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Abstract 

Field da ta  on weaning behavior in bighorn sheep (ovis canadensis) were collected from 
populations in British Columbia, southern California, and one transplanted from the original 
B.C. study site to eastern Oregon. These areas were designated mountain, desert, and  trans- 
plant, respectively. Seasons that  were energetically stressful to  lactating ewes were predicted. 
Summers were implicated for desert ewes; winters for  ewes in colder and more seasonal 
northern environments. Although the temporal distribution of milk available t o  lambs varied 
between the three study populations, ewes generally weaned their lambs prior to  the onset 
of the predicted stressful periods. In  the desert, weaning occurred more abruptly than it d id  
in the t w o  more northern populations. The evolution of weaning strategies is discussed in 
subspecies of bighorn sheep based on proximate and ultimate factors. 

Introduction 

One of the tasks confronting ethologists is to explain the observed 
diversity of behavior in natural unmanipulated populations in terms of selec- 
tion pressures (FISHER 1930; ALEXANDER 1974). Such an evolutionary ap- 
proach has been widely stressed in recent reviews of behavioral phenomena 
(ALCOCK 1975; BROWN 1975; GOULD 1977; TINBERGEN 1965; WILSON 1975). 
This approach has been applied to the weaning process (REITER et al. 1978; 
TRIVERS 1972, 1974). Classically, weaning has been thought of as a gradual 
process through which parous mammals decrease the dependence of their off- 
spring on milk (BROWN 1959; HARPER 1970). I t  is a slow process involving 
maternal aggressive acts ranging from subtle signals (see LENT 1974) t o  active 
fighting and hostility (ALTMANN 1958; EISENBERG 1966). 
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In a set of very stimulating articles, TRIVERS (1972, 1974; see also MAY- 
NARD SMITH 1976) theorized about the contrasting ways in which natural 
selection operates on fitness in successive generations (e.g. parent-offspring 
conflict). He reasoned that a point in time is reached when a mother decreases 
the amount of energy invested in current offspring and reinvests it in future 
offspring, the major proximate result being a decrease in milk production to 
current progeny. Hence, these progeny are faced with a dwindling resource 
base and they turn elsewhere to  alleviate hunger (i.e. grazing in infant un- 
gulates). This process is termed weaning conflict because of the contrasting 
interests of the mother and offspring. 

Although in theory TRIVERS’ (1974) model appears heuristically valid, 
there are few data available on which to interpret its applicability. It would 
prove most interesting to determine how much energy (inferred through milk 
production) mothers allocate to postpartum offspring, at what stages (age) 
young are weaned, and if different strategies for weaning exist between 
mothers exposed to different ecological conditions. 

Studies of milk consumption, lactation, and weaning have been perform- 
ed in a wide array of captive and natural settings. Recently, REITER et al. 
(1978) studied differences in the behavior and weaning strategies of young 
male and female elephant seals and related them to the evolution of pinniped 
mating systems. However, many prior works have concentrated on proximate 
factors affecting the behaviors of both mother and young and they were 
unable to  infer energy budgets by providing quantitative information. Data 
are available that quantitatively describe postpartum events for domestic 
ungulates, especially sheep (Owis aries) (EWEBANK 1964; MUNRO 1962; WAL- 
LACE 1948). Such data have been used by GEIST (1971), HOREJSI (1976), and 
SHACKLETON (1 973) to examine and predict the relationships that occur be- 
tween the environment and weaning in wild populations of bighorn sheep 
(0. canadensis). In this paper I consider weaning conflict in natural popula- 
tions of bighorn sheep from desert and northern environments and examine 
the hypothesis that parous ewes exposed to contrasting environmental con- 
ditions will utilize different strategies to  wean their offspring. Specifically, 
I provide an ecological interpretation for the behaviors involved in weaning 
through the consideration of proximate and ultimate factors. 

