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Summary

The aim of this study was to find whether the coefficient of inbreeding is correlated with the incidence of
cryptorchidism in the Bialowieza line of bison.

Our study included 605 male European bison Bison bonasus (L.) born between 1971 and 2015 in the Bialowieza
Forest. The animals were free-ranging as well as from captive breeding programs. Among the animals culled,
there were 144 European bison calves. The calves were not considered in the research, because the descending
of the testes in European bison may not occur until a year after birth. The study period, from 1966 to 2015, was
divided into 5 decades. The number of male European bison born in each decade was recorded, as well as the
number of cryptorchidism cases identified through necropsy in these animals. The percentage of incidence of
cryptorchidism among them was calculated for every decade. Subsequently, the Pearson correlation coefficient
was calculated between the number of cryptorchidism cases and the coefficient of inbreeding.

In 461 male European bison older than 1 year, there were 18 cases of cryptorchidism. In the animals born in
the first decade, two autopsical cases of cryptorchidism (0.045%) were recorded, and 4 cases of cryptorchidism
(0.03%) were found in the animals from the second decade. Among the bison born in the third decade, there
were no cases of cryptorchidism. In the fourth decade, 7 cases of cryptorchidism (0.071%) were diagnosed,
and among the bison born during the fifth decade, there were 5 cases (0.111%).

The Pearson correlation coefficient suggests that, as the value of the coefficient of inbreeding rises, there is
an increase in cryptorchidism cases in male European bison.
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The reintroduction of the European bison Bison
bonasus (L.) was proposed in 1924 along with the
establishment of the International Society for the
Protection of the European Bison. At that time, there
were 54 European bison in zoos and nature preserves.
However, after genetic testing, it became apparent that
the Lowland (Biatowieza) bison descends from only
seven individuals (18-20, 23). Therefore, all animals
are very closely related. According to Bielousova (3),
the population of the European bison recreated in the
Biatowieza Forest possesses only 5 sets of diploid
genes. Research conducted by Olech (17, 21) shows
that the coefficient of inbreeding increases in succes-
sive generations of the European bison.

The literature concerning cryptorchidism in the
Bialowieza line of male European bison is very lim-
ited. Koziorowski et al. (14) mention cryptorchidism

as one of the abnormalities observed in the reproduc-
tive system of the European bison. Other authors
(7, 15, 25) list cases of cryptorchidism in European
bison, specifying whether it is unilateral or bilateral.
Czykier (4), on the other hand, presents a histologi-
cal description of a European bison testis that did not
descend into the scrotum, compared to one that did.
The abovementioned authors do not, however, examine
the correlation between the coefficient of inbreeding
and the frequency of cryptorchidism in the Bialowieza
line of the European bison.

Research conducted on other species of animals
proves that inbreeding leads to a series of developmen-
tal defects, including cryptorchidism. Hence the deci-
sion to assess the correlation between the coefficient
of inbreeding and the incidence of cryptorchidism in
the Biatowieza line of bison.
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Material and methods

Since 1971, during autumn and winter months, a selective
cull of the European bison is conducted in the Biatowieza
Forest. The causes include disease, especially posthitis/
balanoposthitis in males, injuries, as well as poor physical
condition and age (16). Selective culls are carried out during
early morning hours. Dissections of the animals killed are
conducted according to an established protocol, in which
macroscopic and microscopic pathomorphological changes
are recorded. The study included 605 male European bison
born between 1971 and 2015 in the Bialowieza Forest. The
animals were free-ranging as well as from captive breeding
programs. The animals culled included 144 calves. These,
however, were not considered in the research, since, accord-
ing to Swiezynski (25), the testes in European bison may not
descend until one year after birth. The study period, from
1966 to 2015, was divided into 5 decades. The numbers of
male European bison born in each decade were recorded,
as well as the number of cryptorchidism cases identified
through necropsy in these animals. The percentage of
incidence of cryptorchidism among male European bison
was calculated for each decade. Subsequently, the Pearson
correlation coefficient was calculated between the number
of cryptorchidism cases and the coefficient of inbreeding.

Results and discussion

Among 461 male European bison older than 1 year,
there were 18 cases of cryptorchidism, including
2 cases of bilateral cryptorchidism (one animal was
13.5 and the other 3 years old) and 16 cases of uni-
lateral cryptorchidism, right-sided or left-sided (in
animals aged 1.5 to 12 years) (Tab. 1). The diagnosis
of cryptorchidism in male European bison at such an
advanced age (as old as 13.5 years) is due to the fact
that the recognition of cryptorchidism in this species
is possible only post-mortem. It is impossible to deter-
mine whether both testes are within the scrotal sac in
a live individual.

