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ABSTRACT

I n  a  t e l e p h o n e  s u r v e y  o f  w i l d l i f e  p r o f e s s i o n a l s  i n
C a l i f o r n i a , introduced red fox were reported from 36 of 58 (62%)
c o u n t i e s  i n  C a l i f o r n i a . The  in t roduced  red  fox  ranged  a long  the
Pacific coast  from southern San Diego County to Marin County.
They were reported in western Riverside County northward through
t h e  S a c r a m e n t o  v a l l e y  a n d  w e s t e r n  S i e r r a  f o o t h i l l s  t o  c e n t r a l
Shasta County. Popula t ions  were  cont iguous  in  urban  a reas  and
may be  cont iguous  in  rura l  a reas  as  wel l . T h e  d i e t  o f  t h e
in t roduced  red  fox  in  the  urban  envi ronment  was  d iverse  and
cons is ted  of  b i rds ,  mammals ,  insec ts ,  seeds ,  f ru i t  and  human
foods . Among radio-collared foxes (n = 23) in urban Orange
C o u n t y ,  C a l i f o r n i a , f e m a l e s  h a d  t h e  g r e a t e s t  s u r v i v a l  r a t e  f o r
b o t h  j u v e n i l e s  a n d  a d u l t s . O v e r a l l ,  d i s p e r s i n g  j u v e n i l e s  h a d  t h e
g r e a t e s t  m o r t a l i t y  r a t e . Sources  of  mor ta l i ty  for  urban  foxes
i n c l u d e d  c o l l i s i o n s  w i t h  a u t o s ,  d i s e a s e ,  a n  a t t a c k  b y  a  d o g ,  a n d
a c c i d e n t s  o t h e r  t h a n  v e h i c l e  c o l l i s i o n s . Juveni le  males  were  the
m o s t  l i k e l y  t o  d i s p e r s e . A v e r a g e  d i s p e r s a l  d i s t a n c e  f o r  a l l
success fu l  d i spersers  was  9 .8  ±  1 .85  km (6 .1  ±  1 .15  mi . ) . Three
o f  t h e  r a d i o - c o l l a r e d  f o x e s  w e r e  k n o w n  t o  h a v e  b r e d  t h e i r  f i r s t
y e a r . A v e r a g e  l i t t e r  s i z e  w a s  4  p u p s  p e r  l i t t e r  ( n  =  7  l i t t e r s )
i n  1 9 9 1  a n d  3  p u p s  p e r  l i t t e r  ( n  =  5  l i t t e r s )  i n  1 9 9 2 . Urban
foxes  were  found to  use  a l l  aspec ts  of  the  urban  envi ronment ,
f rom open  f ie lds  and  beaches  to  res ident ia l  deve lopments .
C o r r i d o r s  f o r  t r a v e l  f o r  b o t h  r e s i d e n t  a n d  d i s p e r s i n g  f o x e s
i n c l u d e d  f l o o d  c h a n n e l s ,  b e a c h  s t r a n d s ,  r a i l r o a d  t r a c k s ,  a n d
p o w e r l i n e  c o r r i d e r s . R e d  f o x  d e n s i t i e s  v a r i e d  b e t w e e n  s i t e s .
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INTRODUCTION

I n  C a l i f o r n i a ,  t h e  r e d  f o x  ( V u l p e s  v u l p e s )  h a s  b e e n
repor ted  to  be  na t ive  to  the  S ier ra  Nevada  and  southern  Cascade
M o u n t a i n s  ( G r i n n e l l  e t .  a l .  1 9 3 7 ) . However, s i n c e  t h e  1 8 9 0 ' s  t h e
red  fox  has  been  found in  severa l  a reas  of  Cal i forn ia  which  were
n o t  p a r t  o f  i t s  h i s t o r i c a l  r a n g e  ( G r i n n e l l  e t  a l .  1 9 3 7 ) ;  t h e s e
foxes  were  probably  fur  fa rm escapees ,  fox  hunt  surv ivors ,  and
i n t e n t i o n a l l y - r e l e a s e d  p e t s  o r  c a p t i v e s  t h a t  h a v e  e s t a b l i s h e d
b r e e d i n g  p o p u l a t i o n s . Based  on  morphologica l  parameters ,  the
introduced foxes from the Sacramento Valley appear more closely
r e l a t e d  t o  t h e  N o r t h e r n  G r e a t  P l a i n s  s u b s p e c i e s  o f  r e d  f o x  ( V .  v .
r e g a l i s )  r a t h e r  t h a n  t h e  S i e r r a  N e v a d a  r e d  f o x  ( V .  v .  n e c a t o r )
(Roest  1977).

In t roduced  red  fox  have  es tab l i shed  breeding  popula t ions
throughout the Sacramento Valley (Gray 1975, 1977). Gould (1980)
repor ted  the  range  expans ion  of  th i s  popula t ion  in to  Cont ra  Cos ta
and Alameda counties, a s  w e l l  a s  a d d i t i o n a l  s i g h t i n g s  i n  M a r i n ,
Santa  Cruz ,  Ventura , and Los Angeles counties.

I n t r o d u c e d  r e d  f o x e s  a r e  c o n s i d e r e d  a  t h r e a t  t o  p o p u l a t i o n s
o f  e n d a n g e r e d  w i l d l i f e  i n c l u d i n g  t h e  l i g h t - f o o t e d  c l a p p e r  r a i l
( R a l l u s  l o n a g i r o s t r i s  l e v i p e s ) , t h e  C a l i f o r n i a  c l a p p e r  r a i l
( R a l l u s  l o n g i r o s t r i s  o b s o l e t u s ) ,  t h e  C a l i f o r n i a  l e a s t  t e r n
(Sterna  an t i l l a rum browni ) , the  sa l t  marsh  harves t  mouse
(Rei throdontomys  rav ivent r i s ) , Belding's Savannah sparrow
(Passercu lus  sandwichens is  be ld ingi )  (U.  S .  F ish  and  Wild l i fe
Service and U. S. Navy 1990, U.  S .  F ish  and  Wild l i fe  Serv ice
1990), and  the  San  Joaquin  k i t  fox  (V.  macrot i s  mut ica)  (Ral l s
e t .  a l .  1 9 9 0 ) . The  in t roduced  red  fox  may a l so  present  a  th rea t
to  the  na t ive  S ier ra  Nevada  red  fox  by  compet ing  for  ava i lab le
h a b i t a t ,  i n t e r b r e e d i n g  o r  t r a n s m i t t i n g  d i s e a s e s .

Red fox trapping programs have been used as a means to
p r o t e c t  t h e  C a l i f o r n i a  l e a s t  t e r n  a n d  t h e  l i g h t - f o o t e d  c l a p p e r
r a i l  f r o m  p r e d a t i o n , but  have  a l so  c rea ted  cont roversy  (U.  S .
Fish and Wildlife Service and U. S.  Navy 1990). In some urban
p a r k s  t h e s e  f o x e s  w e r e  t r e a t e d  a s  p e t s , and  fed  da i ly  by  people .
I n  t h e s e  s a m e  a r e a s  t h e y  m a y  p r e s e n t  h e a l t h  r i s k s  t o  t h e  p u b l i c .
These  concerns  present  d i f f icu l t  management  problems.

I n f o r m a t i o n  a b o u t  i n t r o d u c e d  r e d  f o x e s  i n  C a l i f o r n i a  h a s
n o t  b e e n  a v a l i a b l e  f o r  w i l d l i f e  m a n a g e r s . To  develop  or  assess
m a n a g e m e n t  a l t e r n a t i v e s  t o  r e d  f o x  c o n t r o l  p r o g r a m s ,  a  b e t t e r
unders tanding  of  the  eco logy  of  red  foxes  was  needed .
S p e c i f i c a l l y ,  n e e d  e x i s t e d  t o  u n d e r s t a n d  l o c a l  s o u r c e s  o f
d e p r e d a t i n g  r e d  f o x e s , how they  t rave led  to  endangered-spec ies
n e s t i n g  a r e a s , and  the  age  of  foxes  tha t  co lonized  on  or  near
t h e s e  a r e a s . S e x - s p e c i f i c  d i s p e r s a l  p a t t e r n s ,  d i s p e r s a l
d i s t a n c e s ,  d i s p e r s a l  r o u t e s ,  r a t e s  o f  d i s p e r s a l ,  t i m i n g  o f
d i s p e r s a l , a n d  d i s p e r s a l  d i r e c t i o n  n e e d e d  t o  b e  i n v e s t i g a t e d  t o
answer  these  ques t ions . F u r t h e r , i d e n t i f i c a t i o n  o f  h o m e  r a n g e ,
f o o d  h a b i t s ,  h a b i t a t  u s e , and  movement  charac ter i s t ics  of
r e s i d e n t  f o x e s  w o u l d  c l a r i f y  t h e  i m p a c t  o n  n a t i v e  f a u n a .

A n  i n v e s t i g a t i o n  o f  t h e  d i s t r i b u t i o n  o f  r e d  f o x  s i g h t i n g s
t h r o u g h o u t  C a l i f o r n i a  w a s  n e c e s s a r y  t o  a s s e s s  t h e  p r e s e n t  r a n g e
a n d  p o p u l a t i o n  s t a t u s . Determining  the  ex ten t  to  which  an



in t roduced  spec ies  has  become es tab l i shed  was  impor tan t  in
a s s e s s i n g  o r  f o r e c a s t i n g  i m p a c t s  o n  n a t i v e  s p e c i e s  a n d  h a b i t a t s .

S p e c i f i c  c o m p o n e n t s  o f  j u v e n i l e  d i s p e r s a l  t h a t  w e r e
a d d r e s s e d  i n  t h i s  s t u d y  i n c l u d e d :  d i s p e r s a l  r o u t e s ,  d i s p e r s a l
d i s t a n c e s ,  m o r t a l i t y  o f  d i s p e r s i n g  a n d  n o n - d i s p e r s i n g  f o x e s ,
p r o p o r t i o n s  o f  j u v e n i l e s  d i s p e r s i n g ,  a n d  t i m i n g  o f  d i s p e r s a l .
Spec i f ic  home range  and  land-parce l  use  ques t ions  tha t  were
a d d r e s s e d  i n c l u d e d :  a g e - and  sex-spec i f ic  home range  s ize  and
l a n d - p a r c e l  u s e  o f  r a d i o - c o l l a r e d  f o x e s . Q u e s t i o n s  r e l a t e d  t o
food habits  included; what food i tems were consumed by red
f o x e s ? ; and  how cons is tan t  these  i t ems  were  found in  the  red  fox
d i e t ?  S p e c i f i c  s t a t e w i d e  d i s t r i b u t i o n  q u e s t i o n s  i n c l u d e d :  w h e r e
have  red  foxes  been  s igh ted  outs ide  of  the  accepted  range  of  the
nat ive  S ier ra  Nevada  red  fox?; and what was the range of the
i n t r o d u c e d  r e d  f o x  i n  C a l i f o r n i a ?

The California Department of Fish and Game (CDFG), Nongame
section,  and the U. S.  Fish and Wildlife Service (USFWS)
c o o p e r a t i v e l y  p r o v i d e d  f i n a n c i a l  s u p p o r t  f o r  t h e  p r o j e c t .
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STUDY AREA

T h e  d i s t r i b u t i o n  o f  t h e  i n t r o d u c e d  r e d  f o x  w a s  i n v e s t i g a t e d
t h r o u g h o u t  C a l i f o r n i a  e x c e p t  i n  a r e a s  i n h a b i t e d  b y  t h e  S i e r r a
Nevada red fox. The northwestern half  of  Orange County,
C a l i f o r n i a ,  w a s  u s e d  a s  t h e  s t u d y  a r e a  f o r  i n v e s t i g a t i n g
d i s p e r s a l ,  h o m e  r a n g e  a n d  l a n d - p a r c e l  u s e ,  m o r t a l i t y ,  s u r v i v a l ,
r e p r o d u c t i o n , a n d  a g e  s t r u c t u r e  ( F i g u r e  1 ) . The study area was
bounded on the northwest by the San Gabriel  River and Coyote
Creek flood channels,  which delineate Orange County from Los
Angeles County. It  was bounded on the West by the Pacific Ocean,
and to the North by California State Highway 91. The  s tudy  a rea
included the Pacific coast  from Seal Beach to Newport  Beach,  and
i n c l u d e d  a r e a s  a s  f a r  e a s t  a s  t h e  c i t i e s  o f  T u s t i n  a n d  O r a n g e .
This portion of Orange County was predominantly urban and
suburban  in  na ture  and  was  in te rspersed  wi th  open  spaces . These
o p e n  s p a c e s  i n c l u d e d  g o l f  c o u r s e s ,  p a r k s ,  a i r f i e l d s ,  c e m e t e r i e s ,
wet lands , a g r i c u l t u r a l  f i e l d s ,  p o w e r l i n e  a n d  h i g h w a y  c o r r i d o r s ,
and undeveloped lands.

Much of  Orange  County  ( inc luding  the  s tudy  area)  i s  loca ted
i n  t h e  S o u t h e r n  C a l i f o r n i a  c o a s t a l  p l a i n . Orange County has a
Medi te r ranean  c l imate  charac te r ized  by  wet  win te rs  and  dry
summers. Average  annual  ra infa l l  was  32 .0  cm (12 .6  inches)
(Kehew 1992). Mean temperatures ranged from 13.3 °C (55.9 °F) in
January  to  22 .9 °C (73.3 °F) in August while the annual mean
temperature was 17.8 °C (64 .0  °F)  (Kehew 1992) .  The  e leva t ion  of
the  s tudy  area  ranged  f rom sea  leve l  to  approximate ly  100  m (328
f e e t ) .

R e s e a r c h  a c t i v i t i e s  w e r e  f r e q u e n t l y  l o c a t e d  a t  s p e c i f i c
s i t e s  w i t h i n  t h e  s t u d y  a r e a  a n d  t h e s e  a r e a s  w a r r a n t  d e t a i l e d
d e s c r i p t i o n . Mile Square Park is  administered as an Orange
County Regional Park. I t  i s  one  mi le  square  in  a rea  (2 .25  km 2 )
and  inc ludes  a  park  and  two pr iva te ly-owned gol f  courses  in
F o u n t a i n  V a l l e y ,  C a l i f o r n i a . Orange County Sewage Treatment
P l a n t  # 2  i s  a n  i n d u s t r i a l  f a c i l i t y  w i t h  o p e n  s p a c e ;  t h e  p l a n t  i s
l o c a t e d  a d j a c e n t  t o  t h e  P a c i f i c  c o a s t  a t  t h e  m o u t h  o f  t h e  S a n t a
Ana River  in  Hunt ington  Beach ,  Cal i forn ia . Bolsa Chica
E c o l o g i c a l  R e s e r v e  i n c l u d e s  t i d a l  s a l t  m a r s h ,  g r a s s y  u p l a n d s ,  a n d
s c a t t e r e d  o i l - p u m p  s i t e s  a n d  i s  l o c a t e d  o n  t h e  P a c i f i c  c o a s t  i n
Hunt ing ton  Beach ,  Cal i forn ia . Los Alamitos Armed Forces Reserve
C e n t e r  i s  a n  8 . 0  k m 2  ( 3 . 0  m i 2 )  m i l i t a r y  i n s t a l l a t i o n  l o c a t e d  n o r t h
o f  I n t e r s t a t e  H i g h w a y  4 0 5  i n  L o s  A l a m i t o s ,  C a l i f o r n i a .  I t
c o n s i s t s  o f  a n  a i r f i e l d ,  o p e n  g r a s s l a n d s ,  a g r i c u l t u r a l  l a n d s ,  a n d
two gol f  courses .
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METHODS

Red Fox Dis t r ibu t ion

T h e  s t a t e w i d e  d i s t r i b u t i o n  o f  t h e  i n t r o d u c e d  r e d  f o x  w a s
i n v e s t i g a t e d  b y  c o n d u c t i n g  t e l e p h o n e  i n t e r v i e w s  w i t h  w i l d l i f e
p r o f e s s i o n a l s  a n d  r e l a t e d  i n d i v i d u a l s  t h r o u g h o u t  t h e  s t a t e .  A
s ight ing  was  any  red  fox  tha t  had  been  seen  in  the  f ie ld  by  the
p e r s o n  b e i n g  i n t e r v i e w e d  o r  a  r e d  f o x  t h a t  t h e  p e r s o n  h a d  d i r e c t
knowledge of as a specimen (i .e. ,  museum specimen). Each
te lephone  in te rv iew sought  to  acqui re  in format ion  about  each  red
f o x  s i g h t i n g , i n c l u d i n g  r e l i a b i l i t y ,  d a t e ,  a n d  l o c a t i o n  o f  t h e
s i g h t i n g . T h e  r e l i a b i l i t y  o f  a  s i g h t i n g  w a s  b a s e d  o n  t h e
e x p e r i e n c e  t h a t  t h e  i n t e r v i e w e d  i n d i v i d u a l  h a d  w i t h  r e d  f o x e s ,
a n d / o r  t h e  a c c u r a c y  o f  t h e  d e s c r i p t i o n  o f  t h e  r e p o r t e d  a n i m a l .
F o r  e f f i c i e n c y , new locations were mapped only if  they were at
l e a s t  1 . 6  k m  ( 1  m i l e )  d i s t a n t  f r o m  t h e  n e a r e s t  p r e v i o u s l y
r e p o r t e d  l o c a t i o n .

P r e s e n t l y , n o  r e l i a b l e  m e a n s  i s  a v a i l a b l e  t o  v i s u a l l y
d i s t i n g u i s h  t h e  n a t i v e  S i e r r a  N e v a d a  r e d  f o x  f r o m  t h e  i n t r o d u c e d
r e d  f o x . Therefore , i n t e r v i e w i n g  e f f o r t s  w e r e  c o n c e n t r a t e d  i n
a r e a s  o u t s i d e  o f  t h e  h i s t o r i c a l  r a n g e  o f  t h e  S i e r r a  N e v a d a  r e d
f o x  a s  r e p o r t e d  b y  G r i n n e l l  e t  a l .  ( 1 9 3 7 ) . Consequent ly ,  no  red
fox  s ight ings  above  1066 m (3500 f t . )  in  the  S ier ra  or  Cascade
R a n g e s  w e r e  i n c l u d e d  i n  t h e  d i s t r i b u t i o n . Wi th  the  except ion  of
Orange  County  and  two s ight ings  acqui red  f rom le t te rs  tha t
inc luded  photographs  of  the  red  foxes , s i g h t i n g s  w e r e  c o l l e c t e d
only  by  te lephone  in te rv iew. In  Orange  County ,  h i s tor ica l
r e f e r e n c e s  ( e . g . , repor t s  and  books)  were  a l so  used  in
d e t e r m i n i n g  d i s t r i b u t i o n  w i t h i n  t h a t  o n e  c o u n t y .

Red Fox Food Habits

F o o d  h a b i t s  w e r e  i n v e s t i g a t e d  b y  c o l l e c t i n g  f o x  f e c a l
m a t e r i a l  ( s c a t )  o n c e  e a c h  m o n t h  f r o m  s p e c i f i c  s i t e s . C o l l e c t i o n
s i t e s  w e r e  c l e a r e d  o f  s c a t  d u r i n g  e a c h  c o l l e c t i o n ;  t h u s
s u b s e q u e n t  c o l l e c t i o n s  c o n t a i n e d  o n l y  r e c e n t  ( s i n c e  l a s t
c o l l e c t i o n )  s c a t  d e p o s i t i o n . This  a l lowed assessment  of  seasonal
v a r i a t i o n  i n  f o x  f o o d  h a b i t s . Sca ts  were  a i r -dr ied  and  sh ipped
to the Humboldt State University (HSU) Department of Wildlife.
Upon arrival at HSU, s c a t s  w e r e  f r o z e n  u n t i l  a n a l y s i s .

