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SUMMARY : This study aimed at answering the question whether production of new colour variants of American mink in mink
farms using mutations may entail changes in skull morphology and relationships between the bone elements building ivekealyses
made on the skulls of 56 eight-month-old males and females of two American mink colour variants (standard Brown and rhir&nt Sapp
from the same farm. Mean values, standard deviations and coefficients of variation were determined for carcass weightl cranial
mandibular weights and 7 dorsal surface, 8 lateral surface and 11 basal surface traits of the skull. The values ofrfroeandddaar
indices and the values of sexual size dimorphism (SSD), i.e. a coefficient describing differences between sexes, wetelttaigsilate
demonstrated that mutant colour variants of American mink may be a significant source of vasétios #ad R0.01) for some traits
of skull morphology and relationships between respective bone elements of viscerocranium and neurocranium.

KEY WORDS: Biometry; Neovison visonViscerocranium; Neurocranium; Skull.

INTRODUCTION

American mink Neovison visop coming from the each other in vitality, fecundity, resistance to certain diseases,
American continent to Europe, has turned out to bgestation length and number of matings, offspring mortality,
extraordinarily varied in breeding. The history of its associatioor tendency for anomalies, such as — for instance — helical
with man, early days of its breeding, and later thbead twisting, but also in size, irrespective of pronounced
environmental impact of animals escaped from farms sexual dimorphism (Sundqvistal, 1989; Felska-Blaszczyk
individuals being purposefully set loose or wild/farm minket al, 2008, 2010; Slasket al, 2009; Liuet al, 2011).
hybrids have been previously presented in other papers
(Shackelford, 1984; Kruska & Sidorovich, 2003; Kietdal, Morphological studies of wild mink populations have
2009; Zalewski & Bartoszewicz, 2012). When American minkhown significant inter-population differences referring,
farm breeding was started for the first time in the USA ang@mong others, to the size of respective skull parts (Kruska &
Canada, mink herds were assembled from wild animals frogchreiber, 1999; Sidorovich & McDonald, 2001; Kruska &
different geographical regions and, over time, the coat tyj@@dorovich; Tamliret al, 2009). Owing to these studies, it is
and the body size were being standardized. Aresult of repea@dsb possible to identify wild and farm mink populations, as
cross-breeding was formation of a new type of mink, beingell as possible hybrids resulting from cross-breeding of the
far-distant from its wild ancestors. It has been called a stamimals which escaped from farms with wild ones. Above all,
dard mink. This type was imported to Europe and gave risetite brain size is being considered to be a key criterion when
all mutant colour variants. The result of mutation detection olefining domestication traits (O’'Regan & Kitchner, 2005). An
cross-breeding of mutant variants between each otheriiigpulse for the study being presented here was the intention
formation of colour variants being differently coloured thartio receive an answer to the question whether production of
standard variant. The colour variants obtained differ betwe&@ew colour variants of American mink in mink farms using
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mutations may entail changes in skull morphotype arftydrogen peroxide solution (Perhydrol®) to make cranial
relationships between the bone elements building it. sutures and syndesmoses visible.

