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ABSTRACT: Studies of milk allocation in polytocous species provide the opportunity

to investigate the effects of offspring number and sex ratio on maternal investment. In

these species maternal control over milk allocation is more difficult because

physiological limits on milk production may stimulate sibling competition. This study

investigated the nursing behavior of domestic goats bearing twins or singletons in an

experimental situation for the first 47 days post-partum. Milk yield and composition

did not correlate with litter size, kid weight, or with the behavior of kids. Males were

heavier than females, but there were no sex differences in behaviors related to nursing.

Milk allocation differences existed between twins and singletons, even though, on the

average, there were no significant weight differences. However, one twin was always

larger than the other. Twins spent less time in proximity to the mother than did the

singletons, and were more responsible for achieving proximity to the mother. These

results suggest that nursing behavior was more affected by litter size than by sex of

young, although there might be an interaction between both, that early mother-young

interactions were different for twins and singletons, and that kids played an active role

in the allocation of milk and its conversion to body weight.

Infant mammals are entirely dependent on milk to meet their

nutritional needs during early development; milk consumption is

directly related to infant growth, and milk is the conduit for the transfer
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of proteins necessary for the development of an immune system

(Jenness, 1986). Therefore, infants and juveniles should strive to

acquire as much of this essential resource as possible, and mothers

should distribute it in a manner that increases their own reproductive

success, both immediate and future (Trivers, 1974; Wilson, 1975).

Since the genetic self-interests of mother and offspring are not

necessarily congruent (Trivers, 1974), and young differ in reproductive

value and needs (Mock & Forbes, 1992), milk allocation provides a rich

context for parent-offspring conflict. Studies of parental care have been

concerned with how resource allocation to progeny is biased by

offspring sex and litter size (Winkler & Wilkinson, 1988), but few

studies consider the interaction between both (Gaillard, Pointier,

Brandt, Jullich, & Allaine, 1992; Soderquist, 1995).

For polygynous mammals, evolutionary theory predicts that

mothers should bias milk allocation toward sons if (1) maternal

provisioning is positively related to offspring size at maturity and (2)

increased maternal provisioning has a more pronounced effect on the

fitness of sons than of daughters (Byers & Bekoff, 1990; Maynard

Smith, 1980; Trivers, 1972). This might plausibly occur in species in

which adult size is influenced by access to food during early

development and in which larger males enjoy a competitive advantage

over smaller males in obtaining mates. Although some studies have

documented that male offspring receive a greater investment of

maternal resources than female offspring (see reviews by Byers &
Bekoff, 1990; Clutton-Brock, 1991), Byers and Bekoff (1990) argued

that whether the mother or offspring control resource allocation has not

been demonstrated adequately. This demonstration is needed to

understand the extent to which natural selection operates on maternal

and infant traits. A complete understanding of the mechanisms of milk

allocation requires investigation of the dynamics of parent-offspring

interactions, especially the role of the young in mediating the

distribution of milk .

Ungulates present an excellent opportunity to test these theoretical

predictions, because they show a wide range of polygyny, sexual

dimoiphism, and males fight for access to females (Jarman, 1983); and

because the young, although precocial in comparison to most other

mammals, are dependent on milk for the first three or four months of

life. Male-biased milk allocation has been described in bison {Bison

hisoii), horses {Equus cahalliis), and red deer (Cervus elaplms), but not

in cattle {Bos sp.), bighorn sheep {Ovis canadensis), white tail deer

{Odocoileus virginianus), and fallow deer {Dama dama), for example
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(reviewed by Byers & Bekoff, 1990; Clutton-Brock, 1991). In some

polytocous species, such as pronghom {Antilocapra americana), female

offspring seem to suckle more than males (Byers & Moodie, 1990). In

species with high growth rates, mothers might be near the upper limits

of milk production and may not be able to provide enough extra milk to

support differential investment in any one sex (Byers & Moodie, 1990).

Although studies of sex-biased milk allocation in ungulates have

focused on species bearing single offspring, polytocous species provide

the opportunity to investigate the effects of offspring number and sex

ratio on milk allocation. In these species maternal control over milk

allocation is more difficult because physiological limits on milk

production may stimulate competition between siblings. Reduced

suckling frequencies and/or growth rates in twins relative to singletons

have been reported in domestic sheep (Ewbank, 1965, 1967) and cattle

(Price, Martinez, & Coe, 1984/85), suggesting that sibling competition

might be expected. However, the litter size effect was not present in

pronghorn antelope for nursing frequency (Byers and Moody, 1990).

