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with mortality sensor transmitters. The study area was on the Kenai 
Peninsula, Alaska, in the calving areas within 13 km of the Kenai Moose 
Research Center (MRc). Forty-seven calves which remained bonded with 
their cows were monitored by aerial flights and by a fixed tower and 
monitoring station at the MRC for causes of mortality. Calf mortality 
was attributed to: black bear predation (16 calves, 34%), brown bear 
predation (3 calves, 6.4%), wolf predation (3 calves, 6.4%), unknown 
predation (2 calves, 4 . 3 % ) ,  and unknown mortality (2 calves, 4.3%). For 
both years total predation accounted for 48.9 percent of moose calf 
mortality and total moose calf mortality was 57.4 percent. 
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BACKGROUND 

R e s u l t s  of work accomplished under  Job 1.24R have been documented 
i n  two manuscr ip t s .  The f i r s t ,  "Causes of summer moose c a l f  m o r t a l i t y  
on t h e  Kenai P e n i n s u l a ,  Alaska" by A l b e r t  W .  Franzmann, C h a r l e s  C .  Schwartz 
and Rolf 0 .  P e t e r s o n ,  was prepared  f o r  p u b l i c a t i o n  i n  t h e  J o u r n a l  of 
W i l d l i f e  Management. It p r o v i d e s  t h e  body of t h i s  r e p o r t .  The second 
manuscr ip t ,  ompa par is on o f  t e c h n i q u e s  u t i l i z e d  t o  de te rmine  moose c a l f  
m o r t a l i t y  i n  Alaska" by Warren B .  B a l l a r d ,  A l b e r t  W .  Franzmann, Kenton P. T a y l o r ,  
Theodore A. S p r a k e r ,  C h a r l e s  C .  Schwartz and Rolf 0 .  P e t e r s o n ,  was 
p r e s e n t e d  by B a l l a r d  a t  t h e  1 5 t h  North American Moose Conference and 
Workshop i n  March 1979,  a t  Kenai ,  Alaska.  An a b s t r a c t  of t h a t  paper  
a p p e a r s  a s  Appendix I of t h i s  r e p o r t .  

Although n e o n a t a l  and summer moose (AZces a l e e $ )  c a l f  m o r t a l i t y  h a s  
long  been recognized  as a n  impor tan t  f a c t o r  i n  moose p o p u l a t i o n  dynamics,  
few d a t a  a r e  a v a i l a b l e  d e f i n i n g  c a u s e s .  I n  t h e  Tanana Val ley  of C e n t r a l  
Alaska,  Gasaway e t  a l .  (1977) recorded  a d e c r e a s e  i n  moose c a l f  numbers 
from 44 t o  1 4  p e r  100 cows from June  t o  November 1975 .  Based on a v a i l a b l e  
ev idence ,  t h e y  concluded t h a t  p r e d a t i o n  by wolves (Canis  Zupus) was t h e  
most p robab le  c a u s e  of t h e s e  l o s s e s .  S i g n i f i c a n t  p r e d a t i o n  by wolves on 
young u n g u l a t e s  h a s  been r e p o r t e d  e l sewhere  (Mech 1966, Mech and F r e n z e l  
1971, Kuyt 1972, Miller and- ~ r o u ~ h t o n  1974, and ~ a n s a l l e n b e r g h e  e t  a l .  
1975) .  

LeResche (1968) observed a decrease i n  moose c a l f  numbers from 84.3  
t o  36.2 p e r  100 cows from May t o  October n e a r  Palmer,  Alaska.  He d i d  
n o t  c o n s i d e r  b l a c k  b e a r s  (Ursus americanus)  a n  impor tan t  p r e d a t o r  of 
moose c a l v e s ,  b u t  observed a  brown b e a r  (Ursus a r c t o s )  k i l l i n g  a cow and 
two c a l v e s .  LeResche a l s o  r e p o r t e d  s e v e r a l  a c c i d e n t a l  c a l f  d e a t h s  and 
d e s e r t i o n  of c a l v e s  by cows i n  two i n s t a n c e s ,  Wolf p r e d a t i o n  was n o t  
cons idered  a problem. C h a t e l a i n  (1950) r e p o r t e d  a h i g h  i n c i d e n c e  of 
b l a c k  b e a r s  e a t i n g  young moose c a l v e s  on t h e  Kenai P e n i n s u l a .  

A f t e r  an  absence  of abou t  50 y e a r s ,  wolves reappeared  on t h e  Kenai 
P e n i n s u l a  d u r i n g  t h e  1 9 6 0 ' s .  P r e s e n t  d e n s i t i e s  s e a s o n a l l y  peak a t  
approx imate ly  one wol f /80  km2 on t h e  s t u d y  area ( P e t e r s o n ,  unpub. d a t a ) .  
With t h r e e  major p r e d a t o r s  on t h e  Kenai P e n i n s u l a  (wolves,  b l a c k  and 
brown b e a r s )  and f o u r  major u n g u l a t e s  (moose, c a r i b o u  [Rangifer  t a r a n d u s ] ,  
D a l l  sheep [Ovis daZZi] and mountain g o a t s  [Oreamnos a m e r i c a n u s l ) ,  i t  



was d e s i r a b l e  t h a t  we o b t a i n  a b e t t e r  unders tand ing  of p reda to r -p rey  
r e l a t i o n s h i p s  and t o  what e x t e n t  they  i n f l u e n c e d  summer moose c a l f  
m o r t a l i t y .  The technology developed by S c h l e g e l  (1976) i n  Idaho t o  
de te rmine  t h e  i n f l u e n c e s  of p r e d a t o r s  on e l k  (Cervus canadensis) c a l v e s  
was adopted t o  s t u d y  moose c a l v e s  i n  Alaska.  

OBJECTIVES 

To de te rmine  t h e  e x t e n t  and c a u s e s  of moose c a l f  m o r t a l i t y  on t h e  
Moose River  F l a t s ,  Kenai P e n i n s u l a .  

METHODS 

The s t u d y  was conducted from t h e  Moose Research Cente r  (MRC) which 
i s  c e n t e r e d  approx imate ly  1 3  km from each boundary of t h e  s t u d y  a r e a .  
The MRC i s  on t h e  Kenai N a t i o n a l  Moose Range i n  t h e  nor thwes te rn  Kenai 
P e n i n s u l a  lowlands .  D e t a i l e d  d e s c r i p t i o n  of t h e  s t u d y  a r e a  appeared i n  
Oldemeyer e t  a l .  (1977).  

Calves  were l o c a t e d  by v i s u a l  s e a r c h  from h e l i c o p t e r  ( B e l l  J e t  
Ranger 11) d u r i n g  t h e  peak c a l v i n g  p e r i o d  i n  l a t e  May and e a r l y  June.  
Cap ture  of c a l v e s  w a s  by: (1) immobi l iz ing t h e  cow w i t h  d a r t s  (Cap-
Chur, Palmer Co., D o u g l a s v i l l e ,  GA) f i r e d  from a  h e l i c o p t e r  and subsequen t ly  
l a n d i n g  t o  p r o c e s s  t h e  c a l f  which i n  most i n s t a n c e s  was s t a n d i n g  n e a r  
t h e  immobilized cow, o r  ( 2 )  c a l v e s  a l o n e  were cap tured  by approaching 
t h e  cow and c a l f  w i t h  t h e  h e l i c o p t e r  and f o r c i n g  t h e  cow away from t h e  
c a l f .  The h e l i c o p t e r  t h e n  landed n e a r  t h e  c a l f  and t h e  c a l f  was processed 
and r a d i o - c o l l a r e d ,  o r  j u s t  r a d i o - c o l l a r e d .  At tempts  were made t o  
o b t a i n  c a l v e s  as young a s  p o s s i b l e  (1-3 days  age) ;  t h i s  was b e s t  done by 
an a e r i a l  s e a r c h  of t h e  s t u d y  a r e a  d a i l y  and c a p t u r i n g  each c a l f  we 
found . 

From 29 May through 7  June  1977, 1 3  cows were immobilized and 
p rocessed  and 1 6  a s s o c i a t e d  c a l v e s  ( t h r e e  cows had twin  c a l v e s )  were 
r a d i o - c o l l a r e d  and p rocessed .  On 31 May and 7 June 1977, n i n e  c a l v e s  
were r a d i o - c o l l a r e d  w i t h o u t  immobi l iz ing t h e  cow. During 1977, 25 
c a l v e s  were r a d i o - c o l l a r e d  and 1 3  cows were immobilized.  Two c a l v e s  
d i e d  when t h e  cow d i e d ,  one c a l f ' s  r a d i o  f a i l e d  immediately and one 
c a l f  was found drowned t h e  day a f t e r  c a p t u r e .  From 24  May through 
1 3  June 1978, 10 cows were immobilized and processed and 11 a s s o c i a t e d  
c a l v e s  (one cow had twin  c a l v e s )  were r a d i o - c o l l a r e d  and p rocessed .  
From 24 May through 1 June  1978, 31 c a l v e s  were r a d i o - c o l l a r e d  wi thou t  
immobi l iz ing t h e  cow. During 1978, 42 c a l v e s  were r a d i o - c o l l a r e d  and 1 0  
cows were immobilized (Tab le  1 ) .  

