group. Least weasels’ hair density 
was extremely low compared to the other mustelids 
used in this experiment.   
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Morphology of Medulla 
Morphology of medulla observed with SEM is 
shown in Figure 2. 
 
Fig. 2. SEM features of medulla sectioned 
longitudinally. 

 

 

 

 

 
 
A: Sable (Martes zibellina), 
B: Ermine (Mustela erminea) 
C: Least weasel (Mustela nivalis), 
D: Japanese weasel (Mustela itatsi) 
E: Mink (Mustela vison) 
F: River otter (Lutra lutra),  
G: Sea otter (Enhydra lutris). 
As: air space, Sp: small air space separated in small 
cancellus sectors, Co: hair cortex. 
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In medulla of sables, each air space was the largest 
found among mustelid samples used in this 
experiment.  These air spaces were mostly 
circle-like polygon shape or oval.  Among these air 
spaces, small air spaces (Sp) separated in small 
cancellus sectors were also observed (Figure 2-A). 
In ermine, each air space was smaller than that of 
sables but it was similar in shape, which was 
circle-like polygon or flat oval. However, small 
cancellously separated air spaces were not observed 
(Figure 2-B). 
In medulla of least weasel, oval air spaces found in 
ermine were observed as more flattened shape 
(Figure 2-C). 
In Japanese weasel, air spaces were observed more 
flattened than least weasels and neither polygon nor 
oval-shaped air spaces were found. Medulla of 
Japanese weasels showed rough shapes as a whole 
(Figure 2-D). 
In medulla of minks, polygon-shaped air spaces 
were observed, not like Japanese weasel. Their 
shapes were more like those of sables and ermines 
(Figure 2-E). 
Medulla of river otters was much different from 
those of sables and Japanese weasels and their air 
spaces were ladder-shaped. Also, it was observed 
that the proportion of medulla (diameter of medulla 
/ diameter of whole fiber) was lower than in other 
mustelids except sea otter (Figure 2-F). 
Air spaces in medulla of sea otters were much more 
ladder shape than those of river otters. The 
proportion of medulla was even lower than in river 
otters (Figure 2-G). 
 
Discussions 
Table 1 shows the hair density depends on the 
number of hairs per hair bundle and the number of 
hair bundles per unit area.  The samples that 
showed high density, such as sea otters 
(approximately 150,000), river otters 
(approximately 60,000) and minks (approximately 
30,000), have many hairs per hair bundle. Therefore, 
hair density depends more on number of hairs per 
hair bundle. The number of hairs per hair bundle of 
ermines was almost as many as that of sables, but 
hair density was higher in ermine than in sable. The 

difference of number of bundles per unit area makes 
hair density of ermines higher than sables. It 
contradicts the above-mentioned tendency. Future 
observations including measurement of hair length 
and proportion of medulla in each hair of ermines 
and sables are needed to clarify the relationships 
among insulation, habitat and taxonomy. 
Hair density differs between individuals in the same 
species or between positions in the same individual 
(Kaszowski et al., 1970; Kondo et al., 1989). 
Therefore, the hair densities measured in this 
experiment are not absolute but approximate figures. 
High hair densities, however, measured in river otter 
and sea otter may be their characteristics. River 
otters are the very aquatic in mustelids, which are 
basically terrestrial mammals. Sea otters are even 
more aquatic. Therefore, in mustelids, the more 
aquatic the species is, the higher hair density will be. 
This may also explain why the higher hair density 
was observed in minks than sables or other 
terrestrial species in mustelids. 
It is interesting that hair density of least weasel was 
extremely low among mustelids used in this 
experiment. Level of hair density reflects mammal’ 
habitat as hairs act as an insulator to maintain their 
body temperature. This experiment used only one 
body of least weasel so it may be too early to 
conclude, but it can be said that the life form of least 
weasels in winter may be unique among terrestrial 
mustelids. Comparison between individuals taken 
from different habitat is expected to verify this, but 
hair density may be one of the data to surmise the 
unknown life form of mammals. 
The authors have pointed out that the less the 
proportion of medulla in hair would be, the more 
aquatic the mammal is (Kondo, 2001; Kondo et al., 
2002).  As medulla is composed of air spaces, 
which take in airs, low proportion of the transverse 
section occupied by medulla means low heat 
insulation.  Therefore, it may be said that the 
aquatic animals, whose insulation is low because of 
their hair structure, adapt themselves to the 
environment with high hair density. 
Morphology of medulla is regarded as a key to 
identify the species just as cuticles, the surface 
structure of hair (Wildman, 1954; Brunner & Coman, 
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1974; Teerink, 1991). In the past, studies on 
morphology of hairs were observed under a light 
microscope. The authors of this paper used SEM to 
observe morphology of hairs and clarified that the 
relationships between mammal classification and 
the morphology of medulla in guard hair agrees well 
with the family level (Kondo et al., 1986; Kondo, 
2001). Figure 1 shows morphology of medulla 
varies more than expected. More specifically, in 
mustelids, morphology of medulla observed with 
SEM can identify species. In addition, measurement 
under a light microscope on the proportion of 
medulla may be useful in identifying hair (Funato, 
2002). Therefore, combination of observation with 
SEM and measurement under a light microscope 
will increase the accuracy of identification. 
Cuticles, which constitute the outermost layer of 
hairs, are vulnerable to damages by various factors. 
Therefore, it would be fairly difficult to identify the 
species by the observation of cuticle when the hairs 
were stored for a long time, or taken from feces or 
alimentary canals. On the other hand, medulla, inner 
component of hair, is not vulnerable to damages and 
usually maintains their structures. In this respect, 
observation on morphology of medulla would be 
useful in identifying hair. 
Pelage is important for mammals to adapt 
themselves to the environment.  Even in Japanese 
mustelids, each species inhibits under various 
environments. This study suggested the possibility 
of clarifying whether hair density and medulla 
depend on taxonomy or habitat by examining 
multiple skins from different individuals inhibiting 
in different environment. 
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