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Abstract:

Helping behaviors, during the denning season, were studied for twelve coyote packs (Canis latrans) in
Yellowstone National Park ,Wyoming. Of 14 helpers 12 (86%) were known to be related to one or both
of the alpha pair they helped. Observations were made from the end of April until the end of July
during the summers of 1992 and 1993. The den site was the area of focus, and only one coyote was
observed at a time. Summers were divided into three biologically defined periods; the beginning and
end of each period was determined by the temporally changing needs of the pups. Objectives were to
compare the differences in helping behaviors between the adults in a pack, to determine if there was a
difference in behaviors among adults from period to period, to determine if the age of the beta helpers
and the size of the litter influenced the amount of time they spent helping, to determine if the alpha pair
benefited from the presence of the beta helpers, and to determine if the pups benefited from the
presence of the betas. All alpha females were alone more than all alpha males during period one, and
they played more with the pups during period three. Alpha females with betas socialized with the
young more during periods two and three, and regurgitated more with the young during period three
than did alpha females without betas. Alpha males without betas howled more during period two than
did alpha males without betas. Alpha females with betas were present at the den, and alone at the den
more than alpha males with betas during the first period. Beta females were present at the den more
than were beta males during period one, and alone at the den more than were beta males during period
three. Beta males were alert at the den more than were beta females during period three. There was no
difference in the amount of time all alpha females and all alpha males were present from period to
period. Beta females spent more time present during period one, less time present during period two ,
and the least time present during period three. The beta males were present at the den less during period
one than during period two, and the least during period three. Alpha and beta females were alone the
most during period one, the least during period two, and less than period one during period two. Beta
males were alone the den the most during period two, less during period one, and the least during
period three. The amount of time betas spent helping was not influenced by their age or the number of
young in the litter. However only one beta was older than two years. There was a positive correlation
between the size of the pack and the initial litter size, and between the number of provisionings and the
litter size. There was also a positive correlation between the number of feedings to the pups from the
alpha female and the size of the litter. There was no correlation between the number of betas in a pack
and the amount of time the alpha pair spent resting. Pups in larger packs were left alone less, and fed
more than pups in smaller packs. There was a negative correlation between the size of the pack and the
survival of the pups until August. However, the pups were hit heavily with Parvo virus one year, and
this undoubtedly skewed the results.
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ABSTRACT

Helping behaviors, during the denning season, were studied for twelve coyote
packs (Canis latrans) in Yellowstone National Park ,Wyoming. Of 14 helpers 12
(86%) were known to be related to one or both of the alpha pair they helped.
Observations were made from the end of April until the end of July during the
summers of 1992 and 1993. The den site was the area of focus, and only one
coyote was observed at a time. Summers were divided into three biologically
defined periods; the beginning and end of each period was determined by the
temporally changing needs of the pups. Objectives were to compare the differences
in helping behaviors between the adults in a pack, to determine if there was a
difference in behaviors among adults from period to period, to determine if the age
of the beta helpers and the size of the litter influenced the amount of time they spent
helping, to determine if the alpha pair benefited from the presence of the beta
helpers, and to determine if the pups benefited from the presence of the betas. All
alpha females were alone more than all alpha males during period one, and they
played more with the pups during period three. Alpha females with betas socialized
with the young more during periods two and three, and regurgitated more with the
young during period three than did alpha females without betas. Alpha males
without betas howled more during period two than did alpha males without betas.
Alpha females with betas were present at the den, and alone at the den more than
alpha males with betas during the first period. Beta females were present at the den
more than were beta males during period one, and alone at the den more than were
beta'males during period three. Beta males were alert at the den more than were
beta females during period three. There was no difference in the amount of time all
alpha females and all alpha males were present from period to period. Beta females
spent more time present during period one, less time present during period two |
and the least time present during period three. The beta males were present at the
den less during period one than during period two, and the least during period three.
Alpha and beta females were alone the most during period one, the least during
period two, and less than period one during period two. Beta males were alone the
- den the most during period two, less during period one, and the least during period
three. The amount of time betas spent helping was not influenced by their age or
the number of young in the litter. However only one beta was older than two years.
There-was a positive correlation between the size of the pack and the initial litter
size, and between the number of provisionings and the litter size. There was also
a positive correlation between the number of feedings to the pups from the alpha
female and the size of the litter. There was no correlation between the number of
betas in a pack and the amount of time the alpha pair spent resting. Pups in larger
packs were left alone less, and fed more than pups in smaller packs. There was a
negative correlation between the size of the pack and the survival of the pups until
August. However, the pups were hit heavily with Parvo virus one year, and this
undoubtedly skewed the resuits.
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INTRODUCTION

Among the major factors influencing the social organization of a population.