Methods 

1. Study Areas 
The first study site was located in the Chilcorin-Carimboo of the central interior of 

British Columbia, Canada. The habitat occupies the northern limit of grassland in Nor th  
America and  it was centercd at  the confluence of the Chilcotin and Fraser Rivers (see DE- 
MARCHI and MITCHELL 1973 for a more detailed description). The population size of Cali- 
fornia bighorn sheep (0. c. cdzforniana)  in this area is about 400 (MITCHELL unpubl.). D a t a  
were collected from May through November 1976. 

The second study site was located in the Santa Rosa Mountains, an arid insular range 
in southern California. These mountains represent the westernmost extension o f  the Colorado 
Desert (JAEGER 1957). Rainfall is scant (about 90 mm annually) and the vegetation is primarily 
creosote scrub (TING and JENNINCS 1976). The population size of peninsular (also called 
desert) bighorn sheep (0. c. cremnobutes) is estimated a t  250. Data  were collected from 
January through April 1977. Further details of the habitats and population may be found 
in BLONC and POLLARD (1968), TURNER (1973), and TINC and JENNINGS (1976). 

The third study site was located at  H a r t  Mountain, a massive fault block in the Great 
Basin Desert of eastern Oregon (see Fig. 1). California bighorn sheep were transplanted from 
the original Chilcotin study site to H a r t  Mountain in 1954. The vegetation is characterized 
by Artemisia scrub associations. I observed this last population from May through July 1977. 
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Fig .  1: Map showing the geographical locations 
of the study sites 

I-’urther details of the habitat, sheep population, 
an,d i t s  history are found in KORNET (1978). The 
population size is estimated at  200 (KORNET 1978). 

For simplicity, I shall call sheep from the 
northern environment “Chilcotin” or  “mountain” 
sheep (although I realize mountain sheep refers to  a 
number of subspecies including 0. c. canadensis). 
Likewise, I shall call peninsular bighorns “desert” 
sheep, and sheep from H a r t  Mountain “transplants”. 

2. Data Collection 

Data  on mother-infant relationships were col- 
lected by stalking sheep in the field almost daily. 
Observations were made a t  all hours of th.e day and 
were aided by the use of binoculars and spotting 
scropes. Sheep were observed in the Chilcotin for 
896 h, at H a r t  Mountain for 293 h, and in the desert 
for 454 h. Data  were either recorded ‘directly into a 
cassette tape deck or  written onto  note cards. Only  
data  from undisturbed sheep (unaware of my pre- 
sence) were use’d. Ages of lambs were estimated 
visually by their size in relation to ewes. Since there 
are no data  on their body sizes, these judsements 
were based on my prior experience with lambs of 
known ages a t  the Okanogan Game Farm, British 
Columbia and my personal experience with captive 
Iambs and my own desert lamb. 

3. Definitions, Assumptions, and Interpretations 

Suckling behaviors refer to those acts important in the acquisition of milk 
by lambs, whereas nursing activities are milk-related behaviors performed by 
ewes (COWIE et al. 1951; HOREJSI 1976). The behaviors quantified during this 
study are defined below. 

I. Suckling bout: The duration of time during which lambs pull on or  are 
in contact with the udder. Suckling bouts are considered successful suckles 
(e.g. milk is obtained) and were timed to the nearest second. 

2 .  Suckling rebuff: A lamb unsuccessful at  obtaining milk. Rebuffs were 
recorded when lambs ‘obviously’ tried to  grasp the nipples or  approached 
the udder. 

3. Rejection: Ewes not permitting lambs to  suckle. Rejections were recorded 
when lambs approached ewes and were not permitted access to  the udder. 
During rejections, ewes lifted their legs, walked away, or  butted lambs. 