Since sibling competition can reduce the fitness of parents (Godfray &
Parker, 1992), mothers might be expected to buffer sibling interactions

(Pianka, 1988) or to favour offspring most likely to increase her

inclusive fitness (Maynard Smith, 1980). For example, in the first two

hours after parturition, domestic goat mothers provide more nursing to

the smaller, less vigorous kid, and these compensation efforts correlate

with the dominance status of these kids (Klopfer & Klopfer, 1977;

Klopfer & Klopfer, 1973). Thus, studies of milk allocation in

polytocous species should consider, in addition to sex-biased milk

allocation, the dynamics of nursing several young versus one, and

whether the mother buffers or encourages sibling competition.

Furthermore, different litter sizes represent different social

environments, and thus a context to study alternative behaviors used by

the young in the procurement of resources.

In this study we investigated the nursing behavior of domestic

goats bearing twins or singletons in an experimental situation for the

first 47 days post-partum. Our objectives were to evaluate whether the

expected sex-biased milk allocation was evident in either singletons or

twin litters, to ascertain the role of the young in the allocation of milk,

and to determine the extent to which litter size affects mother-young

interactions. Subsidiary goals were to characterize sibling competition

and observe whether mothers mediated competitive interactions among
siblings. Domestic goats are a particularly appropriate model for

studying the dynamics of nursing interactions because they are highly
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tractable, produce up to four offspring per litter, and mother-young

interactions are fairly well characterized. Also, for dairy breeds it is

unlikely for differential investment to be limited by milk availability.

This provides a convenient context in which to examine the relative

roles of mother and infant in controlling access to maternal resources.

METHOD

Subjects

This study was conducted at the Dairy Goat Research Facility of

the University of California at Davis. The study group consisted of 18

adult female Alpine-breed goats between 2 and 3 years of age and their

26 offspring. Several subjects were eliminated from the study because

of illness, therefore only the behavioral and growth data from 16 does

and 22 kids are presented here: 6 sets of twins (4 male-female, 1 male-

male, 1 female-female) and 10 singletons (5 males and 5 females).

Milk composition data were collected for 16 of the does. All adult goats

had given birth once previously, but this was the first time that they

were allowed to raise kids. The mean body height at the shoulder for

adult does was 72.17 cm (SD=3.38) and the mean body weight was

47.19 kg (SD = 6.89). All subjects were housed in a 33.2 x 7.4 m corral

with an elevated wooden shed for shelter. Hay and grain were provided

ad libitum once a day. The does were allowed to nurse their kids ad

libitum during non-test days, but on test-days they were allowed to

nurse their kids only during the observation time.

Procedure

The objective was to stmcture mother-offspring reunions so that we

could observe nursing dynamics under conditions in which mother and

offspring were motivated to engage in the interaction. The kids were

observed at around 5, 12, 19, 26, 33, 40, and 47 days of age. Kids were

artificially weaned at 52 days of age. At each age, three observation

sessions were done between 7 and 10 am, and three between 7 and 9

pm. Kids were separated from their mothers around 10pm the night

before each of the morning observations and around 10:30 am before

the afternoon observations. These procedures were not different from

normal husbandry procedures at the Dairy Goat facility. These

separation times are not unusual for domestic animals and are within



CARLOS RUIZ-MIRANDA, KATERINA THOMPSON AND MICHELLE CALLARD 97

the range seen for feral goats (Coblentz, 1974; O'Brien, 1984; Ruiz-

Miranda & Chabert, 1989). Because births were not completely

synchronous, only between 4 and 6 kids were tested simultaneously.

The focal units were the mother and her one or two kids, and were

observed for a minimum of 45 minutes and a maximum of 90 minutes.

The time differences depended on the visibility of subjects, and

unpredictable environmental factors. Before reintroducing the mothers

to the home corral containing the rest of the females and their kids, we
confined the kids behind a shed, releasing them only after their mothers

entered the corral. All occurrences sampling (Martin & Bateson, 1986)

was used to record nursing and approaches and leaves, and 5-minute

interval sampling was used to record distance between kid and mother,

and the behavior of kids. Behavioral variables analyzed were:

1. Proximity to the Mother. The number of intervals spent at

distances of 2 meters or less from the mother were grouped under the

label "Proximity".

2. Kid Behavior. Resting: Lying down alone or with its sibling in a

covered area for more than 15 seconds. Feeding: Mouthing or chewing

anything that was not milk or part of the corral furniture. Ruminating

was also included here. Other: Any behavior that did not fit into one of

the preceding categories.

3. Approaches and Leaves. We recorded the initiator and

frequency of approaches (a distance change from more than 1 meter to

within a meter of the target animal), or leaves (move away to a point

further than one meter from target animal) between mother and

offspring.

