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ROLE OF TEMPERATE FOREST HETEROGENEITY I N  DETERMINING 
THE POPULATION ECOLOGY OF PEROl.flSCUS LEUCOPUS 

Br ian  G. Ormiston 

A. In t roduc t ion  

S t u d i e s  of t h e  e f f e c t s  of environmental  p e r t u r b a t i o n  on n a t u r a l  eco- 
systems a r e  e s s e n t i a l  t o  sound environmental  p lanning  and rec lamat ion  e f f o r t s .  
The e x t e n t  of n a t u r a l  s p a t i a l  and temporal v a r i a t i o n  of  ecosystem components 
must be  documented i f  f u t u r e  human impacts upon t h e  environment a r e  t o  have a 
n e g l i b l e  e f f e c t  on ecvsystem s t a b i l i t y .  

Small mammals a r e  an i n t e g r a l  p a r t  of temperate  f o r e s t  ecosystems. As  
consumers of  p l a n t s  and i n v e r t e b r a t e  animals ,  they i n f l u e n c e  minera l  cyc l ing ,  
t h e  composition of p l a n t  and animal communities, community dynamics, and 
u l t i m a t e l y ,  f o r e s t  success ion .  A l t e r n a t i v e l y ,  sma l l  mammals a r e  important  as 
b u f f e r  spec i e s  i n  t h e  d i e t  of many f o r e s t  p r e d a t o r s ,  and a r e  consumed when 
l a r g e r  game s p e c i e s  popula t ion  l e v e l s  a r e  dangerously low. P r e d a t o r s  of  s m a l l  
mammals a r e  d i v e r s e ,  and inc lude  snakes ,  hawks, owls,  racoons, wease ls ,  fox,  
and man h imse l f .  C lea r ly ,  sma l l  mammals c o n t r i b u t e  t o  both t h e  s t r u c t u r a l  
complexity and t h e  s t a b i l i t y  of ecosystems. 

Populat ion d e n s i t y  l e v e l s  of sma l l  mamma1.s a r e  o f t e n  roughly c o r r e l a t e d  
w i t h  l o c a l  f o r e s t  p roduc t iv i t y .  I n  a  h i g h l y  product ive  f o r e s t  t he  t o t a l  
number of i n d i v i d u a l  s m a l l  mammals ( a l l  s p e c i e s )  may exceed 100/hec ta re .  Low 
p r o d u c t i v i t y  f o r e s t s  may harbor  few o r  none a t  a l l .  Thus, t h e  p o t e n t i a l  e x i s t s  
f o r  us ing  sma l l  mammal popula t ions  a s  i n d i c a t o r s  of l o c a l  f o r e s t  compos i t ion .  
and a u a l i t v .  C h a g e s  i n  t h e  dens i ty  l e v e l s  of s p e c i e s  used f o r  t h i s  purpose 
( i n d i c a t o r  spec i e s )  may s o  r e f l e c t  the  dynamics of f o r e s t  s t r u c t u r e  and 
~ r o d u c t i v i t y .  Small  mammals a r e  b e t t e r  s u i t e d  f o r  t h i s  than l a r g e r  mammals 
because an i n d i v i d u a l ' s  a c t i v i t y  i s  confined t o  a  s m a l l e r  a r ea .  This  m e a n s  
more animals can be  examined f o r  s tudy p e r  u n i t  e f f o r t ,  and even more impor tan t ,  
t h a t  the parameters  s t u d i e d  a r e  l i k e l y  t o  be  i n d i c a t i v e  of a  r e l a t i v e l y  sma l l ,  
s n e c i f i e d  a r e a  and less a f f e c t e d  by f a c t o r s  e x t e r n a l  t o  t h e  s tudy  a r e a  and 
i n t e r e s t s  of t h e  i n v e s t i g a t i o n .  