are its mating systems, its spacing patterns, and its feeding ecology (Moehlman

1983). Monogamy is a mating system rare in mammals (Moehiman 1983). |t -

has been documented in many canids, but not felids. Canid males feed the

young with regurgitated food (Wittenberger and Tilson 1980) and help to rear
and to protect their young, whereas felid males do not. Two ways monogamous
mammals may care for their young are biparentally, and communally. Biparental
care is defined as the establishment of monogamy between a male and a female,
and parental duties are divided among ‘each (Gittleman 1985) In some families
of mammals, communal care includes both blparental care and alloparental

helpers to share with the duties of rearing the young These helpers, of either

sex, serve to guard, ‘and to feed the .current offspring (Gittleman 1985).

I

Alloparental helpers do not mate, but expend time and energy to rear young that
are not their own (Malcolm and Marten 1981). The degree of relatedness
between such helpers and breeders (consequently, between helpers and young)
is one of the primary factors mfluencrng non-parental aid or "helping behavior"-
(Owens and Qwens 1984). Thus, helping may haveevolved via kin selection,
the process by which a trait is favored beeause of its beneficial effects on

relatives, such as siblings or cousins (Maynard Smith 1964).
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Spécing.patterns also can affect the social organization of a pbpulation. If
individuals are territorial, and unoccupied territories are rare, the young may have
to travel great distances before they can settle. If the young remain on their parents
territory, they may increase théir rate of survival.which also would benefit the
parents (Selander 1964). However, with each member :'zldded to a family group,
thére must be a high enough food base to support all. - Von Schantz (1984)
hypothesizgd that the evolution of kinship groups can be induced by a terﬁporary
resource surplus within the territories. Helping can be either direct or indirect.
Direct helping occurs only in response to the presence of the young, and includes

such activities as feeding, carrying, grooming, playing with, and protecting the

young (Gittleman 1985). Indirect helping might include defense of a territory or

feeding a breeding female while she is preghant. There are mény benefits and
some costs that have been attributed to communal breeding and to different fofms
of helping. The pack benefits from greater coordination of group movements, and
by sharing of information. The breeders may benefit from the non-breeder_s' help
in the care and rearing of their current offspring (Emlen 1978). Tiwe acceptance of
genetically related helpers may ensure that the young reared in the territory after
the breeders' death are related to them (BroWn 1974, Woolfenden and Fitzpatrick
1978). Furthermore, a larger pack helps to divide the labor of caring for offspring.
With a shortage of available territories helpers benefit by staying on their natal
territory; they gain more easily food, a relatively safe environment, and experience.

The breeders allow them to remain because of a surplus of resources,
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and because of the beneﬁts to the breeders:from helping. Finally, current offépring
can receive a higher rate of fobd intake, and more protection from p-aredators.‘

In order to maintain helping behéviors in a population, the benefits to breeders
and to helpers shoﬁld exceed costs when one or more helpers remain on the
territory, and whatever cbsts might be experienced by the helper in not breeding
(Kinnaird and Grant 1982). Among the costs to all members of a pack, attributed
to the pfesence of helpers, are increased competition, increased transmission of
disease or ecioparasites, increased conspicuousness to predators, and increased

aggression (Gittleman 1985). Helpers alone withstand the cost of delaying

reproquction.

Among sbecies that engage in a variety of group-level activifies, decisions about
grouping patterns are likely td be highly complex (Packer 1990). Ber_iram (1978)
found that the presence of subordinate ﬁon-breeding adults (betas):/vithin groups
of genetically related individuals appears to be widespread |n carnivores. In
addition, species that have communal care tend to live in small (3-10 individuals),
relatively stable groups in well-defended terriiories.

In Yellowstone National Park coyote (Caﬁis Ia!trans) packs in the northern range

are made up of eitHer the dominant and breeding alpha pair and of the subordinate

nonbreeding betas, or of the alpha pair only. Only a structured pack, never a lone '

coyote or unstructured group, was observed, during this study, to hold a territory.
Most of the packs studied had beta helpers. Coyote pups are borh at the end of

April, or the beginning of May (Bekoff and Wells 1981 ). Their first two weeks are

7

spent entirely in the den. They are helpless, toothless, hairless and blind (Gier 1975) '
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for about the first ten days, during which they depend completely on the mother for
their nourish_ment and for their protection, and on their newborn siblings and their .
mother for heat.. They cannot use their teeth until about six weeks of age (Gier
1975), so milk continues to be their staple diet until their teeth can be used fo tear
meat apart. The ‘pups begin to eat regurgitated food about the beginning of June
and hard food at the end of June. They are not very mobile for the first few weeks
and usually can run quickly by the middle or end of June. By the end of July, they
rarely use the den, but they do have rendezvous sites near the most recent den, and
often travel vyith the adults. If the young disperse from their natal terrftories, they
do so from September through January.

