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ABSTRACT 

This  s tudy w a s  c a r r i e d  out from October, 1968 t o  

September, 1971 i n  a c o a s t a l  Douglas f i r  f o r e s t  a t  Haney 

i n  B r i t i s h  Columbia. 

Populations of  deermice w e r e  captured over a per iod 

from about one hour a f t e r  sunse t  u n t i l  about one hour be fo re  

s u n r i s e  over 12 months from September, 1970. Frequently 

capture4  i n d i v i d u a l  deermice had a c t i v i t y  t imes which 

averaged 82% of t h i s  period. Mice were a c t i v e  f o r  longer 

periodaa during t h e  win te r  than  summer r e s u l t i n g  i n  h igher  

metabol ic  c o s t s  during t h e  former season. The mean nocturnal  

defeca t ion  r a t e  of a sample of 116 ind iv idua l s  w a s  4.0 mg dry  

weight/g mouse/h and t h e  maximum t o t a l  d ry  weight of feces  

recorded from an ind iv idua l  i n  a s i n g l e  n i g h t  was 978 mg. 

Tjle average d a i l y  consumption of mice i n  t h e  wi ld  w a s  

909 + - 109 kcal/ha/day. On t h e  b a s i s  of t h i s  d a i l y  r a t e  t h e  

t o t a l  aqnual  consumption was est imated t o  be 3.32 x lo5  kcal /  

ha which was s i m i l a r  t o  Gol l ey ' s  (1960) e s t ima te  f o r  Microtus 

b u t  h igher  than  t h a t  determined f o r  small rodents  i n  a 

/ 
European beech f o r e s t  ( ~ r o d z i d s k i ,  Bobek, ~ r o i d i  and Gorecki, 

19701, 

Tha energy q u a l i t y  of  t h e  food consumed by deermice 

iii 



showed no cons i s ten t  differences (a)  between seasons o r  years ,  

(b) betweqn reproductive c lasses  of individuals ,  or  (c)  

between f o r e s t  and s l a s h  areas.  No consis tent  differences 

were found for  t h e  same comparisons i n  t h e  prote in/calor ie  

r a t i o  of the  stomach contents. The mean c a l o r i c  value of 

404 stomachs was 6.07 + - 0.52 kcal/g ash f r e e  dry weight. 

Stomach contents showed seasonal t rends i n  food items 

consumed. I n  winter  tree seeds predominated; i n  summer 

months, be r r i e s .  Arthropods and fungi occurred i n  the  d i e t  

throughout t he  year although the  presence of fungi diminished 

i n  winter.  There was no cor re la t ion  between the  occurrence 

of food items and the  onset o r  cessat ion of breeding. 

Metabolic requirements i n  r e l a t i o n  t o  reproductive s t a t e  

w e r e  estimated from Hayward' s (1965a) formula. These were 

compared with t he  estimates of consumption r a t e s  i n  the  

wild, Because estimates of the  energy cos t s  of pregnancy 

and l ac t a t i on  approximated c lose ly  t he  estimates of energy 

consumed during winter ,  it was suggested t h a t  deermice may 

not be able t o  obtain s u f f i c i e n t  energy requirements fo r  

pregnancy and l ac t a t i on  throughout t he  year. Because t he  

u t i l i z a t i o n  of  prote in  i s  dependent on adequate ca lo r i c  

in take  and because q u a l i t y  of prote in  in take ,  i n  terms of 



amino ac ids  present ,  was not measured i n  t h i s  

I not p o s s i b l e  
! 

i requirements 

t o  show that  deermice can obtain 

for  reproduction a t  a l l  t i m e s  o f  

study, it w a s  

t h e i r  protein 

the  year. 
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"The best la id  schemes o '  mice an' men gang a f t  a-gley" 

Robert Burns 
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PREFACE 

The white-footed deermouse, Peromyscus maniculatus, i s  

one o f  the most ubiquitous of North American rodents ,  and i s  

represented i n  B r i t i s h  Columbia by s e v e r a l  subspecies. 

Because of i t s  widespread d i s t r i b u t i o n  and t h e  ease wi th  which 

it can be kept  and bred i n  t h e  l abora to ry  i t  has been t h e  

sub j ec t  of  many inves t iga t ions .  The p resen t  s tudy i nves t i ga t e s  

t h e  d a i l y  energy consumption o f  w i ld  Peromyscus maniculatus 

aus te rus  and examines whether energy requirements f o r  reproduc- 

t i o n  can be m e t  throughout t h e  year.  

Although Golley and h i s  a s soc i a t e s  i n  Georgia, U.S.A., 

~ r o d z i 6 s k i  and h i s  a s soc i a t e s  i n  Poland, and o ther  workers i n  

t h e  U. S.A. and B r i t a i n  have i nves t i ga t ed  t h e  energet ics  of 

small  mammal spec ies ,  l i t t l e  previous work has attempted t o  

measure energy parameters i n  t h e  wild.  The p resen t  s tudy i s  

mainly f i e l d  o r i en t a t ed  and r epo r t s  t h e  first measurements of 

f e c a l  production rates of  wi ld  Peromyscus. 

Subsid iary  aims of t h e  s tudy  inc lude  the determination o f  

t h e  ex ten t  of d a i l y  and seasonal  out  of t h e  n e s t  a c t i v i t y ,  t h e  

e f f e c t s  o f  weather on t h i s  a c t i v i t y ,  and seasonal  f l uc tua t i ons  

i n  type and energy q u a l i t y  of t h e  d i e t .  Because t h i s  s tudy 

w a s  p a r t  of a cooperat ive p r o j e c t  involving t h r e e  o the r  

workers (Casperson, Pet t ic rew and S a d l e i r )  there were s e v e r a l  
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j o i n t  research aims and overlaps i n  t h e  gathering and ana lys i s  

of data,  J o i n t  aims involved i n  t he  present  s tudy include the  

e f f e c t  of t o t a l  energy consumption on seasonal  and annual 

population f luc tua t ions ,  and the  prote in/calor ie  in take ,  on 

t h e  reproductive performance of t h e  deermice, 

Chapter I of t h i s  t h e s i s  i s  an ana lys i s  of data  r e l a t i n g  

t o  out  of t he  nes t  a c t i v i t y  and various parameters a f fec ted  by 

t h i s  a c t i v i t y .  This i s  exclus ively  my own work. Chapter I1 

i s  an ana lys i s  of stomach content and weight da ta ,  some con- 

s ide ra t ion  of stomach weights r e l a t i v e  t o  a c t i v i t y  having 

been undertaken i n  Chapter I ,  bu t  expanded i n  t h i s  chapter t o  

include autopsy data  gained from snap-trapped mice co l lec ted  

over a t h r ee  year  period. The ana lys i s  involved the  categori-  

zat ion of t h e  mice i n t o  reproductive c l a s se s  a s  described by 

Sad le i r ,  Casperson and Harling (1973). Chapter I1 a l s o  

contains a discussion of the  energy content  of feces and 

est imates of ind iv idua l  and population energy consumptions. 

Mean body weights and numbers of  mice per ha used i n  t he  

population consumption est imates were obtained from the  data  

of Pet t icrew (1973). The bas i c  data  r e l a t i n g  t o  mouse weights 

and population f luc tua t ions  were co l lec ted  by the  research 

group a s  a whole. * 

Information on energy consumption of P. maniculatus was 
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published i n  a jo in t  paper (Sadleir  et &. , 1973). This 

paper i s  embodied i n  Chapter I11 of my thesis .  

Appendix A ,  a description of a trapping technique 

developed fo r  determining duration of out of the  nest  a c t i v i t y  

of the  mice, has been previously published (Harling, 1971). 

Also previously published i s  Appendix B, a discussion of the  

occurrence of Endoqone macrocarpa i n  the stomach contents of 

the  mice (Har ling and McClaren, 1970). 

This thes i s  therefore represents a portion of a coopera- 

t i v e  project  which researched several  aspects of the ecology 

of the  deermouse i n  Br i t i sh  Columbia, Canada. 



CHAPTER I 

A c t i v i t y ,  Stomach Weight Changes and Defecation Rates 

INTRODUCTION 

A knowledge of  a c t i v i t y  p a t t e r n s  i n  populat ions o f  

rodents  i s  necessary  t o  e s t ima te  phys io log ica l  rhythms t h a t  

are determined by t i m e .  I n  t h i s  s t u d y  informat ion  on a c t i v i t y  

p a t t e r n s  was needed t o  e s t ima te  consumption and a s s i m i l a t i o n  

of  energy i n  w i l d  deermice (Peromyscus maniculatus a u s t e r u s )  

as repor ted  i n  Chapter I1 and Chapter 111. A new technique 

(Harling, 1971) enabled mice t o  be  captured  and re leased  a t  

known t i m e s  i n  t h e  f i e l d ,  providing a basis f o r  es t imat ing  

a c t i v i t y  p a t t e r n s .  I n  a d d i t i o n  t o  monitoring timed occurrence 

of a c t i v i t y ,  t h i s  s tudy measured f e c a l  product ion r a t e s  and 

changes i n  stomach content  weights wi th  time. 

Severa l  previous s t u d i e s  o f  a c t i v i t y  p a t t e r n s  of  

Peromyscus i n  t h e  wi ld  have been reviewed by F a l l s  (1968). 

There i s  g e n e r a l  agreement t h a t  deermice e x h i b i t  an  endogenous 

c i r c a d i a n  a c t i v i t y  rhythm, wi th  a c t i v i t y  o u t  of  t h e  n e s t  being 

nocturnal .  The nocturnal  per iod  extends approximately from 

one hour a f t e r  sunse t  t o  one hour b e f o r e  dawn, t h e  per iod  

being correspondingly longer ,  b u t  perhaps l e s s  continuous,  i n  

win te r  than  summer. There i s  a l s o  t h e  sugges t ion  of  a bimodal 

p a t t e r n  i n  a c t i v i t y  and feeding i n t e n s i t y  during longer  n igh t s .  
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Short  t e r m  and seasonal  weather condit ions are a l s o  known t o  

a f f e c t  t h e  ex ten t  and d i s t r i b u t i o n  of  a c t i v i t y ,  I n  winter ,  

p a r t i c u l a r l y  i n  northern l a t i t u d e s ,  deermice may spend con- 

s ide rab l e  t i m e  i n  a s t a t e  of to rpor  (Stebbins, 1968),  a con- 

d i t i o n  which severe ly  restricts ex ten t  of a c t i v i t y .  

No s tud ie s  of Peromyscus i n  t he  wi ld  have reported 

var ia t ions  i n  weight of stomach contents  with t i m e ,  o r  have 

measured f e c a l  production r a t e s  during a c t i v e  periods. Only 

t h e  e labora te  laboratory  experiments of Kavanau (1963, 1967)  

have monitored alimentary parameters and then only under 

condit ions approximating a na tu ra l  environment. Although it 

was not  poss ib le  i n  t h e  present  s tudy t o  measure a c t i v i t y  

parameters t o  t h e  precis ion achieved by Kavanau, t he  data 

reported here  were from deermice i n  t h e i r  na tu ra l  h a b i t a t  

that w e r e  only temporarily r e s t r a ined  i n  t raps .  Compared t o  

Kavanau ' s s tud ie s  therefore ,  these  data  may more accura te ly  

reflect va r i a t i ons  of alimentary parameters experienced by 

w i l d  rodents,  



HETHODS 

Captures of deermice i n  t h e  un ive r s i t y  of B r i t i s h  

Columbia Research Forest  (Pet t icrew and Sad le i r ,  1970, 1973) 

w e r e  timed by using the  technique described by Harling (1971). 

I n i t i a l l y ,  t h e  method was used twice f o r  24 h periods i n  each 

of f i v e  months from February through June, 1970. This p i l o t  

study was ca r r i ed  out  i n  two d i f f e r e n t  a reas  nor th  and e a s t  

of t he  main s tudy area  described below. The technique a l s o  

enabled the  co l l ec t ion  of o ther  timed data  r e l a t i n g  t o  ind iv i -  

dual  mice. Further  data  were subsequently co l lec ted  during 

two consecutive 24 h trapping sess ions  i n  each month from 

September, 1970 through August, 1971 on t r a p  l i n -  .. (Fig. 1) 

on and near  g r i d  2 of t he  l ive-trapping s tudy (Petticrew and 

Sad le i r ,  1973). 

From Septernber, 1970 the  f i r s t  of t h e  two consecutive 

24 h trapping sess ions  was used t o  determine t h e  time of 

captures and nocturnal  changes i n  body weight of mice. Mice 

w e r e  handled a s  described by S a d l e i r  (1965). A f e c a l  sample 

f o r  calorimetry was taken d i r e c t l y  from t h e  anus of each 

mouse and was frozen i n  a small v i a l  f o r  subsequent examina- 

t ion.  An accura te  recording of body weight was obtained by 

i n s e r t i n g  t h e  mouse i n t o  a p l a s t i c  v i a l  and weighing it, t o  
s 

the nea re s t  0.01 g ,  on an Ohaus M-5 por tab le  f i e l d  balance 



Figure  1 - Map of  g r i d  2 (Pe t t ic rew and S a d l e i r ,  1973) 

showing l o c a t i o n  of  e l e c t r i c a l  system t r a p  

sites. 
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(Ohaus S c a l e  Corporat ion,  Union, New J e r s e y ,  U.S.A.). Mice 

were r e l e a s e d  w i t h i n  minutes of t h e i r  capture.  On the second 

t rapping  s e s s i o n  o f  each month timed d i s t r i b u t i o n s  o f  captures  

and changes i n  body weight of  t h e  mice were aga in  recorded. 

I n  a d d i t i o n  t h e  f e c a l  product ion r a t e s  of  i n d i v i d u a l  mice 

w e r e  determined by c o l l e c t i n g  t h e  f eces  produced by them 

w h i l s t  r e t a i n e d  i n  t r a p s  f o r  a minimum o f  one hour. Mouse 

chow p e l l e t s  (Ralston Purina Company, S t .  Louis,  Missouri ,  

U.S.A.) w e r e  supp l i ed  i n  t r a p s  during t h i s  sess ion .  

During b o t h  s e s s i o n s  t h e  l o c a t i o n  o f  each cap tu re  w a s  

noted s o  t h a t  t h e  d i s t a n c e  moved by i n d i v i d u a l  mice between 

recap tu res  on t h e  same n i g h t  could  b e  ca lcu la ted .  The s h o r t e s t  

d i s t a n c e s  between success ive  cap tu re  p o i n t s  i n  a 24 h pe r iod  

w e r e  used i n  e s t ima t ing  d i s t ances  moved. Summations of  t h e s e  

d i s t a n c e s  f o r  m u l t i p l e  cap tu res  of  i n d i v i d u a l  mice gave a 

minimum e s t i m a t e  o f  t h e  t o t a l  d i s t a n c e  t r a v e r s e d  per  n i g h t  

f o r  each o f  t h e  mice. Meteorological  condi t ions  were recorded 

during t r app ing  sess ions .  

Timed-capture da ta  were t r e a t e d  i n  t h e  following way. 

Captures and recap tu res  w i t h i n  each 24 h pe r iod  were p l o t t e d  

a g a i n s t  t ime of  occurrence. The cap tu re  pe r iod  of  t h e  t o t a l  

popula t ion  f o r  each month was taken a s  t h e  l eng th  of t ime 
s 

between t h e  earliest and la test  i n d i v i d u a l  cap tu res  on the two 



c o n s ~ c u t i v e  nights  of t h a t  month. A comparison of the  length 

of time between f i r s t  and l a s t  capture fo r  each month and the  

length of time between one hour a f t e r  sunset  and one hour 

before dawn was made. This comparison was made because 

prav$,ous workers (Fa l l s ,  1968) had suggested t h a t  nocturnal 

a c t i v i t y  was l imi ted t o  t h i s  t i m e .  

The t i m e  from f i r s t  t o  l a s t  capture ( t . )  of each indivi -  
1 

dual. pouse was calcula ted a s  a percentage of t h e  t o t a l  popula- 

t i o n  capture period (t ) i n  t he  respect ive  month concerned 
P 

(t./t  x 100 = Pi) .  These individual  percentages (P.  ) were 
4 P 1 

then averaged fo r  the  whole year according t o  the  number of 

captures made i n  the  determination of t of each mouse ( i .e .  
i 

Pi/3 fo r  3 captures,  P./4 for  4 captures,  Pi/5 fo r  5 captures,  
1 

e t c ,  ) , 

Because some authors (Golley, 1960 and Meese, 1971) have 

used mean stomach content weights i n  estimating consumption 

i n  w$Zd mice I co l lec ted  data on mean stomach content weights 

fo r  c~mpara t ive  purposes. I a l s o  wished t o  determine the  

p racv icab i l i ty  of using mean stomach content weights i n  

comb$pation with r a t e  of passage determinations i n  t h e  wild 

t o  estimate consumption. Stomach content weights were 

determined by th ree  methods. The f i r s t  (Method A )  involved 

the  mtsasurement of changes i n  body weight on the  assumptibn 
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t h a t  t he  changes re f lec ted  primari ly changes i n  stomach 

content weight. Body weight changes i n  each trapping session 

were ca laula ted by taking the  lowest recorded weight fo r  t h e  

mouse that night  a s  zero and r a t i ng  other  changes a s  increases 

i n  weight r e l a t i v e  t o  it. The second (Method B )  was a d i r e c t  

measurvrnent of stomach content weights from individual  mice 

rapped i n  the  months February through June, 1970, and which 

had been se l ec t ive ly  k i l l e d  a t  knwn t i m e s  of capture on 

s p e c i f i c  nights .  These mice were immediately frozen and kept 

u n t i l  mubsequent autopsy. Banks (1965) has shown t h a t  weights 

determined from frozen and thawed specimens of small mammals 

are almoat i d e n t i c a l  t o  o r ig ina l  capture weights. After  

autopsy stomach contents of these  mice were removed, weighed 

w e t ,  dr ied  t o  constant weight a t  10oOc, and reweighed. The 

t h i r d  (Method C )  was a l s o  a d i r e c t  measurement of stomach 

content weights. However these  samples were from a dead- 

ample group which had been taken elsewhere i n  t h e  same 

nvir~mqent  a t  unknown t i m e s  of t h e  night.  They were processed 

in the same way described for  Method B. 

Tha f e c a l  samples fo r  calorimetry were thawed, weighed 

0 w e t ,  dr ied  t o  constant weight a t  100 C,  reweighed, and the  

erce~tage water content determined. The dr ied  samples were 

urneq i n  a microbomb calorimeter t o  determine t h e i r  indivihual  
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c a l o r i c  va lues ,  and percentage ash  content .  Duplicate samples 

were bshed a t  6 0 0 ~ ~  i n  a muffle furnace t o  check t h a t  complete 

combustion had occurred during bomb calor imetry.  

