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A. m odel of the  energy  b u d g e t fo r w a p iti (C ervus  e laphus nelsoni  
N elson, 1902) w as fo rm u la ted , a llow ing  com parison  of en erg y  re q u ire 
m en ts and  en erg y  consum ption  w hich  v a ried  th ro u g h o u t the  y ear w ith  
th e  q u a lity  of av a ilab le  food. T he to ta l y ea rly  energy  req u irem en ts  of 
m ale  and fem ale  w ap iti w ere  e s tim a ted  to  be 3,089 and  3,568 M eal, 
respective ly . P o ten tia l elk  food p lan ts  in  B an ff N ational P a rk  w ere  
collected  d u rin g  th e  g row ing  season and  in  w in te r . T hese w ere  analyzed  
fo r crude  p ro te in , e th e r  e x tra c t, ash , cell w a ll co n ten t (CWC), acid  
d e te rg en t lig n in  (A D L ) an d  acid  d e te rg e n t f ib e r  (A D F ). B row se w as 
n u tr it io n a lly  po o re r th a n  n on -b row se  food. A sim u la tio n  of body w e ig h t 
changes fo r b o th  sexes of w ap iti w as ca rr ie d  ou t using  th e  s im u la tio n  
m odel and  food q u a lity  d a ta . W ith  a p red o m in an ce  of b row se  in th e  
d ie ts  th e  m odel p red ic ts  a d ra s tic  red u c tio n  in body w eigh t, em bryo  
re -ab so rp tio n , an d  ev e n tu a l d ea th  of a d u lt an im als . T he in fluence  of 
snow  cover on sex ra tio  an d  rep ro d u c tiv e  success (ca lf/fem ale  ra tio ) of 
elk  liv ing  in  B anff N atio n a l P a rk  is d iscussed  and  ex p la in ed  in 
re la tio n  to co n seq u en t changes in  n u tr it io n a l ba lance .

[F aculty  of E n v iro n m en ta l D esign, T he U n iv e rs ity  of C algary , A lb e rta , 
C anada; P a rk s  C anada, B anff N ational P a rk , B anff, A lb e rta , C an ad a  
(BB, RK); D ep a rtm en t of A nim al Ecology, Jag ie llo n ian  U n iv ers ity , 
30-060 K rak o w , K a ra s ia  5, P o land  (JW)]

1. IN TR O D U C TIO N

At the turn of the 19th century wapiti nearly disappeared from the 
eastern slopes of the Canadian Rockies. The réintroduction of these 
animals was started in 1918 when animals were transported from 
Wyoming and Manitoba to Banff National Park, bringing the total 
population in 1920 to 251 individuals (Lloyd, 1927). The animals were 
gradually released and the population grew significantly so that accord
ing to nonrigorous censuses conducted by Green in 1943 (Green, 
unpubl.) and by Flook in 1963 (Flook, 1970) there were 1,136 and 2,679 
animals respectively.

1 S u p p o rted  in  p a r t  by th e  U n iv e rs ity  of C algary , a P a rk s  C an ad a  g ra n t to 
Dr. W. W. Ross a n d  a  g ra n t to Dr. V. G eist.

2 P re se n t ad d ress: D e p a rtm e n t of A n im al Ecology, Jag ie llo n ian  U n iv e rs ity , K a
ra s ia  6, 30-060 K rak o w , P o land .
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As the  population grew, damage to aspen trees caused by the animals 
was observed. Especially severe was overbrowsing and bark  stripping. 
Therefore beginning in 1941, population reduction programs were car
ried out. This continued until 1954, by which time the population had 
decreased and dropped below the carrying capacity of the habitat 
(Green, 1957). Reductions were reinitiated in 1957 and continued to 
1969. At that time the program was discontinued since it appeared that 
the elk population in 1974 was about 30 animals and might be lost 
again from the area. During the reduction programs, 3,888 animals 
were shot. Presently population regrowth is occurring. According to 
park wardens there were 850 animals in 1977.

The demographic structure and population dynamics of this popula
tion has been described in m any studies carried out in Banff National 
Park  (Green, 1950; Flook 1970). All of them note tha t  both sex ratio and 
calving success changed drastically from year to year. The intent of 
our work is to show how changes in individual energy balance can 
affect the demographic param eters of the population. The aim of this 
a ttem pt is to explore a possible approach in the study of wildlife 
populations ra ther  than to achieve ultimate and quantitatively accurate 
solutions.

2. STUD Y  A REA

B anff N ationa l P a rk  is s itu a ted  on th e  e a s te rn  slope of th e  C an ad ian  R ocky 
M ountains in th e  p rov ince  of A lb e rta  covering  an  a rea  of 6634 k m 2. M ost of the  
p a rk  is com prised  of suba lp ine  fo re s t reg ions an d  a lp ine  tu n d ra , b u t in  a rea s  a t 
low er e lev a tio n s th e re  a re  a re a s  d o m ina ted  by  D ouglas f i r  (Pseudotsuga  menziesii)  
and  L odgepole p ine (P inus contorta). F o r a  desc rip tio n  of p la n t com m un ities of 
B anff N atio n a l P a rk  see O gilvie, 1966.

