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The U n i v e r s i t y  o f  Michigan B i o l o g i c a l  S t a t i o n  was z s t a b l i s h e d  
i n  1909 a t  Douglas Lake n e a r  P e l l s t o n ,  Mich igan ,  a s  a  t e a c h i n g  
and r e s e a r c h  f a c i l i t y .  I t  o c c u p i e s  a  10 ,000-acre  t r a c t  o f  
s e m i - w i l d e r n e s s  i n  n o r t h e r n  lower  Mich igan ,  su r rounded  by  a  
r e m a r k a b l e  v a r i e t y  o f  up land  and lowland  d e c i d u o u s  and c o n i f e r o u s  
f o r e s t s ,  meadows, marshes ,  b o g s ,  d u n e s ,  l a k e s  and s t r e a m s .  The 
t h r e e  upper  Grea t  Lakes  - Michigan ,  Huron and S u p e r i o r  - a r e  
n e a r b y .  As t h e  l a r g e s t  and one  o f  t h e  mos t  d i s t i n g u i s h e d  i n l a n d  
b i o l o g i c a l  s t a t i o n s  i n  t h e  w o r l d ,  i t  s e r v e s  a s  an i n t e l l e c t u a l  
m e e t i n g  p l a c e  f o r  b i o l o g i s t s  and s t u d e n t s  from t h e  U n i t e d  S t a t e s  
and around t h e  w o r l d .  

The B i o l o g i c a l  S t a t i o n  i s  w e l l - e q u i p p e d  f o r  i n v e s t i g a t i o n s  o f  
t h e  d i v e r s e  n a t u r a l  e n v i r o n m e n t s  around i t .  I n  a d d i t i o n  t o  
t h e  modern,  v i n t e r i z e d  L a k e s i d e  L a b o r a t o r y ,  wh ich  was funded 
by  t h e  N a t i o n a l  S c i e n c e  Founda t ion ,  t h e  S t a t i o n  has  140 
b u i l d i n g s ,  i n c l u d i n g  l a b o r a t o r i e s ,  c l a s s r o o m s ,  and l i v i n g  
q u a r t e r s  f o r  up t o  300 p e o p l e .  S p e c i a l  f a c i l i t i e s  i n c l u d e  a  
l i b r a r y ,  s t u d y  c o l l e c t i o n s  o f  p l a n t s  and a n i m a l s ,  a  l a r g e  
f l e e t  o f  b o a t s ,  and a  f u l l  a r r a y  o f  modern l a b o r a t o r y  and 
f i e l d  e q u i p m e n t .  The S t a t i o n  o f f e r s  t r a n q u i l i t y  and harmony 
w i t h  n a t u r e  - i t  i s  a  p l a c e  where p l a n t s  and a n i m a l s  can  be  
s t u d i e d  a s  t h e y  l i v e .  

D r .  David M .  G a t e s ,  D i r e c t o r  o f  t h e  S t a t i o n  s i n c e  1971,  and 
Mark W .  Paddock,  A s s i s t a n t  t o  t h e  D i r e c t o r ,  have promoted 
new and e x c i t i n g  f i e l d s  o f  r e s e a r c h ,  i n c l u d i n g  problem- 
o r i e n t e d  r e s e a r c h  t o  h e l p  cope  w i t h  emerg ing  e n v i r o n m e n t a l  
prob lems .  

The S t a t i o n  i s  c.urrentZy u n d e r t a k i n g  s p e c i f i c  i n v e s t i g a t i o n s  
i n  n o r t h e r n  l ower  Mich igan  t o  p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  
l a n d ,  t h e  w a t e r ,  and t h e  peop l e  i n  t h e  a r e a .  R e s u l t s  a r e  
made a v a i l a b l e  t o  community l e a d e r s  f o r  u s e  i n  l o n g - t e r m  Zand- 
u s e  p l a n n i n g .  I n  a d d i t i o n ,  many r e s e a r c h  p r o j e c t s  a r e  underway,  
geared  toward a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  s t r u c t u r e  and f u n c t i o n  
o f  b o t h  a q u a t i c  and t e r r e s t r i a l  e c o s y s t e m s .  

T h i s  p u b l i c a t i o n  i s  one o f  a  s e r i e s  o f  r e p o r t s  t h a t  a r e  i s s u e d  
p e r i o d i c a l l y  t o  d i s s e m i n a t e  i n f o r m a t i o n  on r e s e a r c h  g e n e r a t e d  
a t  t h e  B i o l o g i c a l  S t a t i o n .  For f u r t h e r  i n f o r m a t i o n  c o n c e r n i n g  o t h e r  
p u b l i c a t i o n s  i n  t h i s  s e r i e s  o r  i n f o r m a t i o n  on t h e  B i o l o g i c a l  
S t a t i o n  i n  g e n e r a l ,  a d d r e s s  i n q u i r i e s  t o :  The U n i v e r s i t y  o f  
Michigan B i o l o g i c a l  S t a t i o n ,  P e l l s t o n ,  Mich igan  4 9 7 6 9  (Phone 
616-539-8406) .  