4. Nursing. A nursing bout (i.e., a nursing event) was defined as

the kid suckling for 5 seconds or more with no interruptions longer than

5 seconds. For analysis, the total number of bouts was divided by the

total observation time to calculate the Nursing Bout Rate. Bout Length

was defined as the mean of the durations of all nursing bouts. Time
Nursing was defined as the sum of the durations of all nursing bouts

divided by the total observation time. In addition, for each nursing bout

we recorded which kid nursed first, which kid was the displacer (see

below), and the dam's behavior. A displacer was any kid that

approached from the same side as the nursing kid and pushed the

nursing kid off the nipple that it was suckling, thereby forcing it to use

the other nipple or abandoning nursing completely. The behavioi of the

dam was recorded as Presentations (any behavior done by the mother

that resulted in a kid being closer to the udder as opposed to the face of

the mother) or Withdrawals (any behavior that resulted in the kid being
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farther away from the udder). Withdrawals and Presentations toolc the

form of licking or butting or walking a few steps or turning around.

These behaviors were interpreted to be a solicitation or encouragement

to nurse.

6. Nursing Failures. Attempts at nursing that were rejected by the

mother and were less than 5 seconds long. An attempt to nurse was

defined as either touching the udder or getting within six inches from it

with the apparent intention to nurse.

6. Nursing Success. This was calculated for each kid by dividing

the total number of nursing bouts by the sum of nursing bouts and

nursing attempts.

7. Milk Stealing. All nursing failures and successful nursings

made by kids other than the offspring of the focal mother, and all

attempts that the focal kids made to nurse from mothers other than their

own.

8. Milk Yield and Composition. The Dairy Goat Facility performed

a standard analysis of the milk of each adult female once: when their

kids were 52 days old. A timed-milking (Oftedal, 1984) procedure was

used to collect the milk. The milk composition data included the

complete morning and afternoon milkings of one day. Two measures

are reported here: quantity (yield in pounds) and fat content (in

pounds).

Statistical Analyses

Twins were treated as statistically independent from each other,

because their scores on most variables were not correlated. Also,

previous studies with goats found that intra-litter variation in behavior

is as large as inter-litter variation (Klopfer & Klopfer, 1977; Ruiz-

Miranda, 1992). For the statistical analyses of sex and litter size

differences of all variables, except body weight, the data for each

individual were averaged across ages into first and second month. This

grouping was done to maintain sample sizes because some kids were

not observed at all ages because they were sick or their mothers had

mastitis. The analyses of the effects of body weight, growth, and age

on nursing and proximity to the mother used weekly data points.

Overall tests of significance were done with Repeated Measures

ANOVA using SYSTAT (Wilkinson, Hill, & Vang, 1992), and for

post-hoc comparisons we used one-way ANOVA, Correlations were

calculated with Pearson's Product-Moment test. Continuous variables

were normalized with Log transformation and frequencies variables
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were normalized using a Square Root transformation. Significant p
values were at/? < 0.05.

RESULTS

Maternal Variables

The only significant correlations were between milk yield and

maternal age (r = .83, p = 0.0001) and maternal weight (r = .87, p =

0.0001). The difference in Milk Yield between does with twins (Mean
= 8.62, SD = 2.05) and singletons (Mean = 9.11, SD = 2.89) was not

statistically significant (F (1,14) = .16, p = 0.69). There was no

significant weight difference between does with twins and does with

singletons (F (1,15) = .001, ;? = 0.91). Milk Yield was found to be

moderately correlated with Time Nursing at 47 days (r = .57, p = 0.02),

but weakly correlated to Kid Weight at 47 days (r = .36, p = 0.17).

Therefore, although larger goats tended to produce more milk, this did

not affect nursing and growth of kids in any systematic way.

Age of Kid

Kid age had a significant effect on all nursing behavior measures.

Time spent nursing declined with age (F (6,15) = 7.38, p = 0.0001), as

did the length of individual nursing bouts (F (6,15) = 2.92, p = 0.03).

Nursing success significantly declined with age (F (6,15) = 1.83, p =

0.04), and the number of nursing attempts increased with age (F (6,15)

= 2.71, p=0.002). The frequency of milk stealing was higher during the

second month (Mean = 2.92; SD = 0.62) than during the first month

(Mean = 0.82; SD = 1.33), with a peak at 33 days of age (F (1,15) =

4.76, p = 0.04).

The kid's age also had a significant effect on doe-kid association

measures. As kids got older they initiated more of the approaches

(F (6,15) =7.08, p < 0.001); kids initiated more than 50% of the

approaches after 12 days of age. Moreover, kids spent more time in

proximity to their mothers as they got older (F (6,15) = 2.34, p = 0.04),

at least until 40 days of age.