Feca l  production r a t e s ,  measured between September and 

August, were determined by drying t h e  c o l l e c t e d  feces  t o  

cons tant  weight a t  1 0 0 ~ ~  and expressing t h e  weight a s  mg feces/  

g mouae/h (based on l i v e  weight of  mouse when f e c a l  sample 

was taken). The percentage f e c a l  w a t e r  content  could not  be 

determined from t h e  f e c a l  production samples because of  

dehydration wi th in  t h e  t raps .  The mean w a t e r  content  o f  t h e  

a n a l  samples of t h e  f i r s t  s e s s ion  w a s  used i n  each month t o  

c a l c u l a t e  w e t  weight production during t h e  second session.  

The c a l o r i c  and percentage a s h  values were a l s o  taken from 

sess ion  one i n  determining t h e  d ry  weight c a l o r i c  values of 

production i n  sess ion  two. 

The t o t a l  d ry  weight of feces  produced by each of s e v e r a l  

r e p r s a e n t a t i v e  mice, caught and r e t a i n e d  i n  t r a p s  t h r e e  o r  

re fimes,  w a s  ca lcu la ted  by adding toge the r  t h e  a c t u a l  

amounts of feces  produced during each r e t e n t i o n  period of 

, t h e  r e s p e c t i v e  mice. 



The t i m e s  a t  which mice w e r e  captured  during t h e  hours of 

darkness during t h e  f i r s t  24  h s e s s i o n  ( t r a p s  unbai ted)  of 

each month a r e  shown i n  Fig. 2 and during each second 24 h 

(traps b a i t e d )  s e s s i o n  i n  Fig. 3.  Because no mice w e r e  

captured from 0800 - 1600 h t h e s e  t i m e s  w e r e  n o t  inc luded i n  

these f igures .  The b lack  h o r i z o n t a l  bar i n d i c a t e s  the t i m e  

between s u n s e t  and sunr i se .  No deermice w e r e  captured during 

d a y l i g h t  hours.  

The f i r s t  cap tu re  of any n i g h t  occurred about one hour 

a f t e r  sunse t ,  and t h e  l a s t  cap tu re  about  one hour  b e f o r e  

sunr ise .  A comparison of  t h e  l eng th  o f  t ime between f i r s t  

and las t  cap tu re  f o r  each month and t h e  l eng th  of  time between 

one hour a f t e r  s u n s e t  and one hour b e f o r e  dawn i s  presented  i n  

Table I1 shows t h e  mean l eng th  o f  t i m e  between f i r s t  and 

last cap tu res  of  i n d i v i d u a l  mice, according t o  number of 

captures  made, recorded a s  a percentage of  t h e  capture  pe r iod  

of t h e  popula t ion  a s  a whole. Three mice each caught f i v e  o r  

more t i m e s  had a mean cap tu re  pe r iod  o f  82% of  t h e  t o t a l  pop- 

u l a t i o n  cap tu re  per iod ,  

The minimum t o t a l  d i s t a n c e s  moved i n  meters by i n d i v i d u a l  

mice i n  each t r app ing  s e s s i o n  a r e  g iven  i n  t h e  r i g h t  hand 



Figure  2 - D i s t r i b u t i o n  of  captures  i n  f irst  24  h  t rapping  

s e s s i o n  o f  each month. The small v e r t i c a l  l i n e s  

i n d i c a t e  i n d i v i d u a l  captures .  The s o l i d  (male) 

and open (female) c i r c l e s  joined by h o r i z o n t a l  

l i n e s  i n d i c a t e  r ecap tu res  o f  t h e  same ind iv idua l .  

The f i g u r e s  t o  t h e  r i g h t  a r e  t h e  minimum d i s t a n c e s  

( i n  meters)  moved by such animals. 
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Figure 3 - Distribution of captures in second 24 h trapping 
session of each month, Key as for Fig. 2, 
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columns o f  F igs ,  2 and 3 .  Because mice could n o t  u s u a l l y  be 

re leased  during s e s s i o n  1 u n t i l  approximately f i f t e e n  minutes 

af ter  cap tu re  t h e  t o t a l  time a v a i l a b l e  f o r  movement was 

p ropor t iona te ly  c u r t a i l e d .  I n  s e s s i o n  2 mice were r e t a i n e d  

i n  t r a p s  f o r  per iods  of one hour s o  t h a t  t h e  t imes a v a i l a b l e  

f o r  movement were correspondingly s h o r t e r .  

On n i g h t  1 i n  December (see  Fig.  2 )  one mouse moved a 

minimum d i s t a n c e  of  130 m i n  55 minutes between r e l e a s e  a f t e r  

f i r s t  cap tu re  and i t s  second capture ,  On n i g h t  1 i n  March 

(see Fig. 2 )  another  i n d i v i d u a l  moved a d i s t a n c e  of  140 m 

between f i rs t  and l a s t  cap tu re ,  120 m of which was between 

second and t h i r d  captures .  The 120 m were t r ave r sed  i n  58 

minutes between r e l e a s e  and recapture .  

The occurrence of captures  may have been inf luenced by 

t h e  weather dur ing  t rapping  as t h e  numbers o f  captures  were 

s e n e r a l l y  h igher  on warm,  dark n igh t s .  Trapping sess ions  i n  

which such in f luences  were suspected  are shown i n  Table 111. 

Stomach content  weights der ived  from body weight changes 

(Method A )  w e r e  converted t o  change i n  weight (mg/g mouse) 

s i n c e  previous cap tu re ,  and p l o t t e d  a g a i n s t  t h e  t ime a t  which 

each measurement was made (Fig, 4 ) .  Only those  months where 

s e v e r a l  i n d i v i  

mean change i n  

.duals  were frequen 

weight,  i nc lud ing  

t l y  cap t  

zero  va 

.ured 

l u e s  

a r e  shown. The 
9 

was c a l c u l a t e d  



TABLE I11 - Trapping sess ions  during which weather 
condi t ions  were p a r t i c u l a r l y  suspected t o  
i n f l u e n c e  o u t  of  t h e  n e s t  a c t i v i t y .  

~ o n t h  Trapping Weather Number of  T o t a l  
s e s s i o n  i n d i v i -  number 

dua l  mice o f  
captured  cap tu res  

1 Bright  moonlight 2200-0300 h 9 20 
2 Overcast ,  showery, warmer 

than  s e s s i o n  1 16 4 1  

NOV 1 Snow f a l l i n g  a f t e r  2400 h 12 12 
2 Clea r ,  co ld ,  moonlight a f t e r  

0230 h 1 1 

DEC 1 S l e e t  turned  t o  snow 2400 h 10 14 
2 Snowed h e a v i l y  a l l  n i g h t  2 6 

J A N  1 Moonlight 2100-2400 h 7 
2 Overcast ,  only  occas iona l  

moonlight 12 

FEB ) Heavy r a i n  a f t e r  2200 h 
2 1 

1 Rain showers a f t e r  0330 h 
2 Rain showers a f t e r  2400 h 

heav ie r  a f t e r  0130 h 



Figure  4 - I n d i v i d u a l  body weight changes during four  

s i n g l e  n igh t s .  Lines j o i n  r e l a t i v e  weight 

changes of t h e  same i n d i v i d u a l  deermouse. 
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for a l l  mice caught three or  more times per session i n  each 

spec i f ic  month. These r e su l t s  a r e  given i n  Table I V .  A 

frequency d is t r ibut ion  of stomach wet weights derived from a 

large snap-trapped sample showed t h a t  t h i s  parameter was not 

normally dis t r ibuted so tha t  the  usual s t a t i s t i c a l  measures 

could not be applied. A l l  stomach weight data were normal- 

ized by transforming stomach weights t o  t h e i r  natural  log- 

arithme. The data i n  Table I V  give the loge means and t h e i r  

ari thmetical  values. Because the mice sampled i n  Method A 

were not k i l l e d  it was impossible t o  determine i f  the  lowest 

body weights recorded (included here as  zero weights) actual ly  

ref lected completely empty stomachs. I n  r e a l i t y  these zero 

weight$ may have represented stomachs with a portion of food 

i n  them. Because of t h i s ,  the Method A " a l l  samples" means, 

using zero values, may have given a biased estimate of the 

average stomach weight so these means were a l s o  calculated 

G with zero values deleted. 

The wet weights of stomach contents ( ~ e t h o d  B)  were 

i converted t o  mg/g mouse, the  base weight for each mouse being 
i, 

i t s  wet body weight minus the wet stomach content weight. 

, These values were then plotted against  time of capture (see 

Fig. 5 )  for  each month (February through June, 1970). The 
k 
1 mean wgt weights per month for  these mice, k i l l e d  a t  known ' 
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Figure 5 - Wet weights o f  stomach contents of mice k i l l e d  

a t  s e l e c t i v e  t i m e s  o f  night i n  d i f ferent  months. 

Each dot represents a s ing l e  stomach weight. 
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t i m e s  (Method B ) ,  a r e  given i n  Table I V  where they can be 

compared with t he  mean wet weights derived from the  untimed 

snap t r a p  samples (Method C )  and the  mean body weight changes 

(Method A ) .  

The mean hourly f e c a l  production r a t e s  per g mouse for  

each month, and t h e  mean percentage water contents ,  a r e  

given i n  Table V. None of the  monthly mean f e c a l  production 

r a t e s  was s i g n i f i c a n t l y  d i f f e r e n t ,  a t  the 5% l e v e l  ( " t "  t e s t ) ,  

from t h e  o v e r a l l  mean production rate. The February f e c a l  

water content  was s i g n i f i c a n t l y  higher than the  ove ra l l  mean 

water content  value ( " t "  t e s t ,  t = 5.37). Mean f e c a l  produc- 

t i on  r a t e s  of individual  sex c l a s se s  (Sadleir  -- e t  a l . ,  1973) 

f o r  October, 1970, a month i n  which t h e r e  were recaptures of 

s eve ra l  ind iv idua l  mice, were t e s t e d  ( " t "  t e s t )  aga ins t  the 

month' s o v e r a l l  mean t o  determine any s i g n i f i c a n t  deviat ion 

due t o  sexual  condition. None of these  was s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  ove ra l l  mean production r a t e  (s 4.72 - + 

2.48 mg/g mouse/h, n = 40) of t he  sex c l a s se s  ( l ac t a t i ng  and/ 

- 
o r  pregnant, x 5.46 +_ 3.51, n = 13, t = 0.67; non-vascular, 

- 
non-lactat ing,  x 4.87 + 1.49, n = 6, t = 0.19; no d i scern ib le  

testes, 2 4.23 2 1.62. n = 21, t = 0.93). I n  October and May 

f e c a l  production r a t e s  were p lo t t ed  aga ins t  time of occurrence 

(see Fig. 6) t o  determine the  d i s t r i b u t i o n  pa t te rns  f o r  
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Figure  6 - Fecal  product ion r a t e s  of i n d i v i d u a l  mice i n  

October, 1970 and May, 1970, The h o r i z o n t a l  

l i n e s  span t h e  t ime o f  r e s t r a i n t  i n  t h e  t r a p s ,  

and t h e i r  d i s t a n c e  above t h e  Y axis,  t h e  f e c a l  

product ion r a t e ,  
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s p e c i  Pic ind iv idua l s  and f o r  t h e  captured population a s  a 

whole. These two months were s e l e c t e d  because determinations 

had been made on many i n a i v i d u a l  mice. 

Mean monthly c a l o r i c  and a s h  values of feces  are given 

i n  Table VI, Severa l  s i g n i f i c a n t  d i f f e r e n c e s  were noted when 

t h e  monthly c a l o r i c  means were compared wi th  t h e  annual mean 

b u t  the means f luc tua ted  without  any o v e r t  seasonal  t r ends  

being obvious. Only t h e  December, 1970 a s h  value was s ig-  

n i f i c a n t l y  d i f f e r e n t  from t h e  o v e r a l l  mean a s h  f igure .  

6ummarized da ta  r e l a t i n g  t o  f e c a l  production by s ix  

indiv$dual  mice i s  given i n  Table VII. 
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DISCUSSION 

The data  presented i n  t h i s  chapter  a r e  cons i s ten t  wi th  

t h e  presence of a c i rcadian rhythm i n  Peromyscus maniculatus, 

a c t i v i t y  being nocturnal  and recommencing approximately 24 h 

a f t e r  t he  commencement of t he  previous a c t i v e  period. / 

Except f o r  J u l y  and August, when t h e r e  were few captures,  

Figs. 2 and 3 i n d i c a t e  a s trong p a t t e r n  of nocturnal  a c t i v i t y .  

I t  should be reemphasized t h a t  t he  l i v e  t r aps  functioned 

during the  dayl ight  period between sess ion  1 and 2 i n  each 

month and no deermice w e r e  trapped during t h i s  period. The 

capture period represents  the  maximum length  of t i m e  of the  

a c t i v i t y  period of  t h e  mice. Evidence of a nocturnal  a c t i v e  

period i n  Peromyscus has been wel l  documented (Fa l l s ,  1968) 

as has t he  r o l e  of  l i g h t  a s  i t s  e f f e c t i v e  zeitgeber '  (Ashby, 

1972). A s imi l a r  nocturnal  a c t i v i t y  p a t t e r n  i s  found i n  

Apodemus (Miller ,  1955 ; Brown, 1956 and Kikkawa, 1964) a 

species with which Peromyscus i s  o f t en  compared. 

Captures usual ly  commenced approximately one hour a f t e r  

sunset  and ceased no later than one hour before  dawn; Table I 

shows t h a t  t h i s  i s  the  time of capture  prevai l ing for  a period 

Of severa l  months. The periods of  a c t i v i t y  during other  

months, and on severa l  n ights  i n  p a r t i c u l a r  (see Figs. 2 and 3)  , 
s 

m y  have been a f f ec t ed  by prevai l ing weather conditions which 
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w i l l  be discussed  i n  more d e t a i l  later. There was no apparent  

d i f f e r e n c e  i n  cap tu re  per iods  o f  t h e  males and females ( see  

Figs.  2 and 3 ) .  However Hawes and Hawes  (Harling, 1971) 

caught pregnant  and l a c t a t i n g  females during t h e  daytime i n  

/ 
July i n  t h e  same f i e l d  area .  The s i g n i f i c a n c e  of  t h i s  

observat ion  i s  d iscussed  i n  S a d l e i r  e t  a l .  (1973). -- 
Very f e w  s t u d i e s  have monitored Peromyscus a c t i v i t y  

completely i n  t h e  wi ld ,  and those  which have d i d  no t  u s u a l l y  

g a t h e r  d a t a  on t h e  timed a c t i v i t y  pe r iods  of i n d i v i d u a l  mice. 

Probably t h e  best l abora to ry  s t u d i e s ,  be ing  those  i n  which 

t h e  mice w e r e  allowed some c o n t r o l  over t h e i r  environment, 

w e r e  conducted by Kavanau (1962, 1963, 1966, 1967) and Brant  

and Kavanau (1965). F a l l s  (1953) timed t h e  depar tures  and 

r e t u r n s ,  i n  June and J u l y ,  of four  Peromyscus maniculatus 

b a i r d i  from a n e s t  on a beach, using an  e l e c t r i c  eye. The 

average f i r s t  depar tu res  occurred 52  minutes a f t e r  sunse t  and 

t h e  last r e t u r n s  averaged 65 minutes b e f o r e  sunr i se .  Behney 

(1936), using enclosure  cages from November through February, 

found t h a t  Peromyscus w a s  most a c t i v e  from one h a l f  hour a f t e r  

s u n s e t  u n t i l  about  one hour b e f o r e  sunr i se .  Kavanau (1963, 

1967) r epor ted  similar per iods  of a c t i v i t y  i n  l abora to ry  

deermice. This evidence suppor ts  t h e  previous conclusions o f  

&arling (1971) and S a d l e i r  aJ. (1973). Ibwever, a t t e n t i o n  
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i s  drawn t o  t h e  subsequent ana lys i s  of data  presented i n  

Table 11. Although the  t r a p  l i n e s  e f f e c t i v e l y  sampled the  

t o t a l  population of mice i n  the  a r ea ,  they were not  spread 

extensively  enough t o  regu la r ly  capture  a l l  t he  mice a t  l a rge  

(Petticrew and Sadle i r ,  1970). Mice which w e r e  caught 

repeatedly were probably a c t i v e  most of t h e i r  time i n  home 

ranges which were adequately sampled by t h e  t r a p  l ines .  

Individual  mice caught f i v e  o r  more t i m e s  were caught 82% of 

t he  t i m e  of  t he  population a s  a whole. I t  i s  probable t h a t  

t he  home ranges of mice caught l e s s  f requent ly  only bordered 

on the  area  sampled by the  t r a p  l i n e s  s o  t h a t  mice caught 

fewer than f i v e  times each r a r e l y  exceeded a mean t o t a l  

capture time of 55% of the  length of capture  times of t he  

population a s  a whole. Data from animals captured frequently 

there fore  g ive  a more reasonable ind ica t ion  of  t h e  a c t i v e  

periods of individual  mice. 

I t  i s  no t  known i f  the  mice were continuously out  of t h e  

nes t  over t h e  time periods mentioned above bu t  severa l  other  

inves t iga t ions  i nd i ca t e  t h a t  Peromyscus spends continuous 

extensive time periods out  of t h e  nes t .  F a l l s  (1968) c i t e d  

s tud i e s  ind ica t ing  t h a t  Peromyscus probably i s  a c t i v e  during 

most of t he  time between one hour a f t e r  sunset  and one hour 

before  dawn, wi th  the  length of  a c t i v i t y  out  of the  nes t  
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being correspondingly longer  b u t  less continuous i n  win te r  

than i n  summer, H e  a l s o  quoted s e v e r a l  s t u d i e s  which suggested 

t h e  presence o f  a bimodal p a t t e r n  o f  a c t i v i t y  during long 

n i g h t s  and a s i n g l e  peak during s h o r t  n igh t s .  ~ u r i n g  long 

n i g h t s  t h e  f i r s t  peaks i n  a c t i v i t y  occurred between sunse t  

and midnight w i t h  a second peak j u s t  b e f o r e  dawn. I n  t h e  

p resen t  s tudy  most mice which were subsequent ly recaptured  i n  

any g iven  n i g h t  were i n i t i a l l y  captured soon a f t e r  one hour 

following sunse t .  Thus t h e  peak o f  cap tu res  was about t h i s  

time. 

P a r t  o f  t h e  i n t e r v a l  between cap tu res  o f  i n d i v i d u a l  mice 

was spen t  i n  movements over t h e  t rapping  a r e a ,  as can be 

discerned from t h e  r i g h t  hand columns o f  F igs ,  2 and 3 .  The 

two i n d i v i d u a l s  t h a t  each t r a v e l l e d  over  100 m w i t h i n  one 

hour would probably n o t  have much time t o  be i n a c t i v e  i n  t h e i r  

n e s t s .  A s  mentioned e a r l i e r ,  t h e s e  d i s t a n c e s  a r e  minimum 

d i s t a n c e s  moved. To monitor any exac t  movements would have 

requ i red  t h e  use o f  techniques similar t o  those  repor ted  by 

Graham and Anibrose (1967 ) and Jahoda (1972). The use o f  r a d i o  

telemeters as descr ibed  by Rawson and H a r t l i n e  (1964) f o r  

25 g P. m. q r a c i l i s  i s  n o t  y e t  p r a c t i c a l  f o r  - P. - m. aus te rus  

as t h e  smallest t r a n s m i t t e r s  p r e s e n t l y  a v a i l a b l e  weigh a b ~ u t  

1.5 g and a r e  t o o  l a r g e  f o r  real is t ic  use i n  t h i s  15-20 g 



species.  