Thirty eight skulls were from the Brown (Pastel) variant
MATERIAL AND METHOD minks (15 males and 23 females), while 18 belonged to the
Sapphire (Cerulean) variant ones (9 males and 9 females).
Applying the method adopted by Kruska & Sidorovich (2003),
The study was conducted on the skulls of 56 eigh&nd supplemented by Baranowskial. (2013) the following
month-old males and females of two American mink colouneasurements were taken on the skulls: 1. NAL= Nasal length;
variants from a mink farm situated in north-western PolarZl POL= Postorbital length; 3. NCL= Neurocranium length;
(53040’N, 15008’E). The first group consisted of Brownt. I0C= Interorbital constriction; 5. POC= Postorbital
(Pastel) variant minks, being a standard variant, whereas tmastriction; 6. BCB= Brain case breadth; 7. MAB= Mastoid
second group of those of the Sapphire (Cerulean) varidmmeadth; 8. FSH= Frontal skull height; 9. BCH= Brain case
which are a double recessive genetic mutation, being formieeight; 10. CSH= Caudal skull heigh; 11. MAH= Mandible
by combination of the Aleutian (Lutetia) and the Silver Bluéeight; 12. MAL= Mandible length; 13. DNL= Dental length;
(Silverblu) variants. Until slaughter, males and females df4. CAL= Carnassial length; 15. M1L= Molar length; 16.
the two colour variants were kept under the same maintenai@®L= Condylobasal length; 17. PAL= Palatinal length; 18.
and feeding conditions. After skinning, the carcasses obtainBBL= Brain basis length; 19. MXT= Maxillary tooth; 20.
were weighed to the nearest 0.1 kg. Thereafter, mink headBRC= Breadth over the canines; 21. INW= Incisor width; 22.
were separated from the trunk and cleaned by removing séiB= Jugal (zygomatic) breadth; 23. FMW= Foramen
tissues, followed by their maceration at about 100°C for G8agnum width; 24. FMH= Foramen magnum high; 25. ABL=
minutes. In the next stage, the skulls were bathed in a 3Q®aditory bulla length and 26. ABW= Auditory bulla width.

—  MAL+

DNL ‘
Fig. 1. External measurements of the basal (A), lateral (B) and dorsal (C) parts of mink skulls. 1. NAL= Nasal length; 2.
POL= Postorbital length; 3. NCL= Neurocranium length; 4. I0C= Interorbital constriction; 5. POC= Postorbital
constriction; 6. BCB= Brain case breadth; 7. MAB= Mastoid breadth; 8. FSH= Frontal skull height; 9. BCH= Brain case
height; 10. CSH= Caudal skull heigh; 11. MAH= Mandible height; 12. MAL= Mandible length; 13. DNL= Dental
length; 14. CAL= Carnassial length; 15. M1L= Molar length; 16. CBL= Condylobasal length; 17. PAL= Palatinal
length; 18. BBL= Brain basis length; 19. MXT= Maxillary tooth; 20. BRC= Breadth over the canines; 21. INW= Incisor
width; 22. JUB= Jugal (zygomatic) breadth; 23. FMW= Foramen magnum width; 24. FMH= Foramen magnum high;
25. ABL= Auditory bulla length and 26. ABW= Auditory bulla width.
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Brain cavity size (BCS) was calculated as a result diidex 11 = CSH x 100/CBL
the following multiplication: POL x BCB x CSH Index 12 = PAL x 100/BBL
(Baranowskiet al, 2013). Cranial and mandibular weightsindex 13 = ABW x 100/ABL
were determined to the nearest 0.01 g. Mean values, stardex 14 = ABL x 100/BBL
dard deviations and coefficients of variation for each traitpndex 15 = FMH x 100/FMW
as well as differences between sexes, were determined &mdex 16 = FMW x 100/MAB
processed statistically with univariate analysis of variandadex 17 = FMH x 100/BCH
using Statistica v.10 PL computer software package. Index 18 = DNL x 100/MAL
addition, the values of the following indices were calculatedindex 19 = CAW x 100/DNL

Index 20 = CAW x 100/MAL

Index 1 = NAL x 100/CBL Index 21 = MAH x 100/MAL

Index 2 = NCL x 100/CBL

Index 3 = JUB x 100/CBL The values of a coefficient describing differences
Index 4 = POC x 100/10C between sexes (i.e. sexual size dimorphism, SSD) were
Index 5 =V Brain cavity size (BCS) x 100 / Condylobasakalculated using the following equation (Abramov &
length (CBL) Puzachenko, 2009):

Index 6 = Mandibular weight x 100/BCS SSD = (mean male — mean female / mean male + mean
Index 7 = Mandibular weight x 100/ MAL female) x 100

Index 8 = BCH x 100/ Mandibular weight
Index 9 = Mandibular weight x 100/Cranial weight
Index 10 = BCB x 100/BBL RESULTS

Table I. American mink cranial and mandibular weights.