OBSERVATIONS ON THE WINTER ECOLOGY 

OF RED FOX ( V u l p e s  f u l u a )  

ON SOUTH MANITOU ISLAND, MICHIGAN 

J a c k  E .  S t o c k w e l l  

and 

John E .  Gannon 

F i n a l  Repor t  t o  
N a t i o n a l  Park  S e r v i c e  

Purchase  Order  No. PX 6000 5 0711 

T e c h n i c a l  Report  No. 3 
B i o l o g i c a l  S t a t i o n  

The U n i v e r s i t y  o f  Michigan 
P e l l s t o n ,  Michigan 49769 

J u n e ,  1977 





OBSERVATIONS ON THE WINTER ECOLOGY OF RED FOX 

(Vulpes  f u l v a )  ON SOUTH MANITOU ISLAND, MICHIGAN 

INTRODUCTION 

G u l l  P o i n t ,  l o c a t e d  on t h e  n o r t h e a s t  s i d e  o f  Sou th  

Manitou I s l a n d  i n  Lake M i c h i g a n ,  h a s  s e r v e d  a s  an i m p o r t a n t  

n e s t i n g  s i t e  f o r  b o t h  R i n g - b i l l e d  G u l l s  (La rus  d e l a w a r e n s i s )  

and H e r r i n g  G u l l s  (L. a r g e n t a t u s )  f o r  t h e  p a s t  t h r e e  

d e c a d e s .  The R i n g - b i l l e d  G u l l  p o p u l a t i o n  i n c r e a s e d  from 

4  immatures  i n  1940 ( H a t t  e t .  a 1  1948) t o  5 , 1 7 5  p a i r s  i n  1975 

( S o u t h e r n  1 9 7 6 ) .  Most o f  t h i s  i n c r e a s e  p r o b a b l y  h a s  o c c u r r e d  

s i n c e  t h e  e a r l y  1 9 6 0 ' s  when t h i s  s p e c i e s  e x p e r i e n c e d  a  

p o p u l a t i o n  e x p l o s i o n  i n  t h e  Grea t  Lakes (Ludwig 1 9 6 6 ) .  I n  

c o n t r a s t ,  t h e  H e r r i n g  G u l l  c o l o n y ,  which i n c l u d e d  1 , 5 0 0  

n e s t s  i n  1959 (Vent 1 9 7 3 ) ,  d e c l i n e d  t o  474 p a i r s  i n  1975 

( S o u t h e r n  1 9 7 6 ) .  

S t u d i e s  o f  t h e  g u l l  c o l o n y  (Scha r f  1 9 7 0 ;  S o u t h e r n  1976 

and p e r s o n a l  communicat ion)  p r o v i d e d  d a t a  on a n n u a l  p o p u l a t i o n  

d e n s i t y ,  h a t c h i n g  r a t e s ,  and c h i c k  m o r t a l i t y .  I n  t h e  e a r l y  

1 9 7 0 ' s  i t  became e v i d e n t  t h a t  c h i c k  m o r t a l i t y  was i n c r e a s i n g .  

Temporary measures  were  t a k e n  t o  p r e v e n t  d i s t u r b a n c e  o f  t h e  

c o l o n y ,  by b l o c k i n g  i t  o f f  and r e s t r i c t i n g  a c c e s s .  However,  

c h i c k  m o r t a l i t y  f o r  t h e  1975 n e s t i n g  s e a s o n  was e s t i m a t e d  

a t  92% ( S o u t h e r n  1 9 7 6 ) .  The p r i m a r y  c a u s e  a p p e a r e d  t o  b e  

p r e d a t i o n  by  red  fox (VuZpes f u l v a ) ,  b a s e d  on e v i d e n c e  o f  



r a i d s  on t h e  co lony  and a c t u a l  k i l l s  (Sou the rn  1 9 7 6 ) .  

During t h e  c o u r s e  o f  t h e s e  g u l l  s t u d i e s ,  South  Manitou 

I s l a n d  was i n c o r p o r a t e d  i n t o  t h e  S l e e p i n g  Bear Dunes N a t i o n a l  

Lakeshore ,  under  t h e  p r o t e c t i o n  o f  t h e  N a t i o n a l  Pa rk  S e r v i c e .  

The P a r k  S e r v i c e  i n i t i a t e d  t h i s  s t u d y  t o  d e t e r m i n e  t h e  p r e s e n t  

s t a t u s  o f  r e d  f o x  on t h e  i s l a n d .  O b j e c t i v e s  o f  t h e  s t u d y  

were  t o  e s t i m a t e  t h e  s i z e  of  t h e  f o x  p o p u l a t i o n ,  d e t e r m i n e  

f o o d  h a b i t s ,  r ange  and movement, and a s s e s s  t h e  e c o l o g i c a l  

i n t e r r e l a t i o n s h i p  between t h e  f o x  and o t h e r  organisms on 

t h e  i s l a n d ,  w i t h  emphas is  on f o x - g u l l  i n t e r a c t i o n .  Th i s  

i n v e s t i g a t i o n  was conduc ted  d u r i n g  w i n t e r  and was d e s i g n e d  

t o  augment o b s e r v a t i o n s  on f o x - g u l l  i n t e r a c t i o n s  made d u r i n g  

s p r i n g  and summer by  S o u t h e r n  (1976) .  

REVIEW OF PERTINENT LITERATURE 

The r e d  f o x  (VuZpes fuZva) i s  t h e  s i z e  o f  a  s m a l l  dog. 

I t s  a v e r a g e  w e i g h t  i s  3 .6  t o  6 . 8  kg ( 8  t o  15  l b . )  and r a r e l y  

exceeds  11 kg (25 l b . ) .  Body l e n g t h  a v e r a g e s  56 t o  64 cm 

(22 t o  25 i n c h e s )  and t h e  t a i l  i s  36 t o  41 cm (14 t o  16  

i n c h e s )  l o n g  (Garlough 1945;  Arnold 1956 ;  B u r t  and 

G r o s s e n h e i d e r  1 9 6 4 ) .  

A c t i v i t y  and movement p a t t e r n s  o f  t h e  f o x  f l u c t u a t e  

b o t h  d i u r n a l l y  and s e a s o n a l l y .  Win te r  i s  t h e  p e r i o d  o f  

g r e a t e s t  movement. Daytime a c t i v i t y  d u r i n g  w i n t e r  i s  a l s o  

g r e a t e r  t h a n  a t  o t h e r  s e a s o n s .  Arnold  (1956) r e p o r t e d  t h a t  

a  f o x  t r a v e l s  abou t  f i v e  m i l e s  i n  an a v e r a g e  w i n t e r  n i g h t .  