4. Cheating: Lambs attempting to  suckle from mothers other than their own. 
5 .  Suckling rate: Frequency of lamb suckling per h of ewe activity. Ewe 

activity is defined as time spent available for suckling. Ewes were con- 
sidered available any time they were not lying. 
Some of the above definitions may be explained from proximate (im- 

mediate) or ultimate (evolutionary) perspectives. My interpretations of these 
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perspectives are provided below. Also discussed are assumptions regarding 
suckling success and milk consumption. 
Duration of Suckling Bout. With all other factors being equal, lambs that 

suckle longer obtain more milk (BROWN 1964; FLETCHER 1971; HOREJSI 
1976; MUNRO 1962). Ewes that nurse lambs for longer durations have 
more milk in their udders. A lamb may try to suckle but should its 
mother have no available milk, the lamb cannot benefit. A lamb has no 
choice in the matter. The available milk is limited by the mother. 

Suckling Rebuff. It is assumed that a lamb is not satiated when it attempts to 
suckle but is rebuffed. However, if a lamb does not attempt to suckle it 
does not necessarily mean that it is satiated. Perhaps a lamb learns that 
no milk is available so it does not attempt to suckle and it may not be 
rebuffed. But, if a lamb terminates a bout it probably is satiated. A lamb 
will enhance its survival by suckling often or  long (see BROWN 1959; 
EWEBANK 1967; FLETCHER 1971; GEIST 1971; HOREJSI 1976; MUNRO 
1962; SHACKLETON 1973). 

Rejection. A ewe that has no milk available will reject lambs. Udders without 
milk may be painful if they are sucked upon, which could be another 
reason why rejections occur (GEIST 1971). A bout of suckling is probably 
terminated when milk is no longer available. Ewes may reject lambs for 
two reasons (that could be interpreted proximately or ultimately). 
(I) Ewes most likely attain a point where no further energy demands will 
be tolerated. Hence, the benefidcost ratio (TRIVERS 1974, 251) is low. 
Rather than further invest energy into current offspring, weaning occurs 
and positive body growth (weight gain) ensues in ewes. Later this energy 
may be reinvested into future offspring. (IT) Rather than abruptly ter- 
minating maternal investment by ceasing nursing activities, a ewe may 
encourage her offspring to engage in alternative forms of energy acquisi- 
tion) (i.e. grazing). The difference between (I) and (11) is that (I) is a 
rapid process whereby the ewe ceases abruptly any form of assistance and 
reinvests in future offspring. In  (11) weaning is gradual as the ewe still 
allocates some energy to  current offspring. Although (I) and (11) are 
conceptually different, they represent end points of a continuum (BARNI- 
COAT et al. 1956; BROWN 1959, 1964; ESPMARK 1971; EWFBANK 1964, 
1967; GEIST 1971; GRAHAM and SEARLE 1970; HODGE 1966; HOREJSI 
1976; JOYCE and RATTRAY 1970; MOORE 1966; MUNRO 1962; SHACKLE- 
TON 1973; SDEDDING 1965). 

% Suckling Success. % success equals the number of suckles (bouts) divided 
by the number of rebuffs plus the number of suckles. If ewes have suf- 
ficient milk, lambs will not be rejected (see above). % suckling success is 
a measure of an ewe’s tendency to  provide milk in response to the demands 
of lambs. As % success decreases, the maternal benefidcost ratio decreases. 
At  some point then, (I) or (11) apply (see BROWN 1959, 1964; ESPMARK 
1971; EWEBANK 1967; FLETCHER 1971; FORBES 1969; GEIST 1971; HODCE 
1966; JOYCE and RATTRAY 1970; SHACKLETON 1973; SPEDDING 1965; 
TYLER 1972). 

Milk Consumption. Many factors (i.e. rate of milk production, sucking power 
of lambs, etc.; see Fig. 2 )  affect how much milk is consumed. Field data 
generally preclude quantifying many of these variables. I have therefore 
selected two of the more simplistic and easily quantifiable variables to  
estimate milk consumption. Milk consumption equals duration times 
suckling rate. With all other factors being equal, lambs that suckle more 



