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Abstract: The impact of stress was studied in semidomesticated reindeer subjected to various herding and handling
methods.

In herded and handled animals, stress lesions were found, such as abomasal haemorrhage, muscular and myocardial
degeneration and marked changes in blood constituents. The degree of change was dependent of the magnitude of
stress the animal had been exposed to. Manual handling and restraint was found to be one of the major stress factors.
There were evident indications of a cumulative effect of repeated stress events. The use of motor vehicles (helicopter
and snow-scooter), for herding and transporting the animals, was found to be an important stress factor.

It is concluded that various herding and handling methods studied in the present investigation led to varying degrees
of deleterious effects on the health of the animals and a poorer meatquality from slaughtered animals. Hence herding
should be undertaken as carefully as possible, the time taken for manual handling should be minimized, and the corrals
be so constructed as to cause a minimum of disturbance, capture and restraint. Transportation should be undertaken
very cautiously with as little manual handling as possible during loading and unloading. To obtain a good meat quality,
animals to be slaughtered should be subjected to a minimum of handling, i.e. slaughter should take place as quickly
as possible. Transportation of live animals to slaughterhouses and the keeping of animals in corrals, pens or crates
whilst awaiting slaughter will result in a lowered meat quality and should therefore be avoided.
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Sammanfatning: Betydelsen av stress hos ren studerades i hjordar i vilka olika typer av samlings- och
hanteringsmetoder anvindes.

I samtliga hjordar som utsatts for olika former av drivning férelig hos slaktdjur skador betingade av stress i form
av magblodningar, muskelsonderfall och férandringar i blodbilden. De funna skadorna och fdrindringarna var
beroende av den grad av stress som djuren utsatts for.

Manuell hantering och inskrinkning av djurens rorelsefrihet befanns vara en av de huvudsakliga stressfaktorerna. Det
forelig avenledes en stark indikation pi en kumulativ effekt av upprepad stress. Anvindning av motorfordon
(helikopter, snéskoter) vid drivning samt vigtransport av levande djur befanns vara betydande stressfaktorer.

Det kan fastslis att de olika hanteringsformerna inneburit olika grader av stress. Graden av stresspiverkan innebir
olika grader av negativa effekter dels allmint {6r djurens hilsotillstind dels for en férsimrad kéttkvalitet.

Silunda bor drivningar féretagas sa forsiktigt som mojligt och tiden f6r manuell hantering géras s kort som méjlig.
Dirtill bér girdor konstrueras si att yttre storning, manuell hantering och begrinsning av djurens rrelsefrihet
minimeras. Transporter bér genomforas med forsiktighet och med undvikande av manuell hantering vid lastning och
lossning.

Slakt bor foretagas omedelbart, dvs vid gardan. Transport av levande djur, samt hllandet av djur i girdor eller fillor
i vintan pi slakt innebir att kottkvaliteten forsamras och bor siledes undvikas. Rangifer 2 (2) : —2-21



REHBINDER, C., EDQUIST, L-E., LUNDSTROM, K., VILLAFANE, F. 1982: Kenttatutkimus porojen stressista
erilaisten kasittelymuotojen yhteydessa.

Yhteenveto: Stressin merkitysti poroissa tutkitaan laumoissa, joissa kiytetidn erilaisia- kokoamis-  ja
kisittelymenetelmii.

Kaikissa laumoissa, jotka olivat joutuneet alttiiksi erilaisille ajomuodoille, oli teuraseliimissi stressin aiheuttamia
vammoja mahaverenvuotojen, lihasrappeutumien ja verikuvan muutosten muodossa. Ldydetyt vammat ja muutokset
olivat stressin aiheuttamat siini suhteessa kuin eldimet olivat sithen joutuneet.

Kisin pitely ja eldinten liikuntavapauden rajoittuminen havaittiin olevan yksi piisiallisista stressintekijéista. Oli esilld
myés voimakas osoitus kasvavan vaikutuksen toistuvasta stressisti. Moottoriajoneuvojen (helikopteri, moottori-
kelkka) kiyttd ajossa seki elivien eliinten tiekuljetus ndyttivit olevan merkittivid stressitekijoitd.

Voidaan todeta, etti erilaiset kisittelymuodot ovat aitheuttaneet stressin erilaisia asteita. Stressin vaikutuksen taso
atheutti eri asteisia negatiivisia vaikutuksia osittain huonontuneeseen lihan laatuun.

Niinollen pitii ajot suorittaa niin varovaisesti kuin mahdollista ja aika kisin pitelyyn tehtivi niin lyhyeksi kuin
mahdollista. Sen lisiksi pitid aidat rakentaa niin, etti ulkoista hiirintd, kisin pitelyi ja eldinten liikuntavapauden
rajoitusta vihennetiin. Kuljetukset pitii suorittaa varovaisuudella ja koettaa viltrii kisin pitelyd kuormauksessa ja
purkauksessa.

Teurastaminen pitii suorittaa vilittdmisti, toisin sanoen aidan luona. Elivien eliinten kuljetus, seki eliinten pitiminen
aitauksissa tai tarhoissa teurastamista odotellessa aiheuttaa lihalaadun huonontumiseen ja pitid niin ollen vilttii.