The f a c t  t h a t  

a s i n g l e  night  has 

(see Fal l s ,  1968). 

Peromyscus moves considerable distances i n  
f 

been reported by Howard (1949), and others  

Part i  cu l a r ly  during d i spersa l ,  deermice 

a r e  known t o  move long distances. The two mice reported 

above were not  dispersing;  they were previously, and sub- 

sequantly, caught i n  the  same general  areas.  

The energet ic  cos ts  of such a c t i v i t y  i n  wintertime would 

be high. The mouse trapped i n  December t raversed 130 m while 

s l e e t  w a s  f a l l i n g  and the  grouna sur face  temperature was OOC. 

Stebbins (1968) has discussed t h e  function of torpor i n  over- 

wintering Peromyscus; a t  the  l a t i t u d e  of southern B.C., and 

i n  the  coas ta l  a rea ,  it seems unl ikely  t h a t  mice were spending 

a g r e a t  dea l  of t i m e  i n  a to rp id  condition. Regular and 

/ 
abundant captures were made even i n  t he  coldes t  winter months. 

Petticrew (1973) has evidence of some torpor i n  t he  same 

trapping area  bu t  only occasionally, and only i f  mice had 

been re ta ined  i n  t raps  overnight i n  wintertime. 

The mice i n  the  present  study predominantly a t e  t r e e  

seed8 (Chapter 11) i n  t he  winter  months which e n t a i l s  more 
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extensive searching for  new seed sources than the  more var ied  

and presumably more abundant food i n  t he  d i e t  of summer, No 

heavy s e e d f a l l  occurred during t h i s  s tudy s o  t h a t  feeding on 

seeds necess i t a ted  extensive searching. I t  w a s  l i k e l y  t h a t  

Endoqone and o ther  fungi,  which were a l s o  food sources f o r  

Peromyscus, occurred infrequent ly  during the  period of low 

ground temperatures of winter  months; very l i t t l e  w a s  found ' 
i n  stomach contents  of deermice a t  such times (Harling and 

McClaren, 1970). Endoqone, however, i s  more r ead i ly  ava i l ab l e  

i n  summer months, a s  a r e  t he  various arthropods eaten by 

Peromyscus, and allow the  mice t o  ob ta in  t h e i r  required food 

i n  a sho r t e r  time period than i n  winter ,  

Seed s to rage  may have a l l e v i a t e d  some of the  need fo r  

constant  nocturnal  searching bu t  i t  i s  probable t h a t  l a rge  

seed s t o r e s  could only be b u i l t  up a t  times of seed abundance, 

The mice may be  a b l e  t o  cope wi th  periods when a c t i v i t y  out  

o f  t h e  nes t  i s  r e s t r i c t e d  because of cold weather by u t i l i z i n g  

s t o r e s  of body f a t  a s  suggested by Caldwell and Connell (1968) 

although such reserves could only be  tapped infrequently.  

A s  previously mentioned, prevai l ing weather conditions 

may have a f f ec t ed  the  frequency of captures during severa l  

of t he  trapping sess ions ,  Moonlight, varying ambient temp- 
* 

e ra tu re s ,  and heavy r a i n f a l l  are known t o  inf luence the  extent  
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of  t h e  nocturnal  a c t i v i t y  of deermice (Fa l l s ,  1968) . Gentry, 

Golley and McGinnis (1966) reported t h a t  t h e  weather on the  

night  of  t rapping had a g r e a t e r  e f f e c t  on captures than the  

weather of t h e  previous night.  Several  authors have commented 

on t h e  e f f e c t  of  moonlight ( P r u i t t ,  1959; Kavanau, 1966, 1967; 

Caldwell and Connell, 1968 and F a l l s ,  1968) with the  general  

conclusion being t h a t  increased i l luminat ion leads t o  a 

diminution of ac t iv i ty . '  F a l l s  (1968) i n  comparing t h e  

r e s u l t s  of B l a i r  (1943) and Stinson (1952) with h i s  own 

observations,  suggested t h a t  moonlight may not have been as 

i n f l u e n t i a l  i n  reducing a c t i v i t y  i n  shaded o r  densely vege- 

t a t e d  areas .  I n  t h i s  study t h e  number of  captures of deermice 

always dropped on b r igh t  moonlight n ights  ind ica t ing  reduced 

a c t i v i t y  out  of t h e  nest .  The trapping was conducted i n  a 

- logged-over a rea  wi th  very l i t t l e  cover. I n  the  present  

s tudy captures w e r e  notably l e s s  frequent  on nights  of moon- 

l i g h t  such a s  occurred i n  October, November, January and 

July.  

The e f f e c t s  of temperature on a c t i v i t y  a r e  complex. 

Temperature e f f e c t s  a r e  l inked wi th  those of  humidity, and i f  

: i t  i s  windy o r  dry  those of evaporation as w e l l .  F a l l s  (1968), 
).. 

summarizing the  work of  s eve ra l  authors ,  suggested t h a t  a c t i v i t y  

. was g r e a t e s t  a t  intermediate temperatures wi th  t h e  e f f e c t s  of 
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humidity being var iable .  

I n  t h e  p resen t  s tudy reduced a c t i v i t y  i n  terms of captures  

made, w a s  observed on n igh t  2 i n  November (see  Table 111) 

and Fig. 3) during t h e  co ldes t  t rapping sess ion ;  t h e  ground 

0 
su r f ace  temperature remaining around -6.5 C. The opposi te  

s i t u a t i o n ,  h igh temperatures during both  n igh t  and day, may 

have decreased a c t i v i t y  i n  J u l y  and August (Table 111). 

These r e s u l t s  t end  t o  confirm t h e  conclusions of F a l l s  (1968). 

R a i n f a l l  a f f e c t s  deermice captures  when it becomes 

heavy o r  f a l l s  mainly before  midnight (Fa l l s ,  1968). Light  

r a i n  i s  a s soc i a t ed  wi th  increased ca tches  (Gentry and Odum, 

1957) b u t  t h i s  may be due p r imar i ly  t o  t h e  presence of cloud, 

and hence darker  condit ions t h a t  p r e v a i l  a t  such t i m e s .  I n  

t h i s  s tudy heavy r a i n f a l l  probably decreased a c t i v i t y  on both 

n igh t s  i n  February and i n t e r m i t t e n t l y  on both n igh t s  i n  August. 

Snow may a f f e c t  a c t i v i t y  i n  s e v e r a l  ways. Heavy snow- 

f a l l  which remains on t h e  ground for  long periods of t i m e  may 

provide condi t ions  i n  which deermice can be  a c t i v e  i n  a 

subnivean environment of t h e  type descr ibed by P r u i t t  (1958) 

and Coulianos and Johnels (1962). Snowfall which produces 

only a shallow cover on t h e  ground may restrict mouse move- 

ments t o  well-defined t r a i l s  under logs  o r  o the r  protectiv 'e 

cover (Beer, 1961),  and probably had such a n  e f f e c t  i n  
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November and December o f  t h e  p r e s e n t  s t u d y  al though such 

e f f e c t s  could no t  be separa ted  from those  o f  low temperatures.  

Heavy snow s h a r e r s ,  l i k e  heavy r a i n f a l l ,  may i n h i b i t  mouse 

a c t i v i t y  and w e r e  probably re spons ib le ,  coupled wi th  o t h e r  

f a c t o r s  mentioned above, f o r  t h e  diminished a c t i v i t y  o f  

November and December (see Table I11 ) . 
Optimum condi t ions  f o r  a c t i v i t y  occur  when n igh t s  a r e  

warm, humid and moonless o r  cloudy w i t h  l i g h t  r a i n .  Such 

condi t ions  w e r e  co inc iden t  wi th  h igh  frequency o f  captures  

during t h e  second n i g h t  i n  October and dur ing  t h e  f i r s t  n i g h t ,  

and most of t h e  second n i g h t ,  i n  May ( see  Table 111). 

The body weight  changes shown i n  Fig. 4 were p r i m a r i l y  a 

funct ion  of changes due t o  a f i l l i n g  and emptying of t h e  

stomach. A l t e r a t i o n s  i n  weight caused by  u r i n a t i o n  and 

de feca t ion ,  a l though o f  some importance, w e r e  probably o f  a 

lower o rde r  than  i s  represented  i n  t h i s  f igure .  Drinking 

may a l s o  have produced changes i n  body weight b u t  v a r i a b l e  

w a t e r  i n t a k e  would have a l t e r e d  t h e  percentage  hydra t ion  of 

stomach contents .  However, t h e  average percentage water  

content  of  stomachs from autops ied  deermice i n  d i f f e r e n t  

months remained f a i r l y  cons tan t  a t  70%. The changes i n  body 

weight a r e  considered t o  approximate t h e  a c t u a l  f l u c t u a t i o n s  

i n  stomach con ten t s  w i t h  time. Stomachs o f  snap-trapped 
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"dead sample" mice ( ~ e t h o d  C ,  Table I V )  were very r a r e l y  

empty bu t  f o r  t h e  body weight changes (Method A )  seve ra l  zero 

recordings of weight changes were made i n  each month. It w a s  

presumed t h a t  zero weight changes of mice d id  not  necessar i ly  

represent  an empty stomach bu t  probably a l ready represented 

stomach content  weights of approximately 20  mg (see lowest 

weights recorded i n  Fig. 5). Mean weights of stomach contents  

w e r e  s imi l a r  i n  some months a s  determined by the  d i f f e r e n t  

methods, b u t  t h i s  may have been purely coincidenta l ,  par- 

t i c u l a r l y  considering some of t h e  small sample s i ze s .  Record- 

ing body weight changes (Method A ) ,  based on these  meagre 

da ta ,  i s  not  a r e l i a b l e  i nd i ca to r  of stomach content weights. 

The r e l a t i v e  changes i n  weight of some individual  mice 

w e r e  of i n t e r e s t .  The weights d id  not  r ise t o  a c e r t a i n  l e v e l  

and then remain s t a t i c  (see Fig. 4 ) .  I n  t h e  four months 

represented t h e r e  was an ind ica t ion  of i n i t i a l l y  low weights 

r i s i n g  t o  va r i ab l e  weights l a t e r  i n  t h e  night.  

The stomach contents removed from mice k i l l e d  a t  se lec ted  

t i m e s  (see Fig. 5 )  were usual ly  low i n  weight a t  the  beginning 

o f  t h e  n ight  bu t  subsequent weight changes w e r e  variable.  

More data  of t h i s  type could not  be co l lec ted  because k i l l  

samples depleted t h e  population u n t i l  v i r t u a l l y  no captures 

were made on a t h i r d  trapping sess ion  i n  these  months. There 
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was no s ign i f i can t  d i f ference  (p < 0.05) between the  stomach 

weigh$$ of these  samples and the  snap t r a p  samples obtained 

elsewhere i n  the  same environment, i n  the months of February, 

March and Apri l  when sample s i ze s  w e r e  reasonably large,  

Becauge these  samples were thus presumed t o  be from an 

identljcal population, the  snap t r a p  samples (Table IV) were 

probably taken a t  a s imi la r  range of capture t i m e s  t o  the  

a c t i v i t y  l i n e  samples. I f  they w e r e  not ,  i ,e. i f  a l l  dead 

samplqs were taken a t  the  beginning of t he  night ,  then the  

mean weights would be lower because s t o m h s  tended t o  be 

emptiqr a t  t h i s  t i m e  of night.  

Igecause mice w e r e  r a r e ly  caught with what were considered 

t o  be f u l l  stomachs (see Chapter 11) it appeared t h a t  most 

nocturnal a c t i v i t y  was being monitored while mice were s t i l l  

searching for  food. P rac t i ca l ly  a l l  mice captured fo r  the  

f i r s t  t i m e  had lower stomach weights than occurred a t  sub- 

sequent captures.  This suggests t h a t  t h e  e a r l i e r  captures 

w e r e  pf hungry a c t i v e  mice which would be more l i k e l y  t o  enter  

a t rap .  Consequently a s  the  stomachs f i l l e d  fewer mice may 

have been captured which would there fore  have caused a bias  

i n  thg determination of stomach content weights. 

Attempts were made i n  the  f i e l d  t o  record the  r a t e  of 

passage of food items through Peromyscus by feeding capture2 
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mice coloured food p e l l e t s  and subsequently determining t h e  

per iod s f  t i m e  u n t i l  coloured feces  w e r e  produced. Sustained 

r e t e n f i s n  i n  t r a p s  would have reduced t h e  r e l i a b i l i t y  of 

measuxing r a t e  of passage i n  a c t i v e  deermice s o  they w e r e  

r e l easeq  wi th  t h e  hope t h a t  subsequent captures  would be 

frequent  enough t o  record t h e  dura t ion  of  t i m e  over which 

coloured feces  w e r e  produced. This  technique d i d  not  succeed 

because of i r r e g u l a r i t y  of captures  and hence no r e l i a b l e  

estimates of r a t e  of  passage could be made. Ins tead  f e c a l  

production r a t e s  measured i n  t h e  f i e l d  were u t i l i z e d  i n  

e s t i w t i n g  consumption. 

7 have found no mention i n  t h e  l i t e r a t u r e  of f e c a l  pro- 

duct ion r a t e s  being previous ly  measured i n  wi ld  rodents.  The 

r a t e s  determined i n  t h i s  s tudy were considerably h igher  than 

those observed i n  labora tory  s t u d i e s  conducted a t  t h e  same 

time, I have s i n c e  found t h a t  mice reared i n  t h e  labora tory  

and r e t a i n e d  i n  t r a p s  f o r  hour ly  nocturnal  per iods a t  labora- 

t o r y  temperature ( 2 5 O ~ )  produced approximately 40% l e s s  feces  

than  mice which w e r e  r ea red  i n  outdoor cages and r e t a i n e d  i n  

t r a p  o u t s i d e  a t  3 ' ~  i n  February. Although t h e  outdoor- 

r ea red  mice produced less feces  than t h e i r  wi ld  counterpar ts ,  

t h i s  could probably be  a t t r i b u t e d  t o  a h igher  metabolic rate 

as a funct ion  o f  t h e  need t o  be  more a c t i v e  i n  t h e  n a t u r a l  
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The mean f eca l  production r a t e s ,  per hour, i n  any month 

did not d i f f e r  s i g n i f i c a n t l y  from the  ove ra l l  annual mean 

product/on value (see Table V) , and ne i ther  d id  means of 

individyal  sex c lasses  d i f f e r  from t h e i r  ove ra l l  mean. How- 

ever,  t he  r a t e s  per hour, measured for  s p e c i f i c  individuals ,  

varied considerably depending on the  t i m e  of n ight  (see Fig. 6 ) .  

No cons$.stent f eca l  r a t e  per hour could be applied throughout 

any givgn night. Calor ic  values, water contents ,  and ash 

content9 of feces were a l s o  var iab le  (see Tables V and V I ) .  

The t o t p l  c a l o r i c  value of feces produced per night  (see  

Table VX) was determined by the  hourly r a t e  of f eca l  produc- 

t i on  an@ not by var ia t ions  i n  c a l o r i c  value, and ash or  water 

Taplq VII shows the  f eca l  production during the  time 

re ta ined i n  t r aps  fo r  ce r t a in  individual  mice. Because these 

ce  had d i g e s t i b i l i t y  coef f ic ien t s  of approximately 87% 

(Sadleir  $t a l .  , 1973) the  amount which they consumed must 

have been i n  the  order of e igh t  t i m e s  t he  f eca l  production 

eight .  This would mean t h a t  t he  October l ac t a t i ng  female 

whose feca l  production whi l s t  re ta ined i n  t raps  was almost 

1.0 g required a n  in take  of approximately 8.0 g dry weight of 

food t o  produce t h i s  amount of feces. A s  reported e a r l i e r  

individual  mice were on average a c t i v e  82% of t he  time t h a t  . 
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I the t o t a l  population was active. The October female was 

retained i n  t raps  for 65% of the t o t a l  population time for 

tha t  month; i t s  t o t a l  fecal  production and t o t a l  consumption 

must thus have been considerably higher. 

S/milar calculations on the October male (see Table VII) 

reveal t h a t  i t s  metabolic costs were lower than for  the 

female, re f lec t ing  the extra demands of the  female's heavier 

weight and reproductive condition. The Jan uary female would 

have high metabolic costs because of her weight and the low 

ambient temperature conditions of t h a t  month. 

The June vascular female produced less  t o t a l  feces whilst  

retainqd i n  t raps  than the individual t o t a l s  of the two other 

June mice. Her lower body weight and sexual condition prob- 

ably imposed lower metabolic demands than for  the  other June 

mice. 

These r e su l t s  indicate tha t  P. maniculatus had high 

metabolic costs i n  the wild when breeding l a t e  i n  the year 

or  when ac t ive  most of the night i n  winter. 



-43- 

CHAPTER I1 

Feeding H a b i t s ,  Stomach Weights and C a l o r i e s ,  and 

Popula t ion  Energy Consumption Est imates  

INTRODUCTION 

The food i t e m s  occurr ing  i n  t h e  stomachs of wi ld  s m a l l  

rodents  have o f t e n  been s t u d i e d  (Dyke, 1971; Holisova, 1967 ; 

Jameson, 1952; W a t t s ,  1968; W i l l i a m s ,  1959). The r e l a t i o n -  

s h i p  between food i tems and t h e i r  e n e r g e t i c  va lues  has a l s o  

been w e l l  documented (Drokdi, 1966, 1968a; ~ r o d z i 6 s k i  and 

Sawicka-Kapusta, 1970). Some i n v e s t i g a t i o n s  have at tempted 

t o  determine t h e  energy flow through w i l d  populat ions of 

small rodents .  These a r e  l a r g e l y  based on f i e l d  determinat ions 

o f  popula t ion  numbers and body weights  ( r e l a t e d  t o  sexua l  

cond i t ion)  w i t h  ex t rapo la t ions  being made t o  t h e  f i e l d  s i t u a -  

t i o n  from labora to ry  s t u d i e s  of o t h e r  parameters,  e.g. food 

consumption and metabol ic  r a t e s  (Golley, 1960; Grodzidski,  

Bobek, DroHdi and GLrecki, 1970). 

The p r e s e n t  s tudy  determined s e v e r a l  of  t h e  above para- 

meters f o r  Peromyscus maniculatus a u s t e r u s ,  t h e  deermouse. 