The whi te-€00 ted  mouse, Peromyscus leucopus,  i s  common i n  temperate 
deciduous f o r e s t s  throughout  t he  n o r t h e a s t e r n  United S t a t e s .  Its ubiqui tous  
d i s t r i b u t i o n  i s  a  r equ i r ed  f e a t u r e  f o r  s t udy ing  t h e  e f f e c t s  of v a r i a t i o n  i n  
f o r e s t  components upon a  r e p r e s e n t a t i v e  consumer. The g o a l  of t h i s  s tudy  w a s  
t o  c o l l e c t  b a s e l i n e  d a t a  on P. leucopus popula t ions  responding t o  s p a t i a l  and 
temporal f o r e s t  h e t e r o g e n e i t y ,  and s o  e v a l u a t e  i t s  p o t e n t i a l  a s  an i n d i c a t o r  
spec i e s .  

B. Study Areas 

The s tudy  was conducted w i t h i n  r e l a t i v e l y  undis turbed  t r a c t s  of  f o r e s t  
l oca t ed  a t  Brookhaven Nat iona l  Labora tor? ,  Upton, New York. F i e l d  work w a s  
done i s  t h r e e  f o r e s t  types recognized by t h e  dominant tree s p e c i e s  i n  each: 
maple (Acer - -- rubra)  ; pine  (Pinus r i g i d a )  ; and oaks (Quercus coccine-a and 
n. a l b a ) .  Unlanc! f o r e s t s  a r e  dominated by s c a r l e t  oak and some wh i t e  oak. - -- 
The shrub l a y e r  is w e l l  developed and c o n s i s t s  p r i m a r i l y  of b l u e b e r r i e s  
(Vaccinium spp. ) and huckleber ry  (Gaylusaccia  spp .) . S o i l s  of upland f o r e s t s  



are u s u a l l y  Riverhead o r  Plymouth s e r i e s ,  a c i d ,  and well-drained. From upland 
t o  lowland, d i s t i n c t  p l a n t  communities .are . .encountered.  Moderate s l o p e s  
(10-15%) a r e  dominated by p i t c h  p ine  (P. r i g i d a )  and the  shrub l a y e r  is  poor ly  
developed and i n  some cases absent .  shrubs  vary  i n  composition and abundance 
due t o  1oca.l  topography and d i s tu rbance  h i s t o r y .  Frequent  and severe f i r e s  
e v e n t u a l l y  produce a  shrub l a y e r  t h a t  is  almost e n t i r e l y  composed of b e a r  oak. 
S o i l  types  of p ine  f o r e s t s  i nc lude  sandy, wel l -  t o  excess ive ly-wel l  d ra ined  
s o i l s  such a s  Carver-plymouth and Wareham types.  Below t h i s  a r e a  t h e  s l o p e  
is moderate and t h e  f o r e s t  more mesic than elsewhere.  The canopy s p e c i e s  are 
prima.rily w h i t e  oak,  r e d  oak, and p i t c h  p ine  i n  o rde r  of abundance. A d i v e r s e  
shrub l a y e r  i nc ludes  s a s s a f r a s ,  b l ~ e b e r r i ~ s ,  and c a t ' s  claw (smilax sp.) , b u t  
t h i s  s t r a t u m  i s  s p a r s e  and patchy. The mesic f o r e s t  grades s h a r p l y  i n t o  low- - - 
l and  f o r e s t  w i t h i n  an e.cotone c h a r a c t e r i z e d  by a  dense shrub l a y e r  of C l e t h r a  
sp .  Lowland f o r e s t s  d . ra in  t o  t h e  e a s t  and form t h e  headwaters of t h e  Peconic  
River.  The f o r e s t  c o n s i s t s  almost e x c l u s i v e l y  of Acer r u b r a  and a  few, l a r g e  - -- 
s c a t t e r e d  p ines .  Sweet pepperbush ( C l e t ' h r ~  a l n i f  olf a) f u r r a s  dense patches 
and accounts  f o r  most of  tihe s'hrub layer. Ground water  i s  a t  o r  near tho 
s u r f a c e  of t h e  f o r e s t  f l o o r  most of t h e  year .  Wind s t o & s  r e s u l t  i n  many t r ee -  
f a l l s  and s c a t t e r e d  brush  p i l e s .  Tip-ups from l a r g e r  trees form pools  of 
w a t e r  which a r e  permanent. Lwland  s o i l s  a r e  gene ra l l y  muck. 