Trait (g) Sex X Brows% cv X Sapphlsroe cv
Corcaee M 1894.86+* 24144 1274 178350+ 22415 1257
F 105750+ 23394 2212 1051.80% 11547 1046
Cranium M 12.16%*a 155 12.06 10,52+ 160 15.18
= 8.14++ 137 16.89 7.15¢ 0.75 10.46
Merdible M 472 055 1161 4,455 0.79 17.87
F 3.08%* 0.54 17.65 2.70¢ 0.25 9.33

Mean values marked in rows with the same lower case letters differ significantly: a s0A5HAnean values marked in columns
with asterisks differ significantly: *£0.05; **P<0.01; SD= standard deviation; CV= coefficient of variation.

Table II. Biometry of the dorsal surface of American mink cranium.

Trait Brown Sapphire
(mm) Sex X SD CV X SD CV
M 17.89*A 137 7.68 13.64a 2.37 17.40
NAL F 16.71*A 1.40 8.39 12.01a 1.49 12.37
M 50.31**a 1.68 3.33 64.59 9.16 14.19
POL F 44.11%*A 254 5.75 59.584 1.47 246
M 44.03** 2.62 5.95 44,75+ 5.42 12.11
NCL F 38.71** 2.43 6.28 37.67%* 4.29 11.38
M 16.89** 0.70 4.16 16.66** 1.23 7.38
10C F 14.67+* 0.90 6.16 14.35** 0.39 2.75
M 13.09 0.84 6.40 12.42 1.06 8.56
POC F 12.45 0.96 7.71 12.03 0.71 5.87
M 31.03**a 1.60 5.16 34.97**A 2.03 5.80
BCB F 28.41%*a 1.00 351 31.86%*A 1.20 3.7
M 39.23** 2.19 5.58 36.93* 435 11.79
MAB F 34,12+ 1.84 5.39 32.97* 1.04 3.15

Mean values marked in rows with the same lower case letters differ significantly: a 085 Fnean values marked in columns
with asterisks differ significantly: *€0.05; **P<0.01; SD= standard deviation; CV= coefficient of variation.
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Table Ill. Biometry of the lateral surface of American mink cranium and mandible.

Trait Brown Sapphire
(mm) sex X sD CV X SD cVv
M 22.05%*a 1.95 8.75 24.14%*4 217 9.11
FSH F 19.04**A 1.94 10.02 21.18**a 1.83 8.20
M 30.34%*a 4.77 12.12 21.61%*a 1.10 5.11
BCH F 33.48**a 3.88 11.59 19.32%*a 0.86 4.45
M 4043 1.60 3.96 27.36%*A 3.23 11.81
CSH F 34.32%*a 4.00 11.66 23.20**A 0.72 3.10
M 21.58** 1.22 5.66 20.90** 2.20 10.54
MAH F 17.99** 1.39 7.74 18.32+* 0.98 5.32
M 45.78%* 1.22 266 45.80%* 4.02 8.77
MAL F 30.62** 1.95 492 40.06** 0.98 245
M 27.55%*2 0.99 3.61 26.11**a 1.43 5.50
DNL F 25.00%*a 1.38 553 23.77**a 0.38 1.62
M 7.70* 0.58 7.54 7.75* 0.46 5.95
CAL F 7.25% 0.47 6.43 7.26* 0.26 357
M 7,67+ 0.52 6.74 7.72%* 0.50 6.44
MIL F 7.18** 0.42 5.85 7.06** 0.33 461

Mean values marked in rows with the same lower case letters differ significantly: a a0/35Pmean values marked in
columns with asterisks differ significantly: <B.05; **P<0.01; SD= standard deviation; CV= coefficient of variation.