INTRODUCTION

Modern methods of reindeer herding differ
considerably from the old, traditional herding
methods. The latter involved a rather intimate
relationship between the herdsmen and his
animals, which contributed to a comparatively
domesticated reindeer. Furthermore, the animals
were kept in relatively small herds in those days.

Present herding methods imply lagerger herds of
less domestricated animals. The traditional me-
thods, which involved daily contact with the
animals by walking or skiing herdsmen, have given
way to territorial surveillance and round-ups of
large herds, often with the help of snow-scooters
and sometimes even helicopters. In addition,
transport of reindeer by lorry for different
purposes, is a common practice.

The objectives of the present investigation were to
study the pathological and haematological respon-
ses in different reindeer herds subjected to different
management methods.

MATERIAL AND METHODS

Investigated herds

A. OSTRA KIKKIJAURE (22. Aug.): Ten
animals were killed, resting or grazing in the
forest, by means of a rifle-shot in the head. (Of
these animals, 6 were forest reindeer and 4
belonged to a mountain herd.) These animals

were considered as unstressed controls (see
Rehbinder & Edqvist, 1981) (Table 1).
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B. ROMPERHEDEN (22. Jan.): About 1800
animals were herded into a large grazing corral
of about 1,5 km?®. The animals were gathered
by men on snow-scooters and skis. The
following day the herd was driven into an
ordinary corral (Romperheden, Fig. 1), using
the same method. (Table 1). The herd was very
calm and not reluctant to enter the corral. A
few minutes thereafter most animals started
ruminating and many lay down.

When the slaughter started, some of the
animals were driven into a selection corral (Fig.
1) where those to be slaughtered were chosen
and caught with a lasso, dragged out of the
corral and stunned. The remaining animals
were let out into a smaller grazing corral.

C. ROMPERHEDEN (23. Jan.): The same herd
asfor B had been kept overnightin a small (0,25
km?) grazing corral. In the morning the animals
were driven by herdsmen on skis and
snow-scooters into the ordinary large corral
(Romperheden, Fig. 1).

The animals were rather reluctant to enter the
corral. The average drive distance of less than
1 km took about 40 min (Table 1). Most of the
snow was tranped into a dry slush and did not
hinder the movements of the animals. Selection
for slaughter was done in the same way as on
the previous day (see B).

D. BRANDVALLEN (31 Jan.): Around 3000

animals of a mountain herd were grazing in the
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forest not far from the corral. They had been
gathered 3-4 days earlier by snow-scooter-
borne herdsmen. On Jan. 31, about 1200 of
these animals were driven into a corral by
means of helicopter and at the end of the drive,
by snow-scooters. The average herding dis-
tance was approximately 3-4 km. During the
drive the animals were obviously seized with
a panicky fear of the helicopter, but were
prevented from escaping or stampede by thick
snow cover (Plate 1). The drive took nearly 214
hours. Inside the corral the animals continued
to run and most of them never calmed down
(Table 1, Plate 2). Six animals were found dead
or dying, trampled down by other animals.
After about 1 hour in the corral, parts of the
herd were driven into a small selection corral,
15 m 1in diameter, where the animals were
captured by hand. Those chosen for slaughter
were put into a rectangular pen (Fig. 1) from
which they were taken by hand for slaughter,
or driven into lorries for transport to a
slaughterplace (Brindisen), 71 km away.

The opportunity was taken to perform

castrations, dehornings etc. (Plate 4). Several

persons stood around and inside the selection
corral (herdsmen, spectators, slaughter per-
sonnel, etc.) (Plate 3). Mos of the animals
inside the selection corral and pen were seized
with fear and panic and showed abnormal
behaviour such as hyperactivity, attempts to
escape by jumping the fences, aggressiveness,
but also lethargy.

About 4 hours after the start of the drive the
first slaughters took place. Only animals
slaughtered at the corral were investigated. The
work with the animals proceeded for almost 15
hours, including the drive.

E. BRANDVALLEN-BRANDASEN (1 Febr.):

Out of the same main herd (D) around 1800
animals were driven by helicopter and
snow-scooters to the corral. This means that
a mixture of animals that had and had not been
in the corral the day before were driven, for
selection. The drive by helicopter lasted
around 2% hours. The animals showed similar
signs of panic as on the day before. Animals
for slaughter were selected in the same way but
only animals transported by lorries to the
slaughterplace at Brandisen were investigated.
The transport distance was 71 km and took, on
average, [ hours. The unloading took about

30 min. (Table 1. The animals were let out into
a small corral. (Fig. 1) From where they were
taken by hand for slaughter. The selection of
animals at Brindvallen and their slaughter at
brindésen continued throughout the day and
late evening. Consequently it was impossible
to establish the handling time for individual
animals.

F. BRANDASEN (2 Febr.): The reindeer inves-

tigated were the last to be brought in by lorry
around midnight the day before. These animals
were allowed to rest during the night in the
small corral at the slaughterplace (Fig. 1). They
were fed small amounts of fodder but hardly
any was eaten. These reindeer had been
exposed to handling for more than 24 hours
including the overnight stay in the corral (Table

D).