Fecal samples were randomly chosen from within each monthly
c o l l e c t i o n  a t  e a c h  c o l l e c t i o n  s i t e . Samples  (11-13g:  3-5  feca l
depos i t s )  were  washed  and  the  remain ing  inso lubles  were  then
o v e n - d r i e d . The  oven-dr ied  samples  were  s tored  in  a  des icca tor
u n t i l  a n a l y z e d . Samples were separated into food i tems by
s i m i l a r  g r o u p s  o f  f r a g m e n t s  ( i . e . ,  f e a t h e r s ,  s e e d s ,  h a i r ,  b o n e s ,
e t c . )  w i t h  t h e  a i d  o f  a  d i s s e c t i n g  m i c r o s c o p e . Each sample was
s e a r c h e d  u n t i l  a l l  i d e n t i f i a b l e  f r a g m e n t s  h a d  b e e n  s e p a r a t e d ,  o r
for a maximum of 2 hours. Usual search t ime was approximately 1
hour .
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A d d i t i o n a l  s a m p l e s  f r o m  a  s i n g l e  c o l l e c t i o n  c o n t i n u e d  u n t i l
no new prey i tems were found in succeeding samples. Once food
r e m a i n s  w e r e  s e p a r a t e d  t h e y  w e r e  i d e n t i f i e d  u s i n g  r e f e r e n c e  t e x t s
( Ingles  1965, Swanson and Papp 1972) and mammalian, avian,
i n v e r t e b r a t e ,  a n d  p l a n t  r e f e r e n c e  c o l l e c t i o n s  a t  H S U . We were
ass is ted  by  the  U.  S .  Depar tment  of  Agr icu l ture  and  the  San  Diego
Museum of  Natura l  His tory  in  the  ident i f ica t ion  of  seeds . Once
ident i f ied ,  food  i tems  were  summed by  season ,  food  type ,  and
s p e c i f i c  f o o d  i t e m .

Popula t ion  Informat ion  and  Dispersa l

Red  foxes  were  cap tured  and  rad io-co l la red  (Mod 300  co l la r ,
Te lonics ,  Mesa ,  AZ)  to  obta in  loca t ion  da ta  for  de te rmining  home
r a n g e ,  h a b i t a t  u s e ,  a r i d  d i s p e r s a l . Tomahawk box (cage) traps
(121 cm by 68 cm by 52 cm, or 107 cm by 41 cm by 41 cm, or 81 cm
by 33 cm by 28 cm; Tomahawk Live Trap Co., Tomahawk, WI) were
u s e d  i n  a l l  t r a p p i n g . Degree of wear on incisors was used as a
pr imary  ind ica tor  of  age  (Harr i s  1978) ,  and  weight  and  coa t
condi t ion  were  used  as  secondary  age  ind ica tors . F o r  t h e
p u r p o s e s  o f  t h i s  s t u d y , d i s t i n g u i s h i n g  b e t w e e n  a d u l t s  a n d
juveni les  was  adequate .

E a c h  r a d i o - c o l l a r e d  f o x  w a s  i d e n t i f i a b l e  b y  t h e  i n d i v i d u a l
m a r k i n g s  o n  i t s  e a r  t a g s  a n d  r a d i o - c o l l a r . C o l o r e d  r e f l e c t i v e
t a p e  w a s  p l a c e d  o n  t h e  e a r  t a g s  a n d  r a d i o - c o l l a r  s o  t h a t
i n d i v i d u a l  a n i m a l s  h a d  a  u n i q u e  c o l o r  c o m b i n a t i o n  ( e . g . ,  r e d  t a g
i n  r i g h t  e a r , b l u e  t a g  i n  l e f t  e a r ) . Color -coded  ear  tags  and
r a d i o - c o l l a r s  a l l o w e d  o t h e r  b i o l o g i s t s  a n d  l a y  i n d i v i d u a l s
w i t h o u t  r a d i o - r e c e i v e r s  t o  i d e n t i f y  i n d i v i d u a l  f o x e s . The
c o l o r e d  r e f l e c t i v e  t a p e  c o u l d  b e  s e e n  a t  a  1 5 0  m  d i s t a n c e  a t
n i g h t  w i t h  a  s p o t l i g h t ,  o r  d u r i n g  t h e  d a y .

S u r v i v a l  a n d  m o r t a l i t y  r a t e s  o f  r a d i o - c o l l a r e d  f o x e s  w e r e
estimated using the Micromort computer program (Heisey and Fuller
1985). T h e  i n t e r v a l  o v e r  w h i c h  s u r v i v a l  r a t e  w a s  e s t i m a t e d  f o r
j u v e n i l e s  b e g a n  o n  9  J u l y  ( e a r l i e s t  r a d i o - c o l l a r i n g )  a n d
continued for 250 days unti l  15 March,  which was the est imated
w h e l p i n g  d a t e  f o r  o b s e r v e d  l i t t e r s . F o r  a d u l t s ,  a  3 6 5 - d a y
interval  was used (15 March -  14 March). S u r v i v a l  a n d  m o r t a l i t y
r a t e s  w e r e  e s t i m a t e d  a g e - a n d  s e x - s p e c i f i c a l l y  f o r  d i s p e r s e r s  a n d
l - y e a r  o l d s , a n d  f o r  j u v e n i l e s  c a p t u r e d  i n  J u l y . M o r t a l i t y  r a t e s
w e r e  e s t i m a t e d  c a u s e - s p e c i f i c a l l y .

Midnight  spot l ight  surveys  were  conducted  a t  Los  Alami tos
Armed Forces Reserve Center and Mile Square Park to assess
popula t ion  s ize  and  t rends  a t  these  two nor thwes tern  Orange
C o u n t y  s i t e s . All  observed red foxes were counted and the
presence  or  absence  of  a  t ag  or  co l la r  was  recorded . Survey
routes  were  chosen  to  minimize  the  poss ib i l i ty  of  recount ing  any
indiv iduals  seen  whi le  the  observer  drove  once  a long  a
p r e d e t e r m i n e d  r o u t e  t h r o u g h  t h e  s i t e .

D i s p e r s a l  c h a r a c t e r i s t i c s  w e r e  d e t e r m i n e d  f o r  i n d i v i d u a l s
tha t  moved away f rom es tab l i shed  home ranges  or  na ta l  s i tes .
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W h e n  a  r a d i o - c o l l a r e d  i n d i v i d u a l  c o u l d  n o t  b e  l o c a t e d ,  a  s e a r c h
w a s  c o n d u c t e d  t o  l o c a t e  i t s  r a d i o  s i g n a l . This was continued
u n t i l  t h e  i n d i v i d u a l  w a s  f o u n d  o r  c o n s i d e r e d  m i s s i n g  ( a f t e r
e x t e n s i v e  s e a r c h e s ) . Once  the  an imal  was  found,  the  d i rec t ion  of
d i s p e r s a l  f r o m  t h e  o r i g i n a l  h o m e  r a n g e  ( o r  d e n  s i t e  f o r
j u v e n i l e s )  a n d  t h e  s t r a i g h t - l i n e  d i s t a n c e  w a s  r e c o r d e d .  R a d i o -
t e l e m e t r y  l o c a t i o n s  w e r e  o b t a i n e d  a t  t h e  r a t e  o f  t h r e e  l o c a t i o n s
per week in the new home range (which was calculated as dist inct
f rom the  pre-d ispersa l  home range) .

Home range and land-parcel  use by foxes were determined by
o b t a i n i n g  a t  l e a s t  t h r e e  i n d e p e n d e n t  l o c a t i o n s  p e r  w e e k  p e r
i n d i v i d u a l  f o x . Adul t s  and  juveni les  were  fo l lowed to  observe
tempora l  land-parce l  use  and  movement  ra tes . The Mcpaal computer
program (Stuwe and Blohowiak 1985) was used to generate Minimum
Convex Polygon (MCP) (Harvey and Barbour 1965) and Harmonic Mean
Transformation (HMT) (Dixson and Chapman 1980) estimates of home
r a n g e  s i z e . All  HMT estimates were based on a calculation using
15 gr id  d iv is ions  and  95% of  the  loca t ions .

Juveni les  were  cons idered  adul t s  when they  surv ived  to  15
March. I f  a  f o x  d i d  n o t  d i s p e r s e , t h e  t o t a l  n u m b e r  o f  l o c a t i o n s
a s  a  j u v e n i l e  a n d  a d u l t  w e r e  i n c l u d e d  w h e n  e s t i m a t i n g  t h e i r  a d u l t
home range. However, dispersing juveniles had two home ranges.;  a
juveni le  home range  pr ior  to  d ispersa l  and  an  adul t  home range
a f t e r  d i s p e r s a l . This methodology caused a loss of independence
between non-d ispers ing  juveni le  and  adul t  home ranges  so  no  tes t s
beyond the average home range size of each group was performed.

D i f f e r e n t  f e a t u r e s  o f  t h e  u r b a n  e n v i r o n m e n t ,  s u c h  a s
r e s i d e n t i a l  a r e a s , o p e n  f i e l d s ,  p a r k s ,  e t c . ,  w e r e  c a t e g o r i z e d  a s
d i f f e r e n t  l a n d - p a r c e l  t y p e s . A n y  l a n d - p a r c e l  t y p e  o r  t y p e s  t h a t
w e r e  s e p a r a t e d  o n l y  b y  a  r o a d ,  f l o o d  c h a n n e l ,  o r  o t h e r  t h i n
bar r ie r  were  cons idered  cont iguous . A patch of open space was
c o n s i d e r e d  t o  c o n s i s t  o f  t h e  t o t a l  a r e a  o f  c o n t i g u o u s  l a n d
p a r c e l s  e x c l u s i v e  o f  r e s i d e n t i a l  a n d  r e t a i l  b u s i n e s s  d e v e l o p m e n t .
Home range size in comparison to the amount of open space was
i n v e s t i g a t e d  u s i n g  l i n e a r  c o r r e l a t i o n  ( Z a r  1 9 8 4 ) .  T h e  a r e a s  o f
land  parce ls  were  ca lcu la ted  f rom color  aer ia l  photographs
(1:17400; Airborne Systems, Anaheim, CA).

Movement patterns of red foxes were determined by continual
t r a c k i n g  o f  c o l l a r e d  a n i m a l s . B e c a u s e  c o n s t a n t  s u r v e i l l a n c e  o f
col la red  foxes  was  usua l ly  d i f f icu l t ,  movement  informat ion  was
g a t h e r e d  b y  a n a l y z i n g  r e l o c a t i o n s  c o l l e c t e d  a s  f r e q u e n t l y  a s
p o s s i b l e . However, sampl ing  techniques  o ther  than  cons tan t
surve i l lance  cannot  fu l ly  descr ibe  a  fox ' s  movement  dur ing  a
s i n g l e  t i m e  p e r i o d .
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RESULTS

Red Fox Dis t r ibu t ion

Telephone  in te rv iews  were  conducted  wi th  199  ind iv idua ls .
Of  these ,  125  ind iv idua ls  (63%) had  s ight ings  of  red  foxes .
These  ind iv idua ls  produced  319  s ight ings  of  in t roduced  red  fox
(be low 1066 m or  3500 f t .  in  e leva t ion)  (Table  1 ,  F igure  2 ,  and
Appendix 1). Red foxes  a re  ex t remely  mobi le ,  can  t rave l  la rge
dis tances  in  a  shor t  per iod  of  t ime,  and  can  have  la rge  home
r a n g e s . L o c a t i o n s  d o  n o t  i n f e r  t h e  p r e s e n c e  o f  r e p r o d u c t i v e  o r
l a r g e  e s t a b l i s h e d  p o p u l a t i o n s  n o r  d o  l o c a t i o n s  i n f e r  d e n s i t y  o r
t i m i n g  o f  c o l o n i z a t i o n  o f  c e r t a i n  a r e a s ;  h o w e v e r  i n  s o m e  a r e a s
t h e  d e n s i t y  o f  l o c a t i o n s  m a y  b e  g r o s s l y  a s s o c i a t e d  w i t h  a
genera l ized  (and  perhaps  dense)  fox  popula t ion .

Red fox  s igh t ings  were  recorded  in  the  coas ta l  a reas  f rom
Mission Bay just  north of San Diego in San Diego County to Point
Reyes National  Seashore in Marin County. Red foxes were sighted
throughout the San Joaquin and Sacramento Valleys from an area
extending from Bakersfield in Kern County northward to the
Whiskeytown National Recreation Area in Shasta County. S igh t ings
were  repor ted  as  fa r  eas t  as  wes te rn  Rivers ide  County  and  the
wes tern  S ier ra  Nevada  footh i l l s  (be low 1066 m or  3500 f t . )  in  El
Dorado,  Madera,  Fresno,  Placer and Tulare Counties. Other
s ight ings  were  repor ted  in  the  Sa l inas  River  Val ley  in  Monterey
and San Luis Obispo Counties, i n  t h e  C a r r i z o  P l a i n  i n  S a n  L u i s
Obispo County, and in the San Francisco Bay Area in Alameda,
Contra Costa,  Santa Clara,  and San Mateo Counties. A d d i t i o n a l
s ight ings  for  the  Nor th  Bay and  Del ta  reg ion  occurred  in  Solano ,
Napa and Sonoma Counties. No s ight ings  were  recorded  for  the
coastal  area between northwestern Santa Barbara County and
Monterey Bay in Monterey County.

Excluding  the  S ie r ra  and  Cascade  footh i l l s ,  red  foxes  were
r e p o r t e d  a t  r e l a t i v e l y  h i g h  e l e v a t i o n s  i n  s o m e  c o u n t i e s .
S ight ings  were  repor ted  as  h igh  as  750 m in  the  coas ta l  ranges  in
San Luis Obispo county, and 800 m in Santa Clara County. Maximum
elevations of 1000 m and 1100 m were recorded for sightings in
the San Gabriel  mountains in Los Angeles County and the San
Jac in to  Mounta ins  in  Rivers ide  County ,  respec t ive ly .

Two red  fox  s ight ings  occurred  near  Fa l l  River  Mi l l s  in
nor theas te rn  Shas ta  County ; t h e s e  s i g h t i n g s  w e r e  l o c a t e d  d i r e c t l y
b e t w e e n  t h e  2  n o r t h e r n  m o s t  p o r t i o n s  o f  t h e  h i s t o r i c a l  S i e r r a
Nevada red fox range. B e c a u s e  o f  t h e  u n c e r t a i n t y  o f  t h e
taxonomic  s ta tus  of  these  foxes  they  were  no t  inc luded  in  the
s t a t e w i d e  d i s t r i b u t i o n  m a p  ( F i g u r e  2 ) . In  the  Sier ra  Nevada  and
Cascade Ranges, only sightings that  occurred below 1066 m (3500
f t . )  i n  e l e v a t i o n  w e r e  c o n s i d e r e d  t o  b e  o b s e r v a t i o n s  o f  t h e
in t roduced  red  fox . S i g h t i n g s  o f  r e d  f o x  a b o v e  t h i s  e l e v a t i o n  i n
the  S ie r ra  and  Cascade  Ranges  were  not  inc luded  in  the  s ta tewide
dis t r ibu t ion  of  in t roduced  red  fox .

The  d is t r ibu t ion  of  in t roduced  red  foxes  in  Orange  County
w a s  a l s o  i n v e s t i g a t e d  i n  d e t a i l  ( A p p e n d i x  2 ) . Twenty-two den
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s i tes  and  39  independent  s igh t ings  were  repor ted  in  Orange  County
(Figure  3) . P r i o r  t o  t h i s  r e p o r t , t h e  s c i e n t i f i c  l i t e r a t u r e  h a d
not  repor ted  red  foxes  in  Orange  County  (Gr inne l l  e t  a l .  1937 ,
Hall  and Kelson 1959, Ingles 1965), however we recorded sightings
in Orange County as early as 1942 and 1965. Only  den  s i tes
greater than 1.6 km (1 mile) away from previously mapped den
s i t e s  w e r e  a d d e d  t o  t h e  d i s t r i b u t i o n  o f  d e n  s i t e s  i n  O r a n g e
County. A l l  d e n  s i t e s , and  35  of  the  38  independent  s ight ings
occur red  in  urban  a reas ; urban  a reas  were  charac te r ized  by
r e s i d e n t i a l ,  i n d u s t r i a l ,  c o m m e r c i a l , o r  s i m i l a r l y  d e v e l o p e d  a r e a s
wi th  in te rspersed  open  spaces  and  cor r idors . These landscape
fea tures  charac te r ized  much of  nor thern  Orange  County .

Red Fox Food Habits

Fox scats were collected approximately once a month from 7
s i tes  in  Orange  County  (Table  2) . Sca t  was  co l lec ted  once  a t
Seal Beach NWR and Costa Mesa High School.

F r o m  t h e  7  c o l l e c t i o n  s i t e s ,  4 4 7  f e c a l  s a m p l e s
(approximate ly  1800 sca ts )  over  a l l  seasons  were  ana lyzed .
Insec ts ,  seeds ,  b i rds ,  mammals , and human-food packaging were
r e g u l a r l y  i n g e s t e d . Inver tebra tes ,  seeds ,  b i rds ,  and  mammals
were each found in > 50% of the samples,  regardless of season
(Table 3, F i g u r e  4 ) . Whi le  ana t ids  and  passer ines  were  the  mos t
f r e q u e n t l y  f o u n d  a v i a n  f o o d  i t e m s  i n  s c a t  s a m p l e s ,  t h e i r  p e r c e n t
occurrence  was  grea tes t  in  the  summer  and  fa l l  samples  (Table  4) .
Pocket gophers (Geomyidae) were the most frequently encountered
mammal ian  food i tem regard less  of  the  season  (Table  5) .
I n v e r t e b r a t e s  i n  s c a t s  i n c l u d e d  i n s e c t s  ( 6  o r d e r s ) ,  a r a c h n i d s ,
c r u s t a c e a n s , and mollusks (Appendix 3). S e e d s  o c c u r r i n g  i n  s c a t s
included > 44 genera in > 28 plant families (Appendix 4). Most
seeds  were  consumed as  par t  o f  a  p lan t  f ru i t . Aluminum foil ,
p l a s t i c , and paper were the most frequently found human food
packaging  and  were  cons is ten t ly  found in  the  samples . E g g s h e l l s
were  found in  a l l  seasons .

O p p o r t u n i s t i c a l l y  a c q u i r e d  f o o d  w a s  d i f f i c u l t  t o  q u a n t i f y
o r  o b s e r v e  d u e  t o  l i m i t e d  a c c e s s  t o  c e r t a i n  a r e a s  ( e . g . ,  p e t
f o o d - d i s h e s  i n  b a c k  y a r d s ) . However, r e g u l a r  f e e d i n g  o f  f o x e s  b y
people  was  cons is ten t  in  some areas  and  was  thus  measurable .  At
Mile  Square  Park  a  s ingle  indiv idual  provided  an
average of 7.12 ± 0.033 kg (mean ± standard error)  of  food per
day (measured during a 48 day period) to the approximately 40
foxes  a t  Mi le  Square  Park  (which  equates  to  0 .177  kg/ fox-day) .
F o o d  p r o v i d e d  a t  t h i s  s i t e  c o n s i s t e d  o f  b e e f ,  c h i c k e n ,  t u r k e y ,
a n d  f i s h .

A d d i t i o n a l  f o o d  h a b i t s  d a t a  w e r e  c o l l e c t e d  b y  o b s e r v a t i o n s
o f  p r e d a t i o n , a n d  i d e n t i f y i n g  r e m a i n s  a t  r e d  f o x  c a c h e  s i t e s  a n d
den  en t rances  (Table  6) . O n l y  v e r t e b r a t e  s p e c i e s  w e r e  i d e n t i f i e d
a t  d e n  e n t r a n c e s . Seven  spec ies  of  b i rds  tha t  were  not
i d e n t i f i e d  i n  t h e  s c a t s  w e r e  f o u n d  a t  d e n s . These  inc luded  gul l s
( L a r u s  s p . ) , a marbled godwit (Limosa fedoa), house sparrow
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(Passer  domest icus) , mourning dove (Zenaida macroura),  crow
(Corvus  sp . ) , cormorant  (Pha lacrorax  sp . )  and  American  avocet
(Recurv i ros t ra  amer icana) .

Red Fox Population Information and Dispersal

Fox Capture and Tagging
From June 1990 to March 1992 red foxes were captured and

r a d i o - c o l l a r e d  a t  8  d i f f e r e n t  s i t e s . A  t o t a l  o f  3 3  r e d  f o x e s
were  captured  inc luding  18  juveni les  and  15  adul t s  (exc luding  a
fox family removed by the CDFG from the 55-freeway in May
1991) (Appendix 5). A to ta l  o f  23  foxes  were  rad io-co l la red  and
e a r - t a g g e d  ( 1 5  j u v e n i l e s  a n d  8  a d u l t s ) . The remaining 10 were
e a r - t a g g e d  ( 3  j u v e n i l e s  a n d  7  a d u l t s , a l l  a t  M i l e  S q u a r e  P a r k ) .
Each  rad io-co l la red  and  ear - tagged  fox  appeared  to  be  in  good
condit ion and was released unharmed.

