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MOVEMENT TYPES AND WEATHER CORRELATES IN FREE-RANGING MEADOW VOLES 

Dale M. Madison 
A s s i s t a n t  P ro fesso r  o f  B i o l o g i c a l  Sciences 
S t a t e  U n i v e r s i t y  o f  New York a t  Binghamton 

Binghamton, New York 13901 

ABSTRACT: Meadow vo les  (M ic ro tus  pennsy lvan icus)  were r a d i o t r a c k e d  
i n  t h e i r  n a t u r a l  env i  ronment f rom June through August 1974, 1975 and 
1978. Four d i f f e r e n t  types o f  movement were observed: res idency,  
s h i f t i n g ,  wandering a n d ' d i s p e r s a l .  Next t o  t h e  res idency p a t t e r n ,  
wandering was t h e  most common form o f  movement and probably  was 
impor tan t  d u r i n g  b reed ing  a c t i v i t i e s .  D i spe rsa l  was a  r a r e  event  and 
i s  p robab ly  confused w i t h  wandering i n  t h e  e x i s t i n g  l i t e r a t u r e .  

A t o t a l  o f  17 weather v a r i a b l e s  were analyzed f o r  c o r r e l a t i o n s  
w i t h  v o l e  movement. Male v o l e s  showed a d i s t i n c t  tendency t o  move 
more w i d e l y  d u r i n g  p e r i o d s  o f  d r y  weather.  The l a t t e r  was a t t r i b u t e d  
t o  t h e  n e g a t i v e  e f f e c t s  o f  d r y  weather on t h e  a b i l i t y  o f  male vo les  t o  
d e t e c t  t he  odors  o f  male compe t i t o rs .  Thus male vo les  were l e s s  
i n h i b i t e d  i n  t h e i r  search f o r  r e c e p t i v e  females d u r i n g  d r y  weather.  
Female v o l e s  showed no major  change i n  movement w i t h  d i f f e r e n t  weather 
c o n d i t i o n s .  

Cons iderab le  i n s i g h t  about p o p u l a t i o n  c o n t r o l  and r e g u l a t i o n  i n  
roden ts  can be ob ta ined  by c l o s e  examinat ion o f  t h e  movements and 
behav io r  o f  i n d i v i d u a l  roden ts  i n  t h e  f i e l d ,  e s p e c i a l l y  t h e  movements 
t h a t  occur  i n  response t o  changes i n  t h e  environment.  The usefu lness 
o f  t h i s  d i r e c t  i n f o r m a t i o n  s a t i s f i e s  bo th  a p p l i e d  and b a s i c  research 
needs. An ongoing s e r i e s  o f  s t u d i e s  on meadow vo les  has a t tempted t o  
q u a n t i f y  and account f o r  d i f f e r e n t  p a t t e r n s  o f  movement (Madison, 1978a, 
b, 1979, 1980a,b); b u t  t o  date ,  t h e  types o f  movement and t h e  e f f e c t  
o f  weather v a r i a b l e s  on movement have n o t  been descr ibed.  These t o p i c s  
a r e  t h e  s u b j e c t  o f  t h i s  paper. 

METHODS 

D e t a i l s  o f  t h e  s tudy p o p u l a t i o n s  and r a d i o t e l e m e t r y  methods can 
be ob ta ined  elsewhere (Madison, 1979). B r i e f l y ,  m i n i a t u r e  r a d i o -  
t r a n s m i t t e r  c o l  l a r s  w i t h  separate  f requenc ies  were a t tached  t o  f r e e -  
rang ing  meadow vo les  we igh ing  20 g  o r  more. Three d i f f e r e n t  popu la t i ons  
were s t u d i e d  f rom June th rough  August i n  1974, 1975 and 1978. P o s i t i o n s  
were ob ta ined  on the  l o c a t i o n  o f  each v o l e  a t  r e g u l a r  i n t e r v a l s ,  u s u a l l y  
once/hour f o r  24 hours ,  once o r  twice/week. Up t o  20 vo les  were 
mon i to red  c o n c u r r e n t l y ,  and seve ra l  were t racked  r e g u l a r l y  f o r  3  months. 