P r o c e s s i n g  t h e  cows and c a l v e s  inc luded  blood-sampling t h e  cows 
from t h e  j u g u l a r  v e i n  (Franzmann and LeResche 1978) ;  blood-sampling t h e  
c a l v e s  from t h e  r a d i a l  v e i n  u s i n g  a 2 1  gauge n e e d l e  on a 1 0  c c  s y r i n g e ;  
p luck ing  and c o l l e c t i n g  a t  l e a s t  1 g r  of h a i r  from t h e  hump (Franzmann e t  a l .  
1975) ;  measuring t o t a l  l e n g t h ,  c h e s t  g i r t h  and h ind  f o o t  l e n g t h  (Franzmann e t  a l .  
1978) ;  weighing t h e  c a l v e s ;  e x t r a c t i n g  t h e  f i r s t  i n c i s o r  from t h e  cow 
f o r  a g i n g  (Sergean t  and P i m l o t t  1959) ;  and a s s e s s i n g  c o n d i t i o n  c l a s s  of 
t h e  cow (Franzmann and LeResche 1978) .  C o l l e c t e d  samples were processed 



as o u t l i n e d  by Franzmann e t  a l .  (1976).  Roto-tags (Nasco I n c . ,  Modesto, 
CA) were p laced  i n  each c a l f f s  e a r  and cows were v i s u a l - c o l l a r e d ,  ear-
tagged and f l a g g e d  (Franzmann e t  a l .  1974) .  

During 1977 t h e  cows were immobilized u s i n g  a  combinat ion of 7  mg 
e t o r p h i n e  (M-99, D-M Pharmaceu t ica l s  I n c . ,  R o c k v i l l e ,  M D ) ,  300 mg x y l a z i n e  
h y d r o c h l o r i d e  (Rompun, Haver-Lockhart, Shawnee, K S ) ,  and 250 u n i t s  
h y a l u r o n i d a s e  (Wydase, Wyeth L a b o r a t o r i e s ,  I n c . ,  P h i l a d e l p h i a ,  PA).  
Upon complet ion of p r o c e s s i n g  b o t h  cow and c a l f ,  o r  j u s t  c a l v e s ,  t h e  
a n t a g o n i s t  d i p r e n o r p h i n e  ( M  50-50, D-M Pharmaceu t ica l s ,  I n c . ,  R o c k v i l l e ,  
MD) was i n j e c t e d  i n t o  t h e  cow's j u g u l a r  v e i n ,  I n  1978 t h e  dosage of 
x y l a z i n e  h y d r o c h l o r i d e  was reduced from 300 mg per  a d u l t  cow t o  100 mg 
and t h e  e t o r p h i n e  dosage was i n c r e a s e d  from 7 t o  9 mg p e r  a d u l t  cow. 
Bya lurond iase  was n o t  used i n  t h e  immobi l iz ing m i x t u r e  i n  1978. 

I n  1977 t h e  r a d i o  t r a n s m i t t e r s  (AVM Ins t rument  Co., Champaign, I L )  
p laced  on t h e  c a l v e s  ranged i n  f requency  from 164.025 t o  164.919 and 
w h i l e  i n  motion pu l sed  a t  approximately  60 b e a t s l m i n u t e .  When movement 
ceased f o r  approx imate ly  f o u r  h o u r s  t h e  p u l s e  t r i p l e d  (188 t o  217 b e a t s / m i n ) .  
The r a d i o  c o l l a r  was des igned  t o  expand from 33 cm t o  66 cm c i rcumference  
and t h e n  f a l l  o f f ,  It was fash ioned  a f t e r  t h e  d e s i g n  f o r  expanding 
goose neck bands and was c o n s t r u c t e d  of v i n y l  p l a s t i c  ( 4  cm wide x 2 mrn 
t h i c k ) .  The t r a n s m i t t e r  w a s  encased i n  a c r y l i c  and f a s t e n e d  t o  t h e  
c o l l a r  by v i n y l  p l a s t i c  r i n g s  through which t h e  c o l l a r  cou ld  f r e e l y  
expand, A 25-cm i n s u l a t e d  w i r e  an tenna  p ro t ruded  from t h e  encased 
t r a n s m i t t e r  and extended a l o n g  t h e  s i d e  of t h e  c o l l a r .  I n  1978, t h e  
r a d i o  t r a n s m i t t e r s  ( T e l o n i c s  Co., Mesa, AZ) ranged i n  f requency from 
165.025 t o  165.170 MHz and w h i l e  i n  motion pu l sed  a t  approximately  60 
b e a t s l m i n u t e .  When movement ceased f o r  approximately  one hour t h e  p u l s e  
t r i p l e d .  Ribbon a n t e n n a s  ( 2  x 42 cm) were between two p o l y v i n y l  s t r i p s  
of t h e  expandable  c o l l a r  des igned  by S c h l e g e l  (1976) .  

From 30 May t o  15 June  1977, t h e  c a l v e s  were monitored and l o c a t e d  
by d a i l y  f l i g h t s  i n  a fixed-wing a i r c r a f t  (PA-12) equipped w i t h  two 
four-element y a g i  a n t e n n a s  clamped t o  each wing s t r u t  and connected t o  a 
r e c e i v e r  (AVM Ins t rument  Co., Champaign, IL). 

By 1 5  June  1977, a 30-m tower equipped w i t h  two y a g i  an tennas  had 
been e r e c t e d  a t  t h e  MRC. A Falcon F i v e  r e c e i v e r  ( W i l d l i f e  M a t e r i a l s  
I n c . ,  Carbondale,  IL)  and a u t o m a t i c  s c a n n e r  (W. W. Cochran d e s i g n )  were 
used t o  moni tor  t h e  c a l v e s .  S tand ing  c a l v e s  were e a s i l y  monitored i n  
s low mode b u t  w e  could  n o t  always d e t e c t  f a s t  mode s i g n a l s  when t h e  
c o l l a r  was on t h e  ground. These c i rcumstances  provided a n o t h e r  o p t i o n  
t o  moni tor  t h e  c a l v e s ,  t h a t  of r e g u l a r l y  (every  hour  o r  two) moni to r ing  
t h e  c a l v e s  w i t h  t h e  r e c e i v e r  a t  t h e  MRC. I f  a c a l f ' s  s i g n a l  was n o t  
heard  f o r  s e v e r a l  h o u r s ,  we were a l e r t e d  t o  moni tor  more i n t e n s i v e l y ,  
and i f  no s i g n a l  was heard  f o r  4  t o  6  h o u r s  we would check t h e  c a l f  u s i n g  
fixed-wing a i r c r a f t .  When a  f a s t  s i g n a l  was monitored w e  would s i m i l a r l y  
respond.  I f  a c a l f ' s  f a t e  could  n o t  b e  determined from t h e  fixed-wing 
a i r c r a f t ,  a h e l i c o p t e r  o r  f ixed-wing a i r c r a f t  on f l o a t s  (Cessna 185) was 
employed t o  go t o  t h e  a r e a .  Ground s e a r c h  was done w i t h  t h e  a i d  of a 
two-element, hand h e l d  an tenna  ( T e l o n i c s  C O . ,  Mesa, AZ) a t t a c h e d  t o  t h e  
p o r t a b l e  r e c e i v e r .  A thorough i n v e s t i g a t i o n  of t h e  c a l f  remains  and 



Table 1. Capture and spot capture status of moose cows and calves for 
calf mortality study on the K e n a i  Peninsula, Alaska. 

Calves 
Processed with cow 

Calves 
Processed without cow 2 

Cows 
Date Immobilized Bonded unknown1 Separated Bonded Unknown Separated 

29 May 77 10 


31 May 77 3 


7 June 77 


1977 Total 1 3 ~  

24 May 78 8 

25 May 78 

26 May 78 1 

29 May 78 

30 May 78 

1 June 78 

13June78 1 
-

1978 Total lo4 


Grand Total 22 15 4 9 32 4 4 

1 Unknown category includes calves dead at capture or immediate 

transmitter failure. 

2 Calves processed without cow in 1978 were radio-collared only. 
3 Three cows had t w i n  calves. 
4 One c o w  had twin calves. 



a r e a  was made and,  i f  p r e d a t i o n  was s u s p e c t e d ,  t h e  c a r c a s s  was examined 
f o r  p u n c t u r e  wounds, claw marks,  p a r t s  consumed and chewed, subcutaneous  
hemorrhage and p o s i t i o n .  S i g n s  around t h e  c a r c a s s ,  such a s  t racks ,  
s c a t s ,  h a i r ,  and beds  were no ted .  A necropsy was performed on c a l v e s  
which were s u f f i c i e n t l y  i n t a c t .  H a i r ,  s c a t  and bone samples were c o l l e c t e d  
and t h e  c a r c a s s  was photographed. 

During t h e  1978 c a l f  moni to r ing  p e r i o d  we r e l i e d  p r i m a r i l y  upon 
fixed-wing a i r c r a f t ,  because  t h e  MRC moni to r ing  system w a s  n o t  a lways 
f u n c t i o n i n g .  However, i n  1978 we had 1 6  b l a c k  b e a r s  and f o u r  brown 
b e a r s  r a d i o - c o l l a r e d  i n  t h e  s t u d y  a r e a  which provided a d d i t i o n a l  i n f o r m a t i o n  
on moose c a l f  m o r t a l i t y .  These  b e a r s  were r a d i o - c o l l a r e d  f o r  a n o t h e r  
s t u d y ,  b u t  w i t h  b e n e f i t s  of o b t a i n i n g  a d d i t i o n a l  i n f o r m a t i o n  on moose 
c a l f  m o r t a l i t y  as a secondary o b j e c t i v e .  