3. M ETH O D S

3.1. Forage Q uality

P la n ts  w h ich  w ere  p o ten tia l fo rage  fo r  e lk  w ere  co llec ted  in  A ugust and 
D ecem ber in  B an ff N atio n a l P a rk . D uring  th e  w in te r , a ll fo rages w ere  collected  
by  clipp ing . D uring  th e  su m m er, b row se w as to rn  off by  h and , im ita tin g  brow 'sing 
by w ap iti. P la n t m a te r ia l w as  d ried , th e n  cru d e  p ro te in , e th e r  e x tra c t  and  m in e ra l 
co n ten t w ere  de te rm in ed . C ell w all c o n ten t (CWC), acid  d e te rg e n t f ib e r  (ADF) 
and  acid  d e te rg en t lign in  (ADL)  w ere  e s tim a ted  by  d e te rg en t m eth o d s (G oering & 
V an Soest, 1970).
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3.2. S im ulation of Energy Budgets

E nergy  re q u irem en ts  of w ap iti, ca lcu la ted  as a fu n c tio n  of body  W eight, sex, 
season and  life  h is to ry  in fo rm atio n , w ere  com pared  w ith  en erg y  in tak e  w hich  
w as es tim a ted  fro m  th e  q u a lity  of food c u rre n tly  ava ilab le . C hanges in energy  
balance  a ffec t body  en erg y  re se rv es . F a llin g  be lo w  a n  assum ed  low er lim it of 
energy  re se rv e s  induces re a b so rp tio n  of th e  fe tu s  in  th e  fem ales and  ev en tu a lly  the  
d ea th  of ad u lts  (both sexes). E nergy  balance an d  w e ig h t changes w ere  sim u la ted  
using  a d iffe ren ce  eq u a tio n  m odel w h ich  o p e ra te s  a t a six  day  tim e  step.

To co n stru c t such m odel one should  have m an y  q u a n ti ta t iv e  d a ta  and  e x p e r i
m en ta lly  f itte d  eq u a tio n s describ ing  th e  a n im a ls ’ fu n c tio n a l responses. Such 
in fo rm a tio n  fo r  th e  e lk  is s till no t su ffic ien t. To red u ce  th e  n u m b er of a rb i tra ry  
assum ptions th e  m odel w as sim plified .

T he energy  re q u ire m e n ts  of e lk  w ere  e s tim a ted  as th e  sum  of fa s tin g  h ea t 
p roduc tion  (FHP), ca lo rigen ic  effec t of food (S D A ), ac tiv ity  costs (ACT),  and  
rep ro d u c tiv e  costs (REP).  F as tin g  h ea t p ro d u c tio n  (K ca lX a n im a l-1 X day -1 ) w as 
ca lcu la ted  as a fu n c tio n  of body  w eig h t (BW,  kg):

F H P —90.0 BW 0-?5 (1)
(W einer, 1977: G ates & H udson, 1978).

F o r s im p lic ity , S D A  w as assum ed  a co n stan t, ap p ro x im a te ly  30% of FHP. 
A ctually , S D A  depends on th e  am o u n t and  q u a lity  of food ea ten . T he ap p ro p ria te  
d a ta  fo r elk  a re  lack ing , b u t se ttin g  S D A  a t a co n stan t level shou ld  no t m ark ed ly  
a ffec t th e  f in a l s im u la tio n  re su lts  (W einer, 1975a, b).

To e s tim a te  a c tiv ity  costs, th e  tim e budge t of e lk  ta k e n  from  C ra ighead  et al. 
(1973) w as used. T he fo llow ing  va lu es of m etabo lic  in crease  in  re la tio n  to  FHP  
w ere  assum ed  fo r  d if fe re n t a c tiv ity  classes. B edding  — 0%, stan d in g  — 23%, 
feed ing  — 30%, tra v e lin g  — 40%, trav e lin g  in snow  — 100% (W einer, 1977; C ohen 
et al., 1978; G ates & H udson, 1978). A d d itiona l costs of th e rm o re g u la tio n  w ere  
ignored , since s im u la tio n  of en e rg y  b udge ts  of ru m in a n ts  (e.g., roe  deer (Capreolus  
capreolus:  W einer, 1975b), e lk  an d  m ule  deer (Odocoileus h e m io n u s : S w ift, E llis & 
Hoobs, 1980) as w ell as a d e ta iled  m a th em a tica l m odel of h e a t ex ch an g e  b e tw een  
a n  e lk  and  its  e n v iro n m e n t (W einer, unpubl.), h av e  show n th a t  these  expenses 
a re  a lm o st e n tire ly  co m pensa ted  by  th e  n o rm al h ea t of m e tab o lism  (see also M oen, 
1976).