Oak, p ine ,  and maple f o r e s t s  were each censused f o r  smal l  ( l e s s  than  
300 p,) mammals by  f o u r  1 h a  10 by 10 sampling g r i d s  (Figure 1 ) .  Traps were 

, spaced 10 m a p a r t ,  s e t  f o r  6 g  s e n s i t i v i t y  ( t o  &sure  cap tu re  of t he  s m a l l e s t  
animals)  and b a i t e d  w i t h  a  1:l mixture  of peanut  b u t t e r  and r o l l e d  oa t s .  A 
10 consecut ive  day t r app ing  p e r i o d  was r o u t i n e l y  employed. Captures were 
i n d i v i d u a l l y  marked by a  scheme of toe-c l ipp ing  and ear-notching,  and t h e  
s p e c i e s  i d e n t i t y ,  age c l a s s ,  sex ,  r ep roduc t ive  cond i t i on ,  weight  t o  n e a r e s t  
0 .1  g ,  presence of e x t e r n a l  p a r a s i t e s ,  and behavior  upon rele'ase noted. 
Sherman l i v e  t r a p s  and Mc G i l l  snap t r a p s  were used. Snap-trapping was d i s -  
cont inued a f t e r  t h e  f i r s t  t h r ee  days of t h e  s p r i n g  census t o  avoid d e p l e t i o n  
of a l r eady  low popu la t i on  s i z e s .  

D. Resu l t s  . , 

Shrews (Sorex c ine reus  and B l a r i n a  brevicauda)  were r a r e l y  cap tured  b u t  ----- 
were observed fo rag ing  i n  t he  f i e l d  around t r a p s ,  w i thou t  e n t e r i n g  them. Shrews 
a r e  probably more abundant than the  two recorded capt~.t ,res sugges t .  Other 
r a r e ly -  t rapped s m a l l  mammals inc luded  the  e a s t e r n  chipmunk (Tamias s t r i a t u s )  -- 
and t h e  eastern woodrat (Neotoma f l o r i d a n u s ) .  - Peromyscus leucopus was t h e  
only s m a l l  mammal encountered r e g u l a r l y  i n  t r a p s .  The fo l lowing  r e s u l t s  per- 
t a i n  t o  t h i s  s p e c i e s  only.  

1. D i s t r i b u t i o n  ---- and Abundance. Captures  of - P. leucopus occurred only 
i n  upland 'nak-  and lowland maple- f o r e s t s  from s p r i n g  t o  summer. Only one - 

P. leucopus was taken i n  p ine  h a b i t a t  dur ing  t h e  e n t i r e  s tudy.  Mcsic oak - 
f o r e s t s  sur rounding  t h e  lowland a r e a s  conta ined  no  mice from s p r i n g  t o  sununer. 
Sp r ing  p o ~ u l a t i o n s  were a t  very  low dens i ty  l e v e l s  (2  a d u l t s l h a )  . Both upland 
and lowland popula t ions  i nc reased  t o  about 10  i n d i v i d u a l s  ( a l l  ages inc luded)  



during summer and dec l ined  t o  about 8 i n d i v i d u a l s  by t h e  f a l l .  A t  t h i s  time 
mesic f o r e s t s ,  p rev ious ly  vacant ,  a l s o  supported popula t ions  of 8 micelha. 
The popula t ion  l e v e l s  of each a r e a  a r e  summarized i n  Table 1. 

