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ABSTRACT--Survival rates, causes of mortality, and reproduction in the American marten 
(Martes americana) were determined in northeastern Oregon from 1994 until 1997 with radio- 
collared martens. The probability of survival of m~irtens >-9 mo old was 0.55 for 1 yr, 0.37 for 
2 yr, 0.22 for 3 yr, and 0.15 for 4 yr. The mean annual  probabili ty of survival was 0.63 for 4 yr. 
Twenty-two of 35 radiocollared martens died. Of the 18 martens killed by predators, 8 were 
killed by bobcats (Lynx rufus), 4 by raptors, 4 by martens,  and 2 by coyotes (Canis latrans), based 
on necropsies and circumstantial evidence at kills. Three martens died of exposure and 1 of 
collar entrapment.  Of 13 reproductive efforts, 4 females weaned >-1 kit, 8 efforts failed, and the 
outcome of 1 was unknown. Predation of adult  females prior to weaning was the source of re- 
productive failure for some efforts• 

Key words: American marten, Martes americana, survival,  mortality, northeastern Oregon, 
reproduction 

U n d e r s t a n d i n g  the  d e m o g r a p h y  of p o p u l a -  
t ions  of  the  A m e r i c a n  m a r t e n  (Martes ameri- 
cana) p r o v i d e s  the  o p p o r t u n i t y  to eva lua t e  the  
ef fec ts  of  h a b i t a t  a l t e r a t i on  o n  the  species .  H a b -  
i ta t  a l t e r a t ion ,  p r i m a r i l y  by  l o g g i n g  of l a te -suc-  
c e s s i o n a l  con i fe r  fores ts ,  h a s  b e e n  l i s t ed  as  the  
p r i m a r y  c a u s e  of  the  p o p u l a t i o n  dec l i ne  in ar-  
eas  w h e r e  m a r t e n s  have  b e c o m e  ex t inc t  or  a re  
c u r r e n t l y  t h r e a t e n e d  (Yeager 1950; A r c h i b a l d  
a n d  Jessup1984;  T h o m p s o n  a n d  H a r e s t a d  
1994). In the  w e s t e r n  U n i t e d  States ,  r e d u c e d  
d i s t r i b u t i o n  or  a b u n d a n c e  of the  m a r t e n  h a s  
b e e n  r e p o r t e d  in n o r t h e r n  coas ta l  C a l i f o r n i a  
(Gib i l i sco  1994) a n d  in the  C o a s t  R a n g e  in  
O r e g o n  ( M a r s h a l l  1996) d u e  to logg ing .  Log-  
g i n g  of  l a t e - succes s iona l  con i fe r  fores t s  re- 
m o v e s  coa r se  w o o d y  d e b r i s  a n d  l a r g e - d i a m e t e r  
s t r u c t u r e s  u s e d  as r e s t  a n d  d e n  si tes ,  cover  
f r o m  p r e d a t o r s ,  a n d  f o r a g i n g  a r ea s  c o n s i d e r e d  
e s s e n t i a l  t h r o u g h o u t  m a n y  p a r t s  of the i r  r a n g e  
(Bull  a n d  o t h e r s  1997). 

A b u n d a n c e  a n d  p o p u l a t i o n  p a r a m e t e r s  of 
the  A m e r i c a n  m a r t e n  a re  u n k n o w n  in the  Blue 
M o u n t a i n s  in  n o r t h e a s t e r n  O r egon .  The  Na- 
t i ona l  Fores t  M a n a g e m e n t  Act  of 1976 m a n -  
d a t e s  t h a t  v i ab le  p o p u l a t i o n s  of  all v e r t e b r a t e  
spec i e s  b e  m a i n t a i n e d  o n  fede ra l  l and  (USDA 
1978). K n o w l e d g e  of s u r v i v a l  ra tes ,  mor ta l i ty ,  
a n d  r e p r o d u c t i o n  is n e c e s s a r y  to e f fec t ive ly  
m a n a g e  m a r t e n  p o p u l a t i o n s .  O u r  ob jec t ive  was  

to d e t e r m i n e  su rv iva l ,  c auses  of mor ta l i ty ,  a n d  
r e p r o d u c t i o n  in  A m e r i c a n  m a r t e n s  in  o u r  
s t u d y  a rea .  