Of the 23 foxes, 18  were  cap tured  in  ba i ted  box  t raps .  The
remaining 5 foxes were captured by chasing them out of a 75 m
l o n g  c u l v e r t  ( u s e d  b y  t h e s e  f o x e s  a s  a  d i u r n a l  r e s t i n g  a r e a ) i n t o
u n b a i t e d  b o x  t r a p s . From June 1990 to January 1991, 15 foxes
were  cap tured  us ing  box- t raps  in  444  t rap  n ights  (3 .38% t rap
s u c c e s s ) . The three foxes caught from July 1991 to March 1992
w e r e  c a p t u r e d  i n  6 7  t r a p  n i g h t s  f o l l o w i n g  3 4 1  p r e - b a i t  n i g h t s
(4 .48% t rap  success )  (Table  7) . There  were  17  recaptures  dur ing
the  two-year  per iod .

Su rv iva l
F i f teen  rad io-co l la red  juveni les  (11  in  1990 and  4  in  1991)

w e r e  f o l l o w e d  o v e r  a  p o r t i o n  o f  t h e i r  f i r s t  y e a r  ( F i g u r e  5 ) .
Seven  of  these  were  captured  in  Ju ly . The  remainder  of  the
juveniles were captured between September and January. The
s u r v i v a l  r a t e  w a s  l o w e s t  f o r  d i s p e r s i n g  j u v e n i l e s  ( a l l  J u l y
c a p t u r e s ) . N o  j u v e n i l e  f e m a l e  m o r t a l i t i e s  w e r e  o b s e r v e d ;  t h e i r
survival was 100%. Smal l  sample  s ize  (n  =  6)  may cont r ibute  to
t h e  r e s u l t ;  h o w e v e r ,  l a c k  o f  m o r t a l i t y  m a y  a l s o  r e p r e s e n t  a
h i g h e r  s u r v i v a l  l i k e l i h o o d  f o r  j u v e n i l e  f e m a l e s . The small
sample  s izes  for  each  popula t ion  segment  consequent ly  resu l t  in
s u r v i v a l  e s t i m a t e s  t h a t  l a c k  p r e c i s i o n  ( a s  e v i d e n c e d  b y  t h e  l a r g e
c o n f i d e n c e  i n t e r v a l s ;  T a b l e  8 ) . S u r v i v a l  r a t e s  w e r e  e s t i m a t e d
for  12  rad io-co l la red  adul t s  over  a  365-day  per iod  f rom 15  March
1991 to 14 March 1992 (Table 8,  Figure 5). A d u l t  s u r v i v a l  r a t e s
ranged  f rom 0 .50  for  males  to  0 .72  for  females  (Table  8) .

M o r t a l i t y
There  were  12  (52 .2%)  mor ta l i t i es  among the  rad io-co l la red

foxes  (Table  9) . T h e  c a u s e s  o f  t h e  m o r t a l i t i e s  i n c l u d e d
col l i s ions  wi th  au tomobi les  (n  =  4) ,  unknown causes  (n  =  4) ,
r e m o v a l  v i a  r e d  f o x  c o n t r o l  p r o g r a m  ( n  =  2 ) ,  s u f f o c a t i o n  i n  a  t a r
p i t  ( n  =  l ) , and an attack by a dog (n = 1). The  ta r  p i t  was
labe led  a  hazardous-subs tance  lagoon by  the  proper ty  owners .
Adul t  males ,  juveni le  males , a n d  d i s p e r s i n g  j u v e n i l e s  s u f f e r e d
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t h e  h i g h e s t  m o r t a l i t y  r a t e s  ( T a b l e  1 0 ) . Small sample size may
p a r t i a l l y  e x p l a i n  t h e  l a c k  o f  j u v e n i l e  f e m a l e  m o r t a l i t y ;  h o w e v e r ,
j u v e n i l e  a n d  a d u l t  f e m a l e s  c o l l e c t i v e l y  s u f f e r e d  t h e  f e w e s t
m o r t a l i t i e s  a m o n g  t h e  r a d i o - c o l l a r e d  f o x e s .

Unknown deaths included disappearances and unrecoverable
f o x e s , as well  as foxes dying of unknown causes (Table 9). Fox
#17 at  Los Alamitos Armed Forces Reserve Center was last  located
on 25 July 1991. Despi te  ex tens ive  search ing  a round the  a rea  and
on Seal Beach Naval Weapons Station,  she was never located. Fox
#15 f rom Mile  Square  Park  had  a  rad io  s igna l  in  an  inaccess ib le
l o c a t i o n  ( u n d e r  a  b u i l d i n g ) . The  s ignal  d id  not  move f rom i t s
location from 27 January 1992 to 1 June 1992. Consequent ly ,  the
status of the animal was unknown.

Between 1 September 1991 and 31 October 1991, seven fox
carcasses were retrieved from Los Alamitos Armed Forces Reserve
Center  and  a l l  were  in fes ted  wi th  sa rcopt ic  mange . There was a
cor responding  decrease  in  the  number  of  l ive  foxes  observed
during spotlight surveys at  Los Alamitos Armed Forces Reserve
Center  dur ing  th is  same t ime per iod  (F igure  6) .

Dens i ty
There  were  13  an imals  wi th  re f lec t ive  ear - tags  a t  Mi le

Square Park on 15 November 1991 when a spotlight survey was
conducted. By counting the number of marked (n = 7) and unmarked
animals  (n  = 14)  an  es t imated  39  foxes  occupied  th i s  s i te  (Seber
1973). This  cor responded  to  a  dens i ty  of  17  red  fox  per  square
k i l o m e t e r  ( 3 9  p e r  s q u a r e  m i l e ) . Density of foxes was not
estimated at  Los Alamitos Armed Forces Reserve Center,  however a
maximum of  12  indiv idual  foxes  were  ident i f ied  dur ing  a  spot l ight
survey on 20 August 1991. The  12  ind iv idua ls  probably
r e p r e s e n t e d  o n l y  a  p o r t i o n  o f  t h e  f o x e s  p r e s e n t  a t  t h i s  s i t e .
S i t e s  i n c l u d i n g  B r i s t o l  S t .  ( 5 5 - F r e e w a y ) ,  C r e s c e n t  A v e . ,  O r a n g e
County sewage treatment plant #2, and the Anaheim powerline si te
were  occupied  by  s ingle  fox  fami l ies . D e n s i t i e s  o f  f o x e s  a t
these  s i tes  were  no t  de te rmined  because  an  appropr ia te  and
bounded  a rea  of  use  could  no t  be  de l inea ted  for  the  en t i re
f a m i l y ; consequent ly  mark- recapture  techniques  could  not  be  used .

D i s p e r s a l
Dispersal  was defined in 3 ways: 1 )  a  g r a d u a l  s h i f t  f r o m

one home range to another; 2 )  a  s e r i e s  o f  e x p l o r a t o r y  t r i p s  p r i o r
t o  a  f i n a l  d e p a r t u r e ;  a n d  3 )  a  s i n g l e ,  u n p r e d i c t a b l e  e x o d u s
(Voigt and Macdonald 1984). Seven d ispersa ls  were  observed
(Table  11)  among the  23  rad io-col la red  foxes .

F i v e  o f  t h e  1 5  r a d i o - c o l l a r e d  j u v e n i l e s  ( 3 3 % )  d i s p e r s e d .
There were 4 males (80%) and 1 female (20%) among the 5 juvenile
d i s p e r s e r s . There were 4 dispersers (44%) among the 9 juvenile
m a l e s  r a d i o - c o l l a r e d . Among the 6 juvenile females radio-
c o l l a r e d , 1 (17%) dispersed. B e c a u s e  d i s p e r s a l  o c c u r r e d  a s  e a r l y
as August, i t  w a s  n o t  p o s s i b l e  t o  a s c e r t a i n  i f  t h e  f o x e s  c a p t u r e d
a f t e r  ( o r  d u r i n g )  A u g u s t  h a d  n o t  a l r e a d y  d i s p e r s e d . T h e r e f o r e  i t
was  poss ib le  tha t  some of  the  foxes  captured  af te r  Augus t  may
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h a v e  c o m p l e t e d  d i s p e r s a l  p r i o r  t o  c a p t u r e .  W h e n  c o n s i d e r i n g  o n l y
j u v e n i l e s  c a p t u r e d  i n  J u l y , 80% (4 of 5) of the males and 50% (1
o f  2 )  o f  t h e  f e m a l e s  d i s p e r s e d . Adul t  males  d ispersed
p r o p o r t i o n a t e l y  l e s s  t h a n  j u v e n i l e  m a l e s  c a p t u r e d  i n  J u l y  ( 4 0 %
v s .  8 0 %  r e s p e c t i v e l y ) . O n l y  t w o  o f  f i v e  d i s p e r s i n g  j u v e n i l e s
(40%) survived and established home ranges (1 male,  fox #9; 1
female ,  fox  #23) .

T w o  o f  t h e  r a d i o - c o l l a r e d  f o x e s  d i s p e r s e d  a s  a d u l t s  ( n  =
18; 11%); both were males > 3 years old. Y e a r l i n g  a d u l t s
accounted  for  10  of  the  18  rad io-co l la red  adul t s ,  however  none
d i s p e r s e d  a s  a d u l t s . Of  the  10  rad io-co l la red  adul t  males ,  25%
moved their  home range.

T h e  t i m i n g  o f  d i s p e r s a l  f o r  r a d i o - c o l l a r e d  j u v e n i l e s  r a n g e d
f r o m  1 2  A u g u s t  t o  5  J a n u a r y  ( T a b l e  1 1 ) .  J u v e n i l e s  f i r s t
dispersed at  approximately 5 months of age (using 15 March as an
average  whelp ing  da te) . The 2 adult  males dispersed on 24
November (fox #l) and 15 December (fox #3).

F lood  channels ,  power l ine  r igh t -of -ways ,  beach  s t rands ,  and
r a i l r o a d  c o r r i d o r s  w e r e  c o n s i d e r e d  t h e  m o s t  l i k e l y  f e a t u r e s  t o
f a c i l i t a t e  d i s p e r s a l s . Land-parce ls  wi th  open  or  green  space
c h a r a c t e r i s t i c s  t h a t  w e r e  l i n k e d  c o n t i n u o u s l y  o r  d i r e c t l y
a d j a c e n t  w o u l d  a l s o  f a c i l i t a t e  d i s p e r s a l . Though not  a l l  foxes
could  be  fo l lowed dur ing  d ispersa l , c o n t i n u o u s  t r a c k i n g  d a t a  o f
res ident  and  2  d ispers ing  foxes  have  shown tha t  these  landscape
fea tures  were  used  by  foxes .

S t r a i g h t - l i n e  d i s p e r s a l  d i s t a n c e s  w e r e  d e t e r m i n e d  f o r  b o t h
s u c c e s s f u l  a n d  u n s u c c e s s f u l  d i s p e r s e r s  ( T a b l e  1 1 ) .  S u c c e s s f u l
d i s p e r s e r s  w e r e  t h o s e  t h a t  s u r v i v e d  d i s p e r s a l  a n d  e s t a b l i s h e d  a
home range. Unsuccess fu l  d i spersers  were  those  tha t  d ied  dur ing
d i s p e r s a l . Successful  foxes dispersed an average of 9.8 ± 1.85
km (Figure  7) . Fox #l was known to disperse 9.8 km within a 48
h r  p e r i o d . U n s u c c e s s f u l  d i s p e r s a l  d i s t a n c e s  v a r i e d  g r e a t l y  b u t
o n l y  p a r t i a l l y  r e f l e c t e d  t h e  p r o g r e s s  o f  d i s p e r s a l  b e f o r e
m o r t a l i t y  ( F i g u r e  8 ) . For example, from 2 January to 12 January
1992 fox  #15 made  a  21  km (13  mi ;  s t ra ight - l ine  d is tance) .
exploratory round-trip to Seal  Beach Naval Weapons Station and
back to Mile Square Park, moving from Seal Beach Naval Weapons
Sta t ion  to  Mi le  Square  Park  in  less  than  24  hours . This  fox  d ied
1.7 km from the park during a movement the following night.

Dispersa l  d i rec t ions  ranged  f rom 211 to  75  degrees . Orange
County is  bounded by the Pacific Ocean on i ts  southwestern border
a n d  t h i s  l i m i t e d  d i s p e r s a l  d i r e c t i o n . Foxes #22 and #23 both
d i s p e r s e d  a l o n g  t h e  c o a s t  i n  a  n o r t h w e s t e r l y  d i r e c t i o n ,  a n d  w e r e
known to  use  the  beach  s t rand  (F igures  7  and  8) . Fox #l
d ispersed  and  es tab l i shed  a  home range  tha t  bordered  the  ocean
(Figure  7) .

Reproduction
Fox #2  (The  Crescent  Avenue  female)  and  the  Br is to l  S t ree t

female  (an  untagged  female  tha t  was  assoc ia ted  wi th  fox  # l )  each
u s e d  a t  l e a s t  3  d i f f e r e n t  d e n s  t o  r a i s e  s i n g l e  l i t t e r s  o f  p u p s .
Pups  of  one  l i t t e r  occupied  more  than  one  den  a t  a  t ime;  th i s
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occurred in one instance when dens were 1.1 km apart . Foxes #21
and #23  were  rad io-co l la red  year l ing  females  tha t  were  observed
r a i s i n g  p u p s . Yearling male #9 apparently mated and raised a
l i t t e r  o f  p u p s . Indiv idua ls  #9  and  #23  d ispersed  pr ior  to
mat ing.

In  1991 l i t t e r  s izes  were  observed  to  range  f rom 1  to  9
p u p s  w i t h  a  m e a n  o f  4 . 0  p u p s  p e r  l i t t e r  ( n  =  7  l i t t e r s ) . In 1992
l i t te r  s izes  were  observed  to  range  f rom 2  to  4  wi th  a  mean of
3 . 0  p u p s  p e r  l i t t e r  ( n  =  5  l i t t e r s ) . However, l i t t e r  s i z e
es t imates  used  incons is ten t  methodology because  some l i t t e rs  were
counted before emergence (n = 3  l i t t e r s )  f r o m  t h e  d e n  w h i l e  o t h e r
l i t t e rs  were  counted  a t  var ious  t imes  a f te r  emergence  (n  =  9
l i t t e r s ) . Pup mortali ty before or after  emergence was unknown.
Dens which were not located may have contained addit ional pups.

Den sites at  Los Alamitos Armed Forces Reserve Center and
Mile  Square  Park  were  found in  f la t  open  areas . At Mile Square
Park  8  ac t ive  den-s i tes  were  observed  in  both  1990 and  1991.  At
Los Alamitos Armed Forces Reserve Center,  5 active den sites were
observed in 1991. Act ive  den  s i tes  however  do  not  cor respond
d i r e c t l y  t o  n u m b e r s  o f  l i t t e r s , b u t  i t  i s  b e l i e v e d  t h a t  m u l t i p l e
l i t te rs  were  ra i sed  a t  bo th  Mi le  Square  Park  and  Los  Alami tos
Armed Forces Reserve Center. At Seal Beach Naval Weapons Station
and Seal Beach NWR, 8 red fox dens were found in 1987 and 14 were
found in 1988 (U. S. Fish and Wildlife Service and U. S.  Navy
1990). Other  den  s i tes  wi th in  Orange  County  were  loca ted  in
flood channel embankments (n = 7), freeway embankments (n = 4),
g o l f  c o u r s e  s a n d  t r a p s  ( n  =  2 ) , C h r i s t m a s  t r e e  p l a n t a t i o n s  ( n  =
2 ) , scrap  meta l  and  rock  p i les  (n  =  2) , a railroad embankment (n
=  1) , a  p ipe l ine  passageway under  a  road  (n  =  l ) ,  and  a  sa l t
marsh  d ike  (n  =  1) .

Home Range and Land Parcel Use

Home range  es t imates  were  ca lcu la ted  for  a l l  co l la red  foxes
(n = 2 3 )  a s  a d u l t s  a n d  j u v e n i l e s  u s i n g  d a t a  c o l l e c t e d  f r o m  J u n e
1990 to 30 May 1992 (Table 12). Mean home range size as
estimated by the Minimum Convex Polygon (MCP) method for adult
males (n =
1.58 km2,

11) and females (n = 8) was 4.35 ± 1.52 km2 and 4.15 ±
r e s p e c t i v e l y . Mean home range size as estimated by the

Harmonic Mean Transformation (HMT) method for adult males and
females was 3.80 ± 1.21 km2 and 3.85 ± 1.59 km2, respectively.
Mean juvenile home range size was 71.1% of mean adult home range
size as est imated by the MCP method and 87.2% as est imated by the
HMT method.

Land-parcel  types that  were found in red fox home ranges
inc luded: ( 1 )  n o n - r e s i d e n t i a l  m a n i c u r e d  l a w n s  ( a t h l e t i c  f i e l d s ,
p a r k s , a n d  g o l f  c o u r s e s ) , ( 2 )  w e t l a n d s  a n d  e s t u a r i e s  ( v e g e t a t e d
s a l t  f l a t s ,  t i d a l  s a l t  m a r s h e s ,  a n d  v e g e t a t e d  d u n e s ) , ( 3 )  f l o o d
c o n t r o l  c h a n n e l s  a n d  r i p a r i a n  a r e a s ,  ( 4 )  v a c a n t  f i e l d s  o r
u n d e v e l o p e d  l a n d s  ( a i r p o r t  f i e l d s ,  g r a s s l a n d s ,  a n d  d i s t u r b e d

12



l a n d s ) ,  ( 5 )  a g r i c u l t u r a l  l a n d  ( f a r m l a n d ,  t r e e  p l a n t a t i o n s  a n d
n u r s e r i e s  o f t e n  a s s o c i a t e d  w i t h  p o w e r l i n e  r i g h t - o f - w a y s ) ,  ( 6 )
r e s i d e n t i a l  a n d  r e t a i l  b u s i n e s s  a r e a s ,  ( 7 )  b e a c h e s ,  ( 8 )  r a i l r o a d
tracks and major highways, ( 9 )  a n d  i n d u s t r i a l  l a n d s  ( e . g . ,  o i l -
f i e l d s  a n d  i n d u s t r i a l  p a r k s )  ( T a b l e  1 3 ) .  V a c a n t  f i e l d s  w e r e
found in  a l l  (100%),  manicured  lawns  were  found in  a lmos t  a l l
(96%), and flood channels were found in most (68%) of the home
r a n g e s . No o ther  s ing le  land  parce l  type  occur red  in  more  than
40% of the home ranges.

Four  s i tes  had  two or  more  rad io-co l la red  foxes . The mean
home range size calculated with MCP was 10.02 ± 0.10 km2  for the
foxes at  Bolsa Chica Ecological  Reserve,  2.84 ± 0.22 km2  for
foxes at  Los Alamitos Armed Forces Reserve Center,  0.81 ± 0.14
km2  for foxes at  Mile Square Park,  and 0.46 ± 0.05 km2  for  foxes
a t  t h e  C r e s c e n t  A v e .  s i t e . Using a nonparametric ANOVA test (Zar
1984), h o m e  r a n g e  s i z e  v a r i e d  s i g n i f i c a n t l y  b e t w e e n  t h e s e  s i t e s

Movement d a t a  w e r e  c o l l e c t e d  f o r  e i g h t  i n d i v i d u a l  f o x e s

(H. = 11.9, P < 0.01). I n  a d d i t i o n ,  t h e r e  w a s  a  p o s i t i v e
cor re la t ion  ( r  =  0 .90  for  MCP,  r = 0.91 for HMT) between the log,,
of  the  average  home range  s ize  and  the  a rea  of  open  space

Movements

through cont inuous  t racking  for  a  per iod  of  t ime (Table  14) .
Travel  ra tes  var ied  f rom 0 .58  km/hr  to  3 .3  km/hr  wi th  a  mean of
1.66 ± 0.33 km/hr. F o u r  r a d i o - c o l l a r e d  f o x e s  ( # l ,  # 8 ,  # 1 7 ,  a n d
# 2 3 )  c r o s s e d  s t r e e t s  d u r i n g  t r a c k i n g  e p i s o d e s .  T w o  f o x e s  ( # 4  a n d
#15)  used  home ranges  wi thout  s t ree t s .  Col la red  foxes  were  found
to  use  an  average  of  2 .67  ±  0 .43  land-parce l  types  per  hour .
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DISCUSSION

Red Fox Dis t r ibu t ions

State-wide Distribution
Red foxes  were  brought  to  Cal i forn ia  for  the  purposes  of

fox-hunt ing  (S leeper  1987)  and  fur  ranching . Roest  (1977)
suggested that red foxes may have been brought from the midwest
v i a  t h e  n e w l y - c o n s t r u c t e d  ( i n  1 8 6 9 )  t r a n s c o n t i n e n t a l  r a i l r o a d  a s
se t t le rs  moved wes t  a f te r  the  Civ i l  War . F o x e s  t h a t  s u r v i v e d
being  hunted , o r  t h a t  e s c a p e d  f r o m  f u r  f a r m s  o r  t r a n s p o r t i n g
vehic les  (F ich ter  and  Wil l iams  1967)  were  l ike ly  ances tors  of
foxes  tha t  p resent ly  occupy much of  the  range  of  the  in t roduced
r e d  f o x . V a i l  ( 1 9 4 2 )  r e p o r t e d  t h a t  i n  t h e  e a r l y  1 9 4 0 ' s ,
approximate ly  125  fox  fa rms  ex is ted  in  Cal i forn ia  which  suppor ted
approximate ly  20 ,000  foxes . Other  means  of  red  fox  in t roduct ion
may have  inc luded  t ransplan ta t ions  of  prev ious ly  in t roduced
f o x e s , e s c a p e d  o r  r e l e a s e d  p e t  f o x e s ,  o r  i n t e n t i o n a l  i n t r o d u c t i o n
o f  f o x e s  t o  c o n t r o l  r o d e n t  p o p u l a t i o n s . Davidson  e t  a l .  (1992)
r e p o r t e d  t h e  i l l e g a l  t r a n s l o c a t i o n  o f  r e d  f o x e s  a s  r e c e n t  a s  1 9 8 9
from Ohio to South Carolina.

