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2 N D I N T E R N A T I O N A L A R C T I C U N G U L A T E C O N F E R E N C E 

T h e 2 n d I n t e r n a t i o n a l A r c t i c U n g u l a t e Conference was h e l d 13 -17 A u g u s t 1995 o n the U n i v e r s i t y o f A l a s k a 
F a i r b a n k s c a m p u s . T h e I n s t i t u t e of A r c t i c B i o l o g y a n d the A l a s k a C o o p e r a t i v e F i s h and W i l d l i f e Research 
U n i t were responsible for o r g a n i z i n g the conference w i t h assistance f r o m b i o l o g i s t s w i t h state a n d federal 
agencies a n d c o m m e r c i a l organizat ions . D a v i d R . K l e i n was cha i r o f the conference o r g a n i z i n g c o m m i t t e e . 
O v e r 2 0 0 people a t tended the conference, c o m i n g f r o m 10 d i f ferent countr ies . T h e U n i t e d States, C a n a d a , 
a n d N o r w a y h a d the largest representat ion. T h e conference i n c l u d e d i n v i t e d lectures ; pane l d iscuss ions , a n d 
about 125 c o n t r i b u t e d papers . There were five t e c h n i c a l sessions o n P h y s i o l o g y and B o d y C o n d i t i o n ; 
H a b i t a t R e l a t i o n s h i p s ; P o p u l a t i o n D y n a m i c s a n d M a n a g e m e n t ; B e h a v i o r , G e n e t i c s a n d E v o l u t i o n ; a n d 
R e i n d e e r a n d M u s k o x H u s b a n d r y . T h r e e p a n e l sessions discussed C o m p a r a t i v e c a r i b o u m a n a g e m e n t strate­
gies; M a n a g e m e n t o f i n t r o d u c e d , reestabl ished, a n d e x p a n d i n g m u s k o x p o p u l a t i o n s ; a n d H e a l t h r i sks i n 
t rans locat ion o f arct ic ungula tes . I n v i t e d lectures focused o n the p h y s i o l o g y a n d p o p u l a t i o n d y n a m i c s o f atc-
t i c u n g u l a t e s ; c o n t a m i n a n t s i n food chains o f arct ic ungula tes a n d lessons learned f r o m the C h e r n o b y l acc i ­
dent ; a n d ecosystem leve l re la t ionships o f the P o r c u p i n e C a r i b o u H e r d . 

T h e A r c t i c U n g u l a t e Conference incorporates the former In terna t iona l R e i n d e e r / C a r i b o u S y m p o s i u m and 
the I n t e r n a t i o n a l M u s k o x S y m p o s i u m . I n 1 9 7 2 , the F i r s t I n t e r n a t i o n a l R e i n d e e r / C a r i b o u S y m p o s i u m was 
h e l d at the U n i v e r s i t y of A l a s k a F a i r b a n k s ( U A F ) , o r g a n i z e d b y the Ins t i tu te o f A r c t i c B i o l o g y a n d the 
A l a s k a C o o p e r a t i v e W i l d l i f e Research U n i t . T h e S y m p o s i u m was a t tended b y b io log is t s , managers , a n d 
a d m i n i s t r a t o r s f r o m the C i r c u m p o l a r N o r t h w h o were i n v o l v e d i n research a n d m a n a g e m e n t of c a r i b o u a n d 
reindeer. Proceedings of the S y m p o s i u m were p u b l i s h e d as a special issue o f the B i o l o g i c a l Papers o f the 
U n i v e r s i t y o f A l a s k a . F o l l o w i n g this successful s y m p o s i u m , subsequent R e i n d e e r / C a r i b o u S y m p o s i a were 
hosted i n N o r w a y (1979) , F i n l a n d (1982) , C a n a d a (1985) , a n d S w e d e n (1988) . I n 1983 , the I n s t i t u t e o f 
A r c t i c B i o l o g y and C o o p e r a t i v e W i l d l i f e Research U n i t o r g a n i z e d the F i r s t I n t e r n a t i o n a l M u s k o x 
S y m p o s i u m at U A F . A Second M u s k o x S y m p o s i u m was o r g a n i z e d i n 1987 at the U n i v e r s i t y o f 
Saskatchewan i n Canada . I n 1 9 9 1 , the 1st I n t e r n a t i o n a l A r c t i c U n g u l a t e Conference , i n c o r p o r a t i n g the 
I n t e r n a t i o n a l R e i n d e e r / C a r i b o u S y m p o s i u m and the In terna t iona l M u s k o x S y m p o s i u m , was h e l d i n N u u k , 
G t e e n l a n d , o r g a n i z e d b y the M i n i s t r y for the E n v i r o n m e n t o f G r e e n l a n d and the D a n i s h P o l a r Center . 
T h u s , the 2 n d In terna t iona l A r c t i c U n g u l a t e Conference b r o u g h t th is sc ient i f ic m e e t i n g back to F a i r b a n k s 
23 years after i ts i n i t i a t i o n at U A F i n 1 9 7 2 . 
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The Second International Arc t i c Ungulate Conference, 
Fairbanks, Alaska, 13-17 August , 1995. 

Arctic ungulates at the northern edge of terrestrial life 

David R. Klein 

Nat iona l Biological Service, Alaska Cooperative Fish and W i l d l i f e Research U n i t , Universi ty of Alaska Fairbanks, 
Fairbanks, Alaska 99775. 

Abstract: The 2 ungulate species that occur i n the H i g h A r c t i c , Rangifer tarandus and Ovibos moschatus, exhibit conside­
rable adaptive plasticity i n response to habitat variabil ity throughout their circumpolar distr ibut ion. R. tarandus, 
however, has a much wider lat i tudinal dis tr ibut ion and occurs w i t h i n a wider range of both forest and tundra habitat 
rypes than 0. moschatus, reflecting greater morphological , physiological, and behavioral plasticity. A s a consequence, 
muskoxen have been less successful than caribou and reindeer i n maintaining populations at their southern l imi ts . 
Muskoxen, however, existed throughout Pleistocene glaciations i n the cold periglacial steppes of Eurasia and N o r t h 
Amer ica and find the closest analog to this vegetation type in the H i g h A r c t i c , where they have been more successful 
than R. tarandus in maintaining their populations. 

K e y words: H i g h A r c r i c , Ovibos moschatus, Rangifer tarandus, insu lar i ty , a d a p t a b i l i t y . 

Rangifer, 1 6 ( 2 ) : 5 1 - 5 6 

Introduction 
A b r o a d l y a c k n o w l e d g e d eco logica l p a r a d i g m states 
that the d i v e r s i t y o f p l a n t and a n i m a l species d e c l i ­
nes f r o m rhe equator to the poles a l o n g a l a t i t u d i n a l 
g r a d i e n t (Fischer, I 9 6 0 ) . B o t h W a l l a c e (1878) a n d 
D a r w i n ( I 8 6 0 ) i n the m i d - 1 8 0 0 ' s were impressed 
b y the great d i v e r s i r y o f species they observed i n the 
t ropics , i n contrast to temperate l a t i t u d e s . T h e 
p a u c i t y o f p l a n t a n d a n i m a l species at h i g h la t i tudes 
has been in terprered largely o n the basis o f the c l i ­
m a t i c extremes rhat exist there, v i e w e d f r o m a 
h u m a n bias, rather t h a n an e c o l o g i c a l or b iogeo-
g r a p h i c a l perspect ive . F o r terrestr ia l m a c r o p h y t e s , 
the s m a l l a m o u n t o f the Earth 's surface rhat is n o t 
covered b y the seas or g l a c i a l ice i n p o l a r reg ions , i n 
contrast to l o w e r la t i tudes , has p l a c e d l i m i t s o n the 

p o t e n t i a l for h a b i t a t d i v e r s i t y w h i c h has been an 
i m p o r t a n t constra int o n the i r presence there. I n 
a d d i t i o n , s ince the e n d o f the Ple is tocene , v i r t u a l l y 
a l l p l a n t a n d a n i m a l l i fe i n the H i g h A r c t i c (charac­
te r ized by a g r o w i n g season o f 2 -2 .5 m o n t h s ; o n l y 8 
m a m m a l species, 1 0 - 2 0 n e s t i n g b i r d species a n d 
5 0 - 1 1 5 vascular p l a n t s ; B l i s s , 1981) has a r r i v e d the­
re f r o m o n l y the s i n g l e d i r e c t i o n o f the lower l a t i t u ­
des. A l t h o u g h dispersa l o f some p l a n t a n d a n i m a l 
species has o c c u r r e d l o n g i t u d i n a l l y w i t h i n the 
A r c t i c , those species also had a s o u t h e r n o r i g i n . 

F u r t h e r c o m p l i c a t i n g the o c c u p a t i o n o f l a n d areas 
i n the H i g h A r c t i c by planrs a n d a n i m a l s has been 
the i n s u l a r characrerist ic o f the ice-free lands p r e ­
sent there. E v e n G r e e n l a n d , o f c o n t i n e n t size, is 
f ractured i n t o a m u l t i t u d e o f " i s l a n d s " o f ice-free 
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l a n d separated f r o m one another b y b r o a d expanses 
o f the ice cap a n d glaciets e x t e n d i n g f r o m i t to the 
s u r r o u n d i n g sea. 

Primary Productivity in the High Arctic 
T h e m a j o r constra ints o n p l a n t g r o w t h i n the H i g h 
A r c t i c , i n a d d i t i o n to the l i m i t e d avai lab le ice-free 
l a n d area, i n c l u d e the b r i e f s u m m e r season d u r i n g 
w h i c h remperatures are w a r m e n o u g h a n d l i g h t is 
present f o i photosynthes i s ; the l i m i t e d avai lable 
m o i s t u r e wherever the l a n d is free o f ice ; a n d the 
l i m i t e d a v a i l a b i l i t y o f essential n u t r i e n t s i n the 
p o o r l y d ev e lop ed soi ls . I n spi te o f these severe c o n ­
straints , p l a n t s do g r o w i n the H i g h A r c t i c a n d p r o ­
d u c e suf f ic ient p l a n t b iomass to s u p p o r t a c o m p l e x 
o f vertebrate herbivores , a few o f w h i c h , l i k e m u s -
k o x e n a n d c a r i b o u (reindeer), are res ident there 
t h r o u g h o u t the year. 

A l t h o u g h vascular p l a n t species are r e l a t i v e l y few 
i n the H i g h A r c t i c (less t h a n 150 species i n nor ­
t h e r n - m o s t G r e e n l a n d ; Bay, 1992) , i n contrast to 
l o w e t l a t i tudes , those present are h i g h l y adapted to 
the extreme c o n d i t i o n s that exist there (Savile , 
1972) . H i g h arct ic p l a n t s are frost to lerant d u r i n g 
the g r o w t h p e r i o d a n d they g r o w a n d manure r a p i d ­
ly, t a k i n g advantage o f the 24 hours o f d a i l y solar 
i n s o l a t i o n . T h e i r prostrate or l o w g r o w t h f o r m 
benefits f r o m solar w a r m i n g at the s o i l surface, and 
the g i a m i n o i d s and forbs translocate m o s t o f the i r 
a c c u m u l a t e d photosynthates to o v e r w i n t e r i n g l i v e 
tissues b e l o w g r o u n d or i n the moss layet at the e n d 
o f the g r o w t h season. 

P l a n t s g r o w i n g i n the p o o r l y d e v e l o p e d soils o f 
the H i g h A r c t i c are of ten n u t r i e n t l i m i t e d . P l a n t s , 
such as the L e g u m i n o s a e a n d alder {Alnus spp.) that 
suppor t n i t r o g e n - f i x i n g bacter ia i n root nodules , 
a l t h o u g h present t h r o u g h o u t m u c h o f the A r c t i c , do 
not reach rhe H i g h A r c t i c (Bay, 1992) . 

Ungulates in the High Arctic 
P l a n t p r o d u c t i o n i n the H i g h A r c t i c is l o w i n c o n ­
trast to l o w e r la t i tudes , a n d i t is reasonable that 
fewer herbivores occur there, b o t h i n n u m b e r o f spe­
cies a n d t o t a l b iomass ( K a u f m a n , 1 9 9 5 ; K l e i n & 
Bay, 1994) . Those vettebrate herbivores that occur 
i n the H i g h A r c t i c have special adaptat ions to deal 
w i t h the seasonal v a r i a b i l i t y i n weather a n d i n q u a ­
l i t y a n d a v a i l a b i l i t y o f p l a n t m a t e r i a l for food . 
B i r d s a v o i d the c l i m a t i c extremes o f w i n t e r a n d the 
associated dec l ine i n q u a l i t y a n d a v a i l a b i l i t y o f fora­
ge t h r o u g h m i g r a t i o n . Because of the i n s u l a r nature 
o f the H i g h A r c t i c , m a m m a l s do not have the o p t i -
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o n o f m i g t a t i o n to l o w e r l a t i t u d e s . M a c A r t h u r 
(1972) proposed that i n N o r t h A m e r i c a , species are 
l i m i t e d i n the i f n o r t h e r n d i s t r i b u t i o n b y p h y s i c a l 
c o n d i t i o n s , whereas the i r s o u t h e r n d i s t r i b u t i o n is 
l i m i t e d b y b i o t i c interacr ions . I t h i n k , however , 
that th is g e n e r a l i z a t i o n reflects an a n t h r o p o c e n t t i c 
bias n u r t u r e d b y the h u m a n p t e o c c u p a t i o n w i t h the 
severi ty o f the arct ic c l i m a t e . 

Factors o f the e n v i r o n m e n t i n d i r e c t l y related to 
c l i m a t e m a y p l a y e q u a l l y i m p o r t a n t roles. F o r 
e x a m p l e , the s o u t h e r n d i s t r i b u t i o n s o f the boreal 
forest cervids , moose (Akes alces) a n d deer (Odocoileus 
spp. ) , i n N o r t h A m e r i c a are l i m i t e d i n the a r i d 
W e s t b y a v a i l a b i l i t y o f sui table h a b i t a t , w h i c h 
i n c l u d e s shrubs or trees as cover a n d w i n t e r forage. 
T h u s , they are l i m i t e d b y the b i o t i c charactet ist ics 
o f the habi ta t , w h i c h i n t u r n are p r o d u c t s o f c l i m a ­
t i c constraints o n g r o w t h o f trees a n d shrubs , a p h y ­
s ica l cons t ra int . S i m i l a r l y , m u s k o x e n a n d Peary 
c a r i b o u (R.t. pearyi) are l i m i t e d i n t h e i r h i g h arct ic 
d i s t r i b u t i o n b y the d i s t r i b u t i o n a n d p r o d u c t i o n o f 
p l a n t s sui table as forage, a n d the a v a i l a b i l i t y o f 
p l a n t b iomass t h r o u g h o u t the year ( F i g . 1). T h u s , i t 
is b i o t i c constra ints as m e d i a t e d b y the c l i m a t e o f 
the H i g h A r c t i c , that dete tmines where these spec i ­
es m a y exist rather t h a n the direc t effect o f c l i m a t e 
o n the a n i m a l s . 

B o t h c a r i b o u a n d m u s k o x e n are m o r p h o l o g i c a l l y , 
p h y s i o l o g i c a l l y , a n d behaviora l ly w e l l adapted to 
the c l i m a t i c extremes o f the A r c t i c ( W h i t e et al., 
1981) . Never the less , i t is c l i m a t i c extremes, 
t h r o u g h the i r effect o n forage p r o d u c t i o n a n d a v a i ­
l a b i l i t y , that have p r i m a r y inf luence o n l i m i t i n g 
p o p u l a t i o n n u m b e r s o f ungulates i n the H i g h 
A r c t i c . T h e d i t e c t effects o f these c l i m a t i c exttemes 
o n the a n i m a l s are the increased energy costs associ­
ated w i t h t r a v e l i n g t h r o u g h , and f o r a g i n g t h r o u g h , 
deep snows, loss o f access to fotage due to i c i n g c o n ­
d i t i o n s , the a d d e d energy costs o f t h e r m o r e g u l a t i o n , 
a n d lost f o r a g i n g o p p o r t u n i t y d u r i n g extreme w i n ­
ter s torms. 

T h e t w o species o f ungulates that have o c c u p i e d 
the H i g h A r c t i c have e v o l v e d di f ferent p h y s i o l o g i ­
ca l , m o r p h o l o g i c a l , a n d behaviora l a t t r ibutes that 
enable t h e m to exist there. T h e m u s k o x , that 
d u r i n g Ple is tocene g lac ia t ions was ptesent t h r o u g ­
h o u t the s e m i a r i d p e r i g l a c i a l steppe that ex tended 
f r o m s o u t h e r n E u r o p e across A s i a i n t o N o r t h 
A m e r i c a ( K u r t e n , 1968) , is w e l l adapted as a gene¬
ralist grazer o f g r a m i n o i d v e g e t a t i o n ( G u t h r i e , 
1984) . Its large b o d y size a n d large r u m e n ( W h i t e 
et al., 1981) enable i t to digest grasses a n d sedges 
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F i g . 1. Holarct ic distr ibution of Rangifer tarandus (caribou and reindeer) and Ovibos moschatus (muskoxen), inc luding 
reintroductions of muskoxen to historical range i n northern Alaska , and introductions outside of historical 
range in western Alaska, Quebec-Labrador, western Greenland, N o r w a y , Sweden, and the Ta i m yr Peninsula 
and W r a n g e l Island of Russia. 

w i t h a h i g h fiber content , especial ly d u r i n g w i n t e r . 
M u s k o x e n also are h i g h l y energy conservat ive i n 
v i r t u a l l y a l l o f t h e i r l i fe processes, i n c l u d i n g d a i l y 
ac t iv i ty , seasonal m o v e m e n t s , p r e d a t o r avoidance , 
a n d soc ia l i n r e r a c t i o n ( J ingfors , 1 9 8 0 ; K l e i n , 1992) . 
M o r p h o l o g i c a l l y , t h e i r l o w surface to b o d y mass 
rat io a n d e x t r e m e l y eff icient i n s u l a t i v e pelage e q u i p 
t h e m w e l l to conserve b o d y heat d u r i n g the extreme 
c o l d o f h i g h arct ic w i n t e r s . 