METHODS 

T h e  s t u d y  a r ea  e n c o m p a s s e d  a b o u t  400 k m  2 
in  the  Blue M o u n t a i n s  in  n o r t h e a s t e r n  Oregon .  
A p o r t i o n  of  the  s t u d y  a rea  c o n t a i n e d  a b o u t  53 
k m  2 of  u n h a r v e s t e d  c o n t i n u o u s  forest ,  w h i l e  
the  s u r r o u n d i n g  p o r t i o n  was  ex t ens ive ly  ha r -  
v e s t e d  for t i m b e r  ( a p p r o x i m a t e l y  80%) a n d  was  
f r a g m e n t e d  by  pa r t i a l  cuts ,  r e g e n e r a t i o n  cuts ,  
a n d  roads .  The  l a n d s c a p e  was  a mosa i c  of 
s t a n d s  in 4 fores t  t ypes  ( Johnson  a n d  Ha l l  
1990): l o d g e p o l e  p ine  (Pinus contorta), g r a n d  fir 
(Abies grandis), s u b a l p i n e  fir  (A. lasiocarpa), a n d  
D o u g l a s - f i r  (Pseudotsuga menziesii). P e r m a n e n t  
w a t e r  in  the  fo rm of s p r i n g s  a n d  s t r e a m s  w a s  
a b u n d a n t .  T o p o g r a p h y  of  the  s t u d y  a rea  con-  
s i s t e d  of  m o d e r a t e l y  s t eep  m o u n t a i n s  d i s s e c t e d  
b y  d r a i n a g e s .  The  e leva t ion  r a n g e d  f r o m  1320 
to 1980 m. 

D a y t i m e  m a x i m a  in s u m m e r  n o r m a l l y  ex- 
c e e d e d  24°C, a n d  w i n t e r  low t e m p e r a t u r e s  
w e r e  t yp i ca l l y  be low f r e e z i n g  w i t h  e x t r e m e s  of 
- 1 5 ° C  b e i n g  c o m m o n .  A n n u a l  p r e c i p i t a t i o n  
a v e r a g e d  78 c m  w i t h  a b o u t  60% fa l l ing  as s n o w  
d e p e n d i n g  o n  the  e levat ion.  At  the  h i g h e s t  el- 
eva t i ons ,  s n o w  was  p r e s e n t  f rom N o v e m b e r  
t h r o u g h  Apr i l  each  yea r  w i t h  m a x i m u m  d e p t h s  
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of 1.5 m; at  the  lowes t  e leva t ions ,  s n o w  was pre-  
s en t  f rom D e c e m b e r  un t i l  March ,  w i th  maxi -  
m u m  d e p t h s  of 0.5 m. 

Based on  w i n t e r  t racks  we o b s e r v e d ,  ca rn i -  
vo res  o t h e r  t h a n  m a r t e n s  var ied  in a b u n d a n c e  
in the  s t u d y  area .  Long- ta i l ed  wease l s  (Mustela 
frenata), e r m i n e  (M. erminea), coyo tes  (Canis la- 
trans), a n d  b o b c a t s  (Lynx rufus) were  c o m m o n  
t h r o u g h o u t  the  s t u d y  area .  M o u n t a i n  l ions  (Fel- 
ls concolor) were  p r e s e n t  b u t  u n c o m m o n .  We 
f o u n d  no  e v i d e n c e  of f i shers  (Martes pennanti) 
or  r ed  foxes (Vulpes vulpes) b a s e d  o n  ou r  s n o w -  
t r a c k i n g  obse rva t i ons .  

A l t h o u g h  c o m m e r c i a l  t r a p p i n g  h a d  b e e n  
p e r m i t t e d  t h r o u g h o u t  the  a rea  be fo re  the  
s tudy ,  on ly  28 m a r t e n s  h a d  b e e n  t r a p p e d  in  all 
of  U n i o n  C o u n t y  b e t w e e n  1983 a n d  1993. C o m -  
merc i a l  t r a p p i n g  w a s  p r o h i b i t e d  in  t he  s t u d y  
a r ea  d u r i n g  o u r  i nves t i ga t i on ,  so  we  c o n s i d e r e d  
t he  p o p u l a t i o n  we  i n v e s t i g a t e d  u n h a r v e s t e d .  