. MAUSJAURE (2 ]uly) A herd of around 400

animals was driven into a corral for calf
marking. Blood samples were drawn from 10
animals captured by lasso. The animals were
driven by walking herdsmen.

. ANGSA (19 Sept.): A small herd of around

300 animals were scattered in the forest. An
attemnpt to drive them into a corral had failed
in the morning. Instead, some bulls were killed
by a rifle-shot in the neck after the animals had
been cautiously driven out of the forest by
slowly walking herdsmen (Table 1).

I. ASPBERGET (19 Sept.): Around 300 animals

were driven into a small corral (Fig. 1) during
a period of around 4 hours. The slaughter
started at once. The animals were caught with
lasso, taken out of the corral and slaughtered

(Table 1).

J. DIRIJARVI (20 Sept.): A herd of about 300

animals had been driven into a large grazing
corral on September 18. The following day an
additional 400 animals (approx). were driven
into the same corral. On September 20 the
animals were driven into the ordinary corral
(Fig. 1). The handling was calm (Table 1). The
animals were caught with a lasso and put into
a pen from which they were taken by hand or
with the lasso, dragged out and killed.

Numerous spectators, herdsmen etc. stood
around the slaughter place and pen, and also
inside the corral and the pen.



1 Romperheden

2 Brandvallen

3 Brandasen

16m |

5 Dirijarvi

Fig. 1. The shape of the corrals used for the different
herds investigated.

Utformningen av gdrdorna anvéanda ‘for de
undersokta bjordarna.



Plate 1. Herd of reindeer gathered and driven by
helicopter. Note the snow cloud, above the
herd, produced mainly by the slip stream
generated by the helicopter when passing
over the herd at low altitude.

Plit 1. Renhjord driven av helikopter. Notera det
snémoln som hdnger Gver djuren och som i
huvudsak orsakats av den starka vind belikop-
tern genererat nir den pd lig hojd flugit over

djuren.

Conditions under. which the investigations
were undertaken

The conditions under which the animals were
herded and handled are compiled in Table 1. The
numbers of animals in the herds brought into the
corral were estimated with the assistance of
herdsmen. The herding distance was estimated by
the herdsmen. The time taken to drive the animals
to the corral was recorded for herds B, C, D, E,
Fand J and estimated by herdsmen for herds G and
I

n The tameness of the animals was judged from
their escape distance and general behaviour. The
ages of the animals which were subjected to
sampling were judged from their appearance and
the wearing of molar teeth.

Slaughter procedure

The animals were usually stunned with a
bolt-pistol, but due to the very cold weather that
to some extent prevented its use, most of the
animals of herds B and C and some of herd D were
stunned with a knife stab in the foramen occipitale
magnum. The animals of herds A and H were shot

Plate 2. The same herd inside the corral. The animals
are seized with panic. The picture is taken 1
hour after the animals entered the corral, but
the animals are still running «senselessly».

Plit 2. Samma hjord i girda. Djuren dr skrickslagna
och i pantk. Bilden ir tagen 1 timme efter det
att renarna kom in i gérdan men djuren springer
fortfarande runt.



Plate 4. Dehoming reindeer before transport to the
slaughter corral. This procedure means a
prolonged restraint stress added to other
stress events.

Plit 4. Avhorning fore transport till slaktplats. Denna
dtgdrd innebdr en forlingd hanteringsstress
kapplad till andra stressmoment.

Plate 3. The selection corral atBrandvallen. Numerous
herdsmen, spectators and others are present
inside and outside the corral. Note how most
of the animals are standing with heads against
the fence.

in the head (A) or neck (H) with a rifle. After
stunning, all animals were bled. Those of herd G
were not slaughtered.

Materials for pathological, haematological
and biochemical investigations

At slaughter, macroscopical inspection of carcasses
and viscera was undertaken as detailed in Table 1.
Thus in many instances considerably more
slaughtered animals were inspected macroscopi-
cally than was the number of animals from which
material was obtained for laboratory investigati-
ons.

From randomly chosen animals, blood samples
and material for histopathological investigation
were taken as detailed in Table 1.

Material for histopathological investigation was
taken from M.semitendinosus, M.longissimus
dorsi, myocardium, liver, kidney and abomasum.
The material from semitendinosus and longissimus
dorsi was taken blind, as the carcasses were sold
for consumption and careful inspection of the
muscles therefore was not permitted.

Plat 3. «Sil» (wrvalskontor) vid Brindvallen. Fullt med
folk utanfor och inne i «silens. Notera bur
flertalet djur vinder sig frin manniskorna och

mot staketet.



The tissues were fixed in 10% formalin, embedded
in paraffin, cutin 5 um thick sections and stained
with haematoxylineosin, PTAH, van Gieson and
Masson’s trichrome. Frozen sections were stained
with scarlet red.