In winter, coyotes may hunt alone, or in .packs when they try to kill large prey.
In which case, the alpha male usually takes down the pfey before the other pack
members help with the final kill (Gese and'Gfothe 1995). In the summer, however,
when the pups are growing, Yellowstone coyotes seenﬁ to hunt alone. In this case
the prey they take is fairly small and ca;l be handled by one adult. For example,
during the denning season the coyotes have an ample supply of Uinta ground .
squirrels (Spermophilus armatus), elk calves (Cervus elaphus), voles (Microtus
spp.), pronghorn fawns '(Anti/ocapra americana), and pocket gophers (Thomomys
talpoides). | -

Winter pack size decreased ‘slightl'y in Yellowstone Park du'}ing the denning

season, and the boundaries of the territories were enforced more during the mating
and early dennlng season than during the beginning of winter (Crabtree 1989)

There was an even sex ratio of beta helpers. Most of the betas of a known age
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were one to two years old, and were the offspring of the alpha pair they helped.
The northern range has much open habitat which makes observing the coyote
behavior frofn a distance accurate. Coyotes in Yellowstoné Park are, for the most
'part, monogamous. Because :of high population density, and because territories are

fixed at about 34 square miles, there is little room for territorial change.

Consequently, the chance of a dispersing coyote finding unoccupied territory is slim. .

Yellowstone Park offers the advantage of studying coyotes in an area where they
~are relatively undisturbed. To my knowledge, no study has focused on the
contributions of coyote helpers to the pack. Because Coyotes are wary, it is difficult
to obéerve coyotes in thé wild. This stud‘y“ provided a chance to examine the
behavior of coyotes during their denning season in natural surroundings.
Furthermore, cohesive family groups are found most often. in remote areas or
locations where coyotes are relatively unpersecuted (McMahan 1975).
My objectives and hypofheses weré as follows:

1. Objective: To determine the relationship in social position between
adults (one or more years old) in the pack, and their roles
in rearing the pups. '

Hypothesis: There will be differences in behaviors among the different

- levels of social class and/or the different sexes.
Null:There will be no difference in behaviors among different
levels of social class and/or the different sexes.

2. Objective: To examine the phenology of denning behavior of twelve
coyote packs in Blacktail Plateau and Lamar Valley.

Hypothesis: The proportion of time the alphas and the betas are present

at the den, and guarding the pups will change as the pups

grow. ' L '

Null:-The proportion of time the alphas and betas are present at

the den, and guarding the pups will not change as the pups
grow.
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3. Objective:To determine whether the amount of time spent by betas on
helping to rear pups is influenced by the age of the betas
and/or by the number of pups in a litter.
Hypothesis:The age of the betas and the size of the litter will affect the amount
of time the betas spend with the pups.
Null:The age of the betas and the size of the litter WI|| not affect the
amount of time the betas spend with the pups.

4. Objective:To determme whether the alpha pair benefit directly from the helping

behaviors of betas.

Hypothesis:The alpha pair will benefit from the presence of betas.
Null:-The alpha pair will not benefit from the presence of betas.

5.0bjective:To determine whether the presence of betas influences the survival
of the pups.
Hypothesis:The presence of betas will benefit the current pups, by an
increase in their rate of survival, their rate of food intake, and
a decrease in the'amount of time they are left alone.
Null:The presence of betas will not benefit the current pups.
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STUDY AREA

!

The two areas of study were in the northern range of Yellowstone National Park
in northwest Wyoming (Figure 1 and Figure 2). The first was on the Blacktail
-Plateau, 16 Kilometers east of Mammoth, Wyoming. The second was in Lamar
~ Valley, 40 kilometers east of Mammoth. ‘

Blacktail Plateau is at an elevation of 1920 meters. The average annual
temperature ranges from a high of 18 degrees C, to a low of -6 degrees C. The
average annual precipitation is 28 centimeters, with an average annual_ snowfall of
278 centimeters (Dirks 1 982). Each territory, of the four packs studied (Deer Creek,
Oxbow, Blacktail, and Lava Creek), included rolling grassland hills covered with big
sagebrush (Artemisia tridentata), Idaho fescue (Festuca idahoe_nsis), quaking aspen
(Populus tremuloides), Douglas fir (Pseudotsuge menziesii), and lodgepole pine
. (Pinus conterta) (Despain 1990). There are either small creer(s or ponds in each
territory and the Park's Northeast Ehtrance Road runs across this plateau.

