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ABSTRACT

The aim of the study was to analyze various mating systems, mating dates, and the number of matings applied for
farmed American mink in relation to resulting litter sizes. The observations were carried out on yearling females of
two color varieties, Perl (P) and White Hedlund (WH), as well as yearling males belonging to four color varieties,
namely P, WH, White Regal (WR) and Black Cross (BC). The color of the males was chosen so as to easily discern,
which male sired which litter and what was the litter size resulting from the particular copulation date. The breeders
were mated according to various mating schemes. The analysis revealed that if two matings were the case, most

embryos conceived on the first date died.

Key words: reproduction, superfetation, system of mating

INTRODUCTION

The mink is a monoetrous species with the heat occurring
in March under the moderate climate, such as the one in
Poland. There are 2 to 3 ovarian cell maturation cycles
per heat, and an effective fertilization of ovulated cells
resulting from the first mating may be followed by an-
other ovulation and conception, which implies that the
female may be mated to different males a number of
times within a single sexual activity season. The effect
of ovulation, fertilization and implantation of the second
set of eggs within the same pregnancy is called super-
fetation [Roelling et al. 2011]. Superfetation is connec-
ted with superfecundation, also known as polyspermia,
which consist in fertilizing in subsequent mating encoun-
ters oocytes produced in the same heat with sperm from
different males, so that offspring born in the same litter
may have been sired by different males. This is refered
to as multiple paternity [Thom et al. 2004, Garcia 2010,
Macdonald et al. 2015], which is an adaptation allowing
greatest possible reproductive success. Superfetation in
mink is favoured by diapause, the period of delayed im-
plantation of embryos [Macdonald and Harrington 2003].
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Multiple paternity in wild American mink popula-
tions has been studied by Yamaguchi et al. [2004] and
Thom et al. [2004], who observed that American mink
males abandon the instinct of territoriality during the
heat, and each female mates with several males, on av-
erage 11.75 times during the mating season. Such a large
number of possible copulations within one sexual activity
season has also been observed in farmed mink; Seremak
et al. [2013] found that females placed in males’ cages
every day during the heat were very active sexually and
copulated as many as 8-9 times during this period, which
confirmes the findings of Thom et al. [2004].

Both intensive farming systems and the biological
specificity of mink reproduction (superfetation and super-
fecundation) make farmers seek best methods and sys-
tems which would allow obtaining large and strong lit-
ters. The most important factors affecting the reproduc-
tion performance of mink include the color variety and
age of the animals; however, the breeding season opera-
tions, such as planning the timing of mating, system and
number of applied matings, are crucial in this respect as
well.

The aim of the study was to analyze various systems
and dates of mating as well as the number of matings in
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relation to litter size, and sex distribution in the litter of

mink in relation to various factors.

MATERIAL AND METHODS

The studies were carried out on a mink farm located in the
northern part of Poland. The animals were managed in an
open-shed system, fed a standard semiliquid feed based
on chicken and fish. The material consisted of (Table 1):

— One year old mink females of two color varieties,
Pearl (P) and White Hedlund (WH),

— One year old mink males of four color varieties,
Pearl (P), White Hedlund (WH), White Regal (WR),
and Black Cross (BC).

The colors of the male minks were selected so that it
would be easily determine which male sired which off-
spring and, in consequence, how many kits were born as
a result of mating on a particular day.

Pearl females which on the first date were mated to
Pearl males gave birth to Pearl offspring; however, mated
seven days later to White Regal males, the same females
gave birth to Pastel (Ps) kits. Other Pearl females, mated
to White Regal males on the first date, gave birth to Pastel
offspring; however, the same Pearl females, mated seven
days later to Pearl males, produced offspring of the Pearl
variety.

White Hedlund females that were mated to White
Hedlund males on the first date gave birth to White
Hedlund offspring; however, mated seven days later to
Black Cross males, the same females gave birth to Black
Cross kits. Other White Hedlund females, mated to White
Regal males on the first date, gave birth to Pastel off-
spring; however, the same White Hedlund females, mated
seven days later to White Hedlund males, produced
White Hedlund offspring.