C a r i b o u a n d reindeer, i n contrast to m u s k o x e n , 
have m o r p h o l o g i c a l constraints that are the heri tage 
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o f t h e i r C e r v i d a e o r i g i n . These are the i r s m a l l b o d y 
size a n d l o n g legs, re la t ive to m u s k o x e n , w h i c h 
l i m i t t h e i t t u m e n size a n d g i v e t h e m a r e l a t i v e l y 
h i g h sutface to b o d y mass rat io . T h e i r l i fe s ty le a n d 
i ts a d a p t a t i o n to the H i g h A r c t i c have, therefore, 
e v o l v e d i n a di f ferent d i r e c t i o n t h a n m u s k o x e n . 
R a t h e r t h a n b e i n g h i g h l y energy conservative as are 
m u s k o x e n , c a r i b o u m u s t expend m u c h m o r e energy 
per u n i t b o d y mass for s u r v i v a l (Fancy, 1 9 8 6 ; T h i n g 
et al., 1 9 8 7 ; K l e i n , 1992) , and w i t h s m a l l e r r u m e n 
capacity, m u s t be m u c h m o r e selective for forage o f 
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h i g h d i g e s t i b i l i t y . A l t h o u g h c a r i b o u are better 
adapted t h a n m u s k o x e n for f o r a g i n g t h r o u g h deep 
snow, i n the H i g h A r c t i c su i tab le forage for t h e m is 
m o s t f r e q u e n t l y f o u n d i n areas w i t h least w i n t e r 
s n o w a c c u m u l a t i o n . W h i t e et al. (1981) have 
s h o w n that l o n g f iber g r a m i n o i d s are p o o r l y d i g e ­
sted b y c a r i b o u a n d reindeer. Peary c a r i b o u , as a 
resul t o f w o r k b y T h o m a s & E d m o n d s (1984) a n d 
P a r k e r & Ross (1976) , are k n o w n to be h i g h l y selec­
t i v e foragers, f o c u s i n g h e a v i l y o n Luzula s p p . , m o s ­
ses, a n d l i chens i n w i n t e r a n d w i l l o w (Salix arctka), 
Saxifraga oppositifolia, a n d other forbs i n s u m m e r . 
L o w p l a n t species d i v e r s i t y a n d l o w p l a n t b iomass 
i n the H i g h A r c t i c , especia l ly for n o n g r a m i n o i d 
species, necessitates h i g h m o b i l i t y fot selective fora­
gers. P a r k e r & Ross (1976) f o u n d Peary c a r i b o u ro 
be m u c h m o r e m o b i l e i n t h e i r d a i l y f o r a g i n g t h a n 
m u s k o x e n i n the C a n a d i a n H i g h A r c t i c . A selective 
f o r a g i n g behavior r e q u i r i n g h i g h m o b i l i t y i n h i g h 
arct ic Rangifer, i n a n e n v i r o n m e n r o f l o w a n d d i s ­
persed p l a n t b iomass , w i t h l o n g w i n t e r s w i t h o u t 
p l a n t g r o w t h has p r e s u m a b l y selected for s m a l l 
b o d y size. T h i s seems counrer i n r u i t i v e re lat ive to 
t h e r m o r e g u l a r i o n a n d B e r g m a n ' s r u l e . S m a l l b o d y 
size, however , i n the h i g h arcric w i n r e r i n an u n g u -
lare species w i t h m o d e r a t e l y h i g h enetgy r e q u i r e -
m e n r s per u n i r b o d y mass ( W h i t e et al., 1981) , can 
be m o r e easily m a i n t a i n e d i n a n e n v i r o n m e n t o f 
e x t r e m e l y l o w usable p l a n t b iomass . A d d i t i o n a l l y , 
the r e l a t i v e l y smal ler b o d y size i n Rangifer t h a n i n 
m u s k o x e n , necessitates se lect ion for r u n n i n g speed 
i n Rangifer for predator avoidance . T h i s behavior 
selecrs for l o n g l e g l e n g t h ( K l e i n et al., 1987) w i t h 
associated h i g h e r energy costs e x p e n d e d for loco ­
m o t i o n a n d t h e r m o r e g u l a t i o n . E x c e p t i o n s do occur, 
however , as i n the case o f the S v a l b a r d re indeer (R t. 
platyrhyncus), that l i v e i n a predator-free e n v i r o n ­
m e n r w i t h l i m i t e d o p t i o n s for m o v e m e n r because o f 
the i n s u l a r narure of r h e i r habitats ( R e i m e r s , 1977) . 
T h e i r l o n g i s o l a t i o n f r o m c o m p e t i t i o n w i t h m u s k o ­
x e n m a y also have been a factor i n t h e i r u n i q u e 
adaptat ions o f short legs , larger r u m e n capacity, a n d 
h i g h c a p a b i l i t y for b o d y fat storage ( K l e i n & 
Sraa land, 1984) . 

Limiting Factors for Ungulates in the 
High Arctic 

T h e adaptat ions o f Rangifer a n d Ovibos for l i fe i n the 
H i g h A r c t i c have enabled these t w o ungula tes to 
o c c u p y avai lable a n d accessible habi tats there. 
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N e v e r t h e l e s s , the ex treme c l i m a t i c c o n d i t i o n s that 
exist i n the H i g h A r c t i c w i t h p e r i o d i c short a n d 
l o n g t e r m c l i m a t i c fluctuations have accounted for 
w i d e fluctuations i n p o p u l a t i o n n u m b e r s o f h i g h 
arct ic u n g u l a t e s w i t h l o c a l i z e d e x t i n c t i o n s , f o l l o w e d 
b y r e p o p u l a t i o n o f su i tab le habitats ( M e l g a a r d , 
1 9 8 6 ; S y r o e c h k o v s k i i , 1995) . 

T h e greater l o c o m o t i v e eff ic iency o f Rangifer 
( K l e i n , 1992) , a n d w i d e a d a p t a b i l i t y to substrates 
a n d habi tats have enabled t h e m to g a i n access, 
d u r i n g the H o l o c e n e , to large areas o f the 
H o l e a r c t i c that have not been reached b y m u s k o x e n . 
These i n c l u d e N e w f o u n d l a n d a n d the Q u e b e c -
L a b r a d o r p e n i n s u l a , the southeast a n d west coasts o f 
G r e e n l a n d ( M e l d g a a r d , 1986) , S v a l b a r d , F r a n z Josef 
L a n d (Zale et al., 1994) , N o v a y a Z e m l y a , Severnaya 
Z e m l y a , a n d the N e w S i b e r i a n Is lands ( F i g . 1). I n a 
few o f rhese areas, p o p u l a t i o n s have subsequent ly 
d e c l i n e d to e x t i n c t i o n or have p e r i o d i c a l l y been 
reestabl ished t h r o u g h m o v e m e n t s f r o m adjacent 
c o n t i n e n t a l p o p u l a t i o n s ( M e l d g a a r d , 1 9 8 6 ; 
S y r o e c h k o v s k i i , 1995) . S i m i l a r l y , i n n o r t h e r n a n d 
northeastern G r e e n l a n d , c a r i b o u have p e r i o d i c a l l y 
been presenr , w i t h intervals o f absence, over at least 
7 0 0 0 years, p r e s u m a b l y the r e t u r n i n g p o p u l a t i o n s 
d e r i v e d f r o m m o v e m e n t s f r o m E l l e s m e r e I s l a n d i n 
the C a n a d i a n H i g h A r c t i c ( M e l d g a a r d , 1986) . T h e 
m o s t recent p o p u l a t i o n i n northeast G r e e n l a n d was 
R. t. eogroenlandicus, a n e n d e m i c subspecies, p e r s i ­
s ted there u n t i l a t o u n d the t u r n o f the last c e n t u r y 
( M e l d g a a r d , 1986) . 

T h e less m o b i l e m u s k o x has been m u c h s lower ro 
c o l o n i z e areas o f rhe A r c t i c that p r e s u m a b l y w o u l d 
s u p p o r r i r , however , h u m a n assistance i n recent 
decades has es tabl ished i t i n western G r e e n l a n d a n d 
o n the Q u e b e c - L a b r a d o r p e n i n s u l a a n d reestabl is­
h e d i t i n f o r m e r habi tats i n A l a s k a , the Y u k o n 
Terr i tory , a n d o n the T a i m y r P e n i n s u l a o f R u s s i a 
( K l e i n , 1988) ( F i g . 1). 

T h e m u s k o x has also been less successful t h a n 
c a r i b o u a n d re indeer i n m a i n t a i n i n g its p o p u l a t i o n s 
w h e n c o n f r o n t e d b y h u n t i n g b y i n d i g e n o u s a n d 
western c u l t u r e s . I n the H i g h A r c t i c o f G r e e n l a n d 
( V i b e , 1967) a n d C a n a d a (Barr , 1991) w h e r e 
h u m a n s have been absent f r o m vast areas u n t i l 
recent t i m e s , the m u s k o x has been m o r e successful 
i n m a i n t a i n i n g its p o p u l a t i o n s i n associat ion w i t h 
c l i m a t i c extremes t h a n have c a r i b o u . T h i s d i f f e r e n ­
ce appears to be a f u n c t i o n o f the muskox ' s c a p a b i l i ­
t y of u s i n g l o w q u a l i t y , h i g h f iber forage, w h i c h 
const i tutes the greatest p o r t i o n o f the t o t a l avai lab le 
p l a n t b iomass i n w i n t e r i n the H i g h A r c r i c ( K l e i n 
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& Bay, 1990) . Forage b iomass i n the sedge m e a ­
d o w s used b y m u s k o x e n is m o r e srable t h a n the for ­
ages eaten b y c a r i b o u , w i t h the e x c e p t i o n o f l i c h e n s , 
w h i c h are scarce i n the H i g h A r c r i c . I n a d d i t i o n , 
the energy conservat ive l i f e s ty le o f m u s k o x e n a n d 
t h e i r c a p a b i l i t y o f a c c u m u l a t i n g larger fat reserves 
t h a n m o s t h i g h arct ic Rangifer ( T h i n g et al., 1 9 8 7 ; 
R e i m e r s et al, 1982) , g ives t h e m an advantage 
w h e n forage is l i m i t e d i n w i n t e r . 

P r e d a r i o n b y wolves is u n d o u b r e d l y a factor i n 
f u r t h e r r e d u c i n g p o p u l a t i o n s o f b o t h m u s k o x e n a n d 
c a r i b o u i n the H i g h A r c t i c that m a y already be 
suppressed b y c l i m a t i c exttemes a f fec t ing forage 
a v a i l a b i l i t y . A l r h o u g h e x t r e m e l y l o w p o p u l a t i o n s 
o f u n g u l a t e prey w i l l not l i k e l y susta in w o l f p o p u l a ­
t ions i n the i n s u l a r - l i k e d i s j u n c r habitats o f the 
H i g h A r c t i c , there are l i k e l y differences i n h o w w o l ­
ves affect l o w dens i ty p o p u l a t i o n s o f m u s k o x e n v e r ­
sus c a r i b o u . A s densit ies o f p r e y p o p u l a t i o n s d e c l i ­
ne so d o those o f w o l v e s . M i n i m a l p a c k size fot ef f i ­
c ient p r e d a t i o n o n m u s k o x e n , especial ly a d u l t s , 
m u s t be greater t h a n for p r e d a r i o n o n the m u c h 
s m a l l e r h i g h arct ic c a r i b o u . T h u s , as b o t h p r e y a n d 
predator densit ies dec l ine , m u s k o x e n m a y be less 
v u l n e r a b l e to p r e d a t i o n b y wolves t h a n c a r i b o u . 
A d d i t i o n a l l y , the d i s j u n c t nature o f u n i r s o f hab i ra t 
for m u s k o x e n i n the H i g h A r c t i c m a y result i n less 
p r e d a t i o n o n that species w h e n w o l f n u m b e r s are 
also l o w . 

T h e p e r i o d i c presence o f wolves i n n o r t h e r n a n d 
northeast G r e e n l a n d i n th i s century (Dawes et al., 
1985) , d u r i n g w h i c h m u s k o x e n pers isred as the 
o n l y u n g u l a t e prey, also demonstrares that wolves 
were not capable o f d r i v i n g m u s k o x e n to e x r i n c t i o n 
i n associat ion w i t h the c l i m a t i c extremes o f the 
H i g h A r c t i c . Instead, wolves d i e d o u t , a l l o w i n g for 
recovery o f suppressed m u s k o x p o p u l a t i o n s . I t is 
n o t e w o r t h y that a l t h o u g h m u s k o x n u m b e r s i n nor ­
theast G r e e n l a n d d e c l i n e d m a r k e d l y a r o u n d the 
t u r n o f the last century the e n d e m i c c a r i b o u (R. t. 
eogroenlandicus) d e c l i n e d to e x t i n c t i o n ( V i b e , 1967) . 
V i b e p o s t u l a t e d c l i m a t i c extremes as a p r i m a r y fac­
tor i n the d e c l i n e o f m u s k o x e n a n d the e x t i r p a t i o n 
o f c a r i b o u , however , wolves m a y also have been a 
factor. 

It is apparent that p r o x i m i t y to the N o r t h P o l e 
has not l i m i t e d arctic ungula tes i n the i r n o r t h w a r d 
d i s t t i b u t i o n . B o t h species have reached the nor ­
t h e r n m o s t l a n d areas, a l t h o u g h densi t ies d e c l i n e 
m a t k e d l y w i t h increas ing l a t i t u d e . P e r i o d i c e x t i r ­
p a t i o n of p o p u l a t i o n s has occurred r e g i o n a l l y i n the 
past i n associat ion w i t h c l i m a t i c extremes rhat have 
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l i m i r e d forage p r o d u c t i o n a n d access to i t . T h e 
m u s k o x , however , has been a s o m e w h a t bet ter sur­
v i v o r u n d e r the e n v i r o n m e n t a l constra inrs o f the 
H i g h A r c t i c t h a n has been the c a r i b o u . 
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Fire - caribou - winter range relationships i n northern Canada 

D. C. Thomas, S. J. Barry & G. Alaie 
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Abstract: W e needed data on temporal changes i n caribou forages after fire and relative use of age-classes of forests by 
caribou to help devise a fire suppression priori ty strategy for caribou winter range i n north-central Canada. 
Consequently, from 1983 through 1986, we estimated the abundance of vegetation and relative use by caribou at 197 
sites in western and eastern study areas on the winter range of the Beverly herd of caribou {Rangifer tarandus). Species of 
lichens attained peak biomass at different periods after fire - as early as 40-60 years for Cladonia spp. to > 150 years for 
Cladina rangiferina and Cetraria nivalis. Biomass of the primary "caribou l ichen" , Cladina mitis, increased rapidly from 
21-30 years after fire to 41-50 years and attained m a x i m u m biomass at 81-90 years in the west and 41-60 years i n the 
east. However, total l ichen biomass increased w i r h age of forest to 100-150 years because biomass of Stereocaulon spp. 
d i d not peak u n t i l after 100 years. The biomass of "caribou lichens" {Cladina spp. and Cetraria nivalis) stabilized after 
61-80 years i n the west and 41-60 years in the east. The biomass of terrestrial l ichen species can be predicted from their 
cover. Caribou lichen abundance apparently was only one of several factors that caused caribou to use stands 151-250 
years after fire more than other age classes. 

K e y words: b u r n s , hab i ta t , l i chens , Rangifer tarandus, succession. 
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Introduction 

Large fires i n 1 9 7 9 b u r n e d 1.4 m i l l i o n h a o f c a r i b o u 
w i n t e r range northeast o f F o r t S m i t h , N o r t h w e s t 
Terr i tor ies ( N W T ) . Consequent ly , a b o r i g i n a l h u n ­
ters requested m o t e fire suppress ion o n forested 
w i n t e t range o f c a r i b o u . Prev ious studies o f the 
effects o f na tura l fires o n forested w i n t e r ranges o f 
c a r i b o u (Rangifer tarandus groenlandicus) i n this pat t 
o f C a n a d a (e.g. Scotter, 1 9 7 0 ; J o h n s o n & R o w e , 
1 9 7 5 ; J o h n s o n , 1 9 7 9 ; M i l l e r , 1980) had p r o d u c e d 
d i v e r g e n t v i e w s . Therefore , a fire r e v i e w p a n e l conc­
l u d e d that m o r e i n f o r m a t i o n was needed o n the 
effects o f fires o n c a r i b o u a n d the i r w i n t e t range 
( M u r p h y etal., 1980) . 

R e s u l t s f r o m studies i n 1980 a n d 1981 o n c a r i ­
b o u d i e t (Thomas & Bat ry , 1991) a n d d i g e s t i b i l i t y 
o f forages ( T h o m a s et al., 1984) c o m p e l l e d us to 
focus p r i m a r i l y o n l i chens as w i n t e r forage. T h i s 
report provides results o f the t h i r d phase o f fire-cari­
b o u studies f r o m 1 9 8 2 t h r o u g h 1988 - the r e l a t i ­
o n s h i p between t i m e since fire a n d the q u a n t i t y o f 
c a r i b o u forage a n d its use by c a r i b o u . 

O u r objectives were : (1) To measure the a b u n d a n ­
ce (cover, b iomass , a n d frequency o f occurrence) o f 
c a r i b o u forages re la t ive to t i m e since fire; (2) T o 
assess the r e l a t i o n s h i p between cover a n d biomass o f 
c a r i b o u forages; a n d (3) To o b t a i n i n f o r m a t i o n o n 
re lat ive use o f forest types and ages by c a r i b o u . 
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A s s o c i a t i o n s a m o n g flora a n d r h e i r r e l a t i o n s h i p to 
c a r i b o u use w i l l be repor ted separarely. 

Character is t i cs o f the s t u d y areas were d e t a i l e d b y 
B r a d l e y et al. (1982) . T h e r e r r a i n is P r e c a m b r i a n 
S h i e l d o v e r l a i n b y var ious a m o u n t s o f g l a c i a l t i l l . 
J a c k p i n e (Pinus contorta) g e r m i n a t e s w i t h i n 1-5 
years o f s r a n d - r e p l a c i n g c r o w n fires, whereas spruce 
(Picea spp.) arise c o n t i n u o u s l y . W e s t o f a b o u t 
1 0 7 ° 3 0 ' W i n the N W T , p i n e d o m i n a t e d xer ic sites 
after fire, g r a d i n g to d o m i n a n c e b y b l a c k spruce (P. 
mariana) i n l o w l a n d sites. P i n e pers is ted to age class 
1 5 0 - 2 0 0 years at r o c k y a n d sandy sites i n the west 
b u t d i d n o t occur i n forests > 1 0 0 years i n t h e east. 
Sptuce u s u a l l y was m o s t n u m e r o u s even where p i n e 
d o m i n a t e d the canopy. East o f about 1 0 7 ° 3 0 V W i n 
the N W T p i n e f a i l e d to regenerates after fire except 
o n the most - favorable s o u r h e r n exposures near 
6 0 ° N . W h i r e spruce (P. glauca) occurs t h r o u g h o u t 
the forested r e g i o n b u t o n l y i n favorable locat ions 
character ized b y sandy or g r a v e l l y a l l u v i a l s o i l . 

I n M a r c h 1982 t h r o u g h 1 9 8 8 , s n o w was deeper 
i n the eastern b l o c k t h a n i n the west , a v e r a g i n g 6 4 
c m a n d 5 6 c m , respect ively ( T h o m a s , 1991)- S n o w 
a n d the r e g i o n a l b u r n p a t t e r n i n f l u e n c e d c a r i b o u 
d i s t r i b u t i o n , t h o u g h c a r i b o u r e a d i l y t r a v e l l e d 
t h r o u g h i n d i v i d u a l burns o f a l l ages a n d sizes. 

Methods 
F i v e s t u d y areas were selected i n the core o f the w i n ­
ter range, where large lakes p r o v i d e d access b y boat . 
W e s a m p l e d 139 sites west o f 1 0 7 ° W ("west b l o c k " ) 
a n d 58 east o f 1 0 7 ° W ("east b l o c k " ) . T h e w e s t e r n 
sites wete c lustered a r o u n d Porter , N o n a c h o , a n d 
T h e k u l t h i l i lakes; the eastern ones a r o u n d Beauvais 
a n d S e l w y n lakes ( F i g . 1). 

T h e basic d e s i g n was to s a m p l e t w o ages across a 
fire b o u n d a r y a n d compare floral abundance a n d 
c a r i b o u use. T h e p a i r e d sites h a d the same l a n d -
f o r m , surface mater ia ls , e l e v a t i o n , etc. I n th i s way, 
p h y s i c a l variables that c o u l d affect vegetat ive cha¬
racterist ics wete " c o n t r o l l e d " . Representa t ive xer ic 
sites were chosen o n r i d g e tops or o n g e n t l e slopes 
where c a r i b o u tended to feed. O u r samples were 
res tr ic ted to canopy o p e n i n g s , as the v e g e t a t i o n d i f ­
fered u n d e r the d r i p areas o f trees. 