I n  a d d i t i o n  t h i s  s tudy  was designed t o  determine wi th  more 

p r e c i s i o n  t h e  energy consumption of  w i l d  deermice. This was 

accomplished, i n  p a r t ,  by determining wi ld  f e c a l  product ion 

rates, and, knowing t h e  approximate a s s i m i l a t i o n  e f f i c i e n c i e s  , 
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predic t ing the  necessary consumption required t o  balance t h i s  

observed f e c a l  production. Individual  consumption est imates 

could then be estimated fo r  a v a r i e t y  of seasonal ly  occurring 

reproductive c l a s se s  represented i n  t he  wi ld  population; a 

more extensive i n t e r p r e t a t i o n  of these  r e s u l t s  i s  given i n  

Chapter 111. 

The present  chapter repor t s  t he  monthly mean mouse 

consumption values and monthly mean population (per ha) 

consumption values, I n  determining these  values, h a b i t a t  

type was a l s o  considered; mice having been trapped i n  both 

mature f o r e s t  and c u t  over ( s lash)  areas .  An ana lys i s  was 

made of t h e  

w e t  and dry 

r e l a t i o n  t o  

required t o  

seasonal  occurrence of food i t e m s  consumed, The 

weights of stomach contents w e r e  analyzed i n  

seasonal  occurrence and t h e  t o t a l  amount of food 

meet metabolic requirements was estimated, 
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METHODS 

The study was ca r r i ed  out  i n  t he  un ive r s i t y  of B r i t i s h  

Columbia Research Forest  a t  Haney, B.C., a coas t a l  r a i n  

fo res t .  Samples of deermice taken fo r  autopsy were co l lec ted  

a s  reported i n  Sad le i r  -- e t  a l .  (1973). Food items occurring 

i n  s l i d e  preparat ions of a subsample of  stomach contents 

(Harling and McClaren, 1970, Sad le i r  -- e t  a l . ,  1973) were checked 

aga ins t  a reference co l l ec t ion  of vegetat ion samples co l lec ted  

from the  sampling areas.  

W e t  weights of stomach contents from autopsied mice w e r e  

grouped according t o  month of co l l ec t ion  and categor ies  of 

reproductive condition. The wet weights of  stomach contents 

were not  normally d i s t r i bu t ed ,  s o  each value was replaced by 

i t s  log, value which produced a normal d i s t r i bu t ion .  They 

were ca lcu la ted  on a rng wet weight per  g mouse bas i s  (i.e. 

" r e l a t i v e  weights") ,  t he  o r i g i n a l  t o t a l  weight of a mouse 

being considered a s  i t s  body w e t  weight minus t h e  stomach 

content  w e t  weight. The "absolute wet weights" (i.e. w e t  

weight per  whole mouse) of stomach contents  were a l s o  cal -  

cula ted  f o r  each reproductive category. 

The subsample f o r  food i t e m  ana lys i s  was taken from t h e  

stomach contents  before  t he .  remainder was dr ied  and there fore  

t h e  t o t a l  dry weight of each stomach could not  be d i r e c t l y  
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determined. I t  w a s  der ived  i n s t e a d  from t h e  known wet weight 

of  the complete con ten t s  and t h e  w a t e r  content  o f  t h e  p o r t i o n  

remaining a f t e r  t h e  food i t e m  subsample had been taken. The 

percentage water  content  was c a l c u l a t e d  b y  drying t h e  remain- 

0 
ing  stomach con ten t  sample t o  cons tan t  weight a t  100 C. 

Live-trapping methods were as repor ted  by Pe t t i c rew and 

S a d l e i r  (1973). Some o f  t h e i r  d a t a  (estimates of  monthly 

popula t ions  p e r  ha and mean monthly body weights )  w e r e  

u t i l i z e d  i n  t h e  p r e s e n t  s tudy  i n  c a l c u l a t i n g  i n d i v i d u a l  24  h 

consumption and c a l o r i c  consumption o f  t h e  t o t a l  populat ion 

of deermice p e r  ha per  24  h. 
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RESULTS 

The frequency of  occurrence i n  stomach contents  of food 

i t e m s  i s  shown i n  Fig. 7, Arthropod fragments ( e l y t r a ,  legs  

and l a r v a l  s t a g e s )  and anne l id  p a r t s  (small o l igochaete  s p , )  

occurred i n  stomachs a t  a l l  times of  t h e  year  except i n  

December, 1970. Fungi, mainly Endoqone sp. ( ~ p p e n d i x  B)  

occurred l e a s t  f requent ly  i n  t h e  e a r l y  months of any year,  

Green vegeta t ion  (leaves and stems) was found in f requen t ly  

and usua l ly  only i n  spring.  Berries (red and b lue  huckle- 

berries ( ~ a c c i n i u m  parvifolium and 1. o v a l i  folium) , salmon- 

berries (Rubus spec tab i  l i s  ) and ground blackberry (Rubus 

u r s i n u s ) )  occurred exclus ively  i n  summer and e a r l y  f a l l  

months, and t h e  presence of any be r ry  spec ies  corresponded 

c lo se ly  t o  i t s  observable occurrence i n  t h e  wild,  Tree seeds 

(seed coats  and endosperm of  Douglas f i r  (Pseudotsuga 

menzies i i )  , western hemlock (Tsuqa he te rophyl la )  and western 

red  cedar (Thuja p l i c a t a ) )  were represented  i n  samples from 

winter  months, when they composed a major p a r t  of t h e  d i e t .  

Figure 8 shows t h e  h igh ly  skewed d i s t r i b u t i o n  o f  t h e  wet 

weights of  a l l  stomachs co l l ec t ed  ( n  = 665)- Table VIII 

shows t h e  monthly mean wet weights ( log x and equivalent  
e 

a r i t hme t i c  x), percentage water con ten t ,  and dry weights of 

stomach contents .  The stomach content  weights were extremely 



Figure  7 - Frequency o f  occurrence o f  major food items 

i n  stomach c o n t e n t s  o f  deermice. 
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ARTHROPODS & ANNELIDS 

FUNGI 
GREEN VEGETATION 

BERRIES 
TREE SEEDS 

O N D  J F M A M J J A S  
10 10 5 5 10 8 8 10 2 

J F M A M J J A S  
10 10 10 6 10 10 10 10 1010 10 10 10 

PROPORTION OF STOMACHS EXAMINED 

50% PER-MONTH CONTAINING THAT ITEM 



Figure 8 - Histogram of d i s t r i bu t ion  of wet weights of 

a l l  stomachs collected.  
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var iab le  fo r  a l l  months i n  any given year  and'among s p e c i f i c  

months i n  d i f f e r e n t  years (e.g. compare February 1969, 1970 

and 1971). 

Table I X  shows the  mean " r e l a t i v e  weights" (log, x and 

equivalent  a r i thmet ic  x) of stomach contents fo r  t he  d i f f e r e n t  

reproductive c lasses  of deermice. There was v a r i a b i l i t y  i n  

these  weights between the  d i f f e r e n t  c lasses  bu t  no s i g n i f i c a n t  

d i f ferences  a t  t h e  5% l e v e l  ( " t "  tes t )  were present.  The 

t o t a l  w e t  weights (i. e. "absolute weights") showed the  same 

pat tern .  The mean t o t a l  w e t  weight of stomach contents of 

l a c t a t i n g  females (whether pregnant o r  no t )  was found t o  be 

the  heav ies t  . 
I n  order  t o  est imate the  weight of  a f u l l  stomach, t he  

mean of t he  heav ies t  10% values was calculated.  The heavies t  

10% values were considered t o  represent  t h e  weights of f u l l  

stomachs because when autopsied, stomach contents weighing i n  

t h i s  range appeared t o  f u l l y  d is tend t h e  stomach wall.  The 

mean weight of these  stomachs (log, x + 1 S.D. : 9.43 + 0.28, 

- 
n = 66, a r i t hme t i c  equivalent  of log x = 125.0 mg/g e 

mouse) was almost t h r ee  and one h a l f  t i m e s  g r ea t e r  than the  

mean weight of a l l  samples (log + 1 S.D. : 8.18 + 0.75, 
e - 

- 
n = 665, a r i t hme t i c  equivalent  of log x = 35.8 mg/g mouse). e 

The ove ra l l  mean dry  weight of a l l  samples was 10.74 mg/g 
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mouse. 

The c a l o r i c  values of stomach contents  were normally 

d i s t r i b u t e d  and t h e  monthly mean va lues  a r e  shown i n  Fig. 9. 

The monthly means i n  t h e  combined d a t a  w e r e  not  s i g n i f i c a n t l y  

d i f f e r e n t  (P < 0.05) from t h e  o v e r a l l  mean of  t h e  whole study. 

Monthly samples were c o l l e c t e d  a l t e r n a t e l y  from s l a s h  

( r e c e n t l y  logged) and f o r e s t  h a b i t a t s .  When c a l o r i c  va lues  

o f  stomach con ten t s  o f  mice from each h a b i t a t  were combined 

by year  groups (Table X) a s i g n i f i c a n t  d i f f e r e n c e  (P < 0.05) 

w a s  found on ly  i n  1969. The o v e r a l l  mean c a l o r i c  va lue  o f  

mouse food i n  s l a s h  ( a l l  yea r s )  w a s  no t  s i g n i f i c a n t l y  d i f f e r e n t  

from t h e  o v e r a l l  mean i n  t h e  f o r e s t  ( a l l  y e a r s ) .  Therefore,  

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

c a l o r i c  d i f f e r e n c e s  i n  stomach contents .  

The mean c a l o r i c  va lues  i n  d i f f e r e n t  reproduct ive  c l a s s e s  

(Table X I )  w e r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o v e r a l l  

mean. However, when c a l o r i c  va lues  were grouped according t o  

t h e  seasona l  breeding condi t ion  f o r  males and females (Table 

X I I )  some s i g n i f i c a n t  d i f f e r e n c e s  w e r e  revealed.  I n  1969, 

breeding f e p l e s  had a s i g n i f i c a n t l y  h igher  ( " t "  test ,  

P < 0.05) mean c a l o r i c  va lue  f o r  stomach contents  than breed- 

ing  males b u t  t h i s  d i f f e r e n c e  was not  ev iden t  i n  o t h e r  years .  
* 

The comparison between male o r  female breeding o r  non-breeding 



Figure  9 - Monthly changes i n  mean c a l o r i c  va lue  of  

stomach contents .  
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TABLE X - Annual c a l o r i c  values (z + 1 S.D.) o f  
stomach contents  c o l l e c t e d  s e p a r a t e l y  from 
s l a s h  and f o r e s t  h a b i t a t s .  . 

A l l  
1968 1969 197 0 197 1 Years 

* 
6.09 6.04 5.85 6.43 6.07 

1. Slash  - +O. 57 - +0.48 ~ 0 . 6 7  - +0.57 LO. 61  

(38) (7 0 (62 (44 ) (214) 

6.05 5.81 6.03 6.41 6.06 

2. Fores t  +0.37 - - +0.55 - +0.61 20.72 - +O. 64 

(24) (57 1 (48 (47 1 (176) 

* Calo r i c  va lues  expressed a s  kcal/g ash f r e e  dry 
weight 

t S i g n i f i c a n t  d i f f e r ence  a t  5% l e v e l  



TABLE XI - C a l o r i c  va lues  (z + 1 S.D. ) o f  stomach contents  
of d i f f e r e n t  repro&ctive classes o f  deermice. 

non-breeding 

cycl ing  

- - -- 

pregnant 

pregnant and l a c t a t i n g  

l a c t a t i n g  

non-breeding 

in te rmedia te  

breeding 

juveni l e s  

d d j uven i l e s  

o v e r a l l  mean 

t C a l o r i c  va lues  expressed as kcal/g a s h  f r e e  dry 
weight  



TABLE XI1 - C a l o r i c  va lues  (% + 1 S.D.) of  stomach con ten t s ,  
by  breeding season, o f  male and female deermice 
and t h e i r  comparisons w i t h  t h e  o v e r a l l  mean 
(Table X ) .  

Y e a r  Breeding 
cond i t ion  

S i g n i f i c a n t  

Stomach con ten t  d i f f e r e n c e  o f  

c a l o r i c  va lue  i n d i v i d u a l  va lues  
compared t o  o v e r a l l  
mean (6.07 + 0.52) 

- 

1969 Breeding ? ?  5.99 + 0.44 (33) 
dd 5.63 20.81 (28) * 

197 0 Breeding ? ?  5.81 + 0.53 (19) * 
dd 5.91 + 0.53 (33) 

197 1 Breeding ? ?  6.51 + 0.63 (25) * 
dd 6.47 - + 0.58 (33) * 

't C a l o r i c  va lues  expressed as kcal/g a s h  free dry  weight 

* S i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l  
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groups wi th  t h e  o v e r a l l  mean showed s e v e r a l  s i g n i f i c a n t  

d i f f e rences  ( " t "  test) .  There w a s ,  however, no o v e r t  r egu la r  

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

A frequency d i s t r i b u t i o n  of c a l o r i c  values of  f e c a l  

contents  was normally d i s t r i b u t e d  and monthly means a r e  

shown $n Fig, 10. When f e c a l  samples from mice caught i n  

s l a s h  a r e a s  w e r e  compared wi th  those  from f o r e s t  mice i n  

each year  (Table X I I I )  f o r e s t  samples w e r e  s i g n i f i c a n t l y  

h igher  ( "  t" t e s t ,  P < 0.05) i n  c a l o r i c  va lue  i n  two out  of 

t h e  t h r e e  years  represented.  The o v e r a l l  c a l o r i c  value of 

feces  fox mice sampled from the '  f o r e s t  w a s  a l s o  s i g n i f i c a n t l y  

h igher  (P < 0.05) than t h e  c a l o r i c  va lue  i n  s l a sh .  Such 

d i f fe rences  are n o t  considered important i n  later est imating 

consumption from t h i s  parameter because defeca t ion  only 

amounts t o  loo% of  consumption (Sad le i r  - e t  -- a 1  8 1973). 



Figure 10 - Monthly changes i n  mean ca lor ic  content of 

feces taken from deermice a t  autopsy. 
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TABLE XI11 - Annual ca lo r i c  values (2 + 1 S.D. ) '  of f eca l  
contents col lected separa te ly  from s l a sh  and 
f o r e s t  hab i ta t s .  

A l l  
1969 1970 197 1 Years 

5.61 t 5-38 5.52 5.48 

1, Slash - +O. 58 - +O. 64 - +O, 63 - +O. 62 

(35 1 (61) (40 1 (1361 

5.97 5.63 5.46 5.63 

2. Forest  - +O.  65 - +O. 63 - +0.44 - +0.59 

(25 1 (53 1 (54 (1321 

t Calor ic  values expressed as kcal/g ash f r e e  
dry weight 

* Sign i f i can t  d i f ference a t  5% l e v e l  between 1 and 2 
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DISCUSSION 

The frequency o f  occurrence o f  food i tems i n  stomach 

con ten t s ,  a s  shown i n  Fig. 7 ,  i n d i c a t e d  d i s t i n c t  seasonal  

t r ends  i n  consumption which appeared t o  b e  c o r r e l a t e d  w i t h  

1 

t h e i r  a v a i l a b i l i t y  i n  the wi ld .  Tree  seeds were consumed as 

a major i t e m  p r i m a r i l y  i n  win te r  and w e r e  rep laced  i n  summer 

by b e r r i e s .  ' Consumption of green  vege ta t ion  occurred mainly 

i n  spr ingt ime,  br idging  t h e  gap between t h e  a v a i l a b i l i t y  of  

t r e e  seeds and ber r ies . '  Arthropods and anne l ids  were s t a p l e  

i t e m s  and may have been c o n s i s t e n t l y  a v a i l a b l e  i n  t h e  burrow 

systems of  t h e  mice, thus  providing some a v a i l a b l e  food a l l  

year . '  The fungi  were probably a l s o  a v a i l a b l e  i n  t h e  burrows 

almost  a l l  y e a r . 9 h e  occurrence of fungi  as a food i t e m  i s  

d iscussed  more f u l l y  i n  Harl ing and McClaren (1970). Dyke (1971) 

and Williams (1959) have a l s o  found fungi  i n  stomachs o f  w i l d  

deermice. My r e s u l t s  sugges t  t h a t  Peromyscus i s  an  extremely 

mobile feeder  i n  any h a b i t a t  i t  occupies and does n o t  appear  

t o  e x h i b i t  a pronounced dependence on s p e c i f i c  food i t e m s .  

This  ag rees  wi th  t h e  view of  Dyke (1971). 

The s l i g h t  seasona l  f l u c t u a t i o n s  i n  percentage water  i n  

t h e  stomach contents  (Table V I I I )  was probably due t o  t h e  

propor t ions  o f  p a r t i c u l a r  food i t e m s  p resen t .  A s  t r e e  seeds 

are d r i e r  than  b e r r i e s  t h e  stomach con ten t s  tended t o  be drier 

i n  win te r  months (compare t h e  percentage  water  content  w i t h  



occurrence of seeds i n  Fig. 7 ) .  

The data  given i n  Tables VIII and I X  and shown i n  Fig. 8 

indicated t h a t  t h e  frequency d i s t r i b u t i o n  of stomach content 

w e t  weights represented i n  the  autopsy samples co l lec ted  did 

not  conform t o  t h e  normal curve. I n i t i a l l y  it was suspected 

t h a t  t h i s  skewed d i s t r i b u t i o n  was due t o  capture of a majori ty 

of mice soon a f t e r  t he  onset of t h e i r  a c t i v i t y  when feeding 

had j u s t  commenced s o  t h a t  t h e i r  stomachs were r e l a t i v e l y  

empty. However, a s  explained i n  Chapter I ,  i t  i s  considered 

t h a t  t h i s  d i s t r i b u t i o n  i s  represen ta t ive  of stomach content 

weights of mice a c t i v e  out of t he  nes t  over t he  night  period. 

During the  f i r s t  captures t h e  mice had r e l a t i v e l y  empty 

stomachs. The l ikel ihood of  capture would be e f f ec t ive ly  

reduced subsequently a s  the  stomachs f i l l e d  and searching 

a c t i v i t y  decreased. 

I t  i s  d i f f i c u l t  t o  def ine  a " f u l l "  stomach. I n  the  

majori ty of t h e  665 stomachs examined t h e  stomach walls  were 

p a r t i a l l y  collapsed and the  volume of food there in  occupied 

much l e s s  than h a l f  t h e  poss ible  stomach capacity. The small 

number of heavy stomachs i n  the  top 10ok of t he  weight range 

w e r e  distended and the  stomachs seemed f u l l  t o  capacity. I t  

was thus considered t h a t  t he  mean of t he  top 1Wk weight range 

represented the  weight of  food i n  a f u l l  stomach. The ove ra l l  
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mean wet weight of stomach contents was considerably less  than 

half  gf the  top 10% mean. I f  thig s i tua t ion  i s  common for 

wild rodents then Meese (1971),  following Golley's (1960) 

suggeetion t h a t  the  average weight of stomachs could be taken 

as ha$f the f u l l  weight, probably underestimated the dai ly  

energy consumption of the bank vole (Clethrionomys qlareolus ) . 
Alternatively,  the  stomach of the mare omnivorous 2. maniculatus 

f i l l s  i n  a d i f f e ren t  manner t o  t h a t  of the  r e l a t ive ly  

herbivorous bank vole. Golley (1960) does not comment about 

the normality of the  d is t r ibut ion  of h i s  samples and hence may 

have seriously underestimated the correct  mean value of h i s  

samples. Thus the  difference between mean and f u l l  content 

weight i s  an important factor t o  in t e rp re t  correct ly  i n  estimat- 

ing coosumption by wild rodents. 