192 JOEL BERGER 

frequently and for longer durations consume more milk. This interpreta- 
tion has been widely accepted (BROWN 1959, 1964; GRAHAM and SEARLE 
1970; MUNRO 1962; see also HOREJSI 1976) but several alternatives exist. 
The following questions may be asked: Why do some lambs suckle more 
frequently than others? One alternative (111) is that lambs are rewarded 
with milk, therefore they return more often to suckle, and consequently 
they become heavier. Another alternative (IV) is that lambs are hungry, 
therefore they return more to  suckle. The difference between (111) and 
(IV) is only one of degree. For instance, consider a lamb that is not 
rewarded as fully as the next. It may be slightly lighter because it has not 
received as much milk. Consequently it returns more often to  suckle (or it 
attempts to suckle). An alternative to  (111) may be that lambs d o  not 
return to suckle often because they are unrewarded (negative reinforce- 
ment). Hence, their ewes have no available milk. If this is the case, the 
ewe again is ultimately controlling the energy available to  its offspring 
and (I) or  (11) apply. 

Results 

1. Factors Influencing Weaning Age 

Fig. 2 is a flow diagram summarizing the major proximate factors that 
affect the age(s) of weaning in lambs. I t  is based mainly on studies of domestic 

PRENATAL 
ENV I RONMEN7 

POSTNATAL 
ENVIRONMENT 

5 " LAMB S I Z E  
, 3 5 1  AT B I R T H  I 

\ /-I/ 23 . 

F i g .  2: Flow diagram of factors affecting lamb growth rates and  weaning ages. Numbers  refer 
t o  the following references: 3 - 
BROWN (1959); 4 - BROWN (1964); 5 - BUTTERWORTH and BLORE (1969); 6 - ESPMARK 
(1971); 7 - EWEBANK (1964); 8 - EWEBANK (1967); 9 - FLETCHER (1971); 10 - FORBES 
(1969); 13 - HAFEZ and LINE- 
WEAVER (1968); 14 - HODGE (1966); 15 - HOREJSI (1969); 16 - JOYCE and  RATTRAY 
(1970); 17 - MILLAR (1977); 18 - MOORE (1966); 19 - MUNRO (1962); 20 - PEART 
et al. (1975); 21 - SHACKLETON (1973); 22 - SPEDDING (1965); 23 - THOMSON and 
THOMSON (1953); Ewe size, udder size, milk production, a n d  lamb 
size at bir th  are  located between the pre- and postnatal environments since all are affected 

by  these environments 

1 - ARMAN et al. (1974); 2 - BARNICOAT et al. (1956); 

11 - GEIST (1971); 12 - GRAHAM and SEARLE (1970); 

24 - WALLACE (1948). 
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sheep although several studies are incorporated from wild species. The major 
points are: ( I )  pre- and especially postpartum nutrition affects the amount 
and quality of milk produced; (2) pre- and postnatal nutrition affects ages at 
weaning; ( 3 )  milk production influences lamb growth more than the converse 
relationship (hence, the dotted arrow). The rationale behind this arrangement 
is that: (i) ewes must produce milk if lambs are to grow; (ii) ewes continue 
to produce milk (and do not ‘dry up’) immediately after lambs die; and 
(iii) lamb growth rate affects age a t  weaning although most agricultural 
studies have concentrated on the relationships between milk production and 
weaning age. These studies, primarily of domestic sheep, indicate that ewes 
raised on better quality diets produce more milk for their offspring which are 
then weaned at  a later age, and are heavier than lambs reared by ewes that are 
not as well fed (see also GEIST 1978). 

2 .  Suckling Duration, Frequency, and Success 

The mean duration of suckling bouts for lambs at various ages is illustrat- 
ed in Fig. 3. At  all ages desert lambs suckled the longest. They, in turn, were 
followed by transplant lambs, while mountain lambs suckled for the shortest 
durations. ’The number of 
different lambs on which 5o 
these data are based are: 
desert N = 31;  transplant 
N = c. 70; mountain N = - 40 
c. 130. 