RESULTS 

F i e l d  t e c h n i q u e s  were modi f ied  w h i l e  we sea rched  f o r  methods which 
were most b e n e f i c i a l  and p r o d u c t i v e  t o  t h e  o v e r a l l  s t u d y  o b j e c t i v e ;  t o  
de te rmine  t h e  c a u s e  of n e o n a t a l  and summer moose c a l f  m o r t a l i t y .  S i x t y -
seven  moose c a l v e s  were r a d i o - c o l l a r e d  and 2 2  cows were immobilized 
d u r i n g  t h e  2-year s t u d y .  Cow-calf bonds were r e t a i n e d  i n  1 5  c a l v e s  
r a d i o - c o l l a r e d  w i t h  t h e  cow and 32 c a l v e s  r a d i o - c o l l a r e d  a l o n e ,  p r o v i d i n g  
47 r a d i o - c o l l a r e d  c a l v e s  t o  moni tor  (Table  1). By d e f i n i t i o n ,  a bonded 
cow and c a l f  o r  c a l v e s  were  a  u n i t  t h a t  remained t o g e t h e r  a t  l e a s t  48 
h o u r s  subsequent  t o  c a p t u r e .  

Cap ture  Method and Cow-calf S e p a r a t i o n  

Mean i n d u c t i o n  t ime  f o r  cow moose d u r i n g  t h e  s t u d y  w a s  8 .8  minu tes  
( range  3-17 min. ) .  The a l t e r a t i o n s  i n  dosage of e t o r p h i n e  and x y l a z i n e  
h y d r o c h l o r i d e  between y e a r s  and t h e  e l i m i n a t i o n  of h y a l u r o n i d a s e  i n  1978 
had no n o t i c e a b l e  a f f e c t  on r e s p o n s e  of t h e  cow d u r i n g  t h e  i n d u c t i o n  o r  
p o s t - i n d u c t i o n  p e r i o d .  I n  b o t h  y e a r s  we exper ienced  a  h i g h e r  p r o p o r t i o n  
of cow-calf s e p a r a t i o n  when t h e  cow was handled t h a n  when t h e  c a l f  a l o n e  
was c a p t u r e d  (37.9% v e r s u s  10 .5%) .  

I n  1978 w e  a l t e r e d  t h e  c a p t u r e  t e c h n i q u e  f o r  c a l v e s  a l o n e  i n  t h a t  
we d i d  n o t  c o l l e c t  p h y s i o l o g i c  d a t a  from t h e  c a l f  (b lood ,  h a i r ,  measurements 
and w e i g h t ) .  T h i s  was done t o  minimize cow-calf s e p a r a t i o n ,  because  i n  
1977 we had exper ienced  28.6 p e r c e n t  ( 2  of 7  c a l v e s )  s e p a r a t i o n  when 
when we took  t h e  a d d i t i o n a l  t ime  t o  c o l l e c t  t h e  d a t a ,  Cow-calf s e p a r a t i o n  
i n  1978 dropped t o  6.9 p e r c e n t  (2 of 29 c a l v e s )  (Table  1 ) .  

P h y s i o l o g i c  and Morphometric Measurements 

Because of cow-calf s e p a r a t i o n  problems exper ienced  w i t h  immobi l iz ing 
t h e  cow of t h e  c a l f  t o  b e  r a d i o - c o l l a r e d  and t ime  consumed i n  t a k i n g  
p h y s i o l o g i c  d a t a  from c a l f  o n l y  c a p t u r e s ,  we were n o t  a b l e  t o  o b t a i n  t h e  
q u a n t i t y  of p h y s i o l o g i c  and morphometric d a t a  t h a t  we a n t i c i p a t e d .  

Cows' a g e s  ranged from 4 t o  1 4  y e a r s  w i t h  a  median of 8 . 7  (n=23).  
There  w a s  a n  obvious  l a c k  of 4 t o  7-year-old moose which would r e p r e s e n t  



t h e  age  c o h o r t s  from t h e  e a r l y  1 9 7 0 ' s  when h i g h  c a l f  m o r t a l i t y  was 
exper ienced  on t h e  Kenai  P e n i n s u l a  (Franzmann and Arneson 1973) .  

Calf  w e i g h t s ,  measurements and p h y s i o l o g i c  d a t a  o b t a i n e d  d u r i n g  
t h i s  s t u d y  w i l l  be combined w i t h  similar d a t a  from o t h e r  moose c a l f  
s t u d i e s  i n  Alaska ( B a l l a r d  and Tay lor  1978) and r e p o r t e d  a s  b a s e - l i n e  
d a t a  f o r  moose c a l v e s  a t  p a r t u r i t i o n .  

Bonded Calf  M o r t a l i t y  

Only c a l v e s  t h a t  had r e t a i n e d  t h e  cow-calf bond f o r  a t  l e a s t  48 h o u r s  a f t e r  
c a p t u r e  were moni tored t o  e s t a b l i s h  n a t u r a l  m o r t a l i t y .  F i f t e e n  c a l v e s  
i n  1977 and 32 c a l v e s  i n  1978 remained bonded w i t h  t h e i r  cows. By 
13 J u l y  1977, 60 p e r c e n t  (9 c a l v e s )  of t h e  bonded c a l v e s  had been k i l l e d  
by p r e d a t o r s .  Black b e a r  p r e d a t i o n  was 40 p e r c e n t  (6  c a l v e s ) ;  wolf 
p r e d a t i o n  was 6.7 p e r c e n t  ( 1  c a l f ) ;  brown b e a r  p r e d a t i o n  was 6.7 p e r c e n t  
(1 c a l f ) ;  unknown p r e d a t i o n  was 6.7 p e r c e n t  ( 1  c a l f ) ,  and unknown 
m o r t a l i t y  was 6.7 p e r c e n t  ( 1  c a l f ) .  T o t a l  m o r t a l i t y  was 66.7 p e r c e n t  
(10 c a l v e s )  (Table  2 ) .  By 30 J u l y  1978, 43.8 p e r c e n t  (14 c a l v e s )  had been 
k i l l e d  by p r e d a t o r s .  Black b e a r  p r e d a t i o n  was 31.3 p e r c e n t  (10 c a l v e s ) ;  
brown b e a r  p r ~ d a t i o n  was 6 . 3  p e r c e n t  ( 2  c a l v e s ) ;  and wolf p r e d a t i o n  was 
6 .3  p e r c e n t  ( 2  c a l v e s ) ;  a c c i d e n t a l  d e a t h  was 6 .3  p e r c e n t  ( 2  c a l v e s ) ,  and 
unknown d e a t h  was 2 .1  p e r c e n t  ( 1  c a l f )  (Table  2 ) .  Pat terns  and p r o p o r t i o n s  
of m o r t a l i t y  were s i m i l a r  f o r  b o t h  y e a r s .  P r e d a t i o n  accounted f o r  48.9 
p e r c e n t  of moose c a l f  m o r t a l i t y  ( b l a c k  bear--34.0%, brown bear--6.4%, 
wolf--6.4%, and unknown predator--2 .1%).  T o t a l  moose c a l f  m o r t a l i t y  f o r  
b o t h  y e a r s  was 57.4 p e r c e n t .  

I n  1978 no b l a c k  b e a r  p r e d a t i o n  w a s  recorded a f t e r  1 8  June and i n  
1977 none a f t e r  1 3  J u l y  w i t h  a l l .  b u t  one o c c u r r i n g  i n  June.  Calves were 
monitored t o  5 August 1977; by t h e n  t h e  t h r e e  remaining r a d i o - t r a n s m i t t e r s  
e i t h e r  had f a l l e n  o f f  o r  ceased t o  f u n c t i o n .  For 1978 s i x  r a d i o - t r a n s m i t t e r s  
were s t i l l  on c a l v e s  and f u n c t i o n i n g  on 5 A p r i l  1979. 

M o r t a l i t y  assessments  were made on a case by c a s e  b a s i s .  Each 
t n o r t a l i t y  had i t s  own c h a r a c t e r i s t i c s  and c i rcumstances .  The f o l l o w i n g  
c a s e  h i s t o r i e s  from c a l v e s  monitored w i l l  demons t ra te  t h i s  and p r o v i d e  
t h e  b a s i s  f o r  judgements made. 

Calf  #41-145 was monitored on f a s t  mode a t  1600 h r s  on 2  June 1977 and 
w e  a r r i v e d  a t  t h e  s i t e  a t  1900 h r s .  No p r e d a t o r s  were s e e n  i n  t h e  a r e a .  
The cow w a s  s i g h t e d  100 m from t h e  c a r c a s s  (/I41 c o l l a r ) .  B i rch  (BetuZa 
papyr i fma) - - spruce  (Picea marianu)  canopy cover  was approximately  1 0  
p e r c e n t .  The uncovered c a r c a s s  w a s  90 p e r c e n t  consumed, w i t h  on ly  
p a r t s  of s k u l l ,  mandible and t e e t h ,  broken femurs,  o t h e r  bone p i e c e s  and 
t h e  p a r t i a l l y  i n v e r t e d  h i d e  remaining.  No p r e d a t o r  s i g n  w a s  l o c a t e d  
( s c a t s ,  h a i r ,  o r  p r i n t s ) .  The h i d e  was r ipped  i n  s e v e r a l  p l a c e s .  The 
c a u s e  of m o r t a l i t y  was recorded a s  unknown p r e d a t o r ,  b u t  was l i k e l y  a 
b l a c k  o r  brown h e a r ,  a s  b e a r s  w i l l  i n v e r t  t h e  h i d e .  

Calf  #43-141 was l o c a t e d  by fixed-wing a i r c r a f t  on 2 June  1977, 
w i t h  a  b l a c k  wolf n e a r  t h e  s low mode s i g n a l  s i t e  a t  0800. A t  1930 w e  
went t o  t h e  a r e a  by h e l i c o p t e r .  The b l a c k  wolf was a g a i n  s i g h t e d  i n  t h e  



Table 2. Causes of moose calf mortality based upon monitoring 47 calves 
during sunrmers 1977-78 on the Kenai Peninsula, Alaska. 


