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ABSTRACT
Karyotypes and banding patterns are described for captive Rocky
Mountain and Californmia bighorn, Dall and Stone thinhorn, and European
mouflon sheep. Ome abnormality ia noted. Data on 13 zerum parameters
of nine bighorn and six thinhorn sheep are presented and snalyzed, and
hov some botween- and within-specics differences, Hematological values

for bighorn and thinhorn sheep are alse presented and briefly discussed.

INTRODUCTION

With regard to the genus Owlg, in recent vears chromosome analysis
has become recognized as a practical laboratery technigque for research,
This method has allowed resvaluation of taxonomle relationshipe between
existing sheep into four gepetic groups based on their diploid chromo-
some musber - 52, 54, 56 and 58 (Msdler et al, 1973a, Korobitsyna et al.
1976). Further, the technique has aided in the comstructliom of ovine
evolutionaty theories (Nadler ot al, 1973b, Korobitsyna et al, 1974,
Valder et al, 1977), and has shown similarities to divisions based vpon
social behaviour and soclal morphelogy (Cedist 1971).

Blood analysis ia now recognired as an cesential tool in the study

of wildlife populations. OGenerally, such investigations are aimed at
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establishing average or basal values for a species. Omce these have
been ascortained, they can serve as standards against which researchers
may equate existiog values in order to determine the health and nutrl-
tional status of a population, Utilization of this method in the ssses-
swent of wild shoep populations is presently bedng investigated (Hebert,
D.M, 1978 pers. comm,}. HMoreover, established serclogical and hematolo=
gical profiles should provide an additional means of taxonomic classi=
ficaclon., For oxample, it is reasonable to assume that sheep in a
single diploid grouvp could be further differentiated into existing gemo=-
types (subgroups or subspecies, races or breeds) by comparing serum
congtituent levels, Levels of various constituents which are shown to
be genetically controlled may be useful as polymorphic or polygenic
markers for ipbreeding studies and in determining the effective number
of breeding males in a population. This latter point has obvipus im=
plications for development of harvest strategies where only males are
hunted,

However, due in part to the difficulty in obtaining samples,
neither chromosomal nor blood analyses wathods have been extensiwvely
employed in research on wild sheep, The mmber of wild sheep studied
by chromosomal procedures fa extremely Hmited, with entire populations
as yet unexamined, Although hematological data and seru= constituent
levels for bighorn and thinhorn sheep have been reported (Fransmann
and Thorne 1970, Franmmann 1971a, 1971b, Petersom and Bortrell 1978)
work in this field i{s far from complate,

Certainly a mors complete interpretation of sheep evolution and
taxonowy Téquires a larger and more represcntative sample to determing

the range of variation. Similarly, the development of blood profiles,
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as a means of determining the mutritional status of wild sheep popula-
gions or their indices of inbreeding, demands much sdditional Informa-
tion . It is hoped that the chromosome datn, hematological values and
serological analysis described here will asaist workers whose Interests

are in these areas,

MATERIALS AND METHODS

Four Rocky Mountain bighern sheep (0. canadensis canndensis}frem
the Canadinn Wildlife Service boarding pens at the University of Bricish
Columbis ware smmpled for preliminary chromosome analyses trials. All
subsequent samplings for chromosomal, hematological amd serclogieal
tasts wore done vsing lmmbs born and raised on the Okanagan Comc Form,
Penticton, British Columbia. These mnimals included: 5 Rocky llountzin
bighorns, & California bighorns (0. canadensis califorminma), 3 Dall
thinhorns (0. dalli dalli), 3 Stone thinhorns (0. dalll stonel) and 2
Europena mouflons (0, M}.l

Sterile blood smmples were taoken by Jugular vemepuncture using
heparinized vacutainer tubes (Becton=Dickson Companv). Chroscsome
spreads (Bottrell 1977) were prapared from 72 howr whole blood cultures.
Geperally the mmerical and karyotyping methods sdopted were those des=

eribed in "Oytogenstics" (Priest 1969) and in “Laboratory Procedures in

Human Genetics" (Sarma and Talukder 1974). Earyotypes weére established
from photomicrographs taken of several good metaphase spreads. The
banding technique employed was that used routinely in the Universicy of

Bricish Columbia Medical Genetics laboratory. This method {a referred

1Hmr_n1ugi=ul and serclogical teste were mot done for mouflom sheep.
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to as the trypsin-giemsa banding techniques (Masui, pers. comm. 1977).