The animals of the breeding stock were mated ac-
cording to the following schemes (an Arabic digit denotes
how many times females were mated, while a Roman nu-
meral is the date of the mating):

— 1-I: single mating on the first date

— 1-II: single mating on the second date
— 2-I: double mating on the first date

— 2-1II: double mating on the second date

— 1-I 1-II: single mating on the first date and single
mating on the second date

— 1-I 2-1I: single mating on the first date and double
mating on the second date

— 2-1 1-1II: double mating on the first date and single
mating on the second date

— 2-12-1II: double mating on the first date and double
mating on the second date
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— 1-I 3-II: single mating on the first date and triple
mating on the second date

We analyzed litter size at birth and live-births per lit-
ter in relation to the color variety of the female and the
male, as well as the mating system.

The statistical calculations and analysis was per-
formed using the STATISTICA 13.3 PL package. The
statistical analysis was carried out using a oneway ana-
lysis of variance (ANOVA). The significance of differ-
ences between mean values of traits was calculated with
the Duncan multiple range test. Statistical description in-
volved the mean (m), standard deviation (SD).

RESULTS

If we look at the Pearl females mated to Pearl or White
Regal males (Table 2), the group of females mated four
times (2—I 2—II) within the breeding season were charac-
terized by the highest fertility, with an average litter size
of 7.20 (6.61 live-born) kits.

These results differ significantly (at P < 0.01) from
those obtained for total litter sizes of females mated twice
on the first date (2-1), 6.14 kits, and twice on the second
date (2-1II), 6.16 kits, but also in relation to an average
number of life-born kits per litter in females mated twice
on the first date (2-I), 5.16 kits. The lowest average litter
sizes of born (5.05) and live-born (4.45) kits were ob-
tained after a single mating on the first date (1-I). These
results differ significantly (at P < 0.01, for born, and
P < 0.05, for the live-born kits) from the highest values
obtained for females mated four or three times (2—I 2—II,
2-1 1-11I, 1-1 2-1II) during the breeding season.

Table 2 also presents the results regarding the size of
the litter depending on the mating date. The effectiveness
of the mating date was assessed on the basis of the aver-
age number of kits (light and dark) born after mating to
a male of the selected color variant, with which females
were paired in the given period. Analyzing the size of lit-
ters obtained from a Pearl (P) female depending on the
date of mating (dates I and II), when females were mated
the same number of times both in the first and second
term (these are systems 1-I 1-II and 2-1 2-II), it was
observed that more kits were born after mating on the
second date, respectively 3.91 and 5.79 individuals in the
litter. However, for the same females mated on the first
date a lower number of born kits was obtained, 2.80 and
1.41 kits on average. It can be concluded that in all the
cases when females were mated on both the first and the
second date, regardless of the number of matings, much
larger litters were born after the matings on the second
date and this difference was significant at P < 0.01 and
P <0.05.
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Table 1.

Number and color variety of treatment groups of females with respect to the color of males mated on dates I and II

Tabela 1. Liczba oraz odmiana barwna samic norek grup do$wiadczalnych z uwzglednieniem odmiany barwnej samcow norek

kryjacych w I i II terminie

1st mating (I), March 3 to March 10
Pierwsze krycie (I), od 3 do 10 marca

Color variants of females Number of females

2nd mating (II), March 11 to March 18
Drugie krycie (II), od 11 do 18 marca

Odmiana barwna samicy Liczba samic

Color variant of males
Odmiana barwna samcow

Pearl 950 Pearl White Regal
Perta Perta Bialy regal
Pearl 940 White Regal Pearl
Perta Biaty regal Perta
White Hedlund 550 White Hedlund Black Cross
Biata Hedlunda Biaty Hedlunda Czarny krzyzak
White Hedlund 570 Black Cross White Hedlund
Biata Hedlunda Czarny krzyzak Bialy Hedlunda
Total

Razem 3010

Table 2. Results of mating Pear females to Pearl or White Regal males

Tabela 2. Wyniki kojarzenia samic odmiany perta z samcami odmiany pertfa lub biata regal

Number and Litter size

Litter size in relation

to date of mating Live-born per litter

date of mating  Number of - Number of Wielkosé miotu Wielko$é miotu w odniesieniu 16708 Zywo urodzonych
. . matings females do daty kryci mtodych w miocie
Liczba i data . , . . o daty krycia
. Liczba kry¢  Liczba samic
krycia 2 SD I date II date < SD
I data II data