Lamar Valley is at an elevation of 1‘9A88 meters. The average annual temperature.
is a high of 16 degrees C with an average low of -12 degrees C. The average
annual precipitation is 28 centimeters, with 278 centimeters of snowfall annually
(Dirks, 1982). The Lamar River flows through the valley and defines a border for
three of the four packs' territories (Norris, Druid, and Bison packs); the fourth packs'
territory (Soda Buite) is bisected by Soda Butte Creek. The upland slopes of each
territory overlook the valley and the fiat open grassland of the valley floodplain. The

slopes are grown with aspen lodgepole pine, and Douglas fir the valley with
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lodgepole pine, Douglas fir, Engelmann spruce (Picea engelmannii), big sagebrush,

and Idaho fescue (Despain 1990). Each territory includes 2-4 km2 of mesic

floodpiain dominated by sedges and an occasuonal shrub. The Northeast Entrance

Road runs across three of the four packs' terrltorles (

The primary mammal fauna on each study site are coyote, g.rizzly bear ( Ursué
arctos), black bear (Ursus americands), mountain lion (Fé/is concolor), badger
(Taxidea taxus), red fox (Vuipes vuipes), weasel (Mustela frenata, M.erminea ), river
otter (Lutra canadensis), vole (Microtus spp.), Umta ground squirrel ( Spermophilus

armatus) pocket gopher ( Thomomys ta/po:des) deer mice (Peromyscus

maniculatus), muskrat (Ondatra zibethicus), bighorn sheep (Ovis canadensis),
moose (Alces alces), elk (Cervus elaphus), mule deer ( Odbcoi/eus virgin)'anus)‘,

buffalo (Bison bison), and antelope (Antilocapra americana).




DteR

Figure |. Study area 1 on Blacktail Plateau. Including the territories of the Lava
Creek, the Deer Creek, the Blacktail, and the Oxbow coyote packs.
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Figure 2. Study area 2 in Lamar Valley. Including the territories of the Bison, the
Druid, the Norris, and the Soda Butte packs'.
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METHODS
Capture

In the autumns of 1990, 1991, 1992, and 1993 coyotes were live trapped and
released with colored ear tags and Telonics .radio collars. During Juné of 1990,
1991, 1992 and 1993 Telonics intraperito;neal radio transmitters, which emit
mortality signals triggered by a temperature of 35 degrees C, We're implanted into
the abdominal cavities of the pups. The collars, implants, and eartags allowed
the coyotes to be identified reliably. Thdse few that were not tagged were
identified by their markings. |

Observations

. The data were collected from trl1e énd of April through July in the summefs of
1992 and 1993. Observérs sat 200 m or more from the éen.area of focus. Nikon
and Bushnell spotting scopes were used with 15-45x zoom capability. 'I;herefbre,
it is presumed that the behaviors of the coyotes were observed acéurately,

without disturbing them. 'When an adult was farther than 250 m from the den this

was considered out of the den area. It was éssufned generally that if the adults o

were more than 250 m away, they were not able to watch the den. Therefore,

the data collected were biased towards the minimum amount of time the adults

?
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devoted to activities near the den. Harrison and Gilbert ‘(1985), in thetr telemetry
study on the rates of coyote adults' movements around the den, cncse touse a
300 m radius. However, the relevant distance will tend to vary depending on

habitat. For example, the Norris pack; studied in Yellowstone National Park,

~

lived in an area with few trees or hills, so it is assumed adults could see the den

from 400-500 m.

| Radio telemetry was used to find the dens, and to determine if‘an animal was
in the den area when not visible. If a coyote left the den area, then it was
recorded as out of the den area and wés no longer watched. AContact was
recorded as lost if a coyote was being watched and it disappeared, whether in
the den area or out. Therefore, again, the presence of the adults at the den
represents an underestlmate of time present

In 1992 behaviors were recorded into hand held tape recorders, and"later‘
entered into computer. In 1993, a program was developed (Scott Grothe,
M.S.U. biology department) to record the behaviors directly into a computer.
That sumrner, the data were recorded in the field into 'Hewlett Packard HP95
palmtop computers. For both years, the length of time of behaviors categorized
as ratios lasted were recorded to the nearest second. However,‘ behaviors such
as bringing food, regurgitating, nursing, howling, playing, grooming, and
socializing were considered instantaneous; therefore they v(vere analyzed as
rates (Table 1). There may be a slight bias i lncreasmg the duration of the

behaviors. It took six seconds for the behaviors to reglster in the computer.

However, it took the same amount of time for each behavior recorded on every
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animal, so this should not influence the data comparisons.

Any given coyote pack was observed for approximately six hours a day, and
observations were rotated between morning-afternoon shifts one day, then
afternoon-evening shifts the next. Therefore, the data should nbt be biased
towards behaviors happe.ning more at one time of day than-another. Maintaining
constant number of observational hours for each pack was the objecﬁve, but this

" was precluded sometimes by the coyotes' moving pups to new dens. In some
cases, it was not possible to watch a particular den without being too close.
Also, since the number of field technicians varied throughout the summer, sorﬁe
weeks it was possible to sample each pack every other day. With fewer
observers, there were time§ when each pack could be sampled only once a
week.