A si te was selected at the first l o c a t i o n a l o n g a 
b u r n b o u n d a r y where the t e r r a i n was r e l a t i v e l y flat 
a n d u n i f o r m . A t 1 0 0 - 2 0 0 m f t o m the bounda ry , a 
stake was t h r o w n > 5 m over a shoulder to m a r k the 
southwest c o m e t of a 10 m x 10 m p l o t . T h e n qua¬
drats ( ins ide d i m e n s i o n s 25 c m x 50 c m ) were tos­
sed la tera l ly 3-5 m w h i l e l o o k i n g u p w a r d a n d s l o w -
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F i g . 1. Location of west ( W ) and east (E) block study are­
as w i t h i n forested winter range of rhe Beverly 
herd of barren-ground caribou i n northern 
Canada. 

l y w a l k i n g i n a n d near the p l o t . T h o s e l a n d i n g 
u n d e r trees w i t h l o w branches or o n g r a z e d l i c h e n 
mats were tossed a g a i n u n t i l a s tandatd n u m b e r o f 
10 quadrats was es tabl i shed. I n stands <50 years 
o l d , 15 to 25 quadrats were s a m p l e d because o f gre ­
ater v a r i a t i o n i n l i c h e n d i s t r i b u t i o n . A r b o r e a l l i c h e n 
abundance to 2 m above g r o u n d was rared v i s u a l l y 
o n an o r d i n a l scale o f 0 to 4 (1= sparse, 2 = l i g h t , 
3 = m o d e r a r e l y a b u n d a n t , a n d 4 = a b u n d a n t ) . 

D i a m e t e r at breast h e i g h t ( D B H ) o f a l l trees i n 
the p l o t was measured w i t h a vern ier cal iper . A 
m i n i m u m o f t w o o f the tal lest trees o f each species 
were f e l l e d a n d measured for h e i g h t a n d D B H . 
Several sections cut 25 c m above the g r o u n d were 
saved for counts o f a n n u l a t i o n s . F i r e scars were 
o b t a i n e d f r o m several p i n e a n d , f a i l i n g that , f r o m 
spruce. L a c k i n g fire scars, w e e s t i m a t e d forest age 
b y a d d i n g 5 a n d 10 years to the m a x i m u m n u m b e r 
o f a n n u l a t i o n s i n p i n e (preferred) a n d spruce, 
respectively. I n anc ient stands, the e s t i m a t e d t i m e 
since d e a t h o f the o ldest f a l l e n " m o t h e t " spruce was 
a d d e d to the es t imated age o f the o ldest spruce i n 
the associated layeted c lone . T i m e since death was 
based o n subject ive e v a l u a t i o n o f the degtee o f rot 
w i t h o u t b e n c h m a r k s . 

P e l l e r g r o u p s o f c a r i b o u a n d other species were 
c o u n t e d i n t w o be l t transects 4 m x 100 m a n d 
restr ic ted to the h a b i t a t type that was s a m p l e d . 
S t a r t i n g p o i n t s o f each transect was one corner o f 
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the p l o t a n d d i r e c t i o n was a r b i t r a r y yer r e m a i n i n 
the h a b i t a t type . W i n t e r - t y p e pel lets s u r v i v e d about 
2 -3 years i n m e s i c habi tats a n d 472-6 years o n xer ic 
sites ( T h o m a s & K i l i a a n , 1994) . A b o u t 5 0 % o f the 
g r o u p s w o u l d be detec t ib le i n fecal surveys at 272 

a n d 472 years, respectively, after d e p o s i t i o n o f the 
pe l l e t s . 

T h e cover o f p l a n t species w i t h i n each quadra t 
was e s t i m a t e d v i s u a l l y to the nearest 1 % . P e r s o n n e l 
were t r a i n e d u s i n g paper cutouts o f var ious shapes 
a n d percent cover. B i o m a s s was o b t a i n e d b y first 
m i s t w e t t i n g the v e g e t a t i o n u s i n g a p las t i c spray 
" b o t t l e " . O t h e r w i s e the d r y l i chens f rac tured w h e n 
h a n d l e d . A l l l i v e v e g e t a t i o n p r o d u c e d i n prev ious 
seasons, except moss , was r e m o v e d f r o m w i t h i n each 
quadrat . S o r t i n g enrire samples was too t i m e c o n s u ­
m i n g (2-4 hours) so w e sorted a s u b s a m p l e o f one-
t h i r d or m o r e b y w e i g h t . T h e i n i t i a l s o r t i n g was 
c h e c k e d i n the laboratory before d r y i n g samples at 
5 5 ° C fot 3 days a n d w e i g h i n g t h e m o n a m i c r o b a ¬
lance. 

W e expressed terrestr ia l l i c h e n biomass as t o t a l 
b iomass a n d as w e i g h t e d biomass where Cladonia 
s p p . , i n c l u d i n g CI. uncialis, was r e d u c e d 5 0 % a n d 
Stereocaulon spp . was reduced 7 5 % for reasons d i s ­
cussed later. Cladina mitis, C. rangiferina, a n d 
Cetraria nivalis were t o t a l l e d as " c a r i b o u l i chens . " 
R e i n d e e r l i chens were def ined as Cladina a n d 
Cetraria b y R u s s e l l et al. (1993) . 

Forest ages genera l ly were g r o u p e d i n t o e i g h t 
classes to describe changes i n forage at the site l e v e l , 
w i t h 20-year intervals to 
100 years and 5 0 thereafter. 
T h e classes were a c o m p r o ­
m i s e between the need to 
chatacterize r a p i d changes i n 
abundance u p ro 100 years 
a n d m a i n t a i n i n g reasonable 
s a m p l e sizes i n o l d e r classes. 
Q u a d r a r data were g r o u p e d 
i n 10-year age classes to 100 
years to better define vegeta­
t i o n d y n a m i c s and to d i s p l a y 
f requency o f occurrence 
data . 

A tree biomass i n d e x was 
ca lcu la ted as the c u m u l a t i v e 
s u m o f p r o d u c t s o f the n u m ­
ber o f trees i n each 5 c m 
D B H class and the m e d i a n 
v a l u e o f each class (e.g., 8 
c m for class 6-10 cm) . 
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S n o w d e p t h was measuted p e r i o d i c a l l y , 1 9 8 2 
t h r o u g h 1 9 8 8 , i n forest o p e n i n g s at several l o c a t i ­
ons i n each b l o c k as e x p l a i n e d i n T h o m a s (1991) . 

F r e q u e n c y o f occurrence o f species was extracted 
f r o m biomass d a t a for each q u a d r a t . S i te means were 
used for m o s t analyses o f re la t ionsh ips . W e c a t e g o r i ­
z e d the d a t a measures as i n t e r v a l (b iomass , n u m b e r 
o f p e l l e t g r o u p s , n u m b e r o f trees, D B H classes), 
ra t io (cover, frequencies) , a n d o r d i n a l (arboreal 
l i c h e n biomass) a n d r h e n selected tests a c c o r d i n g l y 
u s i n g S Y S T A T (1992) a n d B M D P software. D a t a 
n o r m a l i t y was c h e c k e d w i t h n o r m a l p r o b a b i l i t y 
p l o t s . U n a l t e r e d cover values p r o d u c e d results s i m i ­
lar to percentages Transformed by arcsine. R e s u l t s 
f r o m Pearson a n d S p e a r m a n corre lat ions were 
a l m o s t i d e n t i c a l . A l p h a was 0.05 for a l l tests. 

H e r e i n , age refers to post - f i re age, C . is Cladina, 
CI. is Cladonia, a n d Cet. is Cetraria. Cladina stellaris 
was i n c l u d e d w i t h m u c h m o r e a b u n d a n t C. mitis. 

Results 
Terrestrial lichen biomass in relation to time since fire 
I n west a n d east b l o c k s , b iomass of l i c h e n species 
a n d g r o u p s v a r i e d s i g n i f i c a n t l y ( K r u s k a l - W a l l i s 1 -
w a y A N O V A ) w i t h forest age. F o r m o s t 
species/groups th i s difference was caused b y s i g n i f i ­
cant increases i n biomass be tween classes 2 1 - 4 0 a n d 
4 1 - 6 0 years. C o n s e q u e n t l y , means for age classes 1¬
2 0 years d i d n o t di f fer f r o m those for 2 1 - 4 0 years 
a n d means for age classes 4 1 - 6 0 years and o lder d i d 

i i 4 : : : r : 

Stereocaulon 
spp. 

^ C. mitis 

*~ Cladonia spp. 
Cef. nivalis 
C. rangiferina 

- i PelBgera spp. 

50 100 150 200 250 

F i g . 2. 
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Years post fire 
Post-fire biomass of lichen species at 20-year intervals to 100 years, and 50 
years thereafter, i n the west block of foresred winter range of the Beverly 
herd of caribou. The bars are standard errors about m i d - p o i n t means. 
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Years post fire 
F i g . 3. Post-fire biomass of l ichen species at 20-year intervals to 100 years, and 50 years 

thereafter, in the east block of forested winter range of the Beverly herd of cari­
bou. The bars are srandard errors about mid-point means. 

not dif fer . E x c e p t i o n s were Cet. nivalis, w h e r e s i g n i ­
ficant differences occurred e i ther s ide o f 100 years, 
a n d Cladonia spp . where year classes 2 1 - 4 0 a n d 41¬
6 0 d i d n o t differ . 

I n the west b l o c k , m e a n biomass o f l i chens based 
o n site data was l o w i n the 1-20 a n d 2 1 - 4 0 year 
classes except for Cladonia spp . (less CI. uncialis) i n 
the 2 1 - 4 0 year class ( F i g . 2). T h e m e a n b iomass o f 
Peltigera spp . a n d Cladonia spp . peaked i n class 41¬
6 0 years. T h e m e a n biomass o f C. rangiferina, Cet. 

a n d Stereocaulon s p p . peaked after 150 years. 

T h e m e a n biomass o f 
Cet. islandicalarenaria 
(not s h o w n ) peaked i n 
the 6 1 - 8 0 year class a n d 
CI. uncialis i n the 81¬
100 year class ( T h o m a s 
& K i l i a a n , 1994) . 

B i o m a s s o f Stereo­
caulon spp . i n age g r o u p 
1 0 0 - 2 0 0 years was over 
10 f o l d h i g h e r i n the 
east t h a n i n the west 
( F i g . 2 & 3). T h e b i o ­
mass o f C. mitis was 
m a i n t a i n e d i n o lder 
sites i n the east b u t 
d e c l i n e d aftet 8 0 - 1 0 0 
years i n the west . 

I n the west b l o c k , 
there was l i t t l e change 
i n t o t a l a n d w e i g h t e d 
l i c h e n b iomass after 
class 2 1 - 4 0 years ( F i g . 

4) . T h e h i g h biomass o f Stereocaulon s p p . i n the east 
b l o c k ( F i g . 5) caused t o t a l and w e i g h t e d l i chens to 
peak i n classes >100 years. T h e b iomass o f c a r i b o u 
l i chens r e m a i n e d about constant aftet 2 0 - 4 0 years 
i n the east b l o c k a n d 4 0 - 6 0 years i n the west b l o c k . 

D a t a for decade age classes to 100 years (Table 1) 
i n the west b l o c k i n d i c a t e d a r a p i d increase i n b i o ­
mass o f c a r i b o u l i chens f r o m 2 0 - 3 0 years to 7 0 - 8 0 
years a n d s t a b i l i t y thereafter ( F i g . 6). S t a b i l i t y was 
t w o decades earl ier for w e i g h t e d a n d c a r i b o u 
l i c h e n s . 

Total 
lichens 

" 50 100 150 200 250 
Years post fire 

F i g . 4. Post-fire biomass of total, weighted, and "caribou 
lichens" at 20-year intervals to 100 years, and 50 
years thereafter, i n the west block of forested 
winter range of the Beverly herd of caribou. The 
bars are standard errors about mid-point means. 

Years post fire 

F i g . 5. Post-fire biomass of total, weighted, and "caribou 
lichens" at 20-year intervals to 100 years, and 50 
years thereafter, i n the east block of forested w i n ­
ter range of the Beverly herd of caribou. The bars 
are standard errors about mid-point means. 
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Table 1. Mean biomass (kg/ha) of l ichen species i n quadrats at 10- and 50-year intervals after fire in the west block of 
forested caribou winter range i n northern Canada, 1983-85. Standard errors are i n smaller print below each 
mean. 

A g e N o . o f N o . o f O t h e r C. Pelt. CI. Cet. Cet. C. Stereo. 

class (yr) sites quads Clad.1 mitts spp. une. niv. isl. rang. spp . 

1-10 04 6 9 0 1 0 0 0 0 0 0 

11-20 0 6 59 229 10 25 5 1 2 0 0 
47 5 9 3 1 1 

2 1 - 3 0 0 8 109 6 9 1 2 0 2 0 6 6 2 1 3 
65 5 7 2 3 0 0 2 

4 1 - 5 0 2 07 85 1 1 2 8 3 3 6 202 162 14 21 12 160 
94 39 35 29 5 2 3 30 

5 1 - 6 0 16 148 1108 8 1 1 127 2 2 5 38 34 27 335 
80 48 28 20 7 3 7 72 

6 1 - 7 0 07 6 9 9 1 8 7 8 9 109 2 8 8 65 4 4 22 2 0 4 
68 54 35 33 13 5 6 54 

7 1 - 8 0 11 107 6 6 8 1 1 2 6 41 2 6 0 77 56 2 6 2 8 9 
49 75 9 21 12 6 8 60 

8 1 - 9 0 07 67 557 1 2 5 6 95 3 7 2 83 33 67 4 4 4 
71 98 20 34 18 5 12 135 

9 1 - 1 0 0 02 2 0 585 1757 4 6 325 4 8 4 2 4 2 52 
89 328 13 36 12 7 12 18 

1 0 1 - 1 5 0 23 2 2 7 6 1 0 8 5 3 38 2 3 6 2 4 2 4 3 5 6 5 0 3 
30 39 7 15 20 4 7 76 

1 5 1 - 2 0 0 2 6 257 5 8 7 7 2 1 39 194 3 1 0 33 159 3 1 8 
25 28 10 11 19 3 20 55 

2 0 1 - 2 5 0 19 198 4 9 7 541 4 1 163 352 30 2 2 0 8 9 3 
23 29 10 11 29 3 25 143 

1 Exc luding CI. uncialis. Abbreviations: quads=quadrats, Clad. = Cladonia spp., C. = Cladina, Pelt. = Peltigera, CI. = 
Cladonia, unc. =uncialis, Cet. = Cetraria, niv. = nivalis, isl. = islandica, rang. = rangiferina, Stereo. = Stereocaulon. 

1 N o sites 3 1 - 4 0 years. 

Total 
lichens 

100 150 200 250 

Years post fire 

F i g . 6. Post-fire biomass of total, weighted, and "caribou 
lichens" ar 10-year intervals to 100 years and 50 
years thereafter based on quadrat data from the 
west block of the forested winter range of the 
Beverly herd of caribou. The bars are standard 
errors about mid-point means. 
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Terrestrial lichen cover in relation to time since fire 
C o v e r values p e a k e d as early as 2 1 - 4 0 years for other 
Cladonia spp . a n d as late as 2 0 1 - 2 5 0 years for C. 
rangiferina (Table 2). C o v e r o f C. mitis, the k e y c a r i ­
b o u l i c h e n species, p e a k e d at 8 1 - 1 0 0 years. 

Frequency of occurrence of plants in quadrats at sites 
T h e f requency o f occurrence o f species a n d g r o u p s 
i n 1415 quadrats i n the west b l o c k was t a b u l a t e d at 
10-year a n d 50-year classes (Table 3). M o s t quadrats 
i n forests >50 years conta ined C. mitis, CI. uncialis, 
Cladonia spp . , a n d Cet. islandicalarenaria. Cet. niva­
lis was neat ly u b i q u i t o u s i n quadrats i n sites > 100 
years a n d C. rangiferina a n d Stereocaulon spp . were 
c o m m o n . T h e frequency o f Peltigera s p p . decreased 
after class 9 1 - 1 0 0 years. 
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Table 2. Mean percent cover of lichens i n eight age classes of forest sampled i n the west block of the winter range of the 
Beverly herd of caribou, 1983-85. Standard errors are i n smaller pr int below each mean. 

A g e N o . C . C. Cetr. O t h e r Stereo­ Caribou T o t a l 

class, yr sites mitis rang. nivalis Cladonia1 caulon L i c h e n s L i c h e n s 2 

1-20 10 0 .9 0 .0 0.2 4 .5 0 .0 1.1 7.2 
0.3 0.1 2.6 0.4 3.0 

2 1 - 4 0 8 2 .3 0 .0 0.1 18 .9 0 .0 2 .4 23 .1 
0.5 0.1 3.3 0.6 3.8 

4 1 - 6 0 23 18 .4 1.0 1.5 17 .7 4 .2 2 1 . 0 52 .7 
2.1 0.2 0.4 1.8 1.5 2.3 2.7 

6 1 - 8 0 18 30 .3 1.4 3 .9 14 .4 4 .7 3 5 . 6 64 .1 
2.3 0.4 0.8 1.6 1.2 2.0 1.9 

8 1 - 1 0 0 9 3 5 . 9 2 .9 3 .6 9 .4 4 . 0 4 2 . 3 65 .1 
4.1 1.3 1.1 1.3 1.9 4.0 2.4 

1 0 1 - 1 5 0 23 2 6 . 0 2.7 11 .0 10.7 7.1 3 9 . 6 6 5 . 6 
2.0 0.5 1.9 0.8 2.0 2.9 2.0 

1 5 1 - 2 0 0 2 6 2 4 . 6 5.8 14.2 11 .9 4 .7 44 .5 66 .7 
1.2 1.3 1.3 0.8 1.8 2.1 2.0 

2 0 1 - 2 5 0 19 19.4 6.8 12.2 9 .8 12.6 38 .4 6 7 . 4 
1.7 1.3 1.8 1.0 4.0 3.2 2.8 

1 Exc luding CI. uncialis. 
1 C. mitis, C. rangiferina and Cet. nivalis. 

Table 3. Percent frequency of occurrence of terrestrial l ichen species in quadrats at 10-year and 50-year intervals after 
fire in the west block of forested caribou winter range i n norrhern Canada, 1983-85. 

A g e class N o . o f C. Cet. Cet. Stereo- P eltigera C. rangi­
(years) q u a d s 1 mitis nivalis island.2 caulon s p p . ferina 

1-10 6 9 4 0 3 1 0 1 
11 -20 59 54 2 4 19 7 31 7 
2 1 - 3 0 109 81 10 43 12 17 14 

4 1 - 5 0 85 1 0 0 34 8 6 54 58 4 4 
5 1 - 6 0 148 9 9 54 87 45 4 5 61 
6 1 - 7 0 6 9 1 0 0 65 9 0 4 2 4 2 52 

7 1 - 8 0 107 1 0 0 8 4 8 9 63 4 0 58 
8 1 - 9 0 67 1 0 0 7 0 93 3 6 63 7 8 
9 1 - 1 0 0 20 1 0 0 85 95 50 7 0 75 

1 0 1 - 1 5 0 2 2 7 1 0 0 9 6 93 5 9 37 75 
1 5 1 - 2 0 0 2 5 7 1 0 0 9 7 88 3 6 2 6 8 0 
2 0 1 - 2 5 0 198 1 0 0 9 6 8 0 52 27 77 

1 N u m b e r of quadrats 25 c m x 50 c m . N u m b e r of sites is i n Table 1. 
2 Included Cetraria arenaria. 

Relationship between cover and biomass of lichens 
Terrest t ia l l i chens were m o r e robusr i n the east 
b l o c k as i n d i c a t e d b y c o m p a r a t i v e cover a n d b i o ­
mass o f species a n d g r o u p s (Table 4) . C o v e r o f m o s t 
species was h i g h e r i n the west a n d the reverse for 
biomass . Therefore , w i t h i n b l o c k analysis was 
necessaty. 
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B i o m a s s a n d cover o f a l l species at sites were s i g ­
n i f i c a n t l y corre lated i n b o t h b l o c k s (Table 5). 
C o r r e l a t i o n coefficients for data f r o m a l l 197 sites 
were i n t e t m e d i a t e for five species a n d h i g h e r t h a n 
west a n d east b l o c k coefficients for C. mitis, C. rang­
iferina, a n d Cladonia spp . Coef f i c ients were l o w e r for 
quadrat data yet s t i l l s i g n i f i c a n t . I n the west b l o c k , 
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Table 4. Mean cover and biomass of lichen species and groups at sites i n forests older than 100 years i n west and east 
blocks of caribou winter range i n the Northwest Terrirories (standard errors i n parentheses). 