A s  reported i n  Chapter I an attempt t o  determine r a t e  of 

passage for  deermice i n  the wild was not successful. I n  the 

absence of such data it was not possible t o  r e l a t e  mean stomach 

weighfs t o  r a t e  of passage i n  calculating a r e l i ab le  estimate 

of wild consumption. I t  i s  t o  be noted t h a t  the  consumption 

estimates of Golley (1960) and Meese (1971) were not based on 

a f i e l d  estimate of r a t e  of passage, but on one determined i n  

the laboratory. I f  the r a t e  of passage i n  the wild i s  d i f fe rent  

t o  tha t  i n  the laboratory t h e i r  estimates of consumption ntight 



be f u r t h e r  influenced. 

1 suggested i n  Chapter I t h a t  deermice were a c t i v e  almost 

a l l  night .  S ince  deermice had low stomach content  weights 

during most o f  t h e  n igh t  it appears t h a t  they a r e  feeding 

almost a l l  n i g h t  i n  order  t o  m e e t  energy requirements. The 

mean content  dry  weight determined i n  t h i s  s tudy was 10.74 mg 

per  g mouse. This  d ry  weight had a n  "absolu te"  value o f  

0.068 k c a l ,  based on t h e  o v e r a l l  stomach c a l o r i c  value per  

g d ry  weight given i n  S a d l e i r  -- e t  al .  (1973). Thus t h e  t o t a l  

2 4  h dry  weight (per  mouse) consumption would have t o  be  i n  

t h e  order  of  30 times g r e a t e r  than  t h e  mean d r y  weight of 

stomaah contents  i n  June and 42  times g r e a t e r  i n  December t o  

s a t i s f y  t h e  2 4  h consumption es t imates  g iven  i n  column K of 

Table XIV. I t  should be noted, hawever, t h a t  t h e  mean 

" r e l a t i v e "  2 4  h consumption on which t h i s  i s  based i s  f o r  t h e  

maximal p o s s i b l e  a c t i v i t y  per iod  o f  t h e  animal (Sadle i r  e t  a l . ,  

1973). I t  i s  p o s s i b l e  t h a t  t h e  mean weight of stomach contents  

i s  not  a s a t i s f a c t o r y  parameter i n  combination wi th  r a t e  of 

passage information f o r  es t imat ing  consumption i n  t h e  wi ld  

becauee mice w i t h  f u l l  stomachs may no t  be en te r ing  t r a p s  b u t  

r e t u r q i n g  t o  nes ts .  Hence a bias i n  determining mean stomach 

weights would r e s u l t .  Also because t h e  rate o f  passage of  

food i tems through Peromyscus was n o t  s a t i s f a c t o r i l y  de tef -  
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mined i n  t h e  wi ld  it w a s  no t  p o s s i b l e  t o  r e l a t e  t h e  consumption 

amounts mentioned above t o  t h e  maximum consumption which could 

poss ib ly  occur i n  t h e  wild.  

~ e b c z ~ d s k i  (1966) and Grodzikski and G&ecki (1967) have 
I 

suggested t h a t  t h e  European Apodemus, an  eco log ica l  counter- 

p a r t  pf t h e  North American Peromyscus, i s  less a c t i v e  i n  

win te r  and hence has a lower energy budget than i n  summer. 

I f  Psronyscus followed this p a t t e r n ,  it could be suggested 

t h a t  the mouse would emerge and feed f o r  only a s h o r t  t i m e ,  

( longer exposure t o  cold  temperatures would i n c r e a s e  t h e  

energy budget) and i n g e s t  food rapid ly .  I f  t h i s  were t r u e ,  

one would expect t h e  autopsy stomach content  weights t o  be 

h i g h e ~  i n  win te r  months because t h e  inc idence  of f u l l e r  

s t o m c h s  would be  increased,  Such a p a t t e r n  d i d  no t  emerge 

i n  the p resen t  study. Therefore,  I conclude t h a t  deermice 

were feeding during a major por t ion  of their out  of t h e  n e s t  

a c t i v 4 t y  per iod  i n  any given n igh t  of t h e  year. A s  f u l l  

stomachs were rare, it appears t h a t  feeding maintains contents  

a t  about t h e  mean weight observed i n  t h i s  study. 

Only pregnant,  o r  pregnant and l a c t a t i n g  females, showed 

ind icq t ions  of  h igher  stomach content  weights (see Table IX) 
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when determined on q whole body weight bas i s ,  suggesting t h a t  

they probably fed fq s t e r  and consumed more food over a shor te r  

period, Pregnant and lac ta t ing  females were a l s o  trapped i n  

daytime i n  mid-summer (Harling, 1971). The night feeding of 

1actatAng females would be in ter rupted because they were 

sucklipg young i n  t h e i r  nests .  Such females a l s o  needed ex t ra  

food to meet t h e i r  increased energy budget required by preg- 

nancy and l ac t a t i on  (Sadleir  e t  a l . ,  1973). A l l  of the  above 

fac tors  could have contributed t o  t h e  feeding pa t te rn  of such 

females extending i n t o  the  daytime. 

Because the  ca lo r i c  value per g ash  f r e e  dry weight of 

stomach contents was s imi la r  a t  a l l  t i m e s  of the  year (see 

Fig. 9) and did  not  consis tent ly  d i f f e r  between s l a sh  and 

f o r e s t  hab i t a t s  (Table X ) ,  t he re  would be no major d i f ference  

i n  the  c a l o r i c  value obtained from the  same weight of food 

eaten a t  d i f f e r e n t  times of the  year. I f  searching 

t i m e  fo r  s p e c i f i c  foods d i f f e r ed  from season t o  season, 

then if i s  poss ible  t h a t  the  same gross c a l o r i c  value 

might be obtained more r ead i ly  a t  some t i m e s  of t he  

year than a t  others.  I f ,  f o r  example, t r e e  seeds were 

more rap id ly  obtained i n  winter than b e r r i e s  were i n  summer, 

the  energy requirement would be more quickly met i n  wintertime 
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and t h e  mice could be  less a c t i v e  over a win te r  night .  However, 

as shown i n  Chapter I t h e  mice were a c t i v e  throughout w i n t e r  

n igh t s .  Also  i f ,  f o r  example, more food w a s  obtained pe r  

"out ing" i n  winter t ime one would expect  t o  cap tu re  more mice 

wi th  heav ie r  stomach contents ,  b u t  as mentioned previous ly  

this cond i t ion  was no t  evident .  

None of t h e  breeding c l a s s e s  (Table XI)  appeared t o  

s e l e c t i v e l y  choose foods of  h igher  c a l o r i c  value.' Thus, t ime 

spen t  feeding would probably b e  t h e  same f o r  each c l a s s  t o  

o b t a i n  an  equal  amount of  energy. I t  has a l r e a d y  been noted 

t h a t  l a c t a t i n g  females fed f o r  longer  per iods  t o  ob ta in  t h e i r  

e x t r a  energy requirements ." Because t h e r e  were no c o n s i s t e n t  

annual  p a t t e r n s  f o r  f l u c t u a t i o n s  i n  c a l o r i c  values of  stomach 

contents  i n  d i f f e r e n t  yea r s ,  I concluded t h a t  no s p e c i f i c  

/ 
- energy s e l e c t i o n  was occurring. The d i f f e r e n c e s  probably 

r e f l e c t e d  only t h e  v a r i a b i l i t y  i n  seasona l  occurrences of  t h e  

var ious  food i tems. 

Because t h e r e  was no l a r g e  d i f f e r e n c e  i n  f e c a l  c a l o r i c  

values throughout t h e  year ,  o r  from s l a s h  t o  f o r e s t  h a b i t a t s  
t 

(Table XI11 and Fig. l o ) ,  t h e  c a l o r i c  con ten t  (per  g f e c e s )  
1" 
; should no t  i n f l u e n c e  t h e  a s s i m i l a t i o n  e f f i c i e n c y  of t h e  mice 

a t  any t ime of t h e  year.  Thus, t h e r e  should b e  no l a r g e  

increment,  o r  decrease,  i n  t i m e  r equ i red  t o  o b t a i n  food a s  a 
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r e s u l t  o f  t h e  a s s i m i l a t i o n  e f f i c i e n c y  changing. 

Because of  coapera t ive  da ta  c o l l e c t i o n  undertaken i n  t h i s  

research  p r o j e c t  it w a s  p o s s i b l e  t o  u t i l i z e  da ta  repor ted  by 

Petticrew (1973) i n  h i s  p a r a l l e l  s tudy on deermice population 

d y n a d c s ,  i n  es t imat ing  t h e  t o t a l  c a l o r i c  consumption of a 

deermouse populat ion over an e n t i r e  year ,  I n  Table M V  

t h e  mean weight (column W) and t h e  population d e n s i t y  

(column N )  are derived from Pet t ic rew (1973) who trapped on 

t h r e e  s e p a r a t e  g r i d s  over a t h r e e  year  per iod,  The r e l a t i v e  

i n d i v i d u a l  c a l o r i c  consumption (column K) w a s  der ived from 

t h e  est imated a s s i m i l a t i o n  shown i n  Table XIX (Chapter 111) 

by addus t i n g  f o r  t h e  87% d i g e s t i b i l i t y  c o e f f i c i e n t .  The 

d a i l y  c a l o r i c  consumption, by months, of  ind iv idua l s  (column 

C i )  and of  t h e  population as a whole (column Cp) a r e  a l s o  

shown i n  Table XIV. 

The i n d i v i d u a l  consumption f i g u r e s  are a t  a maximum 

i n  w i n t e r  months and a t  a minimum i n  s u m e r  months because of 

seasonal  d i f f e rences  i n  energy requirement. The t o t a l  pop- 

u l a t i o n  consumption f igures  remained r e l a t i v e l y  constant  

from January through September and then increased  and remained 

cons tan t  a t  a h igher  l e v e l  from October through December.  



TABLE XIV - Monthly mean da ta  p e r t a i n i n g  t o  i n d i v i d u a l  
and t o t a l  popula t ion  c a l o r i c  consumption. 

Month Mean Mean Mean 24 h Consumption Consumption 
mouse number of consumption p e r  mean of  t o t a l  
weight mice (kca l /  mouse populat ion 
(9). p e r  ha g body (kca1/24 h )  (kca1/24 h/ 

weight)  ha 

JAN 

FEB 

MAR 

APR 

MAY 

J U N  

JUL 

AUG 

SEP 

om 
NOV 

DEC 

Overa l l  mean va lue  38.44 909 

S . D .  ~ 4 . 5 5  - + 109 

x annual  consumption 5 
3.22 x 10 kca l /ha  



The i n c r e a s e  i n  population consumption r e f l e c t s  t h e  inc rease  

i n  d e n s i t y  which occurs i n  deermouse populat ions i n  f a l l  and 

e a r l y  winter. '  The population then drops s t e a d i l y  and by t h e  

following sp r ing  it i s  a t  i t s  smal l e s t  s i z e  when t h e  repro- 

/ 

duc t ive  season recommences. 

Op average t h e  t o t a l  populat ion consumed 909 2 109 kcal /  

ha/day (Table X I V ) ,  giving  an annual consumption of 3.32 x 

lo5  kcal/ha.  This  i s  a maximum es t ima te  f o r  reasons 

discussed i n  d e t a i l  i n  S a d l e i r  -- e t  a l . ,  (1973). Thus t h e  

a c t u a l  consumption f i g u r e  may be lower than  t h i s  b u t  it 

correeponds approximately t o  t h e  annual consumption of  

5 
2.50 x 10 k c a l  by a Microtus populat ion est imated by 

Golley (1960). I t  i s  noted, however, t h a t  h i s  Microtus 

populat ion had a h igher  biomass per  ha than  my Peromyscus 

population. The val,ue der ived i n  t h e  p resen t  s tudy 

d i f f e r s  considerably from t h e  1.28 x 10' k c a l  f o r  small 

rodents  i n  a European beech f o r e s t ,  as est imated by 

Grodzipski,  e t  a l . ,  (1970). This  d i f f e r e n c e  i s  p r imar i ly  

due t o  t h e i r  assumption t h a t  t h e  rodents  a r e  on a decreased 

energy budget i n  win te r ,  whereas Peromyscus i n  t h e  present  



s tudy  i s  assumed t o  be on a h igher  energy budget.  i n  winter .  

This  d i f f e r e n c e  i s  d i s c u s s e d  i n  more d e t a i l  i n  Chapter 111. 
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CHAPTER 111 

I n t a k e  and Requirements of Energy and p r o t e i n  

R e l a t i v e  t o  Breeding Durat ion 

INTRODUCTION 

The i n f l u e n c e  of n u t r i t i o n  and temperature on breeding i n  

w i l d  rodents  i n  temperate zones has no t  been adequately 

determined, a l though it has been f requen t ly  suggested t h a t  

t h e s e  parameters govern t h e  length  of t h e  reproduct ive  season. 

Many workers have documented v a r i e d  l eng ths  o f  breeding i n  

d i f f e r e n t  yea r s  (reviewed i n  S a d l e i r ,  1969a, 1969b) and some 

have suggested,  - a p o s t e r i o r i ,  t h a t  extended breeding seasons 

r e s u l t e d  from a s u r p l u s  of  n a t u r a l  food o r  mild temperatures 

(Ashby, 1967; F u l l e r ,  1969)-  Much i s  known of  metabolism 

r a t e s  i n  small rodents  under va r ious  temperature condi t ions  

f 1 
i n  t h e  l a b o r a t o r y  (Grodzinski , 1961; McNab, 1963 ; Gorecki, 

/ 
1965 ; Hayward, l965a ; Gfbczynski, 1966; Johnson and Groepper, 

1970) as w e l l  as t h e  inc reased  energy c o s t s  o f  pregnancy and 

l a c t a t i o n  (Migula, 1969; Kaczmarski , 1966) , There have been, 

however, few a t t empts  t o  document s e a s o n a l  v a r i a t i o n  i n  food 

consumption i n  w i l d  rodents .  A s  a r e s u l t ,  l i t t l e  i s  known as 

t o  whether t h e  metabol ic  requirement f o r  breeding can be m e t  

a t  a l l  seasons of t h e  year.  

Th i s  chap te r  r e p o r t s  an  a t t empt  t o  determine t h e  rela- 
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t i onsh ip  between energy and pro te in  requirements and consump- 

t i o n  fo r  breeding i n  t h e  deermouse Peromyscus k n i c u l a t u s .  

The hypotheses were 1) t h a t  deermice can obta in  t h e i r  energy 

requirements f o r  reproduction a t  a l l  t i m e s  of t he  year and 

2 )  t h a t  deermice can obta in  t h e i r  p ro t e in  requirements f o r  

reproduction a t  a l l  times of t h e  year. 

Although the re  have been previous measurements of d i e 1  

a c t i v i t y  of deermice i n  t he  laboratory and i n  f i e l d  pens 

(reviewed by F a l l s ,  1968), l i t t l e  i s  known of t he  s i t u a t i o n  

i n  the  wild. The use of a c t i v i t y  l i n e s  (Harling, 1971) 

allowed measurement of t he  durat ion of nocturnal  a c t i v i t y  and 

the  f e c a l  production r a t e  of small mammals i n  t he  f i e ld .  These 

measurements i n  conjunction wi th  laboratory  data  enabled the  

der iva t ion  of  an est imate of consumption r a t e s  i n  t he  wild. 

- Johnson and Groepper (1970) repor ted on the  p ro te in  

contents  of stomachs of small numbers of samples of s eve ra l  

species  of rodent (including g. maniculatus) . This appears t o  

be  the  only previous i nves t iga t ion  of p ro te in  ingested by 
b 
!' 

i e small mammals i n  t he  wild. The r o l e  of p ro te in  i n  the  repro- 

[ duction of laboratory rodents i s  w e l l  known (Russell ,  1948) 

b u t  i t s  e f f e c t s  on reproduction of f e r a l  species a r e  undetermined. 

Although ni t rogen balance was not  measured i n  t h i s  study, it 

was poss ib le  t o  compare the  p ro te in  requirements of reproduc- 
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t i on  i n  wild deermice with estimates of t h e i r ,  

sumption. 

protein con- 



METHODS 

This s tudy was ca r r i ed  out  i n  the  Universi ty of B r i t i s h  

Columbia Research Forest  a t  Haney, B.C., a coas t a l  r a i n  fo re s t .  

sampled f o r  autopsy were taken wi thin  an a l t i t u d e  range of 

90 m and 250 m from October, 1968 t o  September, 1971 i n  

h a b i t a t s  s imi l a r  t o  those described by Petticrew and Sadle i r  

(1970). Samples were taken i n  a l t e r n a t e  months from logged 

and unlogged areas .  Snap t raps  w e r e  ba i t ed  wi th  oil-soaked 

s t r i n g  t o  e l iminate  b a i t  consumption. Snap-trapped deermice 

w e r e  frozen u n t i l  autopsy. 

Defecation r a t e s  were determined from September, 1970 t o  

August, 1971 by holding wild caught deermice fo r  approximately 

one hour periods i n  Longworth l i v e  t raps .  ' I n  order t o  fac- 

i l i t a t e  f e c a l  removal bedding was no t  provided i n  t he  traps.  

E l e c t r i c a l l y  monitored t r a p  l i n e s  (Harling , 197 1) showed t h e  

exact  t i m e s  of capture s o  t h a t  f e c a l  production r a t e s  could be 

determined. Over t he  same period animals were trapped and 

immediately re leased t o  determine t h e  length of t h e i r  nocturnal 

a c t i v i t y .  Two o r  t h r e e  nights  of observations i n  each month 

showed t h a t  t he  average time of f i r s t  capture was one hour 

a f t e r  sunset  and a l l  captures ceased no l a t e r  than one hour 

1 
Detai led i n  Chapter I. 



before  sunr i se .  The a - c t i v i t y  per iod  was t h e r e f o r e  taken a s  

the  length of n i g h t  on 15th/16th of t h e  month minus two hours 

( see  Table Xv) . 
AuFopsies were c a r r i e d  out  immediately a f t e r  thawing. 