Two of eight packs in 1992 had no betas, and two of four in 1993 had no

‘betas. Since some betas were seen on the te'rritory, but never around the den,
they.were not considered helpers. Therefore some packs had more betas than
were registered in the tables and in the figures (See Table 5). The four packs
observed in 1993 were of the same eight packs obsérved in 1992. However,
each of the four packs consisted of different adults in 1993 than i“t did in 1992,
therefore they were considered different packs. The years 1992 and 1993 were |
separated in the énalysesf There were three betas that were present during

both denning seasons. These overlaps may influence the independeﬁce of the

samples slightly.

iy
:

.
R i
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To avoid disturbing the coyotes, if a coyote was present at the den and
consistently looked towards the observer, the observation was stopped, or the
observer would move to a spot were the coyote did not seem aware of the
observers presence. Therefore it is unlikely that the presence of the observer

affected the behaviors.of the coyotes.
Definitions

The denning season was broken into three biblog‘icallyldefined periods (in
order to test the hypotheses mentioned in the Introduction) to vyhich dates were

applied: Approximately 20th April-19th May (birth of the pups-beginhing of

weaning), 20th May - 19th June (end of weaning- beginning to eat regurgitated |

food), and 20th June - 20th ngy (end of eating regurgitated food -eating whole
prey). Each behavior was analyzed according to these biological periods,
enabling a detection of the change in behaviors according to the temporally
changing needs of the pups. |

The behaviors analyzed are listed in Table 1. They are not mutually
exclusive. Some were subdivided fér the data entry, but not for the analyses.
The rates were determined by calculating the number of counts for each coyote
per biolégical period inided by the number of hours the coyote wlas presentin
that period. The means were determinéd by adding together the percent of time

each éoyote spent on a given behavior during each period, divided by the

number of observation days for that coyote for that period.
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Data Analysis

To test part of hypothesis 1 Students t-tests were used with an arcsine data
transformation on S.AS. with the yearsH 992 and 1993 separated. Behaviors
analyzed on the t-test were the percent of time an animal was present at the
den, was alone at the den, and was alert at the den. Behaviors categorized as
ratés were analyied using S.A.S. with a Wilcoxon nonparametric one-way test.
The years 1992 and 1993 were separated when entered into the computer for

analysis, but one result was given for the two years. Two social classes were

ahalyzed at a time ( for example, alpha males compared with alpha females) for

both the Wilcoxon tests and the t-tests, with nine social classes possible: 1. all

alpha females, 2. all alpha males, 3. all betas, 4. all alpha females with betas, 5.

all alpha! males with betas, 6. all aIpHa females without betaé, 7. all alpha males

without betas, 8. all b_eta females, and 9. all beta males.
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Table 1. Definitions of the behaviors analyzed from twelve coyote packs on the
northern range in Yellowstone Natlonal Park.

BEHAVIOR DEFINITION
Ratios :
PRESENT The presence of an adult at the den, whether alone or
: with another adult ‘
ALONE . The adult at the den with no other adults present.
ALERT This in_cludes“stand scanning, lying with head up, sit
scanning, and the sphinx position.
GUARDING From perspective of the pups; one or more adult at the
den. Same as “present".
RESTING This includes any adult; in the den area, lying with
head down, or sitting and not scanning.
Rates :
PLAYING Adults interacting with the pups in play behavior.
SOCIALIZING This includes nuzzling, nudging, or growling.
HOWLING Adults giving a long howl.
ATTENTION Adults socializing WIth playing with, and groommg the
pups.
GROOMING Adults cleaning, licking, or pulling at pups ékin.
NURSING Only by the alpha female

- REGURGITATING  An adult bringing regurgitated food to the den.

BRINGING FOOD -  An adult bringing whole, dead prey tb-the den.
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Kruskal-Wallis tests were used on MSUstat to test the difference in rates of
provisioning .the pups among different pack members. Tests run were; the
difference between the feedings (i.e. regurgitations and bringing -of whole food) to

the pups from alpha females with betas, and from all betas combined; the difference

between the number of feedings to the pups from alpha males, and the number of -

feedings and nursings from alpha females in a pack; tHe difference between the
number of feedings to the pupé from alpha males with betas, and the number of
feedings from the betas in a pack. A Kruskal-Wallis test was Qsed also to test the
difference between the number of feedings from the alphé pairs with betas and the
number of feedings from the betas in a pack; the difference between the number
of feedings and nursings from alpha females with betas, and the number of feedings
from the betas; and’, the difference between the number of feedings from the albha
males and the number of feedings from the alpha females.