2. Reproduction and mcru i tmen t .  A l l  mice taken dur ing  April-May were 
a d u l t s  i n  reproduct ive  condit ion.  Juven i l e s  f i r s t  appeared- i n  e a r l y  June. 
Observations of 10 l i t t e r s  born  i n  t he  lab .  t o - w i l d  caught females housed i n  
i s o l a t i o n  dur ing  e a r l y  May suggested t h e s e  f  ie ld-caught  j uven i l e s  t o  be the  
f i r s t  cohor t  of Spr ing  and t o  b e  30-40 days old. The average number of 
neonates  born w a s  f i v e l l i t t e r ;  of these  only 4 were s u c c e s s f u l l y  weaned. From 
Play t o  November mice produced th ree  l i t t e r s .  No d i f f e rences  i n  t he  durati.on 
o r  time of reproduct ive  events  were noted  between h a b i t a t s .  

3. ~ 0 m a t i . c  Condition (Adult Weight). Body weights  of a d u l t  mice were 
examined t o  determine i f  weight  d i f f e r e d  s i g n i f i c a n t l y  between sexes ,  popula- - 

t i o n s  (upland versus  lowland),  o r  seasons.  Analyses of var iance  were employed 
(Table 2) .  Males and female:: d i d  n o t  d i f f e r  s i g n i f i c a n t l y  i n  weight (female:: 
known t o  b e  pregnant were excluded from t h e  s tudy)  . S i m i l a r l y ,  no d i f f e r e n c e s  
between popula t ions  were s t a t i s t i c a l l y  s i g n i f i c a n t .  A h a b i t a t  by season com- 
p a r i s o n  revea led  no d i f f e r e n c e s  t h a t  were s i g n i f i c a n t  between h a b i t a t s  o r  
seasons f o r  a p a r t i c u l a r  h a b i t a t ,  b u t  t he  season x h a b i t a t  i n t e r a c t i o n  w a s  
s i g n i f i c a n t  (p = .05). 

4. I n t e r h a b i t a t  -- ?!ovenents. Colonizat ion of unoccupied f o r e s t  ha:g al-  
ready heen mentioncd. The o r i g i n  of t hese  mice i s  undetermined. During t h e  
course of t h e  P a l l  t rapping  pe r iod ,  two a d u l t s  were observed t o  make ex tens ive  
movements from lowland t o  mesic f o r e s t  types.  Since they were not  recaptured  ' . + 

a f t e r  t h i s  t ime, t he  n a t u r e  of t hese  movements ( exp lo ra to ry ,  d i s p e r s a l ,  e t c . )  
remains ambiguous . 
E. Discussion 

This s tudy  was based upon mark-recapture methods and accordingly hamper- : 
ed  by the  low popula t ion  dens i ty  l e v e l s  encountered. Seve ra l  of the f i n d i n g s  ' 

a r e  neve r the l e s s  s i , gn i f i can t  , and t r e a t e d  i n  order .  The d i s t r i b u t i o n  and 
abundance of mice has changed d rama t i ca l ly  over t he  p a s t  few years .  This 
change appears c o r r e l a t e d  wi th  the  degree t o  which p r o d u c t i v i t y  of mast has  
occurred. Deciduous f o r e s t s  a t  BNL experienced a mast crop r a t e d  good i n  
F a l l  1976 and a poor crop i n  upland oak f o r e s t  n e a r  t he  North Boundary i n  
F a l l  1977. Most a r eas  on s i t e  experienced crop f a i l u r e  s i n c e  1977, S i n r . ~  
t h a t  time mouse densi t y   ha^ decl ined ,  and d l  s t r i b u t i o n  has  s h i f t e d .  The 
upland and lowland a reas  occupied i n  Spr ing  may r ep resen t  s u r v i v a l  h a b i t a t s  
dur ing  per iods  of mast crop f a i l u r e .  Upland a reas  p re sen t  good y i e l d s  of 
f r u i t s  f o r  sma l l  mammals from June t o  e a r l y  September. Lowland a reas  provide  
green shoots  and i n s e c t s  i n  Spr ing ,  C le th ra  i n  J u l y ,  and an annual  supply of , 

maple seed  i n  t he  Spring.  The two h a b i t a t s  appear t o  be  roughly equ iva l en t  
i n  t h e i r  a b i l i t y  t o  suppor t  popula t ions  of Peromyscus dur ing  yea r s  when no 
acorns a r e  produced. 