In male European bison born in the first decade,
two autopsical cases of cryptorchidism (0.045%) were
recorded, and 4 cases of cryptorchidism (0.03%) were
found in animals from the second decade. Among
bison born in the third decade, there were no cases
of cryptorchidism. In the fourth decade, there were
7 cryptorchidism cases (0.071%), whereas among
bison born during the fifth decade, there were 5 cases
(0.111%) (Tab. 1).

The Pearson correlation coefficient suggests that as
the value of the coefficient of inbreeding rises, there is
an increase in cryptorchidism cases in male European
bison (Fig. 1).

The descent of testes, or the migration of the male
gonads from the posterior wall of the abdominal cavity
to the scrotal sac, occurs during the fetal stage. The
testes, located outside the peritoneum, migrate into the
deep inguinal rings, and then move into the superficial
inguinal rings to finally reach the scrotal sack. Inside
the scrotum, the testes move to the lower end of the
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Tab. 1. Decades, number of calves born in 1966-2015, number
of cryptorchidism cases, percentage of cryptorchidism, coef-
ficient of inbreeding

Cryptorchidism -
Decade ::l::'::\):zrs Crect
b Number % of inbreeding
orm of cases

1| 1966-1975 44 2 0.045 0.323
2 | 1976-1985 135 4 0.030 0.358
3 | 1986-1995 139 0 0.000 0.415
4 | 1996-2005 98 7 0.071 0.409
5 | 2006-2015 45 5 0.111 0.480
Altogether 461 18 0.039 0.397

0.600 -

—— Perce.nfage of.cryptor-chldlsm r=0.3 p=0624

0.500 - —— Coefficient of inbreeding

0.400 1

0.300

0.200 1

0.100 1

— s
0.000 —¢ T -
1 2 3 4 5
Decades

Fig. 1. Correlation between coefficient of inbreeding and per-
centage of cryptorchidism in male European bison
Explanation: 1 — I** decade from 1966 to 1975; 2 — 2" decade from
1976 to 1985; 3 — 3" decade from 1986 to 1995; 4 — 4™decade
from 1996 to 2005; 5 — 5" decade from 2006 to 2015

spermatic cord (2, 10, 13). The descent of the testes
in different species takes place at various stages of
development. In pigs, horses, cattle, and sheep, it is
completed before birth, whereas in bison, rabbits and
dogs, it continues in the postnatal period (9, 25, 28, 29).

Cryptorchidism, a condition in which testes do
not descend into the scrotum, occurs with various
frequency for different species of animals. For goats
(bucks), the frequency of occurrence is 1.1%, in
Andean deer 2.9%, in rams 5.5%, in male rabbits
1.8/%, and in male horses < 1% (2, 6, 12, 22, 26, 27).
Undescended testes may be found within the abdomi-
nal cavity, in the inguinal canal, in the superficial
inguinal ring or at the base of the penis. Most often
they are found within the inguinal canal (5, 10). The
descent of the testes, as described by Hutson (10), can
be divided into three phases: abdominal, inguinal, and
scrotal. A different opinion is expressed by Klonish
(13), who believes that testicular descent occurs in
two phases: intra-abdominal and inguinal-scrotal. All
authors, however, agree that the descent of the testes
is a complex process influenced by genetic, environ-
mental and hormonal factors (10, 13).

According to Hutson (11), in the intra-abdominal
phase of the descent, a key role is played by the guber-
naculum, which directs the migration of the gonads
from the posterior abdominal wall toward the inguinal
canal. The normal development of the gubernaculum is
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controlled by insulin-like hormone 3 (INSL3) produced
by fetal Leydig cells, or transformed steroidogenic cells
(1, 8, 24). At the same time, within the somatic cells
of the developing gonads, the activation of the Sry
gene occurs, which causes the cells to transform into
supporting cells. The supporting cells begin to produce
Miillerian-inhibiting substance (MIS), also known as
anti-Miillerian hormone (AMH), which inhibits, by the
way of apoptosis, the development of the Miillerian
ducts (2, 10, 13).

The inguinal phase of testes descent, on the other
hand, occurs mainly under the control of testosterone
produced by the fetal-type Leydig cells.

Cryptorchidism can be unilateral or bilateral (30).
Unilateral cryptorchidism in animals occurs signifi-
cantly more often than bilateral cryptorchidism (1).
The left cryptorchid testis in dogs is usually located
in the abdominal cavity, while the right cryptorchid
testis can be found in the inguinal canal (1). The cases
of cryptorchidism in European bison recorded in our
study deviated from this rule, since both left and right
cryptorchid testes were found in the inguinal canal.

The results of our research show that in the
Biatowieza line of European bison the occurrence of
cryptorchidism is correlated with the coefficient of
inbreeding. Since cryptorchidism is a developmental
defect, it could be presumed that in future generations
of the European bison it will occur more frequently
than it has until now.
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