T he cost of re p ro d u c tio n  w as e s tim a ted  fo r fem ales  only , assum ing  th e  p regnancy  
period  to s ta r t  S ep tem b er 18th w ith  de liv er on M ay 28th. A ssum ing  body w eigh t 
(BW N )  of new  b o rn  w a p iti to  be 12 kg an  ex p o n en tia l fu n c tio n  w as fitted  to 
e s tim a te  fe ta l w e ig h t d u rin g  th e  perio d  of g esta tio n  (B W N ,  kg):

B W N = 0.01 e°-02759X (2)
w h ere  X  is th e  d ay  of p reg n an cy  (Moen, 1973; W einer, 1975b). On th e  basis of 
th is  eq u a tio n  da ily  p ro d u c tio n  (PP), i.e., da ily  en e rg y  deposition  in  th e  fe tu s , w as 
e s tim a ted , assu m in g  the  ca lo ric  v a lu e  of fe ta l tissues to  be 1.7 kcal/g  fre sh  w eigh t 
(S alom on-L egagneu r, 1968; W einer, 1975b). A ccord ing  to G ra h a m  (1965) and  R a ttra y  
et al. (1974) it  w as assum ed  th a t  th e  in crease  of re s p ira tio n  in  p re g n a n t fem ales 
(RP,  k ca l X a n im a l—*X day—*) is p ro p o rtio n a l to th e  w e ig h t of fe tu s :

R P  =  82.0 B W N  (3)
Such  m ethod  of ca lc u la tio n  has been  p ro v en  to  y ield  re liab le  re su lts  (W einer, 
1975b). T hus, th e  ad d itio n a l a ss im ila tio n  by  p re g n a n t fem ales is th e  sum  of PP  
an d  RP.

To ca lcu la te  th e  cost of la c ta tio n  in  fem ales a  g ro w th  cu rv e  fo r  calves w as
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used. T h is  in con junc tion  w ith  an  e s tim a te  of c a lf’s m a in ten an ce  req u irem en t 
p e rm itte d  a n  e s tim a te  of its  re q u ire d  en erg y  in tak e . T he body w e ig h t of a calf 
(BWC)  d u rin g  la c ta tio n  perio d  w as a p p ro x im a ted  w ith  eq u a tio n  based  on  a few  
d a ta  av a ilab le  fo r th e  g ro w th  ra te  of elk:

BWC =  9.46+  0.86X—0.00155X2 (4)
w here  BWC is body w eig h t of a ca lf in kg, X is age in days.
T h is  eq u a tio n  a llow s fo r reaso n ab le  p red ic tio n s, how ever it is no t s ta tis tic a lly  
testab le . A ccord ing ly , th e  d a ily  ra te  of b iom ass p rod u c tio n  (PC, kcal X a n im a l-1 X 
X d ay - *) in te rm s  of en erg y  w as e s tim a ted  tak in g  in to  accoun t th e  ca lo ric  value 
of ca lves body w eigh t increase  eq u a l 2.2 kcal/g  of b iom ass (R a ttra y  et al., 1973; 
R obbins et al., 1974). U sing  d a ta  on th e  m e tabo lic  ra te  of g row ing  e lk  calves 
(G ates & H udson, 1978; R obbins et al., 1979; G ates & H udson pers . comm .) the  
ca lv e s’ re sp ira tio n  (RC, k c a lX a n im a l—‘X d ay -1) w as ca lcu la ted  fro m  th e  fo llow ing 
fo rm u la :

RC  =  228.0 BW C0-81 (5)
an d  th e  to ta l ass im ila tio n  of calves (AS,  k c a lX a n im a l—1 X d ay -1):

A S  = PC + RC  (6)
It is assum ed  here , th a t R C  con ta in s m a in ten an ce  m etabo lism  as w ell as the 
m etabo lic  cost of g row th .

I t w as assum ed , th a t  th e  p ro p o rtio n  of m ilk  in  a c a lf’s d ie t d rops linearly  
from  100% a t th e  f irs t day  a f te r  b ir th  to  0% 217 days la te r. A ssum ing  d ig es tib i
lity  of m ilk  to  be  100% an d  effic iency  of m ilk  p ro d u c tio n  in  fem a le s  to be 72% 
(K ielanow ski, 1965; H afez & D yer, 1969), th e  e x tra  en e rg y  a ss im ila tio n  of a lac ta - 
tin g  fem ale  m u st be A S / 0.72. So ca lcu la ted  energe tic  e ffo rt of a fem ale  increases 
d u rin g  th e  in itia l p a r t  of la c ta tio n  period , reaches a peak  som e 10 w eeks a fte r  
p a r tu r it io n  and  g rad u a lly  decreases th e re a fte r . T h is p a tte rn  is v e ry  sim ila r to 
th e  em p irica l find ings in  o th e r ce rv id s  (M oen, 1973; A rm an  et al., 1974; R obbins 
& M oen, 1975). T he assum ed  body  w eig h t a t b ir th  an d  g ro w th  ra te  of e lk  calves 
is r a th e r  low , as com pared  to  th e  ran g e  of av a ilab le  d a ta . T hus, costs of re p ro 
du c tio n  in th is  m odel m ay  be u n d e re s tim a ted  ra th e r  th a n  o v e res tim ated .