Deermice were weighed, mammaries inspected  and t h e  stomach, 

l i v e r  and reproduct ive t r a c t  removed. A sample of feces  was 

taken from t h e  lower colon of t h e  ev i sce ra ted  animal and d r i e d  

f o r  2 4  h a t  1 0 0 ~ ~  t o  determine water  content .  The stomach 

contents  w e r e  weighed wet and homogenized. A temporary s l i d e  

mount w a s  prepared f o r  inspec t ion  of  food i tems (Harling and 

McClaren, 1970) from a subsample. The remainder was weighed, 

d r i e d  s i m i l a r l y ,  reweighed, and a f u r t h e r  subsample taken f o r  

ca lo rgc  determinat ion using a P h i l l i p s o n  microbomb ca lor imeter  

(Ph i l l ipson ,  1964). A f e c a l  sample from each deermouse was 

s i m i l a r l y  t r e a t e d .  Complete combustion i n  t h e  ca lor imeter  was 

0 
checked by d u p l i c a t e  ashings i n  a muffle furnace a t  600 C. A 

f i n a l  subsample of  stomach contents  and t h e  e n t i r e  l i v e r  were 

0 
d r i e d  a t  100 C ,  ground up and t h e i r  n i t rogen content  determined 

on a perkin-Elmer 240 Elemental Analyser. The n i t rogen values 

were converted t o  p r o t e i n  by mult iplying by 6.25 (Brody, 1945). 

Tes tes  were removed and f ixed  i n  Bouin's  f l u i d ,  imbedded, 

sec t ioned a t  7 p ,  and s t a i n e d  wi th  H a r r i s ' s  haemotoxylin and 

De ta i l ed  i n  Chapter 11. 



eosin.  Ovaries  were removed from female t r a c t s ,  and a f t e r  t h e  

number and cond i t ion  of t h e  corpora l u t e a  were noted, they  

were preserved by  similar techniques and s e r i a l l y  sec t ioned.  

U t e r i  w e r e  sp read  on cards  and t h e  number o f  embryos and/or 

implanta t ion  s c a r s  noted. They w e r e  then  preserved and c l e a r e d  

i n  methyl s a l i c i l a t e  by  t h e  method o f  Brown (1964). 

Males w e r e  considered t o  be breeding when spermatozoa 

were seen  i n  t h e  t e s t i s  tubules .  Non-breeding males exh ib i t ed  

no s i g n  o f  spermatogenesis. Males whose tubu les  showed e i t h e r  

some s t a g e  of  spermatogenesis (without  t h e  process  being 

completed -- developing) ,  o r  s i g n s  o f  decreas ing  i n  s i z e  

( c r ink led  basement membrane -- r e g r e s s i n g ) ,  were c l a s s i f i e d  

as being i n  in te rmedia te  breeding condi t ion .  Adult  females 

were c l a s s i f i e d  as non-breeding when their ovar i e s  showed no 

developing f o l l i c l e s  o r  exh ib i t ed  only  p e r s i s t e n t  corpora 

l u t e a  of t h e  type  descr ibed  by Brown and Conaway (1964). 

Cycling females were n o t  pregnant b u t  had e i t h e r  en larg ing  

f o l l i c l e s ,  developing corpora l u t e a ,  o r  both.  Pregnant females 

had d e t e c t a b l e  embryos &I utero .  

The r e l a t i o n s h i p  between 24 h food consumption and 24 h 

f e c a l  product ion was determined on l abora to ry  deermice i n  

metabolism cages (see  Fig. 11) a t  20Oc w i t h  Purina mouse chow 

and water  supp l i ed  -- ad lib. Consumption and product ion were 



Figure  11 - Metabolism cage used i n  feed ing  experiments.  





s t rong ly  c o r r e l a t e d  (r = 0.98, P ( 0.001, n = 123) and had 

t h e  following regress ion  formula: y = 0 . 1 3 ~  - 0.03 where 

y = g d ry  weight feces  produced/g mouse, and x = g d ry  

weight food consumed/g mouse. The s l o p e  ( B )  had a S. E. of 

0.0065. The proport ion of feces  produced a t  n igh t  was det-  

ermined i n  two experiments ( 2 4  determinat ions each) where 

deermice were fed  fo r  6 h i n  an 8 h n i g h t  (summer condi t ions)  

o r  f o r  $4 h i n  a 16 h n igh t  (winter cond i t ions ) .  The d ry  

weight qf  feces  p resen t  was determined when food was removed, 

2 h l a t e r ,  4 h l a t e r  and f o r  t h e  24  h period,  I n  t h e  6 h 

experiment, 66% of  t h e  t o t a l  24h feces  were produced by t h e  

time food was removed, a f u r t h e r  6% (7296) 2 h l a t e r  and a 

f u r t h e r  2276 (88%) 4 h later, I n  t h e  14 h run, t h e  comparative 

f igures  were 88%, 90% and 92%, i n d i c a t i n g  that wi th  a lengthened 

n igh t ,  deermice produce a h igher  propor t ion  of t h e i r  2 4  h 

f e c a l  production during nighttime, Thus t h e  e s  tirnates of 

24  h f e c a l  production of f i e l d  animals were based on a 

weighted length  o f  a c t i v i t y  c a l l e d  t h e  f e c a l  production time 

a s  shown i n  Table XV. This  t i m e  w a s  taken as t h e  time i n  

which 88% of t h e  t o t a l  2 4  h feces  w a s  produced. 

Energy consumption and a s s i m i l a t i o n  and p r o t e i n  consumption 

i n  t h e  f i e l d  w e r e  es t imated f o r  each month using t h e  da ta  i n  

Table XV and t h e  s e p a r a t e  monthly va lues  f o r  stomach c a l o r i e s  
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and f e c a l  c a l o r i e s  (Table X V I I I )  . Rates of  f e c a l  production 

had only been determined f o r  a twelve month period beginning i n  

August, 1970. The monthly r a t e s  f o r  t h i s  per iod  were appl ied  

t o  t h e  r e spec t ive  months p r i o r  t o  August, 1970 (e.g. t h e  1970 

October f e c a l  production r a t e  of  0.47 x 10-2g d ry  weight/h/g 

body weight was app l i ed  t o  c a l c u l a t e  t h e  October es t imate  of 

a s s i m i l a t i o n  i n  1968 and 1969). Fecal  production times were a 

funct ion of  average day length  i n  t h e  month which w a s  obviously 

cons tant  f o r  each respec t ive  month i n  t h e  d i f f e r e n t  years. 

The f e c a l  production r a t e  ( ~ ~ g / h / g  mouse) was mul t ip l i ed  by 

t h e  f e c a l  production time (t) (Table XV) and cor rec ted  f o r  

daytime f e c a l  production t o  g i v e  an  es t ima te  of 24 h production: 

1.136 F t g/g mouse. On t h e  b a s i s  of t h e  consumption/fecal 
W 

production r e l a t i o n s h i p  descr ibed i n  t h e  preceding paragraph 

an 87% dry mat ter  d i g e s t i b i l i t y  c o e f f i c i e n t  was used t o  

e s t ima te  t h e  weight of food consumed: 8.74 Fwt g/g mouse. 

Droidi  (1968b) found s i m i l a r  d i g e s t i b i l i t y  c o e f f i c i e n t s  f o r  

Apodemus s y l v a t i c u s  and - A. f l a v i c o l l i s  on both  labora tory  and 

mixed n a t u r a l  d i e t s .  The number of c a l o r i e s  consumed w a s  

es t imated hy mult iplying t h i s  f i g u r e  by t h e  c a l o r i c  value of 

t h e  stomach contents  (S kcal/g) t o  g i v e  8.74 FwtSc kcal/g 
C 

mouse. A s  consumption was measured i n  t e r m s  of dry  weight,  

monthly c a l o r i c  values (determined on an a s h  f r e e  b a s i s )  were 
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adjusted t o  dry weight but a l l  others were l e f t  on an ash f ree  

basis.  The number of calor ies  assimilated was determined by 

subtracting from t h i s  estimate the calor ies  l o s t  i n  feces 

(weight of feces (1.136 F t g/g mouse) x fecal  ca lor ic  content 
W 

(Fc kcal/g) = ca lor ic  value of feces (1.136 FwtFc kcal/g mouse). 

A correction factor  was a l so  applied t o  compensate for a 4% 

urine loss (Droidi, 1968b). The protein consumption was 

estimated i n  turn by multiplying the stomach content ca lor ic  

values by the protein/calorie r a t i o  (mg p r o t e i n k c a l )  . 
The estimates of metabolic requirements of deermice i n  

the f i e l d  a r e  based on t h e i r  body weight, average body temp- 

erature,  and the ambient temperature. Over a 1 2  month period, 

the mean monthly s o i l  temperature a t  8" i n  the f i e l d  area 

(which can be taken as  b u r r w  temperature - Hayward, 1965b) 

were the same a s  the  mean monthly a i r  temperatures taken i n  a 

Stevenson screen a t  a permanent meteorological s t a t ion  i n  the 

research forest .  This l a t t e r  measure was therefore considered 

as  the  ambient temperature for each month of the  study with a 

s ingle  exception. In  January, 1969, the  mean a i r  temperature 

dropped below OOC but snow cover would have maintained the 

b u r r w  temperatures a t  not less  than t h i s  figure. The theore- 

t i c a l  BMR for a 24 h period for res t ing deermice ( a t  ambient 

0 temperature 0 - 27Oc) was calculated from formula 2 i n  
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Hayward (1965a) a s  based on a temperature co r rec t ion  f a c t o r  

using t h e  ambient temperature minus t h e  average body temperature 

of 36 .2O~ (Table XV). This was converted t o  k c a l  and increased  

by a s tandard  200b f o r  a l l  deermice t o  inc lude  t h e  metabolic 

increment due t o  a c t i v i t y  (McNab ,  1963). This  gave an  

es t ima te  of t h e  a c t i v e  metabolic r a t e  expressed h e r e  a s  

maxADMR. 

Unfortunately I had no d i r e c t  information a s  t o  t h e  

increased  metabolic c o s t s  of pregnancy and l a c t a t i o n  i n  2. 

maniculatus. Approximate c a l c u l a t i o n s  based on t h e  biomass of 

/ 
young a t  p a r t u r i t i o n  and weaning, and t h e  use of Gorecki 's  

(1965) f i g u r e s  f o r  t h e  c a l o r i c  content  of  newborn and weaned 

A. f  l a v i c o l l i s ,  gave es t imates  of e x t r a  metabolic cos t s  (above - 

normal a c t i v i t y )  of  28% per  day a s  an average during pregnancy 

and of 98% per  day during l a c t a t i o n .  Kaczmarski (1966) showed 

t h a t  t h e  increased  energy requirements above normal a c t i v i t y  

f o r  Clethrionomys q la reo lus  were on average 32% per  day during 

pregnancy and 92% per  day during l a c t a t i o n ,  while  Migula (1969) 

repor ted  24% and 133% r e s p e c t i v e l y  f o r  Microtus a r v a l i s .  A s  

t hese  f i g u r e s  a r e  o f  t h e  same o rde r  a s  those  ca lcu la ted  

empi r i ca l ly  f o r  2. maniculatus,  t h e  maxADMR' s of  pregnant 

deermice were est imated by increas ing  t h e  a c t i v e  metabolic r a t e  

by 28% and of pregnant and l a c t a t i n g ,  o r  l a c t a t i n g  deermice, 



-84- 

by 98%. Protein requirements w e r e  ca l cu la ted  from the  c a l o r i c  

f igures  by applying a correct ion  fac tor  o f  2 .90 mg nitrogen 

excreted per k c a l  maxADMR (Brody, 1945, p. 380 - for  - Mus 

musculus ) . This est imates  the  minimal pro te in  converted from 

nitrogen which i s  required t o  maintain a nitrogen balance. 



RESULTS 

The energy and p ro te in  values of t h e  stomach contents  a r e  

shown i n  Table X V I . l  There i s  no c o n s i s t e n t  p a t t e r n  of d i f -  

ferences ( " t u  test)  between breeding and non-breeding seasons. 

The lack of  s t a t i s t i c a l  d i f f e rences  ( " t "  test)  between t h e  

1 
various reproduct ive c l a s s e s  i n  Table XVII i n d i c a t e s  no 

food s e l e c t i o n  as a funct ion of reproduct ive condition.  

The concent ra t ions  of c a l o r i e s  and p r o t e i n  i n  stomach 

contents  and of c a l o r i e s  i n  feces  f o r  each month a r e  shown i n  

1 
Table X V I I I .  The values shown a r e  t h e  means f o r  both sexes 

using a d u l t s  only. A s  previously mentioned they  were used 

i n  c a l c u l a t i n g  t h e  estimates of a s s i m i l a t i o n  and consumption 

i n  Figs ,  1 2  and 13, Table X I X  shows a s s i m i l a t i o n  es t imates  

f o r  each month of t h e  year which a r e  based on t h e  f e c a l  

production t i m e s  shown i n  Table XV, and on t h e  following 

means (and S.D. I s )  which were determined from t h e  e n t i r e  sample: 

1. Energy value,  stomach contents. .  . . . .5.87 1 + - 0.36 kcal/dry 

1 
The da ta  i n  t h e s e  t a b l e s  a r e  a l s o  included i n  Tables X I  and 
M I  and Figs.  9 and 10. They a r e  repeated h e r e  i n  order  t o  
show t h e  de r iva t ion  of  t h e  p ro te in /ca lo r i e  r a t i o .  

i 2 
These values a r e  given h e r e  a s  kcal/g dry  weight because 

b t h e  consumption/defecation r e l a t i o n s h i p s  were measured i n  
terms of dry weight, Elsewhere i n  t h i s  t h e s i s  t h e  corres-  
ponding values a r e  expressed a s  kcal/g a sh  f r e e  dry weight. 
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Figure 1 2  - Comparison of  est imated a s s i m i l a t i o n  of energy 

and t h e o r e t i c a l  metabolic energy requirements 

f o r  each month of t h e  study. The s o l i d  l i n e  

i n  t h e  a s s i m i l a t i o n  es t imate  i n d i c a t e s  t h e  

per iod  over which monthly determinat ions o f  f e c a l  

production r a t e s  were measured. These monthly 

r a t e s  were a l s o  used i n  c a l c u l a t i n g  ass imi la t ion  

es t imates  i n  r e spec t ive  months p r i o r  t o  August, 

1970 (dot ted  l i n e ) .  





Figure 13 - Comparison of est imated consumption of t o t a l  

p r o t e i n  and t h e o r e t i c a l  p r o t e i n  requirements 

f o r  each month of t h e  study. Symbols a s  i n  

Fig. 1 2 .  The s o l i d  l i n e  on t h e  consumption 

es t ima te  i n d i c a t e s  t h e  per iod over which monthly 

determinat ions of f e c a l  production r a t e s  were 

measured. These monthly r a t e s  were a l s o  used i n  

c a l c u l a t i n g  a s s i m i l a t i o n  es t imates  i n  r e spec t ive  

months p r i o r  t o  August, 1970 (dot ted  l i n e ) .  





TABLE XIX - Comparison of monthly t h e o r e t i  ca 1 metabolic energy 
I requirements (kcal/g body weight/24h) of  two types 

of female deermice wi th  est imated monthly assimila-  
t i o n  (kcal/g body weight/24h) . 

i ~ ~ ~ t h  Active non- Act ive pregnant and Estimated 
, breeding l a c t a t i n g  female 
I a s s i m i l a t i o n  
1 female (22 .  Og) 

(17. Og) 
A t  monthly At monthly A t  3 ' ~  below 
mean mean monthly mean 
temperature temperature temperature 

J A N  1.22 2.06 2.24 

FEB 1.14 1.92 2.11 

MAR 1.13 1.89 2.07 

APR 

MAY 

J U N  

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 



2.  Energy va lue ,  feces . .  . . , . . . . . . . . . . .4.919 + - 0.44 k ~ a l / ~  

dry  weight (n + 267) 1 

3 .  Fecal  production r a t e . .  . . . , . . . . . . . . log value 5.98 t 0.56 e 

(Arithmetic value 0.40 x 1 0 - ~ ) g  d ry  weight/h/g body weight 

The es t imates  of metabolic requirements i n  Table XIX 

were determined f o r  an a c t i v e  non-breeding female of  rep- 

r e s e n t a t i v e  weight (17.0 g )  and f o r  an a c t i v e  pregnant and 

l a c t a t i n g  female of r e p r e s e n t a t i v e  weight (22.0 g ) . The 

ambient temperature used i n  t h e  c a l c u l a t i o n s  was taken a s  

t h e  mean monthly temperature (monthly average maximum + 

monthly average minimum/2). These were based on 10 year  

averages (1958-1967) taken a t  t h e  meteorological  s t a t i o n  a t  

t h e  U.B.C. Research Fores t  main ga te .  

The p r o t e i n  requirements of  each i n d i v i d u a l  deermouse 

w a s  c a l c u l a t e d  on t h e  b a s i s  of i t s  maxADMR, The monthly 

averages of each reproduct ive c l a s s  a r e  shown i n  Fig. 13. 

A s  pe r  footnote  2 ,  page 85. 

, A b e t t e r  f i t  t o  t h e  normal curve was obtained f o r  t h i s  
da ta  by conversion t o  a loge base.  A s  a r e s u l t  t h e  

1 

I a r i t h m e t i c  value of t h e  loge mean d i f f e r s  from t h e  
b uncorrected mean which w a s  repor ted  i n  Harling (1971) 

(see  Appendix A ) ,  
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The q u a n t i t y  of p ro te in  s t o r e d  i n  t h e  l i v e r  and i n  t h e  

ev i sce ra ted  body a r e  shown i n  Tables XVI and XVII. There 

were no s i g n i f i c a n t  d i f f e rences  f o r  t h e s e  parameters between 

reproduct ive seasons o r  between reproduct ive c l a s s e s  of 

deermice. 



DISCUSSION 

Before considering t h e  da ta  i n  terms of t h e  o r i g i n a l  

hypothesis ,  t h e  procedures used i n  es t imat ing  consumption and 

requirements w i l l  be discussed. The major v a r i a b l e  used i n  

determining consumption was t h e  f e c a l  production r a t e  i n  t h e  

f i e l d .  Retent ion o f  a deermouse i n  a t r a p  could inc rease  

t h i s  v a r i a b l e  a s  a r e s u l t  of f r i g h t  o r  t o  e l eva t ion  of  i t s  

metabolic r a t e  because of co ld  s t r e s s .  I f  f r i g h t  r a i s e s  t h e  

f e c a l  production r a t e ,  i t  could be  reasonably expected t h a t  

t h e  weight of  feces  produced during t h e  i n i t i a l  capture  would 

be  h igher  than t h a t  produced during subsequent captures  on 
N 

t h e  same night .  A s  t h i s  d id  not  occur,  it would appear t h a t  

f r i g h t  i s  no t  a major s t imulus t o  f e c a l  ~ o d u c t i o n  under t h e  

condi t ions of  t rapping.  I t  should be noted t h a t  t h e  f e c a l  

r a t e s  were app l i ed  t o  production times which assumed t h a t  t h e  

deermice were a c t u a l l y  defeca t ing  f o r  t h e  e n t i r e  per iod of 

a c t i v i t y .  The mean f e c a l  production r a t e s  i n  t h e  f i e l d  were 

h igher  (t = 16.62, P < 0.001) than those  determined f o r  

labora tory  animals. I f  t h e  f i e l d  r a t e s  were too  high,  t h e  

a s s i m i l a t i o n  and consumption estimates i n  Figs. 12 and 13 

and i n  Table XIX w i l l  be  considerable  overestimates.  