The d a i l y  range o f  each v o l e  was compi led f rom t h e  24 p o s i t i o n s  
ob ta ined  f o r  each v o l e  ove r  a  24-hour pe r iod .  Each range was represented 
by t h e  area enc losed by a  l i n e  connect ing t h e  outermost p o s i t i o n s  
f o r  t h e  24-hour p e r i o d .  Changes i n  t h e  l o c a t i o n  o r  s i z e ,  o r  both ,  o f  
t h e  d a i l y  range f rom one week t o  t h e  nex t  were used t o  desc r ibe  t h e  



types o f  movements observed and t o  measure c o r r e l a t i o n s  between movement 
and weather c o n d i t i o n s .  

The a n a l y s i s  o f  weather v a r i a b l e s  was performed us ing  t h e  f i e l d  da ta  
f r o m  1978. The f i e l d  s i t e  t h i s  year  was w i t h i n  5  m i l e s  o f  t he  Broome 
Co. A i r p o r t ,  wh ich recorded a  wide v a r i e t y  o f  weather i n fo rma t ion .  A 

h i g h  degree o f  correspondence between t h e  a i r p o r t  data  and t h e  l i m i t e d  
i n f o r m a t i o n  c o l l e c t e d  a t  t he  f i e l d  s i t e  (e .g . ,  t o t a l  p r e c i p i t a t i o n ,  
cont inuous temperature, r e l a t i v e  humid i t y  and ba romet r i c  pressure data)  
a l l owed  the  e x c l u s i v e  use o f  t h e  a i r p o r t  data  f o r  t h e  analyses. 

Seventeen weather v a r i a b l e s  were q u a n t i f i e d  a long w i t h  movement f o r  
each v o l e  on each day o f  r a d i o t r a c k i n g .  The area o f  t h e  d a i l y  range 
was used as an i n d i c a t o r  o f  movement. Spearman rank c o r r e l a t i o n  
c o e f f i c i e n t s  (S i e g e l  , 1956) were c a l c u l a t e d  between movement and each 
weather v a r i a b l e .  The 17 weather v a r i a b l e s  were as f o l l o w s :  

TI 
Mean temperature  on t r a c k i n g  day 

T2 Mean temperature  change f rom p rev ious  day 

T3 
Mean temperature change f rom mean o f  p rev ious  t h r e e  days 

PI 
No. o f  days s i n c e  accumulat ion o f  any r a i n  

P2 No. o f  days s i n c e  accumulat ion o f  0.2 inches o f  r a i n  

P3 
No. o f  days s i n c e  accumulat ion o f  0.5 inches o f  r a i n  

RHI Mean r e l a t i v e  h u m i d i t y  on t r a c k i n g  day 

RH2 Mean r e l a t i v e  h u m i d i t y  change f rom p rev ious  day 

RH3 
Mean r e l a t i v e  h u m i d i t y  change f rom mean o f  p rev ious  t h r e e  days 

W 1  Mean wind speed on t r a c k i n g  day 

W2 
Mean wind speed change f rom p rev ious  day 

W Mean wind speed change f rom mean o f  p rev ious  t h r e e  days 
3  

S1 Percent  a v a i l a b l e  sunshine on t r a c k i n g  day 

S2 Change i n  pe rcen t  a v a i l a b l e  sunshine f rom p rev ious  day 

S 3  
Change i n  percent  a v a i l a b l e  sunshine f rom mean o f  p rev ious  
t h r e e  days 

BP Mean ba romet r i c  pressure on t r a c k i n g  day 

DL Day l eng t  h  on t r a c k i  ng day 

RESULTS 

Types o f  Movement. Four b a s i c  types o f  movement were observed. 
These v a r y  a long  a  cont inuum f rom s t r o n g  p h i l o p a t r y  and e x c l u s i v e l y  
l o c a l i z e d  movements w i t h i n  the  d a i l y  range t o  sudden and permanent 



changes i n  t h e  d a i l y  range. Severa l  d i f f e r e n t  types o f  movement can 
be observed i n  each v o l e ,  thus t h e  ca tego r ies  a r e  n o t  mu tua l l y  e x c l u s i v e .  