D E S E R r  . 
MOUNTAIN 0 

Fig .  3 :  The relationships between 
duration of suckling bouts and ages 
of lambs in several populations of 
biehorn sheeD. Desert N = 172: 10 20 30 44 58 72 86 

Y 

Mountain N = 341; Transplant 
N = 226 A G E  ( d a y s )  

Since the duration of suckling bouts in itself generates no meaningful 
indication of milk consumption (HOREJSI 1976), I considered suckling rate in 
conjunction with duration (see Methods). For one to  10-day-old lambs in the 
desert, transplant, and mountain populations mean suckling rates were 2.64, 
1.50, and 0.44 bouts/h individual, respectively. At this age, the difference in 
suckling rates between desert and mountain lambs was significant (t = 3.64; 
p < 0.01). After this age, however, no significant differences in suckling rate 
occurred between the three populations (F = .795; df = 2,26; p < 0.463). 

frequency; see Methods) for 
65-day-old lambs was greatest in the desert (296 milk units), intermediate in 
the transplant (161 milk units), and least in the Chilcotin (130 milk units). In  
fact, milk consumption units for the Chilcotin and transplant lambs at  86 days 
of age (160 and 195, respectively) were still far below those of desert lambs 
at 65 days of age, the time at which I departed from the desert study site. 

Average total milk consumption (duration 

2. Tierprydol., Bd.  50, Heft 2 13  
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Fig. 4: Age distribution of % suck- 
ling success in several populations 
of bighorn sheep. Sample sizes re- 
present the sum of rebuffs plus 
bouts; Desert N = 232: Mountain 

N = 569; Transplant N = 361 

The relationship between 
suckling success and age is 
shown for the study popula- 
tions in Fig.4. It appears that 
maternal rejections occurred 
more gradually in the trans- 
planted and Chilcotin popula- 
tions than in the desert. In 
fact, in a one week time span 
(lambs were approximately 
58-65 days old) % suckling 
success in the desert dropped 
from 87 % to 48 %. 

3. Weaning and Cheating 

The rate at  which weaning occurred was examined in each population. 
Most (over 80 %) of the successful suckles (e.g. timed bouts) occurred later in 
the desert (by 35 days of age) than in the transplant o r  mountain lambs (20 
and 10 days, respectively). The number of bouts and rebuffs were standardized 
by considering them for only the first 65 days of lamb ages in each environ- 
ment. 

Cheating occurred more often in Chilcotin lambs than in the desert or 
transplant lambs (N = 63, 0, and 1, respectively). Conversely, desert lambs 
terminated suckling bouts voluntarily more often than lambs from the trans- 
plant or  mountain populations (N = 18, 1, and 0, respectively) suggesting that 
they were satiated more of the time (see Methods). 

Discussion 

1. Field Studies, Problems, and Milk Quality 

A shortcoming of the prior field studies of bighorn sheep as well as the 
present one is the assumption that milk quality varies little between popula- 
tions. Studies of captive ungulates have demonstrated that not only does milk 
quality vary with diet (e.g. ARMAN et al. 1974; HAFEZ and LINEWEAVER 1968) 
but that i t  also changes with age (MUELLER and SADLIER 1977). Similar data 
should also be collected for wild populations so that the range of milk quality 
variability and its effect on weight gain in young animals (see ROBBINS and 
MOEN 1975) may be assessed for bighorn sheep. Almost certainly, ewes exposed 



Weaning Conflict i n  Bighorn Sheep 195 

to food items varying in water content (e.g. desert versus mountain plants) 
will produce milk differing in composition. Although field studies have been 
unable to  provide detailed and quantifiable data on milk content, they are 
advantageous because they provide information on the ecological conditions 
that affect behavioral (i.e. weaning) and demographic parameters. 