Serum was obtained from clocted blood, decanted, and frozen. Sero-
logical annlyses were done by the Bricish Columbis Biomedical Labora=
tories, Burnaby, British Columbia. Elewven of the variables analyzed
(excluding sodium and potassium) were included in a standard package.
Consideratione of economics, speed, and convenlence governed our choice
of this analysis package. Results of chese apalyses were then statls-
tically analyzed to determine differences between and within the species
of the sheep examined.

Hematological determinacions were performed on whole blood contain=
ing ethylenediaminetetracetic acid (EDTA) by B. McCoy, Central Vecerin-
ary Hospital, Victoria, B.C. However, not all samples were analyzed for
hematology values. With the resultant small sample size and miseing

data, a statistical evaluation could not be employed.

RESULTS AMD DISCUSSION

Qualitative evaluation of cultures revealed that the medium mix-
ture chosen = RFMI 1640 plus additions = was Inadequate for Stone sheep
levkecyte culture, although it did support good cell growth for the other
& races of wild sheep.

With one exception all animals displayed typical 2N=34 diploid
values and karyotypes (Figure 1). Stone sheep, which have not been pre-
viously described, exhibited the expected ZN=354 karyotype. However,
one callforniana - Cal #6-T4(F) = exhibited an aboormal 2¥=54 chromoscme
mmber for 141 of 200 examined metaphase spreads. Figure 2 shows the

abnormal karyotype of this sheep as determined by banding
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Figure 1. EKaryotype of a Californian bighorn sheep (male) IN=54
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Figure 2, Abnormal karyotype of California bighorn sheep (female): Cal #6-74 (F)
with 2NH=55
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anplysis., Pigure 1 Is represéntative of the normal 2N=54 California

bighorn karvotype. Unfortunately before & more careful inspection and
follow up sampling of the mnimal could be done, the shaeep died and vas
digposed of, Since this is the only reported instance of an abnormal
diplold value belng found in & Worth Asérican sheep, an sdequate dis-
cugsion of 2H=55 bighora sheep must undoubtedly await a more thorough
lm:tiytlnﬁ.l

The submetacentrie nature of the X chromosome was evidenced in

several stained preparations (Figure 2). Figure 3 is a banded karyotype
thought to be représentative of all the 2854 wild sheep studied, G -

banding patterns of the three large metacentrie autosemes (Group A)
from esch of the 5 sheép types were Found to be identical, Flgure &

i & achismatic [1lustration of these Croup A metacentric subodeses.

The reported Group A ideogrem for the five project categories - cand-
densis, californigna, dalli, stopel and pusimon, may be ragarded as
identical to that presented and discussed by Nadler (1973b) Ffor mexicana,
musmon, orientalts and, F; and ¥, mistmon x candensis. Slight dif-
ferences betwern MNadler's banding patterne and those of the eurrent
study were asmmed to be due to interpretations and methods. Thus the
Group A metacentric chromoaomes of 2N=54 European, Asiatic and Horth
American wild sheep appear to be structurally homologous, Hvbridizs-
tion and mefotic bivalent studies by Nadler (1973b) further substanclate
these results,

Moans and standard deviations for serum constituent lewels of

canadensie, californiana, dalli and stonel are given in Tabla 1, A=

:L Bottrell has recently analyzed 32 Californmia bighorn aheep, All
have 2N=534 karyobypes,
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Figure 3, Giemsa-banded karyotype of a Stone thinhorn sheep (male) 2NM=354,

{(Banding pattern presented is representative of all 2N=534 sheep
studied).
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Figure 4. Schematic representation of Group A metacentric chromosomes.
The letters a, b and c denote bands not appearing in Nadler's
(1973b) ideogram.
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mentioned above some investigations of wild sheep blood parameters
have been done by Franzmann and Thorme (1970), Franmmann (1971a, 1971b)
and Fetersonm and Eottrell (1978)., Mean values for glucose, total pro-
tein, albumin, globulin, and sodium cbtained here, were in agretsent
with the findings of these suthora, The calcium, phosphorous, bleod
urea nitrogen (BUN),uric acid, and potassium lavels found in this
ntudy were higher than those previcusly reportaed, while thyroxine and
cholesteral values were lower, Many of these differences can probably
be accounted for, by differences in age and diet of animals of thase
studies. The sheep in this study were lambs born into captivity and
fod alfalfa hay with supplements; the lambs of the study reported by
Patarson were range fed; vhile in cthe determinations of Fransmann lashs
ware often not separated from adults.