Blood samples were taken from shot and stunned
animals by means of a knife-cut in the jugular vein
into tubes containing heparin or no anticoagulant.
Blood samples from other animals were collected
from the jugular vein using 10 ml vacutainer tubes
(Becton-Dickinson). In herd I, blood samples were
obtained from animals twice - directly when they
were caught with the lasso, and then when they
were stunned. Handling time between the two
samples for these animals was around 3-5 min.

Blood smears were made at the time of collection
and allowed to air dry and were later stained
according to May-Griinewald-Giemsa.

Cortisol concentrations in blood plasma were
determined by a competitive protein binding
technique utilizing horse plasma as binding protein
(Lundstréom et al., 1975). No efforts were made to
separate cortisol from other corticosteroids
showing cross-reaction in the assay system (e.g.
corticosterone 32%, 11-desoxycortisol 20%).
Urea values were determined by means of a
glucose/urea/creatinine analyser (IL 919; Instru-
mentation Laboratories) using reagents and
procedures recommended by the manufacturer.

Aspartate aminotransferase (ASAT) was determi-
ned by a kinetic technique on an LKB Reaction
Rate Analyser according to the recommendations
of the Scandinavian Committee on Enzymes
(1974).

Statistical analyses

The animals were classified into three age classes:
below 1 year, 1-3 years, and 4 years or above. In
the statistical analysis, abomasa, skeletal muscles
and myocardium were classified as unaffected (0)
or affected (1). For muscle and myocardium the
sum of the observed lesions was used in the
calculaton. The effects of treatment, sex, and age
class were estimated simultaneously by the method
of least-squares analysis of data with unequal
subclass numbers, using the Statistical Analysis
System (Helwig & Council, 1979). On the larger
material (mainly macroscopically investigated
abomasa) only the effect of treatment could be
tested.

The two-way interactions were tested, but were
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found to be non-significant for all traits, and were
thus deleted from the statistical model. Differences
between means were tested with Duncan’s multiple
range test using error terms from the same model
as above.

Blood constituents taken from 7 animals (herd I)
before and after slaughter were compared by using
a model containing the effect of slaughter and the
effect of animal.

RESULTS

As seen in Table 1, numerous stress factors are
involved in the management of reindeer, such as
methods of gathering and herding the animals,
conditions under which animals are herded, the
extent of manual handling and contact with people,
transportation etc. Also to be considered is the
degree of tameness of the reindeer.

In the study undertaken, herds A and H were
subjected to no - or minimal - herding and handling
stress. Herd B, however, was driven during a
50-min period into the corral by herdsmen on skis
and on snow-scooters over thick snow-cover,
while herd I was subjected to a 4-hour drive for
6-7 km by men on foot. Herd G was in most
respects exposed to herding and handling to the
same extent as herds B and .

Plate 5. Transport to slaughter corral. Loading, trans-
port and unloading are all factors causing
stress in the animals.

Plit 5. Transport till slaktplats. Lastning, transport och

wrlastning innebdr olika stressmoment for
renarna.
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Plate 6. Abomasum with several mucosal haemorrha-
ges. The animal was slaughtered 4 hours after
the beginning of the helicopter drive.

Lipmage med ett flertal blodningar i slembin-
nan. Djuret slaktades 4 timmar efter beli-
kopterdrivning béjat.

Plit 6.

Herds C and ] were both allowed to stand in a
grazing corral overnight before slaughter, but the
handling of the animals took an appreciably longer
time and the disturbance by spectators and other
was much more pronounced for herd J.

Herds D, E and F represent the herds most exposed
to herding and handling stress and on an increasing
scale, i.e. duration, transportation etc. (Plates 1-5).

The macroscopical investigation of slaughtered
animals revealed, as a major finding, haemorrhages
in the abomasa (Plate 6). These lesions were
classified as mild, moderate, or severe according
to their appearance, in size and number (Fig. 2).

Haemorrhages were found in the abomasa of

animals from all herds except A and H. There were.

fewest in herds B, C and I, while herd J had more
than these, but fewer than herds D, E and F (P <
0,05). It should be noted that haemorrhages were
present in the material even after only 4 hours of
handling and herding.

Microscopically, most of the lesions consisted of
a local mucosal haemorrhage, oedema and
constriction of submucosal vessels. These changes
varied from minor mucosal haemorrhage to severe
haemorrhages, coagulative necrosis and submuco-
sal haemorrhages. Ulcers penetrating to the
submucosa were not found. An evident inflam-
matory reaction with infiltration mainly of
neutrophils was present in cases of more
pronounced mucosal lesions (Plates 7-9).

In herds E and F subcutaneous traumatic

haemorrhages were a common finding (Plate 10).

Of the 261 reindeer slaughtered at Brindisen (F)
(Febr. 1) 22 had large and 32 minor traumatic
lesions. In addition 2 animals were found dead in

" the lorries. On February 2, of the 169 animals

investigated, 8 had large and 19 minor traumatic
lesions. One animal died during transport.

Additional pathological findings were nodular
parasitic granulomas in the lungs of almost all
inspected animals in all herds. In herds A, H, I and
J, parasitic granulomas were found in the liver and
in the kidneys of all animals and in addition also
a mild to moderate infestation of Setaria sp.