M a r t e n s  w e r e  c a p t u r e d  in  c a g e - t y p e  l ive  
t r a p s  w i t h  a t t a c h e d  p l y w o o d  boxes  for s h e l t e r  
f r o m  D e c e m b e r  to  M a r c h  a n d  d u r i n g  S e p t e m -  
b e r  1993 to 1997. D u r i n g  D e c e m b e r  to  M a r c h  
a b o u t  40 to 50 t r a p s  w e r e  se t  for 5 days  each  
w e e k  a n d  checked  dai ly .  In  S e p t e m b e r  w e  
t r a p p e d  in  s u s p e c t e d  f ema le  h o m e  r a n g e s .  
C a p t u r e d  m a r t e n s  w e r e  i m m o b i l i z e d  (Bull  a n d  
o t h e r s  1996), aged ,  a n d  f i t ted  w i t h  r a d i o c o l l a r s  
(Ho loh i l  Inc.,  Ca rp ,  ON, C a n a d a ) .  Rad ioco l l a r s  
for f em a l e s  w e i g h e d  28 g (4% of a v e r a g e  b o d y  
we igh t ) ,  w h i l e  r a d i o c o l l a r s  for m a l e s  w e i g h e d  
35 g (3% of a v e r a g e  b o d y  weigh t ) .  Rad ioco l l a r s  
t r a n s m i t t e d  for at  l eas t  18 too. Al l  s u r v i v i n g  
m a r t e n s ,  excep t  2 (1 t r a n s m i t t e r  fa i led,  a n d  1 
m a r t e n  w as  n e v e r  r e loca ted ) ,  w e r e  r e c o l l a r e d  
e a c h  y e a r  for  the  d u r a t i o n  of  the  s tudy .  A g e  was  
d e t e r m i n e d  by  a n a l y s i s  of c e m e n t u m  a n n u l i  o n  
the  t e e t h  of  m a r t e n s  r e c o v e r e d  a f t e r  d e a t h  
(Poole  a n d  o t h e r s  1994). For i n d i v i d u a l s  w i t h -  
ou t  a k n o w n  age  (as e s t i m a t e d  by  c e m e n t u m  
a n n u l i  ana lys i s ) ,  j u v e n i l e s  a n d  a d u l t s  w e r e  d i s -  
t i n g u i s h e d  b a s e d  o n  d e g r e e  of  t o o t h  w e a r  at  
c a p t u r e  ( S t r i ck l and  a n d  o t h e r s  1982). 

To m o n i t o r  s u r v i v a l ,  r a d i o e o l l a r e d  m a r t e n s  
w e r e  loca ted  a n d  v i s u a l l y  o b s e r v e d  a n  a v e r a g e  
of  once  p e r  w e e k  in  w i n t e r  a n d  twice  p e r  w e e k  
in  s u m m e r .  If a m a r t e n  r e m a i n e d  in  the  s a m e  
r e s t  s i te  for > 4  to 6 c o n s e c u t i v e  v i s i t s  (except  
f ema le s  w i t h  ki ts) ,  w e  a t t e m p t e d  to d e t e r m i n e  
if t h e r e  h a d  b e e n  a m o r t a l i t y  by  acces s ing  the  
r e s t  s i t e  b y  c l i m b i n g  t r ees  or  excava t ing  u n d e r  

snow.  The  da t e  of  d e a t h  was d e t e r m i n e d  to be 
the  last  t ime  the  m a r t e n  moved .  