Sex of Kids

Body weight and growth. Males tended to be heavier than females
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at all ages (Figure la, F (1,20) = 6.36, /?=0.02). Weight gain was also

higher for males than for females (F (1,20) = 4.02, p - 0.05).

Nursing behavior. There were no sex differences in time nursing

(Table 1, F (1,20) = 0.61, p = 0.44), even though males had longer

mean bout length than females (Table 1, F (1,20) = 5.02, p = 0.04),

particularly during the first month of life. Males and females did not

differ in nursing success (F (1,20) = .64, p = 0.43). Both the rate of

nursing attempts and the nursing success (Table 2) of males and

females were similar throughout the study (F (1,20) = 0.01, p = 0.92;

and F (1,20) = 0.55, p = 0.47, respectively). When attempts to nurse

from non-maternal does (milk stealing) were considered we found that

out of 47 successful steals, 33 were made by males and 14 by females.

Milk stealing was observed in 7 males and 5 females, and one of the

males was responsible for 18 of the milk steals (38.3 %). Differences

between the sexes in the frequency of udder presentations by the

mother for both twins and singletons were not statistically significant.

Table 1. Monthly average for the proportion of time spent nursing and

length of individual nursing bouts (seconds) for males and females born as

singletons or twins. Month 1 = 5 to 26 days old; and Month 2= 33 to 47

days old. Numbers in parentheses are the standard deviations.

Month 1 Month 2
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Table 2. Monthly averages for Nursing Attempts (successful +

unsuccessful/ time) and Nursing Success (successful attempts/ total

number of attempts) for male and female kids born as singletons or twins.

Month 1 = 5 to 26 days old; and Month 2= 33 to 47 days old. Numbers in

parentheses are the standard deviations.

Month 1 Month 2
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0.32, p = 0.57; Growth: F ( 1 ,20) = 1 .52, p = 0.23). However, one of the

twins tended to be heavier than the other (Figure lb). All twin pairs

showed the light-heavy relationship, and in the the mixed sex pairs the

heavy twins were the males (Table 3). The average weight for heavier

twins was equal or higher than that of singletons, whereas the average

weight of the lighter twins was always lower than the one of singletons.

Nursing Behavior. Singletons did not differ from twins in duration

of individual nursing bouts (F (1,20) = 1.84,/? = 0.19), but nursed more

frequently (F ( 1 ,20) = 4.4, p = 0.05), resulting in a greater time spent

time nursing (see Table 1; F (1,20) = 7.41, p = 0.01). Nursing success

(Table 2) was significantly higher for singletons than for twins (F

(1,18) = 1 1.31, /? = 0.003). These differences were not caused by a lack

of effort from the twins; the rate of nursing attempts (Table 2) was

higher for twins than for singletons throughout the study (F (1,20) =

3.72, p = 0.06). When attempts to nurse from does other than the

mother (milk stealing) were considered we found that out of 47

successful steals, 39 were done by twins and 8 by singletons. Out of the

12 kids involved in milk steals 8 were twins and 4 were singletons, and

one twin was responsible for 18 of the steals (38.3 %).

Table 3. Actual body weight (Kg) growth rate (Kg/day), proportion of

times subject displaced sibling from udder (Displacer) and classification

into weight categories for each kid in a twin pair. Adjacent kids in the

table are siblings.

Kid Mother Sex of Birth Weight Weight Growth Weight Dis-

ID ID Kid Wt Month 1 Month 2 Rate Category placer

0024
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Litter size did not have a significant effect on the frequency of

mothers presenting their udders to kids (F (1,20) = 2.65, p = 0.1 1). The

trend was, however, for singletons (Mean for month 1 = 20.70, SD =

14.10; Mean for month 2 = 3.80, SD = 4.49) to receive more udder

presentations than twins during both months ( Mean for month 1 =

14.17, SD = 12.15; Mean for month 2 = 1.0, SD = 1.35). Variation

among each group was high and probably accounts for the lack of

significance.

Competition and displacements. With twins pairs it was possible to

look at sibling competition for udder access by recording the number

and pattern of displacements from the teats. We emphasized two

variables, body weight and sex (Table 3). The overall main effect of sex

was statistically significant (F (1,6) = 8.82, p = 0.02), with males

displacing females more often than the opposite. Body size had a

significant main effect in both mixed sex and single sex twin pairs. The

Heavy kids displaced their twins more often than the reverse (F (1,10)

= 17.22, p = 0.002). Differences between Heavy and Light twins in

Time Nursing were not statistically significant (F (1,10) = .15, p =

0.70).