.For hypothesis 2 a Kruskal-Wallis rank test on MSUstat was used, to compare
the change in amount of time spent present at the den, and alone at the den across
periods for alpha females, alpha males, betas of both sex, and alpha females and
males both with and without betas. For hypothesis 3 Spearman rank correlations
on MSUstat were used to test the age of betas compared with the average
percentage of time they spent at the den; to compare the age of the betas with their
rates of regurgitations and bringing of food; to compare the rates of attention to the
pups from the betas with the number of betas per pack: and to compare the size of

the litter with the time. the betas spent present at the den.
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Spearman rank correlations were run on MSUstat to test hypothesis 4. Tests
were run to find the correlation between pack size and initial litter size, and to find
if there was a correlation between the number of betas per pack, and the average
percentage of time alpha females spent resting at the den. To see if litter size
influenced the behaviors of the pack a Spearman rank test was used to find the
correlation between; the number of feedings from the alpha pair and betas

~combined and the size of the litter; and the number of nursir;gs and the size 6f the
litter; the number of feedings from the alpha female and the number of pups in a
litter; the number. of feedings from the alpha male and the number of pups in a litter-
and the percentage of time the élpha pair is present at the den’ and the humber of
pups in a litter.

A Spearman rank test was used also to determine if the number of betas per
pack influenced the activities of the alpha pair. Tests were run to find correlations
on the folloWing: if tHe percentage of time all alpha males and alpha females were
present at the den over the summer correlated with the number of betas they had
in their packs if the rate of nursings of all alpha females correlated with the number
of betas in their pack; if the number of feedings by the alpha female correlated: with

the number of betas in her pack; if the number of feedings from the alpha male

correlated with the number of betas per pack; if the number of regurgitations and:

bringin§ of food by the betas correlated with the number of betas per pack; and
finally, if the amount of attention the pups received correlated with the number of

betas per pack.
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For hypothesis 5 a Spearman rank correlation was used to determine if the
survival of the pups through the year correlated with the number of betas per pack;
| if the number of betas per pack correlated with the survival of the pups until August;
if the mean percentage of time the pups were alone in the summer correlated with
the number of betas per pack: if the number of betas in a pack correlated with the
Hnumber of fleas found on the pups’at time of implanting; if the number of
regurgitations and food brought to the pups (from all péck members) over the
summer correlated with the number .of betas; and if the numbef of pups in a litter
correlated with the number of regurgitations and bringing of food from the betas.
Finally, a Spearman rank test was used to find if there was a correlation between
the size of the pack and the weight of the pups at capture. In order to make weights
recorded at different times equal, true weights were compared with weights from

~ Coyote pups measured in another study (Bekoff,1978). |
‘The significant alpha value used for all tests is 0.10. If a behavior is not
mentioned in the results it had a high p-value (P >0.20), Because of a small sample
vsize, in some tables, | ihcluded thé mean rétes or pércentages of certéin behaviors.
This was done only for those cases where the characteristics of the means
supported what had been observed in the field, and where, g‘iven‘a biggér sample

size, statistical tests might have proved significant.
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RESULTS
Total Observation Time

All den sites were observed for a total of 565.4 hours in 1992, and for 437.2

hours in 1993. The number of hours that each pack was observed varied among

packs and years (Table 2).

Table 2. Coyote packs observed; and the number of days, the number of hours, and
the years observations took place.

Coyote Packs Days , Hours Year
Soda Butte 7 33.0 1992
Norris ‘ _ 21 112.4 1992
Druid 5 32.2 1992
Bison 21 118.3 : 1992
Blacktail . 8 51.0 1992
Dée_r Creek ‘ 17 722 . 1992
Oxbow ' 23 . 128.4 1992
Lava Creek 4 17.1 1992
Druid 23 148.0 ' 1993
Deer Creek 7 25.2 1993
Oxbow ' 26 ~150.0 1993
" Lava Creek 23 _ 114.1 1993

TOTAL : 185 1002.6
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- Background of Pup Growth

In Yellowstoné National Park coyotes use underground dens only while rearing
their pups. Alpha females, and occasionally the alpha male or an adult helper, enter
the dens to reach the pups during the denning season (late ‘Marph-early July). The
pups emerged from their dens, both in the Blacktail Pléteau and in the Lamar Valley,
approximately the middle of May. Table 3 pregents a chronology of the biological
and behavioral changes observed in the pups throughout the denning sea'son.“
During these first few montﬁs the pups were quite social both with each other and
with the adults; acts of dom?nance and playihg were quite comrﬁon; Because of
a need for information of'id’entiﬁed betas and pup sufvi\}al, pups were captured at
den sites during the study and before the study was initiated. Table 4 presents the
weights of the pups at capture; the presence or absence of fleas at capture; whether
or not the pups survived through December, the pUps" sex; and the year of the pups'
capture.