1-1 1 118 5.05% 2.81 5.05 - 4.45% 2.84
1-11 1 110 6.11 2.72 - 6.11 5.43 2.52
2-1 2 252 6.14° 3.03 6.14 - 5.16% 2.88
2-11 2 200 6.18¢ 2.70 - 6.18 5.70 2.74
1-1 1-11 2 120 6.70 2.28 2.80* 3.91* 6.01 2.30
1-12-11 3 268 6914 2.49 1.21%* 5.69%* 6.2948 248
2-11-11 3 154 6.75% 2.63 1.61%* 5.14%* 5.90° 2.65
2-12-11 4 512 7.2048¢ 2.17 1.41%* 5.79%* 6.61%¢ 2.29
1-13-11 4 156 6.73 2.08 0.76** 5.97%* 6.22 2.14
A, B, C... —means in columns marked with the same letters differ at P <0.01 (upper case) or P < 0.05 (lower case letters).
A, B, C... —érednie w kolumnach oznaczone tymi samymi literami r6znig si¢ istotnie przy P < 0,01 (wielkie) lub przy P < 0,05 (mate litery).

** — means in rows differ significantly at P <0.01 (**) or P < 0.05 (¥).

** — §rednie w wierszach roznig si¢ statystycznie przy P < 0,01 (**) przy P < 0,05 (*).

The analysis of breeding results obtained for the WH
females (Table 3) showed the highest average number of
born offspring at the level of 7.43 for females mated once
in the second term of the breeding season. This scheme
of mating, however, turned out to be disadvantageous due
to the fact that there was a significant difference between
the average number of born and live born offspring. On
the basis of the following results, similarly as in the fer-
tility studies, also the analysis of the dates and number
of matings of White Hedlund females confirmed the pre-
dominance of four matings — twice on the first and twice
on the second date of the breeding season (2—1 2—II). The
average number of born kits in the litter, 7.34, for females
mated according to the above scheme, was statistically (at
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P < 0.01) higher in relation to the results obtained for a
group of dams mated only once or twice on the first date,
in which these values were 5.42 and 6.09 in the litter, re-
spectively. In the group of WH females mated four times
(scheme 2-1 2-1II), also the average number of live-born
kits was highest, 6.98 kits in the litter. By far the poorest
results were attained by the females mated only once on
the first date, that is 5.42 born (5.05 live-born) kits per
litter.

Again, also in the White Hedlund variety females, the
analysis of the mating schemes showed that the second
mating date proved to be the most advantageous due to
the higher values of the reproduction parameters.
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Table 3.

Results of mating White Hedlund females to White Hedlund or Black Cross males

Tabela 3. Wyniki kojarzenia samic odmiany biata Hedlunda z samcami odmiany biata Hedlunda lub czarny krzyzak

Number and

Li ize in relati f . .
itter size in relation to date o Live-born per litter

i .Litte,rrsiz.e . - T“i““g Lo Liczba zywo urodzonych
g’fil:; l())af ?(fattl;lg errl:tti)r?;s()f N?:{:zel;:f Wielko$¢ miotu Wlelkos(cion';;)tt; kv;y oc(?:lesmmu mio dzch W miociey
krycia Liczba kry¢  Liczba samic

2 SD I date II date 5 SD
I data II data

1-1 1 107 5.4247¢ 2.74 5.42 - 5.05% 2.86
1-11 1 150 7.4378 2.35 - 7.43 6.45 2.53
2-1 2 128 6.09°¢ 2.58 6.09 - 5.5848 2.52
2-11 2 164 7.18* 2.33 - 7.18 6.57 2.47
1-11-11 2 124 7.00 2.71 1.67%* 5.33%* 6.71 2.52
1-12-11 3 112 7.25¢ 2.08 0.83%* 6.42%* 6.885 2.15
2-11-11 3 150 6.84 2.29 0.49%* 6.36%* 6.44 2.39
2-12-11 4 185 7.34¢ 1.82 2.09%* 5.25%%* 6.98* 1.96
A, B, C... —means in columns marked with the same letters differ at P < 0.01 (upper case) or P < 0.05 (lower case letters).

A, B, C... — érednie w kolumnach oznaczone tymi samymi literami roznia si¢ istotnie przy P < 0,01 (wielkie) lub przy P < 0,05 (mate litery).