We c o m p a r e d  the  nun~ber  of days  m a r t e n s  
we re  a l ive  w i t h  a f u n c t i o n i n g  t r a n s m i t t e r  and  
w h e n  m o r t a l i t y  o c c u r r e d  a m o n g  males ,  fe- 
ma le s ,  adu l t s ,  a n d  juveni les .  We d id  not  inc lude  
m a r t e n s  tha t  had  lost  or fai led t r a n s m i t t e r s  (as 
d e t e r m i n e d  f rom r e p e a t e d  o b s e r v a t i o n s  of a ra- 
d i o c o l l a r e d  m a r t e n  w i t h o u t  d e t e c t i n g  a s ignal ) ,  
h a d  d i e d  u n n a t u r a l  dea ths ,  or  had  u n k n o w n  
fates.  We c lass i f ied  u n n a t u r a l  d e a t h s  as those  
l ikely a s soc i a t ed  w i t h  b e i n g  c a p t u r e d ;  we be-  
l ieve 1 m a r t e n  s u c c u m b e d  to h y p o t h e r m i a  d u e  
to e x p o s u r e  d u r i n g  e n t r a p m e n t .  In our  s u r v i v a l  
a n a l y s i s ,  j uven i l e  s u r v i v a l  was  based  on  the  
n u m b e r  of  d a y s  a m a r t e n  was  m o n i t o r e d  w h e n  
<--16 too, w h e r e a s  a d u l t  s u r v i v a l  was  based  o n  
the  n u m b e r  of d a y s  m o n i t o r e d  w h e n  a m a r t e n  
w a s  > 1 6  too. A l t h o u g h  12 m o  has  b e e n  u s e d  to 
d i s t i n g u i s h  j u v e n i l e s  f r o m  a d u l t s  in  s t u d i e s  in  
the  n o r t h e a s t e r n  U n i t e d  Sta tes  ( H o d g m a n  a n d  
o t h e r s  1997), w e  se lec ted  16 m o  because  all  6 
d i s p e r s i n g  j u v e n i l e s  t h a t  we  m o n i t o r e d  d i s -  
p e r s e d  u n t i l  b e t w e e n  June  a n d  A u g u s t  (14 to16 
m o  of  age)  a n d  d i d  n o t  exh ib i t  a d u l t  b e h a v i o r  
in  r e l a t i on  to h o m e  r a n g e  u se  un~:il 14 to 16 too. 

S u r v i v a l  e s t i m a t e s  we re  ca l cu l a t ed  at  2- too 
i n t e r v a l s  for  the  r a d i o c o l l a r e d  m a r t e n s ,  u s i n g  
the  K a p l a n - M e i e r  m e t h o d ,  w i t h  mod i f i ca t i ons  
for  r e c r u i t m e n t  (Pol lock a n d  o t h e r s  1989), for 
t he  d u r a t i o n  of the  s t u d y  a n d  for each  yea r  of 
the  s tudy .  S a m p l e  s ize  l i m i t e d  s u r v i v a l  es t i -  
m a t e s  to al l  m a r t e n s ,  w i t h o u t  s e p a r a t i n g  t h e m  
b y  sex or  age. 

C a u s e  of m o r t a l i t y  was  d e t e r m i n e d  by  in-  
s p e c t i n g  c i r c u m s t a n t i a l  e v i d e n c e  f o u n d  at the  
m o r t a l i t y  s i te  ( t racks ,  fur,  fea thers )  a n d  
t h r o u g h  n e c r o p s y .  M a r t e n s  k i l l ed  by  r a p t o r s  
h a d  the  s k i n  nea t ly  p e e l e d  back  a n d  were  pa r -  
t ia l ly  c o n s u m e d  w i t h  the  m e a t  p icked  c l ean ly  
f r o m  the  b o n e s ;  t he  ske l e ton  was  intact .  M a m -  
m a l i a n  p r e d a t o r s  we re  iden t i f i ed  p r i m a r i l y  by  
the  i n t e r c a n i n e  w i d t h  of t ee th  m a r k s  in the  
m u s c l e  a n d  s e c o n d a r i l y  b y  e v i d e n c e  at  s i tes  of 
p r e d a t i o n .  I n t e r c a n i n e  w i d t h s  we re  m e a s u r e d  
o n  s k u l l s  f r o m  n o r t h e a s t e r n  O r e g o n  of each  
spec i e s  a n d  d e t e r m i n e d  to be  22 to 27 m m  for 
b o b c a t s ,  26 to 28 m m  for coyotes ,  a n d  10 to 12 
m m  for m a r t e n s  (Bull  a n d  Hea te r  1995). Mar -  
t en s  k i l l ed  b y  b o b c a t s  w e r e  o f t en  b u r i e d ;  Rue  
(1981) a n d  Rol ley  (1987) r e p o r t e d  t ha t  b o b c a t s  
f r e q u e n t l y  cache  or  cover  l a rge r  p r ey  w i t h  
g rass ,  d i r t ,  s t icks ,  or  snow.  M a r t e n s  k i l l ed  by  
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FIGURE 1. Kap lan-Me ie r  su rv i va l  estimates, cal- 