T he ra te  of en erg y  consum ption  (v o lu n ta ry  food in take) in  a  g raz ing  ru m in an t 
depends upon th e  d ig es tib ility  of th e  food and  u ltim a te ly  on th e  chem ical 
com position  of th e  diet. T he coeffic ien t of d iges tib ility  is co rre la te d  w ith  the 
co n ten t of d if fe re n t com ponen ts of th e  d ie t (e.g., p ro te in  f ib e r , cellu lose, lignin  
etc.). A p p ro p ria te  q u a li ta t iv e  stud ies on d iges tib ility  of food an d  v o lu n ta ry  food 
in take  in  re la tio n  to  food com position  fo r elk  a re  lacking. T hus, fu n c tio n s used 
in th is  m odel a re  based  upon  scarce  d a ta  concern ing  o th e r  w ild  un g u la tes . In  
th is  m odel, th e  lign in  co n ten t (ADL) w as a rb i tra r i ly  chosen as an  ind ica to r of 
the p o ten tia l d ig es tib ility  of food. T he fo llow ing  p red ic tiv e  fu n c tio n  w as derived  
from  d a ta  on b ison  (R ichm ond, H udson  & C h ris topherson , 1977) and  roe deer 
'P e rzan o w sk i, 1978):

DIG  =  82.0—2.3 ADL (7)
w here  DIG is th e  d iges tib ility  coeffic ien t (%) and  ADL is th e  p e rcen tag e  of lignin 
in CWC. T h is fu n c tio n  has an  in te rm ed ia te  slope com pared  to  those  fo r bison 
and  roe  d eer an d  it  g ives reaso n ab le  p red ic tio n s fo r an  o p tim a l d ie t com position. 
T he ra te  of v o lu n ta ry  in tak e  (V E I ) w as th en  e s tim a ted  from  th e  coeffic ien t of 
d ig es tib ility  (DIG). Since an  a p p ro p r ia te  em p irica l fu n c tio n  fo r elk  is lacking, 
the re la tio n  betw een  VEI  and  DIG w as fitted , based  on d a ta  from  roe deer 
(S taines, 1969; M aloiy & K ay, 1971). T he assum ption  w as m ade th a t  the  v o lun ta ry  
in tak e  of fem ales has to be re la tiv e ly  h ig h e r th an  th a t  of m ales, since th e  energy
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budget of the  fem ale  inc ludes the  cost of rep ro d u c tio n . T his a ssu m p tio n  is su p 
po rted  by  d is tin c t m orpho log ical d iffe rences in th e  size of the  d ig es tiv e  organs 
be tw een  the  sexes of w ild  ru m in a n ts  (Nagy & R egelin , 1975). T he slopes of lin ea r 
functions p red ic tin g  V E I  f ro m  d iges tib ility  w ere  ta k e n  from  red  d ee r reg ressio n

T he in te rcep ts  fo r these  equa tions w ere  es tim a ted  by s im u la tin g  th e  energy  
balance  of b o th  sexes using  d ie t q u a lity  d a ta  re p re se n ta tiv e  of an  “o p tim a l” : food 
m ix  accord ing  to H a rp e r et al. (1969) T he in te rcep ts  w ere  m od ified  u n ti l  th e  body 
w eigh t (for each sex) w as iden tica l a t th e  beg inn ing  and  th e  end  of one an n u a l 
cycle of th e  sim ula tion . T he fo llow ing  fu n c tio n  re su lted :

V E I= a+ 4 .8 4 8  DIG  (8)
w here  V E 7 = v o lu n ta ry  en erg y  in tak e , kcal/kg°-67X d a y -1 DIG  ^ d ig e s t ib i l i ty  in 
percen tage , a = s e x -sp e c if ic  p a ra m e te r : —14.5 fo r m ale  and  +19.5 fo r fem ales . T he 
m odel could th e n  be used to sim u la te  th e  energy  b a lan c e  of an im a ls  consum ing  
va rio u s d iets, d iffe rin g  fro m  th e  assum ed “o p tim a l” s tan d a rd .

E nergy  balance  w as e s tim a ted  by  com paring  sim u la ted  en e rg y  re q u ire m e n ts  
w ith  s im u la ted  energy  ass im ila tio n  from  th e  av a ilab le  food. A positive  energy  
balance  causes an  increase  in  energy  reserv es, w h ile  a nega tive  b a lan ce  re su lts  
in d ecreased  energy  re se rv es  and  body w eight.