I n t r o d u c e d  r e d  f o x  c o l o n i z a t i o n  i s  n o t  s p e c i f i c  t o
C a l i f o r n i a ; i t  h a s  o c c u r r e d  i n  o t h e r  s t a t e s  i n c l u d i n g  W a s h i n g t o n
(Aubry  1984)  and  Idaho  (F ich ter  and  Wil l iams  1967) .  Escapees
f rom fur  fa rms, and  foxes  in tended  for  fox-hunt ing  were  a l so
b e l i e v e d  t o  b e  s o u r c e s  o f  i n t r o d u c e d  f o x e s  i n  t h e s e  s t a t e s .  I n
Washington, inbreeding  and  compet i t ion  wi th  the  na t ive  red  fox
(V.  v.  cascadens is )  were  b io logica l  concerns  of  non-na t ive  red
fox  in t roduct ion  (Aubry  1984) . In  Idaho,  F ichter  and  Wil l iams
(1967)  repor ted  publ ic  concern  over  game b i rd  and  l ives tock
p r e d a t i o n  b y  i n t r o d u c e d  r e d  f o x e s  b u t  a l s o  r e p o r t e d  t h e
geographica l ly  expanded  harves t  o f  red  foxes  for  fur . Macdonald
( 1 9 8 7 : 1 4 )  d e s c r i b e d  t h e  i n t r o d u c t i o n  o f  r e d  f o x e s  i n t o  A u s t r a l i a
f o r  f o x - h u n t i n g . He  s ta ted  tha t  in t roduced  red  foxes  were  he ld
p a r t i a l l y  r e s p o n s i b l e  f o r  t h e  d e c l i n e  o f  t h e  b r u s h - t a i l e d  r o c k
w a l l a b y  ( P e t r o g a l e  p e n i c i l l a t a ) , t h e  c r e s c e n t  n a i l - t a i l e d  w a l l a b y
(Onychogalea sp.) , and  the  na t ive  malee  fowl  (Leipoa  oce l la ta ) .

T h e  s t a t e - w i d e  d i s t r i b u t i o n  d e s c r i b e d  f r o m  t e l e p h o n e
i n t e r v i e w s  i l l u s t r a t e s  t h e  e x t e n t  o f  i n t r o d u c e d  r e d  f o x
c o l o n i z a t i o n  i n  C a l i f o r n i a  ( F i g u r e  2 ) . T h e  p r e s e n t  d i s t r i b u t i o n
a p p e a r s  t o  b e  e x p a n d i n g  b o t h  i n t e r n a l l y  a n d  e x t e r n a l l y . The
i n c r e a s e  i n  t h e  n u m b e r  a n d  d i s t r i b u t i o n  o f  c o u n t i e s  w i t h  r e p o r t e d
r e d  f o x  s i g h t i n g s  r e p r e s e n t s  a n  e x t e r n a l  e x p a n s i o n  f r o m  e a r l i e r
repor t s  such  as  Gray  1975  (Table  1) . The accumulation of
s i g h t i n g s ,  p a r t i c u l a r l y  t h o s e  a f t e r  1 9 8 5 ,  s u g g e s t s  t h a t  r e c e n t l y
an  expans ion  has  a l so  occur red  wi th in  severa l  count ies .
U n f o r t u n a t e l y ,  p o p u l a t i o n  d e n s i t y  c a n n o t  b e  i n f e r r e d  f r o m  t h e
d i s t r i b u t i o n  o r  n u m b e r  o f  s i g h t i n g s . A s ingle  fox  could  be  seen
a t  d i f f e r e n t  t i m e s  a n d  p l a c e s ;  c o n v e r s e l y ,  l a r g e  n u m b e r s  o f  f o x e s
m a y  e x i s t  u n d e t e c t e d  i f  p e o p l e  d o  n o t  f r e q u e n t  t h e  s i t e  o f  t h e
p o p u l a t i o n .
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Consider ing  only  a reas  ac t ive ly  s tud ied  in  Orange  County
and the Orange County Animal Control records for the same time
per iod ,  103  ind iv idua l  foxes  were  counted  in  the  summer  of  1991.
T h i s  w a s  a  v e r y  c o n s e r v a t i v e  e s t i m a t e  g i v e n  t h e  i n a b i l i t i e s  t o
a c c o u n t  f o r  a l l  i n d i v i d u a l s  i n  a n  a r e a . For  example ,  a t  Mi le
Square Park there would have been an estimated 18 foxes (maximum
number  of  foxes  seen  a t  one  t ime)  had  there  not  been  the  mark-
recapture  popula t ion  es t imate ,  which  y ie lded  39  foxes . F u r t h e r ,
t h e  1 0 3  i n d i v i d u a l s  d i d  n o t  i n c l u d e  f o x e s  i n  o t h e r  a r e a s  w i t h
mul t ip le  fami l ies  or  la rge  fox  popula t ions  ( i . e . ,  Sea l  Beach  NWR
and Seal Beach Naval Weapons Station, Westminster Memorial Park,
a n d  o t h e r s ; Figure 3) which were not surveyed or counted. For
example,  in 1988, a t  l e a s t  1 3 3  i n d i v i d u a l  r e d  f o x e s  w e r e  r e p o r t e d
at Seal Beach NWR and Seal Beach Naval Weapons Station (U. S.
Fish and Wildlife Service and U. S.  Navy 1990).

Areas  where  in t roduced  red  foxes  were  loca ted  in  Cal i forn ia
v a r i e d  c o n s i d e r a b l y  i n  t y p e  o f  h a b i t a t  a n d  d e g r e e  o f  u r b a n i z a t i o n
(Appendix 1,  Figure 2). The  c lumping of  red  fox  s ight ings  in
some urban  areas  may represent  an  a f f in i ty  for  urban  envi ronments
(Stamps 1990), b u t  m a y  a l s o  r e p r e s e n t  a n  i n c r e a s e d  l i k e l i h o o d  o f
b e i n g  s i g h t e d . I t  i s  a p p a r e n t  i n  s e v e r a l  l a r g e  u r b a n  a r e a s ,
including the San Francisco Bay Area and urban Los Angeles and
Orange Counties, t h a t  t h e  d i s t r i b u t i o n  o f  f o x e s  r e p r e s e n t
cont iguous  popula t ions . T h e  a b i l i t y  o f  r a d i o - c o l l a r e d  f o x e s  t o
disperse across urban Orange County (Table 11,  Figures 7 and 8)
and  the  s ize  of  ind iv idual  home ranges  (Table  12)  s t rongly
s u p p o r t  t h e  c o n t e n t i o n  t h a t  t h e s e  p o p u l a t i o n s  a r e  c o n t i g u o u s .
The  red  foxes  in  Santa  Barbara  probably  represent  a  cont iguous
p o p u l a t i o n ; t h e  s a m e  i s  p o s s i b l e  f o r  f o x e s  i n  t h e  B a k e r s f i e l d  a n d
Fresno  a reas  as  wel l .

G i v e n  t h e  p r e s e n t  s t a t e - w i d e  d i s t r i b u t i o n  ( F i g u r e  2 )  a n d
t h e  a b i l i t y  o f  f o x e s  t o  d i s p e r s e  c o n s i d e r a b l e  d i s t a n c e s  a c r o s s
urban  (Table  11 , and  Trewhel la  e t  a l .  1988)  and  rura l  (S torm e t
a l . 1976) environments, the  in t roduced  red  fox  popula t ion  may
eventua l ly  become cont iguous  over  much of  Cal i forn ia  (a l though
dens i ty  may vary  cons iderably) . S torm e t  a l .  (1976:41-42)
r e p o r t e d  t h a t  d i s p e r s i n g  r u r a l  f o x e s  c i r c u m v e n t e d  c i t i e s  a n d
l a k e s ,  b u t  t h a t  h i g h w a y s ,  s t r e a m s , a n d  r i v e r s  d i d  n o t  p r e s e n t
b a r r i e r s  t o  f o x  d i s p e r s a l . Though no  evidence  sugges ts  tha t
i n t r o d u c e d  r e d  f o x e s  h a v e  c o l o n i z e d  n o r t h e r n  c o a s t a l  C a l i f o r n i a
(Del Norte, Humboldt,  and Mendocino Counties) ,  these areas may be
s u s c e p t i b l e  t o  i n t r o d u c t i o n  o f  r e d  f o x e s . I t  m u s t  b e  n o t e d  t h a t
these  count ies  conta in  ex tens ive  wet lands  (e .g . ,  Humbold t  Bay)
and  red  fox  in t roduc t ion  a t  these  s i tes  would  probably  cause
considerable environmental  damage.

In t roduced  red  foxes  were  repor ted  f rom areas  where  Hal l
and  Kelson  (1959)  repor ted  the  presence  of  San  Joaquin  k i t  foxes
(Vulpes  macrot i s  mut ica) , gray  foxes  (Urocyon c inereoargenteus) ,
a n d  c o y o t e s  ( C a n i s  l a t r a n s ) . Consequently, i n t e r a c t i o n s  b e t w e e n
n a t i v e  c a n i d s  a n d  i n t r o d u c e d  r e d  f o x e s  a r e  v e r y  l i k e l y  i n c l u d i n g
c o m p e t i t i o n  f o r  f o o d  a n d  d e n  s i t e s  ( S a r g e a n t  e t  a l .  1 9 8 7 ,  V o i g t
and  Ear le  1983) ,  p reda tor -prey  in te rac t ions  (Dekker  1983,  Voig t
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a n d  E a r l e  1 9 8 3 ,  H a r r i s o n  e t  a l .  1 9 8 9 ,  R a l l s  e t  a l .  1 9 9 0 ) ,
i n t e r b r e e d i n g  ( T h o r n t o n  e t  a l .  1 9 7 1 ) , a n d  d i s e a s e  t r a n s m i s s i o n
(Lloyd  1980:248-251 ,  Wandeler  1980 ,  Davidson  e t  a l .  1992) .  The
t h r e a t  t o  k i t  f o x e s  b y  i n t r o d u c e d  r e d  f o x e s  i n v o l v i n g  p r e d a t i o n
( R a l l s  e t .  a l .  1 9 9 0 ) , o r  i n t e r b r e e d i n g  ( T h o r n t o n  e t  a l .  1 9 7 1 )  i s
not well known; however, a l l  i n t e r a c t i o n s  b e t w e e n  t h e s e  t w o
spec ies  may be  de t r imenta l  to  the  endangered  San  Joaquin  k i t  fox .

The  na t ive  S ier ra  Nevada  red  fox  may a lso  suf fer  f rom
i n t e r a c t i o n s  w i t h  t h e  i n t r o d u c e d  r e d  f o x . The unknown status and
d i s t r i b u t i o n  o f  t h e  S i e r r a  N e v a d a  r e d  f o x  p o p u l a t i o n ,  a n d  t h e
lack  of  a  v isua l  means  to  d is t inguish  these  two foxes ,  make  the
a s s e s s m e n t  o f  p o t e n t i a l  i n t e r a c t i o n s  e x t r e m e l y  d i f f i c u l t .
Local Distribution

In urban Orange County, in t roduced  red  foxes  were  loca l ly
abundant  (F igures  1  and  3) . They reside and reproduce in open
spaces  and  cor r idors  found  in  urban  and  suburban  a reas  where
coyote  numbers  a re  reduced  (Soule  e t  a l .  1988 ,  U.  S .  F ish  and
Wild l i fe  Serv ice  and  U.  S .  Navy 1990)  and  supplementa l  feeding  i s
o f t e n  a v a i l a b l e . Consequently, i n t e r a c t i o n s  b e t w e e n  f o x e s ,  u r b a n
w i l d l i f e  ( i n c l u d i n g  s o m e  e n d a n g e r e d  s p e c i e s ) ,  f e r a l  a n i m a l s ,
p e t s  a n d  h u m a n s ,  e x i s t  i n  u r b a n  a r e a s  ( U .  S .  F i s h  a n d  W i l d l i f e
Service and U. S.  Navy 1990).

The  t ransmiss ion  of  d i seases  inc luding  rab ies  (Lloyd  1980,
Macdonald 1980, Wandeler 1980) canine distemper (Lloyd 1980,
Davidson  e t  a l .  1992) , lep tospi ros is  (Lloyd 1980) ,  mange  (Ol ive
and Riley 1948, Ross  and  Fa i r ley  1969,  S tone  e t  a l .  1972 ,  S torm
e t  a l . 1976)  and  o ther  d i seases  tha t  in fec t  foxes  (Lloyd  1980,
Macdonald  and  Newdick  1982,  Davidson  e t  a l .  1992) ,  i s  a  rea l i s t i c
biological  and management concern. Disease  outbreaks  and
t ransmiss ion  may be  more  l ike ly  in  loca t ions  l ike  Mi le  Square
Park and Los Alamitos Armed Forces Reserve Center which support
m u l t i p l e  f o x  f a m i l i e s , r e c r e a t i o n a l  u s e r s  a n d  t h e i r  p e t s ,  f a r m
workers , a n d  a  v a r i e t y  o f  o t h e r  w i l d l i f e  a n d  f e r a l  a n i m a l s .
D a v i d s o n  e t  a l .  ( 1 9 9 2 )  r e p o r t e d  t h a t  1 5  g r a y  f o x e s  ( c o v e r t l y
purchased  f rom an  an imal  dea le r  in  Indiana)  were  incubat ing
canine distemper when necropsied. Lloyd  (1980:248)  descr ibed  the
r o l e  o f  t h e  r e d  f o x  i n  r a b i e s  t r a n s m i s s i o n  t o  o t h e r  w i l d l i f e ,
l i v e s t o c k ,  f e r a l  a n i m a l s ,  p e t s ,  a n d  h u m a n s . Red foxes were
cons idered  la rge ly  respons ib le  for  the  main tenance  and  spread  of
rab ies  where  ep izoa t ics  occur red  (Nor th  Amer ica ,  Europe ,  and
n o r t h e r n  A s i a ) , account ing  for  60-85% of  d iagnosed  rab ies  cases
(Wandeler 1980). W h i l e  t h e  c o n t r o l  o f  r a b i e s  i n  w i l d l i f e ,  a n d
rabies  vacc ina t ions  and  t rea tments  have  improved,  approximate ly
25 ,000  people  wor ld-wide  d ie  of  rab ies  every  year  (Winkler  and
Bogel 1992).

Present ly  the  main  concern  wi th  the  in t roduced  red  fox  in
urban  Orange  County  i s  i t s  impact  on  popula t ions  of  endangered
s p e c i e s  i n  c o a s t a l  w e t l a n d s  ( U . S .  F ish  and  Wild l i fe  Serv ice  and
U. S. Navy 1990). I n t r o d u c e d  r e d  f o x e s  r e s i d e  i n  o r  a d j a c e n t  t o
m o s t  o f  t h e s e  s e n s i t i v e  a r e a s  ( F i g u r e  3 ) . Moni tor ing  of
e n d a n g e r e d  s p e c i e s  p o p u l a t i o n s  i n  t h e s e  s e n s i t i v e  a r e a s  h a s  b e e n
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conducted by CDFG and USFWS. Removal of red foxes by control
e f f o r t s  h a v e  c o i n c i d e d  w i t h  i n c r e a s e d  c o u n t s  o f  l i g h t - f o o t e d
c lapper  ra i l s  a t  Sea l  Beach  NWR (U.  S .  F ish  and  Wild l i fe  Serv ice
and  U.  S .  Navy 1990)  and  increased  numbers  of  ac t ive  leas t  t e rn
nests at  Bolsa Chica Ecological  Reserve (E. Burkett ,  CDFG
B i o l o g i s t ,  p e r s .  c o m m . ) .

Population Characteristics

Dens i ty
O t h e r  s t u d i e s  h a v e  r e p o r t e d  v a r i a b l e  d e n s i t i e s  o f  u r b a n  r e d

fox . Harr i s  and  Raynor  (1986)  es t imated  mean dens i t ies  of  red
f o x e s  i n  s e v e r a l  B r i t i s h  c i t i e s  w h i c h  r a n g e d  f r o m  0 . 1 9 - 2 . 0 3  f o x
famil ies  per  km 2  and  repor ted  loca l  dens i t i es  o f  up  to  5  fox
families per km2 . In London, Page (1981) reported minimum
dens i t ies  of  2 .06  fox  fami l ies  per  km 2 ,
km2  when including unproductive vixens.

and  2 .61  adul t  foxes  per
Trewhel la  e t  a l .  (1988)

r e p o r t e d  t h a t  p o p u l a t i o n  d e n s i t i e s  o f  r e d  f o x e s  i n  L o n d o n ,
O x f o r d ,  a n d  B r i s t o l , England  ( la rge ly  urban/suburban
inves t iga t ions)  ranged f rom 1 .08  to  3 .64  fami l ies  per  km 2 ,  whi le
i n v e s t i g a t i o n s  i n  r u r a l  s e t t i n g s  f o u n d  p o p u l a t i o n  d e n s i t i e s
considerably lower (usually < 0.50 fox families per km2 ) .

I n  t h e s e  s t u d i e s  f o x  f a m i l i e s  w e r e  d e f i n e d  a s  a  l i t t e r  o f
p u p s  a n d  a s s o c i a t e d  a d u l t s . However, adult numbers may vary
cons iderab ly  due  to  the  presence  of  nonbreeding  adul t s  tha t  may
or  may not  be  re la ted  to  the  breeding  adul t s  (Macdonald  1979) .

U s i n g  a  c o n s e r v a t i v e  e s t i m a t e  o f  5  f o r  f a m i l y  s i z e  ( 2
adul t s  and  3  pups) , Harris  and Raynor (1986) may have described a
summer density of approximately to 25 foxes per km2  in some
a r e a s . Mi le  Square  Park  suppor ted  an  es t imated  dens i ty  of  17  red
foxes per km2  in November 1991 which was probably similar to
s i t e s  w i t h  h i g h  f o x  d e n s i t i e s  i n  E n g l a n d . Such a density may
f a c i l i t a t e  r a p i d  d i s e a s e  t r a n s m i s s i o n . Los Alamitos Armed Forces
Reserve  Center  suppor ted  a t  l eas t  12  foxes  pr ior  to  an  outbreak
of mange (Table 9, F igure  6)  which  was  impl ica ted  in  the
m o r t a l i t i e s  o f  a t  l e a s t  7  f o x e s  a t  t h i s  s i t e .

D e n s i t i e s  a t  m u l t i p l e  f o x - f a m i l y  s i t e s  a p p a r e n t l y  v a r y  w i t h
a v a i l a b l e  s p a c e ,  a d e q u a t e  c o v e r , a v a i l a b l e  f o o d ,  a n d  h i s t o r y  o f
co loniza t ion  by  red  foxes  (car ry ing  capac i ty  may not  be  reached
f o r  a  n u m b e r  o f  y e a r s  a f t e r  c o l o n i z a t i o n ) . Communal denning (2
r e p r o d u c t i v e  f e m a l e s  s h a r e  a  s i n g l e  d e n  t o  r a i s e  t h e i r  l i t t e r s )
has  been  repor ted  for  red  foxes  (She ldon  1950,  Kruuk 1964,  Tul la r
e t  a l .  1 9 7 6 ) , but was not observed in Orange County. From Mile
Square  Park  only  3  (37 .5%)  of  the  rad io-co l la red  juveni les
d i s p e r s e d  a n d  t h e y  w e r e  a l l  m a l e s  ( F i g u r e s  7  a n d  8 ) .  T h e
propor t ion  of  juveni les  tha t  d i sperse  f rom Mile  Square  Park  may
b e  i n f l u e n c e d  b y  e i t h e r  t h e  m o r t a l i t y  o f  r e s i d e n t  f o x e s  i n  a
p o p u l a t i o n  a t  c a r r y i n g  c a p a c i t y ,  o r  t h e  a v a i l a b i l i t y  o f
unoccupied  space  in  a  popula t ion  not  ye t  a t  ca r ry ing  capac i ty .