In herds A, B, C, H, I and J all animals were also
infested by Onchocerca tarsicola along tendons and
around joint capsules.

Lesions in the skeletal muscles and myocardium
were not observed at the macroscopical investiga-
tion.

The histopathological investigation of muscular
tissues, taken blind, revealed degenerative lesions
in both skeletal muscles and myocardia. These
changes ranged from loss of striation, fragmenta-
tion, to hyalinization and necrosis, and the extent
of the lesions varied from minor focal lesions to
larger areas of necrosis (Plates 11-12). In cases of
necrosis, an inconstitent cellular reaction by
histiocytes was observed, characterized by the
presence of fibroblasts, macrophages, lymphocy-
tes and occasional neutrophils.

Degenerative muscular lesions were not found in
herd A. Herds B, C and H were significantly less
affected than herds D, E, F, Tand J (Fig. 3).

In livers and kidneys only parasitic lesions were
found, mainly in herds A, H, T and J.

Not affected

100}
Severe lesions
Ely Moderate - -
Mild — -

S S =2 I B o}
O o O O o o

NoWw
o

o

Number of investigated animals

Herd A B c D E F H I J

Fig. 2. Distribution of abomasai lesions.
Fordelning av lopmagsblodningar.



The results of the blood constituents studied are
presented in Tables 2-5 and Figs. 4-6. In herd A
no differences were found between mountain and
forest reindeer.

The levels of significance for the effects of
treatment, sex and age class are presented in Table
2. When comparing the coefficients of determina-
tion for the full model and amodel only comprising
treatment (Table 2) it is obvious that the effect to
treatment is of major importance, while sex and age
class are of secondary importance.

Age significantly influenced the number of
eosinophils and lymphocytes and the level of urea
(Table 3). The very quick response in the
corticosteroid levels of the animals from herd 1
between initial sampling (I:) and sampling at
slaughter (I2) is remarkable.

The effects of management stress are reflected by
an increase in both immature and mature
neutrophils and a decrease in lymphocytes
correlated to the degree of stress the animals have
been exposed to. Prolonged exposure produces a
remarkable decrease in the number of eosinophils

(Table 4, Fig. 4).

The corticosteroid levels were found to be
significantly lower in shot animals (herds A and H)
than in handled animals (Table 4, Fig. 5). The shot
animals of herd H, however, show a wider range.
The lowest cortisol levels in handled animals were
found in herds B and C, and the highest in herds
Fand].

Urea levels were found to be lower in herds B, D,
H and I than in animals shot during August (herd
A), while animals kept overnight in grazing or

Table 2. Levels of significance for the effects studied and coefficients of determination for the full model an for

a modell including treatment only.

Tabell 2. Signifjkansnivd for de studerade effekterna samt determinationskoefficienten for hela modellen och for en

modell med enbart behandling.

Level of significance

Coeff. of determination

Signifikansnivd Determinationskoéff:
Trait Treat- Sex Age Full Model with only
ment class model treatment
Effekter pd Behandling Kon Alders- Hel Modell for enb.
grupp modell bebandling
Muscle lesions
Muskelskador
M. longissimus dorsi e n.s. n.s. 41 35
M. semitendinosus w3k n.s. n.s. 44 43
Myocardium n.s n.s. n.s. 14 10
Abomasal lesions
Lopmageskador * ns. n.s 42 38
Differential counts
Differential rikning
Immature neutrophils S n.s n.s 70 69
Umogna neutrofiler
Segmented neutrophils n.s n.s 57 55
Segmenterade neutrofi
Basophils sk * n.s. 38 33
Basofila .
Monocytes * n.s n.s 28 22
Monocyter
Lymphocytes e n.s 52 46
Lymfocyter
Corticosteroids, nmol/1 o n.s. n.s 57 56
Urea, nmol/1 w0t n.s. 79 78
ASAT, pkat/1 E n.s. n.s 20 16

Levels of significance (Signifjkansnivd): n.s. (not significant) = P>0.05; *
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P<0.05;* =P<0.01; *%* = P<0.001.



resting corrals (herds C, F and J) revealed
significantly higher values than animals from all the

other herds (Table 4, Fig. 6).

Significantly increased ASAT values were found

only in herd F (Table 4) butindividual animals with
high levels were also found in herds B, C and E.
A tendency toward comparatively higher levels of
ASAT was found in herd E (Fig. 8).

Table 3. Least-square * standard errors for the three age classes (only given when the effects of age were

significant).
Tabell 2. Minsta-kvadrats medeltal £ standardfel for de tre dldersklasserna (redovisas endast nér effekt av dlder var
signifikant)
Trait Age class, years and (class) Significant differences (P< 0.05)
Effekter pd Idersklass, dr och (klass) Signifikanta olikheter
<1(1) 1-3 2) >303)
Differential count, %
Eosinophils 7.7+2.3 14.4£1.3 15.5%1.2 1-2;1-3
Lymphocytes 34.6%3.2 31.0x1.8 25.8%1.7 1-3; 2-3
Urea, nmol/1 9.2+ 7.1£0.5 6.710.5 1-2;1-3

Not affected
Severe lesions
Moderate -

Mild —n=
M = Myocard
L =Longissimus dorsi
S =Semitendinasus

0RO
T

=
[ 1~
v

N o~ O ®

Number of investigated animals

Herd B Cc D € 3 H I J

Fig. 3. Distribution of degenerative muscular lesions.
Fordelning av degenerativa muskelskador.
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Fig. 4. Differential counts of leucocysts.
Differentialrikningar av vita blodkroppar.