1977 Percent 1978 Percent 1977 Percent 
(11-15) (11-32) 1978 (11-47) 

Black bear 6 40.0 10 31.3 16 34.0 


Brown bear 1 6.7 2 6.3 3 6.4 


Wolf 1 6.7 2 6.3 3 6.4 


Unknown 1 6.7 0 0 1 2.1 

Predator 


Total predator 9 60.0 14 43.8 23 48.9 

mortality 


Accidental 0 0 2 6.3 2 4.3 

Unknown 1 6.7 1 3.1 2 4.3 

Total 10 66.7 17 53.1 27 57.4 

mortality 




a r e a ,  and t h e  s i g n a l  was s t i l l  on s low mode. The c a l f ' s  c a r c a s s  was 
found b u r i e d  i n  t h e  d u f f  l a y e r  a t  t h e  b a s e  of a  h i l l  i n  a  mature  b i r c h  
s t a n d  w i t h  50 p e r c e n t  canopy cover .  The c a l f  was approx imate ly  40 
p e r c e n t  consumed w i t h  t h e  h ind  l e g s  l y i n g  47 m from t h e  remainder  of t h e  
b u r i e d  c a r c a s s  ( h i d e  s t i l l  i n t a c t ) .  The r a d i o  c o l l a r  was on the c a r c a s s .  
The cow w a s  n o t  s e e n  i n  t h e  a r e a .  Wolf p r e d a t i o n  was c o n s i d e r e d  t o  be  t h e  
c a u s e  of m o r t a l i t y .  

On 3  June  1977, a  b l a c k  b e a r  was s i g h t e d  a t  0745 n e a r  t h e  s low mode 
s i g n a l  o r i g i n  of c a l f  #42-143, b u t  n e i t h e r  cow n o r  c a l f  was observed.  
On subsequent  morning f l i g h t s  ( 4  and 5 June)  n e i t h e r  cow n o r  c a l f  was 
s i g h t e d ,  though t h e  s i g n a l  o r i g i n  l o c a t i o n  remained t h e  same. A t  1900 
on 5  June a  f a s t  mode s i g n a l  was d e t e c t e d  1900 m over  Kenai A i r p o r t .  On 
7  June  we went t o  t h e  s i t e  v i a  h e l i c o p t e r  and found t h e  c a l f  c a r c a s s  84 
p e r c e n t  consumed (by w e i g h t ) ,  A l l  t h a t  remained were bone f ragments  and 
t h e  p a r t i a l l y  i n v e r t e d  h i d e ,  which had 30-40 cm t e a r s .  The r a d i o  w a s  
20 m from t h e  f e e d i n g  s i t e .  Four b e a r  s c a t s  were l o c a t e d  w i t h i n  a 30 m 
r a d i u s  of t h e  f e e d i n g  s i t e .  Black b e a r  p r e d a t i o n  was recorded  a s  t h e  
c a u s e  of m o r t a l i t y .  

On 11 June 1977, cow #48 and c a l f  #48-148 had moved 17.6 km up 
Thurman Creek i n t o  t h e  mountains.  The s i g n a l  l o c a t i o n  was i d e n t i f i e d  
b u t  t h e  c a l f  was n o t  s e e n  i n  t h e  heavy spruce .  Two b l a c k  b e a r s  were 
s i g h t e d  i n  t h e  a r e a .  On 1 2  June  a t  0830 t h e  s low mode s i g n a l  was 
l o c a t e d  f a r t h e r  up Thurman Creek b u t  n e i t h e r  cow nor  c a l f  were seen .  A b l a c k  
b e a r  was s i g h t e d  1 km from t h e  s i g n a l .  On t h e  morning of 1 3  June t h e  
s i g n a l  w a s  on f a s t  mode. We went t o  t h e  a r e a  v i a  h e l i c o p t e r  and l o c a t e d  
t h e  uncovered c a l f  c a r c a s s  on a  h i l l s i d e  n e a r  Thurman Creek i n  a 20 
p e r c e n t  s p r u c e  canopy cover .  The p a r t i a l l y  i n v e r t e d  h i d e  and p a r t i a l l y  
e a t e n  head ( e a r s ,  tongue,  and nose)  were a t  a s i t e  1 2  m from t h e  broken 
r a d i o  c o l l a r ,  p a r t s  of broken femur, and s c a p u l a ,  No p r e d a t o r  s i g n  was 
found i n  t h e  a r e a .  The c a u s e  of m o r t a l i t y  was determined t o  be b l a c k  
b e a r  p r e d a t i o n .  

On 1 2  June  1977, a t  0930 t h e  c a r c a s s  of c a l f  #50-126 was s i g h t e d  i n  a  
clump of s p r u c e  from a fixed-wing a i r c r a f t .  A l a r g e  b l a c k  b e a r  was 
f e e d i n g  on a  winter- ill c a l f  60 m from t h e  c a l f  c a r c a s s .  Cow #50 was 
n o t  i n  t h e  a r e a .  The r a d i o  s i g n a l  was on s low mode. On 1 3  June we went 
t o  t h e  s i t e  v i a  h e l i c o p t e r .  The s i g n a l  was s t i l l  on s low mode and t h e  
cow was s t i l l  not  i n  s i g h t .  The uncovered c a r c a s s  was 80 p e r c e n t  consumed 
( a l l  f l e s h  e x c e p t  one t h i g h )  and was l o c a t e d  i n  a s p r u c e  bog a r e a  w i t h  
30 p e r c e n t  canopy cover .  The l e g  bones were n o t  cracked and t h e  head 
was e a t e n .  The h i d e  was p a r t i a l l y  i n v e r t e d  and t o r n .  The cause  of 
m o r t a l i t y  was determined a s  b l a c k  b e a r  p r e d a t i o n .  

From 0300 on 14 June  1977 t o  1400 on 1 5  June w e  were n o t  a b l e  t o  
moni tor  any s i g n a l  from c a l f  #I57 u s i n g  t h e  tower and r e c e i v e r  a t  t h e  
MRC. A f ixed-wing a i r c r a f t  was flown t o  t h e  a r e a  and two l a r g e  brown 
b e a r s  were s e e n  f e e d i n g  on t h e  c a r c a s s  of c a l f  #157. No f l i g h t s  were 
made t o  l a n d  a t  t h e  s i t e  because  t h e  p r e d a t o r  had been p o s i t i v e l y  i d e n t i f i e d .  
The remains  a t  t h e  s i t e  were n e g l i g i b l e ,  Brown b e a r  p r e d a t i o n  was recorded a s  
t h e  cause  of m o r t a l i t y .  



The s i g n a l  from iI44-189 was s p o r a d i c  o r  n o t  heard  a t  MRC on 21  and 
22 June 1977. The f a s t  mode s i g n a l  was r e c e i v e d  v i a  f ixed-wing a i r c r a f t  
on 23 June  a t  0930 and t h e  c a r c a s s  was s i g h t e d .  A t  1500 we a r r i v e d  a t  
t h e  s i t e  v i a  f ixed-wing a i r c r a f t  on f l o a t s .  The c a l f  c a r c a s s  w a s  300 m 
s o u t h  of Buteo Lake i n  s p r u c e - b i r c h  regrowth w i t h  1 0  p e r c e n t  canopy 
cover .  The c a r c a s s  was 95 p e r c e n t  u t i l i z e d  w i t h  on ly  mandibles  and 
t e e t h ,  hooves,  h i d e  and bone f ragments  remaining.  The broken r a d i o  
c o l l a r  was a t  t h e  f e e d i n g  a r e a .  Black b e a r  s i g n  w a s  e v i d e n t  ( f o u r  
s c a t s ,  and t r a c k s ) .  The c a r c a s s  w a s  n o t  covered,  b u t  t h e r e  were two 
excavated a r e a s  ( 1  m2) w i t h i n  1 0  m of t h e  c a r c a s s .  The cow was n o t  i n  t h e  
a r e a .  The c a u s e  of m o r t a l i t y  was recorded  a s  b l a c k  b e a r  p r e d a t i o n .  

The s i g n a l  from c a l f  /I191 went o f f  on 29 June  (0715 h r s )  and was 
n o t  p icked up a g a i n  u n t i l  30 June (2130 h r s )  when i t  w a s  on s low mode. 
The n e x t  morning (1 J u l y ,  0645 h r s )  i t  was on f a s t  mode. We i n s p e c t e d  
t h e  s i t e  on t h e  a f t e r n o o n  of 1 J u l y  and determined i t  t o  b e  b l a c k  b e a r  
p r e d a t i o n .  There  were 10 b l a c k  b e a r  s c a t  p i l e s  i n  t h e  a r e a .  The c a r c a s s  
was 90 p e r c e n t  u t i l i z e d  under 20 p e r c e n t  canopy cover .  The c a l f  had 
moved n e a r l y  20 km from 27 June  t o  29 June.  The k i l l  s i t e  was 20 km 
from tower ,  and we r e c e i v e d  a good s i g n a l ,  pe rhaps ,  because  t h e  t r a n s m i t t e r  
w a s  l y i n g  under a v e r y  t a l l  s p r u c e  t r e e .  