2. Milk Production and Population Quality 

Presently, both the more basic and applied studies of weaning (GEIST 
1971; TRIVERS 1974; Fig. 2 and references therein) predict that mothers pro- 
ducing large amounts of milk at  little self cost will also raise larger offspring, 
that grow more rapidly, and are weaned later. In short, such offspring have 
better chances to escape mortality. Prior studies of bighorn sheep (HOREJSI 
1976; SmcKmroN 1973) have supported this idea by providing data that 
this ‘type of lamb’ suffers lower mortality; an idea favored in GEIST’S (1971) 
concept of population quality. This concept predicts that the bioenergetic 
regime available to a population will be reflected in the behavior of its in- 
dividuals. Populations faced with an abundance of food resources are design- 
ated ‘high quality’ and are characterized by: ( I )  large bodied and fast grow- 
ing ewes and lambs; (2) high lamb survival; (3) lambs suckling for long 
periods of time and playing frequently; and (4) a high intrinsic rate of 
growth. The reverse conditions are exhibited by low quality populations. 
Recently, GUINESS et al. (1978 a) elucidated the complex network of factors 
affecting survival in red deer fawns (Ceuvus elaphur). 

3. Weaning in Different Environments 

The predictions of population quality have been supported by studies 
that concentrated on geographically separated populations and also one that 
was studied for several years. SHACKLETON (1 973) studied bighorns in Kootenay 
and Banff National Parks in the Rocky Mountains of Canada, whereas 
HOREJSI (1976) studied a single population in the Sheep River Valley of 
Alberta in three different years. GEIST (1971) studied sheep in the Cassiar 
Mountains, British Columbia, and at  Banff. The above studies were broadly 
similar, in that each involved populations in a mesic, strongly seasonal, and 
cold environment. 

My data on sheep from a more xeric environment indicate that the con- 
cept of population quality and classical theory (as presented in Fig. 2) initially 
does not appear valid. I have observed the opposite relationship. That is, 
desert lambs on the average were weaned at younger ages and consumed more 
milk than lambs from the other two study populations. Additional inferential 
evidence suggests that desert ewes channeled more energy to milk production 
at earlier postpartum ages than ewes from the Chilcotin or transplanted popula- 
tion. Such evidence was based on the fact that desert sheep are smaller in body 
size than sheep from the other two populations (ALDOUS et al. 1958; GEIST 
1971; Russo 1956) and most likely a concomitant reduction in lamb birth 
size and weight occurs (as it does in domestic sheep: see BUTTERWORTH and 
BLORE 1969; FORBES 1969; MUNRO 1962). Lambs in the mountains are usually 
born at  about 3.5-4 kg under captive conditions (GEIST 1971; BLUNT et al. 
1977). In contrast, desert lambs weigh about 2.3-2.8 kg a t  birth in captivity 
(BERGER unpubl.). Since lamb size at  birth influences growth rates (Fig. 2) 
and larger lambs may have relatively greater energy requirements due to  faster 

13” 
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growth rates, i t  seems that desert ewes (which are smaller) must have produced 
relatively more milk than ewes from the other two study populations. 

The apparent differences between milk consumption between populations 
pose several interesting problems. For instance, why should desert ewes pro- 
duce a relatively large supply of milk at  young postpartum ages and allow 
lambs greater access to  it than ewes from the other environments? What 
advantages from a Darwinian fitness standpoint may be gained by desert ewes 
that wean their lambs early? 

4. Ecological Differences: Proximate and Ultimate Factors 

I n  order to suggest answers to these questions an analysis of parturition 
seasons in each study population is necessary. In the Chilcotin, births are syn- 
chronized and occur primarily during May. Annual variability in the parturi- 
tion season is almost certainly small, as it is in other species of ungulates 
inhabiting seasonal, temperate environments (GUINESS et al. 1978 b; SADLIER 
1969). In the transplant, births occur in April-May and, again, variability 
is probably small (KORNLT 1978). However, i n  the Santa Rosa Mountains the 
parturition season is more variable (BLEICH unpubl.). HANSEN (1965) stated 
that in the desert, lambs may be born at  any time of the year. In other arid 
ecosystems, some species of ungulates may also undergo births throughout the 
year (e.g. SEKULIC 1978). During the year I studied sheep in the Santa Rosa 
Mountains most births were synchronized and occurred during February and 
March, probably in response to  an offseason tropical storm that occurred 
5 ' / n  months earlier. 