17



Areas  wi th  mul t ip le  fox  fami l ies  may have  dynamic  car ry ing
c a p a c i t i e s  d u e  t o  s u p p l e m e n t a l  f e e d i n g  f l u c t u a t i o n s ,  p o t e n t i a l
d i s e a s e  o u t b r e a k s , a n d  l a n d s c a p e  a l t e r a t i o n  e f f e c t s  o n  c o v e r
a v a i l a b i l i t y . A s  c a r r y i n g  c a p a c i t i e s  c h a n g e ,  p o p u l a t i o n s
w i t h  m u l t i p l e  f o x  f a m i l i e s  p r o b a b l y  s e r v e  a s  a  s o u r c e  o f  o r
r e c i p i e n t  s i t e  f o r  d i s p e r s i n g  f o x e s .

Many areas where foxes reside in Orange County did not
support  the number of foxes that  Mile Square Park,  Los Alamitos
Armed Forces Reserve Center (Figure 6), or Seal Beach NWR (U. S.
Fish and Wildlife Service and U. S. Navy 1990) supported in the
p a s t . Many loca t ions  (Br is to l  S t ree t ,  Crescent  Avenue ,  Anaheim
Power l ine , Orange County Sewage Treatment Plant #2,  and others)
s u p p o r t  s i n g l e  f a m i l i e s  o f  r e d  f o x e s . Because an accumulation of
a d u l t s  h a s  n o t  o c c u r r e d  o v e r  t i m e  a t  t h e s e  s i n g l e  f a m i l y  s i t e s
( e x c e p t i n g  a t  t h e  B r i s t o l  S t r e e t  s i t e  w h e r e  a  t h i r d  a d u l t  w a s
p r e s e n t )  i t  i s  a s s u m e d  t h a t  m o s t  j u v e n i l e s  d i s p e r s e  f r o m  t h e s e
s i t e s  o r  s u f f e r  m o r t a l i t y . The  d ispersa l  o f  the  two remain ing
juveni les  (both  rad io-col la red)  a t  the  Orange  County  Sewage
T r e a t m e n t  P l a n t  s i t e  i n  1 9 9 1  a l s o  s u g g e s t s  d i s p e r s a l  f r o m  t h e
s i n g l e  f a m i l y  s i t e s  i s  a  r e g u l a r  e v e n t . It  was unknown if
s p a t i a l ,  b e h a v i o r a l  o r  f o o d  c o n s t r a i n t s  d e f i n e d  t h e  c a r r y i n g
c a p a c i t y  a t  s i n g l e  f a m i l y  s i t e s .

D i s p e r s a l
Al though a  number  of  s tudies  have  inves t iga ted  red  fox

j u v e n i l e  d i s p e r s a l  i n  N o r t h  A m e r i c a  ( S t o r m  1 9 6 5 ,  P h i l l i p s  e t  a l .
1972 ,  Andrews  e t  a l .  1973 ,  S torm e t  a l .  1976 ,  P i l s  and  Mar t in
1978, Voigt  1987), f e w  h a v e  i n v e s t i g a t e d  d i s p e r s a l  o f  u r b a n  r e d
f o x e s . S to rm  e t  a l . (1976)  found tha t  the  mean  d ispersa l
d is tance  was  31  km (19 .4  mi les )  for  juveni le  and  subadul t  males ,
and  11  km (6 .7  mi les )  for  juveni le  and  subadul t  females  in  rura l
I l l i n o i s  a n d  I o w a . A  s i m i l a r  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  o f
j u v e n i l e  r e d  f o x e s  d i s p e r s e d  i n  b o t h  r u r a l  a n d  u r b a n  s e t t i n g s
( P h i l l i p s  e t  a l .  1 9 7 2 ,  S t o r m  e t  a l .  1 9 7 6 ,  V o i g t  1 9 8 7 ,  H a r r i s  a n d
Trewhella 1988). R e l a t i v e l y  e x t e n s i v e  i n v e s t i g a t i o n s  o f  r e d  f o x
juveni le  d ispersa l  in  the  urban  envi ronment  have  been  conducted
in  Br i s to l  (Har r i s  and  Trewhel la  1988 , Woollard and Harris  1990),
Oxford (Voigt and Macdonald 1984), and London (Page 1981) England
and Edinburgh, Scotland (Kolb 1984).

Red foxes  in  urban  areas  may be  l imi ted  to  smal l  pockets  or
p a t c h e s  o f  h a b i t a t . This  a r rangement  of  pa tches  of  su i tab le
h a b i t a t  m a y  b e  s i m i l a r  t o  h a b i t a t  d i s t r i b u t i o n  i n  r u r a l  a r e a s .
However  d ispersa l  f rom one  su i tab le  habi ta t  to  another  may be
q u i t e  d i f f e r e n t  i n  t h e  u r b a n  e n v i r o n m e n t . I n  a n  u r b a n  s i t u a t i o n ,
Harr i s  and  Trewhel la  (1988)  found mean juveni le  d i spersa l
distances were 2.8 km and 1.6 km for males and females,
r e s p e c t i v e l y . They also found that 67% of juvenile males and 32%
o f  j u v e n i l e  f e m a l e s  d i s p e r s e d  b y  t h e  e n d  o f  t h e i r  f i r s t  y e a r ,
whi le  approximate ly  30% of  adul t s  o f  bo th  sexes  d i spersed .

Radio-co l la red  foxes  in  Orange  County  d ispersed  grea te r
d is tances  on  average  (Table  11)  than  urban  red  foxes  s tud ied  in
Europe  (Trewhel la  e t  a l .  1988) . However the proportion of
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dispersers from each population segment was lower than found by
Harr i s  and  Trewhel la  (1988) . D i s p e r s a l  c h a r a c t e r i s t i c s  o f  r a d i o -
collared foxes from Orange County must be cautiously compared to
other studies due to the small  sample examined in Orange County.

In urban Orange County, foxes  d ispersed  f rom la te  summer  to
e a r l y  w i n t e r . Dispersal  may also occur very quickly (< 1 week)
or may be a prolonged or continual process (Voigt and Macdonald
1984, Macdonald 1987:182).

N u m e r o u s  u r b a n  f e a t u r e s  f a c i l i t a t e  d i s p e r s a l  i n c l u d i n g
f l o o d  c o n t r o l  c h a n n e l s ,  c u l v e r t s ,  b e a c h  s t r a n d s ,  r a i l r o a d s ,
power l ine  and  h ighway cor r idors ,  f reeway underpasses ,  and
t u n n e l s . Rai lway l ines  were  used  both  for  d i spersa l  rou tes  and
as home range features in Scotland (Kolb 1984) and in England
( T r e w h e l l a  a n d  H a r r i s  1 9 9 0 ) .  H u n t  e t  a l .  ( 1 9 8 7 )  r e p o r t e d  r e d
foxes  us ing  tunnels  cons t ruc ted  under  ra i lways .

In Orange County, the  urban  envi ronment  was  in te rspersed
w i t h  a  d e n d r i t i c  a r r a y  o f  f l o o d  c o n t r o l  c h a n n e l s  t h a t  c o n v e r g e
a n d  u l t i m a t e l y  e m p t y  i n t o  t h e  P a c i f i c  O c e a n  a t  s e v e r a l  s i t e s .
These  f lood  channels  passed  through or  empt ied  a t  eco logica l ly
s e n s i t i v e  a r e a s  i n c l u d i n g : Seal Beach NWR, Bolsa Chica Ecological
Reserve, Upper Newport  Bay Ecological  Reserve,  and the Huntington
Beach  leas t  t e rn  nes t ing  co lony a t  the  mouth  of  the  Santa  Ana
R i v e r  ( a  l a r g e  f l o o d  c h a n n e l ) . These  f lood  channels  a l so  pass
through or adjacent to Mile Square Park,  Los Alamitos Armed
Forces  Reserve  Center ,  the  Crescent  Avenue  s i te ,  the  Br i s to l
S t ree t  s i te ,  the  Anaheim power l ine  s i te ,  and  the  Orange  County
Sewage Treatment Plant #2 si te.

Flood channels were used by resident foxes,  and they may
h a v e  f a c i l i t a t e d  d i s p e r s a l  t o  s e n s i t i v e  c o a s t a l  h a b i t a t s  b e c a u s e
o f  t h e i r  c o n n e c t i o n  b e t w e e n  r e d  f o x  d e n  s i t e s  a n d  t h e  c o a s t a l
s i t e s . The Santa Ana River was adjacent to the Anaheim powerline
s i t e ,  M i l e  S q u a r e  P a r k , and Orange County Sewage Treatment Plant
#2. I t  was  suspec ted  tha t  fox  #10 used  the  Santa  Ana  River  to
d isperse  f rom Mile  Square  Park  to  the  Anaheim power l ine  s i te .  He
also  used  the  Santa  Ana  River  cor r idor  whi le  he  res ided  a t  the
Anaheim powerline si te. Westminster Memorial  Park,  a cemetery
which  conta ined  a  red  fox  popula t ion ,  had  a  d i rec t  connec t ion  to
Seal Beach Naval Weapons Station and Seal Beach NWR via a
r a i l r o a d .

A r e a s  w i t h  m u l t i p l e  f a m i l i e s , l ike Mile Square Park and Los
Alamitos Armed Forces Reserve Center, a re  l ike ly  to  produce  more
o f f s p r i n g  t h a n  a r e a s  w i t h  s i n g l e  f o x  f a m i l i e s ,  a n d  t h u s  p r o d u c e
m o r e  p o t e n t i a l  d i s p e r s e r s . These  d ispersers  (which  may inc lude
a d u l t s  a s  w e l l )  m a y  t h e n  t r a v e l  t o  s e n s i t i v e  h a b i t a t s  ( e . g . ,
c o a s t a l  w e t l a n d s ) . B e c a u s e  d i s p e r s e r s  e n t e r i n g  s e n s i t i v e
w i l d l i f e  h a b i t a t s  m a y  o r i g i n a t e  f r o m  d i s t a n t  s i t e s ,  a l l  c e n t e r s
of fox activity within 10 km of a management area should be given
cons idera t ion  in  the  management  p lan  for  tha t  a rea  (Table  11) .
G i v e n  t h e  d i s p e r s a l  d i s t a n c e s  o b s e r v e d  b y  j u v e n i l e s  a n d  a d u l t s ,
a n d  t h e  p r o x i m i t y  o f  r e s i d e n t  f o x e s  ( a t  h i g h  o r  l o w  d e n s i t i e s )  t o
s e n s i t i v e  c o a s t a l  h a b i t a t s ,  l o c a l i z e d  r e d  f o x  c o n t r o l  e f f o r t s  i n
these  habi ta t s  may be  cont inua l ly  necessary  to  pro tec t  endangered
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s p e c i e s . U n l e s s  i t  i s  p o s s i b l e  t o  e r e c t  e f f e c t i v e  b a r r i e r s  t o
d i s p e r s a l , n e w  f o x e s  w i l l  e v e n t u a l l y  r e c o l o n i z e  t h e s e  a r e a s .

The  e f fec t  o f  d i spersa l  on  S ier ra  Nevada  red  fox  was  not
s t u d i e d . However ,  the  mean d ispersa l  d i s tances  repor ted  by  S torm
e t .  a l .  ( 1 9 7 6 )  m a y  r e p r e s e n t  d i s p e r s a l  d i s t a n c e s  o f  i n t r o d u c e d
r e d  f o x e s  i n  r u r a l  l o c a t i o n s  o f  C a l i f o r n i a . Given  the  proximi ty
o f  i n t r o d u c e d  r e d  f o x  s i g h t i n g s  t o  t h e  h i s t o r i c a l  r a n g e  o f  t h e
S i e r r a  N e v a d a  r e d  f o x  ( G r i n n e l l  e t  a l .  1 9 3 7 ) ,  m o d e r a t e  d i s p e r s a l
d i s t a n c e s  f r o m  t h e  l o c a t i o n s  o f  a  n u m b e r  o f  s i g h t i n g s  ( s e e
s e c t i o n  o n  d i s t r i b u t i o n )  c o u l d  a l l o w  i n v a s i o n  o f  t h e  h i s t o r i c a l
range  by  in t roduced  red  foxes .

T h e  v a r i a b i l i t y  a n d  v e r s a t i l i t y  i n  d i s p e r s a l  b e h a v i o r s
e x h i b i t e d  b y  r e d  f o x e s  m a k e s  t h e  l i k e l i h o o d  t h a t  r e d  f o x e s  w i l l
c o l o n i z e  o r  r e c o l o n i z e  s e n s i t i v e  h a b i t a t s  b o t h  s p a t i a l l y  a n d
t e m p o r a l l y  u n p r e d i c t a b l e .

Su rv iva l
Whi le  d isease  may per iodica l ly  cause  marked  dec l ines  in

l o c a l  p o p u l a t i o n s  o f  r e d  f o x e s  ( T u l l a r  e t  a l .  1 9 7 6 ,  L l o y d  1 9 8 0 ,
Voigt 1987), v e h i c l e  c o l l i s i o n s  a p p e a r  t o  b e  t h e  l a r g e s t  c a u s e  o f
mortali ty in urban Orange County (Tables 9 and 10). F a c t o r s
o t h e r  t h a n  v e h i c l e  r e l a t e d  c o l l i s i o n s  h a v e  a c c o u n t e d  f o r  a  n u m b e r
of  red  fox  dea ths  as  wel l  (Tables  9  and  10) .

Bias  can  occur  in  surv iva l  es t imates  when animals  a re
r a d i o - t a g g e d  a t  d i f f e r e n t  t i m e s  o f  t h e  y e a r  w h e n  s u r v i v a l  r a t e s
d i f f e r  ( H e i s y  a n d  F u l l e r  1 9 8 5 ) . S u r v i v a l  e s t i m a t e s  w e r e  b i a s e d
upwards when juveniles, c o l l a r e d  a f t e r  t h e  i n i t i a t i o n  o f  a
s u r v i v a l  i n t e r v a l ,  w e r e  i n c l u d e d  i n  t h e  a n a l y s i s . J u v e n i l e s
c a p t u r e d  l a t e r  i n  t h e  y e a r  ( a n d  t h e r e f o r e  l a t e r  i n  t h e  s u r v i v a l
in te rva l )  were  o lder  and  more  exper ienced  than  foxes  co l la red
e a r l i e r  i n  t h e  y e a r  a n d  t h e i r  s u r v i v a l  p r o b a b i l i t i e s  w e r e
t h e r e f o r e  g r e a t e r . This  may expla in  why Ju ly-captured  juveni les
h a d  a n  e m p i r i c a l l y  l o w e r  s u r v i v a l  r a t e  t h a n  o v e r a l l  j u v e n i l e s
(Table  8 ) . Whi le  100% surv iva l  of  rad io-col la red  juveni le
f e m a l e s  ( T a b l e  8 )  m a y  n o t  g e n e r a l l y  r e p r e s e n t  t h e  s u r v i v a l  r a t e
of  th i s  cohor t  in  Orange  County  in  1991,  i t  may ind ica te  a
g r e a t e r  l i k e l i h o o d  o f  s u r v i v a l  f o r  f e m a l e s  t h a n  m a l e s .

The  propor t ions  of  the  sexes  tha t  d i sperse  may
s i g n i f i c a n t l y  i n f l u e n c e  s u r v i v a l  r a t e s . J u v e n i l e  m a l e s  t h a t
d i s p e r s e d  ( n =  4 )  s u f f e r e d  t h e  g r e a t e s t  n u m b e r  o f  m o r t a l i t i e s  ( n
=  3) . T h e  o n e  r a d i o - c o l l a r e d  j u v e n i l e  f e m a l e  t h a t  d i s p e r s e d ,  f o x
#23, established a home range and produced > 2 pups as a
y e a r l i n g . B e c a u s e  a s s e s s i n g  r e p r o d u c t i v e  s t a t u s  i s  d i f f i c u l t
w i t h  f o x e s  ( e s p e c i a l l y  m a l e s )  a t  a r e a s  w i t h  m u l t i p l e  f a m i l i e s  i t
w a s  n o t  p o s s i b l e  t o  d e t e r m i n e  d i f f e r e n t i a l  r e p r o d u c t i v e  s u c c e s s
among d ispersers  and  non-d ispersers . O f  t h o s e  t h a t  s u c c e s s f u l l y
d i s p e r s e d , 75% were  be l ieved  to  produce  of fspr ing  a f te r
d ispers ing ,  ye t  no t  a  s ing le  non-d ispers ing  juveni le  (n  =  6)  was
o b s e r v e d  w i t h  o f f s p r i n g  i n  t h e  s p r i n g .

Storm e t  a l .  (1976)  repor ted  tha t  bo th  females  and  males
b r e e d  a s  y e a r l i n g s . T h r e e  r a d i o - c o l l a r e d  j u v e n i l e s  i n  O r a n g e
County were known to have bred and raised pups as yearl ings.
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Macdonald (1987:144) found that  approximately 95% of wild red
foxes die before the age of 4;  however he knew of wild and
c a p t i v e  r e d  f o x e s  t h a t  l i v e d  t o  9  a n d  1 4  y e a r s  o f  a g e ,
r e s p e c t i v e l y . In  Orange  County  2  rad io-co l la red  adul t s  were
es t imated  conserva t ive ly  a t  >  5  years  of  age  ( in  1992) ,  based  on
comparisons of teeth wear with known-age captive and wild red
f o x e s . An additional fox (recovered by Orange County Animal
Control)  had more pronounced tooth wear than both of our older
rad io-co l la red  adul t s  and  was  assumed > 6  years  of  age . Both
rad io-co l la red  foxes  (adul t s  #1  and  #2)  reproduced  in  3
consecut ive  years  (1990-1992) . These  foxes  have  the  reproduct ive
p o t e n t i a l  t o  r e p r o d u c e  a s  y e a r l i n g s , reproduce  each  year ,  p roduce
4-6  pups  per  year , and  l ive  to  > 5  years  of  age .

Red Fox Use of Land and Food Resources

Use of Land Resources
Red foxes now inhabit  the most expansive geographical  range

o f  a n y  w i l d  c a r n i v o r e  a n d  u s e  h a b i t a t s  a s  v a r i e d  a s  a r c t i c
t u n d r a ,  a r i d  d e s e r t s , and  met ropol i tan  cen ters  (Macdonald
1987:14,  Voigt  1987). In Orange County red foxes were observed
inhabi t ing  a  wide  range  of  a reas  in  an  envi ronment  previous ly
d e v o i d  o f  t h i s  s p e c i e s . As coyote numbers decreased through
e x p a n s i v e  u r b a n i z a t i o n , r e d  f o x e s  w e r e  a b l e  t o  i n h a b i t  p a t c h e s  o f
habi ta t  wi th in  urban  a reas  where  they  became the  la rges t  wi ld
p r e d a t o r  ( U .  S . Fish and Wildlife Service and U. S.  Navy 1990).
Red foxes  may,  in  fac t , seek refuge in (or around) human
inhabi tances  in  rura l  a reas  as  a  coyote  avoidance  mechanism
(Dekker 1983).

Red foxes in urban Orange County were found inhabit ing most
open spaces, of ten  loca t ions  wi th  concent ra t ions  of  human use
s u c h  a s  p a r k s ,  g o l f  c o u r s e s ,  a i r p o r t s ,  a n d  c e m e t e r i e s . Use of
t h e s e  a r e a s  r e f l e c t s  a  t o l e r a n c e  f o r  h u m a n  p r e s e n c e . However
these si tes were also where foxes were commonly fed or had an
abundance  of  p rey  (e .g . ,  gophers  or  water fowl) . In Orange
County ,  foxes  were  fed  by  people  a t  every  s i te  s tud ied ;  some
feeding  was  done  on  a  da i ly  bas i s .