** — means in rows differ significantly at P <0.01.
** — §rednie w wierszach roznig si¢ statystycznie przy P <0,01.

DISCUSSION

Statistically significant differences in the reproduction
performance, resulting from a varying number of mat-
ings, have been reported by Felska-Btaszczyk [2012] and
Felska-Blaszczyk et al. [2012]. The authors state that ap-
plying a single-mating system of breeding returns a lower
average litter size. The largest litters, on the other hand,
were attained by females mated four times during the
heat. The fact that mating breeding mink in two dates
is purposeful and improves conception rates, which is
also expressed in larger litters obtained, has been con-
firmed by Lorek et al. [1994] — the largest litters at birth
were characteristic for dams which had been mated twice
(single mating in the first period and the another one in
the second period) and three times (single mating in the
first period and two matings in the subsequent period
of sexual activity). What is interesting, the authors did
not see any significant differences between average lit-
ters of mink females mated according to various schemes,
hence they recommend the double mating as the best
choice. Moreover, the authors claim that triple mating
of a dam in the same period does not increase the aver-
age litter size and does not allow reducing the population
of male breeders, which in turn increases the production
costs. Elofson et al. [1989] and Seremak et al. [2013] also
demonstrated that double mating is more productive than
any other system. The latter author reports that females
attained better reproductive performance if mated twice,
irrespective of the fur color variant.

On the other hand, Slaska et al. [2009] confirmed that
a higher number of matings positively correlated with
the litter size at birth; the authors tried this conclusion
on Scanblack and Pearl Cross mink. The authors claimed
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that the highest levels of fertility, 7.94 and 7.84 born and
live-born Kkits, respectively, were attained by mink dams
mated five time during a single breeding season. Slaska
and Rozempolska-Rucifiska [2011] report that not only
does the litter size depend on the date and number of mat-
ings, but also on the intervals between subsequent mat-
ings; the best results were obtained if the period between
the first and the last mating was possibly the shortest.

Our study also focused on the litter size at birth in
relation to the mating date. The great differences in the
number of offspring sired by males of different color vari-
ants may result from the fact that survival rates of the em-
bryos depends on the time spent on the diapauses — the
sooner the conception, the longer the lag until implant-
ation, or diapause, which affects the survival rate of the
embryos. This hypotheses has been proposed by Venge
[1973] and Yamaguchi et al. [2004]. As a consequence,
the later it comes to mating with the subsequent male,
the larger the litter it probably sires [Venge 1973]. Other
authors [Sulik et al. 2007] also state that an effect of
superfetation, present if we mate a female to a number
of males, indirectly confirm that the date and number of
matings is of importance in terms of litter size.

Also, if the mating (single or double) occurred in the
first period only, or in the second period only, the differ-
ence in the average litter size was not that great. This may
imply that a large percentage of embryos from the first-
period mating die when the female is mated in the second
period. Placental scar counting (PSC) is a good method
of finding the actual number of embryos that had been
implanted in the mink uterus [Elmeros and Hammershgj
2006]. This method, however, is not fully reliable, as it
shows the scars of all the embryos implanted in the uter-
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ine wall (both those actually born and those that died
after implantation), therefore diapause embryonic mor-
tality may only be roughly estimated.

CONCLUSION

The analysis of various mating schemes revealed that if
we apply mating on two dates, most of the embryos con-
ceived as a result of the first mating die. It can be con-
cluded that in all the cases when females were mated on
both the first and the second date, regardless of the num-
ber of matings, much larger litters were born after the
matings on the second date.
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SYSTEM KRYCIA A LICZBA MLODYCH U NOREK HODOWLANYCH (NEOVISON VISON) — ZJAWISKO
WIELOOJCOSTWA

STRESZCZENIE

Celem pracy byta analiza réznych systeméw i terminéw kry¢ oraz liczby kojarzen ze wzgledu na liczebno$¢ miotu.
Materiat do badan stanowity: jednoroczne samice norki amerykanskiej dwéch odmian barwnych: perta (P) i biata
Hedlunda (WH), jednoroczne samce norki amerykanskiej 4 odmian barwnych: perta (P), biata regal (WR), biata
Hedlunda (WH) i czarny krzyzak (BC). Odmiana barwna samc6w zostata tak dobrana, aby w fatwy sposéb mozna
byto okresli¢, po jakich samcach i ile potomstwa urodzito si¢ z poszczegdlnych kryé w danym terminie. Zwierzgta
w stadzie podstawowym kojarzone byty wedtug réznych schematéw krycia. W wyniku analizy stwierdzono, ze
przy kryciu w dwdch terminach wigkszos¢ zarodkéw pochodzacych z krycia w pierwszym terminie zamiera.

Stowa kluczowe: norka amerykanska, rozréd, system kojarzen
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