I suggest three possible explanations for early weaning in desert lambs 
from the Santa Rosa population. Future researchers will undoubtedly have 
greater opportunities for the collection of additional data regarding these 
possibilities. 

First, desert ewes may have evolved a mechanism allowing for rapid 
weaning. The deserts of southern California are characterized by highly pre- 
dictable, hot (temperatures may exceed 50 "C), and arid summers. During the 
summer and fall sheep gather at  springs and restrict their movements to  within 
1-2.5 km of these waters (SIMMONS 1969; TURNER 1973; WELLES and WELLES 
1961). As a result these areas tend to be heavily overgrazed. This season repre- 
sents a stressful period (BLONG and POLLARD 1968; TURNER 1973). During 
these periods the amount of available quality (e.g. choice) food diminishes and, 
consequently, ewes in poor(er) physical condition produce less milk (see Fig. 2 
and references therein). I t  thus appears that desert ewes may have evolved a 
temporal mechanism of energy partitioning. Such an adaptation would con- 
sist of allocating large amounts of energy (in the form of milk production) 
early in the lives of their postpartum offspring (Figs. 3 and 4). Concomitantly, 
lambs are then weaned at  a young age and prior to  the onset of the stressful 
summer. 

A second suggestion: perhaps lambs must attain a minimum body weight 
(or size) before survival is possible. In  the deserts, ewes appeared to channel con- 
siderable energy into milk production, and the time until lambs attained this 
weight (or size) may consequently be reduced. After weaning (and during the 
summer) ewes may then attempt to recover from energetic stresses imposed 
upon them by their lambs so that investment in  future offspring (i.e. repro- 
ductive value) is possible (see T R I V E R S  1974). If the alternative strategy were 
adopted and lactation continued throughout the summer, energetic stresses 
could become too severe, thus jeopardizing any future investment in offspring. 
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In contrast to the desert, weaning conflict in the transplant or  Chilcotin 
populations may be explained as follows. Selection has not intensively favored 
ewes that wean early because postpartum periods (summer and fall) are not 
nearly as stressful as postpartum periods in the desert (see BLONG and POL- 
LARD 1968; TURNER 1973). In fact, i t  may be adaptive for ewes in the Chil- 
cotin and transplant to  prolong nursing so that their offspring attain greater 
body weights and, thus, improve their probabilities of survival during cold 
(hence, energetically stressful; STELFOX 1974) winters. In these and other 
similar environments (for instance, the northern habitats where prior studies 
have focused) weaning apparently follows classical theory (Fig. 2). That is, 
lambs are weaned at  the oldest ages possible (GEIST 1971, 254; SHACKLETON 
1973; HOREJSI 1976). 

5. An alternative Explanation 

The explanations offered above for inter-regional differences in weaning 
assume primarily genetic bases evolving as the results of selection pressures 
in contrasting environments. However, a third explanation also accounts for 
inter-regional differences. Lambs in the desert may have been weaned abruptly 
(see Fig. 4) due to changes in food accessibility to  ewes or  due to changes in 
the chemical compositions of focd items. The time period for which I docu- 
mented rapid weaning coincided with increasing ambient temperature in the 
spring. In  the desert, this results in wilting, leaching, and dormancy in plants 
with coincident changes in their water and mineral content. HEBERT (1973; 
see also MCLEAN and TISDALE 1960; WATKINS 1943) documented chemical 
changes, especially in protein composition and crude fiber, in  natural food items 
that were growing older in the diets of bighorn sheep. In turn, plants of less 
nutritional value (or the reduced availability of food) result in decreased milk 
production in domestic sheep (WALLACE 1948). It seems reasonable then, that 
during the late spring of the present study, desert ewes became energetically 
stressed to the point where it no longer benefitted them to produce milk. 