DISCUSSION

The herds investigated, except herd A, had all been
subjected to varying levels of stress.

The animals of herd A which were shot while
resting or grazing are considered to be unstressed.
The animals of herd H were also shot, though some
of them apparently did not die directly from the
shot in the neck but were only paralysed, which
was reflected by the presence of blinking reflex.
This may explain the wide individual differences
in the blood parameters encountered in these
animals.

Herds B, C and I were subjected to a comparatively
mild herding stress and a brief handling stress.
Herd J was exposed to a moderate degree of
herding stress but a pronounced handling stress.

Herds D, E and F all suffered a severe herding and
handling stress. In addition, herd E - and especially
herd F - were subjected to transportation and
prolonged stress.

The muscular and myocardial lesions and the
hamatological values in animals subjected to
prolonged herding and handling are all characte-
ristic of physical exertion and acute mental stress
(Jénsson and Johansson, 1974; Bartschetal., 1977;
Rehbinder & Edgvist, 1981).

It should be noted that the various methods used
for blood sampling (needle and vacutainer for
groups I and G, or knife-cut through the jugular
vein for the remaining groups) may have influenced
the results of the blood analysis. Such possible
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Table 4. Overall means and standard deviations (S.D.) for blood constituents studies obtained after the various treatments.
Tabell 4. Totalmedeltal och standardavvikelse (S.D.) for de undersokta blodparametrarna for respektive grupp.

Treatment

A (n=10) B (n=15) C (n=15) D (n=10) E (n=9) F (n=10) H (n=6) I*2 (n=7) J (n=6)

Trait Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D

Differential count, %
Immature neutrophils 4.6.5 1.7 6.9. 2.1 6.8. 2.4 7.2, 2.0 152 56 13.0. 43 1.7 1.2 1.9 1.7 3.5 1.6
Segmented neutrophils  22.6. 6.6 39.1p 13.5 44.1v 11.9 46.5vc 4.7 55.8cd 5.4 61.54 4.2 382b 17.0 48.75c14.0 555.4 8.9

Eopsinophils 216. 7.6 141bc 88  9.8ce 99 189. 67  6lac 6.0 Ll 0.9 19.2. 7.6 15750127 1205 6.4
Basophils 1.8: 0.8  3.9. 20  35. 26 5335 29 37. 21 16, 05 784 54 6.6 44 437 15
Monocytes 20,6 07  2.1.6 1.0 125, 24 147 0.5 26. 1.2 24, 13 13%° 08 04c 05 08w 0.8
Lymphocytes 49.7. 9.4 347b 154 357, 122 215 7.0 17.8¢ 5.0 2174 7.2 33.25c 155 2608 7.2 25.2% 6.7
Corticosteroids, nmol/l 3.5, 1.6 66.1u 27.7 59.1b 269 7056245 9534355 102.3¢ 28.7 31.0. 28.5 79.05°15.5 102.8449.
Urea, mmol/l 74 19 32, 09  97c 33 23, 08 56. 23 1704 59 14s 11 29, 1.2 152¢ 4.0
ASAT, pkat/l 13: 03 1.8, 24 34u 66 11, 02 27. 25 53 31 1.2, 02 L4, 04 16. 04

Means with the same letter are not significantly different (Duncan test; P> 0.05).
*Blood sampled at stunning.

Medelvirden med samma bokstav ér inte significant olika.
*Blod prov taget vid bedovning.
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Table 5. Least-squares means + standard errors (S.E.) for the animals sampled before and after stunning (Group
h and I2) and level of significance for the effect of handling in connection with stunning.

Tabell 2. Minsta-kvadrat medeltal * standardfel (S.E.) for blodprover tagna fore och efter bedsuning och

signiftkansnivdn for effekten av slakthantering.

Trait Before stunning After stunning
Faktor Innan bedévning Efter bedévning
Least-squares mean Least squares mean Level of sig-
+ S.E. + S.E. nificance
Differential counts, %
Immature neutrophils 0.3+0.4 1.940.4
Segmented neutrophils 25.7%3.7 48.7+3.7
Eosinophils 17.3+3.2 15.7+3.2 n.s
Basophils 3.9+1.2 6.6+1.2 n.s
Monocytes 1.3+0.2 0.4%0.2 *®
Lymphocytes 55.4%5.1 26.0%5.1
Corticosteroids, nmol/1 58.1%+2.3 79.0+2.3
Urea, nmol/ 2.9+0.1 2.9+0.1 n.s.
ASAT, ukat/l 1.3+0.0 1.4%0.0 n.s.

Levels of significance: n.s. (not significant) = P>0.05; * = P< 0.05; ** = P< 0.01; *** = P=< 0.001.

m mol/\
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Fig. 5. Peripheral blood plasma levels of cortisol.
Nivder av cortisol i perifer blodplasma.