culated at 2-too intervals,  for 35 rad ioco l lared mar- 

tens >--9 mo of age in northeastern Oregon, January 
1994 to October 1997 (dashed line delimits 95% CI). 

m a r t e n s  w e r e  u s u a l l y  no t  c o n s u m e d ,  bu t  o f t en  
h a d  b r o k e n  s h o u l d e r s ,  i n ju r i e s  to the  h e a d  a n d  
neck ,  a n d  r e c e n t l y  b r o k e n  c a n i n e s  (Bull  a n d  
Hea te r  1995). All  m a r t e n  b o d i e s  a t t r i b u t e d  to 

. m a m m a l i a n  p r e d a t o r s  h a d  e x t e n s i v e  h e m o r -  
r h a g i n g ,  i n d i c a t i n g  t h a t  p r e d a t o r s  h a d  k i l l ed  
the  m a r t e n s  r a t h e r  t h a n  s c a v e n g e d  them.  

R e p r o d u c t i o n  was  d e t e r m i n e d  by  the  r epea t -  
ed  u s e  of the  s a m e  res t  s i te  by  a female  for sev-  
e ra l  w e e k s  in  Apr i l  or  May, by  the  o b s e r v a t i o n  
of ki ts ,  or  by  e v i d e n c e  of l ac ta t ion  ( suck l ing  
r i n g s  e v i d e n t )  on  f em a l e s  c a p t u r e d  in S e p t e m -  
ber. S u r v i v a l  of k i t s  to w e a n i n g  was  b a s e d  o n  
the i r  p r e s e n c e  w i t h  f ema les  in  A u g u s t ;  h o w -  
ever ,  b e c a u s e  it is d i f f i cu l t  to o b s e r v e  kits ,  we  
m a y  h a v e  fa i led  to o b s e r v e  s o m e  success fu l  re-  
p r o d u c t i v e  effor ts .  

RESULTS 

D u r i n g  the  s t u d y  we  c a p t u r e d  17 adu l t s ,  17 
j u v e n i l e s  (all c a p t u r e d  w h e n  >-9 m o  old),  a n d  1 
ki t  ( c a p t u r e d  w h e n  d e p e n d e n t  on  female) ,  of 
w h i c h  22 we re  k n o w n  to have  d i e d  f r o m  pre -  
d a t i o n  or  e x p o s u r e ,  10 w e r e  a l ive  as of 1 Oc to -  
be r  1997, 1 s l i p p e d  i ts  col lar ,  1 t r a n s m i t t e r  
fai led,  a n d  the  fate of  1 w as  u n k n o w n .  Of  19 
m a l e s  ( a d u l t s  a n d  juven i l e s )  m o n i t o r e d  for a to- 
tal  of  9,341 days ,  13 d i e d  of n a t u r a l  causes  (1 
d e a t h / 7 1 9  days) .  Of  11 f em a l e s  ( adu l t s  a n d  ju-  
ven i l e s )  m o n i t o r e d  for a to ta l  of 4,895 days ,  7 
d i e d  of  n a t u r a l  causes  (1 d e a t h / 6 9 9  days) .  Sev- 
e n t e e n  j u v e n i l e s  we re  m o n i t o r e d  for a to ta l  of 
2,788 d a y s  w h i l e  t hey  w e r e  juven i l e s ,  a n d  6 of 
t h e m  d i e d  d u r i n g  t h a t  t i m e  (1 d e a t h / 4 6 5  days) .  
T w e n t y - f o u r  m a r t e n s  w e r e  m o n i t o r e d  for 
11,448 d a y s  d u r i n g  t he i r  a d u l t  life, a n d  14 d i e d  

TABLI.~ I, Kap lan-Mcier  su rv i va l  estimates on an 
annual basis, calculated at 2-too intervals, for 35 ra- 
diocollared martens >-9 mo of age in northeastern 
Oregon, January 1994 to October 1997. Survival es- 
timate for 1997 includes months from January 
through October. 