Approaches and proximity. Even though the overall effect of litter

size was not statistically significant (F (1,20) = 2.73, p = 0.11), twins

(Mean = 0.67, SD = 0.15) initiated more approaches than singletons

(Mean = 0.53, SD = 0.16) during the first month (F (1,20) = 4.79, p =

0.04). Singletons (Mean for month 1 = 0.67, SD = 0.22; Mean for

month 2 = 0.58, SD = 0.16) spent significantly more time in proximity

to their mothers than twins (Mean for month 1 = 0.48, SD = 0.25; Mean

for month 2 = 0.39, SD = 0.19) throughout the study (F (1,20) = 7.07, p
= 0.02).

Resting and foraging. The difference in resting behavior between

singletons (Mean = 0.32; SD = 0.59) and twins (Mean = 0.29; SD =

0.64) was not statistically significant (F (1,20) = 1.2, p = 0.28). The

differences between singletons and twins in amount of time spent

foraging were not statistically significant (F (1,20) = 2.54, p = 0.12).

DISCUSSION

Milk allocation was more affected by litter size than by sex of

young, although there might be an interaction between both factors,

kids played an active role in the allocation of milk and its conversion to

body weight, and early mother-young interactions were different for
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twins and singletons. The relationships between age of kid and

behavioral variables follow the same patterns seen in field studies of

wild bovids (Byers & Moodie, 1990; Green, 1992; Hass, 1990;

Schaller, 1977), and more naturalistic studies of domestic ruminants

(Ewbank, 1967; Lickliter, 1984, 1987; Mandiki, Fossion, & Paquay,

1989; Peiia Blanco, Herrera Garcia, Subires Antiinez, & Aparicio

Macarro, 1985; Reinhardt & Reinhardt, 1981).

Resource Allocation

We found that males were heavier than females from birth to day

47. One might expect then that males had more access to post-natal

resources from the mother, but that was not true for time nursing,

nursing success, and nursing attempts. Other domestic bovids show

this pattern of sex differences in size but no sex differences in nursing

behavior (Burfening, 1972; Plasse, 1978; Reinhardt & Reinhardt,

1981). So, how do males grow larger than females? It is possible that

male kids obtained more milk per unit time. Males had a longer

nursing bout length than females, and this can result in higher milk (or

milk fat) per unit of time, especially if the first few seconds of suckling

are "dry" compared to the last few seconds (Oftedal, 1985). However,

available data shows that there are no sex differences in milk consumed

in hand reared kids fed milk ad-libitum (Hadjipanayiotou, 1986) or

twice per day (Peiia Blanco, et al., 1985). Males could be more

efficient at converting milk into body weight than females, but there are

no data to test this alternative. It is also possible that males procured

milk or other nutrients elsewhere or that males had different activity

budgets than females. The only data germane to this hypothesis is the

slight male bias in milk stealing observed. All of these alternative

explanations suggest that to explain growth differences between sexes

we should be looking at physiological and behavioral traits of kids, as

well as at female resource allocation.

Being a twin or a singleton had a significant effect on milk

allocation and interactions with the mother, but not on body weight. On
average, twins did not differ from singletons in body weight, although

among twin pairs there was always a smaller twin which weighed less

than singletons. Although the weight differences among twins can be

partially explained by the sex differences (4 of 6 pairs were of mixed

sex), the differences were also present in same sex pairs (one male-

male and one female-female). A study with larger sample size is

necessary to corroborate our observations. Singletons were more
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successful in their solicitations, nursed longer, and spent more time in

proximity to their mothers than twins. Also, mothers with singletons

sought their kids more often than mothers with twins, and stayed closer

to them. Differences in nursing behavior were surprising since dairy

goats are thought to produce enough excess milk to feed several kids.

However, in this study does with twins did not produce twice the

amount of milk than those with singletons, and thus milk supply was

more limited for twins.

The lack of a strong litter size effect on body weight is in contrast

with studies carried out on 'meat' goat breeds and other domestic

bovids. In meat goats, singletons obtained more milk and gain more

weight than twins (Figueiredo, Simplicio, Bellaver, & Pant, 1982;

Hadjipanayiotou, 1986). Meat goats are smaller and produce less milk

(mean=4.26 (.33) kg/goat/day) than the dairy goats used here (5.31

(.20) kg/goat/day). Milk is in more limited supply for twin meat goats

than for twin dairy goats. Singletons were heavier than twins at all ages

in Clun Forest and Texel sheep, even though twins had longer suckling

bouts and higher total duration of suckling than singletons during the

first 5 weeks of lactation (Ewbank, 1964, 1967; Mandiki, et al., 1989).