S e a s o n a l  movements were found t o  b e  d i r e c t l y  a f f e c t e d  by 

w e a t h e r  and c l i m a t e  (Ables  1 9 6 9 ) .  A c t i v i t y  p a t t e r n s  a r e  

a l s o  markedly  a f f e c t e d  by p r e y  p o p u l a t i o n  s i z e  and a v a i l a b i l i t y  

(Storm 1965) .  Home range  s i z e  v a r i e s  b u t  u s u a l l y  a v e r a g e s  2 .6  

t o  5 .2  krnL ( 1  t o  2 s q u a r e  m i l e s )  (Bur t  and G r o s s e n h e i d e r  1 9 6 4 ) .  

Fox f a m i l i e s  remain  more o r  l e s s  u n i t e d ,  l i v i n g  w i t h i n  

a  m i l e  o r  l e s s  o f  t h e  n a t a l  den  u n t i l  l a t e  September o r  

O c t o b e r .  The male pups l e a v e  home f i r s t ,  and move up t o  24 km 

(15 m i l e s )  away. However, one a d u l t  male t r a v e l e d  36 .8  km 

(23 m i l e s )  i n  11 days  (Sheldon 1 9 5 0 ) .  The f emale  pups a l s o  

d i s p e r s e  w i d e l y ,  b u t  n o t  a s  f a r  a s  t h e  m a l e s .  Average a d u l t  

f ema le  d i s p e r s a l  was 3 .2  km (2 m i l e s ) .  I t  a p p e a r s  t h a t  a d u l t  

f e m a l e s  e s t a b l i s h  t h e  home range  and t h e  males  a r e  " r e s i d e n t s . "  

Hines (1953) s u g g e s t e d  t h a t  f ema les  may wander w i d e l y  d u r i n g  

J a n u a r y  and Februa ry  i n  r e s p o n s e  t o  i n i t i a t i o n  o f  t h e  o e s t r u s  

c y c l e  and may c o n t i n u e  i f  unmated. 

The b r e e d i n g  s e a s o n  o f  t h e  r e d  f o x  u s u a l l y  b e g i n s  i n  

December w i t h  January  and Februa ry  a s  t h e  peak  p e r i o d .  

However, v a r i a t i o n s  have been  r e p o r t e d  (Hines 1 9 5 3 ) .  G e s t a t i o n  

i s  n o r m a l l y  50 -51  days  w i t h  most young b e i n g  born  i n  March 

o r  A p r i l .  Normally f o x  have o n l y  one l i t t e r  p e r  y e a r  

(Bur t  and G r o s s e n h e i d e r  1 9 6 4 ) .  Hines (1953) r e p o r t e d  t h a t  

i n  Wiscons in ,  an a v e r a g e  p a i r  o f  r e d  f o x e s  produced 5 . 1  

young p e r  y e a r .  Arnold  (1956) a l s o  r e p o r t e d  t h i s  f i g u r e  

f o r  Michigan .  



Young a r e  bo rn  i n  a  den .  Dens a r e  most o f t e n  found on 

e a s t ,  s o u t h ,  and s o u t h e a s t  h i l l s i d e s ,  u s u a l l y  l o c a t e d  two- 

t h i r d s  o f  t h e  way up t h e  s l o p e .  Dens can  b e  found i n  many 

d i f f e r e n t  h a b i t a t s  (Hines  1 9 5 3 ) .  Sheldon (1950) found t h a t  

some o f  t h e  l a r g e s t  and most used  dens  i n  New York were i n  

woods n e a r  open f i e l d s .  Fox dens  a r e  l o c a t e d  underground 

and d r y ,  w e l l - d r a i n e d  s i t e s  a r e  p r e f e r r e d  ( S c o t t  and S e l k o  

1 9 3 9 ) .  

Food o f  t h e  r e d  f o x  c o n s i s t s  o f  i n s e c t s ,  s m a l l  mammals, 

c a r r i o n ,  b e r r i e s  and o t h e r  f r u i t s ,  and v e g e t a t i o n  (Murie 1936 ;  

Hines  1953 ;  Arnold  1956 ;  Bur t  and G r o s s e n h e i d e r  1964;  

Johnson 1970) .  Johnson (1970) s t a t e d  t h a t  on I s l e  Royale  

t h e  r e d  f o x  a l s o  f e d  on t h e  l e f t o v e r s  f rom moose k i l l s  made 

by w o l v e s .  Garbage p i l e s  a r e  a l s o  s o u r c e s  o f  food  i t e m s .  

Kruuk (1964) r e p o r t e d  t h a t  g u l l s  i n  a l l  s t a g e s  o f  development  

from eggs  t o  a d u l t s  were used  a s  a  food  s o u r c e .  

When food  i s  p l e n t i f u l  o r  t h e  k i l l  p r o v i d e s  more t h a n  

enough t o  s a t e  t h e  f o x ' s  a p p e t i t e ,  t h e  f o x  w i l l  c ache  t h e  

e x c e s s .  On l a t e r  o c c a s i o n s  when food i s  s c a r c e  and h u n t i n g  

y i e l d s  a r e  i n a d e q u a t e ,  t h e s e  c a c h e s  a r e  h i g h l y  v a l u e d  and 

u t i l i z e d  c o m p l e t e l y  (Murie 1936) .  



Most o f  t h e  above i n f o r m a t i o n  h a s  been  o b t a i n e d  f rom 

ma in land  p o p u l a t i o n s  o f  r e d  f o x .  Compara t ive ly  l i t t l e  i s  

known o f  f o x  e c o l o g y  on i n s u l a r  h a b i t a t s .  However, g u l l  

c o l o n i e s  on i s l a n d s  a r e  known t o  b e  p a r t i c u l a r l y  v u l n e r a b l e  

t o  mammalian p r e d a t i o n ,  e s p e c i a l l y  by f o x e s  and  r a c c o o n s  

( P i m l o t t  1952;  Ludwig 1962 ;  Kruuk 1964 ;  Bergman 1966 ;  

Kadlec  1 9 7 1 ) .  