C o v e r (%) B i o m a s s (kg/ha) 
L i c h e n sp./group W e s t East W e s t East 

(» = 71) (» = 3 D (» = 71) (» = 3 D 

C. mitts1 24 .1 (1.0) 23.0(1.7) 7 1 0 ( 43) 1 0 2 6 ( 78) 
Stereocaulon s p p . 8.1(1.5) 36 .3 (3.3) 595 (134) 4 1 4 9 (433) 
Cetraria nivalis 12.7 (0.9) 8.1 (0.9) 2 9 4 ( 27) 2 9 4 ( 27) 
Cladonia s p p . 2 10.9(0.5) 4 . 8 (0.5) 577 ( 28) 6 7 0 ( 54) 
C. rangiferina 5.1 (0.7) 3.6(0 .7) 148 ( 21) 2 0 3 ( 40) 
Cladonia uncialis 3.6 (0.4) 2.2 (0.2) 2 0 7 ( 13) 2 4 1 ( 21) 

Peltigera s p p . 1.3 (0.2) 0.2 (0.1) 3 9 ( 7) 2 0 ( 6) 
Cetraria islandicd1 2.0 (0.2) 0.8 (0.1) 35 ( 3) 29 ( 4 ) 
C a r i b o u l i c h e n s 4 41.9(1 .6) 34.7 (3.2) 1153 ( 65) 1 5 2 4 ( 1 1 6 ) 
W e i g h t e d l i c h e n s 5 5 4 . 5 ( 1 . 4 ) 4 8 . 4 (2.6) 1767 ( 68) 3 0 9 5 ( 76) 
T o t a l l i chens 68 .5 (1.4) 8 2 . 9 (2.1) 2 6 0 6 ( 1 3 5 ) 6 7 3 8 (354) 

Includes C. stellaris. 
1 Except Cladonia uncialis. 
1 Includes Cetraria arenaria. 
1 Caribou lichens=C. mitis + C. rangiferina + Cetraria nivalis. 
' Stereocaulon reduced 75%, Cladonia spp. & Cladonia uncialis reduced 50 %. 

2 

101 to 2 5 0 years post fire ( M a n n - W h i t n e y U test, P 
< 0 .001) . 

25 75 125 175 225 

Years post fire 

F i g . 7. Mean arboreal abundance rating at 50 year inter­
vals after fire in west (n=22, 35, 19, 24, & 18) 
and east («=10 , 16, 4, 8, & 13) blocks. 

the h ighes t cotrelat ions were for m a t - f o r m i n g 
Stereocaulon spp . and a fol iose l i c h e n (Cet. nivalis). 
T h e poorest f it was for somet imes m i s i d e n t i f i e d CI. 
uncialis. T h e second poorest corre la t ion was for Cet. 
islandicalarenaria, species u s u a l l y h i d d e n b y other 
species a n d somet imes o v e r l o o k e d i n cover e s t i m a ­
tes. 

Arboreal lichen abundance 
T h e t t e n d i n the west a n d east was a n increase i n 
arboreal l i c h e n m e a n abundance rat ings w i t h age of 
forest to the 2 0 1 - 2 5 0 year class ( F i g . 7) . A r b o r e a l 
l ichens were more a b u n d a n t i n the east i n fotests 

Indices ofpast use of sites I 
Past use b y c a r i b o u o f west b l o c k sites was s i g n i f i ­
c a n t l y h i g h e t t h a n i n the east ( F i g . 8) . F o r e x a m p l e , 
f requency o f occurrence i n forests >50 years was 
6 4 % i n the west b l o c k a n d 2 9 % i n the east b l o c k . 
M e a n n u m b e r o f p e l l e t groups/ha was 8 7 i n the 
west a n d 13 i n the east. E x c l u d i n g zeros, densit ies 
were 1 3 6 ± 1 7 ( S E ) a n d 4 4 ± 8 i n west a n d east b l o c k s , 
respectively. 

23 

1 X T 

I West 
) East 

13 I 

25 75 125 175 225 275 

Years post fire 

F i g . 8. Densities of caribou fecal groups i n rhe west and 
east blocks i n 50-year intervals after fire on the 
winter range of the Beverly herd i n northern 
Canada. 
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Table 5. Regression variables used ro predict biomass from cover of l ichen species and groups i n pine-spruce foresr 
(wesr block) and spruce forest (east block). Shown are slope (m), intercept (b) and coefficent of 
determinat ion^) . A l l equations are significant (P<0.05). 

P l a n t species 

a n d g r o u p 

W e s t East P l a n t species 

a n d g r o u p m b r2 m b r2 

C. mitis 3 6 . 2 4 - 8 2 . 9 4 0 .71 3 9 . 0 6 1 2 7 . 5 3 0 .76 
C. rangiferina 2 7 . 6 3 - 0 . 4 0 0 .78 5 2 . 1 4 10 .85 0 . 9 0 

CI. uncialis 2 2 . 1 5 1 2 1 . 3 7 0 .28 4 5 . 9 7 9 4 . 4 0 0 . 4 9 
Cet. nivalis 2 4 . 3 5 - 1 3 . 1 0 0 .87 2 8 . 0 9 3 0 . 5 4 0 . 6 9 
Cladonia s p p . 1 4 9 . 3 6 6 1 . 2 2 0 .63 52 .75 4 0 0 . 0 8 0 .52 

Stereocaulon s p p . 8 2 . 2 2 - 6 2 . 6 7 0 .93 116 .74 -91 .55 0 . 8 9 
Peltigera s p p . 2 7 . 0 8 8 .57 0 .74 3 1 . 5 6 14 .28 0 .66 
Cet. islandica2 10 .85 13 .38 0 . 4 9 13 .53 19 .84 0 .35 
T o t a l l i chens 4 5 . 1 5 - 2 6 8 . 7 1 0 .58 93 .67 - 8 7 2 . 5 8 0 .57 
C a r i b o u l i c h e n s 3 3 1 . 4 6 - 5 9 . 4 8 0 .73 4 1 . 9 1 6 7 . 4 6 0 . 7 9 

1 Except CI. uncialis. 
2 Included Cet. armaria. 
' Cladina mitis, C. rangiferina and Cet. nivalis. 

5 55 

Year 

F i g . 9- Depth of snow i n m i d - M a r c h , 1983 through 
1988, i n west and east blocks of the winter range 
of the Beverly herd of caribou. 

U s e v a r i e d s i g n i f i c a n t l y ( K r u s k a l - W a l l i s , 

P < 0 . 0 0 1 ) w i t h forest age. P e a k use o c c u r r e d i n age 

class 1 5 1 - 2 0 0 years i n the west b l o c k a n d at 201¬

2 5 0 years i n the east b l o c k . W e a t t r i b u t e h i g h e r use 

of west b l o c k forests i n par t to l a t e - w i n t e r d i f f e r e n ­

ces i n s n o w depths ( F i g . 9). 

C a r i b o u - p e l l e t densit ies (groups/ha) i n forests 

>50 years were 1 3 2 ± 2 4 (SE) ar P o r t e r L a k e , 9 0 + 1 1 

at N o n a c h o L a k e , 11 ± 3 at T h e k u l t h e l i L a k e , 1 6 ± 4 

at Beauvais L a k e a n d 1 2 ± 2 at S e l w y n L a k e ( T h o m a s 

& K i l i a a n , 1994) . A t N o n a c h o L a k e , where s a m p l e 

size was h i g h e s t (k=84 sites), fecal densit ies at 50¬
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year intervals were 5 ± 3 (SE), 6 7 ± 2 7 , 5 3 ± 1 1 , 

1 3 4 + 4 4 , a n d 1 4 7 ± 5 4 . H i g h densit ies o c c u r r e d i n 

age classes 5 1 - 2 0 0 years at Por ter L a k e . These s i g n i ­

ficant differences i n use indices means that c o r r e l a t i ­

ons b e t w e e n t h e m a n d v e g e t a t i o n c o m p o n e n t s 

s h o u l d be m a d e w i t h i n regions where use by c a r i ­

b o u does not v a r y s i g n i f i c a n t l y . 

P e l l e t - g r o u p densit ies correlared p o s i t i v e l y 

(P<0 .05 ) w i t h forest age, age class c o m b i n a t i o n s , 

c a r i b o u l i chens , Stereocaulon s p p . , CI. uncialis, a rbo­

real l i chens , a n d p i n e d e n s i t y a n d n e g a t i v e l y w i t h 

n u m b e r o f trees >10 c m ( D B H ) . U s e b y c a r i b o u was 

best p r e d i c t e d i n the east b l o c k by age (r=0.96) a n d 

i n the west b l o c k b y c o m b i n i n g the in tercorre la ted 

variables c a r i b o u l i c h e n biomass , arboreal l i c h e n 

m e a n r a t i n g , a n d n u m b e i o f ttees >10 c m i n D B H 

(r=0.95) . A s s u m p t i o n s are v i o l a t e d a n d some corre­

la t ions o b v i o u s l y are s p u r i o u s . A s s o c i a t i o n s be tween 

floral species a n d pe l l e t densit ies w i l l be e x p l o r e d i n 

m o r e d e t a i l i n the f u t u r e . 

Discussion 
Sampling design 
A t a landscape scale, site se lec t ion was based o n 

where c a r i b o u tended to feed i n late w i n t e r : xer ic 

sites near warer courses that were used as t rave l r o u ­

tes. F o t c o m p a r a t i v e purposes , se lec t ion o f favorable 

f e e d i n g areas was d e e m e d preferable to a c o m p l e t e l y 

f a n d o m s a m p l i n g d e s i g n . O f course, b iomass o f 

l ichens ar representat ive f e e d i n g sites d i f fer f r o m 
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sites chosen at r a n d o m i n the same h a b i t a t type 
( E d m o n d s & B l o o m f i e l d , 1984) . 

A t a loca l scale, s a m p l i n g was c o n d u c t e d i n forest 
o p e n i n g s rather t h a n u n d e r the branches o f trees. 
S u c h s t ra t i f i ca t ion was necessary to reduce sample 
v a r i a t i o n . I n p a r t i c u l a r , l i c h e n abundance was m u c h 
h i g h e r i n openings o f y o u n g forests t h a n u n d e r tre¬
es. C o n s e q u e n t l y , o u r results for l i c h e n abundance 
a n d use b y c a r i b o u are in f la ted fot y o u n g ( 1 1 - 5 0 
years) a n d e a r l y - m a r u r e (51-75 year) forests; less so 
for o l d (> 150 year) forests. B i a s f r o m a c o m p l e t e l y 
r a n d o m p l a c e m e n t of quadrats m a y be as h i g h as 
5 0 % i n y o u n g age classes where trees are dense. 

A d e q u a t e s a m p l i n g for l i c h e n b iomass depends 
o n the spat ia l v a r i a b i l i t y o f l i c h e n species d e e m e d 
i m p o r t a n t to c a r i b o u . O u r s a m p l i n g p r o t o c o l was 
d e e m e d adequate for a b u n d a n t species a n d l i c h e n 
g r o u p s . P r e v i o u s s t a n d i n g c rop est imates i n th i s 
c a r i b o u w i n t e r range were s e m i - q u a n t i t a t i v e 
(Scotter, 1964 ; M i l l e r , 1976) . 

Terrestrial lichen biomass 
A n increase f r o m west to east i n t o t a l l i c h e n b i o ­
mass a n d succession rate is i n d i c a t e d b y o u r results 
c o m b i n e d w i t h those o f Foster (1985) a n d C o u t u r i e r 
& S t - M a r t i n (1990) . T o t a l terrestr ia l l i c h e n biomass 
at c a r i b o u f e e d i n g sites >6t0 years averaged 2 5 9 4 
a n d 6 2 5 0 kg/ha, i n west a n d east sites, respectively. 
I n forests >55 years i n Q u e b e c , te trestr ia l l i c h e n 
biomass averaged 1 5 4 0 , 4 4 6 3 , a n d 8 3 5 4 kg/ha i n 
p i n e , m i x e d , a n d spruce forests, respect ively 
( C o u t u r i e r & S t - M a r t i n , 1990) . R u s s e l l etal. (1993) 
t a b u l a t e d l i c h e n biomass fot var ious srudies a n d 
l i s t e d s a m p l i n g differences that c o n f o u n d c o m p a r i ­
sons. C o m p a r a t i v e t o t a l l i c h e n b iomass is o f b o t a n i ­
c a l and eco log ica l s igni f icance b u t c a r i b o u ecolo-
g is ts m u s t focus o n l i c h e n species m o s t u t i l i z e d b y 
c a r i b o u . 

O u r w e i g h t i n g o f terrest t ia l l i c h e n biomass was 
an a t t e m p t to reflect p r o p o r t i o n a t e c o n s u m p t i o n b y 
c a r i b o u i n the s tudy area. T h e w e i g h t i n g s were a r b i ­
t rary b u t based o n preference order i n cafeteria-style 
f e e d i n g exper iments ( D e s M u e l l e s & H e y l a n d , 1 9 6 9 ; 
H o l l e m a n & L u i c k , 1977 ; N o r b e r g et al, 1995) , 
r u m e n a n d fecal m i c r o h i s t o l o g i c a l analyses (Thomas 
& Barry , 1991) , a n d e x a m i n a t i o n o f f e e d i n g craters 
( T h o m a s , 1994) . Some ad jus tment o f to ta l terrestr i ­
a l l i chens was necessary because Stereocaulon s p p . , o f 
l o w p a l a t a b i l i t y a n d d i g e s t i b i l i t y (Thomas et al., 
1984) , d o m i n a t e d terrest t ia l l i chens i n o l d fotests, 
p a r t i c u l a r l y i n the east b l o c k . Pethaps Peltigera spp . 
s h o u l d be w e i g h t e d l o w based o n lowest preference 
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( H o l l e m a n & L u i c k , 1977) . T h e h i g h e r c o r r e l a r i o n 
o f p e l l e r - g r o u p densi t ies w i t h c a r i b o u l i chens t h a n 
w e i g h t e d l i chens indicates that Stereocaulon s p p . , 
Cladonia s p p . , a n d Peltigera spp . m a y be c o n s u m e d 
i n c i d e n t a l l y , as suggested for coni fer needles a n d 
moss ( T h o m a s & Barry , 1991)-

Factors affecting use of forests by caribou 
L i t t l e use was m a d e o f forests y o u n g e r t h a n 6 0 
years, t h o u g h adequate forage was present 4 0 - 6 0 
years after fire i n some locat ions . D e a d f a l l was not 
an i m p e d i m e n t to m o v e m e n t i n y o u n g stands. T h e 
h i g h b iomass o f C . mitis 5 0 - 1 5 0 years after fire cor­
responded to increased use b y c a r i b o u i n that age 
g r o u p . C. rangiferina a n d Cet. nivalis h a d p e a k b i o ­
mass c o r r e s p o n d i n g to h i g h e s t use b y c a r i b o u i n 
forests >150 years b u t t h e i r b iomass was l o w . 
W e i g h t e d l i chens d i d not correlate w i t h c a t i b o u use 
i n d i c a t i n g i n v a l i d w e i g h t i n g . T h e r e was no i n d i c a ­
t i o n at f e e d i n g sites that Stereocaulon s p p . , Peltigera 
s p p . , a n d "o ther Cladonia" s p p . were used ro any 
extent b y c a r i b o u . C a r i b o u c lear ly were nor respon­
d i n g to t o t a l l i c h e n b iomass . U s e b y c a r i b o u was 5¬
11 r imes h i g h e r at N o n a c h o a n d P o r t e r lakes t h a n 
at Beauvais a n d S e l w y n lakes yet t o t a l l i c h e n b i o ­
mass was 2.4 t i m e s h i g h e r i n the east t h a n i n the 
west . 

Perhaps there are t h r e s h o l d values for cover a n d 
biomass o f cer ta in l i c h e n species or g r o u p s that c a r i ­
b o u respond to . F r o m age class 4 1 - 6 0 to 6 1 - 8 0 
years, indices o f c a r i b o u use i n the west b l o c k incre¬
ased f r o m 21 ro 107 . C o n c u r r e n t l y , m e a n b iomass o f 
Cet. nivalis increased f r o m 3 0 to 72 kg/ha; that o f C . 
mitis incteased f r o m 547 to 1 0 2 9 kg/ha, w h i l e 
changes were less or reversed i n other l i c h e n species. 
T h u s , i n terms o f food, the c a r i b o u seemed to be 
r e s p o n d i n g m o s t to these l i c h e n species. I f c a r i b o u 
k e y to t h r e s h o l d a m o u n t s o f species or species 
g r o u p s , l inear analyses m a y p r o d u c e p o o r c o r r e l a t i ­
ons. 

H o w w e p a r t i t i o n e d age and floral c o m p o n e n t s is 
c r i t i c a l yet a r t i f i c i a l . F o t e x a m p l e , some h i g h corre­
la t ions be tween c a r i b o u use indices a n d p l a n t speci¬
es/groups resul ted for sites 5 0 - 1 5 0 years. C a r i b o u 
m a y have a m o r e h o l i s t i c v i e w o f habi ta t ! 

Predator avoidance behavior m a y be a factof i n 
h a b i t a t use b y c a r i b o u . C a r i b o u seemed to prefer 
o p e n forests 150 to 2 5 0 years post - f i re . O p e n forests 
fac i l i ta te v i s u a l contact w i t h othet m e m b e r s o f the 
g r o u p a n d w o l v e s . 

C a r i b o u i n the B e v e r l y h e r d seem to have adapted 
t h e i r m o v e m e n t p a t t e r n to differences i n l a t e - w i n t e t 
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s n o w d e p t h s at a landscape scale ( T h o m a s , 1991) . 
M o v e m e n t to parts o f the range w i t h sha l lower 
s n o w i n late w i n t e r g e n e r a l l y o c c u r r e d early i n w i n ­
ter w h e n s n o w cover was s h a l l o w a n d u n i f o r m across 
the range . A v e r a g e s n o w depths were s l i g h t l y l o w e r 
i n o p e n i n g s o f m a r u r e a n d o l d forests c o m p a r e d 
w i t h y o u n g ones b u t s n o w d e p t h was not a p r o b l e m 
i n m o s t w i n t e r s ( T h o m a s , 1991) . 

M o s t f e e d i n g b y c a r i b o u was i n forests a l o n g a n d 
adjacent to t rave l routes. These are lakes a n d l o w ­
l a n d connect ions be tween lakes where rravel is easy 
a n d v i s i b i l i t y is h i g h . S o m e routes are t r a d i t i o n a l . 
Because o f n u m e r o u s e n v i r o n m e n t a l a n d behaviora l 
factors, that vary a n n u a l l y , p r e d i c t i o n o f hab i ta t s u i ­
t a b i l i t y or c a r i b o u use b y any one factor w i l l have 
l o w p r o b a b i l i r i e s . F o o d is i m p o r t a n t b u t c o n f o u n ­
d i n g factors i n c l u d e dis tance f r o m t rave l routes, 
escape h a b i t a t , a n d s n o w c o n d i t i o n s . 

Management implications 
O u r results for l i c h e n cover a n d biomass def ined the 
sequence o f l i c h e n succession after fire i n the s t u d y 
area. P r e v i o u s results were s e m i - q u a n t i t a t i v e a n d 
n o t i n the core o f currenr w i n t e r range (Scotter, 
1 9 6 4 , 1 9 6 5 ; M i l l e r , 1976) . O u r data o n re lat ive use 
b y c a t i b o u o f forests o f di f ferent ages is rhe first 
avai lab le for a w i d e range o f age classes. These 
resulrs were u s e d , ' i n par t , to d e v e l o p a fire suppres­
s i o n straregy for the w i n t e t tanges o f t w o herds o f 
c a r i b o u (Bever ly & Q a m a n i r j u a q C a r i b o u 
M a n a g e m e n r B o a r d , 1994) . T h e strategy is based o n 
current p r o p o r t i o n s o f p r o d u c t i v e c a r i b o u range 
(>50 years) re lat ive to goals for s u c h h a b i t a t i n 
zones m a p p e d b y loca l hunters . 