On 5 J u l y  1977, c a l f  #38-163 was monitored by a i r c r a f t  on f a s t  
mode. Nothing cou ld  be s i g h t e d  i n  t h e  a r e a  which was 25 km e a s t  of 
t h e  tower n e a r  t h e  Chickaloon River .  The h e l i c o p t e r  was used t o  go 
t o  t h e  a r e a  and we found o n l y  t h e  i n t a c t  c o l l a r .  An i n t e n s i v e  s e a r c h  
of t h e  a r e a  provided no c l u e s ;  however, t h e  c o l l a r  had s m a l l  t e e t h  marks 
i n  i t  and we assumed t h e  c o l l a r  had been c a r r i e d  t o  t h e  a r e a  by a s m a l l  
mammal. No c a u s e  of m o r t a l i t y  could  b e  determined f o r  t h i s  c a l f .  

On 1 5  J u l y  1977, c a l f  #SO-148 was moni tored by fixed-wing a i r c r a f t  
on f a s t  mode. An on-ground i n s p e c t i o n  a t  t h e  s i t e  i n d i c a t e d  b l a c k  b e a r  
p r e d a t i o n .  Black b e a r  s c a t s ,  t r a c k s  and h a i r  were found a t  t h e  s i t e .  
The c a l f  had been s i g h t e d  i n  t h e  a r e a  on 12 J u l y ,  and we assumed t h a t  no 
s i g n i f i c a n t  movement was a s s o c i a t e d  w i t h  p r e d a t i o n  i n  t h i s  c a s e .  

On 27 May 1978, twin  c a l v e s  /I1872 and Ill863 were monitored on f a s t  
mode v i a  f ixed-wing a i r c r a f t  f l i g h t .  When l o c a t e d  on t h e  ground, b o t h  
c a l v e s  were approx imate ly  75 p e r c e n t  consumed, Rad io-co l la red  b l a c k  
b e a r  B-5 was about  1 .6  km from t h e  k i l l  s i t e ,  No p r e d a t o r  s i g n  was n e a r  
t h e  a r e a ;  however, when a u t o p s i e d  /I1872 had f o u r  s k u l l  punc ture  wounds, 
two on each s i d e  of t h e  s k u l l  w i t h  one p o s t e r i o r  and one a n t e r i o r  t o  t h e  
eye.  The wounds were 6 and 7 cm a p a r t  i n d i c a t i n g  t h e  p r e d a t o r  was a 
b l a c k  b e a r .  Calf  ill863 had p u n c t u r e  wounds over  t h e  l o i n  a r e a  and t h e  
p e l v i s  was c rushed .  The cow was s t a n d i n g  approximately  50 m from t h e  
c a l v e s .  The c a l v e s  were  i n  t h e  same a r e a  a s  t h e y  w e r e  t h e  day b e f o r e .  
Both were  v e r y  s m a l l  c a l v e s  weighing l e s s  t h a n  14  kg. 

On 29 May 1978, c a l f  #251 was moni tored on f a s t  mode from t h e  MRC 
tower.  We went t o  t h e  s i t e  v i a  h e l i c o p t e r  and found b o t h  c a l f  /I251 and 
i t s  twin  /I253 dead.  Calf  /I251 was 85 p e r c e n t  consumed and a 1 1  t h a t  
remained was t h e  h i d e ,  head,  and lower l e g s ,  Calf  !I253 was 65 p e r c e n t  
consumed. The h i d e ,  head and most of t h e  red  m e a t  were n o t  e a t e n .  The 



tongue was removed. Four b l a c k  b e a r  s c a t s  and t h r e e  beds were i n  t h e  
immediate v i c i n i t y  of t h e  k i l l .  One hour  a f t e r  we found t h e  c a l v e s ,  
b l a c k  b e a r  B-8 was rad io - t racked  and l o c a t e d  1 . 6  km from t h e  k i l l  s i t e .  
Both c a l v e s  had been observed n e a r  t h e  k i l l  s i t e  t h e  p r e v i o u s  day w i t h  
t h e  cow. On 27 May t h e  cow and twins  were l o c a t e d  about  1 km n o r t h  of 
t h e  28 May s i g h t i n g .  T h i s  p r e d a t i o n  was c l a s s i f i e d  as b l a c k  b e a r .  

Calf  #I854 was monitored from t h e  fixed-wing a i r c r a f t  on 1 June  
1.978 on f a s t  mode. The c a l f  was l o c a t e d  2 km from i t s  o r i g i n a l  c a p t u r e  
s i t e .  It  had been 90 p e r c e n t  consumed. A l l  t h a t  remained were t h e  
h i d e  and lower l imbs.  The s k u l l  had been opened and b r a i n s  removed. 
There  were s i x  b l a c k  b e a r  s c a t s  n e a r  t h e  c a r c a s s .  

Calf #I865 was monitored from t h e  fixed-wing a i r c r a f t  on f a s t  mode on 
1 June  1978. The 90 p e r c e n t  consumed c a r c a s s  w a s  found 100 m from 
c a p t u r e  s i te ;  e v e r y t h i n g  had been e a t e n  excep t  t h e  head,  h i d e  and lower 
l e g s .  One b l a c k  b e a r  s c a t  was l o c a t e d  n e a r  t h e  c a r c a s s ,  Both c a l f  /I1854 
and /I1865 had been k i l l e d  w i t h i n  24  h o u r s  of our  l o c a t i n g  them. 

Calf  #5-239 was moni tored by fixed-wing a i r c r a f t  on f a s t  mode on 
4 June  1978. The c a l f  had been on ly  30 p e r c e n t  consumed. Radio-col lared 
b l a c k  b e a r  B-13 was o n l y  100 m from k i l l  s i t e  and we b e l i e v e  t h a t  t h e  
b e a r  was f r i g h t e n e d  away from t h e  c a r c a s s  a t  o u r  approach.  Only t h e  
v i s c e r a ,  l o i n  and p a r t  of t h e  h ind  l e g s  had been e a t e n .  Black b e a r  h a i r  
was found 2 m from t h e  k i l l  s i t e  between t h e  k i l l  s i t e  and t h e  c a r c a s s .  

Calf  #18701s s i g n a l  was monitored on f a s t  mode from t h e  MRC on 
12 June  1978. It had been 90 p e r c e n t  consumed b u t  i n s t e a d  of hav ing  i t s  
v i s c e r a  consumed and r e d  meat p a r t i a l l y  e a t e n ,  t h e  v i s c e r a  were l y i n g  a t  
t h e  s i t e .  The h ind  l e g s  had been dragged away 20 m from k i l l  s i t e .  The 
ends  of t h e  bone and j o i n t  s u r f a c e s  had been chewed and t h e  h i d e  was 
i n v e r t e d  on t h e  l imbs.  A wolf t r a c k  w a s  impr in ted  on t h e  s p i l l e d  rumen 
c o n t e n t .  About 3 m from t h e  s i t e  a n o t h e r  wolf t r a c k  was impressed i n  
t h e  muskeg. 

On 14 June  1978, a f a s t  s i g n a l  was d e t e c t e d  from c a l f  #9708 from 
t h e  MRC tower.  The c a l f  had been r e g u l a r l y  observed n e a r  t h e  o l d  d r i l l i n g  
pad on t h e  road t o  t h e  MRC. W e  d rove  t o  t h e  pad and picked up t h e  
s i g n a l  and walked t o  t h e  c a l f .  The c a l f  was n e a r l y  100 p e r c e n t  consumed. 
A l l  t h a t  remained were bone f ragments ,  t h e  .jaw and t e e t h .  One b e a r  s c a t  
was 5 m from t h e  f e e d i n g  s i t e  and a n o t h e r  about  10 m away. The s c a t s  
appeared t o  b e  b l a c k  b e a r  based on s i z e ,  and c o n s i s t e d  p r i m a r i l y  of 
c r a n b e r r i e s  and v e g e t a t i o n ,  however, i t  could  have been a brown b e a r .  

On 1 5  June 1978, c a l f  #255 was t r a c k e d  t o  an  a r e a  a d j a c e n t  t o  
Rabbi t  Foot Lake. The s i g n a l  came from a clump of t r e e s  n e a r  t h e  l a k e ,  
b u t  no cow o r  c a l f  could  be s e e n ,  A f t e r  we c i r c l e d  t h e  a r e a ,  a female  
brown b e a r  and two 2 112-year-old cubs  came from t h e  wooded a r e a .  The 
s i g n a l  con t inued  on t h e  s low mode, bu t  we suspec ted  t h a t  t h e  s i g n a l  
would b e  on f a s t  mode w i t h i n  a s h o r t  p e r i o d  of t ime.  At tempts  t o  moni tor  
t h e  s i g n a l  from t h e  MRC f a i l e d .  The n e x t  day we a t t empted  t o  moni tor  
t h e  s i g n a l  from t h e  fixed-wing a i r c r a f t ,  b u t  even d i r e c t l y  o v e r  t h e  
a r e a  we could  n o t  p i c k  up t h e  s i g n a l .  On 1 8  J u l y  1978, we took  a h e l i c o p t e r  
t o  t h e  a r e a  and a f t e r  ground s e a r c h i n g  found t h e  c a l f  and r a d i o ,  The 
c a l f  had been n e a r l y  comple te ly  consumed and t h e  r a d i o - t r a n s m i t t e r  was 



damaged. The an tenna  was t o r n  from t h e  r a d i o  c o l l a r  and t h e  t r a n s m i t t e r  
i t s e l f  was n o t  f u n c t i o n i n g .  We concluded t h a t  t h e  brown b e a r s  had 
k i l l e d  t h e  c a l f ,  pe rhaps  j u s t  b e f o r e  o u r  i n i t i a l  f l i g h t  over  t h e  a r e a ,  
and had a l s o  d e s t r o y e d  t h e  r a d i o  t r a n s m i t t e r .  W e  were f o r t u n a t e  t o  have 
found t h e  c a l f .  T h i s  i n s t a n c e  s u p p o r t s  one of t h e  main r e a s o n s  f o r  
r e l o c a t i n g  t h e  an imals  r e g u l a r l y .  