The packs moved to new dens several times each éummer. The natal den
usually was on a dry south-facing slope, and was made often from an old badger
den or an enlarged ground sqdirrel hole. Each pack had many dens available per

. territory and would use them year after year, sometimes alternating yéars of use.
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Table 3. Biological characteristics of denning season, and what events, in .
relation to the pups, each perlod entails.

mother)

EVENT PERIOD ONE:: PERIOD TWO PERIOD THREE
19th April-19th May 20th May-19th June 20th June-20th July
PUP DEN )
EMERGENCE YES NO NO
RISK OF
PREDATION LOW HIGH MEDIUM
FOR PUPS (pups mostly in den, (out of den, wobbly) (out of den,
about 80%) alert)
PRIMARY FOOD MILK REGURGITATED FOOD, HARD FOOD,
" FOR PUPS ‘ SOME HARD FOOD, SOME
SOME MILK, REGURGITATED
ENERGETIC .
DEMAND ON HIGH FOR FEMALES HIGH FOR ADULTS HIGH FOR ALPHAS
ADULTS FOR (0.22-1.36 kg (1.36-2.7 kg (>2.7kg
PROVISIONING pup weight) pup weight) pup weight)
PUPS '
PUP MOVE-
MENT FROM LOW MEDIUM HIGH -
DEN WHEN (0-6m) (0-50 m) (0-200+ m)
ALONE
RISK OF Low MEDIUM ‘ HIGH.
DISEASE (passive immune system (nurse less, not as (no mother's
FOR PUPS from mother) many antibodies from antibodies,

none of own)
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Table 4. Pups weight at capture, the presence or absence of fleas at capture; the
survival status of the pups by December; the sex of pups; the size of

_ packs, and'the year of pup _capture.

PACK WEIGHT FLEAS STATUS SEX PACK# YEAR
Soda Butte 1.06 no A F 5 1990
Soda Butte - 1.09 no A M 5 1990*
Soda Butte 1.27 no A M 5 1990*
Soda Butte  1.11 no D? M 5 . 1990*
Crystal 1.45 no D? F ? . 1990
Crystal 0.99 no A M ? 1990*
Crystal 272 no A M. ? 1990*
FossilForest 2.76 ‘no D? M 4 1991*
FossiiForest 3.18 yes D? F 4 1991*
FossilForest 2.80 no A M 4 1991*
Bison 1.76 yes D? M 5 1991*
Bison 1.64 no D? M 5 1991*
Bison 1.59 no A M 5 1991+
Bison 1.75 no A M - 5 1891*
Druid 3.90 no D? M 5 1991*
Druid 3.90 no. A M 5 1991*
Druid 4.02 no A M 5 1991+
Druid 417 no A M 5 1991*
Druid 2.10 no A F 5 1991*
Amethyst 1.90 no A F ? 1991+
Amethyst 2.27 no A F ? 1991*
Amethyst 1.80 no A M ? 1991+
Amethyst 1.80 . no A F ? 1891*
FrogRock 2.14 no A M . 6 1991+
Bison 3.40 no D? F 5 1992
Bison 3.18 no D? F ‘5 1992
Bison 1.36 no A F 5 1992
Bison 1.36 no A M 5 1992
FossilForest 5.00 yes DP "M 5 1992*
Norris 227 no D? F 4 1992
Norris . 227 no A F 4 1992
Norris 2.50 no A M 4 1992
DeerCreek 3.18 yes DP M 4 1992
Deer Creek 3.18 no DP F 4 1992
Soda Butte 3.18 yes DP F 3 1992
Soda Butte 2.95 yes A F 3 1992
Soda Butte 3.18 no A M 3 1882
LavaCreek 2.35 yes D? M 4 1992
Lava Creek 2.27 yes D? F 4 1992
Lava Creek 2.95 yes D? . M 4 1992
Lava Creek 1.50 yes A M 4 1992
Frog Rock 3.63 ' yes DP M 6 1992
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-Table 4 continued-

PACK . WEIGHT FLEAS = STATUS SEX PACK# YEAR
Frog Rock 2.08 yes DP M 6 1992
" Frog Rock 2.08 , no ‘ A . M 6 1992

Amethyst 0.86 no A M ? 1992*
Druid 3.86 no A F 5 1992
Druid 3.40 yes A F 5 1992
Oxbow 2.20 no A M 2 1992