T h e s i g n i f i c a n t correlat ions between l i c h e n cover 
a n d b iomass ( B e r g e r u d , 1 9 7 1 ; th i s s tudy) means 
that ocu lar cover est imates can be used to assess the 
a b u n d a n c e of terrestr ia l l i c h e n s . T h i s is i m p o r t a n t 
for f u t u r e studies where staff, f u n d s , a n d t i m e are 
c o n s t r a i n e d . C o v e r est imates c o u l d be res t r ic ted to 
Cladina a n d Cetraria spp . i f sites were s a m p l e d q u i c ­
k l y u s i n g aircraft for access. 
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A test of the herbivore optimization hypothesis using muskoxen and a 
graminoid meadow plant community 
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Abstract: A prediction from the herbivore opt imizat ion hypothesis is that grazing by herbivores ar moderate intensities 
w i l l increase net above-ground primary producrivity more than at lower or higher intensities. I tested this hypothesis i n 
an area of h i g h muskox (Ovibos moschatus) density on north-central Banks Island, Northwest Territories, Canada 
(73°50 'N, 119°53 'W) . Plots (1 m 2 ) i n graminoid meadows dominated by cottongrass (Eriophorum triste) were either c l i p ­
ped, exposed to muskoxen, protected for part of one growing season, or permanently protected. This resulted i n the 
removal of 22-44%, 10-39%, 0-39% or 0%, respectively, of shoor tissue d u r i n g each growing season. Contrary to the 
predictions of the herbivore optimizat ion hypothesis, productivity d i d not increase across this range of tissue removal. 
Product ivi ty of plants cl ipped at 1.5 c m above ground once or twice per growing season, declined by 60+5% i n 6 4 % of 
the tests. The productivity of plants grazed by muskoxen declined by 56+7% i n 2 5 % of the tests. N o significant 
change i n producrivity was observed i n 3 6 % and 7 5 % of the tests i n cl ipped and grazed treatments, respecrively. 
C l i p p i n g and grazing reduced below-ground standing crop except where removals were small . Graz ing and c l i p p i n g 
d i d not stimulate productivity of north-central Banks Island graminoid meadows. 

K e y words: g r a z i n g , arct ic , b iomass , p l a n r c o m m u n i t y , roots . 
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Introduction 

T h e herb ivore o p t i m i z a t i o n hypothes is is a p r e d i c t i ­
o n that g r a z i n g b y herbivores at moderate i n t e n s i t i ­
es increases net a b o v e - g r o u n d p r i m a r y p r o d u c t i v i t y 
above u n g r a z e d , l i g h t l y grazed a n d h e a v i l y g r a z e d 
levels ( M c N a u g h t o n , 1979) . Its v a l i d i t y is e q u i v o c a l 
(Pa inter & Be l sky , 1993) because o f the c o n f o u n ­
d i n g p r o b l e m s o f scale ( B r o w n & A l l e n , 1989) , m e t ­
h o d o l o g y (see B e l s k y , 1986) a n d spat ia l a n d t e m p o ­
r a l v a r i a t i o n a m o n g studies . Subarc t i c g r a m i n o i d s 
increased i n p r o d u c t i v i t y after b e i n g g r a z e d b y 
w o o d b i s o n {Bison bison athabascae) at m o r e p r o d u c -
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t ive sites, b u t n o t at less p r o d u c t i v e sites because 
p l a n t s at u n g r a z e d sires s m o t h e r e d i n a t h i c k l i t t e r 
layer ( S m i t h , 1990) . P r o d u c t i v i t y o f n u t r i e n t - l i m i ­
ted meadows increased i n response to s n o w goose 
(Anser caerulescens caerulescens) g r a z i n g a n d increased 
rates o f n u t r i e n t c y c l i n g (Bazely & Jefferies, 1 9 8 9 ; 
H i k & Jefferies, 1990) . I n contrast , c a r b o n - l i m i t e d 
p l a n t species o f ten d e c l i n e i n p r o d u c t i v i t y after 
b e i n g grazed (Lacey & V a n P o o l l e n , 1981) because 
o f reduced p h o t o s y n t h e t i c leaf area. 

S ince the 1950s , the p o p u l a t i o n o f m u s k o x e n o n 
B a n k s I s land g r e w e x p o n e n t i a l l y ( V i n c e n t & G u n n , 
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1 9 8 1 ; M c L e a n et al., 1989) . M u s k o x densi t ies are 
p a r t i c u l a r l y h i g h (1 .52/km 2 ) i n the T h o m s e n R i v e r 
V a l l e y o f n o r t h - c e n t r a l B a n k s I s l a n d ( M c L e a n et al. 
1989) . D e s p i t e the e r u p t i o n o f m u s k o x p o p u l a t i o n s 
across N o r t h A m e r i c a ( S m i t h , 1 9 8 4 ; T h i n g et al., 
1 9 8 4 ; H e n r y et al., 1994) , l i t t l e is k n o w n about the 
s u m m e r range o f m u s k o x e n i n n o r t h e r n C a n a d a 
(Parker & Ross , 1976) . 

M u s k o x e n at S v e r d r u p Pass o n E l l e s m e r e I s land 
feed i n sparsely vegetated u p l a n d s w i t h s h a l l o w 
snow cover d u r i n g w i n t e r a n d o n m o r e p r o d u c t i v e 
l o w l a n d m e a d o w s d u r i n g s u m m e r ( R a i l l a r d , 1992) . 
H o w e v e r , i f s n o w cover is soft a n d s h a l l o w i n m e a ­
d o w s d u r i n g w i n t e r , m u s k o x e n w i l l graze meadows 
a l l year ( H u b e r t , 1977) . 

C o n s i s t e n t w i t h the h e r b i v o r e - o p t i m i z a t i o n 
hypothes i s , I p r e d i c t e d that : (1) G r a m i n o i d m e a ­
d o w s w o u l d increase p r o d u c r i o n i n response to 
modera te c l i p p i n g or h e r b i v o r y b y m u s k o x e n ; (2) 
R e m o v a l o f shoot t issue b y c l i p p i n g or b y m u s k o ­
x e n w o u l d have no effect o n the s t a n d i n g c t o p o f 
l i v e roots . 

Methods 
Study Area 
T h e s t u d y area was loca ted neat the confluence o f 
the T h o m s e n a n d M u s k o x R i v e t s o n n o r t h centra l 
B a n k s I s l a n d ( 7 3 ° 5 0 ' N , 1 1 9 0 5 3 ' W ) . T h e c l i m a t e is 
A r c t i c Deser t w i t h l o n g c o l d w i n t e r s , w i t h m e a n 
J a n u a r y temperatures o f - 3 0 ° C , a n d short c o l d s u m ­
mers w i t h m e a n J u l y tempetatures o f 4 ° C . A v e r a g e 
p r e c i p i r a t i o n is o n l y about 9 c m a n n u a l l y ( Z o l t a i et 
al., 1980) . T h e t o p o g r a p h y is g e n t l y r o l l i n g w i t h 
the h i l l t o p s rarely exceeding 2 5 0 m i n e l e v a t i o n 
a .s .L . 

W i l k i n s o n et al. (1976) descr ibed 5 hab i ta t types 
i n c l u d i n g sedge m e a d o w s a n d F e r g u s o n (1991) f u r ­
ther d i v i d e d the sedge m e a d o w s i n t o : (1) w e t sedge 
m e a d o w s (hygr ic ) , a n d (2) g r a m i n o i d t u n d r a (sub-
h y g r i c ) . 

Eriophorum triste a n d Carex aquatilis var. starts axe 
r h i z o m a t o u s sedge species that o v e r w i n t e r w i t h a 
s m a l l a m o u n t o f basal green tissue. D u r i n g s u m m e r , 
p l a n t s are c o m p o s e d o f 1-2 p o t e n t i a l l y fer t i le c u l m s 
s u r r o u n d e d b y 2-8 ster i le , leafy shoots ( P o r s i l d a n d 
C o d y , 1980) . T h e 2 species were a b u n d a n t i n nor ­
t h e r n B a n k s I s land g r a m i n o i d m e a d o w s ( S m i t h , 
1996) . M u s k o x e n o n n o r t h e r n B a n k s I s l a n d grazed 
g r a m i n o i d meadows where Eriophorum triste was 
d o m i n a n t m o r e often t h a n less p r o d u c t i v e w e t sedge 
meadows where Carex aquatilis var. stans was d o m i ­
nant (pets. obs.) . 
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Experimental design 
B i o m a s s data were ga thered f r o m 3 s t u d y sites w i t ­
h i n the g r a m i n o i d p l a n t c o m m u n i t y . T w o s t u d y 
sites, M u s k o x R i v e r ( M R ) a n d T h o m s e n R i v e r ( T R ) 
each c o n t a i n e d a l O m x l O m p e r m a n e n t exclosure 
erected i n m i d - A u g u s t 1988 . T e n 1 m X 1 m p l o t s 
per t rea tment wete c l i p p e d 1.5 c m above the 
g r o u n d . A r M u s k o x R i v e r , a g r o u p o f p lo ts was c l i p ­
p e d once i n 1991 a n d t w i c e i n 1 9 9 2 ; another g r o u p 
served as a c o n t r o l i n 1991 a n d was c l i p p e d once i n 
1 9 9 2 . A t T h o m s e n R i v e r , a g r o u p o f p l o t s was c l i p ­
p e d t w i c e i n b o t h 1991 and 1 9 9 2 ; another g r o u p 
was c l i p p e d once i n b o t h 1991 a n d 1 9 9 2 ; C o n t r o l s 
were not c l i p p e d . P l o t s were not c l i p p e d i n 1 9 9 3 . 
C l i p p i n g i n t e n s i t y was the p r o p o r t i o n o f s t a n d i n g 
c r o p r e m o v e d b y c l i p p i n g at one t i m e . C u m u l a t i v e 
green biomass was g r e e n shoot t issue r e m o v e d b y 
p r e v i o u s c l i p p i n g a d d e d to the s t a n d i n g crop o f g r e ­
e n t issue. S t a n d i n g c rop was rhe w e i g h t o f green t i s ­
sue a n d s t a n d i n g dead tissue. P r o d u c t i v i t y was the 
change i n s t a n d i n g c r o p , u s u a l l y green tissue, over 
t i m e . 

F o u r 25 c m x 25 c m s u b - p l o t s were r a n d o m l y 
located i n each o f 5 r a n d o m l y - c h o s e n p l o t s per t te -
a t m e n t i n 1 9 9 2 a n d i n the other 5 p lo ts per treat­
m e n t i n 1993- A di f ferent s u b - p l o t was c l i p p e d to 
g r o u n d leve l i n s i d e each p l o t 4 t i m e s d u r i n g each o f 
the 1992 a n d 1 9 9 3 g r o w i n g seasons. 

S t u d y areas o f a b o u t 2 ha a n d 4 h a , adjacent to 
the p e r m a n e n t exclosures at M R a n d T R , respect i ­
ve ly , were exposed to m u s k o x g r a z i n g . A t h i r d m e a ­
d o w area o f abour 1 h a was U m i n g m u k H i l l ( U H ) . 
T e n transects were l a i d out at 10-15 m interva ls , 
w i t h the first transect located r a n d o m l y . D i s r a n c e 
be tween ttansects was dependent o n s t u d y site size. 
T e m p o r a r y exclosures ("exclusions") were also r a n ­
d o m l y located u s i n g a r a n d o m n u m b e r s table a l o n g 
the transects i n late J u n e 1992 a n d 1993 (2 pe t 
transect at M R a n d T R and 1 per transect at U H ) . 
These exclosures, 1.5 m i n d iameter , were m a d e 
f r o m a l u m i n u m f e n c i n g w i r e , w h i c h a l l o w e d the 
passage o f s m a l l m a m m a l s a n d b i r d s . A t the e n d o f 
each g r o w i n g season, I c o u n t e d a l l n e w fecal g r o u p s 
(i.e., < 3 m o n t h s o l d ) i n a 3 m - w i d e bel t a l o n g each 
transect . 

T o measure g r a z i n g intens i ty , a di f ferent s u b - p l o t 
(25 c m x 25 c m ) was c l i p p e d to g r o u n d level i n s i d e 
a n d out o f each t e m p o r a r y exclosure 4 t i m e s d u r i n g 
each o f the 1992 a n d 1993 g r o w i n g seasons. 
G r a z i n g i n t e n s i t y was the p r o p o r t i o n o f s t a n d i n g 
c r o p c o n s u m e d b y m u s k o x e n d u r i n g a r i m e p e r i o d 
( M c N a u g h t o n , 1985a) : G = 1 - S^Se, where , G, S^ 
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a n d Se were the g r a z i n g in tens i ty , s t a n d i n g c rop i n 
grazed areas a n d s t a n d i n g c rop i n t e m p o r a r y exc lo-
sures, respectively. 

A l l herbage samples were d r i e d at 4 0 - 6 0 ° C for 2 4 
hours a n d later d r i e d for 4 8 hours at 6 0 ° C . E a c h 
sample was t h o r o u g h l y m i x e d a n d a s u b - s a m p l e o f 
about o n e - t h i r d o f the t o t a l was d i v i d e d i n t o l i v e 
a n d dead tissue a n d extrapola ted to the w h o l e s a m ­
p l e . T e n samples per year were separated e n t i r e l y to 
d e t e r m i n e i f sub-samples were representat ive o f the 
w h o l e . 

I n 1 9 9 2 , 1 es t imated the p r o p o r t i o n o f l i v e t issue 
i n each sample . E s t i m a t e s were correc ted b y a 
regress ion e q u a t i o n d e v e l o p e d after c o m p a r i n g 
ac tua l a n d es t imated p r o p o r t i o n s o f l i v e t issue i n 
166 samples . T h e e q u a t i o n was: y = 4-21 + 0.84x 
(r2 = 0 .86) , where , y a n d x were the ac tua l a n d es t i ­
m a t e d percentage of l i v e t issue, respect ively. I n 
1 9 9 3 a l l samples were separated. 

Table 1. Proportions of the standing crop removed by 
muskoxen at 4 dates i n summers 1992 and 
1993 at 3 study sites on Banks Island, N W T . 1 

T i m e P e r i o d S t u d y Sites 
M u s k o x T h o m s e n U m i n g -

R . R . m u k H . 

J u n 25 - J u l 9 1 9 9 2 0 . 1 6 a 0 . 2 7 a 0 . 1 3 a 

J u n 25 - J u l 21 0 . 3 2 a 0 . 2 6 a 0 . 0 0 b 

J u n 25 - J u l 31 0 . 2 9 a 0 . 2 3 a 0 . 2 9 a 

J u n 25 - A u g 9 0 . 1 0 b 0 . 1 2 b 0 .39a 

J u n 25 - J u l 6 1 9 9 3 0 . 0 9 a 0 . 1 7 a 0 . 3 0 a 

J u n 25 - J u l 22 0 . 2 6 a 0 . 1 0 a 0 . 2 2 a 

J u n 25 - A u g 3 0 . 2 5 a 0 . 2 8 a 0 .23a 

J u n 25 - A u g 17 0 . 1 8 a 0 . 1 9 a 0 . 2 9 a 

1 Means w i t h the same subscript w i t h i n rows are not sig­
nificantly different at P<0.10. 

Below-ground biomass 
T e n s o i l cores (10 c m x 10 c m ) were r e m o v e d f r o m 
each t reatment at each site i n late A u g u s t 1 9 9 3 . 
T h e s o i l cores were f rozen i n the f i e l d a n d t ranspor­
ted to the laboratory. T h e cores were d r i e d at 7 0 ° C 
for 72 hours , b r o k e n apart , a n d c r u s h e d w i t h a r o l ­
l i n g p i n . T h e marer ia l was s i f ted t h r o u g h 0.5 m m 
a n d 0.25 m m sieves. A s u b - s a m p l e o f about one-
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Fecal densities (no./lOOm 2) (mean) in 
transects (?z=10) at 3 study sites dur ing the 1992 
and 1993 growing seasons on northern Banks 
Island, Canada. Means w i t h the same subscript 
w i t h i n years are not significantly different at 
P<0.10. 

t h i r d was r e m o v e d f r o m each coarse a n d fine root 
s a m p l e . L i v e roots were w e i g h e d i n a l l 120 s u b -
samples o f coarse m a t e r i a l a n d 15 r a n d o m l y chosen 
sub-samples o f fine m a t e r i a l . 

T h e v o l u m e o f each core was used to ca lculate the 
w e i g h t o f toots for each 1 m x 1 m p l o t . Because few 
roots g r e w b e l o w 10 c m i n 6 s o i l prof i les , I c o n c l u ­
d e d that root b iomass est imates were s l i g h t l y l o w . 
I n another arct ic m e a d o w c o m m u n i t y , M u c (1977) 
f o u n d that 6 5 % o f b e l o w - g r o u n d s t a n d i n g c rop was 
above 10 c m i n s o i l prof i les . 

Data analysis 
A l l data wete tested for n o r m a l i t y u s i n g the Sh iparo 
W i l k s W test ( S A S , 1988) a n d variances were tested 
for h o m o g e n e i t y u s i n g the F m ax test (Sokal & R o h l f , 
1981) . I f necessary, data were t r a n s f o r m e d b y l o g + 
1 or square root + 0.5 i n order to satisfy the 
assumpt ions o f p a r a m e t r i c statist ics . O n e - w a y ana­
lysis o f variance was c o n d u c t e d o n the results for a l l 
t reatments . M e a n s were c o m p a r e d w i t h the L S D 
test (Sokal & R o h l f , 1981) . S ta t i s t i ca l s igni f icance 
was assumed to be at P < 0 . 1 0 . 

Results 
Grazing and clipping intensities 
U m i n g m u k H i l l h a d the h ighes t fecal dens i ty 
a m o n g the 3 s t u d y sites i n b o t h years ( F i g . 1). 
P r o p o r t i o n s of the s t a n d i n g crop r e m o v e d b y m u s ­
k o x e n ranged f r o m 0 - 3 9 % o f the avai lab le fotage 
over 4 per iods d u r i n g a g r o w i n g season (Table 1). 
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Table 2. Proport ion of plant tissue removed in 1992 by c l ipping 1 m x 1 m plots (mean±SE) (n=5) inside permanent 
exclosures at 2 study sites. 

T o t a l n o . 
L o c a t i o n D a t e o f c l i p p i n g s 

c l i p p e d i n 1 9 9 2 

M u s k o x R . J u l y 2 1 
M u s k o x R . J u l y 1 2 
M u s k o x R . J u l y 16 2 

T h o m s e n R . J u l y 8 1 
T h o m s e n R . J u l y 8 2 
T h o m s e n R . J u l y 22 2 

N o . o f prev ious 
c l i p p i n g s P r o p o r t i o n 

1991 1992 r e m o v e d 

0 0 0 . 2 2 ± 0 . 0 5 
1 0 0 . 0 8 ± 0 . 0 2 
1 1 0 . 2 6 ± 0 . 0 2 

1 0 0 . 2 5 ± 0 . 0 5 
2 0 0 . 3 0 ± 0 . 0 4 
2 1 0 . 1 4 ± 0 . 0 2 

Table 3. Standing crop estimates (g/m2) (mean+SE) (»=5 per treatment) obtained i n 1992 and 1993 for plots w i t h vari ­
able c l ipping histories inside permanent exclosures i n 1992 and 1993, northern Banks Island, Canada. 