L ean  body w eig h t fo r m ales and  fem ales  w ere  in itia lized  a t 250 and  200 kg 
respective ly , w ith  energy  re se rv es  a t the  beg inn ing  of the  s im u la tio n  (J a n u a ry  1) 
being se t a t 300,000 and  200,000 kcal (ap p ro x im a te ly  30 and 20 kg of body  fat). 
It w as assum ed th a t  if en erg y  reserves d ropped  to  30,000 kcal (ap p ro x im a te ly  
a 10% w eigh t loss), a re ab so rp tio n  of th e  fe tu s  or cessa tion  of la c ta tio n  w ould  
occur in th e  fem ale  (T horne et al., 1976) an d  if th e  energy  re se rv e s  w ere  com ple
te ly  ex h au sted  (0 kcal), th e  an im als  w ou ld  die, how ever, th e  s im u la tio n  m ay 
con tinue  beyond  th is  p o in t of assum ed  “d e a th ”. S im u la tio n s  w ere  co n d u c ted  using  
d if fe re n t hypo th e tica l d ie ts  m ade up of com ponen ts av a ilab le  fo r elk  in B anff 
N ational P ark .

4. R ESU L TS

4.1. Forage Q uality

During the growing season both non-browse and browse food had 
similar percentages of crude protein and ash (Table 1). The food groups 
differed significantly in ether extract, CWC  and ADF, with non-browse 
foods having higher values. The mean percentage by dry  weight of 
ADF was 6.8% for non-browse food and 8.9Vo for browse. Astragalus 
jrigidus, Shepardia canadensis and Oxytropis splendens were particularly 
rich in protein. Rosa acicularis and Delphinium glaucum  had little 
fiber (Table 1).

During winter, browse had twice more AD L  and two times more 
ether extract than grasses and sedges. The two food groups had similar 
crude protein and ADF  contents: however, percentage of ash and CWC  
was definitely greater in non-browse food (Table 1). Surprisingly little 
crude protein and CWC  was seen in aspen bark, however the level of
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T ab le  1
N u tr i tio n a l v a lu es  of p la n ts  co llected  in  B an ff N a tio n a l P a rk .

E th e r A D F A D L
P la n t species P ro te in e x tra c t A sh CW C (% of (% of

(%>) (%) (°/o) (°/o) CWC) CYVTC)

S u m m er 1976, n o n -b ro w se  food

A straga lus  fr ig idus 18.8 6.1 6.1 41.2 21.9 6.1
D elp h in iu m  g la ucu m 13.2 2.3 11.8 56.7 22.8 2.6
L pibo l ium  a n g u s t i fo l iu m 4.7 4.0 4.3 79.0 18.2 3.1
Festuca  sp. 7.9 2.8 6.6 78.0 34.4 5.7
Fragaria v irg in iana 8.9 4.9 7.3 38.0 18.9 3.8
O xy tro p is  sp lendens 16.0 2.4 10.3 47.5 34.3 14.2
Solidago  sp. 8.8 4.0 7.0 49.3 31.5 12.5
T r i fo l iu m  h y b r id u m 12.4 2.2 8.3 50.2 31.7 12.4
Z y g a d e n u s  elegans 8.7 4.3 8.6 38.3 28.6 8.2
G rasses 11.2 3.5 7.0 56.1 32.3 3.2
Sedges 8.1 3.5 5.0 55.8 30.8 2.9

A verage 10.8 3.6 7.2 53.6 27.8 6.8

S u m m er 1976, b row se  food

A r tem is ia  cam pestr is 10.2 4.1 6.8 33.7 29.6 17.4
Betula g landulosa 15.1 8.2 4.1 36.2 15.2 7.3
C asti lle ja  occidentalis 8.4 4.4 14.5 58.6 34.5 23.1
P opulus  trem u lo ides 12.1 8.4 4.3 45.0 17.6 10.0
P otentil la  fructicosa 10.3 4.4 11.6 34.3 21.3 8.6
R ibes  sp. 9.1 1.6 6.0 36.1 14.4 6.0
Rosa acicularis 12.8 4.6 5.1 52.9 10.2 1.6
R u b u s  idaeus 11.2 6.0 6.7 32.8 19.5 3.8
S a l ix  glauca 13.8 3.7 5.9 24.4 20.5 8.8
S a l i x  sp. 7.9 1.8 11.3 32.7 29.5 9.6
S hep ard ia  canadensis 17.8 6.4 9.0 19.4 16.4 5.2
V ib u ru m  edule 10.4 9.2 6.4 35.1 15.7 5.9