R a d i o - c o l l a r e d  f o x e s  w e r e  o b s e r v e d  u s i n g  a l l  t h e  f e a t u r e s
of  the  urban  envi ronment ,  inc luding  shopping  mal l  and  s tad ium
p a r k i n g  l o t s , c o m m e r c i a l  a n d  i n d u s t r i a l  a r e a s ,  a g r i c u l t u r a l
a r e a s , a n d  r e s i d e n t i a l  a r e a s . T h e s e  f e a t u r e s  w e r e  i n t e r s p e r s e d
wi th  o ther  open  a reas  and  were  of ten  connec ted  by  t rave l
c o r r i d o r s  ( a s  t r a v e l e d  b y  o u r  f o x e s ) . However, r a d i o - c o l l a r e d
foxes  d id  not  l imi t  themselves  to  such  cor r idors  and  a l so  moved
d i r e c t l y  t h r o u g h  r e s i d e n t i a l  o r  s i m i l a r l y  d e v e l o p e d  u r b a n  a r e a s .
Foxes  were  observed  c ross ing  c i ty  s t ree t s  up  to  5  lanes  in  wid th
(observed  in  the  ear ly  morning  hours  when t ra f f ic  was  minimal ) .
There  was  no  ev idence  tha t  any  urban  s t ruc ture  was  a  bar r ie r  to
their movements.

Home range and land-parcel  use by red foxes varied
depending  on  the  land-parce l  type  and  the  amount  of  ava i lab le
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open  space  (F igure  9) . Mean home range size for urban red foxes
was 0.45 km2  in Bristol  (Harris  1980),  and Oxford (Voigt  and
Macdonald 1984), w h i l e  i t  w a s  1 . 6 5  k m  f o r  f o x e s  s t u d i e d  i n
London (Page 1981). In  cont ras t ,  mean home ranges  for  rura l
foxes (using mostly open space) was estimated at  6.0 km2  by Murie
(1936) to 34 km2  by Jones and Theberge (1982).

In  Orange  County  indiv iduals  var ied  cons iderably  wi th
regard  to  home range  s ize  and  land-parce l  use . However, home
range  s ize  was  pos i t ive ly  cor re la ted  to  the  amount  of  open  space
a t  e a c h  s i t e  ( o p e n  s p a c e  p e r h a p s  b e i n g  a n a l o g o u s  t o  t h e  r u r a l
c a s e ) . This  does  no t  necessar i ly  imply  cause  and  e f fec t  because
the  re la t ionsh ips  be tween  open  space , n a t u r a l  f o o d  a v a i l a b i l i t y ,
and supplemental feeding were unknown. Home ranges of foxes
of ten  over lapped . Areas of overlap commonly included areas of
s p e c i a l  u s e  l i k e  t h e  c u l v e r t s  i n  M i l e  S q u a r e  P a r k  t h a t  w e r e  u s e d
f o r  d i u r n a l  c o v e r . Every  rad io-co l la red  fox  a t  Mi le  Square  Park
u s e d  t h e  c u l v e r t s , and  foxes  a t  o ther  s i tes  commonly  used
a v a i l a b l e  c u l v e r t s  a s  w e l l .

Hers te insson  and  Macdonald  (1982)  descr ibed  typ ica l  hab i ta t
fea tures  of  u rban  red  foxes  in  Oxford ,  England . Woodlands,
p a s t u r e s , a r a b l e  l a n d s ,  a n d  r e s i d e n t i a l  h a b i t a t s  ( g a r d e n s ,
o r c h a r d s , scrubland, and houses) were common components of urban
fox home ranges, and these were also observed in Orange County.
Harr i s  (1977)  found 60% of  a l l  recovered  foxes  were  assoc ia ted
w i t h  r e s i d e n t i a l  h a b i t a t s  i n c l u d i n g  g a r d e n s ,  g a r d e n  s h e d s ,
c e l l a r s , and houses. The  grea tes t  percentage  of  dens  were
l o c a t e d  a t  t h e s e  s a m e  l o c a t i o n s ,  w i t h  r a i l w a y  a n d  o t h e r
embankments used frequently as well  (Harris  1977). While freeway
and railway embankments were used by Orange County foxes for den
s i t e s , f l a t  o p e n  a r e a s  w e r e  u s e d  m o s t  a n d  r e s i d e n t i a l  h a b i t a t s
( s p e c i f i c a l l y  y a r d s ,  g a r d e n s  o r  b u i l d i n g s )  w e r e  n o t  o b s e r v e d
b e i n g  u s e d  a s  d e n  s i t e s . A comprehensive den site survey could
not be conducted in Orange County and observed den si te locations
may be  b iased  by  l ike l ihood of  de tec t ion .

I n  c o n t r a s t  t o  H a r r i s  ( 1 9 7 7 )  i t  w a s  f o u n d  t h a t  l a n d - p a r c e l s
i n c l u d i n g  v a c a n t  l a n d s ,  g o l f  c o u r s e s ,  p a r k s ,  a n d  a i r p o r t s  w e r e
used  more  of ten  by  rad io-co l la red  foxes  in  Orange  County  than
r e s i d e n t i a l  h a b i t a t s . I t  w a s  l i k e l y  t h a t  s u p p l e m e n t a l  f e e d i n g
inf luenced  home range  s izes  and  land-parce l  use . L o c a t i o n s  o f
s p e c i a l  h a b i t a t  f e a t u r e s  ( e . g . , cu lver t s )  and  supplementa l  food
sources  probably  concent ra ted  fox  use . Supplemental feeding may
b e  m o r e  e x t e n s i v e  o r  p r e d i c t a b l e  a t  h i g h l y  u r b a n i z e d  s i t e s  ( e . g . ,
Mile Square Park) when compared to larger open spaces (Los
Alamitos Armed Forces Reserve Center,  Bolsa Chica Ecological
Reserve) .

Use of Food Resources
The  adapt ive  na ture  of  the  red  fox  i s  demons t ra ted  wel l  by

i t s  a b i l i t y  t o  f o r a g e  o n  a  w i d e  v a r i e t y  o f  f o o d s . Red fox
p r e d a t i o n  u p o n  i n v e r t e b r a t e  a n d  v e r t e b r a t e  p r e y  ( i n c l u d i n g
domest ic  and  fe ra l  an imals ) , a n d  t h e i r  u t i l i z a t i o n  o f  c a r r i o n ,
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human food of fer ings , and garbage in urban areas has been widely
repor ted  (Har r i s  1981 ,  Macdonald  1987 ,  Doncas te r  e t  a l .  1990) .
In urban Orange County,  birds,  mammals,  seeds,  insects,  and human
food packaging  were  f requent ly  found in  sca t  samples . Much of
the human food remains and food packaging may be attr ibuted to
i n t e n t i o n a l  f e e d i n g  b y  p e o p l e ,
c o n t r i b u t e .

though scavenging and garbage may
Eggs  were  present  in  the  d ie t . In  Spr ing and

Summer, t h e  i n c r e a s e  i n  e g g  s h e l l  f r a g m e n t s  p r o b a b l y  r e s u l t s  f r o m
the  consumpt ion  of  eggs  of  na t ive  av i fauna . Domestic chicken
eggs  provided  purposefu l ly  or  inadver ten t ly  by  people  could
expla in  the  year - round use  of  eggs . However, egg caching could
a lso  expla in  the  year - round observa t ion  of  egg  f ragments . The
f r e q u e n c y  o f  e g g  s h e l l s  i n  t h e  s c a t  m a y  r e l a t e  o n l y  i n d i r e c t l y  t o
the  number  or  s ize  of  eggs  ea ten .

Food i tem s ize  and  charac te r i s t ics  a re  impor tan t  when
cons ider ing  f requency  of  food  i tems in  sca t  samples . Food item
f r e q u e n c y  d o e s  n o t  i l l u s t r a t e  t h e  r e l a t i v e  i m p o r t a n c e  o f  f o o d
items consumed by foxes (Lockie 1959). I t  does  however  ind ica te
seasonal  changes  and  the  regular i ty  wi th  which  i tems may be
consumed.

S u r p l u s  k i l l i n g  a n d  f o o d  c a c h i n g  a r e  b e h a v i o r s  r e p o r t e d  o f
red foxes (Kruuk 1972, Macdonald 1976, Macdonald 1987:164,171).
A n i m a l s  t h a t  a r e  k i l l e d in  surp lus  a re  somet imes  cached  to  ea t
l a t e r . Conclusions about red fox food habits  can not be drawn
from cache  da ta  a lone . Large  food i tems are  more  pers i s ten t  in
caches  than  smal l  food  i tems; l e s s  p r e f e r r e d  f o o d  i t e m s  a r e  a l s o
more persistent  (Macdonald 1987:43). Converse ly ,  l a rge  food
i t e m s  m a y  b e  l e s s  l i k e l y  t o  a p p e a r  i n  t h e  s c a t  b e c a u s e  o f  a
g r e a t e r  p r o p o r t i o n  o f  d i g e s t i b l e  m a t e r i a l . I n  a d d i t i o n ,  S a r g e a n t
e t  a l .  (1984)  repor ted  tha t  on ly  5% of  adul t  ducks  taken  by  a  red
fox  fami ly  were  le f t  above  ground a t  an  average  den .
Consequent ly  both  sca t  and  caches  a re  impor tan t  in  examining  food
h a b i t s .

Orange County foxes were observed preying upon and
provis ioning  pups  wi th  ducks  (common to  loca l  parks  and  gol f
c o u r s e s ) , domest ic  ch ickens , and  domest ic  rabbi t s . Foxes were
a lso  observed  preying  upon k i l ldeer  (Charadr ius  voc i fe rus)  and
American avocet. Bi rds  were  regular ly  taken  and  were
c o n s i s t e n t l y  p a r t  o f  t h e  d i e t . H a r r i s  ( 1 9 8 1 )  f o u n d  t h a t  t h e  d i e t
o f  j u v e n i l e  f o x e s  c o n s i s t e d  l a r g e l y  o f  p a s s e r i n e s  ( s o n g  b i r d s ) .
In Orange County,  passerines were commonly found in scat  samples
and  were  presen t  a t  den  and  cache  s i tes . Thus  the  in t roduced  red
fox  i s  cons idered  a  threa t  to  Beld ing ' s  Savannah spar row
(designated as endangered by the California Fish and Game
Commission in 1974).

Macdonald  (1977)  found tha t  red  foxes  prefer red  voles
( M i c r o t u s  s p . )  o v e r  o t h e r  r o d e n t s  a n d  o t h e r  p o t e n t i a l  p r e y .  I n
scats collected from Orange County,  gophers were the most
f requent ly  found rodent , b u t  C a l i f o r n i a  g r o u n d  s q u i r r e l s
(Spermophilus beecheyi)  and deer mice (Peromyscus sp.)  were also
p r e s e n t  ( T a b l e  5 ) . Harris (1981) and Macdonald (1987:180)
r e p o r t e d  t h a t  m o s t  i n s t a n c e s  o f  d o m e s t i c  c a t  ( F e l i s  d o m e s t i c u s )

23



m o r t a l i t y  b y  f o x e s  i n v o l v e d  j u v e n i l e  c a t s . We observed several
c a t  c a r c a s s e s  a t  d e n  s i t e s  a n d  c a t s  w e r e  d e t e c t e d  i n  s c a t
samples.

The  re la t ive  impor tance  of  supplementa l  feeding  to  the
Orange County red fox population is  poorly understood.
supplementa l  feed ing  of  foxes  appears  to  be  a  widespread

However,

phenomenon which contributes large volumes of food to some
l o c a t i o n s , w h i l e  o n l y  o c c u r r i n g  o c c a s i o n a l l y  a t  ( o r  i n  s m a l l
a m o u n t s )  a t  o t h e r s . Supplemental  feeding does provide human-fox
in te rac t ions  for  members  of  the  publ ic  tha t  may not  o therwise
i n t e r a c t  w i t h  w i l d l i f e . Where  food  i s  l imi t ing ,  supplementa l
feeding  may increase  loca l  car ry ing  capac i ty ,  and  converse ly ,
emigra t ion  or  a  lower ing  of  car ry ing  capac i ty  may occur  where
supplementa l  feed ing  i s  reduced  or  ceased .
s q u i r r e l s ,

I n  C a l i f o r n i a  g r o u n d
Dobson (1979) found adult  and juvenile female

immigra t ion  to  a reas  wi th  supplementa l  feeding;  however  he  found
t h a t  j u v e n i l e  m a l e  d i s p e r s a l  w a s  l a r g e l y  i n d e p e n d e n t  o f
supplementa l  feed ing  and  popula t ion  dens i ty .

model,
U s i n g  t h e  s l i g h t l y  s m a l l e r  g r a y  f o x  i n  c a p t i v i t y  a s  a

Bal l  and  Gol ight ly  (1992)  found tha t  0 .133  kg  of  mice / fox-
day  served  as  a  weight -main tenance  d ie t .
wel l  consume twice  th i s  amount  ( i . e . ,

Free-ranging foxes may

1981).
0 . 2 7  k g / f o x - d a y )  ( G o l i g h t l y

Sargeant  (1978)  found tha t  the  average  consumpt ion  for
adul t  red  foxes  under  4  exper imenta l  t rea tments  ( inc luding  3
t rea tments  wi th  ad  l ib i tum food)  was  0 .320 kg/ fox-day  for  capt ive
r e d  f o x e s  f e d  n a t u r a l  p r e y  s p e c i e s . Using  the  range  of  food
consumption of 0.27-0.320 kg/fox-day, Mile Square Park could
suppor t  22-27  adul t  foxes  so le ly  on  supplementa l  food  (7 .12  ±
0.033 kg/day) . The  es t imate  of  supplementa l  food  quant i ty  was
conserva t ive  because  a l l  sources  of  supplementa l  food  were  not
quant i f ied  (or  known) . Supplemental  food was provided at  Mile
Square  Park  but  th i s  d id  not  prec lude  consumpt ion  of  prey  spec ies
b y  r e s i d e n t  f o x e s . Propor t ions  of  b i rds  and  mammals  in  sca t
samples  co l lec ted  f rom Mile  Square  Park  were  s imi la r  to
p r o p o r t i o n s  i n  s c a t  s a m p l e s  f r o m  o t h e r  s i t e s . Apparent ly  foxes
a t  M i l e  S q u a r e  P a r k  f e d  o n  a n i m a l  p r e y  d e s p i t e  t h e  a v a i l a b i l i t y
of  supplementa l  food .

T h e  v u l n e r a b i l i t y  o f  t h e  C a l i f o r n i a  l e a s t  t e r n  a n d  t h e
l i g h t - f o o t e d  c l a p p e r  r a i l  t o  r e d  f o x  p r e d a t i o n  h a s  b e c o m e  a
management concern (U. S.  F ish  and Wild l i fe  Serv ice  and  U.  S .
Navy 1990). Nei ther  spec ies  has  evolved  in  the  presence  of  red
foxes  and  therefore  have  not  deve loped  spec i f ic  defenses  aga ins t
them. C a l i f o r n i a  l e a s t  t e r n  c h i c k s  a n d  e g g s  a r e  p a r t i c u l a r l y
vulnerable  when foxes  invade  co lonies  on  nes t  i s lands ;  much of  a
colony ' s  reproduct ion  can  be  dec imated  in  a  s ing le  n ight  (E .
Burkett ,  CDFG Biologist ,  pers.  comm.). Newly  ha tched  leas t  t e rn
chicks weigh approximately 6.0 g (Massey 1974). In an extreme
c a s e , a single red fox would be expected to consume 43-53 newly-
h a t c h e d  l e a s t  t e r n  c h i c k s  i n  a  s i n g l e  n i g h t  i f  t h e y  w e r e  t h e  s o l e
source  of  energy  in take . Surplus  k i l l ing  and caching  behaviors
have  a l lowed foxes  to  dec imate  co lonies  of  nes t ing  gul l s  (Kruuk
1964). Other  endangered  spec ies  or  spec ies  of  spec ia l  concern
may be  vulnerable  to  in t roduced  red  fox  preda t ion  inc luding  the
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S a n  J o a q u i n  k i t  f o x  ( R a l l s  e t  a l .  1 9 9 0 ) ,  t h e  s n o w y  p l o v e r
(Charadr ius a l e x a n d r i n u s ) , t h e  s a l t  m a r s h  h a r v e s t  m o u s e ,  t h e
burrowing owl  (Athene  cunicu la r ia ) , a n d  t h e  C a l i f o r n i a  c l a p p e r
r a i l  ( U .  S .  F i s h  a n d  W i l d l i f e  S e r v i c e  1 9 9 0 ) .
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SUMMARY

1) I n t r o d u c e d  r e d  f o x  s i g h t i n g s  w e r e  e x t e n s i v e  i n  C a l i f o r n i a ;
from Shasta County (northern extent)  to San Diego County
( s o u t h e r n  e x t e n t ) , a n d  f r o m  t h e  P a c i f i c  c o a s t  ( w e s t e r n  e x t e n t )  t o
wes tern  Rivers ide  County  and  the  wes te rn  S ier ra  Nevada  footh i l l s
( e a s t e r n  e x t e n t s ) . The  popula t ion  appeared  to  be  cont iguous  in
the San Francisco Bay Area and the urban area of Los Angeles and
Orange Counties, bu t  may a l so  be  cont iguous  in  o ther  a reas  of  the
p r e s e n t  r a n g e .

2) The  d ie t  o f  the  in t roduced  red  fox  was  var iab le  and  inc luded
bi rds  and  b i rd  eggs ,  mammals ,  insec ts ,  seeds ,  and  human food .
Supplemental  feeding by people may be an important aspect of food
p r o v i s i o n i n g  i n  t h e s e  a n i m a l s .

3) R e p r o d u c t i o n  c a n  o c c u r  e v e r y  y e a r  w i t h  l i t t e r  s i z e s  r a n g i n g
from 1-9 pups. Young may reproduce  in  the  spr ing  fo l lowing the i r
b i r t h . M u l t i p l e  d e n s  w e r e  u s e d  f o r  s i n g l e  l i t t e r s ,  a n d  d e n s  w e r e
l o c a t e d  i n  f l a t  o p e n  a r e a s ,  e m b a n k m e n t s ,  g o l f - c o u r s e  s a n d  t r a p s ,
p l a n t a t i o n s , a n d  r o c k  o r  s c r a p  m e t a l  p i l e s .

3) Among radio-col la red  foxes , f e m a l e s  h a d  t h e  h i g h e s t  s u r v i v a l
r a t e s , 100% for  juveni les ,  and  72% for  adul t s . Males had lower
surv iva l  ra tes ,  42% and 50% for  juveni les  and  adul t s
r e s p e c t i v e l y . J u v e n i l e  d i s p e r s e r s  h a d  t h e  l o w e s t  s u r v i v a l  r a t e
(37%). T w o  r a d i o - c o l l a r e d  r e d  f o x e s ,  a l i v e  a t  t h e  e n d  o f  t h e
project ,  were est imated at  > 5 years of age.

4) C a u s e s  o f  m o r t a l i t y  i n  r a d i o - c o l l a r e d  f o x e s  i n c l u d e d  v e h i c l e
c o l l i s i o n s , a t t a c k  b y  d o g s ,  d i s e a s e  ( m a n g e ) ,  a c c i d e n t s  o t h e r  t h a n
vehic le  co l l i s ions ,  and  unknown causes .

5) D i s p e r s a l  o c c u r r e d  m o s t  o f t e n  w i t h  j u v e n i l e  m a l e s ,  b u t  a d u l t
males  and  1  juveni le  female  d ispersed  (no  adul t  females
d i s p e r s e d ) . Dispersa l  d is tances  range  f rom 0 .7-13 .8  km.
Successful foxes dispersed 9.8 ± 1.85 km. Foxes  d i spersed  f rom
August  to  January .

6)  Radio-co l la red  red  foxes  used  open  spaces  in  the  urban
envi ronment  inc luding:  undeveloped  land ,  d i s turbed  land ,  vacant
f i e l d s  ( e . g . ,  a i r f i e l d s ) , a t h l e t i c  f i e l d s ,  g o l f  c o u r s e s ,  p a r k s ,
f l o o d  c h a n n e l s ,  r i p a r i a n  a r e a s ,  a g r i c u l t u r a l  l a n d ,  w e t l a n d s ,
r a i l r o a d  r i g h t - o f - w a y s ,  h i g h w a y  c o r r i d o r s ,  i n d u s t r i a l  l a n d ,  a n d
beaches . T h e y  w e r e  a l s o  f o u n d  i n  r e s i d e n t i a l  a n d  r e t a i l  b u s i n e s s
a r e a s .
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Fund (FY91/92), Nongame Bird and Mammal Section, Wildlife
Management Division) and was cooperative in providing access,
s e r v i c e s , and  genera l  suppor t , e s p e c i a l l y  b y  b i o l o g i s t s  E .
B u r k e t t ,  R .  J u r e k ,  K .  S m i t h ,  a n d  J .  F i s c h e r ,  a n d  w i l d l i f e
i n t e r p r e t e r s  J . Schol l ,  and  C.  Lake . Orange County Environmental
Management Agency was cooperative in providing access,  services
and  genera l  suppor t ,  espec ia l ly  N.  Bru land ,  P .  Hancock ,  J .
Bukspan, and D. Dil lon.