Thc apparent  r e d i s t r i b u t i o n  and co lon iza t ion  of formerly unocci~pied oak 
(mesic) f o r e s t  orct.lrred n f t c r  a ait~clerare crop of b e a r  oak, red  oak, and wh i t e  
oak acorns w a s  produced dur ing  September and October of t h i s  year  (1979). 
Areas wi th  unsu i t ab l e  shrub cover may suddenly become s u i t a b l e  f o r  occupat ion 
i n  t h e  f a l l  and w i n t e r  when acorns a r c  ava i l ab l e .  

Food supply has long been recognized a s  a key f a c t o r  determining t h e  



abundance of s m a l l  mammals, i nc lud ing  P. leucopus. These f i n d i n g s  sugges t  
t h a t  changes i n  m a s t  p r o d u c t i v i t y  have-about a  t e n f o l d  e f f e c t  on a b s o l u t e  
d e n s i t y  of mice i n  s u r v i v a l  h a b i t a t ,  and f u r t h e r  r e s u l t  i n  expansion and con- 
t r a c t i o n  of l o c a l  mouse popu la t i ons  fo l lowing  and preceeding each m a s t  . crop. 

The r e s u l t s  f u r t h e r  sugges t  t he  p o t e n t i a l  importance of d i s p e r s a l  by 
mice between h a b i t a t s  a s  a  mechanism of o p p o r t u n i s t i c  resource  e x p l o i t a t i o n .  
Thi.s is  n o t  only s i g n i f i c a n t  from an e c o l o g i c a l  p e r s p e c t i v e , .  b u t  an evolu t ion-  
a ry  one a s  w e l l .  Upland and lowland popula t ions  of P. leucopus ,p rev ious ly  
sugges ted  by some t o  b e  d i s t i n c t  b reed ing  u n i t s , 2  may i n  f a c t  b e  p e r i o d i c a l l y  
l i n k e d  by gene flow ac ros s  co lon iza t ion  h a b i t a t s .  Thus, gene f requenc ies  may 
change n o t  only a s  a  func t ion  of l o c a l i t y  o r  h a b i t a t  b u t  ep isodica l . ly  i n  t ime 
as f o r e s t  p r o d u c t i v i t y  f l u c t u a t e s .  

P. Conclusions 

Peromyscus leucopus was t h e  most abundant sma l l  mammal cap tured  by l i ve -  
t r a p p i n g  i n  temperate  f o r e s t s  a t  Brookhaven Na t iona l  Laboratory. Maple 
f o r e s t s  and oak f o r e s t s  w i t h  good cover of f r u i t i n g  shrubs  permanently suppor t  
po1)ulations of P. Ie~ lcopus  whfch i l l c rease  from low l e v e l s  i n  s p r i n g  and reach 
a  peak of two to t h r e e  t i m e s  t h e  s p r i n g  dens i ty  i n  t he  late-'summer. Produc- 
t i o n  of mast crop is  c o r r e l a t e d  w i t h  co lon iza t ion  of a r e a s  normally unsu i t ed  
f o r  mice because of poor  food supply.  Popula t ion  dens i ty  i n  oak f o r e s t s  t h e  
summer fo l lowing  a  good m a s t  crop may b e  as much as 10 tlmes g r e a t e r  than i n  
yea r s  i n t e r v e n i n g  mast c rops .  Mouse popula t ions  a f t e r  t h i s  pe r iod  c rash  
s h a r p l y  over  t h e  fo l lowing  w i n t e r  by a  f a c t o r  of 10. The t h i r d  summer a f t e r  
a  m a s t  crop only oak f o r e s t s  w i t h  adequate shrub cover s t i l l  suppor t  mice. 
Other popu la t i ons  e i t h e r  a r e  e x t i n c t ,  o r  a t  such low l e v e l s  t h a t  convent iona l  
methods of censusing a r e  unable  t o  d e t e c t  them. 