N o  

mar- No. 
tens mar- 

moni- tens Survival 
Year toted killed estimate 95% CI 

1994 14 5 0.5455 0.2731-0.8179 
1995 15 4 0.6837 0.4325-0.9349 
1996 18 7 0.5803 0.3759-0.7847 
1997 14 4 0.7143 0.4777-0.9509 
Mean 0.6310 0.3898-0.8721 

d u r i n g  t ha t  t i m e  (1 d e a t h / 8 1 8  days) .  The  s i m -  
i la r i ty  in  s u r v i v a l  b e t w e e n  females  a n d  m a l e s  
s u g g e s t s  the re  was  l i t t le  d i f f e r en t i a l  m o r t a l i t y  
b e t w e e n  the  sexes  in  t h i s  p o p u l a t i o n  for the  d u -  
r a t ion  of the  s tudy .  P r o b a b i l i t y  of  s u r v i v a l  of 
m a r t e n s  --> 9 m o  old,  for b o t h  sexes,  was  0.55 
for 1 yr, 0.37 for 2 yr, 0.22 for 3 yr, a n d  0.15 for 
4 yr  (Fig. 1). M e a n  a n n u a l  s u r v i v a l  ra te  was  0.63 
(95% CI = 0.39-0.87;  Table  1). 

Of  22 m a r t e n s  tha t  d i ed ,  18 were  k i l l ed  by  
p r e d a t o r s ,  3 d i e d  f r o m  e x p o s u r e  ( h y p o t h e r m i a )  
d u r i n g  the  w in te r ,  a n d  1 m a r t e n  d i e d  w h e n  the  
co l la r  c a u g h t  o n  a w o o d  s p l i n t e r  i n s ide  a hol -  
low tree.  E igh t  m a r t e n s  w e r e  k i l l ed  b y  bobca t s ,  
4 by  r a p t o r s ,  4 by  m a r t e n s ,  a n d  2 by  coyotes .  No  
p r e d a t i o n  o c c u r r e d  b e t w e e n  D e c e m b e r  a n d  
February ,  a n d  the  m a j o r i t y  (67%) of p r e d a t i o n  
o c c u r r e d  b e t w e e n  May  a n d  A u g u s t .  

Bobca t s  k i l l ed  4 m a l e s  a n d  4 f emales  inc lud-  
ing  1 j uven i l e  of each  sex. R a d i o c o l l a r e d  m a r -  
t ens  w e r e  k i l led  by  b o b c a t s  b e t w e e n  Apr i l  a n d  
November .  Four  of the  8 m a r t e n s  k i l l ed  by  b o b -  
ca ts  we re  b u r i e d ,  a n d  the  o t h e r  4 were  p a r t i a l l y  
c o n s u m e d .  Coyo te s  k i l l ed  2 a d u l t  m a r t e n s ,  1 in  
Apr i l  a n d  1 in  A u g u s t .  Mos t  of 1 m a r t e n  a n d  
a b o u t  1 / 4  of the  o t h e r  w e r e  c o n s u m e d  b y  coy- 
otes .  

Rap to r s ,  e i t h e r  n o r t h e r n  g o s h a w k s  (Accipiter 
gentilis) or g r e a t  h o r n e d  owl s  (Bubo virgini- 
anus), ki l led  2 m a l e s  a n d  2 females ,  1 of w h i c h  
was  a j uven i l e  female.  R a p t o r s  k i l l ed  m a r t e n s  
in  March ,  June, July, a n d  A u g u s t .  