M.  Faulhaber  and  S .  Yaeger  ass i s ted  wi th  fox  captur ing
a n d  r a d i o - c o l l a r i n g ,  r a d i o - t r a c k i n g ,  s c a t  c o l l e c t i o n ,
d i s t r i b u t i o n  s u r v e y i n g ,  a n d  d a t a  a n a l y s i s . J .  L o n g c r i e r ,  R .
Wachs, a n d  K .  H e n d e r s o n  a s s i s t e d  w i t h  f o o d  h a b i t s  a n a l y s i s .  C .
W e r y ,  J .  B a l d w i n ,  K .  W a l k e r  a s s i s t e d  w i t h  s c a t  c o l l e c t i o n ,  f o x
c a p t u r i n g , r a d i o - t r a c k i n g ,  a n d  d a t a  e n t r y . Dr. C. Gunn from the
U. S.  Department of Agriculture and Dr.  G. Levin from the San
Diego  Natura l  His tory  Museum ident i f ied  seeds  found in  fox  sca t
samples. J .  Kapus assisted in access to Costa Mesa High School
grounds. J .  M a i n e  f a c i l i t a t e d  a c c e s s  a n d  p r o v i d e d  s u p p o r t  a t  L o s
Alamitos Armed Forces Reserve Center. Many observers provided
s i g h t i n g s  o f  r e d  f o x e s  t h a t  w e r e  u s e d  i n  t h e  d i s t r i b u t i o n
inves t iga t ion  (Appendixes  1  and  2) .
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Table  1 . Number of confirmed red fox locations (319) from
te lephone  surveys  in  Cal i forn ia  by  county . Data were from
telephone surveys conducted June 1990 to January 1993. Count ies
n o t  l i s t e d  w e r e  n o t  s u r v e y e d .

C o u n t y C u m u l a t i v e  N o .  o f  L o c a t i o n s S i g h t i n g s  f r o m  G r a y  1 9 7 5
( y e a r ) p r e s e n c e  ( + ) ,  a b s e n c e  ( - )

<1975 ( 1 9 8 5 <1992 n o t  s u r v e y e d  ( n s )

Alameda 0 2
B u t t e
C o l u s a
C o n t r a  C o s t a
E l  D o r a d o
F r e s n o
G l e n n
Humboldt
I m p e r a l
K e r n
K i n g s
L o s  A n g e l e s
Madera
M a r i n
Mendocino
Merced
M o n t e r e y
Napa
Nevada
Orange
P l a c e r
R i v e r s i d e
S a c r a m e n t o
S a n  B e n i t o
S a n  B e r n a r d i n o
San  Diego
S a n  F r a n c i s c o
S a n  J o a g u i n
S a n  L u i s  O b i s p o
San  Mateo
S a n t a  B a r b a r a
S a n t a  C l a r a
S a n t a  C r u z
S h a s t a
S o l a n o
Sonoma
S t a n i s l a u s
S u t t e r
Tehema
T r i n i t y
T u l a r e
V e n t u r a
Yolo
Yuba

1 3
2 5
0 4
0 0
0 1
3 4
0 0
0
0

0
0

0 0
5 8
0 1
0
0

1
0

0 0
0 3
1 1
0 0
5 7
0 0
0 0
1 1
0 2
0 1
0 1
0 0
0 2
0 4
0 1
0 5
0 3
0 0
4 5
0 1
1
0

1
0

2 2
4 4
0 0
0 0
0 1
0 2
0 0

-
+
+
-
+
-
+
ns
ns
-
-
+ a

+
+
+
-
-
+
ns
ns
ns
ns
+
-
ns
ns
ns
+
ns
-
ns
-
-
+
+
-
ns
+
+
+
-
ns
+
+

4
9
9
2

16
6
0
0

14
2

17
1
7
0

15
23

1
0

35
1
3
3

16
2
4
0
6

24
5

14
16

1
6
4
2
0
2
6
0
3
3
4
0

t o t a l 29 76 319
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a L o s  A n g e l e s  C o u n t y  w a s  n o t  f o r m a l l y  s u r v e y e d  b u t  s i g h t i n g s  o f  r e d  f o x e s  a t  E l
D o r a d o  N a t u r e  C e n t e r  i n  L o n g  B e a c h  w e r e  i n c l u d e d .
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Table  2 . R e d  f o x  t r a p p i n g  a n d  s c a t  c o l l e c t i o n  s i t e s  i n  O r a n g e
County,  California,  June 1990 -  March 1992.

S i t e L o c a t i o n  
S c a t

C o l l e c t i o n s

B r i s t o l  S t r e e t At Jct .  with Route 55 in
Costa Mesa, CA

7

Costa Mesa
High School

Crescent Ave.

Costa Mesa, CA

At Dad Miller Golf Course
in Anaheim, CA

Mile Square Park Fountain Valley,  CA

Orange Co. Sewage
Trea tment  P lan t  #2

A t  J c t .  o f  B r o o k h u r s t  S t .  a n d
Pacific Coast  Highway in
Huntington Beach, CA

Los Alamitos Armed
Forces Reserve
Center

Bolsa  Chica  S ta te
Ecologica l  Reserve

Seal Beach National
Wildlife Refuge a

Anaheim Powerlinea

Los Alamitos, CA

Huntington Beach, Orange Co.,
CA

Seal Beach, CA

A t  J c t .  o f  C e r r i t o s  A v e .  a n d
Sta te  Col lege  Ave.  in
Anaheim, CA

Edison Power Plant On Pacific Coast  Highway, between 2
Newland Street and Magnolia
Avenue, in Huntington Beach, CA

1

13

17

0

12

3

1

4

a No t rapping  conducted  a t  these  s i tes .
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Table  3 . Percent  occur rence a  o f  major  food  types  in  red  fox
feca l  samples  by  season  in  Orange  County ,  Cal i forn ia ,  1990-1991.

Food Type
Winter Spr ing Summer F a l l
(n=124) (n=58) (n=114) (n=125)

Mammals 74 84 60 51

Aves 56 76 81 66

Egg Shell 2 2 10 6

I n v e r t e b r a t e s 84 90 97 99

Seeds 60 69 77 84

Human Food and
Food Packaging 86 41 59 60

a Percent  occur rence  of  food  types  equa ls  the  number  of  feca l
samples  conta in ing  the  food  type  wi th in  a  spec i f ic  season ,
d iv ided  by  the  to ta l  number  of  feca l  samples  ana lyzed  f rom tha t
season .
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Table  4 . Percent  occur rence a  o f  av ian  prey  i tems in  red  fox
feca l  samples  by  season  in  Orange  County ,  Cal i forn ia ,  1990-1991.

Prev I tem
Winter S p r i n g
(n=69) (n=44)

Summer
(n=92)

F a l l
(n=83)

S t r i g i d a e
(owl family)

Anat idae
(duck family)

Euphagus cyanocephalus
(Brewer ' s  b lackbi rd)

Columba livia
(pigeon)

Falco  sp .
( fa lcon  fami ly)

S t u r n u s  v u l g a r i s
( s t a r l i n g )

U n i d e n t i f i e d  p a s s e r i n e
(songbi rds)

Gal lus  domest icus
(domestic chicken)

Phas ian idae
(pheasant  fami ly)

U n i d e n t i f i e d  b i r d

4 0 1

1 5 41

0 0 1

0 2 5

0 0 11

0 0 8

20 5 53

0 0 2

0 0 1

81 87 b

0

32

0

2

1

0

50

1

1

b

a Percent  occur rence  of  prey  i tems  i s  the  number  of  feca l  samples
conta in ing  the  prey  i tem div ided  by  the  number  of  samples
c o n t a i n i n g  a v i a n  p r e y  ( e . g . , 69 samples in Winter contained avian
p r e y  i t e m s ) .

b A w a i t i n g  f i n a l  a n a l y s i s .
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Table  5 . Percent occurrence a  of mammalian prey i tems in red fox
feca l  samples  by  season  in  Orange  County ,  Cal i forn ia ,  1990-1991.

Food Item
Winter S p r i n g Summer F a l l
(n=92) (n=49) (n=68) (n=64)

Geomyidae
(gopher family)

44 31 40 42

Peromyscus sp. 1 2 3 6
(deer mice)

Spermophilus beecheyi 3 0 16 3
( C a l i f .  g r o u n d  s q u i r r e l )

D i d e l p h i s  v i r g i n i a n u s 1 0 3 0
(opossum)

F e l i s  d o m e s t i c u s 1 0 0 6
(domest ic  ca t )

Sylvi lagus  auduboni 4 0 0 2
( c o t t o n t a i l  r a b b i t )

Unidentified mammal 57 73 38 41

a Percent  occur rence  of  prey  i tems  i s  the  number  of  feca l  samples
conta in ing  the  prey  i tem div ided  by  the  number  of  samples
containing mammalian prey.
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Table  6 . F o o d  i t e m s '  i d e n t i f i e d  a t  r e d  f o x  d e n s  a n d  c a c h e  s i t e s
in  Orange  County ,  Ca l i forn ia ,  June  1990  -  Ju ly  1992 .

Food itemb
Number

Recovered

L a r u s  s p .  ( g u l l s ) 9
A n a t i d a e  ( d u c k  f a m i l y ) 7
Spermophilus beecheyi 5

( C a l i f .  g r o u n d  s q u i r r e l )
Gal lus  domest icus  (domest ic  ch icken) 3
Columba livia (pigeon) 3
Sylvi lagus  auduboni  (co t ton ta i l  rabbi t ) 2
Domest ic  rabbi t 2
Fe l i s  domest icus  (domest ic  ca t ) 2
Dide lphis  v i rg in ianus  (oppossum) 2
Geomyidae (pocket gopher family) 1
Limosa fedoa (marbled godwit) 1
Passer domesticus (house sparrow) 1
Zenaida macroura (mourning dove) 1
Corvus sp.  (crows) 1
Phalacrorax  sp .  (cormorants ) 1
aFood items other than human food offerings and food packaging.
C h a r a d r i u s  v o c i f e r u s  ( k i l l d e e r )  a n d  R e c u r v i r o s t r a  a m e r i c a n a
(Amer ican  avoce t )  p reda t ion  by  a  rad io-co l la red  red  fox  were
observed . A cormorant Phalacrorax sp).  was entangled in f ishing
l ine  and  was  e i ther  scavenged or  k i l led  by  foxes .
b Anat idae  inc lude  ducks  wi th  typ ica l  mal la rd  (Anas  p la tyrhynchos)
colora t ion  and  whi te  domest ic  ducks , both commonly seen in parks
a n d  g o l f  c o u r s e s .
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T a b l e  7 . T r a p - n i g h s  a n d  t r a p  s u c c e s s  f o r  r e d  f o x  c a p t u r e s  i n
Orange  County ,  Cal i forn ia .

S i t e '
P r e - b a i t T r a p - N o .  o f N o .  o f

n i g h t s b  n i g h t s
T r a p

C a p t u r e s  R e c a p t u r e s Successc (%)

I )  J u n e  1 9 9 0 -  J a n u a r y  1 9 9 1

C r e s c e n t  N A 116 2 8 1.72

B r i s t o l NA 94 1 0 1 . 0 6

MSP NA 34 4 1 1 1 . 7 6

STP NA 114 0 0 0 . 0 0

LAAFRC NA 42 5 0 11.90

BCER NA 14 2 0 14.29

Total -- 444 14 9 3.38

II) June 1991 - March 1992

Cresent 11 12 0 2 0 .00

LAAFRC 123 18 0 2 0.00

ACP 5 0 0 0 0 .00

SCEP 20 18 2 4 11.11

BCER 7 7 0 0 0 0.00

CMHS 82 2 0 0 0.00

OCSTP 23 17 1 0 5.88

T o t a l 341 67 3 8 4.48

a C r e s c e n t  i s  C r e s c e n t  A v e .  s i t e ,  B r i s t o l  i s  B r i s t o l  S t .  s i t e ,
CMHS is Costa Mesa High School,-MSP is Mile Square Park, OCSTP is
Orange Co. sewage treatment plant #2, LAAFRC is Los Alamitos
Armed Forces Reserve Center,  BCER is Bolsa Chica State Ecological
Reserve,  ACP is the Associated Concrete Products Inc.  on McArthur
B l v d . , SCEP is the Huntington Beach Southern California Edison
P l a n t .
bNA = Not Available
cTrap success = c a p t u r e s / t r a p  n i g h t s
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Table  8 . Survival a  o f  rad io-co l la red  red  foxes  in  Orange  County ,
Cal i forn ia ,  1990-1992 .

Popula t ion  segment
S u r v i v a l  r a t e

e s t i m a t e 95% CIb

J u v e n i l e s c

Captured in July (n = 7) 0.54 0 .31-1 .00

Known d i s p e r s e r s (n = 5 , 4M:lF) 0.37 0 .16-1 .00
( a l l  c a p t u r e d  i n  J u l y )

Males (n = 9) 0.42 0 .21-0 .98

Females (n = 6) 1.00 1 .00-1 .00

Overall  (n = 15) 0 .65 0 .42-0 .99

Adultsd

Known l-yr olds (n = 6, 4M:2F) 0.64 0 .38-1 .00

Males (n = 8) 0.50 0 .28-0 .99

Females (n = 4) 0.72 0 .43-1 .00

Overall  (n = 12) 0.58 0 .38-0 .94

aSurvival was estimated using the Micromort computer program
(Heisy and Fuller  1985).
b Conf idence  in te rva l
cJuveni le  surv iva l  ra tes  were  based  on  a  250-day  in te rva l  (9
Aug.- 15 Mar.) . The 1990 and 1991 cohorts were combined in the
a n a l y s i s .
d Adul t  surv iva l  ra tes  were  based  on  a  365-day  in te rva l  (15  Mar
1991 - 14 Mar. 1992)
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Table  9 . M o r t a l i t i e s  o f  r a d i o - c o l l a r e d  r e d  f o x e s  i n  O r a n g e
County, Cal i forn ia ,  1990-1992 .

Fox Age Sex Date Cause of death

#7 ad F 1 Oct. 1990 s u f f o c a t i o n  i n  t a r  p i t a

# 1 9  j u v M 23 Oct. 1990 k i l l ed  by  dogs

# 1 0  j u v M 28 Nov. 1990 h i t  b y  v e h i c l e

#5 ad M 7 Mar. 1991 unknown

# 2 0  j u v M 20 Apr. 1991 e u t h a n i z a t i o n b

# 2 1  j u v F 23 Apr. 1991 e u t h a n i z a t i o n b

# 1 7  j u v F 25  Ju l .  1991 miss ingc

# 2 2  j u v M 25 Aug. 1991 h i t  b y  v e h i c l e

#9 j u v M 3 Sep. 1991 h i t  b y  v e h i c l e

# 1 8  j u v M 12 Sep. 1991 unknownd

#4 ad M 28 Sep. 1991 unknownd

#3 ad M 7 Nov. 1991 h i t  b y  v e h i c l e

#8 ad F 11 Feb. 1992 unknown

aTar  p i t  was  a  man-made  p i t  conta in ing  ta r  and  was  labe led  a
"Hazardous Sustance Lagoon."
bFoxes were trapped and euthanized at  Bolsa Chica Ecological
Reserve  through a  red  fox  cont ro l  program.
cFox was not found since 25 July 1991 and was considered missing.
dFox had severe sarcoptic mange at  t ime of death.
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Table 10. C a u s e - s p e c i f i c  m o r t a l i t y  r a t e s  f o r  r a d i o - c o l l a r e d  r e d
foxes  in  Orange  County ,  Ca l i forn ia ,  1990-1992.

P o p u l a t i o n
segment

Mor ta l i ty  Rate  Es t imates a

V e h i c l e  c o l l i s i o n s  ( n ) Other  (n) Unknown (n)
(95% CI) (95% CI) (95% CI)

J u v e n i l e s b

Males (n = 9)

Females (n = 6)

Known dispersers
(n = 5,4M:lF)

Overall  (n = 15)

Adults c

Males (n = 8)

Females (n = 4)

Known l-yr olds
(n = 6, 4M:2F)

Overall  (n = 12)

0 .27  (2) 0 .14  (1)
(0 .00-0 .59) (0 .00-0 .38)

0.00 0 .00

0.38 (2) 0 .00
(0 .00-0 .80)

0 .14  (1)
(0 .00-0 .38)

0 .00

0 .19  (1)
(0 .00-0 .53)

0.18 (2) 0 .09  (1) 0 .09  (1)
(0 .00-0 .40) (0 .00-0 .25) (0 .00-0 .25)

0 .24  (2) 0 .00
(0 .00-0 .52)

0.00 0 .25  (1)
(0 .00-0 .66)

0.17 (1) 0 .00
(0 .00-0 .46)

0 .16  (3) 0 .08  (1)
(0 .00-0 .36) (0 .00-0 .23)

0 .24  (2)
(0 .00-0 .52)

0 .00

0.17 (1)
(0 .00-0 .46)

0 .16  (3)
(0 .00-0 .36)

a Morta l i ty  ra te  es t imates  as  de termined  us ing  Micromor t  computer
sof tware  (Heisey  and  Ful le r  1985) . "Unknown" mortali t ies are
s u s p e c t e d  t o  i n c l u d e  a d d i t i o n a l  v e h i c l e  c o l l i s i o n  d e a t h s  a n d
d i s e a s e  ( m a n g e )  r e l a t e d  d e a t h s . " O t h e r "  m o r t a l i t i e s  i n c l u d e  o n e
dog a t tack  ( fox  #16)  and  one  suf foca t ion ,  in  a  ta r  p i t  ( fox  #7) .
b Juveni le  mor ta l i ty  es t imates  were  based  on  a  250  day  surv iva l
i n t e r v a l  ( 9  J u l . - 14 Mar. for both 1990 and 1991 combined).
cAdul t  mor ta l i ty  ra te  es t imates  were  based  on  a  365  day  in te rva l
from 15 Mar. 1991 - 14 Mar. 1992.
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Table 11. D i s p e r s a l  d a t a  f o r  r a d i o - c o l l a r e d  r e d  f o x e s  i n  O r a n g e
County ,  Ca l i fo rn ia ,  1990-1992 .

Fox Date
D i r e c t i o n Dis tance a

Age S e x  ( i n  d e g r e e s ) (km)

Successfu l  Dispersers b

#9 15 Dec. 1990 j u v M NNE (27) 10.8

#3 15 Dec. 1990 ad M WSW (245) 13.8

#23 - - j u v F NW (301) 4 . 9

#1 24 Nov. 1991 a d M WSW (255) 9 . 8

Unsuccess fu l  Dispersers c

#10 28 Nov. 1990 j u v M ENE (75) 0 . 7

#22 12 Aug. 1991 j u v M NW (310) 10 .8

#15 3 J a n . 1992 j u v M NW (303) 10 .5

#15 5 J a n . 1992 j u v M SSW (211) 1 . 7

aFrom natal den site or mean UTM coordinate of home range to a
subsequent  home range  center  or  whelp ing  den ,  o r  loca t ion  of
m o r t a l i t y  d u r i n g  d i s p e r s a l .
b S u c c e s s f u l  d i s p e r s e r s  w e r e  f o x e s  t h a t  s u r v i v e d  d i s p e r s a l  t o
e s t a b l i s h  ( o r  i n i t i a t e )  a  h o m e  r a n g e . Fox #3 was considered a
success fu l  d i sperser  due  to  length  of  t ime (325  days)  be tween
d i s p e r s a l  i n i t i a t i o n  a n d  s u b s e q u e n t  r o a d - k i l l  m o r t a l i t y . Fox
# 2 3 ' s  d i s p e r s a l  c o n s i s t e d  o f  a  s e r i e s  o f  e x p l o r a t o r y  m o v e m e n t s
between 22 Aug. and 27 Nov. 1991.
C Unsuccess fu l  d i spersers  were  foxes  tha t  d ied  dur ing  d ispersa l .
On 3 Jan. 1992 fox #15 made an exploratory foray from Mile Square
Park to Seal Beach Naval Weapons Station and back to Mile Square
Park  (a  21  km s t ra ight - l ine  movement) . On 13 Jan. 1992 fox #15
dispersed south from Mile Square Park and presumably died. The
r a d i o  c o l l a r  s i g n a l  w a s  l o c a t e d  i n  a n  i n a c c e s s a b l e  l o c a t i o n  a n d
did not move for four months.
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Table 12. Home range estimates using Minimum Convex Polygon
(MCP) and Harmonic Mean Transformation (HMT) methods for radio-
co l la red  foxes  in  Orange  County ,  Ca l i f . ,  Jun .  1990  -  Dec .  1991 .