bifferences in semum comstictuents were found betwoen and within
species of bighorn and thinhorn sheep (Table 2). Clucose albumin and
alkaline phosphotase levels were unique for species. Total semm pro-
tein and albumin differed for bighorns, and cholesterol levels were
higher for Dall than Stone sheep, Noting that animals sampled for this
study had been born, and fod and cared for in a similar mammer, which
would reduce envirommental influence, the differences reported here
may be indlcacive of genetlc variation between species and subspecies.

Ranges of hematological values for some bighorn and thinhorn sheep
are presented Iln Table 3. Although hemoglobin and packed cell volume

(PCY)} values appear to be glightly lower than thoze given by Franzmann
and Thorpe (1970) and Franpmann {1971a, 1971b), it mwust be remembered

that the wild sheep described in this study were lambe, while the
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TABIE 2. Means for serum constituent level differences between and
within species of bighom and thinhom sheep.™
Bighorn (9) @ Rocky Mountain (5)  ball (3)
Vs Vs Vs
Thinhorn (6) Califomia(4) Stone (3)
Calcium my % 0.51 0.32 0.20
Phosphorus mg & =0.73 0.35 1.80
Glucose mg § 43.52# 11.30 2,67
BN mg % =1.10 3.20 3.00
Urie Asid my & 0.06 -0.08 -0.07
Cholesterol mg ¥ 3.38 13.75 24,34
Total Protein gm ¥ =0.09 0.91* 0.73
Alburdin gn & 0.46% 0.32 0.17
Glaobul in gn & =0, 55*% 0.56% 0.56
Alkaline phosphatase o/ml 121.45% =-80.5 41.60
Sodium meq/L 1.55 1,90 3.40
Potassim mea/1 -0.36 0.26 0.60
Thyroxin (Tq) mog/1 0.27 -0.23 2.14

+

s

Determined by analysis of variance using orthogonal
contrasts from Tabhle 1.
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TADIE 3. Bematological values of bighom and thinhomn sheep

BIGHORN SHEEP THINHORN SHERP
wmn Califomnia Oall Stons

HNarber of cbservations 3 1 1 3
Hemoglokin g/l00 ml  14.7 - 14.9 16.4 16.0 12,7 - 17.6
Packed Call

Voluma (POV] & 43 - &4 47 44 39 - 49
Total

Legkocytes 1000,/ml 11.0 - 12.9 9.4 €.0 6.6 - 10.B
Lyrghocytes  1000/ml 28-3R 29 28 12 - 38
Neutrophils  1000/ml  59.0 - 61.7 70.0 66.0 74.0
Basophils 1000,/mi o 0 0 0
Manceytas 1000,/m 1-6 o 4 D~ 2
Bosincehdls  1000/ml 0-2 1 2 0
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animals of their studies included both adults and lasbs. Since lower
hemoglobin and PCV values have been noted in very young domestic lambs
{Bilunt 1975}, the values dlsclosed are probably In accord with those
of prior research.

The leukeocyte counts obtained in this study were In keeping with
those obtained by other workers. However, the count of neutrophils ls
higher than that published by other authors (Woolf and Kradel 1970,
Franmmann 1971a, 1971b), and the mmber of lyephocytes is lower, Once
again It must be emphasized that this project dealt solely with lambs
while the previous studles did not. Blunt (1975) hes stated chac in
domestic sheep shortly after birch meutrophils are the deminant white
blood cell type and their relative frequency decreases wich age. If
this Is the case for wild sheep the values reporced here would appear
CoTTRech,

Chromosome studles in this report were complimentary to those re-
ported in the licerature. The karyotype for Stone sheep (2H=54) ig
teported here for the first time, One adult California ewe had an
atypical karyotype of 2N=55, Species differences in seriological and
hematological values between and within bighorn and thinhorn sheep are
presented, It should be noted that no attempt is made here to evaluate
the utility of these results in determining ovine species differances,
or their mutritional status, as thiz will require a wore extensive
data base. HRather the hope at this stage i{s that this may stimulate
othér workeérs to collect comparable data from populations and races of

sheep inhabiting many different enwviroments,
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