Comparison of the values of basic morphologicalifferences were statistically significant for all traits — except
traits of both mink groups showed no statistically significargostorbital cranial breadth (POC), both for the skulls of the
inter-population differences within sexes for body an@rown mink variant and those of the Sapphire one, and na-
mandibular weights. On the other hand, the cranial weigbal length (NAL), postorbital length (POL) and foramen
in the Brown variant minks was significantly highesQF05) magnum width and height (FMW and FMH); the relative
than that in the Sapphire ones (Table I). Dimorphigalues of these differences are presented in Table V.

Table IV. Biometry of the skull base of American mink cranium.

Trait Brown Sapphire
(mm) Sex X SD CV X SD CV
M 74.85%% 1.47 1.96 74.56%* 3.54 475
CBL F 67.21%* 2.85 423 65.87%* 1.71 2.60
M 32.32%% 1.43 4.43 34.19%%2 1.75 5.14
PAL F 28.60%*A 1.30 4.56 31.16%%A 1.07 3.43
M 35.33%* 1.56 4.42 35.61%* 1.48 4.15
BBL F 31.97%* 1.35 423 31.11%* 0.99 3.19
M 23.21%* 1.04 4.49 23.29%* 0.72 3.11
MXT F 21.24%% 0.87 4.10 20.87+* 0.41 1.98
M 15.31%* 0.83 5.42 16.11%* 0.85 5.30
BRC F 13.54%* 0.75 5.51 13.65%* 0.54 3.99
M 6.53%* 0.53 8.28 7.07%%a 0.38 5.42
INW F 6.02%+ 0.40 6.62 6.42%%a 0.29 447
M 42.58%* 1.88 4.42 42.14%* 1.93 4.59
JUB F 36.76** 1.54 4.12 36.07%* 1.16 3.23
M 10.28%* 1.00 9.68 10.94 0.50 4.58
FMW F 9.39%* 0.80 8.48 9.97 0.39 3.87
M 5.19° 0.81 15.54 5.72° 0.38 6.61
FMH F 5.18° 0.93 18.01 5.69 0.29 5.28
M 18.30%+ 0.88 4.80 19.44%%2 0.87 4.48
ABL F 17.34%* 0.75 434 17.05%* 0.63 3.71
M 14.59%% 1.11 7.58 13.33%*2 1.04 7.78
ABW F 13.23%%A 0.76 5.74 11.71%%A 0.47 4.04

Mean values marked in rows with the same lower case letters differ significantly: a a0/35Pmean values marked in
columns with asterisks differ significantly: ¥B.05; **P<0.01; SD= standard deviation; CV= coefficient of variation.

898



BARANOWSKI, P.; PEZINSKA-KIJAK, K.; FELSKA-BLASZCZYK, L.; ZUK, K.; NOWAK, P.; KOSECKA, J.; OCZERETKO, K.; CHUKWU, P. & MAZUR, P . An attempt to determine
the size of biometric differences in the skull of two colour variants of American iNgdwv{son visop Int. J. Morphol., 32(3)895-901, 2014.

Table V. The values of size sexual dimorphism (SSD) forTable VI. The values of cranial and mandibular indices
morphological parameters and biometric traits of the crania anfbr two American mink colour variants.
mandibles of two American mink colour variants.