DESCRIPTION OF THE STUDY AREA 

S o u t h  Manitou I s l a n d  i s  l o c a t e d  9 . 6  km (6  m i l e s )  o f f  

t h e  ma in l and  from Glen A r b o r ,  Michigan  ( f i g .  1 ) .  I t  i s  one 

of  two i s l a n d s  w i t h i n  t h e  boundary  of  t h e  S l e e p i n g  Bear  Dunes 

N a t i o n a l  Lakeshore .  The i s l a n d  i s  a c c e s s i b l e  by p r i v a t e  

b o a t  o r  t h e  Manitou Mai l  S e r v i c e  b o a t  ( b a s e d  i n  L e l a n d ,  

M i c h i g a n ) .  

The i s l a n d  encompasses  20 .7  km2 (8  s q u a r e  m i l e s )  , 

w i t h  a  t o t a l  a r e a  o f  1 , 8 1 2 . 9  h a  (4 ,480  a c r e s ) .  S h o r e l i n e  

l e n g t h  i s  20 .8  km (13  m i l e s )  ( N a t i o n a l  Pa rk  S e r v i c e  1 9 7 0 ) .  

Sou th  Manitou I s l a n d  o f f e r s  a  v a r i e d  h a b i t a t ,  f rom 

s a n d y  b e a c h e s  and a c t i v e  s a n d  dunes w i t h  j u n i p e r  t o  hardwood 

f o r e s t s  on t h e  c a p t u r e d  dunes and h i g h e r  c e n t r a l  and w e s t e r n  

p o r t i o n s  o f  t h e  i s l a n d  ( f i g .  2 ) .  A c o n i f e r  f o r e s t  on t h e  

e a s t e r n  h a l f  o f  t h e  i s l a n d  c o n s i s t s  o f  a r b o r  v i t a e ,  b a l s a m  

and j a c k  p i n e .  C l e a r e d  l a n d s ,  ma in ly  r e v e r t e d  t o  meadow 

w i t h  b ramble  and  sumac, a s  w e l l  a s  an  o l d  a p p l e  o r c h a r d ,  
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F i g .  1. L o c a t i o n  o f  t h e  s t u d y  a r e a ,  S o u t h  Mani tou I s l a n d ,  i n  

n o r t h e r n  Lake Mich igan  ( 4 5 "  N .  , 86"  W.) . 
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Fig. 2. Major vegetation zones on South Manitou Island 

(Redrawn from National Park Service 1970). 



o c c u r  i n  t h e  c e n t r a l  p o r t i o n .  I s l a n d  v e g e t a t i o n  a l s o  i n c l u d e s  

a  c a t t a i l  marsh and sedge  growth on t h e  s h o r e s  of  t h e  o n l y  

i n l a n d  l a k e  on t h e  i s l a n d ,  F l o r e n c e  Lake. 

Four c o t t a g e s  a r e  l o c a t e d  on t h i s  i n l a n d  l a k e  (one on 

t h e  w e s t  and t h r e e  on t h e  e a s t  s i d e ) .  O the r  b u i l d i n g s  on 

t h e  i s l a n d  i n c l u d e  o l d  fa rmhouses  , b a r n s  and o u t b u i l d i n g s ,  

some l i v a b l e  and o t h e r s  beyond r e p a i r .  The major  c o n c e n t r a t i o n  

o f  d w e l l i n g s  i s  on t h e  e a s t e r n  s h o r e  of t h e  i s l a n d ,  on 

t h e  o n l y  h a r b o r .  S e v e r a l  summer c o t t a g e s ,  t h e  p a r k  r a n g e r ' s  

q u a r t e r s ,  a  s m a l l  s t o r e  and mar ina  a r e  l o c a t e d  h e r e .  There  

h a v e  been  no y e a r - r o u n d  r e s i d e n t s  s i n c e  1974. 

G u l l  P o i n t ,  t h e  l o c a t i o n  of  t h e  g u l l  c o l o n y ,  i s  

s i t u a t e d  a t  t h e  n o r t h e a s t e r n  t i p  o f  t h e  i s l a n d  and j u s t  

a c r o s s  t h e  bay from t h e  h e a v i e s t  c o n c e n t r a t i o n  o f  b u i l d i n g s .  

METHODS 

Limi ted  funds  p e r m i t t e d  o n l y  one f i e l d  t r i p .  L a t e  

w i n t e r  was s e l e c t e d  t o  t a k e  advan tage  of  snow cover  which 

would a i d  i n  t r a c k i n g  b o t h  f o x  and p r e y  s p e c i e s .  P r i o r  

t o  t h e  f i e l d  i n v e s t i g a t i o n ,  t h e  s t u d y  team made an a e r i a l  

s u r v e y  of  t h e  i s l a n d  (on 26 Februa ry  1976) by p r i v a t e  p l a n e  

t o  d e t e r m i n e  a r e a s  of  t h e  i s l a n d  most f r e q u e n t l y  p r e f e r r e d  

by f o x  and p r e y  s p e c i e s .  G r e a t e s t  a c t i v i t y  was e v i d e n t  

i n  t h e  n o r t h e r n  h a l f  o f  t h e  i s l a n d .  



The f i e l d  s t u d y  was conduc ted  t h e  f i r s t  week i n  March 

(1 -5  March 1976) .  The s t u d y  team remained on t h e  i s l a n d  

d u r i n g  t h i s  p e r i o d .  A s y s t e m a t i c  ground s e a r c h  was comple ted  

w i t h  t h e  a i d  o f  compasses and a  map o f  t h e  i s l a n d  marked o f f  

w i t h  a 1 / 4 - m i l e  g r i d  sys t em.  T h i s  method i s  most f e a s i b l e  

f o r  s e a r c h i n g  l a r g e  a r e a s  ( S c o t t  and S e l k o  1 9 3 9 ) .  