S t a n d i n g c r o p ( M e a n ± S E , g/m 2 ) 1 

P r e v i o u s P r e v i o u s 
D a t e c l i p p i n g s S t a n d i n g c l i p p i n g s S t a n d i n g 

L o c a t i o n c l i p p e d '91 '92 crop '91 '92 c rop C o n t r o l 2 

M u s k o x R . J u l y 27/92 1 2 4 5 ± 6 b 0 1 5 9 ± 7 b l l l ± l 6 a 
M u s k o x R . J u l y 29/93 1 2 1 2 1 ± 1 3 a 0 1 1 2 5 ± l l a 1 5 1 ± l 4 a 
T h o m s e n R . J u l y 31/92 2 2 1 0 6 ± 1 2 b 1 1 1 2 9 ± 7 b 3 9 2 ± 3 0 a 
T h o m s e n R . A u g . 3/93 2 2 I 4 8 ± 1 2 b 1 1 1 5 7 ± 1 3 b 3 l 6 ± 5 7 a 

1 Means w i t h the same subscript w i t h i n rows are not significantly different at P<.10. 
2 The control had a high proportion of standing dead material, whereasrhe cl ipped plots contained mostly green mate­

rial . 

Table 4. Standing crop i n late July-early August , 1992 and 1993 where grazed, where muskoxen were excluded after 
June 25 rhat season, and in control (permanent exclosures) plots onnorthern Banks Island, N W T . (Number of 
plots are in parentheses).1 

M e a n S t a n d i n g C r o p (g/m 2 ) (±SE) 
L o c a t i o n D a t e C l i p p e d G r a z e d E x c l u s i o n 2 C o n t t o l 

M u s k o x R . J u l . 28/92 99d 1 1 2 b (20) I 4 0 d b 9 a (20) l l l ± l 6 a b ( 5 ) 
M u s k o x R . J u l . 30/93 l l 6 d t 9 b (20) 155d : l i a (20) 1 5 1 ± l 4 a (5) 
T h o m s e n R . J u l . 31/92 206d : 2 0 c (20) 268d T 6 b ( 1 8 ) 3 9 2 ± 3 0 a (5) 
T h o m s e n R . A u g . 3/93 I 6 5 d b l 6 c (20) 228d b l 7 b ( 2 0 ) 3 l 6 ± 5 7 a (5) 
U m i n g m u k H . A u g . 4/92 2 1 7 d : 2 0 b (10) 305d : 4 4 a (7) N A 

U m i n g m u k H . A u g . 7/93 2 4 0 d : 2 4 b (10) 311d : 3 0 a ( 1 0 ) N A 

1 Means w i t h the same subscript w i t h i n rows are not significantly different at P<0.10. 
2 Muskoxen excluded after June 25 for that season only. 

P l o t s c l i p p e d once i n early 1992 h a d 2 2 - 2 5 % o f 
t issue r e m o v e d b u t p lo ts c l i p p e d t w i c e h a d 3 4 - 4 4 % 
o f t issue r e m o v e d per g r o w i n g season (Table 2) . 

Above ground standing crop 
C l i p p i n g o f p l o t s i n p e r m a n e n t exclosures at 
M u s k o x R i v e r ( M R ) a n d T h o m s e n R i v e r ( T R ) r e d u -

7 2 

ced s t a n d i n g crop 17 to 73% b e l o w the contro ls i n , 
1992 a n d 1993 (Table 3). B y late J u l y 1 9 9 3 , h o w e ­
ver, s t a n d i n g crop was s i m i l a r i n c l i p p e d a n d u n c -
l i p p e d p l o t s at M R , a v e r a g i n g 132±13 g / m 2 . 

S t a n d i n g c rop was 23-29% l o w e r w h e n g r a z e d b y 
m u s k o x e n t h a n i n exc lus ions . S t a n d i n g c rop was 
23% a n d 4 8 % l o w e r i n the g l a z e d p l o t s t h a n i n 
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Table 5. Cumulat ive production of green biomass at 2-5 c l ippings over 1 and 2 growing seasons and i n controls at 2 
areas of northern Banks Island, N W T . 

G r e e n b iomass ( M e a n ± S E , g/m 2 ) 1 

P r e v i o u s P r e v i o u s 
c l i p p i n g s C u m u l a t i v e c l i p p i n g s C u m u l a t i v e 

L o c a t i o n D a t e c l i p p e d '91 '92 b iomass '91 '92 biomass C o n t r o l 

M u s k o x R . J u l y 27/92 1 2 3 8 . 7 ± 3 - 9 b 0 1 4 0 . 5 ± 5 . 6 b 7 0 . 6 ± 9 .6a 
T h o m s e n R . J u l y 31/92 2 2 5 7 . 5 ± 3 . 4 c 1 1 8 6 . 5 ± 6 . 8 b 1 3 6 . 3 ± 1 0 . 2 a 

1 Cumulat ive green biomass includes green shoot tissue removed through c l i p p i n g added to green standing crop on 
date indicated. Means w i t h the same subscript w i t h i n rows are not significantly different at P<0.10. 

Table 6. Mean (±SE) green, total and absolute product ivi ty estimates 1 (g m ' 2 d"1) among treatments i n 1992 and 1993 
l m x l m plots («=5) inside permanent exclosures. 

B i o m a s s P r o d u c t i o n ( M e a n ± S E , g/m 2/day) 

P r e v i o u s P r e v i o u s 
P r o d u c t i o n P r o d u c t i v i t y c l i p p i n g s B i o m a s s c l i p p i n g s B i o m a s s 

L o c a t i o n p e r i o d c o m p o n e n t '91 '92 p r o d u c t i o n '91 '92 p r o d u c r i o n C o n t r o l 

M u s k o x R . J u l 3 - J u l 27/92 G r e e n 1 2 0 . 8 ± 0 . 2 b 0 1 1 . 2 ± 0 . 2 b 2 . 3 ± 0 . 4 a 

M u s k o x R . J u n 27 - J u l 29/93 G r e e n 1 2 2 . 6 ± 0 . 4 a 0 1 2 . 7 ± 0 . 4 a 3 . 4 ± 0 . 6 a 

M u s k o x R . J u l 3 - J u l 27/92 T o t a l 1 2 - 0 . 3 ± 0 . 3 b 0 1 1 . 4 ± 0 . 3 a 2 . 7 ± 0 . 7 a 

M u s k o x R . J u n 27 - J u l 29/93 T o r a l 1 2 2 . 5 ± 0 . 4 a b 0 1 2 . 4 ± 0 . 3 b 3 . 5 ± 0 . 6 a 

M u s k o x R . J u l 3 - J u l 27/92 A b s o l u r e 1 2 0 . 8 ± 0 . 2 b 0 1 1 . 4 ± 0 . 3 a b 2 . 7 ± 0 . 6 a 

M u s k o x R . J u n 27 - J u l 29/93 A b s o l u r e 1 2 2 . 6 ± 0 . 4 a 0 1 2 . 7 ± 0 . 4 a 3 . 6 ± 0 . 5 a 

T h o m s e n R . J u l 8 - J u l 31/92 G r e e n 2 2 1 . 4 ± 0 . 1 b 1 1 1 . 4 ± 0 . 3 b 4 . 4 ± 0 . 4 a 

T h o m s e n R . J u l 4 - A u g 3/93 G r e e n 2 2 2 . 5 ± 0 . 6 a 1 1 1 . 6 ± 0 . 2 a 1 . 6 ± 0 . 2 a 

T h o m s e n R . J u l 8 - J u l 31/92 T o t a l 2 2 2 . 5 ± 0 . 5 a 1 1 0 . 2 ± 0 . 4 b 4 . 5 ± 1 . 3 a 

T h o m s e n R . J u l 4 - A u g 3/93 T o t a l 2 2 4 . 2 ± 0 . 7 b 1 1 2 . 5 ± 0 . 7 b 7 . 8 ± 1 . 8 a 

T h o m s e n R . J u l 8 - J u l 31/92 A b s o l u t e 2 2 2 . 5 ± 0 . 5 b 1 1 1 . 4 ± 0 . 3 c 5 . 2 ± 0 . 7 a 

T h o m s e n R . J u l 4 - A u g 3/93 A b s o l u t e 2 2 4 . 2 ± 0 . 7 b 1 1 2 . 6 ± 0 . 6 b 7 . 8 ± 1 . 8 a 

"Green productivity" is live (green) plant tissue. "Total productivity" is l ive (green) and dead plant tissue. "Absolute 
productivity" is l ive (green) plant rissue plus the transfer of live to dead tissue. Means w i t h the same subscript w i t h i n 
rows are not significantly different at P<0.10. 

c o n t r o l p l o t s at M R i n 1993 a n d at T R i n b o t h 
yeats, respect ively (Table 4) . 

Herbage biomass and productivity 
P r o d u c t i v i t y d i d not increase aftet r e m o v i n g 0 % to 
4 4 % . T h e C u m u l a t i v e G r e e n B i o m a s s i n 1992 was 
greatest i n the c o n t r o l a n d lowest w h e n c l i p p e d t w i ­
ce. T h e 2 c l i p p i n g s h a d no a d d i t i o n a l effect over the 
s i n g l e c l i p p i n g at M R (Table 5). E s t i m a t e s o f green , 
t o t a l a n d absolute p r o d u c t i v i t y were h i g h e r i n the 
c o n t r o l t h a n i n c l i p p e d p l o t s i n 1992 a n d 1 9 9 3 ; 
however b y 1993 no change i n p r o d u c r i o n o c c u r r e d 
i n over one-ha l f the cases (Table 6) . T h e r e were 

fewer decreases i n p r o d u c t i o n i n 1993 ( 4 2 % o f 
cases) t h a n i n 1992 ( 8 1 % o f cases). 

P r o d u c t i v i t y d e c l i n e d i n 2 5 % o f the grazed p l o r s 
c o m p a r e d w i t h 6 4 % o f the c l i p p e d p l o t s . 
P r o d u c t i o n o f c l i p p e d a n d grazed p lants d e c l i n e d b y 
6 0 ± 5 % a n d 5 6 ± 7 % , respectively. P r o d u c t i v i t y i n 
grazed areas was l o w e r t h a n p r o d u c t i o n i n t e m p o r a ­
ry exclosures i n 2 8 % o f the cases (Table 7). 

Root biomass 
C l i p p i n g reduced the w e i g h t o f roots at T R b y 1 0 % 
to 3 2 % , b u t m o d e r a t e l y c l i p p e d p l o t s h a d 1 8 % 
m o r e b e l o w - g r o u n d biomass t h a n the c o n t r o l at M R 
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Table 7. Green, total and absolute productivity (g m 2 d 1 ) estimates (Mean±SE) among treatments i n 1992 and 1993 
l m x l m plots. (Sample sizes in parentheses).1 

B i o m a s s p r o d u c t i o n (Mean±SE)(g/m 2 /day) 

P r o d u c t i o n P r o d u c r i v i t y 

L o c a t i o n P e r i o d C o m p o n e n t G r a z e d E x c l u s i o n 2 C o n t r o l 

M u s k o x R . J u l 4 - J u l 28/92 G r e e n 1 . 6 ± 0 . 3 b (20) 2 . 3 ± 0 . 2 a (20) 2 . 3 ± 0 . 4 a b (5) 
M u s k o x R . J u n 30 - J u l 30/93 G r e e n 1 . 6 ± 0 . 3 b (20) 2 . 1 ± 0 . 3 b (20) 3 . 4 ± 0 . 6 a (5) 
M u s k o x R . J u l 4 - J u l 28/92 T o t a l 2 . 2 ± 0 . 6 b (20) 3 . 5 ± 0 . 4 a (20) 2 .7+0 .7ab (5) 
M u s k o x R . J u n 30 - J u l 30/93 T o t a l 1 . 5 ± 0 . 4 b (20) 2 . 6 ± 0 . 4 a (20) 3 . 5 ± 0 . 6 a (5) 
M u s k o x R . J u l 4 - J u l 28/92 A b s o l u t e 2 . 6 ± 0 . 5 a (20) 3 . 6 + 0 . 4 a (20) 2 .7+0 .6a (5) 
M u s k o x R . J u n 30 - J u l 30/93 A b s o l u t e 1 . 9 ± 0 . 3 b (20) 2 . 9 ± 0 . 4 a (20) 3 . 6 ± 0 . 5 a (5) 

T h o m s e n R . J u l 10 - A u g 1/92 G r e e n 2 . 7 ± 0 . 4 b (20) 3 . 8 ± 0 . 5 a b (19) 4 . 4 ± 0 . 4 a (5) 
T h o m s e n R . J u l 7 - A u g 3/93 G r e e n 0 . 3 ± 0 . 4 b (20) 2 . 3 ± 0 . 4 a (20) 1 . 6 ± 0 . 2 a b (5) 
T h o m s e n R . J u l 10 - A u g 1/92 T o t a l 3 . 7 ± 1 . 0 a (20) 4 . 1 ± 0 . 9 a (19) 4 . 5 ± 1 . 3 a (5) 
T h o m s e n R . J u l 7 - A u g 3/93 T o t a l 1 . 6 ± 3 . 1 b (20) 3 . 0 ± 0 . 6 b (20) 7 . 8 ± 1 . 8 a (5) 
T h o m s e n R . J u l 10 - A u g 1/92 A b s o l u t e 4 . 4 + 0 . 9 a (20) 5 . 4 ± 0 . 6 a (19) 5 . 2 ± 0 . 7 a (5) 
T h o m s e n R . J u l 7 - A u g 3/93 A b s o l u t e 2 . 2 ± 0 . 5 b (20) 3 . 3 ± 0 . 5 b (20) 7 . 8 ± 1 . 8 a (5) 

U m i n g m u k J u l 14 - A u g 4/92 G r e e n 3 . 7 ± 0 . 6 a (10) 4 . 4 ± 0 . 7 a ( 7) N A 

U m i n g m u k J u l 13 - A u g 7/93 G r e e n 1 . 2 ± 1 . 2 a (10) 1 .0+0.5a (10) N A 

U m i n g m u k J u l 14 - A u g 4/92 T o t a l 3 . 5 ± 0 . 9 a (10) 6 . 8 ± 1 . 9 a ( 7) N A 

U m i n g m u k J u l 13 - A u g 7/93 T o t a l 1 .9+1.5a (10) 1 . 2 ± 0 . 8 a (10) N A 

U m i n g m u k J u l 14 - A u g 4/92 A b s o l u t e 4 . 4 ± 0 . 8 a (10) 7 . 5 ± 1 . 7 a ( 7) N A 

U m i n g m u k J u l 13 - A u g 7/93 A b s o l u t e 2 . 9 + 1 . l a (10) 2 . 0 ± 0 . 6 a (10) N A 

1 Means w i t h the same subscript w i t h i n rows are nor significantly different at P<0.10. 
2 Muskoxen excluded after June 25 for that season only. 
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F i g . 2. Mean root biomass (g/m2) i n cl ipped (twice=2X 
and once = I X ) and u n d i p p e d plots (lower case 
subscript) and i n exclusions, grazed and u n d i p ­
ped plots (upper case subscript) in August 1993 
on northern Banks Island, Canada. Means w i t h 
the same subscripts w i t h i n study sites are not 
significantly different at P<0.10. C l i p p i n g sche­
dule i n text. 
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( F i g . 2). R o o t w e i g h t s were stable i n t e m p o r a r i l y 
p r o t e c t e d p lo ts (exclusions) at M R a n d T R , however 
g r a z e d p lo ts h a d reduced root w e i g h t s b y 3 9 % c o m ­
p a r e d to controls a n d exc lus ions at M R . 

Discussion 
T h e absence o f increased p r o d u c t i v i t y above- a n d 
b e l o w - g r o u n d , across a broad range o f shoot t issue 
r e m o v a l suggests that increased p r o d u c t i v i t y aftet 
g r a z i n g is nor a n i m p o r t a n t e c o l o g i c a l p h e n o m e n o n 
o n n o r t h e r n B a n k s I s l a n d . L o w e r aer ia l p r o d u c t i v i t y 
a n d root biomass i n c l i p p e d a n d grazed t h a n i n c o n ­
trols i n this s t u d y reflect h i g h g r a z i n g a n d c l i p p i n g 
in tens i t ies , latge c l i p p e d p lo ts i n the c l i p p i n g expe­
r i m e n t a n d severe c l i m a t e . T h e hypothes is that g r a -
m i n o i d meadows become m o r e p r o d u c t i v e i n 
response to moderate c l i p p i n g a n d g t a z i n g by m u s ­
k o x e n is rejected. 

G i v e n the a b i l i t y o f these p l a n t s to recover after 
r e m o v a l o f shoot t issue and the p r e d o m i n a n c e o f 
stable p r o d u c t i v i t y after g t a z i n g , current g l a z i n g 
intensi t ies ate not l i k e l y to cause p r o l o n g e d damage 
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to the g r a m i n o i d m e a d o w s . M u s k o x dens i t ies w o u l d 
have to be m u c h h i g h e r to i n f l i c t d a m a g e to g r a m i ­
n o i d m e a d o w s . T h e decreased p r o d u c t i v i t y i n g r a ­
z e d areas is present ly o f l i t t l e consequence to B a n k s 
I s l a n d m u s k o x e n because the c u r r e n t p o p u l a t i o n 
cannot graze a l l the forage p r o d u c e d d u r i n g the 
s u m m e r . M e a d o w s were i n t e n s i v e l y g r a z e d c o m p a ­
r e d w i t h the values reported f r o m othet tetrestr ia l 
ecosystems (Crawley, 1 9 8 3 ; P i m e n t e l , 1 9 8 8 ; R a i l -
l a r d , 1992) . H o w e v e r , m u s k o x e n c l e a r l y were n o t 
food- tes t r i c ted d u r i n g the s u m m e r because over 
t w o - t h i t d s o f the forage r e m a i n e d u n g r a z e d . 

P r o d u c t i v i t y d e c l i n e d m o t e after c l i p p i n g t h a n 
after g r a z i n g . C l i p p i n g was c o n c e n t t a t e d early i n 
the season, w h i l e g r a z i n g was spread m o r e evenly 
t h r o u g h o u t the g r o w i n g season. I n 1 9 9 2 , 2 c l i p ­
p i n g s r e m o v e d m o r e shoot t issue t h a n g t a z i n g a n d a 
s i n g l e c l i p p i n g . D e p o s i t i o n o f feces a n d u r i n e 
( P u t m a n , 1984) , sa l iva ( M c N a u g h t o n , 1985 b), 
t r a m p l i n g (Belsky, 1986) , a n d select ive h e r b i v o r y 
( B r y a n t et al, 1983) were present o n l y i n g r a z e d 
areas. P l a n t s are m o s t v u l n e r a b l e to d a m a g e f r o m 
g r a z i n g early i n the g r o w i n g season ( B e d a r d et al., 
1986) . M a t t h e i s et a l . (1976) also f o u n d that i n t e n ­
sive c l i p p i n g o f arct ic g r a m i n o i d s r e s u l t e d i n redu¬
ced p r o d u c t i v i t y . H o w e v e t , o n E l l e s m e r e I s l a n d , 
C a n a d a , i n t e n s i v e l y c l i p p e d a n d u n d i p p e d p l o t s h a d 
s i m i l a r a b o v e - g r o u n d p r o d u c t i v i t y ( R a i l l a r d , 1992) . 

T h e p l a n t s h a d adequate reserves to la rge ly reco­
ver f r o m c l i p p i n g i n o n l y 1 s u m m e r . Factors that 
c o u l d have p l a y e d a role i n the recovery i n 1 9 9 3 
were m o r e act ive u p t a k e o f n u t r i e n t s after d e f o l i a t i ­
o n ( C h a p i n & S lack , 1979 ; Shaver et al., 1986) , r e l i ­
ance o n extensive b e l o w - g r o u n d reserves ( M u c , 
1977) , resource s h a r i n g a m o n g t i l l e r s ( Jonsdot t i r & 
C a l l a g h a n , 1989) , increased a v a i l a b i l i t y o f nut r ients 
f r o m feces a n d u r i n e ( H e n r y & S v o b o d a , 1989) , a n d 
the a b i l i t y o f t u n d r a g r a m i n o i d s to o c c u p y d i s t u r ­
bed and u n d i s t u r b e d sites (Shaver & B i l l i n g s , 
1975) . 