On 17  June 1978, c a l f  {I1866 was monitored on f a s t  mode from t h e  
MRC. A t  t h e  s i te  w e  found t h e  c a l f  90 p e r c e n t  consumed. Only t h e  h i d e  
and lower l imbs  w e r e  remaining.  There  were two b l a c k  b e a r  s c a t s  i n  t h e  
a r e a  and b l a c k  b e a r  h a i r  was d i s c o v e r e d  a t  t h e  k i l l  s i t e .  T h i s  was one 
c a l f  of a set of t w i n s ;  t h e  o t h e r  twin  and t h e  cow were about  500 m from 
t h e  k i l l  unharmed. On 1 6  June  1978, t h e  cow and bo th  c a l v e s  had been 
l o c a t e d  about  3 km e a s t  of t h e  k i l l  s i t e .  

On 17 June 1978, a f a s t  mode s i g n a l  w a s  hea rd  from c a l f  ill860 v i a  
fixed-wing a i r c r a f t ,  b u t  we could  n o t  s e e  t h e  c a l f  i n  t h e  s p r u c e  f o r e s t  
n e a r  Bear Lake. On 1 8  June  1978, we landed on Bear Lake, t r a c k e d  t h e  
c a l f ,  and found i t  95 p e r c e n t  consumed. A l l  t h a t  remained were t h e  
h i d e  and hooves and bone and t e e t h  f ragments ;  t h e  s k u l l  t o p  was removed 
and b r a i n s  e a t e n ,  Subcutaneous hemorrhage and punc ture  marks were 
l o c a t e d  on t h e  h i d e  i n  t h e  rump a r e a .  A l a r g e  s c a t  w a s  found i n  t h e  
a r e a  which con ta ined  many bone and h a i r  f ragments  and brown b e a r  h a i r  
was found a d j a c e n t  t o  t h e  k i l l  on bushes .  

On 1 8  June 1978, b l a c k  b e a r  B-8 was rad io - t racked  and l o c a t e d  
approx imate ly  200 m s o u t h  of Red P o l l  Lake. T h i s  a d u l t  male b e a r  was 
observed t r a v e l i n g  n o r t h  and f e e d i n g  on v e g e t a t i o n .  Approximately 30 
minutes  l a t e r ,  c a l f  /I1975 was l o c a t e d  on t h e  s o u t h  s h o r e  of Red P o l l  
Lake, I n i t i a l l y ,  o n l y  t h e  cow was observed.  She appeared t o  b e  v e r y  
a g i t a t e d  and paced back and f o r t h  i n  a s m a l l  (50 m2) a r e a  w i t h  h e r  head 
down and ears back. A f t e r  c o n s i d e r a b l e  s e a r c h i n g ,  t h e  c a l f  was l o c a t e d  
30 m from t h e  cow. Black b e a r  B-8 was l y i n g  about  3 m from t h e  c a r c a s s .  
It appeared t h a t  B-8 had j u s t  k i l l e d  t h i s  c a l f .  We r e t u r n e d  t o  this 
a r e a  i n  a h e l i c o p t e r  w i t h i n  one hour .  The c a l f  had been p a r t i a l l y  e a t e n  
( v i s c e r a ,  l o i n ,  and r i b s )  and i t s  c a r c a s s  was s t i l l  warm. Black b e a r  B-
8 was s i g h t e d  100 m from t h e  c a r c a s s .  There  was a l s o  one b l a c k  b e a r  
s c a t  2 m from t h e  k i l l  s i t e ,  p l u s  an  obvious  bed. 

On 1 0  J u l y  1978, a f a s t  mode s i g n a l  was d e t e c t e d  from c a l f  #12-1865 
v i a  f ixed-wing a i r c r a f t .  The c a l f  was s i g h t e d  from t h e  a i r  l y i n g  a long  
R i f l e  Lake w i t h  t h e  cow ( # I 2  v i s u a l  c o l l a r )  nea rby .  We went t o  t h e  a r e a  
on f o o t  and found t h e  i n t a c t  c a l f .  The cow was s t i l l  i n  t h e  a r e a .  
Examination of t h e  c a l f  r e v e a l e d  a punc ture  wound m e d i a l l y  t o  t h e  p o i n t  
of t h e  s h o u l d e r .  Autopsy r e v e a l e d  t h a t  t h e  wound progressed  p o s t e r i o r l y  
and p e n e t r a t e d  t h e  c h e s t  w a l l  between t h e  f o u r t h  and f i f t h  r i b s  f r a c t u r i n g  
t h e  d i s t a l  end of t h e  f i f t h  r i b .  Lnf1,ammation was e v i d e n t  throughout  
t h e  t h o r a x .  A fragment of wood was found i n  t h e  wound i n d i c a t i n g  a 
p o s s i b l e  punc ture  w i t h  a s t i c k .  

Calf  /I1852 was monitored on f a s t  mode s i g n a l  on 1 August 1978 by 
fixed-wing a i r c r a f t .  Nothing could  b e  s e e n  from t h e  a i r .  A h e l i c o p t e r  
was t a k e n  t o  t h e  a r e a  6 h o u r s  later .  The c a r c a s s  was 90 p e r c e n t  
consumed, however, t h e  d i g e s t i v e  t r a c t  was r e l a t i v e l y  i n t a c t .  Rumen 
c o n t e n t  had s p i l l e d  o u t .  Three  wolf s c a t s  and e i g h t  beds  were i n  t h e  



immediate a r e a .  The k i l l  s i t e  and f e e d i n g  s i te  were b o t h  i d e n t i f i e d .  
The c a l f ' s  m o r t a l i t y  was c l a s s i f i e d  a s  wolf p r e d a t i o n .  

On 7  August 1978, a f a s t  mode s i g n a l  was d e t e c t e d  from c a l f  #1863A 
v i a  fixed-wing a i r c r a f t  n e a r  Nest  Lake. W e  went t o  t h e  c a l f  on f o o t  and 
found t h e  c a l f  i n t a c t .  The c a l f  had wounds on t h e  lower jaw, t h r o a t ,  
r i g h t  h ind  l e g  below t h e  hock, and on each s i d e  of t h e  l o i n  a r e a .  A l l  
wounds were s u p p u r a t i n g .  Autopsy r e v e a l e d  e x t e n s i v e  inf lammation of t h e  
l u n g s .  Death a p p a r e n t l y  was caused by secondary i n f e c t i o n  from t h e  
p u n c t u r e  wounds. We assumed t h a t  t h e  c a l f  s u r v i v e d  a p r e d a t o r  a t t a c k ,  
b u t  d i e d  l a t e r  from t h e  e f f e c t s  of t h a t  a t t a c k .  However, we d i d  c l a s s i f y  
t h e  d e a t h  as a c c i d e n t a l .  

On 20 September 1978 we d e t e c t e d  a f a s t  s i g n a l  from a r a d i o - t r a n s m i t t e r  
t h a t  we thought  had malfunct ioned.  W e  went t o  t h e  s i t e  and d i s c o v e r e d  
t h a t  we had n o t  t aken  t h e  magnet o f f  t h e  t r a n s m i t t e r  when we o r i g i n a l l y  
c o l l a r e d  t h e  c a l f  and t h a t  i t  took  n e a r l y  4 months b e f o r e  t h e  l~lagnet 
moved enough t o  a c t i v a t e  t h e  t r a n s m i t t e r .  The c a l f  had d i e d  when on ly  
a few days  o l d ,  b u t  c a u s e  of d e a t h  could  n o t  be  determined and i t  w a s  
c l a s s i f i e d  unknown. 

On 27 January  1979 t h e  r a d i o - t r a n s m i t t e r  from c a l f  818728 w a s  
t u r n e d  i n  a t  t h e  F i s h  and G a m e  o f f i c e  a t  Soldotna.  The t r a n s m i t t e r  
and c o l l a r  were l o c a t e d  a t  a  wolf k i l l  s i t e  n e a r  Ursus Lake. The 
c a l f ' s  s h o u l d e r  was opened and most of t h e  s h o u l d e r  was e a t e n .  The 
wolf had a l s o  e a t e n  through t h e  r i b  cage and t h e  h e a r t ,  l u n g s ,  and 
l i v e r  were e a t e n .  The c a l f ' s  body was s t i l l  w a r m .  The o n l y  t r a c k s  
a t  t h e  s i t e  were wolf t r a c k s ,  and t h e  observer  thought  t h e r e  were 
t h r e e  o r  f o u r  d i f f e r e n t  s e t s  of wolf t r a c k s .  

On 1 6  May 1979, J i m  Woll ington,  Kenai N a t i o n a l  Moose Range, r ecovered  
t h e  r a d i o  t r a n s m i t t e r  and c o l l a r  from c a l f  111873 i n  t h e  Thurman Creek 
d r a i n a g e .  T h i s  had been i d e n t i f i e d  as a  w o l f - k i l l e d  c a l f  by aerial  
o b s e r v a t i o n  on 27 January  1979; however, a t  t h a t  t i m e  t h e ' o b s e r v e r  was 
not  aware t h a t  t h e  c a l f  had a r a d i o  c o l l a r .  

On 24 February 1979, two c a l f  s i g n a l s  were on f a s t  mode. Calf  /I9709 
was l o c a t e d  a t  F o r e s t  Lake and c a l f  1118578 a t  Vixen Lake, c a u s e  of 
d e a t h  was n o t  d e f i n a t e l y  determined f o r  e i t h e r  c a l f ,  b u t  we b e l i e v e  
c a l f  ill8578 s t a r v e d .  