In cattle with twins, the mother-young bonds are weaker resulting in

calves seeking out allonursing, weaning earlier, and poorer growth than

singletons (Price, et ai, 1984/85). These results are different from

those obtained in pronghorn antelopes where there were no litter size

differences in nursing behavior (Byers and Moodie, 1990). None of

these studies reported intra-litter variation in body weight or milk

intake for twins.

Sibling Interactions

This study presents evidence for sibling competition. One twin

tended to be heavier, obtained more milk, and was the displacer more

often than the other. As in previous studies with goats (Klopfer &
Klopfer, 1977), evidence for maternal buffering came during the first

hours post-partum; the does did not engage in nursing until both young

had been bom. After that mothers nursed their kids regardless to the

order of arrival and without interfering after nursing had commenced,

even when one kid displaced another or when both kids were fighting

over teat access. Most intra-litter differences related to competition

were seen during the first month of life, a time when the female should

have been able to exert control over resource allocation. It seems that

in goats maternal buffering occurs only early in the life of kids, later
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kid's aggressiveness and competition between siblings determine the

nature of suckling behavior.

There is scant evidence available of intra-litter competition in

domestic or wild artiodactyls. In sheep, Burfening (1972) recorded an

interaction between sex and litter size, where male lambs in mixed sex

pairs always grew larger than females and than males in same-sex

litters. Price et al. ( 1 984/85) found in a study of free-ranging cattle that

one twin was more adept at milk stealing than the other, which stayed

suckling the mother more. It is not known which was the heavier calf

or the sex of the calves. Studies of intra-litter competition in wild

ungulates and feral domesticates are necessary to characterize the

nature of parent-young interactions more fully.

Control ofResources

The effect of sibling competition on nursing and mother-young

interactions, and the observation that sex differences in nursing were

most evident in kid behaviors, and not in maternal behavior suggest that

kids were an active participant in controlling the allocation of

resources. Does sometimes tried to avoid nursing and avoided the kids;

the kids responded by pursuing the female and often blocked the

female's path until she stood and nursing commenced. The few studies

reported that describe the role of the young in the procurement of

resources suggest that the allocation of resources in ungulates is not

completely under the control of adult females. For example, lambs have

different strategies for approaching an ewe for nursing; if it is their

mother they adopt a frontal approach and if it is an alien ewe, they

approach from rear or side (Poindron, 1976). Similarly, water buffalo

calves are active and successful solicitors of milk from their mothers

and alien cows, and use a variety of approach behaviors when dealing

with either. They follow a strategy of maximizing the total number of

solicitations rather than the probability of success (Murphey, Paranhos

da Costa, de Souza Lima, & de Moura Duarte, 1991; Murphey,

Paranhos da Costa, Gomes da Silva, & de Souza, 1995). These imply

that selection processes have acted during ontogeny to produce young

with flexible behavioral strategies to obtain milk. Whether individuals

have different strategies or one, and the relative benefits and costs of

each has not been studied in any detail.

Byers and Moodie (1990) argued that in those wild ungulates that

show male bias in provisioning during lactation growth rate is slow, and

females are likely to be able to produce enough milk to invest extra on



108 INTERNATIONAL JOURNAL OF COMPARATIVE PSYCHOLOGY

males; whereas in species with high growth rates the mothers can not

show provisioning biases during lactation. To this we would like to add

litter size as an intervening variable. Oftedal (1985) argued that species

that twin regularly have high costs of lactation, and thus male-biased

nursing would likely be seen in singletons and not in twin litters. Most

of the ungulates in which there are no sex differences in nursing

behavior or growth during lactation are species that twin regularly (see

Byers & Moodie, 1990). The lack of sex differences could be caused

by a -combination of limits in milk availability for twins, and the

inability of mothers to control allocation of milk among their precocial

young. For sexually dimorphic species, if males are not getting more

milk than females, they must procure more food elsewhere either as

milk theft or foraging, have more efficient digestion and conversion of

food to weight, or expend less energy than females. These suggest that

there is strong selection for specific traits of young males that enable

them to obtain more resources. The active role of offspring is likely to

be an important determinant of parental resource allocation in precocial

species with multiple offspring.

The results of this study should be replicated under more

naturalistic conditions than corraled dairy goats, or a captive study with

more twin litters of same sex and mixed-sex, as well as triplets. Our

sample may have been inadequate to detect small differences between

sexes or litter size. Domestic rumiants are a good model to study these

problems because breeds differ significantly in lactation curves, litter

size, growth rates, temperament, and adult body size among others

(Frisch & Vercoe, 1978; Gipson & Gorssman, 1990; Hohenboken,

1986; Plasse, 1978). Future studies should compare low milk yield

goats with high milk yield breeds under different nutritional regimes.