T h e apparent depression o f root b iomass after 
g r a z i n g or c l i p p i n g is consis tent w i t h decreased 
a b o v e - g r o u n d p r o d u c t i v i t y . S u c h decreases can 
occur after s h o r t - t e r m c l i p p i n g ( R i c h a r d s , 1984) , 
however , root w e i g h t s m o r e accurately teflect l o n g -
t e r m p e r t u r b a t i o n t h a n a b o v e - g r o u n d p r o d u c t i o n . 
T h e r e is a t i m e lag after h e r b i v o t y before changes i n 
root biomass become appatent (Stoddart et al., 
1975) . H i g h e r root we ights w h e n c l i p p e d once at 
M R were unre la ted to c l i p p i n g per se, g i v e n the c o n ­
straints o n these p lants i m p o s e d b y l e m m i n g h e r b i ­
v o r y (pers. obs.) . T h e M R exclosure was used as a 
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l e m m i n g {Lemmus spp . , Dicrostonyx spp.) nest d u r i n g 
the w i n t e r o f 1 9 9 0 - 9 1 (pers. obs.) . L e m m i n g s can 
remove 9 0 % o f avai lable forage ( S c h u l t z , 1969) . 

T h e i n a d v e r t e n t i n c l u s i o n o f m i n e r a l m a t e r i a l o n 
roots a n d s u b j e c t i v i t y i n d e t e r m i n i n g l i v e roors 
f r o m dead ones b o t h c o n t r i b u t e d to inconsis tencies 
observed i n the M R exclosure data . R o o t s t a n d i n g 
c rop d y n a m i c s w o u l d become clearer i f t r e a t m e n t 
effects were i m p o s e d over m a n y years. O t h e r studies 
e x a m i n i n g the effects o f grazers o n root b iomass i n 
h i g h l a t i t u d e meadows have d e m o n s t r a t e d n e u t t a l 
or p o s i t i v e responses ( C a r g i l l & Jefferies, 1984 ; 
H e n r y & S v o b o d a , 1989) . 

G r a m i n o i d meadows s h o w e d decreased above-
g r o u n d p r o d u c t i v i t y after c l i p p i n g a n d g r a z i n g tre­
a tments , large s t a n d i n g crops i n grazed areas a n d 
the a b i l i t y to la rge ly recover f r o m severe c l i p p i n g 
t teatments i n o n l y 1 g r o w i n g season. T h i s decreased 
p r o d u c t i v i t y is u n l i k e l y to adversely affect m u s k o ­
x e n i n the s h o r t - t e r m . F u t u r e research s h o u l d be 
d i r e c t e d at d e t e r m i n i n g the l o n g - t e r m consequen­
ces o f h i g h g r a z i n g intens i t ies a n d at p r o t e c t i n g th i s 
c r i t i c a l m u s k o x habi ta t . 
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Canadian Muskoxen i n Central Europe - A Zoo Veterinary Review 
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T i e r p a r k Berlin-Friedrichsfelde G m b H , T i e r k l i n i k , A m Tierpark 125, D-10307 Ber l in . 
Tnstitute of A r c t i c Biology, Universi ty of Alaska Fairbanks, A K 99775-7000. 

Abstract: This paper summarizes 29 years of veterinary experience maintaining a herd of muskoxen at the Tierpark 
Berlin-Friedrichsfelde, Ber l in , Germany. The transplanted muskoxen acclimated to the zoo enviroment without farali-
ties. However, a few srr iking changes were seen. They exhibit a h i g h sensitivity to sudden changes i n weather condit i ­
ons (especially fal l ing atmospheric pressure); there is a tendency for their q iviut to become sparser w i t h t ime; rut t ing 
and subsequent calving occur larer than i n their native habitat. Details of medical conditions i n both calves and adults 
are given along w i t h information on hematology and immobi l izat ion . 

K e y w o r d s : Ovibos moschatus, disease, paras i to logy, p e d i a t t i c s , zoo m e d i c i n e , review. 

Rangifer, 16 (2): 7 9 - 8 5 

Introduction 

M u s k o x e n once r o a m e d N o r t h e r n E u r o p e , b u t beca­
m e e x t i n c t d u r i n g the Ple is tocene, p r e s u m a b l y due 
to c l i m a t i c changes as the glaciers retreated. To th i s 
day, c l i m a t e requirements are the m a i n l i m i t a t i o n 
to successful b r e e d i n g a n d m a i n t e n a n c e o f th is spe­
cies i n c o n t i n e n t a l E u r o p e . T h e first t e i n t r o d u c t i o n 
to E u r o p e was i n 1 8 9 9 , w h e n t w o calves were c a p t u ­
red f r o m G r e e n l a n d for the D u k e o f Bedford ' s z o o l o ­
g i c a l p a r k at W o b u r n A b b e y , E n g l a n d . F r o m 1 8 9 9 
to 1969 about 3 0 0 calves were t rans located f r o m 
N E G r e e n l a n d to N o r w a y , Ice land a n d , u n i n t e n t i o ­
nal ly , to S w e d e n for d i s p l a y i n zoos, d o m e s t i c a t i o n 
e x p e r i m e n t s , of for release i n t o the w i l d ( A l e n d a l , 
1 9 8 0 ; K l e i n , 1988) . Because the c a l f captures i n v o l ­
v e d s h o o t i n g a l l the adul ts w i t h i n a g r o u p , the 
A s s o c i a t i o n of E u r o p e a n Z o o D i r e c t o r s b a n n e d p u r ­
chase o f m u s k o x calves i n 1926 . I n the early 60s , 
th is s i t u a t i o n began to change w i t h the i n t r o d u c ­

t i o n o f t r a n q u i l i z e r g u n s , faster t ranspor t a n d better 
zoo veter inary care. F o r recent i n f o r m a t i o n o n m a i n ­
t a i n i n g m u s k o x e n i n E u r o p e see H o i s t (1990) . 

T h e T i e r p a r k B e r l i n - F r i e d r i c h s f e l d e , w h i c h was 
o p e n e d i n 1 9 5 5 , covers an area o f about 160 hecta­
res, is located at 5 2 ' 0 5 ° N . , 1 3 ' 0 4 ° E . , at a n e levat ion 
o f 3 6 m . I n a d d i t i o n to a broad c o l l e c t i o n o f w i l d 
r u m i n a n t s , o u r first m u s k o x e n (1.1 calves o f the 
subspecies Ovibos m. moschatus) a r r i v e d i n 1 9 6 6 f r o m 
the A l b e r t a G a m e F a r m , E d m o n t o n , A l b e r t a , 
C a n a d a . S ince t h e n , the species has a c c l i m a t e d to 
o u r C e n t r a l E u r o p e a n c o n d i t i o n s . T h i s paper s u m ­
marizes 29 years o f experience m a i n t a i n i n g capt ive 
m u s k o x e n i n a zoo e n v i r o n m e n t . 

Animal Maintenance 
T a b l e 1 prov ides a synopsis o f m u s k o x n u m b e r s , 
b i r t h s and deaths at T i e r p a r k B e r l i n - F r i e d r i c h s f e l d e 
b e t w e e m 1 9 6 6 - 1 9 9 5 . 
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Table 1. M u s k o x stock development at Tierpark B e r l i n -
Friedrichsfelde, 1966-1995. 

T o t a l Source 
(males.females) 

F o u n d i n g 2(1.1) C a n a d i a n b o r n , a r r i v e d 
s tock i n 1 9 6 6 
A d d i t i o n s 8(4.4) Calves , C a n a d a a n d 

E u r o p e a n Z o o b o r n 
B i r r h s 31(14 .17) i n c l u d i n g abor t ions a n d 

s t i l l b i r t h s 
Losses 35(18 .17) Table 2 
M o v e d 1(0.1) 
Present 5(1.4) 

Housing 
T h e m u s k o x are k e p t i n a n 8 5 0 m 2 enclosure w i t h 
m e t a l f e n c i n g (1.6 m h i g h w i t h 6 h o r i z o n t a l steel 
tubes, 72 m m i n diameter . T h e v e r t i c a l tubes are 
100 m m i n d i a m e t e r a n d 2 .4 m apart) . A 3 x 5 m 2 

separate p e n is avai lable for b u l l s and/or any s i ck 
a n i m a l s . T h e g r o u n d is a sandy s o i l w i r h ba l las t - s to ­
nes. A 2 m - w i d e concrete slab a l o n g the fence p r o v i ­
des a n abras ion surface for hooves w h i l e a few oak 
trees a n d a w o o d e n shelter p r o v i d e shade. T h e r e is 
no m i x i n g o f m u s k o x e n w i t h other species. 

Feeding 
N u t r i t i o n o f zoo k e p t m u s k o x e n has n o t presented 
serious p r o b l e m s . T h e base i n o u r zoo is a m i x t u t e o f 
concentrates w i t h a c rude p r o t e i n leve l o f 23-9 % 
a n d m e t a b o l i z a b l e energy o f 11.3 M J / k g . T h i s m i x ­
ture ( 'pellets for herbivores ' 5 0 % ; k i b b l e d oats 30 
% ; w h e a t b r a n 10 % ; c r u s h e d barley 10%) is fed at 
the rate o f 1.0 kg/animal/day, w i t h the occasional 
a d d i t i o n o f r o l l e d oats, l inseed or soya bean m e a l . I n 
cases o f d iar rhea a special d i e t o f cr i sp bread toast 
and r i p e , d r y oak are g i v e n . Vegetables i n season are 
always p r o v i d e d (carrots a n d elder berries are f a v o r i ­
tes), as are green feed lucerne , grass, m a i z e , rye, 
fresh leaves a n d branches o f oak, w i l l o w , poplar , 
m a p l e , p l a n - t r e e , a n d r o w a n . D u r i n g the w i n t e r 
m i x e d hay f r o m loca l grass is f ed , (alfalfa b e i n g m o s t 
preferred b y the animals ) a n d d r i e d branches o f oak 
and w i l l o w are p r o v i d e d . R e i n d e e r l i c h e n Cladina 
rangiferina is not of ten fed. M i n e r a l s u p p l e m e n t s 
a n d m u l t i v i t a m i n s are a d d e d to the feed a n d salt 
l i c k s a n d d r i n k i n g water are avai lable ad libitum 
(Seidel , 1979) . 

8 0 

Seasonal Responses 

Climate change 
M u s k o x e n are affected b y s u d d e n changes i n weat ­
her c o n d i t i o n s (especial ly f a l l i n g a t m o s p h e r i c pres­
sure a n d hear-waves) : W e t y p i c a l l y see r e d u c e d 
a p p e t i t e , d iar rhea , a n d a d u l l a t t i t u d e i n response to 
s u d d e n c l i m a t e change . C h a n g i n g the f o o d , a d d i n g 
a n t i - d i a r r h e a agents, a n d c o o l i n g the enclosure b y 
l a w n - s p r i n k l e r has overcome such phases. 

Qiviut Shedding 
U n d e r C e n t r a l E u r o p e a n c o n d i t i o n s , s h e d d i n g o f 
the u n d e r h a i r occurs earlier i n the s p r i n g t h a n i n 
C a n a d a (Tener, 1 9 6 5 ; P o h l e , 1981) . Y e a r l i n g s b e g i n 
s h e d d i n g i n early M a r c h and adul t s i n early A p r i l , 
a l t h o u g h per iods o f c o l d weather w i l l s l o w th i s p r o ­
cess. P r e g n a n c y w i l l also delay s h e d d i n g , w h i c h is 
finished s h o r t l y after c a l v i n g . M o s t o f the a n i m a l s 
finish s h e d d i n g b y the e n d of J u l y a n d g r o w t h o f the 
w i n t e r pelage is e v i d e n t i n A u g u s t . I n calves, shed­
d i n g begins i n . late J u l y and is f i n i s h e d b y late 
O c t o b e r . T h e outer h a i r is c o n t i n u a l l y shed a n d 
replaced i n a l l m u s k o x e n . Genera l ly , o u r 3 C a n a d i a n 
b o r n a n i m a l s , e x h i b i t the fine u n d e r h a i r descr ibed 
b y W i l k i n s o n (1975) , b u t females (between 1 2 - 1 6 
years o l d ) deve lop sparser, paler ha i r , p o s s i b l y an 
a d a p t a t i o n to o u r m i l d c l i m a t e . F r o m the outset , 
the a n i m a l s b o r n here, a n d i n the M u n i c h zoo, have 
a t h i n n e r , shorter u n d e r h a i r (reduced b y a p p r o x i m a ­
te ly 2 0 % ) . I n these lat ter an imals the s h e d d i n g 
process begins about 3 weeks later a n d extends i n t o 
late O c t o b e r . 

Rutting/calving season 
O u r o r i g i n a l C a n a d i a n b u l l showed s igns o f sexual 
m a t u r i t y ( p r o t r u s i o n o f the penis d u r i n g erect ion) at 
1 2 - m o n t h s - o l d , w i t h h is first successful c o p u l a t i o n 
at 2 .5 -years -o ld . T h e B e r l i n b o r n calf, A l f , m a t u r e d 
at 6 - m o n t h s - o l d a n d b r e d at 3 -5 -years -o ld . T h e 
t y p i c a l r u t t i n g odor, caused by the b u l l u r i n a t i n g o n 
the c a u d a l a b d o m i n a l r e g i o n , begins at the e n d o f 
J u n e . H i g h l y aggressive male r u t t i n g behavior is 
first ev ident at the age o f 3—4 yeats, w i t h a seasonal 
peak o f r u t t i n g a c t i v i t y i n the t h i r d week o f 
September . Structures w i t h i n the enclosure (trees, 
stones, fences) ate a t tacked and of ten d e m o l i s h e d . 
T h e aggressive d isplays and a t t a c k i n g o f female 
m u s k o x e n can be p r o v o k e d by the s i g h t o f zoo per­
sonnel . T h e m e a n r u t t i n g season is finished b y the 
end o f October , w i t h the except ion o f y o u n g bul l s 
(2-years-old) w h o have an extended r u t t i n g season 
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to the e n d o f D e c e m b e r . T h i s has been re lated to 
c a l v i n g i n late July/early A u g u s t . 

I n genera l , calves are b o r n b e t w e e n 1 to 22 o f 
J u n e ( w i t h a c o n c e n t t a t i o n b e t w e e n 1—9 J u n e ) . 
B i r t h w e i g h t s range be tween 7 . 5 - 1 2 . 3 k g ( 7 . 5 - 8 . 9 
k g i n first del iver ies) . T h e age o f cows at first c a l ­
v i n g was 3^1 years w i t h c a l v i n g i n consecut ive 
years ( P o h l e , 1981) . 

Pediatric Medicine 
Infectious diseases 
T h e h ighes t m o r t a l i t y is a m o n g calves (Table 2). 
A c u t e cases o f p n e u m o n i a , ca tatrhal enrer i t i s a n d 
c o l i s e p t i c e m i a occurred w i t h the c l i n i c a l s igns o f 
d u l l n e s s , inappétence , fever ( > 3 9 , 5 ° C ) , t achycardia , 
dyspnea/tachypnea, i n i t i a l l y moderate to h i g h l e u ­
k o c y t o s i s , w h i l e i n the final stages l e u k o p e n i a , ane­
m i a , a n d cardiovascular ( infect ion-re la ted) col lapse 
o c c u r r e d . W i t h the e x c e p t i o n of E. coli 0 8 6 : K 6 l , no 
bacter ia l pathogens c o u l d be i d e n t i f i e d d u e to a n t i ­
b i o t i c t reatment . T h e suspected i n i t i a t i n g factor for 
th i s p r o b l e m is e x t r e m e l y h i g h a m b i e n t temperatu¬
res ( June-Septembet , of ten m o r e t h a n 2 8 ° C ) . T h e 
calves become very inac t ive r e c u m b e n t w i t h no f o o d 
i n t a k e . P n e u m o n i a at the b e g i n n i n g was u n i l a t e r a l 
(under-s ided) b y hypostasis . R o u t i n e p teventa t ive 
p r o g r a m s , used i n orher zoo r u m i n a n t s ( m u l t i v i t a ­
m i n s i n c l u d i n g S e l e n i u m ; g a m m a g l o b u l i n , f r o m 
catt le ; a n d a n i r o n s u p p l e m e n t — a l l g i v e n at b i r t h 
a n d 14 days later, p l u s vacc inat ions a g a i n s t tetanus 
at weeks 8 a n d 12) wete ineffect ive against th i s c o n ­
d i t i o n . 

Table 2. Cause of death in young and adult muskoxen 
kept at Tierpark Berlin-Friedrichsfelde, 
1966-1995. 

C o n d i t i o n Calves A d u l t 

(n) % (n) A g e range % 
Infect ious Diseases 10 4 3 . 6 6 6 . 5 - 1 5 . 5 54.5 
S t i l l b i r t h s 5 21 .8 
A b o r t i o n s 3 13.0 
I leus/intussusception 3 13.0 

M e t a b o l i c D i s o r d e r 1 4 .3 
H e a r t F a i l u r e 1 4 .3 1 3.1 9.1 
T o x i n s 2 7 . 5 , 8 . 8 18.2 

A c c i d e n t 1 2 .6 9.1 
O l d A g e 1 21 .5 9.1 

Abortions and stillbirth 
T h r e e abort ions o c c u r r e d i n t w o m u l t i p a r a cows o f 
6, 8 a n d 13 years o l d . N o p a t h o g e n i c agents c o u l d 
be isolated a n d the causes o f the abor t ions ate u n c l e ­
ar. F i v e cases o f s t i l l b o r n calves (3-2) f r o m 3 cows 
have o c c u r r e d ; one o f t h e m h a d a n a b o r t i o n at 8 
years -o ld a n d for the next t w o consecut ive years 
p r o d u c e d s t i l l b o r n calves (2.0). T h e calves were 
f u l l y d e v e l o p e d and no pathogens i d e n t i f i e d . A s 
w i t h the abor t ions , the causes r e m a i n u n k n o w n . 

Ileus/'intussusception 
T h r e e cases o f acute, fatal i leus o c c u r r e d i n t w o 
female , m o t h e r - r a i s e d calves at 4 a n d 6 weeks o l d , 
a n d o n day 4 i n b o t t l e - f e d m a l e . These a l l o c c u r r e d 
d u r i n g an exrreme weather phase (July, 2 8 - 3 2 ° C ) 
w i t h s y m p t o m s o f p n e u m o n i a a n d c o l i c . 
S y m p t o m a t i c therapy, i n c l u d i n g a n t i b i o t i c s , was 
not effective. 

Other 
A n u n i d e n t i f i e d m e t a b o l i c d i sorder i n a m a l e ca l f 
l e d to l e t h a l nephrosis (after prerena l d y s p r o t e i n e -
m i a ) over a 5 w e e k course f o l l o w i n g severe t r a u m a . 
A n o t h e r m a l e (14 m o n t h s o ld) d i e d o f heart fa i lure 
after a second c h e m i c a l i m m o b i l i z a t i o n for treat­
m e n t o f a metacarpa l fracture. 

Susceptibility to Stress 
F o r about the first 8 m o n t h s , calves are very suscep­
t i b l e to stress. Soc ia l in teract ions or c a t c h i n g b y 
h a n d resul ted i n i m m e d i a t e h y p e r v e n t i l a t i o n a n d a 
b o d y temperature increase o f 1— 2°C w i t h i n 4—7 
m i n u t e s . A l t h o u g t apocr ine sweat g lans are associa­
ted w i t h ha i t fo l l i c les (F lood etal., 1989) , b o d y coo­
l i n g is done m a i n l y t h r o u g h the m u z z l e . T o m i n i ­
m i z e r isks o f h y p e r t h e r m i a , a l l h a n d l i n g s are done 
as q u i c k l y as poss ib le d u r i n g c o o l t imes o f the day. 
B o d y temperature can be reduced b y c o o l i n g w i t h a 
l a w n - s p r i n k l e r . These d r a m a t i c reactions have never 
been seen i n hand-reared calves. M e c h a n i s m s for 
r e g u l a t i n g core b o d y temperature i n n e w b o r n calves 
have been descr ibed i n deta i l b y B l i x et al. (1984) . 