A verage 11.6 5.2 7.6 36.8 20.4 8.9

W in te r 1976, n o n -b ro w se  food

G rasses an d  sedges 5.6 3.0 7.9 62.5 39.0 4.4

W in te r 1976, b row se food

A rc to s tap hy lo s  u va -u r s i 4.77 6.92 3.26 24.84 18.40 7.92
Dryas octopetala 4.58 4.25 6.50 49.82 54.12 29.37
Fopulus trem u lo id e s / tw igs 7.10 10.20 3.05 42.97 30.71 12.73
Populus tr em u lo ides /b a rk 4.75 6.90 5.29 29.70 27.86 10.47
Populus ba lsam ife ra / tw igs 6.54 14.10 3.74 37.34 30.10 10.57
P otentil la  fructicosa 5.27 4.26 0.61 54.59 51.38 20.14
S ß l ix  sp. 9.95 5.21 2.67 43.14 30.53 15.37
Shep ard ia  canadensis 12.60 3.44 1.42 37.57 34.18 14.26

A verage 6.9 6.9 3.3 39.9 34.7 15.1

ether extract for balsam aspen shoots was unusually high, as much as 
14.1% of dry  weight.

Thus, during the growing season the nutritional value of browse is 
fairly high, a fact related to leaf content of this food. Browse contains 
more than minimal protein, but is nutritive value is lower than non
browse food. This is reflected by the fact, that the crude protein to
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ether extract ratio (which is a quality index of food for ruminants; 
Bobek, 1S77) is 2.2 : 1 for browse and is 3 :1  for grasses and sedges. 
In winter, the nutritional quality of both types of foods is reduced 
with a greater reduction in browse than in non-browse foods. In 
addition to the increase in fiber value, crude protein to ether extract 
ratio in browse was 1 : 1 while in non-browse food it was 1.9 : 1.

4.2. S im ulation of Body W eight Changes

Consumption of the optimal diet (see m aterial and methods) results 
in typical seasonal pa ttern  of changes in the body weights of both 
sexes. The body weight of males was somewhat reduced during winter,

Fig . 1. B ody w eigh t, energy  a ss im ila ted  (solid line), an d  en erg y  re q u ire d  (broken  
line) by  m ale  elk. A — O p tim a l food d u rin g  su m m er an d  m ix ed  one, i.e., 1/2 
b row se  an d  1/2 op tim a l fo rag e  d u rin g  w in te r . B — O p tim al su m m er d ie t and

a ll b row se  d ie t in  w in te r .

however during the growing season this loss was quickly made up, 
and the annual fluctuation did not exceed 10 kg in each direction 
(Fig. 1). The simulated amplitude of weight change in male elk is 
probably underestimated because of liberal model parameters and 
ignoring ru t  fasting in bulls.

Females eating this diet gained weight during the winter due to 
embryo development but energy reserves were being depleted. Loss
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of energy reserves and thus weight loss was much more rapid after 
parturition during lactation (Fig. 2a). These was an 80 kg body weight 
fluctuation in females caused both by parturition and weight losses 
during lactation. The total yearly energy expenditure for males was 
3,089 Meal and for the females 3,568 Meal of which 670 Meal were 
for reproduction.

Another simulation was done under the assumption that animals ate 
only browse throughout the entire year. Such a diet would cause death 
in males between winter and spring when there is not enough time to
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Fig . 2. Body w eig h t, energy  a ss im ila ted  (solid line), an d  en erg y  re q u ire d  (broken  
line) by fem a le  elk  consum ing  fo r th e  e n tire  y ea r: A — O p tim al d ie t, B — All 

b row se  d ie t. R — re -a b so rp tio n  of fe tu s .

activate energy reserves. This simulation predicts that females could 
survive on this diet only by re-absorbing embryos one m onth  before 
parturition. This, however, does not appear to be physiologically possible 
at such and advanced stage of pregnancy. An abortion, however, could 
occur at that stage. Moreover, fetus reabsorption is triggered in the 
model by energy storage falling to an arbitrarily  chosen value of 
30,000 kcal. This value obviously affects the simulated moment of fetus 
re-absorption or abortion (Fig. 2B).

A simulation was then performed assuming that browse was the sole 
winter food (from November 15 to March 30) and that during summer 
animals consumed the “optimal” diet. Under this condition males lost
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95 kg during the course of the year which seems physiologically impos
sible. On this diet females re-absorbed embryos but did not lose body 
weight, because subsequent energy requirements did not include the 
cost of lactation.

Further  simulations were performed using the optimal summer diet 
and several variants of winter diet: a m ixture of the “optimal” diet 
and 1/3, 1/2 and 2/3 of browse. These mixtures were designed to repre
sent different availabilities of grass, resulting from different snow 
depths. In each of these variants both sexes survived — males lost 34, 
50 and 65 kg respectively in these runs. These appear to be realistic 
values. The pattern  of weight loss for females was quite different. 
Females lost 60, 50 and 30 kg respectively. From this it appears that 
poorer winter diet makes the subsequent recovery in body weight easier. 
This paradox results from the fact that an early cessation of lactation, 
resulting from winter malnutrition gives the female a longer period 
during the growing season during which she is able to regain her 
body weight (Fig. 2). The resulting m alnutrition of calves, however, 
might be fatal.