ACKNOWLEDGEMENTS

This study would not have been possible without the assistance of

LaDonna Foley and others from UCD dairy goat facility. Theresa

Thompson-Colon, Erick Wilkins, Joe Dalessio, and Brad Dowd assisted

in data collection and goat management. We appreciate the comments

made by Robert Murphey, Elizabeth Perry and Patricia Majluf and two

anonymous reviewers on earlier versions of the manuscript. This study

was partially funded by a University of California Dissertation-year

Fellowship to CRRM. Other support came from the Department of

Zoological Research of the National Zoological Park and the

Universidade Estadual Norte Fluminense.



CARLOS RUIZ-MIRANDA, KATERINA THOMPSON AND MICHELLE CALLARD 109

REFERENCES

Burt'ening, P. J. (1972). Prenatal and postnatal competition among twin lambs. Animal

Production, 75,61-66.

Byers, J. A., & Bekoff, M. (1990). Inference in social evolution theory: a case study. In

M. Bekoff, & D. Jamieson (Eds.) Interpretation and explanation in the study of

animal behavior. Vol. //; explanation, evolution, and adaptation (pp. 1-14).

Boulder: Westview Press.

Byers, J. A., & Moodie, J. D. (1990). Sex-specific maternal investment in pronghom,

and the question of a limit on differential provisioning in ungulates. Behavioral

Ecology and Sociobiology, 26, 1 57- 1 64.

Clutton-Brock, T. H. (1991). The evolution of parental care. Princeton: Princeton

University Press.

Clutton-Brock, T. H., Guinness, F. E., & Albon, S. D. (1982). Red Deer: The behavior

and ecology of two sexes. Chicago: University of Chicago press.

Coblentz, B. E. (1974) Behavior and range relationships of the feral goat. Doctoral,

University of Michigan, Ann-Arbor.

Espmark, Y. (1971). Mother-young relationships and ontogeny of behavior in reindeer.

Zeichtriftfur Tierpsychologie, 29, 42-81.

Ewbank, R. (1964). Observations on the suckling habits of twin lambs. Animal

Behaviour. 12, 34-37.

Ewbank, R. (1967). Nursing and suckling behaviour amongst Clun forest ewes and

lambs. Animal Behaviour, 15, 251-258.

Figueiredo, E. A. P., Simpiicio, A. A., Bellaver, C, & Pant, K. P. (1982). Evaluation of

goat breeds in the tropical north-east Brazil. I: a study of birth-related traits of

native and exotic goat breeds. Pesquisa agropecuaria brasileira Brasilia, 17(4),

643-650.

Frisch, J. E., & Vercoe, J. E. (1978). Utilizing breed differences in growth of cattle in

the tropics. World Animal Review, 25, 8-12.

Gaillard, J., Pointier, D., Brandt, S., Jullich, J., & Allaine, D. (1992). Sex differences in

post-natal growth rate: a test in a wild-boar population. Oecologia, 90, 167-171.

Gauthier, D., & Barrette, C. (1985). Suckling and weaning in captive white-tailed and

iaUow dcQT. Behaviour, 94(1), 128-149.

Gipson, T. A., & Gorssman, M. (1990). Lactation curves in dairy goats: a review. Small

Ruminant Research, 3(4), 383-396.

Godfray, H. C, & Parker, G. A. (1992). Sibling competition, parent-offspring conflict

and clutch size. Animal Behaviour, 43, 473.

Green, W. C. H. (1992). The development of independence in bison: pre-weaning

spatial relations between mothers and calves. Animal Behaviour, 43, 759-773.

Hadjipanayiotou, M. (1986). The effect of type of suckling on the pre- and post-

weaning lactation performance of Damascus goats and the growth rate of the kids.

Journal of agricultural Science, Cambridge, 107, 377-384.

Hass, C. C. (1990). Alternative maternal care patterns in two herds of bighorn sheep.

Journal ofMammology, 71(1), 24-35.

Hohenboken, W. (1986). Inheritance of behavioural characteristics in livestock: a

review. Animal Breeding Abstracts, 54(8), 623-639.

Jarman, P. (1983). Mating system and sexual dimorphism in large, terrestrial,

mammalian herbivores. Biological Review, 58, 485-520.

Jenness, R. (1986). Species variation in mammary gland function. Journal of Dairy



110 INTERNATIONAL JOURNAL OF COMPARATIVE PSYCHOLOGY

Science, 69(3). 869-885.

Klopfer, P. H., & Klopfer. M. (1977). Compensatory responses of goat mothers to their

impaired young. Animal Behaviour, 25(2), 286-291.