Residency. T h i s  p a t t e r n  o f  movement i s  one where the  v o l e  remains 
i n  t h e  same area (has t h e  same genera l  cen te r  o f  a c t i v i t y )  f rom one 
week t o  the  nex t .  The success ive d a i l y  ranges u s u a l l y  ove r lap ,  and 
t h e  c e n t e r  o f  a c t i v i t y  shows l i t t l e  n e t  change i n  l o c a t i o n  throughout  
t h e  t r a c k i n g  pe r iod .  Movements w i t h i n  t h e  d a i l y  range a r e  t y p i c a l l y  
sma l l  f o r a g i n g  ( t e r r i t o r y  maintenance?) loops o f  about 2-4 hours 
f o l l o w e d  by s h o r t  bouts  o f  s leep.  Whereas s l e e p i n g  d u r i n g  the  summer day 
occurs  a lmost  anywhere w i t h i n  t h e  d a i l y  range (e.g. ,  i n  a  s i d e  tunne l  
o f  grass runway), s l e e p i n g  a t  n i g h t  i s  u s u a l l y  w i t h i n  s imp le  grass nes ts .  
Only l a c t a t i n g  females s l e e p  a t  e l a b o r a t e  nes ts ,  and these nests  a r e  
u t i l i z e d  b o t h  day and n i g h t .  Th i s  p a t t e r n  o f  movement i n  vo les  t racked  
f o r  3  weeks o r  more was shown by 69% o f  t h e  males (20 o f  29 vo les )  and 
89% o f  t h e  females (24 o f  27 vo les )  (Tab le  1 ) .  F ig .  IA  shows one 
female e x h i b i t i n g  res idency and one case o f  wandering. 

TABLE 1 .  Frequency o f  movement types observed among moderately dense 
p o p u l a t i o n s  ( v a r i e d  f rom 45 t o  110 vo les  pe r  acre)  o f  subadul t  and 
a d u l t  meadow vo les  f rom June through August. The res idency and s h i f t i n g  
c a t e g o r i e s  o n l y  i n c l u d e  vo les  t racked  f o r  t h r e e  o r  more weeks. 

No. 
No. 24-h 

v o l e s  pe r iods  Residency S h i f t i n g  Wandering D ispe rsa l  

1974 
Males 8  37 1 2  3  1 
Females 8  3  9  3  0  2  0  

1975 
Males 16 7 7 8  3  6  1 
Females 15 7  2  10 2  4  0  

1978 
Males 18 9  5  1 1  4  8  0  
Females 20 8  7  1 1  1 4  1 

T o t a l  
Males 42 209 2  0  9  17 2  
Females 43 198 24 3 10 1 

F i g .  1 .  Types o f  movement by meadow v o l e s  d u r i n g  r a d i o t r a c k i n g .  (A) 
a d u l t  female i n  1978 a t  Binghamton, N.Y.  (23 g  on 6/20, 45 g  on 8/22) 
showing t h e  res idency p a t t e r n ,  except on 8/8 when t h e  female wandered. 
On 8/8 t h e  female was 7 days i n t o  l a c t a t i o n  and 7  days i n t o  a  postpartum 
pregnancy. She gave b i r t h  t o  l i t t e r s  on 8/1 and 8/21. (B) a d u l t  male 
i n  1975 a t  F ron t  Royal,  V i r g i n i a  (32 g  on 7/8, 48 g  on 8 /14) ,  showing 
t h e  s h i f t i n g  p a t t e r n  (7/31-8/14) and wandering(7/24).  (C) a d u l t  male i n  
1975 a t  F ron t  Royal, Va. (33 g  on 7/8, 37 g  on 7/24) showing d i s p e r s a l  
t h a t  occu r red  between 0400 h  and 1000 h on 7/16. "+" s igns  i n d i c a t e  
r e f e r e n c e  p o i n t s .  ( ~ i ~ u r e  on nex t  page.) 
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S h i f t i n g .  T h i s  p a t t e r n  c o n s i s t s  o f  t h e  normal d a i l y  movements 
desc r ibed  above, except  t h a t  t h e  cen te r  o f  a c t i v i t y  g r a d u a l l y  s h i f t s  i n  
one genera l  d i r e c t i o n  t o  a  new l o c a t i o n .  Movements i n t o  new reg ions 
a l t e r n a t e  w i t h  movements back i n t o  r e c e n t l y  occupied areas, b u t  a f t e r  
about 3  weeks t h e  new d a i l y  range i s  e n t i r e l y  non-over lapp ing w i t h  t h e  
former  d a i l y  range. The s h i f t i n g  can r e s u l t  i n  o s c i l l a t o r y  movements 
between w i d e l y  sepa ra te  areas, o r  be t h e  r e s u l t  o f  movements i n t o  the  
most ad jacen t ,  p r e v i o u s l y  unoccupied area. S h i f t i n g  movement i n  vo les  
t r a c k e d  f o r  3  weeks o r  more was shown by 31% o f  t h e  males (9  o f  29 vo les )  
and 1 1 %  o f  t h e  females (3 o f  27 vo les )  (Tab le  1 ) .  F i g .  1B shows a male 
e x h i b i t i n g  s h i f t i n g  movement and one case o f  wandering. 