5. D ISC U SSIO N

Our model over-simplifies the bioenergetic process of the wapiti 
For instance, it does not consider the energy costs associated with male 
rutting behavior or antler growth. Energy costs of rutting can be a 
critical factor in winter survival of males. It is known, the animals 
lose some of their fat reserves during ru t (Struhsaker, 1967; Flook, 1970) 
and since this occurs in September, repletion of fat reserves before 
winter is impossible. Therefore, survival of males might be even less 
than our model suggests.

Also, the equations used in this model are not satisfactory. P articu la r
ly, the equation for calf growth rate (4), equations (7) and (8) relating 
the digestibility and voluntary consumption of food to its composition, 
should be substituted by more dependable empirical formulas, because 
they are crucial for the model. The scarcity of available data forced 
us to use AD L  content as an indicator of digestibility, while CWC  or 
protein content (or both) would probably be better (cf. Weiner, 1975a, b). 
The model also ignores the potential utilization of protein as energy 
reserve.

In spite of these simplifications the model adequately describes the 
“boom-and-bust” bioenergetic strategy of large rum inants  living in the 
northern hemisphere. This strategy depends on building appropriate
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energy reserves during the growing season and the systematic utiliza
tion of these reserves during the winter period when food is nutritio
nally inadequate. This is reflected in nature  by the characteristic curve 
of body weight with an increase during summ er and autumn, and a 
decrease during winter. This pattern  is reproduced by our model.

In Banff, non-browse food is of higher nutritional value than browse 
food. Its availability, however is usually limited by heavy snow cover. 
The accessiblity of browse is less affected by snow cover, but the poor 
quality of this food results in a pronounced negative energy balance. 
Thus when browse is the only food available, animals which enter 
winter with largest fat reserves (in the model fat reserves are linearly 
related to body size) have the best chances for survival. Young animals 
are at a disadvantage too, because they have higher weight-specific 
energy requirements. This means that a severe winter will cause the 
greatest mortality among young animals and among m ature individuals 
with inadequate fat reserves.

Over-winter survival of individuals does not ensure survival of an 
elk population. To remain in a steady state, the population must 
balance deaths with births. Easy access during the winter to dry  grasses, 
which elk prefer for browse does not absolutely ensure reproductive 
success. Under laboratory conditions female elk fed low quality food 
lost 21°/o of their body weight, abortions were observed and some of 
the young were born prem aturely and died soon after b irth  (Thorne, 
Dean & Hep worth, 1976). This is in contrast to females which were 
fed concentrates and alfalfa and were able to gain weight and give 
b irth  to healthy young which survived. Still, a diet high in grass should 
enhance reproductive success as compared to a poorer diet consisting 
largely of browse.

The generality of the assumptions and functions in the model is also 
confirmed by an analysis of the population structure of elk living in 
Banff National Park. Information from 1944 to 1956 and from 1970 to 
1975 indicated that the sex ratio of this population differs significantly 
from year to year. Changes are also seen in the num ber of calves per 
adult female during autum n (Green, 1957). If these data are correlated 
with the snow fall for the area (Lake Louise) during January , February  
and April both male—female ratio and the num ber of calves per 
adult female are negatively correlated with snowfall (Fig. 3, 4). This 
probably results from the fact that during the period when fat reserves 
of these animals are exhausted, an increase in snow cover not only 
prevents access to non-browse food but also delays the growing season. 
The result of this is re-absorption of the fetus and numerous abortions 
which results in lower proportions of calves in the population during
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Fig . 3. R e la tio n sh ip  be tw een  th e  n u m b er of ca lves p e r  fem a le  a n d  th e  to ta l  snow  
fall d u rin g  A pril in  B anff N atio n a l P a rk . C a lcu la tio n s w e re  b ased  on  d a ta  fro m  
G reen  (1950), G reen  (unpubl.), F look  (1970), K u n e liu s  (unpubl.) an d  reco rd s  of th e

w e a th e r  s ta tio n  a t L ak e  L ouise .

autumn. Heavy snow is particularly disadvantageous to the males which, 
as a result of rutting, enter winter with lower fat reserves (Flook, 1970). 
Further, their forced reliance on browse is more detrimental than  it

F ig . 4. R e la tio n sh ip  be tw een  th e  n u m b er of fem ales  p e r  m ale  a n d  th e  to ta l 
snow  fa ll  d u rin g  J a n u a ry  an d  F e b ru a ry . C a lcu la tio n s w e re  b ased  on d a ta  fro m  
G reeen  (1957), F look  (1970), K u n e liu s  (unpubl.) an d  reco rd s  of th e  w e a th e r  s ta tio n

a t L ake  L ouise.

8 — Acta T heriologica
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is for females because the m ale’s digestive efficiency is probably lower 
(see model structure).