Diarrhea and Parasites 
D i a t t h e a is a lways seen i n calves f o l l o w i n g a s u d d e n 
change o f wearher or w i t h massive c o c c i d i a l i n f e c t i ­
ons. T r e a t m e n t is based o n the i d e n t i f i c a t i o n of the 
e t i o l o g i c agent (Table 3). O f i m p o r t a n c e i n bouts o f 
diarrhea is the constant c o n t r o l a n d c l e a n i n g o f the 
calves' ana logeni ta l r e g i o n and use o f an insec t i c ide 
p o w d e r for p r o t e c t i o n f r o m Lucilia sericata-casised 
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Table 3. Parasitological findings and treatment i n muskoxen at Tierpark Berlin-Friedrichsfelde, 1966-1995. 

Parasites I n t e n s i t y D r u g D o s a g e 
m g / k g b w 

R o u t e 

N e m a t o d e s (+)—+ + 
S t r o n g y l o i d i d a e 

Stongy'hides sp. 
S t r o n g y l i d a e 

Oesopbagostomum sp. 
T r i c h o s t r o n g y l i d a e 

Haemonchus sp . 
Haemonchus contortus 
Trichostrongylus sp. 
Ostertagia sp. 
Cooperia sp. 

M e t a s t r o n g y l i d a e 

Dictyocaulus viviparus 
A s c a r i d i d a e 

Ascaris sp. 
T r i c h u r i d a e 

Trichuris wis 
Capillaria longipes 

T a p e w o r m s 
Echinococcus granulosus (+)* 
Moniezia sp. + 

C o c c i d i a * * (+) — + + 
E. arloingi, E. crandallis 
E. faurei, E. intricata, 
E. ninakohlyakimovae, 
E. parva 
Sarcocystis sp. (+) 

F l ies 
Lucilia sericata + — + + 

F e n b e n d a z o l e , Panacur® ( H O E C H S T ) 
I v e r m e c t i n , Ivomec® ( M S D - A g v e t ) 
M e b e n d a z o l e , Mebenver® ( J A N S S E N ) 
T h i a b e n d a z o l e , Thibenzol® ( M S D - A g v e t ) 

P r a z i q u a n t e l , Droncit® 
( B A Y E R ) 

S u l f a d i m i d i n e (various p r o d u c t s ) 
Sul fa th iazole Socatyl® ( A S I D ) 

B r o m o c y c l e n , Alugan® ( H O E C H S T ) 

8 
0.2 
2 0 
5 0 

100 
2 0 0 

p . o . 
s.c. 
p . o . 
p . o . 

L o c a l 

p . o . 

i . m . , p . o . 

p . o . 

P o w d e r 

(+) = trace burden, moderate burden, + + = heavy burden, *= post mortem finding, * *= Tscherner (1973). 

m y i a s i s , a p o t e n t i a l l y serious ectoparasite p r o b l e m 
u n d e r zoo c o n d i t i o n s . 

T w o parasite g r o u p s have p r o v e d t roublesome i n 
calves; C o c c i d i a a n d T r i c h u r i d a e : H i g h i n t e n s i t y 
c o c c i d i a burdens are seen p a r t i c u l a r l y f r o m the 4 t h 
m o n t h o f l i fe ( w h e n the forestomach system begins 
to w o r k ) a n d result i n reduced g r o w i n g rate, e m a c i ­
a t i o n , a n d diarrhea. A d u l t s seem to be resistant to 
these c o c c i d i a (Tscherner, 1973) . O v a o f t w o species 
o f T r i c h u r i d a e (Table 3) are r e g u l a r l y i d e n t i f i e d i n 
cases o f d iarrhea a n d t rea tment is needed, even i n 
m i n i m a l , s m a l l i n t e n s i t y burdens . 

A n i n t e r e s t i n g observat ion is that b o t h m a t e r n a l 
a n d h a n d reared eat great quanr i t i es of sand f r o m 
the enclosure (v is ib le about 30 hours later i n the i r 
feces). I f prevented f r o m e a t i n g sand to protect 

8 2 

t h e m f r o m coccidia-oocysts , 1.5 days later a profuse 
d iarrhea occurs. T o stop and p r e v e n t th i s we p r o v i d e 
heat s t e r i l i z e d h u m u s s o i l (about 100 g twice/day, 
w h i c h is accepted). 

Medical problems in adult moskoxen 
Infectious diseases 
G e n e t a l i z e d infec t ions have been cause o f death i n 
3-3 a d u l t m u s k o x e n (Table 2). G e n e r a l l y , no specific 
c l i n i c a l s y m p t o m s occurred , a c t i v i t y a n d appet i te 
wete reduced , w i t h occasional s igns o f p n e u m o n i a 
a n d nasal m u c u s . N o p a t h o g n o m o n i c changes i n 
hematology , b l o o d b i o c h e m i s t r y or serologic tests 
were evident a n d fecal floats were negat ive for para ­
sites. A s a r u l e , a n i m a l s are treated s y m p t o m a t i c a l l y 
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w i t h b r o a d s p e c t r u m a n t i b i o t i c s , cardiovascular 
d r u g s , a n d ant iparas i t i cs , v a r i o u s p a t h o g e n i c agents 
were found post mortem (di f ferent c o c c i , Pseudomonas 
aeruginosa, Pasteurella multocida, r i cket ts ia ) . I n a d d i ­
t i o n , a var ie ty o f lesions were f o u n d : p u r u l e n t p e r i ­
c a r d i t i s , a n d i n a case of Pasteurella i n f e c t i o n , cache­
x i a . T h e r e was 1 p o s i t i v e i d e n t i f i c a t i o n o f Q - f e v e r 
( W i s s e r et al, 1993) . A l l these diseases o c c u r r e d 
d u r i n g or s h o r t l y after the r u t t i n g season ( m i d 
September to late D e c e m b e r ) - p o s s i b l y f r o m 
i m m u n o s u p r e s s i o n . 

Toxins 

O n e o f o u r a d u l t males d i e d f r o m rena l fa i lure c a u ­
sed b y ad lib. i n g e s t i o n o f g r e e n oaks ( W u n d e r s e e et 
al., 1919). F o l l o w i n g th i s i n c i d e n t m a n a g e m e n t 
changed to ensure that m u s k o x e n d o n o t have access 
to large v o l u m e s o f freshly f a l l e n oaks . V e r y occasio­
nal ly , oak-re la ted d ia t rhea is seen. 

I n cases o f u n i n t e n t i o n a l over feed ing w i t h h i g h 
energy p t o t e i n feed, l a m i n i t i s has o c c u r r e d , w i t h 
pro lapsed penis i n the m a l e . T h i s was successful ly 
treated by w i t h h o l d i n g p r o t e i n feed fot a few days. 

O n e 9 -yea t -o ld c o w d i e d f o l l o w i n g a 7 h o u r c o u r ­
se o f i n c o o r d i n a t i o n and c a r d i o g e n i c c o n v u l s i o n s . 
Pos t m o r t e m e x a m i n a t i o n f o u n d e p i c a r d i a l a n d 
m y o c a r d i a l h e m o r r h a g e , hepatomegaly , t u b u l o n e -
phros i s , a n d genera l ized conges t ion . N o p a t h o g e n i c 
agents were i d e n t i f i e d , b u t the lesions a n d c l i n i c a l 
s y m p t o m s i n d i c a t e a peracute t o x e m i a . 

Trauma 

T h e m o s t f requent in jur ies a m o n g adul t s were 
w o u n d s (often infected), contus ions , scratches, 
hematomas a n d lameness caused b y the r u t t i n g b u l l 
d u r i n g the m o n t h s A u g u s t to O c t o b e r . M e d i c a l 
i n t e r v e n t i o n f o l l o w e d general s u r g i c a l procedures , 
i n v o l v i n g t rea tment u n d e r anesthesia, l o c a l a n d 
general broad s p e c t r u m a n t i b i o t i c s , t e t a n u s - p r o p h y ­
laxis and contact insect ic ides against m y i a s i s . 
T t e a t m e n t was of ten c o m p l i c a t e d b y dangerous , 
stress-related h y p e r t h e r m i a . 

Reproductive disorders 

A b o r t i o n s a n d s t i l l b i r t h s , the m o s t serious repro­
d u c t i v e p r o b l e m , were reported u n d e r p e d i a t r i c s . 
O t h e r p r o b l e m s , c h r o n i c l o c h i a l discharge i n a p r i -
m a p a r a c o w a n d p l a c e n t a l r e t e n t i o n f o l l o w i n g a n 
a b o r t i o n , were successful ly treated u s i n g s t a n d a r d 
protocols . F o r basic i n f o r m a t i o n of the r e p r o d u c t i v e 
b i o l o g y a n d e n d o c r i n o l o g y i n m u s k o x e n see R o w e l l 
( 1 9 9 1 , 1993) , for c l i n i c a l detai ls see Se ide l (1995) . 
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Parasites 

I n genera l the i n t e n s i t y o f paras i ty o f burdens i n o u r 
a d u l t m u s k o x e n r e m a i n e d s u b c l i n i c a l . F e c a l e x a m i ­
nat ions for parasites were p e r f o r m e d at the paras i to -
l o g i c a l laboratory (head: D r . W . Tscherner) o f the 
zoo. M o d e r a t e i n t e n s i t y burdens o f Strongyloides sp., 
Dictyocaulus sp. a n d Moniezia sp. were seen d u r i n g 
the first t w o years after the m u s k o x e n a r r i v e d here. 
Trea tments f o l l o w e d s t a n d a r d procedures (Table 3). 

A severe in fes ta t ion w i t h Lucilia sericata c a n 
resul t i n serious c l i n i c a l s y m p t o m s , e .g. a 10-year-
o l d r u r t i n g b u l l w i t h p u r u l e n t secret ion b e t w e e n 
a n d a r o u n d the h o r n bases, had a serious in fes ta t ion 
o f m a g g o t s o f th i s fly. A f t e r unsuccessful l o c a l treat­
m e n t , the left h o r n was a m p u t a t e d at i ts base. 
C o n t i n u e d a n t i b i o t i c t rea tment was a g a i n u n s u c ­
cessful a n d the b u l l d i e d o f a genera l ized i n f e c t i o n . 
A t necropsy a p u r u l e n t p l e u r o p n e u m o n i a a n d p e r i ­
cardi t i s d u e to Pasteurella i n f e c t i o n , were i d e n t i f i e d . 
I n a d d i t i o n , o l d tuberculos is i n i n t e s t i n a l l y m p h 
nodes were f o u n d . T h i s is the first i d e n t i f i c a t i o n o f 
T B i n m u s k o x e n at th i s zoo and to date no fur ther 
cases have been i d e n t i f i e d . 

Geriatrics 

O n e female , s h i p p e d to us as calf, teached the age of 
21 .5 y e a r s - o l d . She p r o d u c e d 7 l i v i n g calves, h a d 3 
s t i l l b i r t s a n d 2 abor t ions . She had her last ca l f at 17 
years -o ld . A f t e r a hea l thy l i fe she d i e d o f heart f a i l u ­
re w h i l e s l e e p i n g . 

Immobilization 
D e t a i l e d reports o n c h e m i c a l i m m o b i l i z a t i o n fot 
m a n a g i n g f r e e - l i v i n g m u s k o x e n have been g i v e n b y 
( a m o n g others) J o n k e l et al. (1975) , Patenaude 
(1982) , a n d D i e t e r i c h (1984) ; i n f o r m a t i o n f r o m 
capt ive herds a n d zoo k e p t m u s k o x e n , u s i n g in jec ta­
ble a n d i n h a l a n t agents are p r o v i d e d b y Jones 
(1971) , W h i t e et al. (1985) , a n d Se ide l (1979 , 
1985) . S ince a l l p a i n f u l t reatments i n m u s k o x e n 
require f u l l c h e m i c a l i m m o b i l i z a t i o n , w e have 
tested a n u m b e r o f agents, the results o f w h i c h are 
l i s t e d i n T a b l e 4 . 

Hematology/Blood Biochemistry 
T h e r e are n u m e r o u s p u b l i c a t i o n s t e g a r d i n g p h y s i o ­
l o g i c a l b l o o d value i n f r e e - l i v i n g capt ive C a n a d i a n 
a n d A l a s k a n m u s k o x e n ( D i e t e r i c h , 1 9 7 0 ; W h i t e et 
al, 1 9 8 5 ; D i e t e r i c h & F o w l e r , 1986 ; Tedesco et al, 
1 9 9 1 ; G r o v e s , 1992) , b u t less is k n o w n about zoo 
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Table 5. B l o o d chemistry values from 11 healthy muskoxen raised at 
Tierpark Berlin-Friedrichsfelde, 1966-1995. 

Parameter U n i t s V a l u e Parameter U n i t s V a l u e 

R B C T / l 5 .4 -9 .9 N a mmol/1 1 3 8 - 1 4 2 

H b g/1 8 8 - 1 4 4 K mmol/1 4 .1 -5 .6 
P C V g/1 0 . 2 5 - 0 . 5 0 C a mmol/1 2 .2-2 .6 
W B C G/1 4 . 9 - 1 2 C l mmol/1 7 4 - 1 2 9 

L y % 4 0 - 6 5 P mmol/1 1.7-2.6 
M o % 2-5 G l u c o s e mmol/1 3 .3-6 .4 
Eos % 3 - 1 0 B i l i mmol/1 3 .5-17 .1 
Bas % 0-3 P r o t e i n g/1 6 0 - 7 6 
N e u t r o % 4 5 - 6 0 A l b u m i n g/1 2 2 - 3 8 
A L A T ( G P T ) I U / L 18-34 Creat mmol/1 159 .1 -300 .5 
A S A T ( G O T ) I U / L 

k e p t m u s k o x e n (Jones, 1 9 7 1 ; Se ide l , 1 9 7 9 ; H a w k e y , 
1983) . D u r i n g the last 2 6 years m o s t o f o u r b l o o d 
co l lec t ions have been m a d e for d i a g n o s t i c purposes . 
T h e results f r o m 11 samples , co l lec ted f r o m hea l thy 
a n i m a l s , are presented i n Table 5 (Seidel , 1995) . 

W e g e n e r a l l y f o u n d h e m a t o l o g i c a l reflections o f 
disease s i m i l a r to other b o v i d s : l eukocytos i s ( w i t h 
re lat ive l y m p h o c y t o s e s ) i n i n f l a m m a t i o n s a n d r e s p i ­
ratory diseases, n e u t r o p h i l i a i n general s e p t i c e m i a ; 
reduced erythrocyre c o u n t , h e m a t r o c r i t a n d H b 
u n d e r e t o r p h i n e - x y l a z i n e narcosis, a n d h y p o c h r o m e -
m i a i n Q - f e v e r i n f e c t i o n (Seidel , 1 9 7 9 ; H a w k e y , 
1 9 8 3 ; W i s s e l 1993) . 

Conclusions 
• C a n a d i a n b o r n m u s k o x e n adapted to cent ra l 

E u r o p e a n c l i m a t i c a n d zoo c o n d i t i o n s w i t h o u t 
serious m e d i c a l or t e c h n i c a l p r o b l e m s . T h e a n i ­
m a l s s u r v i v e d an average o f 8.5 years, w i t h one 
c o w r e a c h i n g 21 .5 years -o ld . 

• B r e e d i n g success is p o o r a n d a ca l f m o r t a l i t y o f 8 4 
% is e x t r e m e l y h i g h (only 5 calves reached a d u l ­
thood) . 

• M o t e ve ter inary research is needed to reduce ca l f 
losses, especial ly t r o u g h p r e v e n t i o n o f in fec t ious 
diseases a n d t h e r m o r e g u l a t o r y disorders . 
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Sven Skjenneberg 

O n August 30, 1996, the Norwegian College of 
Veterinary Medicine, Oslo, granted veterinarian 
Sven Skjenneberg doctor h.c. during a ceremony in 
his honor. For the occasion, the Ceremoniarius 
(master of the cetemony), former dean K n u t K a r l -
berg, held this speech; 

Sven Skjenneberg was born in 1923. H e has 
worked wi th reindeer husbandry and reindeer 
diseases nearly his entire working carrier as the 
director of research in reindeer husbandry for the 
Norwegian Ministry of Agriculture and as the 
director of Norway's National Reindeer Research, 
an organization with an office in Hatstad and a re­
search station in Lødingen. From 1981 and unt i l his 
retirement in 1994, Sven Skjenneberg was the 
sectetary of the Nordic Council for Reindeer 
Research and editor of the international, scientific 
journal Rangifer. Skjenneberg is well known for 
both independent reindeer research and the influen­
ce he has had on the reindeer research community 
through the years. Skjenneberg has earned the repu­
tation as the pioneet in modern research concerning 
reindeer husbandry and reindeer diseases. Together 
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with David R. K l e i n from the Univetsity of Alaska, 
Fairbanks, Skjenneberg took the initiative i n esta­
blishing "The First International Reindeer/Caribou 
Symposium". This has now grown ro become the 
"International Arct ic Ungulate Conference", which 
includes all the important arctic ruminants. 

It was also Skjenneberg who took the initiative 
for establishing the scientific journal Rangifer, for 
which he was editot the first 13 yeats. Skjenneberg 
has participated in a number of legal actions in 
which reindeer husbrandry has been involved, either 
as a member of the coutt or as an expert adviser 
appointed by the court. Respect for Sven 
Skjenneberg's expansive international activities, the 
scientific work he has accomplished and the coope­
rative work efforts he has initiated is acknowledged 
by, among many things, becoming an honorary doc­
tor at the Swedish University of Agricultural 
Sciences in 1993- The following year, he received 
the Norwegian Royal Medal of Honor. 

Through his important work, Skjenneberg has 
become highly respected in the scientific communi­
ty, reindeer husbandry management and among 
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reindeer herdsmen. "The veterinarian and artist" 
was a common expression used to describe 
Skjenneberg. His many individual exhibitions 
including both paintings and drawings has contri­
buted to this title. The artist has certainly inspired 
the professional scientist, but today, it is the scien­
tist which is honored. 

A word from the editor: 
A review of Skjenneberg's publications was presen­
ted in Rangifer (Vol. 13 (4), 229-232) after be­
coming an honorary docror in Uppsala in 1993. In 
addition to his professional (scientific) and artistic 
work mentioned by Ceremoniarius, it must also be 
mentioned that Sven Skjenneberg has a medal of 
merir for participation in the World War II. He has 
also been a boyscout troop leader for many years. In 
the area of gardening, he has held a number of talks 
in the planting of roses and clematis in Northern 

Norway. Together with his wife Ragnhild, 
Skjenneberg has at his home in Harstad a fabulous 
garden widely known for its many roses. 

After almost 40 years in Northern Norway, 
Skjenneberg is now moving from this part of the 
country to join close relatives in Southern Norway. 
For the occasion, the county veterinarian for Troms 
and Finnmark has taken the initiative of arranging a 
dinner in honor of Ragnhild and Sven Skjenneberg. 
In rhe invitation it is written: "For reindeer hus­
bandry, reindeer husbandry management and rhe 
vererinarians in this region, Sven has been an 
important cooperative partner and source of infor­
mation during rhis entire period. Sven's contributi­
on in reindeer husbandry has also gained extensive 
recognition outside Norway." 

The Nordic Council for Reindeer Research would 
like to extend a congratulation, and wish both of 
you all the best in your new home. 
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