The s e a r c h  was c o n c e n t r a t e d  most h e a v i l y  i n  t h e  n o r t h e r n  

p o r t i o n  o f  t h e  i s l a n d  and t h e  g u l l  co lony  l o c a t i o n ,  s i n c e  t h e  

a e r i a l  s u r v e y  had shown t h a t  t h i s  was t h e  a r e a  o f  g r e a t e s t  

f o x  a c t i v i t y .  The r emainder  o f  t h e  i s l a n d  was s e a r c h e d  l e s s  

e x t e n s i v e l y .  

S t a n d a r d  t r a c k i n g  p r o c e d u r e s  were  f o l l o w e d  t o  d e t e r m i n e  

p o s s i b l e  den s i t e s ,  h u n t i n g  a r e a s ,  cache  and k i l l  s i t e s ,  

and g e n e r a l  r ange  and movement. A l l  s t u d y  team members t o o k  

f i e l d  n o t e s  f o r  l a t e r  compar ison  and a n a l y s i s .  

Fox s c a t  samples  were c o l l e c t e d  and p l a c e d  i n  p l a s t i c  

bags  f o r  l a t e r  a n a l y s i s  i n  t h e  l a b o r a t o r y  t o  d e t e r m i n e  food  

s o u r c e s .  

RESULTS AND DISCUSSION 

Our i n v e s t i g a t i o n  r e v e a l e d  t h a t  r e d  fox  t r a v e l l e d  t h r o u g h o u t  

a t h e  i s l a n d  d u r i n g  t h e  w i n t e r .  Occ s i o n a l l y  t r a c k s  were 

f o l l o w e d  a lmos t  t h e  f u l l  l e n g t h  o f  t h e  i s l a n d .  Most h e a v i l y  

used  a r e a s  i n c l u d e d  t h e  p i n e - o a k - a s p e n  f o r e s t s ,  t h e  beach  



and a c t i v e  d u n e s ,  and t h e  h e a t h  and j u n i p e r  h a b i t a t  ( f i g .  2 ) .  

The f o x  h u n t e d  r a b b i t s  and o t h e r  p r e y  s p e c i e s  i n  t h e  

p i n e - o a k - a s p e n  h a b i t a t ,  where  most r a b b i t  a c t i v i t y  o c c u r r e d .  

Fox t r a v e l l e d  t h e  r i d g e s  and made t h e  k i l l s  i n  t h e  v a l l e y .  

Two c o t t o n t a i l  r a b b i t  (Sy lu iZagus  f l o r i d a n u s )  k i l l  s i t e s  

were  r e c o r d e d  i n  t h i s  a r e a ,  w i t h i n  100 m e t e r s  of e a c h  o t h e r .  

A t  one  s i t e ,  t h e  r a b b i t  had been  p a r t i a l l y  consumed a f t e r  

t h e  k i l l ,  b u t  a t  t h e  o t h e r  s i t e  t h e  r a b b i t  had e v i d e n t l y  

b e e n  c a r r i e d  away. No snowshoe h a r e  (Lepus a m e r i c a n u s )  

k i l l  s i t e s  were  o b s e r v e d .  

Ev idence  o f  c a c h e  s i t e s  and c o l l e c t i o n  o f  f l o a t i n g  and  

b e a c h e d  c a r r i o n  f o r  f o o d  was o b s e r v e d  i n  t h e  beach  and 

a c t i v e  dune a r e a .  The s h o r e  was l i t t e r e d  w i t h  dead  a l e w i v e s  

(A losa  p s e u d o h a r e n g u s )  and t h e y  were  o b s e r v e d  f l o a t i n g  i n  

on t h e  waves f a r  q u i t e  a  d i s t a n c e  f rom s h o r e .  A 200-m 

s e c t i o n  o f  beach  w i t h  a  heavy  c o n c e n t r a t i o n  o f  dead  a l e w i v e s  

was t h o r o u g h l y  examined .  I t  was e v i d e n t  t h a t  f o x  had been  

consuming t h e  a l e w i v e s  on t h e  s h o r e .  The b o d i e s  had been  

e a t e n  b u t  t h e  h e a d s  r e m a i n e d .  

Fox t r a c k s  l e d  f rom t h e  beach  t o  t h e  d u n e s ,  where 10 

t o  1 2  c a c h e  s i t e s  were  d i s c o v e r e d .  They were  a lways  l o c a t e d  

i n  o r  n e a r  t h e  j u n i p e r  b u s h e s .  The f i s h  were  cached  i n  

t h e  b o t t o m  o f  a  h o l e  made i n  t h e  snow, and c o v e r e d  w i t h  

8 t o  10 cm ( 3  t o  4 i n c h e s )  o f  snow. Each c a c h e  had one o r  



two f i s h .  They were s t r o n g l y  f o x - s c e n t e d ,  p r o b a b l y  from 

b e i n g  u r i n a t e d  upon. The f o x  t r a c k s  i n  t h i s  a r e a  i n d i c a t e d  

t h a t  a t  l e a s t  two i n d i v i d u a l s  were h u n t i n g  t o g e t h e r  o r  one 

fo l lowed  t h e  o t h e r  v e r y  c l o s e l y .  

I n  t h e  h e a t h  and j u n i p e r ,  f o x  had bedded down and had 

used  t h e  h i g h  ground f o r  o b s e r v a t i o n  p o i n t s .  Most of  t h e s e  

o b s e r v a t i o n  s i t e s  p r o v i d e d  a  c l e a r  view o f  t h e  g u l l  c o l o n y .  