The l a s t  f o u r  m o r t a l i t i e s  d i s c u s s e d  were n o t  e v a l u a t e d  i n  t h i s  
r e p o r t  s i n c e  i t  w a s  d i r e c t e d  toward c a u s e s  of moose c a l f  m o r t a l i t y  
d u r i n g  summer. It i s  c l e a r  t h a t  b l a c k  b e a r  p r e d a t i o n  o c c u r s  e a r l y  i n  
summer and n e a r l y  c e a s e s  a f t e r  e a r l y  Ju ly .  Wolf p r e d a t i o n  appears  t o  
i n c r e a s e  p r o p o r t i o n a t e l y  a f t e r  t h i s  t ime.  Four of t h e  l a s t  f i v e  
m o r t a l i t i e s  f o r  which w e  could  de te rmine  causes  were wolf p r e d a t i o n s .  

The c a l f  m o r t a l i t y  t r a n s m i t t e r s  were l a s t  monitored on 5 A p r i l  
1979. S i x  c a l v e s  were monitored on s low mode ( # s  7-241, 10-235, 11-257, 
1858, 1871, and 1877) .  Nine of t h e  o r i g i n a l  r a d i o  t r a n s m i t t e r  s i g n a l s  
were n o t  r e c e i v e d  ({Is 2-233, 3-237, 249, 1967, 1955, 9693, 9696, 9704, 
and 99078). Radio s i g n a l s  from c a l v e s  #2-233 and #3-237 were never  
r e c e i v e d  a f t e r  p l a c i n g  t h e  r a d i o  c o l l a r s  on t h e  c a l v e s ,  and t h e  r a d i o  on 
calf  #249 d i d  n o t  f u n c t i o n  because  i t s  magnet was n o t  removed. Tab le  3 
summarizes f a t e  of c a l v e s  and t r a n s m i t t e r s  f o r  1978. 



Table 3, 1978 radio-collared calves and transmitter fate. 


Radio collar Cow/calf 

and Bonded on Bonded off separation Transmitter 


calf number (April 79) (calf dead) (not bonded) fallure 
 Cornment 


Raised at MRC 
Raised at MRC 
Never received 
Never received 

Blk. bear predation 


Raised at MRC 
Magnet not removed 
Brn. bear predation 
Blk. bear predation 
Blk. bear predation 

Blk. bear predation 

Blk. bear predation 


Blk. bear predation 


Blk. bear predation 

Blk. bear predation 

Jan. 79 wolf pred. 

Blk. bear predation 

Wolf predation 


Em. bear predation 

Accidental death 

Jan. 79 wolf pred. 


Blk. bear predation 

Unknown 

Raised at MRC 


Winter starvation 

Wolf predation 


Accidental death 


Total 




I n  a d d i t i o n  t o  r e c o r d i n g  p r e d a t i o n  w i t h  c a l f  m o r t a l i t y  t r a n s m i t t e r s  
i n  t h i s  s t u d y ,  we were a b l e  t o  w i t n e s s  a d d i t i o n a l  c a l f  p r e d a t i o n  by 
moni to r ing  b e a r s  r a d i o - c o l l a r e d  f o r  a n o t h e r  s t u d y  (Schwartz and Franzmann 
1978) .  On 25 May 1978, r a d i o - c o l l a r e d  female  b l a c k  b e a r s  B-13 and B-14 
were a t  a r e c e n t  moose c a l f  k i l l .  On 2  June  1978, w e  observed r a d i o -  
c o l l a r e d  b l a c k  b e a r  B-8 r e s t i n g  on a r i d g e  above a  c a l f  k i l l .  He had 
been chased away by an  u n c o l l a r e d  b l a c k  b e a r  which went t o  t h e  k i l l  and 
f e d .  On 1 6  June  1978, r a d i o - c o l l a r e d  male b l a c k  b e a r  B-19 was f e e d i n g  
on a r e c e n t l y  k i l l e d  c a l f .  

O v e r a l l ,  we were a b l e  t o  a s s o c i a t e  f i v e  of t h e  16 r a d i o - c o l l a r e d  
b l a c k  b e a r s  w i t h  moose c a l f  p r e d a t i o n .  Radio-col lared brown b e a r s  A-1 
and A-2 were s e e n  f e e d i n g  on a  r e c e n t l y  k i l l e d  a d u l t  female  moose, and 
A-2 was s e e n  f e e d i n g  on a  moose c a l f .  An u n c o l l a r e d  brown b e a r  female  
w i t h  cubs was s e e n  f e e d i n g  on dead c a l f  #255, Radio-col lared wolves 
ill5026 and # I34  were observed k i l l i n g  a  moose c a l f  and h a r a s s i n g  t h e  cow 
on 29 May 1978. 

The area s u p p o r t s  a h i g h  d e n s i t y  of b l a c k  b e a r s ,  and through 30 June  
1978, on 15 d i f f e r e n t  f l i g h t s  over  t h e  s t u d y  a r e a  we observed 30 u n c o l l a r e d  
b l a c k  b e a r s  and t h r e e  u n c o l l a r e d  brown b e a r s .  

DISCUSSION 

During t h i s  s t u d y ,  c e r t a i n  p rocedures  proved more u s e f u l  t h a n  
o t h e r s .  The one-hour s e t t i n g  f o r  a c t i v a t i o n  of t h e  f a s t  mode was much 
b e t t e r  t h a n  t h e  four-hour s e t t i n g .  We d i d  e x p e r i e n c e  a  few f a l s e  a la rms  
( 6 )  w i t h  t h e  one-hour s e t t i n g ,  b u t  i n  g e n e r a l  we b e n e f i t e d  by g e t t i n g  t o  
t h e  dead animal  sooner .  Immobi l i za t ion  of t h e  cow o r  p r o c e s s i n g  t h e  
c a l f  t o  o b t a i n  p h y s i o l o g i c a l  d a t a  was n o t  j u s t i f i e d  due t o  t h e  h i g h e r  
cow-calf s e p a r a t o n  r a t e  exper ienced .  Lessened h a n d l i n g  of t h e  c a l f  and 
s p e e d i e r  a p p l i c a t i o n  of r a d i o  c o l l a r s  improved chances  of r e t a i n i n g  t h e  
cow-calf bond. The automated moni to r ing  system saved a e r i a l  moni to r ing  
f l i g h t  e x p e n d i t u r e ;  however, t h e  sys tem a l o n e  would n o t  s u f f i c e ,  because  
a g r e a t  d e a l  of added i n f o r m a t i o n  was o b t a i n e d  by r e g u l a r l y  f l y i n g  over  
t h e  s t u d y  a r e a .  The automated system,  however, was a good a d j u n c t  t o  
a e r i a l  moni to r ing .  Rad io-co l la red  b e a r s  and wolves on t h e  s t u d y  a r e a  
f a c i l i t a t e d  t h e  e v a l u a t i o n  of p r e d a t i o n .  S t u d i e s  of t h i s  t y p e  obv ious ly  
b e n e f i t  from i n t e g r a t i o n  w i t h  r e l a t e d  s t u d i e s  of p o t e n t i a l  p r e d a t o r s .  

The q u e s t i o n  arises a s  t o  whether  o r  n o t  t h e  c a l v e s  c l a s s i f i e d  as 
p r e d a t i o n  m o r t a l i t i e s  may have d i e d  of o t h e r  c a u s e s  p r i o r  t o  p r e d a t i o n .  
With o u r  i n t e n s i v e  m o n i t o r i n g ,  we made 784 a e r i a l  s i g h t i n g s  of r a d i o -
c o l l a r e d  moose c a l v e s  and 4 ,313 i n d i v i d u a l  r a d i o  c o n t a c t s  w i t h  c a l v e s  
w i t h o u t  v i s u a l  o b s e r v a t i o n s .  With t h i s  i n t e n s i v e  moni to r ing  we were 
a b l e  t o  examine 8 5 . 1  p e r c e n t  of t h e  m o r t a l i t i e s  w i t h i n  24 hours  and 55 
p e r c e n t  w i t h i n  1 2  h o u r s ;  25.9 p e r c e n t  were observed p r i o r  t o  t h e  s i g n a l  
be ing  a c t i v a t e d .  M o r t a l i t i e s  examined a f t e r  48 hours  were c l a s s i f i e d  as 
unknowns o r ,  i n  one c a s e ,  a c c i d e n t a l .  A d d i t i o n a l l y ,  non-use of dead 
c a l v e s  and cows f o r  extended p e r i o d s  was observed.  S e p a r a t i o n  and 
s t a r v a t i o n  of f o u r  c a l v e s  ( i n c l u d i n g  one set of twins )  and cap ture -  
r e l a t e d  d e a t h s  of two cows occur red  d u r i n g  t h i s  s t u d y .  We were n o t  a b l e  
t o  check back on a l l  c a p t u r e - r e l a t e d  d e a t h s ,  b u t  t h o s e  which we checked 
were v i r t u a l l y  u n u t i l i z e d  f o r  days .  Cow 1/67 w a s  necrops ied  on 3 1  May 



1977,  and no s i g n  of d i s t u r b a n c e  was no ted  u n t i l  1 2  June 1977. Calf  
#39-171 d i e d  on 6  June  1977 and had n o t  been d i s t u r b e d  as of 1 4  June  
1977. Calf  #I69 had been dead 36 h o u r s  p r i o r  t o  r a d i o  r e c o v e r y ,  and i t  
w a s  u n d i s t u r b e d  a t  t h a t  t ime.  Calf  # I 5 1  d i e d  8 June  1977, was n e c r o p s i e d  
t h e  same day ,  and when v i s i t e d  on 18 June had n o t  been u t i l i z e d .  S i m i l a r  
l a c k  of u t i l i z a t i o n  of dead c a l v e s  w a s  r e p o r t e d  i n  a n o t h e r  moose c a l f  
m o r t a l . i t y  s t u d y  i n  Alaska ( B a l l a r d  and Tay lor  1978) .  