BROWN (1 959) described the relationship between weaning age and later 
susceptibility t o  disease in domestic sheep. H e  found that lambs weaned early 
in life were not only in poorer physical condition but they also suffered 
greater parasitic problems than lambs weaned at  a later age. These data are 
most intriguing when interpreted from an ecological perspective and applied 
to bighorn sheep. 

A trade-off (codbenefit) in maternal investment may be envisioned. The 
apparent risk (or cost) to  a ewe is that her offspring may suffer reduced 
chances for survival due to lowered disease resistance if she weans it early. 
Yet, the benefit to her is the reinvestment into future offspring that survive 
and reproduce. BLEICH (pers. comm.) suspected epizootic disease as the major 
factor accounting for the mere 5 % survival of 6-month-old lambs at my 
desert study site. It seems that early weaning of the desert lambs of the Santa 
Rosa Mountains may have rendered them more susceptible to disease. These 
lambs obviously did not survive as well as lambs from the other two popula- 
tions (approximately 80 70 of the 6-month-old lambs remained in these sites; 
BERGER unpubl.). Therefore, if an early weaning strategy has not evolved in 
desert sheep and the abrupt curtailment of milk to desert lambs occurred due 
to  nutrition-related factors or disease, my data do indeed support GEIST’S 
(1971) concept of population quality. The evidence is based on the fact that 
lambs weaned early also survived poorly in the Santa Rosa Mountains. 
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During some years, there must certainly be a relationship between energy 
channeled into milk production (hence neonate weight gain) and later chances 
of lamb survival. At the ultimate level this may be viewed as a trade-off 
between maternal cost in terms of reproductive effort during a given year and 
benefit in terms of ‘inclusive fitness’ effects (HAMILTON 1964) either in that or 
subsequent years (e.g. reproductive potential [WILLIAMS 1966; WILSON 19751). 

Summary 

Suckling behaviors were studied in three natural populations of bighorn 
sheep (Ovis canadensis). Various aspects of weaning were examined and, based 
on data from studies of domestic sheep, then applied to bighorns. Ewes in a 
desert environment (southern California) allocated more energy to milk pro- 
duction than did ewes from populations in more northern environments 
(British Columbia and eastern Oregon; the latter being the site of a portion 
of the B.C. population that was transplanted 25 years ago). Ewes from the 
desert environment weaned lambs more abruptly and prior to  the onset of the 
hot arid summer. 

It was suggested that ewes in the desert utilized early weaning as an 
adaptive strategy to combat the increased energetic costs should lactation have 
continued through the summer. There appeared to  be a trade-off, however, 
between age at weaning and lamb physical condition. Lambs weaned early 
appeared to be in poor physical condition. The ‘decision’ for early weaning 
in the desert was apparently a poor one frcm a Darwinian fitness standpoint, 
as lamb mortality was estimated at  95 %. The reproductive value and ages of 
individual ewes were unknown. Assumptions and alternative explanation are 
discussed for the observed inter-regional differences in rates of weaning. 

Zusammenfassung 

An drei naturlichen Populationen des Dickhornschafes wurde das Sauge- 
verhalten untersucht, und zwar besonders im Hinblick auf die Entwohnung. 
In  der Wiistengegend Siidkaliforniens wendeten die Mutter mehr Energie fur 
die Milchproduktion auf und entwohnten die Lammer abrupter vor Beginn des 
heii3en Sommers - beides im Vergleich zu nordlicheren Populationen in 
British Columbia und Oregon. 

Wenn Mutter im Trockengebiet fruh entwohnen, um Kosten der Milch- 
produktion zu sparen, ist das ungunstig vom Fitness-Gesichtspunkt. Die ent- 
wohnten Lammer sind in schlechtem Zustand, ihre Mortalitat liegt bei 95 %. 
Alter und Fortpflanzungs-Chancen der Mutter waren freilich unbekannt. An- 
nahmen und Alternativerklarungen zum beobachteten regionalen Unterschied 
im Entwohnen werden erortert. 
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