G u l l s  were a l r e a d y  c o n g r e g a t i n g  i n  t h e  co lony  a r e a .  Evidence  

was found w i t h i n  t h e  n e s t i n g  a r e a s  t h a t  f o x  had been  s t a l k i n g  

t h e  g u l l s .  No a c t u a l  k i l l  s i t e s  were found ,  b u t  l a r g e  b l o o d  

s p o t s  i n  t h e  co lony  a r e a  i n d i c a t e d  t h a t  p r e d a t i o n  on g u l l s  

may have o c c u r r e d .  However, t h e r e  was no f i r m  e v i d e n c e  t h a t  

g u l l s  were b e i n g  used  a s  a  food s o u r c e  a t  t h a t  t i m e .  

S h a f t s  o f  s m a l l  f e a t h e r s  were found i n  1 2 %  of  t h e  s c a t  

samples  (Table  1 ) .  However, i t  was n o t  p o s s i b l e  t o  i d e n t i f y  

them t o  s p e c i e s  o r  f a m i l y .  

T racks  and h o l e s  a round a l l  t h e  a p p l e  t r e e s  i n  t h e  

o r c h a r d  p r o v i d e d  obv ious  e v i d e n c e  t h a t  f o x  were d i g g i n g  up 

and e a t i n g  a p p l e s .  T h i s  was l a t e r  conf i rmed by s c a t  a n a l y s i s  

(Tab le  1 ) .  Apple c o r e s  and s e e d s  were t h e  most f r e q u e n t  

food i t e m ,  o c c u r r i n g  i n  6 8 %  o f  t h e  s c a t  samples  (Tab le  1 ) .  

There  was v e r y  l i t t l e  e v i d e n c e  of r o d e n t  a c t i v i t y  on 

t h e  i s l a n d  and o n l y  one s i g h t i n g .  The d e e r  mouse (Peromyscus 

m a n i c u l a t u s  g r a c i l i s )  i s  t h e  o n l y  mouse s p e c i e s  found 



T a b l e  1. Frequency o f  o c c u r r e n c e  ( i n  p e r c e n t )  of food i t e m s  
i n  16 r e d  f o x  s c a t  samples  c o l l e c t e d  on South  Manitou I s l a n d .  

Food I t em 

Apples  

B i r d  f e a t h e r s  

Mammal h a i r  

Peromyscus bones 

S a n d - c h e r r y  p i t s  

I n s e c t  r ema ins  ' 

F i s h  bones 

Occurrence  % 

68 



1 3  

t h e r e  ( H a t t  e t  a l .  1948;  S c h a r f  1973) .  Apparen t ly  t h e y  were  

t o o  s c a r c e  t o  p r o v i d e  a  dependab le  food s o u r c e  f o r  t h e  f o x ,  s i n c e  

few r o d e n t  remains  were  found i n  t h e  s c a t  samples  ( T a b l e  1 ) .  

Red f o x  were obse rved  d u r i n g  t h e  day n e a r  F l o r e n c e  Lake ,  

n e a r  t h e  t o p  o f  t h e  s a n d  dunes a t  t h e  n o r t h  end o f  t h e  i s l a n d ,  

and i n  t h e  o l d  a p p l e  o r c h a r d .  S e v e r a l  f o x e s  were h e a r d  a t  

n i g h t ,  and a t  l e a s t  t h r e e  i n d i v i d u a l s  were h e a r d  a t  t h e  same 

t i m e ,  b a r k i n g  from t h r e e  d i f f e r e n t  l o c a t i o n s .  Although i t  was 

n o t  p o s s i b l e  t o  d e t e r m i n e  a c t u a l  s i z e  o f  i n d i v i d u a l s ,  

compar ison  o f  t r a c k s  r e v e a l e d  a  d e f i n i t e  v a r i a t i o n  i n  s i z e .  

One r u n t e d  i n d i v i d u a l ,  abou t  o n e - h a l f  t h e  s i z e  of  a  normal  

a d u l t ,  was obse rved  a t  c l o s e  r ange  n e a r  t h e  a p p l e  o r c h a r d .  

Based on food  a v a i l a b i l i t y ,  i s l a n d  s i z e ,  a u d i b l e  and 

v i s i b l e  s i g n s  of  a c t i v i t y ,  and a c t u a l  s i g h t i n g s ,  t h e  f o x  

p o p u l a t i o n  was e s t i m a t e d  a t  f i v e  t o  seven  i n d i v i d u a l s .  T h i s  

would i n d i c a t e  a  r e l a t i v e l y  h i g h  p o p u l a t i o n  d e n s i t y  i n  

r e l a t i o n  t o  i s l a n d  s i z e  and a v a i l a b l e  food  s o u r c e s .  

Fol lowing o u r  i n v e s t i g a t i o n ,  S o u t h e r n  (1976) r e p o r t e d  

t h a t  p o p u l a t i o n s  of  b o t h  H e r r i n g  G u l l s  and R i n g - b i l l e d  G u l l s  

d e c l i n e d  t o  309 and 3 ,935  p a i r s ,  r e s p e c t i v e l y  d u r i n g  summer, 

1976. J u v e n i l e  m o r t a l i t y  was even  h i g h e r  ( > 9 9 % )  i n  1976 t h a n  

i n  1975 ( 9 2 % ) .  A f o x  d e t e r r e n t  program was i n i t i a t e d  b u t  

e x p e r i e n c e d  l i t t l e  s u c c e s s .  One f emale  o f  a v e r a g e  s i z e  was 

s h o t  by t h e  o r n i t h o l o g i c a l  team. 



F o x - g u l l  i n t e r a c t i o n  on Sou th  Manitou I s l a n d  i s  

i n f l u e n c e d  by s e v e r a l  f a c t o r s .  A v a i l a b i l i t y  of p r e y  s p e c i e s  

o t h e r  t h a n  g u l l s  was a p p a r e n t l y  low i n  1975-76.  We obse rved  

l i t t l e  e v i d e n c e  of  s m a l l  mammal a c t i v i t y  on t h e  i s l a n d .  