I ndex Sex Brown  Sapphire
Trait Brown (Pastel) Sapphire (Cerulean) M 61.66**a 49.06**a
Morphological parameters BCS F 42.08**a 36.72**a
Carcass 28.36 25.81
Cranium 19.80 19.07 3VBrain cavity M 394 3647
Mandible 21.10 24.47 size (BCY) F 3 47 3.30%*
Dorsal surface of cranium
NAL BRC 6.13 1 M 24.16a 18.28~
POL 6.57 4.03 F 24.89 18.21A
NCL 6.43 8.59 M 59.46 59.92
l10C 7.03 7.44 2 F 5759 57.20
POC 250 159 M 56.50  56.54*
BCB 441 465 3 F 5670 5476
MAB 6.97 5.66 4 M 7750 7486
Lateral surface of cranium and mandible F 85.01** 83.94*
FSH 7.77 3.36 5 M 5.32% 4.89%
BCH 8.05 2.44 F 5.178 5.042
CSH 8.17 8.03 6 M 7.90 9.25*%
MAH 9.07 6.57 F 7.47 7.35*
MAL 7.21 6.66 7 M 10.30** 9.62**
DNL 4.85 4.69 F 7.80%*a 6.76%*a
CAL 3.01 3.26 8 M 182.30" 104.46
M1L 3.29 4.46 F 187.274 105.69a
Skull base M 39.13 42.15%*
CBL 5.38 6.19 9 F 3795  37.83+
PAL 6.11 1.65 M 88.01a 98.30a
BBL 499 6.74 10 F 8396 10245
MXT 4.43 4.82 1 M 53.39 36.72A
BRC 6.13 8.26 F 5114 35.36a
INW 4.41 4.82 M 91.54a 96.01a
JUB 7.33 7.76 12 F 895l 1516l
EMW 452 4.63 M 79.74a 68554
FMH 0.09 2.87 13 F 76400 6853
ABL 2.69 6.54 M 51.88**a 54.60a
ABW 4.89 6.46 14 F 5429** 5485
Mean values marked in rows with the samellower case Iett_ers differ ;ignificgnil5 l\é gj :233 gigé
a or A= K0.05; mean values marked in columns with asterisks diffe ) ’
significantly: * P<0.05; **P<0.01; SD= standard deviation; CV= coefficient of M 26.24a 30.05a
variation. 16 F 27672  30.25
M 13.05*** 26.52a
17 F 1548*A 2801a
M 60.19**a  57.18*a
The male and female skulls of the Brown mink varian 18 F 63.12*" 59.35%a
were characterized by significantly longecQF01) nasal bone 19 M 27.98 29.70
(NAL) but by significantly smaller (80.01) postorbital length F 29-05“1 30-5%;
(POL) and smaller (#0.01) brain case breadth (BCB) than 20 '\é 122?* 12?2**
those of the Sapphire one. The skulls of the Brown min M 47' 13+ 4;5 =
variant were lower in the frontal part (FSH) than those of th 21 F 45'39* 45'73

Sapphire one, the brain case height of which in botn
dimensions (BCH and CSH) significantly exceeded the skulldean values marked in rows with the same lower case letters differ

. . significantly: a or A= R0.05; mean values marked in columns with
of the BrO\_Nn ml!’]k Va”ant'_ The dental _Iength (DNL) of theasterisks differ significantly: * £0.05; **P<0.01; SD= standard
Brown variant minks was significantly highes®01) when  deviation; CV= coefficient of variation.

compared to the value of that trait in the Sapphire ones.
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Statistical analysis of the valuefskull basis traits showed regions (Kruska & Sidorovich). Decrease in the size of
that the skulls of the Sapphire mink variant wereespective skull areas, in particular of its viscerocranium
characterized by significantly €8.05 and R0.01) longer in the Sapphire mink variant, may result from advanced
palate (PAL) and larger incisor width (INW), foramenselection and use of mutation effect in this species breeding.
magnum width (FMH) and auditory bulla length (ABL), withlt should be remembered that mink colour is affected by
smaller auditory bulla width (ABW). 31 gene pairs acting independently of each other, among
which dominant and recessive genes can be found. Mink
The analysis carried out demonstrated thatolour variants, coloured differently than the standard one,
neurocranium of the Sapphire variant minks takes moveere formed through mutation of one locus or as a result
flattened shape with elevated frontal part. Despite largef cross-breeding of mutant variants between each other.
length of neurocranium (POL) in the Sapphire variant mink# literature, attention has been paid to the effect of farm
its capacity (BCS) was significantly smalleg(P01) when mink colour on not just skull size but its shape (Lynch &
compared to that of the Brown variant mink skulls. Analysislayden, 1995). Variation in the skull shape in domestic
of the relative values of skull traits is supplemented bgnd farm animals is a well-known phenomenon progressing
calculated cranial and mandibular indices (Table VI).  with age (Onar & Gunes,, 2003) but also as a result of
rearing in captivity (Baranowskit al., 2014).