Fig. 6. Periferal blood plasma levels of urea.
Nivder av urea i perifer blodplasma.
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Fig. 7. Periferal blood plasma levels of ASAT.
Nivder av ' ASAT i perifer blodplasma.

changes have not been taken into consideration and
it is worth pointing out that the blood samples
from Group A (the unstressed controls) were taken
after a knife-cut in the jugular vein.

Abomasal haemorrhages are also characteristic of
stress in many different species (Brodie et al., 1963,
Iversen et al., 1972; Johansson et al., 1973; Kirst
& Freimark, 1973) and gastric ulcers due to acute
and prolonged stress have been observed in
cervidae (Annon., 1980; Presidente, 1978).

When analysing pathological changes and altera-
tions in haematological values in relation to
treatment (stress), sex, and age class, it is obvious
that stress significantly influences most parameters
studied (Table 2). Consequently the degree of
stress applied is more or less directly reflected in

14

pathological lesions and in changes in blood
constituents.

Thus the distribution of abomasal and muscular
lesions and changes in the blood constituents must
be considered to reflect a general response
correlated to the stress which the animals have been
exposed to. Muscle samples, however, were taken
blind and the severity and extent of these lesions
is therefore uncertain.

The differences in some blood constituents in
different age classes, e.g. higher urea values and the
lower eosinophil count, indicate that calves may
be rather more sensitive to stress. The higher urea
levels in younger animals could be due, amongst
other things to the comparatively more vigorous
physical exertion of these animals (Rehbinder &
Edgqvist, 1981). The lower lymphocyte and higher
eosinophil counts in the older animals, however,
might be attributable to a more pronounced
parasitic infestation in these animals (Elaphostron-
gylus rangiferi, Setaria tundra and Onchocerca
tarsicola). Parasites are regular findings in forest
herds (Rehbinder et al., 1979).

The herding stress applied to herds B, C and I was
comparatively mild and the handling stress was
low. Herd H had also been subjected to a very low
degree of herding stress. The handling stress
applied was also short. In these herds were also
found the lowest incidences of pathological lesions
and also less pronounced haematological changes.

Herd G, from which only cortisol values were
obtained, was exposed to a moderate herding and
handling stress. The cortisol values are comparable
to those of herds B, C and I, indicating herd
similarities under stress exposure. If there is any
difference in the adrenocortical function between
seasons as stated by Yousef et al (1971), this is
probably masked by the stress-induced changes.

When a prolonged handling is applied as in the case
of the 7 animals of herd I, this is reflected in a
significant increase in immature neutrophils and
segmented neutrophils and a decrease in monocy-
tes and lymphocytes, accompanied also by a
marked increase in cortisol levels (Table 5; Figs.
4-5). These changes were apparently attributable
to the short period of restraint stress. Prolonged
and repeated handling - but moderate herding
stress - was applied to herd J and was reflected in
a marked increase in pathological lesions and
alterations in the blood constituents studied. Thus
prolonged and repeated manual handling as such
appears to be the most important factor producing



Plate 7. Local Mucosal haemorrhage in abomasal fold.

Note submucosal oedema. HE, x20.

Plir 7. Mikroskopisk bild av blodning i slembinneveck

fran lspmage med Gdem under slembinnan.

stress lesions. Consequently, in reindeer mental
stress, sheer fear, as earlier stated by Rehbinder &
Edqvist (1981), and as reported in pigs (Johansson
et al., 1982) seen in restrained (Ader, 1971;
Franzman et al., 1975) or trapped animals (Iversen
et al., 1972; Jacobsson et al., 1978) appears to be
a most significant factor in the development of
stress-induced lesions.

The use of helicopter or snow-scooters when
herding animals (herds D, E and F) can cause severe
mental stress when the animals try to escape from
these vehicles. Overstraining when trying to escape
is bound to contribute to the pathological lesions
found. It was previously reported that low-flying
aircraft provoke a strong escape or panic response
(Calef et al., 1976; Miller & Gunn, 1979). When
this effect is used to herd the animals, the response
may be severe mental and exertional stress,
especially when the animals are hindered in their
escape attempts by snow and when deep snow also
prevents an early escape.

«Capture myopathies» in wild ungulates usually
develop within 4 hours (Harthoorn 1977; Bartsch
et al., 1977). These findings correspond closely to
those in the present investigation, although
microscopical muscular lesions and macroscopical
abomasal lesions were found to appear even earlier.
It is said, however, that capture stress and capture
myopathy may be inflicted in a matter of a few
minutes (Harthoorn, 1977).

Fowler (1977) stated that non-specific responses
involving the hypothalamic-pituitary-adrenocor-
tical axis are cumulative. Thus repeated stress, viz.
handling and/or herding, may result in more

pronounced and advanced stress-induced lesions.
The increase in abomasal and muscular lesions and
the marked changes in the blood constituents seen
in the herds subjected to prolonged or repeated
handling or herding are strongly indicative of such
a cumulative response in the semidomestic
reindeer.