S c h a r f  (1973) i n d i c a t e d  t h a t  ex t reme p o p u l a t i o n  f l u c t u a t i o n s  

a r e  common f o r  p r e f e r r e d  p r e y  s p e c i e s ,  such  a s  r a b b i t s  and 

mice .  

The h a b i t a t  i n  t h e  n o r t h e r n  p o r t i o n  of  t h e  i s l a n d ,  

e s p e c i a l l y  i n  t h e  v i c i n i t y  o f  Gul l  P o i n t ,  a p p e a r s  t o  be 

most f a v o r a b l e  f o r  f o x  and i t s  p r e y  s p e c i e s .  Red f o x  

p r e f e r s  a  d r y ,  w e l l - d r a i n e d  d e n ,  and such  den s i t e s  a r e  

u s u a l l y  found where s l o p e s  a r e  5  t o  1 0 %  o r  more ( S c o t t  and 

S e l k o  1 9 3 9 ) .  Most r i d g e s  and dunes i n  t h e  n o r t h e r n  p o r t i o n  

o f  t h e  i s l a n d  e x h i b i t  t h e s e  r e q u i r e m e n t s .  The most p r e f e r a b l e  

h a b i t a t  f o r  r a b b i t s  i s  a l s o  found i n  t h e  n o r t h e r n  p o r t i o n  o f  

t h e  i s l a n d .  

The p r o x i m i t y  o f  t h e  g u l l  co lony  t o  most f a v o r a b l e  

d e n n i n g  and h u n t i n g  a r e a s  may e x p l a i n  t h e  f r e q u e n t  p r e s e n c e  

o f  f o x  i n  t h e  c o l o n y .  The l a r g e  c o n c e n t r a t i o n  o f  g u l l s  i n  t h e  

c o l o n y  o f f e r s  an obv ious  a t t r a c t i o n  a s  an a l t e r n a t e  food 

s o u r c e  when p o p u l a t i o n s  o f  o t h e r  p r e y  s p e c i e s  a r e  low. I t  

i s  a l s o  p o s s i b l e  t h a t  a d u l t  f o x  t a k e  immature pups i n t o  t h e  

c o l o n y  from n e a r b y  dens  t o  p r o v i d e  them w i t h  h u n t i n g  

e x p e r i e n c e .  



The f a c t  t h a t  f o x  have been  k i l l i n g  g u l l s  d u r i n g  t h e i r  

n e s t i n g  s e a s o n  canno t  be d i s m i s s e d ,  b u t  t h e  p r imary  r e a s o n  may 

be  a c c e s s i b i l i t y  by a  few f o x  r a t h e r  t h a n  p r e d a t i o n  by a  

l a r g e  number o f  f o x  a s  i n d i c a t e d  by S o u t h e r n  (1976) .  He 

e s t i m a t e d  t h a t  t h r e e  o r  f o u r  f a m i l y  groups  o c c u r r e d  on t h e  

i s l a n d .  C o n s i d e r i n g  normal  home r a n g e ,  t h e  i s l a n d  s h o u l d  

n o t  be  a b l e  t o  s u p p o r t  more t h a n  f o u r  t o  e i g h t  i n d i v i d u a l s .  

The low number o f  a c t u a l  s i g h t i n g s  o f  f o x  by Pa rk  S e r v i c e  

p e r s o n n e l ,  r e s e a r c h e r s ,  and o t h e r s  a l s o  i n d i c a t e s  a  

r a t h e r  s m a l l  number o f  i n d i v i d u a l s .  Fur the rmore ,  e f f o r t s  

t o  h u n t  and t r a p  f o x  have met w i t h  l i t t l e  s u c c e s s ,  a l s o  

i n d i c a t i n g  a  low p o p u l a t i o n  s i z e .  

MANAGEMENT IMPLICATIONS 

The f o x  p o p u l a t i o n  on South  Manitou I s l a n d  has  

undoub ted ly  e x p e r i e n c e d  ext reme f l u c t u a t i o n s  s i n c e  i t s  

i n i t i a l  appea rance  on t h e  i s l a n d  and has  p r o b a b l y  become 

n o n - e x i s t e n t  a t  t i m e s .  Access  o f  f o x  t o  t h e  i s l a n d  i s  

l i m i t e d  t o  e s p e c i a l l y  c o l d  and p ro longed  w i n t e r s  when an 

i c e  b r i d g e  forms between t h e  i s l a n d  and t h e  ma in land .  Such 

i c e  b r i d g e s  have been i n f r e q u e n t  d u r i n g  r e c e n t  d e c a d e s .  

L i k e w i s e ,  t h e  g u l l  co lony  has  p r o b a b l y  e s t a b l i s h e d  i t s e l f  

on Gul l  P o i n t ,  f l o u r i s h e d  f o r  a  t i m e ,  and t h e n  abandoned t h i s  

n e s t i n g  s i t e  many t i m e s  o v e r  t h e  p a s t  c e n t u r i e s .  



S i n c e  t h e  N a t i o n a l  Park S e r v i c e  w i s h e s  t o  manage South 

Manitou I s l a n d  a s  a  w i l d e r n e s s  a r e a ,  i t  a p p e a r s  l o g i c a l  t o  

a l l o w  b o t h  f o x  and g u l l  p o p u l a t i o n s  t o  wax and wane w i t h o u t  

human i n t e r v e n t i o n .  On t h e  o t h e r  hand ,  Pa rk  S e r v i c e  

p e r s o n n e l  may wish  t o  i n s t i t u t e  a  g u l l  management program 

when b r o a d e r  a s p e c t s  o f  g u l l  eco logy  i n  t h e  Lake Michigan 

b a s i n  a r e  c o n s i d e r e d .  