M a r t e n s  k i l l ed  4 ma le s ,  of w h i c h  2 we re  ju-  
veni les .  N e c r o p s i e s  r e v e a l e d  e x t e n s i v e  h e m o r -  
r h a g i n g  o n  the  back  of  the  h e a d ,  neck ,  a n d  
s h o u l d e r s  in  all  cases .  T h r e e  h a d  r ecen t ly  b ro -  
ken  can ines ,  a n d  3 h a d  b r o k e n  s h o u l d e r s .  Mor-  
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tali ty f rom mar ten  predat ion  occur red  in May, 
June, and July. In 3 of the cases, we knew resi- 
den t  rad iocol la red  males  were  in the areas  
whe re  the males  were  killed. 

We observed  2 males  f ight ing in a t ree in July; 
1 of the males  was rad iocol la red  and  was 2 to 
3 yr  old. The males  were  facing each o ther  on a 
branch and had their  jaws locked together.  The  
unco l l a red  male  was t h rown  off  the branch or 
fell, somersau l t i ng  th rough  the branches  to the 
g round .  The  broken  shou lde r s  we found in the 
dead  mar t ens  could  have  resu l ted  f rom fal l ing 
or  be ing  t h rown  out  of trees. The  broken ca- 
n ines  cou ld  resul t  f rom us ing  their  teeth to 
fight. 

We m o n i t o r e d  13 r ep roduc t ive  efforts:  4 suc- 
cess fu l ly  w e a n e d  -->1 kit, 8 effor ts  fai led,  and  
the o u t c o m e  of 1 was  unknown. .  Six females  
had  li t ters 1 yr, 2 females  had  l i t ters  f o r 2  con- 
secu t ive  years,  and  1 female  had  l i t ters  for 3 
consecu t ive  years.  Six females  d id  no t  have  lit- 
ters,  bu t  they were  p r e s u m a b l y  < 2  yr  old. Four 
r e p r o d u c t i v e  effor ts  were  a s s u m e d  to have 
fa i led due  to lack of  observa t ion  of  females  w i t h  
kits  d u r i n g  Augus t ,  and  4 were  k n o w n  to have  
fa i led  because  adul t s  d i e d  b e t w e e n  Apr i l  and  
July, p r io r  to kit  i ndependence .  R e p r o d u c t i v e  
success  va r i ed  annua l ly :  I of  2 r e p r o d u c t i v e  ef- 
forts was  successfu l  in 1994; ne i ther  of  2 effor ts  
was  success fu l  in 1995; 2 of  4 effor ts  were  suc-  
cessful  in 1996; and  I of  5 efforts  was  successful  
(1 u n k n o w n )  in 1997. Of  the 4 successfu l  ef- 
forts,  2 kits were  seen w i t h  1 female  and  1 kit  
w i th  each of the o ther  females .  T w o  of the fe- 
males  were  2 yr  o ld  w h e n  they had  kits; the 
o ther  females  were  older. 

DISCUSSION 

Few s tud ies  have  d e t e r m i n e d  su rv iva l  rates 
for ma r t ens  in areas  w i thou t  t r app ing ;  no s tud-  
ies have  pub l i shed  su rv iva l  rates f r o m  the Pa- 
cific Nor thwes t .  H o d g m a n  and  o thers  (1997) 
found  annua l  su rv iva l  rates of 0.87 for adu l t  
males  and  0.53 for adu l t  females  in unha rves t -  
ed  popu la t ions  in Maine.  Rates of  na tura l  mor-  
ta l i ty  have  been  e s t ima ted  at 0.39 for juveni les  

, and  0.28 for adul t s  pe r  year  in Q u e b e c  (Potvin  
and  Breton 1997). In N e w f o u n d l a n d ,  13 of 40 
rad ioco l l a red  m a r t e n s  d i ed  d u r i n g  a 19-mo 
s t u d y  w i t h  mor t a l i t y  concen t r a t ed  in the fall 
and  late w i n t e r  (Fredr ickson  1990). Encephal i -  
tus caused  the  dea ths  d u r i n g  the  fall, wh i l e  
s ta rva t ion  and  p reda t ion  caused  the  mor ta l i ty  

in late win te r  in Fredr ickson 's  s tudy.  The iu- 
veni les  we m o n i t o r e d  had higher  rates of mot  
tal i ty than adul t s  as repor ted  by Potvin and 
Breton (1997). 