Fox
No. Range Estimate (km2)

S e x  S i t e a Locat ions MCP HMTb

Adultsc ,d

1 (PRE-DISP) M B r i s t o l
(POST-DISP) Huntington

2
3
4
5
6
7
8
9 (POST-DISP

11
12
13
14
17
18
20
21
23

Mean
Standard

J u v e n i l e s
9 (PRE-DISP)

10
11
12
13
14
15
16
17
18
19
20
21
22
23

F Crescent
M Crescent
M LAAFRC
M LAAFRC
M MSP
F OCSTP
F SCEP
M APL
M MSP
F MSP
F MSP
M MSP
M LAAFRC
F LAAFRC
M BCER
F BCER
F SCEP

error

M MSP
M MSP
M MSP
F MSP
F MSP
M MSP
M M S P
F MSP
M LAAFRC
F LAAFRC
M LAAFRC
M BCER
F BCER
M OCSTP
F SCEP

106 16.04 12.34
78 8 .66 7 .25
90 0.49 0 .56
38 0 .40 0 .61
46 2 .90 3 .39
48 2 .91 3 .46

140 0.56 0.48
13 1.72 1.02
40 3.70 4 .75
58 1.77 1.63

166 0.54 0 .45
121 0.78 0.69

89 0.93 0 .59
161 0 .86 0.83

69 3 .31 2 .26
82 2.23 1.63
90 9.92 9 .06
94 10.12 10.35

163 12.21 11.24
67 4 .26 3.82
13 1.07 0.94

31 0 .71 0.97
27 0.98 1.13
50 0 .48 0 .35
46 0 .55 0.44
53 0.60 0.83
50 0.48 0 .35
55 0.62 0.63
66 0.33 0 .31
45 3.02 1.02
56 2.23 1.79
17 0.77 0.69
70 9 .60 9.19
94 10.11 9 .00
17 2 .80 1.42

123 12.18 21.80
53 3.03 3.33Mean

S t a n d a r d  e r r o r 7 1 .05 1.52
aCresent Ave. site, Bristol is Bristol St. site, MSP is Mile Square Park, LAAFRC is Los Alamitos
Armed Forces Reserve Center, OCSTP is Orange Co. sewage treatment plant #2, APL is Anaheim powerline
site, BCER is Bolsa Chica State Ecological Reserve, SCEP is the Southern California Edison Plant.
bHMT estimates for 15 grid division and 95% of the locations.
cPre-disp referes to data collected before dispersal. Post-disp refers to data collected after dispersal.
dIncludes animals initially captured as juveniles and matured with radio collar intact.

45



Table 13. L a n d  p a r c e l  t y p e s  u s e d  b y  r a d i o - c o l l a r e d  r e d  f o x e s  i n
Orange  County ,  Cal i forn ia .

Land Parcel  Types Percent of Home Ranges
With Type

Undeveloped  land ,  vacant  f ie lds ,
d i s t u r b e d  l a n d

100

A t h l e t i c  f i e l d s ,  p a r k s ,  g o l f  c o u r s e s 96

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

R e s i d e n t i a l  t r a c t s ,  r e t a i l  b u s i n e s s

68

37

A g r i c u l t u r e  l a n d  ( i n c l u d e s  f a l l o w  l a n d ) 29

W e t l a n d s ,  e s t u a r i e s 21

Rai l road  t racks ,  major  h ighways 21

I n d u s t r i a l  l a n d 21

Beaches 12

aNumber of home ranges that  incorporated a land parcel  type
divided by the number of home ranges (n = 24) examined.
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Table 14. Descr ip t ions  of  movements  f rom cont inuous  re loca t ions
o f  r a d i o - c o l l a r e d  r e d  f o x e s  i n  O r a n g e  C o u n t y ,  C a l i f o r n i a . Means
be tween  d i f fe ren t  fo l lowing  ep isodes  a re  fo l lowed by
± standard error.

Number of land
T r a v e l  r a t e S t r e e t  c r o s s i n g s p a r c e l  t y p e s

Fox na
(km/hr) per hourb used per hour c

#1 6 3.30 ± 0.46 4.30 ± 1.40

#4 2 0 .76 ± 0.33 - -

#8 4 1.10 ± 0.33 1 .10 ± 0.62

#9 1 2 .30 0.00

#15 1 0.58 - -

#17 1 1 .70 0.26

#18 1 1 .80 0 .00

#23 4 1.80 ± 0.54 2.00 ± 0.82

Mean 1.66 ± 0.33 1.30 ± 0.52

3 . 8 ± 1 .4

1 . 7 ± 0.96

2 . 5 ± 0.67

4 . 4

1 . 1

1 . 5

1 . 5

4 . 9 ± 0.42

2 . 7 ± 0.43
an=number of independent following episodes.
bFoxes #4 and #15 do not have streets within their  home ranges.
c L a n d  p a r c e l  t y p e s  i n c l u d e :  b e a c h e s ,  p a r k s ,  g o l f  c o u r s e s ,
f a i r g r o u n d s , r e s i d e n t i a l  a r e a s ,  p o w e r l i n e  r i g h t - o f - w a y s ,  h i g h
s c h o o l s ,  p a s t u r e , i n d u s t r i a l  l a n d s ,  d i s t u r b e d  f i e l d s ,  e u c a l y p t u s
g r o v e s ;  v e g e t a t e d  d u n e s ,  r a i l r o a d  r i g h t - o f - w a y s ,  a i r f i e l d s ,  a n d
a g r i c u l t u r a l  l a n d s .
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Figure  1 . S tudy  a rea  for  nor thwes te rn  Orange  County ,  Cal i forn ia .
A = Bris to l  S t ree t  s i te ,  B  =  Crescent  Avenue  Si te ,  C  =  Mi le
Square Park Site,  D = Los Alamitos Armed Forces Reserve Center
s i t e ,  E  = Anaheim Powerline si te,  F = Bolsa Chica Ecological
Reserve  s i te ,  G = Huntington Beach site, H = Seal Beach NWR and
NWS.
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Figure  2 . Red fox  s igh t ings  (319)  for  Cal i forn ia  acqui red  f rom
t e l e p h o n e  i n t e r v i e w s . E a c h  s o l i d  b l a c k  s t a r  r e p r e s e n t s  o n e  o r
m o r e  s i g h t i n g s  a t  a  s i t e  ( s i g h t i n g s  >  1 . 6  k m  a p a r t  a r e  c o n s i d e r e d
independent ) ; o p e n  s t a r s  i n d i c a t e  c i t i e s . The  range  of  S ier ra
Nevada red fox was summarized from Grinnell  et .  al .  (1937).
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Known Den Sites

Flood Control Channels

Major Highways

Sightings

F i g u r e  3 . Known den  s i tes  (22)  and  s ight ings  (39)  in  Orange
c o u n t y ,  C a l i f o r n i a  f r o m  1 9 9 2  a n d  e a r l i e r . D e n  s i t e s  ( t r i a n g l e s )
on  the  map represent  one  or  more  den  loca t ions . S i g h t i n g s
( s t a r s )  r e p r e s e n t  o n e  o r  m o r e  o b s e r v a t i o n s  o f  f o x e s  a t  a
l o c a t i o n . Den s i te  and  s ight ing  loca t ions  >  1 .6  km (1  mi le)
a p a r t  a r e  c o n s i d e r e d  i n d e p e n d e n t .
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F i g u r e  4 . Percent  occur rence  of  major  food  types  found seasonal ly  in  sca t  samples
co l lec ted  in  Orange  County ,  Cal i forn ia  1990-1991.
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F i g u r e  5 . S u r v i v a l  a n d  m o r t a l i t y  o f  r a d i o - c o l l a r e d  f o x e s  i n
Orange County,  California,  1990-1992. J u v e n i l e  d i s p e r s e r s
included 3 males and 1 female. One-year -o ld  adul t s  inc luded  4
males and 2 females.
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F i g u r e  6 . Rela t ionship  be tween the  number  of  l ive  foxes  seen  and  the  cumula t ive  number  of
dead  foxes  re t r ieved  a t  Los  Alami tos  Armed Forces  Reserve  Center .
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F i g u r e  7 . S t r a i g h t - l i n e  d i s p e r s a l  d i s t a n c e s  o f  r a d i o - c o l l a r e d
r e d  f o x e s  t h a t  e s t a b l i s h e d  h o m e  r a n g e s  a f t e r  d i s p e r s a l  i n  O r a n g e
County ,  Ca l i fo rn ia ,  1990-1992 .  A = fox  #10 ' s  ( juv .  male)
dispersal  from Mile Square Park in Fountain Valley to Anaheim.  B
=  f o x  # 3 ' s  ( a d .  m a l e )  d i s p e r s a l  f r o m  C r e s c e n t  A v e n u e .  s i t e  i n
Anaheim to  Rossmoor .  C =  fox  #23 ' s  ( juv .  female)  d ispersa l  f rom
Orange County Sewage Treatment Plant #2 to Huntington Beach. D =
f o x  # l ' s  ( a d .  m a l e )  d i s p e r s a l  f r o m  B r i s t o l  S t r e e t  s i t e  i n  C o s t a
Mesa to Huntington Beach.
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F i g u r e  8 . S t r a i g h t - l i n e  d i s p e r s a l  d i s t a n c e s  o f  r a d i o - c o l l a r e d
r e d  f o x e s  t h a t  d i e d  d u r i n g  d i s p e r s a l  i n  O r a n g e  C o u n t y ,
C a l i f o r n i a ,  1 9 9 0 - 1 9 9 2 .  A  = f o x  # 1 1 ' s  ( j u v .  m a l e )  d i s p e r s a l  f r o m
Mile Square Park to Euclid Ave., M i l e  S q u a r e  P a r k ' s  e a s t e r n
b o u n d a r y .  B =  f o x  # 2 2 ' s  ( j u v . male) dispersal  from Orange County
Sewage  Trea tment  P lan t  #2  to  the  jc t .  o f  Warner  Ave .  and  Pac i f ic
Coast Highway in Sunset Beach. C = fox #15's ( juv.  male) 21 km
round-trip exploratory movement to Seal Beach Naval Weapons
S t a t i o n  a n d  b a c k  t o  M i l e  S q u a r e  P a r k .  D  =  f o x  # 1 5 ' s  ( j u v .  m a l e )
d ispersa l  f rom Mile  Square  Park  to  the  jc t .  o f  Alameda Ave.  and
Brookhurs t  S t .  in  Founta in  Val ley .
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Area of Open Space (square km)

F i g u r e  9 . R e l a t i o n s h i p  o f  l o g 1 0 home range  s ize  (HMT) and  the  a rea  of  ava i lab le  cont inua l
o p e n  s p a c e  ( a t  4  s i t e s ) . T h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( r = 8 4 ,
p < 0 . 0 5 ) .
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Appendix 3. P e r c e n t  o c c u r r e n c e a  o f  i n v e r t e b r a t e  p r e y  i t e m s  i n  r e d
fox  sca t  samples  by  season  in  Orange  County ,  Cal i forn ia ,  1990-1991.

Prey  I tem
Winter

(n=104)
Spr ing Summer F a l l
(n=52) ( n = l l l ) (n=124)

Coleoptera 51 15 79
O r t h o p t e r a 28 12 48
Lepidoptera 3 6 18
Hymenoptera 4 4 9
Dermaptera 10 0 17
Scorpiones 11 0 7
Arachnida /Siphonaptera 0 0 1
Cocoon 3 0 2
Crus tacea 6 8 0
Molluska 10 15 0

b
49
14

8
8

26
SA
SA
6
2

a Percentage  occurrence  was  ca lcu la ted  by  d iv id ing  the  number  of
samples  conta in ing  an  inver tebra te  prey  i tem by  the  number  of
s a m p l e s  c o n t a i n i n g  i n v e r t e b r a t e s . Sample sizes (eg.  Winter,  n=104)
i n c l u d e d  o n l y  s a m p l e s  t h a t  c o n t a i n e d  i n v e r t e b r a t e s .
b A w a i t i n g  f i n a l  a n a l y s i s .
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Appendix 4. Percent  occur rence a  o f  seeds  in  red  fox  sca t  samples
by season in Orange County,  California,  1990-1991.

Seed Winter
Family:Genera (n=74)

S p r i n g
(n=40)

Summer
(n=89)

F a l l
(n=131)

Aizoaceae
Mesembryanthemum sp.

Apaceae
Arecaceae

Phoenix sp.
Washingtonia sp.
Unid.  Arecaceae

Asteraceae
Carthamus sp.
Centaurea  sp .
Unid .  As te raceae

B r a s s i c a c e a e
Cataceae
Chenopodiaceae
A t r i p l e x  s p .
Unid. Chenopodiaceae

Compositae
Convolvulaceae

Cressa  sp .
Corpora laceae
Cucurb i taceae

C i t r u l l u s  s p .
Cyperaceae
Euphorbiaceae

Euphorbia sp.
Fabaceae
Acacia  sp .
C a e s a l p i n i a  s p .
Medicago sp.
Phaseo lus  sp .
Unid.  Fabaceae

Geraniaceae
Geranium sp.

Hordeae
Malvaceae
Moraceae

F i c u s  s p .
Myoporaceae

Myoporum sp.
Myrtaceae

Euca lyp tus  sp .
P inaceae

0
0

0 0 15 10
12 5 0 27

4 0 0 0

0
0
0
0
0

5
3
0
3
3

0
0
0
2
0

0
0
1
0
0

0
0
0

0
0

0
0

0 0 1

1
0
0
0
1

0
0
0
0
0

1
3
8
2
0

0
2
3
0
2

5
3
0

22 10 46 61

28 18 0 0

0
1

3
0

0
0
0

3
0

0
3

0

13
0
0

0
0

0
1

2
1
0

0
1

0
2

10
3
0

1
4

0
0

0
0
1

0
0

1
0

4
1
1

0
2
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Appendix 4.  Continued.

Poaceae
A g r o s t i s  s p . 0 0 0 1
Avena sp. 0 0 11 5

Bromus sp. 0 5 23 1
Cenchrus sp. 0 0 0 1
Panicum s p . 0 10 0 0

Paspalum sp. 0 0 4 0
P h a l a r i s s p . 0 5 0 0
Sorghum sp. 0 3 2 0
Unid.  Poaceae 7 8 2 1

Polygonaceae
Polygonurn sp. 0 0 4 0
Rumex sp. 1 3 3 3

Rosaceae
F r a g e r i a  s p . 3 5 0 0

Malus s p . 0 0 10 3
Pyrus  sp . 0 0 1 1

Rubiaceae 0 0 1 0
Solanaceae

Solanum sp. 0 0 0 2
Unid .  Solanaceae 0 0 0 1

Taxaceae
Taxus sp. 0 0 1 0

V i t a c e a e
V i t i s s p . 1 5 1 1

Other Genera
K o e l r e u t e r i a s p .
Copsicum sp.
Caryops is  sp .
Carum sp.
S i v e r s e s p .

0 0 1 0
0 0 3 0
0 3 1 0
0 0 1 0
0 0 1 0

a Percent  occur rence  was  ca lcu la ted  by  d iv id ing  the  number  of
samples  conta in ing  a  spec i f ic  seed  type  by  the  number  of  samples
c o n t a i n i n g  s e e d s .
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Appendix 5. C a p t u r e  d a t a  o n  r a d i o - c o l l a r e d  a n d  e a r - t a g g e d  r e d
foxes  in  Orange  County ,  Ca l i forn ia ,  June  1990  -  January  1991 .

E a r - t a g s
Capture (color and #) R a d i o - c o l l a r s

A g e  S e x Date S i t e a R i g h t ,  L e f t c o l o r s ,  f r e q u e n c y

Ad

Ad

J u v

J u v

J u v

J u v

Ad

J u v

F

M

M

F

M

M

M

F

6/29/90 Crescent red  #7 ,
blue #18

8/24/91 C r e s c e n t  ( r e c a p t u r e )

6 /29/90 B r i s t o l white #19,
yellow #15

4/10/91 B r i s t o l  ( r e c a p t u r e )

7 /16/90 MSP yellow #21,
green #12

10/09/90 MSP (recapture)

07/19/90 MSP red #14,
orange #17

02/20/91 MSP (recapture)

07/20/90 MSP yellow #22, orange-R/yellow-L,
green #36 148.650

07/25/90 MSP blue  #6 ,
white #10

02/22/91 MSP (recapture)

08/06/90 Crescent green #37,
red #13

09/22/90 LAAFRC orange #39,
yellow #38

orange-R/whi te-L,
148.800

orange-R/whi te -L

yel low-R/whi te -L,
148.601

green-R/blue-L,
148.700

yel low-R/blue-L,
148.551

whi te-R/green-L,
148.551

red-R/blue-L,
148.750

yel low-R/orange-L,
148.950

orange-R/blue-L,
148.701

yel low-R/blue-L,
148.650

green-R/red-L,
148.951

yel low-R/green-L,
148.650
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Appendix 5.  Continued.

J u v

Ad

Ad

J u v

J u v

Ad

Ad

J u v

J u v

J u v

Ad

Ad

J u v

M

F

M

F

M

M

M

M

M

F

F

M

M

09/23/90

10/01/90

LAAFRC blue #32, b lue-R/whi te -L,
orange #34 148.800

OCSTP red #43, green-R/yel low-L,
green #40 148.950

10/01/90 LAAFRC green #41, red-R/orange-L,
red #42 148.600

10/09/90 MSP yellow #44, whi te -R/red-L,
white #33 148.501

10/09/90 MSP white #47, red-R/ye l low-L,
red #46 148.851

02/22/91 MSP (recapture)

10/09/90 MSP orange #50, b lue-R/ye l low-L,
blue #52 148.901

11/11/91 MSP orange #50, b lue-R/orange-L,
blue #52 14

10/13/90 LAAFRC blue #49, whi te -R/b lue-L,
green #48 148.501

09/05/91 LAAFRC (recapture)

10/14/90 LAAFRC yellow #35, green-R/orange-L,
blue #45 148.751

01/01/91 BCER white #55, b lue-R/whi te -L,
blue #54 148.800

01/06/91 BCER yellow #53, green-R/whi te-L,
red #51 148.850

02/22/91

02/22/91

02/22/91

MSP red #07,
yellow #31

MSP yellow #30,
red #25

MSP yellow #28,
red #01

red-R/ye l low-L,
148.851

orange-R/green-L
12
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Appendix 5.  Continued.

Ad

Ad

Ad

J u v

J u v

J u v

Ad

J u v

Ad

J u v

J u v

Ad

F

M

F

M

F

M

F

F

M

F

F

F

02/22/91 MSP red #06,
yellow #29

02/22/91 MSP yellow #63,
red #08

11/11/91

02/22/91

07/09/91

MSP red #63
yellow #65

MSP red #09,
yellow #64

OCSTP red #26
red #27

07/20/91 SCEP (recapture)

07/13/91 SCEP Blue #56
White #57

11/21/91 OCAS (recapture)

07/21/91 MSP White #58
Blue #59

07/28/91 SCEP Orange #24
Blue #23

11/11/91

11/11/91

11/11/91

11/11/91

11/11/91

MSP Green #17
Red #18

MSP

MSP

MSP

MSP

yellow #63
yellow #8

yellow #69

yellow #20

yellow #66

( r e c a p t u r e )

orange-R/red-L,
148.850

orange-R/red-L,
148.850

Blue-R/White-L
148.800

Blue-R/White-L
148.800

Yellow-R/White-L
11

red-R/green-L
15

orange-R/green-L
12

a B r i s t o l  i s  B r i s t o l  S t .  s i t e ,  C r e s c e n t  i s  C r e s c e n t  A v e .  s i t e ,  M S P
is  Mi le  Square  Park , LAAFRC is Los Alamitos Armed Forces Reserve
Cente r , OCSTP is Orange County sewage treatment plant #2, BCER is
Bolsa  Chica  S ta te  Ecologica l  Reserve ,  SCEP is  the  Southern
California Edison Plant between Newland and Magnolia Ave. OCAS is
the Orange County Animal Shelter.
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