Wanderinq. Wandering i s  a  sudden, temporary movement by a  vo le  
, 

n o t i c e a b l y  o u t s i d e  o f  t h e  normal d a i l y  range. I t  i s  d e f i n e d  as any 
movement separated f rom t h e  pe r iphe ry  o f  t h e  d a i l y  range by a t  l e a s t  one 
d a i l y  range d iameter  and l a s t i n g  f o r  no more than 12 hours. Typ i ca l  
t r i p s  a r e  about 2 hours d u r a t i o n ,  b u t  some l a s t e d  up t o  9 hours.  Wh i l e  
t h e  same genera l  r e g i o n  may be v i s i t e d  aga in  a f t e r  a  few weeks, t h e  t ime ,  
d i s t a n c e  and d u r a t i o n  o f  wandering a r e  unp red i c tab le .  The depar tu re  
and r e t u r n  o f  t h e  v o l e  i s  v e r y  r a p i d ,  and u s u a l l y  escapes rad iomon i to r i ng .  
Among a l l  years ,  23% o f  43 female vo les  wandered d u r i n g  198 vole-days, 
w h i l e  40% o f  42 males wandered d u r i n g  209 vole-days (Tab le  1) .  F i g .  1A,B 
show two cases o f  wandering, one by a female on 8/8 and one by a  male 
on 7/24. 

D i s p e r s a l .  D i spe rsa l  i s  ve ry  s i m i l a r  t o  wandering, except  t h a t  
t h e  v o l e  does n o t  r e t u r n  t o  t h e  d a i l y  range. Usua l l y  a  res idency p a t t e r n  
appears a t  t he  new l o c a t i o n .  One o f  t h e  43 female vo les  t racked  was 
observed t o  d isperse,  whi l e  two o f  t h e  42 male vo les  d ispersed  a able I ) .  
F i g .  I C  shows one o f  t h e  two cases o f  male d i s p e r s a l  where the male moved 
t o  a  new d a i l y  range 60 m away i n  l e s s  than 6  hours.  The male n o t  
represented moved 80 m away i n  l e s s  than 3  hours;  t h e  one female moved 
61 rn away i n  l e s s  than 3 hours.  

Weather C o r r e l a t e s  o f  Movement. A t o t a l  o f  182 vole-days and t h e  
assoc ia ted  weather c o n d i t i o n s  were used i n  t he  a n a l y s i s  o f  weather 
f a c t o r s  i n  1978. For  males, a  l a c k  o f  p r e c i p i t a t i o n  emerged as an 
impor tan t  weather v a r i a b l e  c o r r e l a t e d  w i t h  increased movement (Tab le  2 ) .  
The p o s i t i v e  c o r r e l a t i o n s  w i t h  temperature  and ba romet r i c  pressure were 
assoc ia ted  w i t h  d r y  weather,  as was t h e  nega t i ve  c o r r e l a t i o n  w i t h  day- 
l eng th .  When day leng th  was decreas ing d u r i n g  J u l y  and August, c o n d i t i o n s  
were g e n e r a l l y  d r y e r .  The n e a r l y  s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  r e l a t i v e  
h u m i d i t y ,  w ind  and % a v a i l a b l e  sunshine a l s o  f i t  the  d r y  day p a t t e r n  o f  
increased movement f o r  males. For females, a  p o s i t i v e  c o r r e l a t i o n  
occu r red  between temperature  and movement, b u t  no o t h e r  c o r r e l a t i o n s  
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 .  

DISCUSSION 

E s s e n t i a l l y  no p rev ious  s tudy o f  M i c r o t u s  has a t tempted t o  d e f i n e  
t h e  types o f  movement observed i n  f ree - rang ing  i n d i v i d u a l s .  The 
res idency p a t t e r n  i n  M. pennsy lvan icus i s  s te reo typed  and c o n s i s t e n t  
w i t h  t h e  s h o r t  t e rm a c t i v i t y  p a t t e r n s  observed f o r  t he  spec ies  (Graham, 
1968; Madison, 1980b; Webster, 1979). 