DISCUSSION The study performed showed that production of
new colour variants, being mink colour mutations, applied
in fur farms may be a source of variation for skull

The study conducted included the skulls of animalmorphological traits and relationships between respective
in their first year after birth, fully developed somaticallyelements of viscerocranium and neurocranium.

(Kruska, 1979) and free from invasive parasitic diseases

infestations being able to deform certain skull traits

(Dubnitskii, 1956). It demonstrated that sexual dimorphism

— despite intensive selection conducted in a mink farBARANOWSKI, P.; PEZINSKA-KIJAK, K.; FELSKA-

aiming, among others, at standardization of a large numBaASZCZYK, L.; ZUK, K.; NOWAK, P.; KOSECKA, J.;

of animals for the size of pelts being obtained — was wéiC£ERETKO, K., CHUKWU, P. & MAZUR, P. Un in-

pronounced almost in all skull traits. The male skulls Wel?nto de determinar la magnitud de las diferencias biométricas
longer, broader and higher than t.he female ones TE el craneo de dos Variedades de Color del Vison Americano

KNeovison vison Int. J. Morphol., 32 -901, 2014
finding confirms the same earlier information (Jakubowski eovison visop|nt. J. Morphol., 32(3)895-901, 2014.

et al, 2008). However, the data_on b_igger. postorbital part RESUMEN: El objetivo de este estudio fue respon-
of female skull, as observed in wild minks, were NQjer 5 |a pregunta de si la produccién de nuevas variedades de
confirmed but the palatinal length was similarly larger iRojor del vison americano en granjas mediante mutaciones pue-
male minks, as observed in wild population (Wiig, 19864e causar cambios en la morfologia del esqueleto de la cabeza
y en las relaciones mutuas de los elementos 6seos que lo cons-
Confronting the results of morphometric analysiguyen. Los estudios se realizaron en 56 machos y hembras de
of the crania and mandibles of standard Brown (Pasteljho meses de dos variedades de color del visén americano
variant minks with those of double recessive mutaifbronce estandar y zafiro por mutacion) derivados de la mis-
Sapphire (Cerulean) one indicates the phenomenonned granja. Se determinaron valores medios, DE y coeficiente
paedomorphy, being already described in farm animakRg variacion para peso corporal, del craneo y la mandibula,
may have occurred. Typical paedomorphic traits are smalRfemas de 7 rasgos de la superficie del dorso, 8 de la superfi-
viscerocranium length and neurocranium capacity. Bofi€ lateral y 11 caracterlstlca}s qle la base del craneo. Fueron
of these conditions are met by the skulls of the Sapphﬁ:glculados los valores de _24 mdlces_ cran_ealesy mand_lbulares,
(Cerulean) variant minks, the males of which had small&ft© @l valor de la magnitud del dimorfismo sexual, i.e. un

. . . oeficiente de las diferencias entre los sexos. Se demostr6 que
0,
cranium capacity by more than 18%, while the.femaltlas As variedades mutantes de color del visén pueden ser fuente
more than 12%, than those of the Brown variant mink

gignificativa (0,05 y 0,01) de variacion para algunas ca-

Also cranial indices, being used in population b'OIOer’acteristicas morfologicas del esqueleto de la cabeza y rela-

document quite clearly the occurring relationships. Thi§gnes entre elementos 6seos del viscero y neurocraneo.
indicates inability to objectively evaluate the skull based

only on the condylobasal length (CBL) as it did not PALABRAS CLAVE: Biometria: Vison americano:
differentiate the skulls of both colour mink variants, like/iscerocraneo: Neurocraneo.

wild mink populations from two different geographical
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