Ass imi la t ion  and consumption es t imates  were a l s o  

dependent upon t h e  d i g e s t i b i l i t y  c o e f f i c i e n t  of 87%. I t  is' 



-95- 

known t h a t  coprophagy occurs i n  P. maniculatus and I have seen 

ind iv idua l s  consuming feces  d i r e c t l y  from t h e  anus. Con- 

sequent ly,  t h e  d i g e s t i b i l i t y  c o e f f i c i e n t  i s  not  a l t e r e d .  I t  

i s  poss ib le  t h a t  f i e l d  condi t ions could a l t e r  t h i s  c o e f f i c i e n t .  

However, it is extremely un l ike ly  t h a t  t h e  c o e f f i c i e n t  would 

be  s i g n i f i c a n t l y  h igher  than 87% i n  t h e  f i e l d  s o  t h a t  again 

t h e  f i g u r e s  g i v e  a maximum es t ima te  of consumption. 

The f i n a l  v a r i a b l e s  used i n  t h e  consumption es t imates  

were t h e  energy and p ro te in  values o f  t h e  stomach contents .  

I t  was not  p o s s i b l e  t o  c a r r y  ou t  r e p l i c a t e  determinations on 

t h e  contents  of  each s e p a r a t e  stomach, s o  that monthly means 

were chosen as the b e s t  es t imate.  This  assumed t h a t  t h e  food 

found i n  t h e  stomachs sampled represented  t h e  range o f  food 

types a v a i l a b l e  i n s i d e  t h a t  month. The es t ima te  of t o t a l  

p r o t e i n  requi red  assumes t h a t  amino a c i d s  a r e  no t  l imi t ing  

and i s  t h e r e f o r e  an overs impl i f i ca t ion  o f  t h e  f i e l d  s i t u a t i o n .  

The seasonal  v a r i a t i o n  i n  food i tems consumed was descr ibed 

and d iscussed  i n  Chapter 11, 

The major va r i ab les  involved i n  t h e  i n d i v i d u a l  determina- 

t i o n  of  b a s a l  metabolic requirements i n  Figs.  1 2  and 13 and i n  

Table XIX were t h e  body weight and ambient temperature. The 

i n c r e a s e  i n  BMR due t o  a c t i v i t y  over a 2 4  h per iod depends on 

t h e  n a t u r e  and length  of a c t i v i t y ,  which i s  d i f f i c u l t  t o  



monitor i n  t h e  f i e l d .  Although ind iv idua l s  w e r e  a c t i v e  

throughout t h e  n i g h t ,  no information i s  a v a i l a b l e  'on haw con- 

t inuous l y  deermice were absent  from t h e i r  n e s t s .  Exact ad jus+.- 

ments of metabolic r a t e  f o r  ambient temperature would involve 

monitoring t h e  a c t i v i t y  of a number of ind iv idua l s  i n  and out  of 

t h e  nes t ,  t h e  numbers of ind iv idua l s  i n  t h e  n e s t  a t  any one t i m e ,  

and the su r face  and ground temperatures ' throughout  t h e  night .  

P. maniculatus would not  use a r t i f i c i a l  nestboxes and n a t u r a l  - 
n e s t s  were very d i f f i c u l t  t o  f i n d ,  s o  that no at tempt  was made 

t o  monitor t h i s  a c t i v i t y  nor were co r rec t ions  f o r  these  f a c t o r s  

appl ied .  The maxADMR8s a r e  t h e r e f o r e  overest imates  a s  they  a r e  

t h e  requirements f o r  an ind iv idua l  mouse maintained over 24  h 

a t  t h e  monthly mean temperature. Torpor i s  a l s o  known t o  occur 

i n  deennice (Morhardt, 1970) b u t  s i n c e  i t s  incidence and dura t ion  

were unknown, no cor rec t ions  could b e  appl ied.  

A s  a r e s u l t  of  measuring t h e  maxADMR by t h e  above methods, 

t h e  es t imates  i n  Table X I X  i n d i c a t e  a h igher  maxADMR i n  

win te r  than i n  summer. This r e s u l t  d i f f e r s  from t h a t  obtained 

/ by s e v e r a l  P o l i s h  workers (Gfbczynski, 1966: ~ r o d z i k s k i  and 

~ d r e c k i ,  1967) on rodents  i n  e a s t e r n  Europe where t h i s  

seasonal  p a t t e r n  was reversed. There a r e  t h r e e  reasons f o r  

t h i s  discrepancy. F i r s t l y ,  t h e s e  workers have app l i ed  cor- 

r e c t i o n s  f o r  t h e  est imated e f f e c t s  of n e s t  temperature an; 
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huddling i n  determining the da i ly  energetic requirements 

during winter. I have no subs tan t ia l  data on t h i s  point and 

have therefore  applied no such corrections. Secondly, 

Gebczy&ki (1966) claimed t h a t  the  da i ly  energy requirement 

of Apodemus f l a v i c o l l i s ,  a very s imi la r  species t o  - P. 

maniculatus, was lower i n  winter than i n  summer. The data i n  

h i s  paper does not show s t a t i s t i c a l l y  s ign i f i can t  differences 

and when corrected t o  ac tua l  body weight the  differences 

disappear. For - A. aqrar ius ,  G a e c k i  (1969) reported t h a t  i f  

breeding e f fec t s  were not included the  da i ly  energy require- 

ments were higher i n  winter than i n  summer. Thirdly, and 

most importantly, the  Polish workers have generally assumed 

t h a t  rodents have much shorter  a c t i v i t y  period i n  winter than 

i n  summer. They have used winter a c t i v i t y  periods of a s  shor t  

as  two hours. The data presented here and i n  Chapter I ,  and 

t h a t  of other workers on Peromyscus reviewed by Fa l l s  (1968), 

shows c lea r ly  t h a t  deermice have much longer periods of 

external  a c t i v i t y  i n  winter than i n  summer. I t  thus appears 

t h a t  - P. maniculatus may have a d i f f e ren t  pa t te rn  of seasonal 

metabolism than some small mammal species reported i n  eastern 

Europe. 

The conversion from maxADMR t o  an estimate of the  protein 

requirements necessary t o  maintain nitrogen balance was done 
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on t h e  basis of previously published information obtained on 

r e s t i n g  animals. The maxADMR involves an a c t i v i t y  component 

f o r  a l l  animals and a reproduct ive component i n  pregnant and 

l a c t a t i n g  females. The e f f e c t  of  a c t i v i t y  on endogenous 

n i t rogen requirement i s  not  known. However, t h e  e x t r a  p r o t e i n  

c o s t s  of  pregnancy and l a c t a t i o n  (Poo, Lew, and Addis, 1939: 

Payne and Wheeler, 1968) w i l l  c e r t a i n l y  be  of  t h e  same order ,  

i f  no t  g r e a t e r ,  than t h e  known e x t r a  energy cos t s .  

The approach i n  using t h e  es t imates  o f  consumption and 

requirements throughout t h e  s tudy has been t o  apply maximum 

es t imates  of both  t o  determine t h e  p r a c t i c a l i t y  o f  deermice 

breeding under t h e s e  condi t ions.  The consumption i s  almost 

c e r t a i n l y  overestimated. More p r e c i s e  measurements of t h e  

va r i ab les  used i n  determining a s s i m i l a t i o n  and consumption 

would reduce t h e  es t imates  given i n  Figs.  1 2  and 13 and Table 

XIX which thus  r ep resen t  t h e  amount of  food deermice could 

ob ta in  under t h e  b e s t  poss ib le  condi t ions.  S i m i l a r l y  a known 

overest imate of t h e  energy and p r o t e i n  requirements has been 

used which enables a comparison of  t h e  g r e a t e s t  metabolic needs 

o f  deermice wi th  t h e i r  maximum consumption. . 

To disprove t h e  o r i g i n a l  hypothesis  i n  terms of e n e r g e t i c  

i n t a k e ,  it i s  necessary t o  demonstrate t h a t  deermice cannot 

obta in  s u f f i c i e n t  energy t o  breed a t  c e r t a i n  t i m e s  of  t h e  Gear. 
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Females which a r e  pregnant and l a c t a t i n g  have t h e  h ighes t  

energy demand. Table XIX shows t h a t  during summer t h e i r  

requirements are r e a l i z e d ,  b u t  i n  t h e  win te r  months (November --  

March) requirements r i s e  more c l o s e l y  t o  t h e i r  consumption, 

0 
p a r t i c u l a r l y  i f  t h e  mean temperature was 3 C lower i n  a given 

year. An increment of 98% was added f o r  pregnancy and l ac ta -  

t i o n .  This  may have been t h e  only underestimate i n  t h e  

t h e o r e t i c a l  metabolic energy requirement because, a s  previously 

mentioned, t h e  98% cor rec t ion  i s  f o r  l a c t a t i o n  alone. I n  

absence of any information on t h e  e x t r a  c o s t  of both pregnancy 

and l a c t a t i o n ,  no a d d i t i o n a l  co r rec t ion  w a s  used. However t h e  - 
i n c r e a s e  may be  i n  t h e  order  of 10 - 20% and would thus f u r t h e r  

e l e v a t e  t h e  t h e o r e t i c a l  requirement of  t h e  pregnant and l a c t a t -  

ing  female such t h a t  h e r  requirement could exceed t h e  maximum 

est imated ass imi la t ion .  

I t  i s  d i f f i c u l t  t o  a s s e s s  t h e  p r o f i t / l o s s  na tu re  of t h e  

e n e r g e t i c  c o s t s  o f  obtaining food. The maxADMR es t imates  would 

decrease r e l a t i v e  t o  consumption i f  accura te  temperature cor- 

r e c t i o n s  could be  app l i ed  on t h e  b a s i s  of deermice remaining 

i n  n e s t s  during daytime. These r e l a t i v e  proport ions would 

probably not  a l t e r  i f  deermice s tayed i n  n e s t s  f o r  increas ing  

periods of  t h e  n i g h t ,  because consumption i t s e l f  would t h e r e f o r e  

decl ine.  A l t e r n a t i v e l y ,  pregnant and l a c t a t i n g  females cduld 



extend t h e i r  a c t i v i t y  per iods i n t o  t h e  day l igh t  hours a s  t h e  

consumption es t imates  assume n igh t  a c t i v i t y  only. I t  should 

be remembered, however, t h a t  t h e  l a c t a t i n g  female must spenl! 

s o m  time a c t u a l l y  suckl ing h e r  young. I n  J u l y ,  1971, D. and 

M. Hawes (Harling, 1971) trapped on t h e  s tudy a r e a ,  pregnant 

and l a c t a t i n g  - P. maniculatus during t h e  day. Although such 

a c t i v i t y  can occur i n  w a r m  weather, t h e  b e n e f i t  t h a t  could be  

der ived from day l igh t  feeding i n  win te r  months would be  very 

s m a l l .  No such a c t i v i t y  was observed i n  t h e  winter .  

Because t h e  metabolic energy requirements of pregnant and 

l a c t a t i n g  females r i s e  c l o s e  t o  t h e  est imated maximum ass imi la-  

t i o n  i n  win te r  months, and because as descr ibed above t h e  98% 

i n c r e a s e  f o r  pregnancy and l a c t a t i o n  i s  c e r t a i n l y  underestimated, 

these  females could have extreme d i f f i c u l t y  i n  meeting t h e i r  

energy requirements i n  winter .  I f ,  a d d i t i o n a l l y  a colder  than 

normal mean temperature p e r s i s t e d  f o r  more than a few days, a 

condi t ion  which must f requent ly  occur i n  t h e  wi ld ,  these  females 

would not  be  a b l e  t o  meet t h e i r  requirements. I the re fo re  

conclude t h a t  it i s  un l ike ly  t h a t  pregnant and l a c t a t i n g  females 

can always meet t h e i r  energy requirements t o  continue breeding 

throughout win te r  months. 

Other workers on g. maniculatus and a s i m i l a r  European 

spec ies ,  Apodemus s y l v a t i c u s ,  have repor ted  t h a t  breeding dan 
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cont inue l a t e  i n t o  winter  i n  years  of ex tens ive  seed f a l l  or 

when a r t i f i c i a l  food was supplied.  During t h i s  Study, deer- 

mice have bred i n  ou t s ide  cages during win te r  when food w a s  

suppl ied  -- ad lib. Fordham (1971) repor ted  an  extended breeding 

season i n  wi ld  populations of deermice suppl ied  wi th  a r t i f i -  

c i a l  food, and Linduska (1942) repor ted  win te r  breeding of 

deermice under s tooks of corn. I n  years  of  good acorn crops,  

A. s y l v a t i c u s  had an extended breeding season i n t o  winter  - 

(Smyth, 1966). Such observat ions i n d i c a t e  t h a t  when food i s  

very p l e n t i f u l ,  t h e  metabolic c o s t s  of obta in ing  n u t r i t i o n  

a r e  s u f f i c i e n t l y  reduced t h a t .  reproduct ion can occur. Deer- 

mice i n  t h e  c o a s t a l  regions of B.C. l i v e  i n  f o r e s t  where 

heavy seed f a l l s  occur i r r e g u l a r l y  a t  approximately 6 year 

i n t e r v a l s  ( G a s h w i l e r ,  1969). No such f a l l  occurred during 

t h i s  s tudy bu t  it i s  reasonable t o  p r e d i c t  prolonged breeding 

when it does. 

Various s t u d i e s  of reproduction i n  2. maniculatus 

(Jameson, 1953; Brwn,  1966; Terman, 1966; F u l l e r ,  1969; 

S a d l e i r ,  1970, 1973) have shown t h a t  breeding seasons can 

s t a r t  i n  d i f f e r e n t  months a t  t h e  same l o c a l i t y .  There have 

been few s t u d i e s  of  photoperiodic  c o n t r o l  of breeding i n  g. 



maniculatus . Whi t ake r  (1940) found l i t t l e  evidence of such 

c o n t r o l  i n  a c l o s e l y  r e l a t e d  spec ies ,  P. leucopus. It  would 

seem t h a t  temperature v a r i a t i o n  between years  may a l t e r  the 

season during which t h e  ene rge t i c  c o s t s  of obta in ing  food a r e  

lowered r e l a t i v e  t o  t h e i r  b e n e f i t s .  This would account f o r  

t h e  i r r e g u l a r i t y  of breeding seasons i n  g. maniculatus and 

perhaps o the r  myomorph rodents.  

The l i m i t i n g  e f f e c t  of a v a i l a b l e  c a l o r i e s  on reproduc- 

t i o n  i n  deermice precludes any a d d i t i o n a l  e f f e c t  of p r o t e i n  

q u a l i t y  o r  q u a n t i t y ,  a s  t h e  u t i l i z a t i o n  of such p r o t e i n  i s  

dependent on adequate c a l o r i c  in take .  I t  should be noted 

t h a t  F ig .  13 i n d i c a t e s  p r o t e i n  consumption b u t  i t  has 

q u i t e  p o s s i b l e  t h a t  t h e r e  a r e  seasonal  f l u c t u a t i o n s  i n  t h e  

n i t rogen balance o f  t h i s  spec ies .  Tables XVI and XVII  show 

no seasonal  o r  reproduct ive  d i f fe rences  i n  t h e  amount of t o t a l  

p r o t e i n  s t o r e d  i n  t h e  l i v e r  o r  ev i sce ra ted  body. Even during 

per iods  when c a l o r i c  i n t a k e  i s  s u f f i c i e n t  f o r  breeding, i t  

remains p o s s i b l e  t h a t  t h e  q u a n t i t y  of t o t a l  p ro te in  and i t s  

q u a l i t y  ( i n  terms of  amino a c i d s )  could a f f e c t  reproduct ive 

performance. Thus it i s  not claimed t h a t  t h e  second hypothesis  

i s  disproved. 

F i n a l l y ,  i t  i s  use fu l  t o  consider  t h e  type  of evidence 

which could disprove t h e  suggest ion t h a t  deermice cannot ob ta in  



s u f f i c i e n t  energy t o  l a c t a t e  throughout t h e  year i n  cool 

temperate regions.  I have suggested t h a t  winter  breeding 

does not  occur a s  t h e  metabolic c o s t s  a r e  too  g r e a t  t o  0 b L i i 3  

t h e  e x t r a  energy requi red  f o r  pregnancy and l a c t a t i o n .  I n  

more sou the r ly  regions ,  - P. maniculatus can breed almost 

throughout win te r  (Jameson, 1953) where t h e  h igher  ambient 

temperatures reduce metabolic c o s t s  of win te r  a c t i v i t y .  The 

suggest ion could b e  disproved, i f  deermice were found t o  

breed and l a c t a t e  throughout a win te r  o f  normal temperature 

and normal food supply, 



-104- 

SUMMARY 

1. A new t rapping technique developed f o r  use i n  t h i s  s tudy 

confirmed t h a t  deermice populations were nocturnally 

a c t i v e  out  of the  nes t  from approximately one hour a f t e r  

sunset  u n t i l  approximately one hour before  dawn throughout 

t he  year ,  Individual  deermice w e r e  a c t i v e  up t o  82% of 

t h i s  time period. No mice w e r e  caught i n  t h i s  s tudy 

during day l igh t  bu t  pregnant and l a c t a t i n g  females w e r e  

caught i n  July afternoons i n  a r eas  adjacent  t o  t h i s  s tudy 

by o ther  researchers.  

2. Some mice moved dis tances  of more than 100 m between 

captures i n  t h e  same night.  Several  individuals  were 

recaptured four o r  more times wi thin  a s i n g l e  night.  

Prevai l ing weather conditions a f f ec t ed  out  of t he  nes t  

a c t i v i t y  of t h e  mice; b r i g h t  moonlight and heavy r a i n f a l l  

were t h e  most i nh ib i t i ng  t o  a c t i v i t y ,  Darker, warmer and 

d r i e r  n igh ts  tended t o  produce more i n t ens ive  periods of 

out  of t he  nes t  a c t i v i t y .  

3. The occurrence of food i t e m s  i n  stomach contents indicated 

seasonal  t rends  i n  consumption. These trends appeared t o  

be cor re la ted  wi th  the  a v a i l a b i l i t y  of foods i n  t he  wild. 

Tree seeds w e r e  a major i tem i n  winter  months and were 

replaced by berries i n  summer. Green vegetat ion was 
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consumed mainly i n  spr ing  months, Fungi and arthropods 

were s t a p l e  i tems,  occurr ing f requent ly  i n  stomachs 

throughout t h e  year.  

4, Stomach content  wet weights determined from autopsied 

mice, normalized by use of a log conversion, had a mean 
e 

of 35.8 mg/g mouse (n = 665). This  was considerably 

less than one h a l f  of a mean " f u l l  stomach" w e t  weight 

of  125.0 mg/g mouse (n = 66). The heav ies t  1@4 of 

stomachs sampled were considered f u l l .  The o v e r a l l  mean 

dry  weight o f  a l l  stomachs sampled was 10.74 mg/g 

mouse. Stomachs were usua l ly  empty e a r l y  i n  the  evening, 

I t  i s  suggested t h a t  stomachs w e r e  p a r t i a l l y  f i l l e d  

during most of t h e  n igh t  wi th  " f u l l "  weights only 

occurr ing towards dawn when mice re turned t o  nes ts .  