The s h i f t i n g  p a t t e r n  where a  v o l e  g r a d u a l l y  changes i t s  d a i l y  range 
r e f l e c t s  t h e  movement o f  some vo les  i n t o  l o w - l y i n g ,  mo is t  areas d u r i n g  



Table  2. Spearman rank c o r r e l a t i o n  c o e f f i c i e n t s  ( r  ) between 
movement, as measured by area, and s e l e c t e d  weatherSvar i  ab les  
(see t e x t  f o r  def  i n i  t i  ons) . 

Weather Male Female 

f a c t o r  r P  r P 

A - _ - s i g n i f i c a n t  a t  0.05 p r o b a b i l i t y  l e v e l ;  ** = 0.01 s i g n i f i c a n c e  l e v e l ;  
.L .L I ,. ,. ,. = 0.001 s i g n i f i c a n c e  l e v e l  



d r y  p e r i o d s  i n  t h e  summer. Other  vo les  have been observed t o  s h i f t  t h e i r  
ranges away f rom reg ions  o f  s o c i a l l y  contested space. Imp l i ed  i n  these 

movements i s  t h a t  t h e r e  e x i s t s  unoccupied space i n  o r  near t h e  border  
o f  t h e  s h i f t i n g  v o l e  i n t o  wh ich  t h e  v o l e  can move. 

Wandering movements o f  a  few hours and ex tend ing  up t o  f o u r  d a i l y  
range d iameters  away appear t o  be s i g n i f i c a n t  among a d u l t s  d u r i n g  the  
b reed ing  season, and a r e  l i k e l y  assoc ia ted  w i t h  rep roduc t i ve  events .  
For example, males o f t e n  t e m p o r a r i l y  move o u t  o f  t h e i r  d a i l y  ranges and 
e n t e r  t h e  ranges o f  ne ighbor ing ,  es t rous  females (Madison, 1980). 
Wandering c o u l d  r e f l e c t  t h e  ma le ' s  e f f o r t  t o  mate w i t h  r e c e p t i v e  female 
ne ighbors  e s p e c i a l l y  i f  t h e  l a t t e r  a r e  prone t o  move w i d e l y  when they 
near p a r t u r i t i o n  and e s t r u s  ( females have a  postpar tum e s t r u s  and may 
a c t u a l  l y  mate d u r i n g  p a r t u r i t i o n ) .  Such wide s c a l e  movement (wandering) 
by t h e  females around p a r t u r i t i o n  and e s t r u s  has been repo r ted ,  and may 
be necessary t o  promote ou tb reed ing  o r  reduce the  chance o f  male cann iba l -  
ism o f  t h e  newborn young  adis is on, 1978a). 

D i spe rsa l  under t h e  c o n d i t i o n s  o f  t h i s  s tudy was s u r p r i s i n g l y  ra re .  
The contemporary acceptance o f  t h e  importance o f  d i s p e r s a l  i n  rodent 
p o p u l a t i o n  b i o l o g y  (e.g., L i d i c k e r  1975; Tamarin, 1977) may be over -  
emphasized, and es t ima tes  o f  d i s p e r s a l  may be i n f l a t e d  a r t i f i c i a l l y  
by t h e  i n c l u s i o n  o f  many cases o f  wandering i n t o  t h e  d i s p e r s a l  es t ima te .  
The sudden, permanent depar tu re  o f  a  v o l e  f rom i t s  d a i l y  range i s  a  b o l d  
a c t i o n ,  one where t h e  l i k e l i h o o d  o f  rep roduc t i ve  success a t  home must be 
v e r y  low, o r  one where t h e  r a r e  i n c i d e n t  o f  rep roduc t i ve  success a t  l a r g e  
must r e s u l t  i n  cons ide rab le  rep roduc t i ve  g a i n  (such as found ing a  new 
p o p u l a t i o n ) ,  o r  both .  The increased p r e d a t i o n  on d i s p e r s i n g  vo les  i s  
commonly recognized,  and p r e d a t i o n  on v o l e s  i n t e n s i f i e s  i n  suboptimum 
areas (Madison, 1979). I t  i s  o f  course p o s s i b l e  t h a t  d i s p e r s a l  i s  more 
common i n  vo les  l e s s  than 20 g, o r  more f requen t  among vo les  f rom 
September th rough  May, b u t  these p o s s i b i l i t i e s  do no t  a l t e r  t h e  unexpected 
f i n d i n g  o f  so few d i s p e r s i n g  vo les  among a l l  t h e  subadul t  and a d u l t  
members o f  t h e  s tudy  p o p u l a t i o n s  d u r i n g  the  main breed ing p e r i o d  f rom 
June th rough  August. The reason f o r  so  l i t t l e  d i s p e r s a l ,  i f  i t  i s  t o  
be expected under t h e  moderate d e n s i t y  c o n d i t i o n s  i n  t h i s  s tudy,  i s  
n o t  known. 