Lickliter, R. E. (1984). Mother-infant spatial relationships in domestic goats. Applied

Animal Behaviour Science, 13, 93-100.

Lickliter, R. E. (1987). Activity patterns and companion preferences of domestic goat

kids. Applied Anintal Behaviour Science, 19, 137-145.

Mandiki. S. N. M., Fossion, M., & Paquay, R. (1989). Daily variations in suckling

behavior and relationship between suckling intensity and lactation in anestrus

ewes. Applied Aninud Behaviour Science, 23, 247-255.

Martin, P., & Bateson, P. (1986). Measuring Behaviour. N.Y.: Cambridge University

press.

Maynard Smith, J. (1980). A new theory of sexual investment. Behaviooural Ecology

and Sociobiology, 7, 247-251.

Mock, D. W., & Forbes, L. S. (1992). Parent-offspring conflict: a case of arrested

development. Trends in Ecology and Evolution, 7(12), 409-413.

Murphey, R. M., Paranhos da Costa, M. J., de Souza Lima, L. O., & de Moura Duarte,

F. A. (1991). Communal suckling in water buffalo (Bubalus bubalis). Applied

Animal Behaviour Science, 28, 341-352.

Murphey, R. M., Paranhos da Costa, M. J. R., Gomes da Silva, R., & de Souza, R. C.

(1995). Allonursing in river buffalo, Bubalus bubalis: nepotism, incompetence, or

Ih'iQvcryl Animal Behaviour, 49(6), 161 1-1616.

O'Brien, P. (1984). Leavers and stayers: maternal post-partum strategies of feral goats.

Applied Animal Behaviour Science, 12, 233-43.

Oftedal, O. T. (1984). Milk composition, milk yield and energy output at peak lactation:

A comparative review. Symposium ofZoological Society of London, 51, 33-85.

Peha Blanco, F., Herrera Garcfa, M., Subires Antunez, J., & Aparicio Macarro, J. B.

(1985). Consumo de leche y crecimiento en peso vivo en chivos de raza

malaguena durante la fase de lactacion. Archivos Zootecnia, 34(130), 301-313.

Pianka, E. R. (1988). Evolutionary Ecology. New York: Harper & Row.

Plasse, D. (1978). Aspectos del crecimiento del Bos indicus en el tropico americano.

World Review ofAnimal Production, 14(4), 29-48.

Poindron, P. (1976). Mother-young relationships in intact or anosmic ewes at the time

of suckling. Biology of Behaviour, 2, 161-177.

Price, E. O., Martinez, C. L., & Coe, B. L. (1984/85). The effects of twinning on

mother-offspring behavior in range beef cattle. Applied Animal Behaviour Science,

13, 309-320.

Reinhardt, V., & Reinhardt, A. (1981). Natural suckling preformance and age of

weaning in Zebu cattle. Bos indicus. Journal Agricultural Science, 96, 309-312.

Ruiz-Miranda, C. R. (1992) Recognition of mothers by domestic goat kids: use of visual

cues and pelage pigmentation. Ph.D. Thesis, University of California, Davis.

Ruiz-Miranda, C. R., & Chabert, J. L. (1989). Apuntes sobre el comportamiento y

ecologia de los cabros ferales de Isla de Mona. In XVI Simposio del Departamento

de Recursos Naturales de Puerto Rico (pp. 30). San Juan, PR: DNR Press.

Schaller, G. (1977). Mountain Monarchs. Chicago: University of Chicago Press.

Sodcruuist, T. R. (1995). Ontogeny of sexual dimporphism in size among polytocous

mammals: test of two carnivorous marsupials. Journal of Mammalogy, 76(2), 376-

390.

Trivers, R. L. (1972). Parental investment and sexual selection. In B. Campbell (Ed.)



CARLOS RUIZ-MIRANDA, KATERINA THOMPSON AND MICHELLE CALLARD 1 1

1

Sexual selection ami the descent of man (pp. 137-179). Chicago: Aldine

Publishing Co.

Trivers, R. L. (1974). Parent-Offspring Conflict. American Zoologist. 14. 249-264.

Wilkinson, L., Hill, M., & Vang. E. (1992). SYSTAT: Statistics, Version 5.2 Edition.

Evanston, IL: SYSTAT, INC.

Wilson, E. O. (1975). Sociohiology: the new systhesis. Harvard: Belknapp Press.

Winkler, D. W., & Wilkinson, G. S. (1988). Parental effort in birds and mammals:
theory and measurement. In P. H. Harvey, & L. Partridge (Eds.) Oxford Surveys in

Evolutionary Biology (pp. 185-214). Oxford: Oxford University Press.