This  s t udy  q t ~ a l i t i v e l y  sugges t  t h e  ove r r id ing  importance of cons ider ing  
s p a t i a l  and temporal f o r e s t  he t e rogene i ty  when contemplat ing t h e  use o f  a 
f o r e s t  consumer as a  model i n d i c a t o r  spec i e s .  Coloniza t ion  from nearby 
pa tches  of d i f f e r e n t  f o r e s t  types may b i a s  r e s u l t s  i n  s t u d i e s  u s ing  sma l l  
mammals as s u b j e c t s  ass.un'ied t o  r e f l e c t  loca.3, p r u d u c t i v i t y  i n  a  s t r i c t  sense .  

G. Fu ture  Work 

S tud ie s  of h a b i t a t  u t i l i z a t i o n  and d i s p e r s a l  of P. leucopus a r e  i n  
p rog re s s .  Radiotelerr~e t r y  i s  be ing  used t o  make more d e f i n i t i v e  measurements 
of t h e s e  a spec t s  of white-footed mouse l i f e  h i s t n r y  than p o s s i b l e  wi th  live- 
t r a p p i n g  mark-recapture methods a lone .  Such methods of t e l eme te r ing  l o c a t i o n  
and a c t i v i t y  genera te  l a r g e  d a t a  bases  even a t  extremely l o w  densit .y l e v e l s .  
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Table 1 
Area Popu1at ion .Dens i t ies  f o r  - P. ' leucopus a s  a ~ . F u n c t i o n . o f . T i m e  

Sample Locat ion Spr ing  1977 Spr ing  1978 Spr ing  1979 Summer 1979 F a l l  1979 ----- -- ---- 
Oak 

upland 1 NR 2 8 6 
2 20" 10  4 12 1 0  

mesic 3 NR 3 0 0 6 
4 NR NR 0 0 8 

Map1 e 1 NR 6 3 10 ' 8 
2 NR ' NR 0 3 5 
3 NR. 5 1 7 6 
4 NR NR. 2 8 7 

P ine  1 NR 0 0 0 0 
2 NR 0 0 0 0 
3 6 0 C) 0 0 
4 8 0 1 0 0 

a 
NR = n o t  recorded. 

' < Numbers a r e  minimum number of i n d i v i d u a l s  knuwn t o  be  a l i v e .  

Table 2 
Analyses of Variance of Adult  - P. leucopus ~ o d ~ w e i ~ h i s  

d f  s s ms F 
S i --- - --------- --- ----- 

Sex vs .  H a b i t a t  
Source of  V a r i a t i o n  

Subgroups 3 28.49 9.50 
S ( sex)  1 16.47 16.47 2.98 n s  
H ( h a b i t a t )  1 4.45 4.45 0.80 ns  
i n t e r a c t i o n  (S x H) 1 7.56 7.56 1.37 n s  

Within subgroups ( e r r o r )  10 55.34 5.53 

F. 05 [1 ,13]  = 4.67 --- .-.-----.----_I_-- 

H a b i t a t  v s .  Season 
Source of Va r i a t i on  

Sub groups 3 '  41 .1.2 13.71 
S (season)  1 2.04 2.03 0.333 n s  
H ( h a b i t a t )  1 0.77 0.77 0.125 n s  
i n l e r a c t i o n  (S x H) 1 ' 38.32 38.32 6.27 * 

Within subgroups ( e r r o r )  12  73.32 6.11, 
. . 