H e r r i n g  and R i n g - b i l l e d  Gul l  p o p u l a t i o n s  have been 

t h r e a t e n e d  by many human d i s t u r b a n c e s  i n  Lake Michigan ,  

e s p e c i a l l y  d e s t r u c t i o n  of  n e s t i n g  h a b i t a t  and i n s e c t i c i d e  

p o l l u t i o n .  Gu l l  P o i n t  on South  Manitou I s l a n d  r e p r e s e n t s  

one o f  t h e  few remain ing  n e s t i n g  s i t e s  f o r  g u l l s  i n  Lake 

Michigan .  T h e r e f o r e ,  a  management program t o  p r o t e c t  t h e  

g u l l  c o l o n y  th rough  e r a d i c a t i o n  o f  f o x e s  on t h e  i s l a n d  may 

b e  wor thy  o f  s e r i o u s  c o n s i d e r a t i o n ,  I n  e s s e n c e ,  t h e  f o x  

p o p u l a t i o n  might  be  c o n s i d e r e d  a  more r e a d i l y  r e p l a c e a b l e  

r e s o u r c e  t h a n  t h e  g u l l  c o l o n y .  I f  l a t e r  r e i n t r o d u c t i o n  o f  

fox  on t h e  i s l a n d  became d e s i r a b l e ,  t h i s  c o u l d  be  accompl ished  

w i t h o u t  s e r i o u s  d i f f i c u l t y .  I n  c o n t r a s t ,  i f  foxes  c a u s e  

abandonment of  t h i s  n e s t i n g  s i t e ,  i t  may t a k e  many decades  

b e f o r e  a  g u l l  co lony  becomes r e e s t a b l i s h e d  t h e r e .  

A d i f f e r e n t  g u l l  management problem o c c u r r e d  i n  r e c e n t  

y e a r s  o f f  t h e  c o a s t  o f  M a s s a c h u s e t t s .  Reduct ion  o f  t h e  

H e r r i n g  G u l l  p o p u l a t i o n  was a t t e m p t e d  t o  a l l e v i a t e  



gull-aircraft collision problems. Foxes and raccoons were 

introduced on islands that contained gull colonies but had no 

mammalian predators. These predator introductions caused 

major reductions in colony size and occasionally total 

abandonment of the site. However, the predators proved 

difficult to maintain on the islands (Kadlec 1971). This 

study is an indication of the vulnerability of gulls to 

mammalian predation during the nesting season. In addition, 

it reveals that many islands are probably marginal habitats 

for mammalian predators. 

On South Manitou Island, the sighting of a runted 

individual indicates that the fox population there is existing 

under stressful conditions. Consequently, a management 

program to protect the gulls by eliminating the fox population 

on South Manitou Island may not be contrary to long-term 

natural ecological consequences on such an insular habitat. 

SUMMARY AND CONCLUSIONS 

The red fox population of South Manitou Island included 

approximately five to seven individuals in March 1976. Since 

no previous fox population records are available for the 

island, we cannot determine if this represents an increase 

or decrease in population density, although it appears 

fairly high in relation to island size. The population will 

naturally fluctuate in response to changes in food 

availability. 



Winte r  food  s o u r c e s  f o r  r e d  f o x  c o n s i s t e d  p r i m a r i l y  

o f  a p p l e s ,  e d i b l e  f l o t s a m  (main ly  a l e w i v e s ) ,  and r a b b i t s ,  

supplemented  w i t h  mice and b i r d  l i f e .  There  was no c l e a r  

e v i d e n c e  t h a t  g u l l s  were used  a s  a  food  s o u r c e  d u r i n g  March. 

Range and movement o f  t h e  r e d  f o x  i n v o l v e d  t h e  e n t i r e  

i s l a n d ,  b u t  a c t i v i t i e s  were  most  h e a v i l y  c o n c e n t r a t e d  

i n  t h e  n o r t h e r n  p o r t i o n .  The p r o x i m i t y  of  h u n t i n g  and 

denn ing  a r e a s  t o  t h e  g u l l  co lony  makes f o x - g u l l  i n t e r a c t i o n  

i n e v i t a b l e .  

Easy a c c e s s i b i l i t y  o f  t h e  co lony  and i t s  c o n c e n t r a t i o n  

o f  p r e y  ( g u l l s )  i s  p r o b a b l y  t h e  main m o t i v a t i n g  f a c t o r  f o r  

g u l l  k i l l s ,  r a t h e r  t h a n  f o x  p o p u l a t i o n  s i z e .  S c a t  samples  

d i d  n o t  i n c l u d e  any i d e n t i f i a b l e  g u l l  r e m a i n s ,  which s u g g e s t s  

t h a t  f o x  p r e f e r  o r  have  e a s i e r  a c c e s s  t o  o t h e r  food  i t e m s  

d u r i n g  w i n t e r .  - 

I f  t h e  N a t i o n a l  Pa rk  S e r v i c e  w i s h e s  t o  p r o t e c t  Sou th  

Manitou I s l a n d  a s  a w i l d e r n e s s  a r e a ,  b o t h  f o x  and g u l l  

p o p u l a t i o n s  s h o u l d  b e  p e r m i t t e d  t o  d e t e r m i n e  t h e i r  n a t u r a l  

e c o l o g i c a l  b a l a n c e  w i t h o u t  human i n t e r v e n t i o n .  However, i f  

p r e s e r v a t i o n  o f  t h e  g u l l  co lony  i s  a  more v a l u a b l e  g o a l ,  

t h e  Pa rk  S e r v i c e  may wish  t o  i n s t i t u t e  a  management program 

t o  e l i m i n a t e  t h e  f o x  p o p u l a t i o n  on t h e  i s l a n d .  
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