O u r  s t udy  is 1 of few s tudies  to doct, ment  
p reda t ion  of mar tens  by raptors.  A l though  
there  has been specu la t ion  about  such preda-  
tion (Str ickland and Douglas  1987), it has rare- 
ly been  verif ied.  Only  H o d g m a n  and others  
(1997) found 1 case of raptor  predat ion  in 
Maine,  F redr ickson  (1990) found 1 case in New-  
found land ,  and  T h o m p s o n  (1994) found 1 mar-  
ten ki l led by a great  ho rned  owl  in Ontar io.  

No o ther  s tud ies  have  d o c u m e n t e d  bobcats 
as the p r e d o m i n a n t  p reda to r  of martens .  Red 
foxes p reyed  on  mar t ens  in N e w f o u n d l a n d  
(Fredr ickson  1990; D r e w  and Bissonette  1997) 
and  in On ta r i o  ( T h o m p s o n  1994). Foxes and  
coyotes  were  p reda to r s  in W y o m i n g  (L. E Rug-  
giero,  Rocky M o u n t a i n  Research  Station, Mis- 
soula ,  MT; pers.  comm.) ,  and  coyotes  and fish- 
ers in M a i n e  ( H o d g m a n  and  o thers  1997). Trap-  
p i n g  accoun ted  for 90% of the mar t en  mor ta l i ty  
in an  in tens ive ly  t r a p p e d  mar t en  popula t ion  in 
Ma ine  ( H o d g m a n  and  o thers  1994). Observa-  
t ions in C a n a d a  and  Maine  sugges t  that o ther  
popu la t i ons  have  intraspecif ic  p reda t ion  such 
as we  observed .  S t r ick land  and  Douglas  (1987) 
r e p o r t e d  t r appe r s  w h o  found  f requen t  scarr ing 
on ma le  m a r t e n  pel ts  bu t  none  on  female  pelts. 
H o d g m a n  and  o thers  (1997) found 2 mar tens  
k i l led  by o ther  mar tens .  

The  lack of  p r eda t ion  we  obse rved  d u r i n g  the 
w i n t e r  was  su rp r i s i ng  because  o the r  s tudies  re- 
p o r t e d  h igher  mor ta l i ty  in w in t e r  in Maine  
( H o d g m a n  and  o thers  1997) and  in N e w f o u n d -  
l and  (Fredr ickson  1990). In Maine,  the h ighes t  
mor t a l i t y  o c c u r r e d  w h e n  the dec iduous  trees 
lacked leaves and  p r o v i d e d  less cover. A prey  
sho r t age  in N e w f o u n d l a n d  probab ly  contr ib-  
u t e d  to the p o o r  su rv iva l  of m a r t e n  (Fredrick-  
son  1990). The  lack of  w i n t e r  p reda t ion  on mar-  
tens in our  s t u d y  m a y  have  been  a resul t  of 
their  r e d u c e d  ac t iv i ty  in the win te r ,  par t icu lar -  
ly d u r i n g  day l igh t  hours ,  and  their  ex tens ive  
use  of  res t  si tes u n d e r  the snow (Bull and Heat-  
er  2000). The  r e d u c e d  ac t iv i ty  we  obse rved  
cou ld  have  b e e n  in f luenced  by the rmoregu la -  
t ion and  prey  avai labi l i ty  and  vulnerabi l i ty ,  as 
we l l  as r isk of  p r eda t ion  (Ziel inski ,  in press). 

P reda t ion  was  the major  cause of  mor ta l i ty  in 
the popu l a t i on  we  inves t iga ted ,  and preda t ion  
of  females  before  w e a n i n g  kits r esu l ted  in low 
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r e p r o d u c t i v e  rates. A d d i t i o n a l  research is w a r -  
ran ted  to d e t e r m i n e  i f  r e p r o d u c t i o n  exceeds 

m o r t a l i t y  ove r  the long  te rm and  i f  a v i ab le  

p o p u l a t i o n  is be ing  m a i n t a i n e d  in m a r t e n  p o p -  

u l a t i o n s  in no r t heas te rn  O r e g o n .  
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