Whether the muscular degeneration observed can
be related to an increased catabolism exerted by
cortisol remain to be elucidated.

Apparently, repeated and prolonged stress may
result in elevated urea and ASAT values, the latter
probably due to a progressive muscular degenera-
tion. Viyrynen (1974) and Hyvirinen et al. (1976)
ound elevated urea values in connection with
reindeer gatherings. Furthermore the values were
correlated to the distance of the drive and time
spent in the corral. These findings are consistent
with the values found here for herds B, C and D,
E, F and for herd J. The comparatively high urea
values in the unstressed control animals (herd A),
sampled in August were probably related to a
higher protein intake (Hyvirinen et al., 1975;
Bjarghov et al., 1976).

No kidney lesions such as described by Harthoorn
(1977) and Bartsch et al. (1977) were recorded.
However, the animals in the present investigation
were killed within 24 hours after herding and/or
handling stress and chronic lesions are not likely
to appear after such a short time.

It is obvious from the present investigation that
manual handling elicits a stress response in
reindeer. In this respect the method of selection
and consequently the construction of the corral

Plate 8. Minor mucosal haemofrhage located in middle
part of mucosa. HE, x320. .

Plat 8. Mindre blodning i lopmagsslembinna.
15
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Plate 10.Slaughtered reindeer, after transport, with
several subcutaneous haemorrhages.

Plit 10. Slaktdjur efter transport med ett flertal
underbudsblodningar.

system is of importance. When the various corral
systems used in the investigated herds are
compared, that used for herds B and C
(Romperheden Fig. 1) represents a construction
which is the most likely to reduce the animals’
exposure to handling stress. In fact the animals
allowed back to the herd are rarely captured and
in most cases not manually handled.

The use of a selection corral and pens in which
manual handling is enforced should consequently

be avoided.
18

Transportation is found to cause severe stress in
domesticated animals (Dvotak, 1975; Simensen et
al., 1980) and most likely provokes an even more
severe stress response in semidomesticated ani-
mals. In connection with the transportation of
reindeer, traumatic lesions are commonly found
(Andersen, 1978) and were also observed here in
the transported animals of herds E and F. The
trauma will also act as a stress factor, but as it is
often the result of aggression by other animals in
the crate it may also be considered a result of stress
behaviour.

Repeated or prolonged handling must be regarded
as unfavaourable for the semidomesticated rein-
deer, as is the case with wild ungulates (Harthoorn,
1977). The degree of tameness is consequently of
importance. Harthoorn (1981) reported conside-
rably reduced death rates, due to capture
myopathies when wild ungulates were trained (i.e.
partly tamed) to accept the presence of humans
before the animals were crated and transported.

It is apparent from this study that stress is not
alleviated in animals allowed to stand overnight in
an ordinary or grazing corral. Itis also obvious that
stress can affect the health of all animals and not
only the quality of the meat of those slaughtered.

A marked stress response with gastric lesions will
affect the digestive tract and its utilization of
fodder. A considerably lower weight gain among
reindeer calves subjected to intensive herding,
compared with wild reindeer calves, was reported
by Reimers (1972). Handling stress was considered
the major factor underlying the differences in
growth. Similarly a negative significant correlation
between cortisol levels and growth rate has been
observed in cattle (Purchas et al., 1980). Moreover,
stress has a detrimental effect on the immune
system (Simensen et al., 1980) and animals
suffering from stress may thus have an icreased
susceptibility to infectious diseases.

In wild ungulates, death due to capture myopathy
has been reported to occur as late as 30 days after
capture. The possibility that some severely stressed
reindeer may succumb later on, after release from
the corral, cannot be excluded.

The high urea values and numerous muscle lesions
found in animals subjected to prolonged or
repeated stress events can be detrimental to the
meat quality.

It is clear that herding and handling stress is an
important factor to be considered in reindeer



Plate 11.Myocardium. Note loss of striation, swelling,
and hyalinization of affected muscle cells.
PTAH, x440.

Plate 12.Skeletal muscle (semitendinosus). Note the
almost complete destruction of the normal

configuration, hyalinization, fragmentation,
necrosis, and reaction by histiocytes. PTAH,
x270.

Plat 11. Hjartmuskel. Forlust av striering; svullna och
hyaliniserade muskelceller.
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Plit 12. Skelettmuskel (semitendinosus) med ndstan
total destruktion av normal struktur, byalinise-
ring, fragmentering, nekros och reaktion av
histiocyter.
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Pla

&

9. Mucosal haemorrhage of more extensive type
and of longer duration. Note coagulative
necrosis and infiltration of neutrophils. HR,
x130.

management. Thus herding must be undertaken as
carefully as possible, especially when motor
vehicles are used.

To obtain a good meat quality, animals should be
selected almost directly from the herd and
subjected to a minimum of manual handling, i.e.
slaughter should take place with as little delay as
possible. Transportation of live animals and the
keeping of animals in corrals overnight or in pens
or crates while waiting for slaughter should be
avoided.
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Plit 9. Kraftig blodning i Il6pmagsslembinna med
koagulativ déd av epitelceller och infiltration av
neutrofiler.
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