L i t t l e  i n f o r m a t i o n  e x i s t s  on how weather f a c t o r s  a f f e c t  movement i n  
M ic ro tus ,  e s p e c i a l l y  concern ing t h e  day-to-day v a r i a t i o n s  i n  movement. 
The a v a i l a b l e  data  i n d i c a t e  t h a t  a c t i v i t y  tends t o  increase d u r i n g  
wet weather (B ide r ,  1968) o r  t h a t  vo les  p r e f e r  more mo is t  h a b i t a t  (Getz, 
1961). However, Pearson (1960) found t h a t  a c t i v i t y  was h ighes t  a t  t imes 
o f  lowest  vapor pressure,  hence d u r i n g  d r y  pe r iods .  The l a t t e r  observa- 
t i o n  i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  i n  t h e  present  s tudy,  a t  l e a s t  f o r  
males. Some o f  t he  a c t i v i t y  observed p r e v i o u s l y  d u r i n g  wet weather cou ld  
be assoc ia ted  w i t h  n e s t  abandonment when t h e  nes t  becomes wet ( s t a r k ,  
1963). I t  p robab ly  i s  s a f e  t o  say t h a t  M ic ro tus  requ i res  h i g h  degrees o f  
m o i s t u r e  i n  i t s  d i e t  (Pearson, 1960), and t h e r e f o r e  t h r i v e s  i n  mo is t  
h a b i t a t s ,  assuming o t h e r  f a c t o r s  as food and cover  a r e  adequate. However, 
d r y  c o n d i t i o n s  appear t o  be a  d e f i n i t e  s t i m u l u s  f o r  movement among males, 
and t h i s  weather v a r i a b l e  shou ld  be s t u d i e d  f u r t h e r .  

An e x p l a n a t i o n  f o r  increased movement d u r i n g  d r y  weather must 
cons ide r  t h e  sex-dependent n a t u r e  o f  t h e  e f f e c t .  Thus, s h i f t i n g o r  wan- 
d e r i n g  i n t o  mo is t  areas d u r i n g  d r y  weather i s  n o t  a  very  s a t i s f a c t o r y  
exp lana t i on .  One p o s s i b l e  e x p l a n a t i o n  f o r  t h e  h i g h  c o r r e l a t i o n  between 



male movement and d r y  weather i s  suggested by Madison (1980). Movements 
o f  v o l e s  a r e  h e a v i l y  i n f l uenced  by odors produced by conspec i f i cs .  The 
d e t e c t i o n  o f  these odors i n  t he  environment i s  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  ambient r e l a t i v e  humid i t y  (Regnier & Goodwin 1977). I f  males a r e  
no rma l l y  i n h i b i t e d  f rom wide- rang ing movement i n  optimum h a b i t a t  by t h e  
presence o f  odors o f  o t h e r  males, then a  r e d u c t i o n  i n  t h e  apparent 
chemical  presence o f  males d u r i n g  d r y  weather would re lease  males f rom 
t h e i r  s o c i a l  i n h i b i t i o n  and a l l o w  them t o  search more w i d e l y  f o r  r e c e p t i v e  
females. Not o n l y  might  t he  apparent presence o f  competing males be . 
decreased, bu t  t h e  l i k e l i h o o d  o f  a  t respass ing  male be ing de tec ted  by a  
r e s i d e n t  male would be reduced. The reduced chance o f  d e t e c t i o n  d u r i n g  
d r y  weather would make non - ra in  pe r iods  t h e  optimum t ime  f o r  w ide range 
reconnaissance runs by s e x u a l l y  a c t i v e  males. That normal i n h i b i t i o n  o f  
movement p robab ly  occurs ,  and t h a t  d e t e c t i o n  by  o t h e r  males i s  p o t e n t i a l l y  
i n j u r i o u s ,  i s  suppor ted by t h e  h i g h  frequency o f  wounding amonn s e x u a l l y  
mature  male vo les  ( C h r i s t i a n ,  1971; Rose, 1 9 7 9 )  There i s  no obv ious 
advantage f o r  females t o  invade o t h e r  female t e r r i t o r i e s ,  so increased 
movement d u r i n g  d r y  weather i s  n o t  expected f o r  females (Madison, 1980a). 
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