To summarize, snow fall has a very significant role in regulating 
the num ber of elk in Banff National Park. Mild winters could lead to 
an increase in population which might require regulation by hunting. 
However, reduction programs should be carried out with caution. 
Winters in this area can be severe and a heavy snow cover or freezing 
rain on the snowpack in early spring may m ake access to non-browse 
food impossible. Herd reduction at a constant rate without consideration 
of climatic factors could lead to a drastic reduction in population size. 
It appears tha t  is precisely what happened in Banff National Park  in 
1970— 1974. Snow cover for the four consecutive w inters was 43.5% 
higher than average. This, together w ith  the previous intensive reduct
ions, caused wapiti population size to re tu rn  to the same level that 
existed immediately after réintroduction of these animals to the Park.

A cknow ledgem ents: T h e a u th o rs  a re  g ra te fu l to D r. D. Sw ift, D r. M. B oyce, 
Dr. V. G eist a n d  D r. W. R oss fo r th e ir  c r i tic a l re a d in g  of th e  m a n u sc rip t, an d  
to D r. R. R evel fo r th e  p la n t  id en tif ic a tio n .
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B ogusław  BOBEK, R ick K U N EL IU S i J a n u a ry  W EIN ER

BUD ŻET EN ER G ETY C ZN Y  I ST R U K T U R A  P O P U L A C JI W A PIT I 
(C E R V U S  E L A P H U S  N E L S O N I  N ELSO N , 1902)
W PA R K U  NARODOW YM  B A N FF (KANADA)

S treszczen ie

O pracow ano  m odel b u d że tu  energetycznego  w ap iti . M odel te n  pozw ala  na  
ok reś len ie  b ilan su  energetycznego  zw ierzęcia , p op rzez  p o ró w n an ie  b ilan su  zap o trze 
bow an ia  energetycznego  z k o n su m p c ją  en erg ii, oszacow anej n a  po d staw ie  sk ład u  
p o k arm u . P rzy  pom ocy sy m u lac ji k o m p u te ro w y ch  w yliczono, iż zapo trzebow an ie  
en erge tyczne  po jedynczego  dorosłego sam ca sięga 3 086 M cal, a sam icy  3 568 M cal/ 
/rok .

Z te ren u  P a rk u  N arodow ego  B an ff położonego w  G órach  S k a lis ty ch  K an ad y  
zebrano  la tem  i z im ą szereg  g a tu n k ó w  żeru  pędow ego i ro ś lin  ru n a , k tó re  w  ty m  
re jo n ie  s tan o w ią  p o ten c ja ln y  p o k a rm  w ap iti . W ykonano  ana lizę  w arto śc i o d 
żyw czej ty ch  ga tunków , o cen ia jąc  b iałko , w yciąg  e te row y , popiół, zaw arto ść  ścian  
kom órkow ych  (CWC), lig n in y  (ADL) i w łó k n a  (A D F ). Z u zy sk an y ch  w yn ików  
w yciągn ię to  w niosek, że n ieza leżn ie  od sezonu żer pędow y p o siad a  znacznie  n iższą 
w artość  odżyw czą n iż  ro ś lin y  ru n a  (T abela  1).

N astępn ie  k o rzy s ta ją c  z op racow anego  m odelu  bu d że tu  energe tycznego  sy m u 
low ano w  k o m p u te rze  różny  sk ład  d ie ty  w a p iti . Z p rzep ro w ad zo n y ch  obliczeń 
w yn ika , że n a d m ie rn y  w zro st żeru  pędow ego w  d iecie  w ap iti p o w odu je  d ras ty czn ą  
obniżkę c iężaru  cia ła , re so rp c je  em brionów , p o ro n ien ia , a tak że  e w en tu a ln ą  śm ierć  
zw ierzęcia  (Rys. 1, 2). S am ce okazały  się być  b a rd z ie j w raż liw e  na  d ras ty czn e  
pogorszenie sk ładu  d ie ty .

C elem  sp raw d zen ia  czy op raco w an y  m odel je s t w ia ry g o d n y  ana lizow ano  w ie lo 
le tn ią  s t ru k tu rę  w iek o w ą i p łc iow ą p o p u lac ji w a p iti  w  P a rk u  N arodow ym  B anff. 
Duże opady  śn iegu  re d u k u ją c e  w  d iecie w a p iti  ud z ia ł ro ś lin n o śc i ru n a , by ły  d o 
da tn io  sk o re low ane  (r= 0 .66) ze śm ie rte ln o śc ią  sam ców  w  p o p u lac ji i w y d a tn ie  
obniżały  ( r = —0.75) dalszy  p rzy ro s t p o p u lac ji (Ryc. 3, 4). D ow odzi to, iż o p raco 
w any m odel b u d że tu  energetycznego  dobrze  odzw ie rc ied la  sy tu ac ję  b ioenerge tycz
ną  i je j w p ływ  n a  p a ra m e try  dem ograficzne  w a p iti  w  n a tu ra ln y c h  w a ru n k ach .