Thus captures  of mice with f u l l  stomachs w e r e  inf requent .  

There were no cons i s t en t  s i g n i f i c a n t  d i f fe rences  between 

stomach wet weight contents  of  t h e  various reproductive 

c l a s s e s ,  o r  between mice caught i n  f o r e s t  o r  s l a s h  

environments i n  d i f f e r e n t  yea rs ,  o r  between d i f f e r e n t  

months of sampling wi th in  a given year  o r  between t h e  

same months of d i f f e r e n t  years.  

5. The c a l o r i c  values pe r  g of  stomach contents  were normally 

d i s t r i b u t e d ,  The o v e r a l l  mean c a l o r i c  va lue  was 6.07 - + 0.52 
, 
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(n = 404) kcal/g a s h  f r e e  d r y  weight. There were no 

c o n s i s t e n t  d i f f e r e n c e s  between t h e  c a l o r i c  contents  of 

t h e  var ious  reproduct ive  classes, o r  between mice caught 

i n  f o r e s t  o r  s l a s h  environments i n  d i f f e r e n t  yea r s ,  o r  

between d i f f e r e n t  months o f  sampling w i t h i n  a g iven  year  

o r  between t h e  s a m e  months of  d i f f e r e n t  years .  

6. A frequency d i s t r i b u t i o n  o f  c a l o r i c  va lues  o f  feces  

conformed t o  t h e  normal curve. The o v e r a l l  mean c a l o r i c  

va lue  was 5.55 - .t 0.59 (n = 267) kcal/g a s h  f r e e  d ry  

weight. The f o r e s t  o v e r a l l  mean c a l o r i c  va lue  (5.63 - + 

0.59) w a s  s i g n i f i c a n t l y  h igher  (P < 0.05) than  t h e  

s l a s h  o v e r a l l  mean c a l o r i c  va lue  (5.48 - + 0.62) b u t  such 

a d i f f e r e n c e  was n o t  considered t o  be of major importance 

i n  l a t e r  c a l c u l a t i o n s  o f  energy budgets because de feca t ion  

only  amounts t o  10% of  consumption. 

7. Feca l  product ion r a t e s  determined i n  w i l d  deermice, 

normalized by use  of  a log conversion, had a mean of e 

4.0 mg d r y  weight/g mouse/h (n = 116).  This  was s i g -  

n i f i c a n t l y  h igher  than  those  determined from labora to ry  

deermice (t = 16.62, P 1 0.001) . The mean f e c a l  produc- 

t i o n  r a t e  w a s  maintained by t h e  var ious  reproduct ive  

classes i n  a11 months of t h e  year.  The maximum t o t a l  . 
d r y  weight o f  feces  recorded f o r  an  i n d i v i d u a l  mouse i n  
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a s i n g l e  n igh t  was 978 rng. 

The o v e r a l l  mean 2 4  h energy consumption o f  wi ld  deermice 

was determined t o  be 38.44 + - 4.55 kcal/mean mouse. The 

o v e r a l l  mean 24  h energy consumption of  t h e  t o t a l  

population/ha was determined t o  be  909 + 109 kcal .  T o t a l  

annual populat ion consumption amounted t o  3 .22  x lo5  kcal /ha.  

Because t h e  metabolic energy requilrements of  pregnant and 

l a c t a t i n g  females r i s e  c l o s e  t o  t h e  est imated a s s i m i l a t i o n  

i n  win te r  months and could p o t e n t i a l l y  exceed requirements 

i n  very cold months it was concluded t h a t  t h e s e  females 

would be  u n l i k e l y  t o  always meet t h e i r  energy requirements 

t o  cont inue breeding throughout winter .  

Because of t h e  l i m i t i n g  e f f e c t  of a v a i l a b l e  c a l o r i e s  on 

reproduct ion t h i s  precluded any a d d i t i o n a l  e f f e c t  of p ro te in  
' $  

q u a l i t y  o r  quan t i ty ,  a s  t h e  u t i l i z a t i o n  of such p r o t e i n  

i s  dependent on adequate c a l o r i c  in take .  Although it 

appeared t h a t  adequate amounts o f  t o t a l  p r o t e i n  were 

consumed a t  a l l  times of  t h e  year  t o  meet requirements, no 

measure was made of q u a l i t y ,  i n  terms of  amino a c i d s ,  i n  

t h e  p r o t e i n  d i e t  consumed. Thus it i s  not  claimed t h a t  an 

hypothesis  t h a t  deermice can ob ta in  t h e i r  p r o t e i n  requi re-  

ments f o r  reproduct ion a t  a l l  times of t h e  year was d is -  

proved. 



APPENDIX A 

A t echn ique  f o r  p r e c i s e l y  t iming  c a p t u r e s  o f  

Peromyscus manicula t u s  
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An electrical system is described which precisely times the captures of wild deermice in Longworth 
tfaps. This enables the,immediate handling of trapped animals and permits more accurate determina- 
tlons to be made of act~vity, body weights, and rate of fecal production. Subsequent release of deermice 
allows multiple recaptures in a single night, providing a better indicat~on of movement patterns. Some 
results collected over a 12-month period indicate the value of the technique. 

On d h i t  un systtme tlectrique qui determine avec p&ision le temps oh les souris Peromyscus manicu/a- 
tus se sont prises dans des trappes Longworth. Ce systeme permet de suivre les animaux aussitBt apres leur 
capture et de determiner avec prkision leur activitk, le poids de leur corps et le taux de leur production 
f b l e .  La liberation subsCquente des souris entraine de multiples recaptures dans une seule nuit et donne 
ainsi une meilleure indication sur I'ensemble de leurs deplacements. Des rhultats recueillis sur une 
ptriode de 12 mois donnent une bonne id& de la valeur de cette technique. 

To evaluate activity patterns and energy bud- 
gets of small mammals, it is desirable to study 
them in their natural environments. Activity pat- 
terns and various parameters of energy budgets 
are often studied under laboratory conditions 
(Park 1935; Hatfield 1940; Miller 1955; Erkinaro 
1961 ; Kavanau 1966; G6recki 1969; Hansson 
and Grodziriski 1970). Elton et al. (1931) and 
Brown (1956) both studied activity patterns of 
Apodemus and Clerhrionomys by making periodic 
visits to live traps throughout 24-h periods. 
Ashby et al, (1969) studied the distribution and 
activity of water voles by following and observ- 
ing specifically marked individuals. Camera re- 
cording devices have also been used for monitor- 
ing of activity at specific sites (Pearson 1959; 
Dodge and Snyder 1960; Ray 1967). The tech- 
nique described here precisely timed the captures 
of deermice (Peromyscus maniculatus) and per- 
mitted them to be examined, handled, and re- 
leased almost immediately. Thus precise and 
immediate determinations of body weights were 
made, and timed collections of fecal samples 
were taken. As mice were released immediately 
after capture, multiple recaptures were possible 
within a single night, allowing a more accurate 
determination of movements. 

Captures were timed by using Longworth 
traps (Chitty and Kempson 1949) connected via 
multiple conductor electrical cables to a panel of 
flashlight bulbs (see Figs. 1 and 2). A lighted bulb 
indicated that a single specific trap had been set 

off. A buzzer connected in series also informed 
the operator that a trap had been triggered. 

The traps were spaced at 10-m intervals along 
four separate 100-m lines on a 3-ac slash site 
(Petticrew and Sadleir 1970) within the Univer- 
sity of British Columbia Research Forest at 
Haney in Southern British Columbia (49"N, 
122"W). Permanent cables were installed along 
the trap lines. Traps were removed for storage 
between monthly trapping sessions. The moni- 
toring panel was housed in a mobile sleeping 
trailer situated a few meters off the trapping 
area. 

The system has been in operation for several 
nights of each month over a 12-month period. 
Deermice activity began about I h after sunset 
and ceased no later than an hour before sunrise 
throughout the year, indicating that the out-of- 
nest activity was exclusively nocturnal. The 
monthly nighttime fecal output approximated 
478 mg dry weight per 100 g of mouse, per hour, 
throughout the year, and was estimated by col- 
lecting feces from traps in which the mice had 
been left for known time intervals before release. 
The fecal output rate was usually higher in the 
early part of the activity cycle and diminished 
towards dawn. Fecal water content was deter- 
mined from samples collected directly from the 
anus of live animals and averaged 73% by 
weight. Autopsies on selectively killed individuals 
provided data on stomach content weights. From 
February through May, 1970, these weights 
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ranged, on average, from 0.10 g dry weight on 
first capture to 0.43 g on final capture. They had 
an average water content of 66% by weight. 
Caloric values of stomach contents and feces are 
king estimated, using a microbomb calorimeter, 
to determine energy budgets of deermice. 

The sequence of multiple visits to specific 
traps within one night by the same mouse, and 
by different mice, was recorded. Estimations of 
home range by this technique compared with 
traprevealed home ranges on the same area 
showed considerable differences. These will be 
reported in a later publication. 

MULTIPLE 
CONDUCTOR 
CABLE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: 'FOR ELECTRICAL 
(r MONITORING SYSTEM ' { 1 OH TRAPS 
; SEE FIG. 2 

,--.I 

TRAPS LOCATED 
AT 10m INTERVALS 

FIG. 1. Circuit diagram of timed capture trapping sys- 
tem. 

Adaendam 
Since this paper was submitted, D. and M. 

Hawes (personal communication), who have 
been studying the' activity of shrews, Sorex sp., 
and microtines in the same area, have captured, 
during July, pregnant and lactating female 
P. maniculatus between 1400 and 1730 h. This 
abnormal activity will be further investigated. 
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Introduction 

Spores of Endogone species have been re- 
ported frequently in the stomach contents of 
animals such as rodents and arthropods. Thax- 
ter ( 1922) observed apparently intact spores of 
Endogone in. the stomach contents of shrews 
and millipedes. Diehl (1931 ) reported the 
zygospores of a species of Endogone in the 
stomach contents of two shrews, Sorex firmerrs 
and S. cinereus. He speculated that they may 
have ingested the spores by feeding on earth- 
worms wh'ich had in turn eaten Endogone. 
Later reports (Dowding, 1955; Bakerspigel, 
1956, 1958; Williams and Finney, 1964) de- 
scribed spores of several species of Endogone, 
notably those of E. fasiculata Thaxter and E. 
pulvinata Henn. in the stomach and crecal con- 
tents of deermice (Peromyscus maniculatiis) 
and eight other species of rodent. In this study 
observations were made on the frequency of 
Endogone spores in stomach contents of 103 
deermice trapped in British Columbia. 

Materials and Methods 

Deermice were trapped over an area of about 
6 square miles in the University of British Co- 
lumbia Research Forest at Haney, British 
Columbia (49O N, 122" W).  They were 
trapped during alternate months from Septem- 
ber 1968, until October 1969, in a coastal 
western hemlock ( Tsuga heterophylla (Raf. ) 
Sarg.) forest from 50 to 100 years old (FOR- 

EST), and during the other months on areas 
which had the same cover type but which were 
logged from 0 to 10 years ago (SLASH). All 
mice were caught in baited snap traps and were 
frozen until autopsy. After thawing, stomach 
contents were removed and either stored in 70 
per cent ethanol (Sept. 1968, only), processed 
directly, or dried at 60 C and then rehydrated. 
The contents were then spread evenly on slides, 
mounted in permount, and examined micro- 
scopically. 

TABLE I 

Occurrence of Endogorie nlacrocarpa chlamydospores 
in stomach contents of Peromyscus manicltkatris 

Number of stomachs 

Month and year 
Containing 

Examined Endogone 

Sept. 1968 (F)" 14 5 
Oct. (S) t I2 4 
Nov. (F) 5 2 
Dec. (S) 5 1 
Jan.1969 (F) 5 0 
Feb. (s )  5 0 
Mar. ( F )  5 0 
Apt. (s) 5 1 
May (F) 5 o 
June (S) 5 2 
July (F) 9 6 
Aug. (s) 8 6 
Sept . (F) 9 7 
Oct. 1969 (S) I I - 4 - 

Total 103 38 
(37%) 

F=Forcst; t SZSlash. 
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Reeulte and Observatione 

The results of the stomach contents analysis 
are shown in Table I and Figure 5. Endogone 
spores were present in 10 of the 14 months, 
although sometimes only in a few animals 
(Table I). The stomachs contained thick- 
walled structures, singly or in masses (Fig. 1-3) 
which were normally elliptical to obovoid in 
shape; size, 128 (-166)-212 p X 1 16 (-1 32)- 
200 p; colour, golden brown to dark brown; 
cytoplasm granular (Fig. 1-3) with numerous 
vacuoles or gutules. The spores were regularly 
borne on a single subtending hypha, the endo- 
spore being continuous with the hyphal wall, 
although the connection was sometimes nearly 
obscured by a thickening of the hyphal wall 
(Fig. 1-3, arrows) below the spore. On the 
basis of these observations the spores were 

identified as chlamydospores (Thaxter, 1922; 
Godfrey, 1957). The chlamydospores were 
characteristic in size, colouration, and manner 
of attachment to hyphae to those of Endogone 
macrocarpa (Thaxter, 1922; Godfrey, 1957). 
Zygospores were not seen among the material 
found in the stomach contents. Zygospores are 
characteristically absent in E. macrocarpa (God- 
frey, 1957). 

Endogone macrocarpa was found in the 
stomach contents of mice trapped in both slash 
and forest areas and equal proportions of ani- 
mals had the spores present at each sampling 
period (Fig. 5).  It was noted that Endogone 
chlamydospores were most common in stomachs 
during late summer and fall months of both 
1968 and 1969, declining in occurrence during 
the winter of 1968-69, and increasing gradually 

0-0 FOREST 
. I 

MONTH AND YEAR 

FIGURE 5. Percentage occurrence of Erufogorte in stomach contents of Perornysclrs r~rarticctlatus trapped 
in forest and slash areas, University of British Columbia Research Forest, Haney, British Columbia. 
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during the spring and summer of 1969 (Fig. 5 ) .  
Endogone was found with approximately equal 
frequency in the stomachs of males and females. 

The walls of chlamydospores of Endogone 
macrocarpa ranged in thickness from 5 to 10 p. 
The chlamydospores most often appeared to be 
intact, even though they were among other 
plant and animal material which had obviously 
been macerated during feeding. Occasional 
chlamydospores were found in which the wall 
was ruptured (Fig. 4) .  In these instances the 
spores appeared empty of their normal g~anular 
cytoplasm. No correlation was observed be- 
tween the occurrence of Endogone chlamydo- 
spores and the occurrence of other plant or 
animal remains in the stomach contents. No 
regular system of quantifying the number of 
Endogone chlamydospores in the stomach con- 
tents was employed, but in many instances more 
than 100 chlamydospores were observed in a 
single microscope slide mount of material. At- 
tempts to germinate the chlamydospores by 
plating out stomach contents on malt agar have 
so far proven unsuccessful. 

Discussion 

Dowding ( 1955) reported Endogone fasicu- 
lata and E. pulvinata in the stomach contents 
of rodents trapped in a wide area of southern 
Alberta. Similarly, Bakerspigel (1956) re- 
ported E. fasiculata chlamydospores and zygo- 
spores in the stomach contents of rodents trap- 
ped from May to September in Saskatchewan 
and northwestern Manitoba. Although E. jasic- 
ulara would appear to be the most commonly 
encountered species in the stomachs of rodents 
in these provinces, our material seems to be 
entirely of E. macrocarpa. Thaxter (1922) 
commented that E. macrocarpa is one of the 
most frequently observed and variable members 
of the genus. Godfrey (1957) also observed 
wide variations in chlamydospore size, colour, 
and wall thickness in E. macrocarpa. She con- 
cluded that this species contained overlapping 
" strains " which could occur in the same area. 
Our material showed a range in chlamydospore 
colouration from golden to brown, and a vari- 
ation in spore size and wall thickness. How- 
ever, Thaxter also noted that this species had 
been found rarely in North America before 

that date (1922). Additional material, col- 
lected from mice and other rodents over a 
larger area of southern Briiish Columbia might 
reveal the presence of E. fasiculata, and other 
species, particularly in the stomachs of rodents 
from eastern British Columbia. 

It  is difficult to account for the seasonal 
changes in frequency of occurrence of Endo- 
gone macrocarpa during the period of the sur- 
vey. The winter of 1968-69 was particularly 
severe in southwestern British Columbia and 
the number of mice trapped was low. The ab- 
sence of Endogone spores in the stomach con- 
tents of mice trapped during January-March 
1969, may have been due either to non occur- 
rence of Endogone sporocarps in the area or to 
an inability of the mice to forage widely for 
food because of the heavy snow cover during 
these months. Other studies (Dowding, 1955; 
Bakerspigel, 1956, 1958; Williams and Fin- 
ney, 1964) have not attempted to survey the 
occurrence of Endogone during the winter. Wil- 
liams and Finney ( l964), moreover, reported 
that Enclogone occurred in the stomachs of 
mice only in August in Colorado and Wyoming. r 

They attributed this to the fact that the sporo- 
carps of the fungus were only produced in that 
region during the late summer and early fall. 
In our survey, Endogone macrocarpa chlamydo- 
spores were found in stomach contents in April 
1969, not in May of that year, and with gener- 
ally increasing frequency of occurrence as the 
year progressed. 

The value of Endogone as food material for 
rodents is at present unknown. The chlamy- 
dospores observed in the stomach contents of 
Peromyscus maniculatus were generally intact, 
and did not appear to have been physically or 
chemically degraded. However, the hypha: 
making up the remainder of the sporocarp 
which contains the chlamydospores of E. mac- 
rocarpa appeared to have been broken up into 
short fragments, and they were generally un- 
common in the stomach contents. 

It has been suggested (Diehl, 1931 ; Dowd- 
ing, 1955) that Endogone sporocarps might be 
eaten by insects or other arthropods or by 
earthworms, which might then be eaten by 
rodents. In this way, the presence of Endogone 
spores in the stomach contents of rodents might 
be entirely fortuitous. Although we noted 
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arthropod remains among the stomach contents 
of some of the mice examined, there did not 
appear to be any necessary correlation between 
the occurrence of the animal remains and the 
presence of E. macrocar'pa chlamydospores. In 
fact, in the total survey Endogone chlamydo- 
spores were more commonly encountered than 
arthropod remains. It  would appear unlikely, 
therefore, that the deermice eat Endogone sec- 
ondarily only through arthropod consumption. 

conclusion 

Endogone macrocarpa occurs regularly in the 
stomach contents of deermice in both slash and 
forested areas in southwestern British Columbia. 
The occurrence of the fungus varies with the 
season, but no exact correlation can yet be 
made between the occurrence of the fungus in 
nature and its presence in the stomach contents 
of mice. The nutrient value of Endogone 
macrocarpa is unknown. 
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