The Kenai P e n i n s u l a  moose p o p u l a t i o n  h a s  d e c l i n e d  s i n c e  t h e  e a r l y  
1 9 7 0 1 s ,  b u t  s t a b i l i z e d  a t  a low p o i n t  around 1975. Random s t r a t i f i e d  
c o u n t s  from t h e  Kenai N a t i o n a l  Moose Range r e f l e c t  t h i s ;  i n  1971 t h e  
moose p o p u l a t i o n  e s t i m a t e  was 7904 f 1461, i n  1973 i t  was 5692 + 1348, 
i n  1974 i t  was 4850 f 1045, i n  1 9 7 5 i t  was 3375 + 986, and i n  1976 i t  
was 3782 5 605. No c o u n t s  were made i n  1977 due-to l a c k  of snow, Th is  
p o p u l a t i o n  d e c l i n e  was a t t r i b u t e d  p r i m a r i l y  t o  t h e  d e c r e a s e  i n  browse 
q u a l i t y  and q u a n t i t y  (Oldemeyer et a l .  1977) and t h e  s e v e r i t y  of w i n t e r  
m o r t a l i t y  d u r i n g  t h e  e a r l y  1970 ' s .  

Heavy w i n t e r  c a l f  m o r t a l i t y  and r e s u l t i n g  poor r e c r u i t m e n t  i n  t h e  
e a r l y  1 9 7 0 ' s  i n f l u e n c e d  t h e  age  s t r u c t u r e  of t h e  moose p o p u l a t i o n  i n  
such a  manner t h a t  moose i n  p a r t  of t h e i r  peak p r o d u c t i v e  y e a r s  a r e  
a b s e n t  from t h e  p r e s e n t  p o p u l a t i o n .  Of 23 cow moose f o r  which a g e s  
were determined d u r i n g  t h i s  s t u d y ,  o n l y  f o u r  were i n  t h e  4 t o  7-year 
age  b r a c k e t  (17.4%) and t h e  mean age  was 8 .7  y e a r s .  

Re-es tabl ishement  of wolves on t h e  Kenai P e n i n s u l a  co inc ided  w i t h  
t h e  moose p o p u l a t i o n  d e c l i n e ,  and heavy moose w i n t e r  m o r t a l i t y  i n  t h e  
e a r l y  1 9 7 0 ' s  c o n t r i b u t e d  t o  t h e i r  r a p i d  b u i l d  up t o  a p r e s e n t  d e n s i t y  of 
one wolf178 km2. Road k i l l s  on t h e  Kenai v a r y  from 100 t o  250 moose p e r  
y e a r  depending on snow c o n d i t i o n s .  The annua l  h a r v e s t  ( b u l l  o n l y )  s i n c e  
1974 h a s  ranged from 28.5 t o  368. I n  a d d i t i o n ,  poaching,  a c c i d e n t a l  and 
m i s c e l l a n e o u s  m o r t a l i t y  c o n t r i b u t e  t o  t h e  t o t a l .  

N e v e r t h e l e s s ,  i n  r e c e n t  y e a r s  c e r t a i n  f a c t o r s  were i n f l u e n c i n g  t h e  
Kenai P e n i n s u l a  moose p o p u l a t i o n  i n  a p o s i t i v e  manner. A mechanical  
browse r e h a b i l i t a t i o n  program u s i n g  t r e e  c r u s h e r s  (LeTourneau Co., 
Longview, TX) was i n i t i a t e d  by t h e  Kenai N a t i o n a l  Moose Range i n  1975. 
Approximately 2,805 h a  have been r e h a b i l i t a t e d  th rough  1978. These 
a r e a s  have a t t r a c t e d  l a r g e  numbers of moose a t  v a r i o u s  t imes  of t h e  
y e a r .  I n  1969, a 33,000 h a  burn  o c c u r r e d  on t h e  Kenai P e n i n s u l a  lowland. 
Moose u s e  of t h i s  area h a s  i n c r e a s e d  i n  r e c e n t  y e a r s .  The p a s t  t h r e e  
w i n t e r s  have been r e l a t i v e l y  mild which improved o v e r w i n t e r  s u r v i v a l  o f  
moose. The twinning r a t e  f o r  moose i n  s p r i n g  1978 was 22 .2  p e r c e n t  ( 8  
of 36) based upon random r a d i o - c o l l a r i n g  of c a l v e s  a s  w e  found them on 
t h e  s t u d y  a r e a .  With t h i s  a p p a r e n t l y  h i g h  twinning rate we may s p e c u l a t e  
t h a t  t h i s  moose p o p u l a t i o n  i s  p r e s e n t l y  r e a l i z i n g  i t s  r e p r o d u c t i v e  
p o t e n t i a l .  

The problem f a c i n g  t h e  Kenai P e n i n s u l a  moose p o p u l a t i o n  a p p e a r s  t o  
be--can t h i s  low d e n s i t y ,  o l d  age  p o p u l a t i o n  m a i n t a i n  i t s e l f  o r  expand 
i n  s p i t e  of t h e  w i t n e s s e d  h i g h  r a t e  of b l a c k  b e a r  p r e d a t i o n  on c a l v e s  
and the  y e a r  around wolf and brown b e a r  p r e d a t i o n  i n  a d d i t i o n  t o  o t h e r  
forms of m o r t a l i t y ?  A s  w e  more a c c u r a t e l y  d e f i n e  t h e  f o r c e s  working on 
t h i s  moose p o p u l t i o n  w e  can make b e t t e r  p o p u l a t i o n  assessments .  T h i s  
s t u d y  d e t a i l e d  p r e d a t i o n  as an  a d d i t i o n a l  n e g a t i v e  f o r c e  working on 
t h e  p o p u l a t i o n  and demonstra ted t h a t  m o r t a l i t y  t r a n s m i t t e r s  on moose 
c a l v e s  would p r o v i d e  i m p o r t a n t  p o s t  n a t a l  l i f e  h i s t o r y  i n f o r m a t i o n .  
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APPENDIX I 


COMPARISON OF TECHNIQUES UTILIZED TO DETERMINE MOOSE CALF MORTALITY IN ALASKA 

WARREN B.  BALLARD, Alaska Department of F i sh  and Game, Glennal len ,  Alaska 99508 

ALBERT W. FRANZMANN, Kenai Moose Research Center ,  Alaska Department of F ish  and 
Game, Soldotna ,  Alaska  99699 

KENTON P. TAYLOR, Alaska Department of F i s h  and Game, Talkee tna ,  Alaska 99676 

TED SFFLAKER, Alaska Department of F ish  and Game, Glennal len ,  Alaska 99588 

CHARLES C .  SCHWARTZ, Kenai Moose Research Center ,  Alaska Department of F ish  and 
Game, Soldotna ,  Alaska 99699 

ROLF 0 .  PETERSON, Michigan Tech. Un ive r s i t y ,  Kenai, Alaska 99611 

A b s t r a c t :  S tudies  t o  a s s e s s  n e o n a t a l  moose ( ~ l c e sa l c e s  g i g a s )  c a l f  
s u r v i v a l  were conducted i n  two a r e a s  gi el china Basin and Kenai ~ e n i n s u l a )  
of S o u t h c e n t r a l  Alaska du r ing  1977 and 1978. Equipment, t echniques  
and c o s t s  a s s o c i a t e d  wi th  conduct ing t h e  s t u d i e s  were compared. Calf 
abandonment was in f luenced  by s e v e r a l  f a c t o r s . s u c h  as handl ing  method, 
l e n g t h  of t ime processed and s t r e n g t h  of cow-calf bond. Abandonment 
r a t e s  were l owes t  when only  t h e  calf was captured and no morphometric 
and phys io log ic  d a t a  were obta ined ,  and h i g h e s t  when both  cow and c a l f  
were cap tu red  and all d a t a  were ob ta ined .  

Rad io - t r ansmi t t e r s  u t i l i z e d  i n  t h e  studies doubled o r  t r i p l e d  t h e i r  
pulse r a t e s  whenever t hey  remained mot ionless  f o r  e i t h e r  h or  1 hour 
p e r i o d s ;  i n d i c a t i n g  t h a t  a m o r t a l i t y  had occurred .  Mortality of r ad io -
c o l l a r e d  c a l v e s  was determined by moni tor ing  from bo th  fixed-wing a i r -
c r a f t  and ground s t a t i o n s .  A t o t a l  of 2,192 v i s u a l  obse rva t ions  of 
r a d i o - c o l l a r e d  c a l v e s  were made d u r i n g  t h e  s t u d i e s  wh i l e  r a d i o  s i g n a l s  
a l o n e  were monitored on 6,617 occas ions .  

A t o t a l  of 110 p reda to r  k i l l e d  moose c a l v e s  were examined dur ing  
t h e  s t u d i e s .  C h a r a c t e r i s t i c s  of calf kills make by brown b e a r  (Ursus 
a r c t o s ) ,  b l a c k  bear ( ~ r s u s  americanus)  and wolf (Canis l upus )  were 
d e s c r i b e d .  It was concluded t h a t  t h e  techniques  developed dur ing  these 
s t u d i e s  provided r e l i a b l e  d a t a  on causes  of m o r t a l i t y  which would n o t  
have been o b t a i n a b l e  o therwise .  
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