Oxbow 0.90 no A F 2 -1992°
Oxbow 250 no DKR s F 2 1993
Oxbow 2.50 no A M 2 1993
Oxbow 227 - no A 'F 2 1993
Oxbow 227 no A M 2 1993
Lava Creek 2.95 no A F 2 1993
Deer Creek 2.72 yes A F 3 1993
Druid 2.95 no DCDC M 5 1993
Druid . 2.04 no DCDC M 5 1993
F 5 1993

Druid 3.40 ' yes A

D?=dead, from unknown cause

DP=Dead, from parvo virus

A= alive

DCDC=Dead, human caused mortality

DCP=Dead, by Chronic peritonitis

DKR=Dead, killed by rancher

* These data were not included in analyses, with the exception of the correlation
between the number of fleas and the size of the pack; and the number of betas

per pack correlated with the survival of the pups through August.
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Coyote Pack Histories

Eight coyote packs were studied in 1992, and 4 of the eight in 1993 (Table 5).

Norris pack

In 1992 Norris pack consisted of an alpha male (941) who was four " years old; an

alpha female (840) who was five years old: their daughter, a beta female (070) who

was one year old; and a beta male (848) who was eight years old. The pack had

eight pups ltis llkely that 941 died in January of 1993, because a researcher found
his collar which smelled of dead animal. In the spring of 1993, 840 mated with a
few males before settling with one. The beta male, 848, was not seen again on the
territory after the spring. In 1994, 070, accompanied by an alpha male, took over
her mother's territory after 840 was killed by a car. A necropsy done on 840
revealed one fresh placental scar, indicating that she had only one pup in the spring

of 1993.

Soda Butte pack

In 1992, Soda Butte pack consisted of an alpha female (958) who was six years

old; an unmarked alpha-male of unknown age; their daughter a beta female helper

_(600) who was two years old; a two year old beta male (080) who did not help; a two'

year old beta female (130) who did not help: and another two year old beta male
(140) who did‘ not help. The pack had eight pupé in 1992. In 1993, the pack

- contained the same breeding pair, but the féemale helper 600 became the alpha
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female of a nelghborlng pack and was replaced in her natal pack by an unmarked
beta male. What happened to the betas who did not help is not known. In 1993,

their den could not be found.
Druid pack

in 1992, Druid pack consisted of an alpha female (620) who was four years oid;
an alpha malé (860) who was, four years old; their pups, a beta male {210) who was
one year old; a beta female (280) who was one year old; and an unmarked beta
male whose agé was unknown. The pack had five pups. In 1993, 860 was killed by
acar and. the unmarked beta helper became the alpha male. The betas 210 and
280, still were helpers, and an unmarked beta female, who appearéd tobe a pup'
from tl—'1e year before, was a helper. There was also a two year old béta male (240)
who did not help, and another unmarked male and female who did not help In

1998, Druid had five pups
Oxbow pack -

In 1992, Oxbow pack was composed of an alpha female (651 ),~and an alpha'
male (970) neither of whose age were known. The pack had six pups in 1992. In
1993, 970 was replaced by an unmarked alpha male. It is not clear what habpened

to 970. Again in 1993 the Oxbow pair had no helpers, and they had five pups.
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i Table 5. Information on year pack was studied, pack néme, pack size, iitter siié,
number of betas per pack, the number of betas who helped per pack, -
and number of pups that survived through August. -

YEAR PACK SIZE LITTER  #HELP #BETAS SURVIV

. 1992 Druid 5 5 3 3 2 8/31
1992 Norris 4 8 2 2 2 8/31
1992 SodaBte 3 9 1 4 2 8/31
1992 Bison 5 $12 3 4 28/31
1992.  Oxbow 2 6 0 0 17/31
1992 Blacktail 2 4 0 0 - 27/31
1992  DeerCk 4 6 2 2 08125
1992 - lavaCk 4 7 2 2 18/8
*1992  FrogRk 7 9 5 5 18/8
1993 Norris 2 1 0 0 - ?
1993 Druid 5 5 3 6 28/8
1993  Oxbow 2 5 0 0 5 8/8
1993 DeerCk 3 4 1 "1 4808
1993 LavaCk 2 5 0 0 58/8

* pack size includes only alpha pair and beta helpers
$ a double litter from the alpha female and her daughter,298
** Frog Rock pack's data were not calculated in analyses,
with the exception that the number of betas was-compared with the survival
of the pups, and the initial litter size was compared with the number of
7 betas per pack. -
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Bison pack

-In 1992, Bison pack consisted of an albha female (570) who was ten years old;
an alpha male (740) who was four years old; 570's daughter (298) who was two
years old; an unmarked beta female who appeared to be a pup from the year
before; a beta male (080) who was one year old; and an unmarked beta malen of
unknown’age who did not help. The pack had a double litter from 570 énd 298 of

twelve pups, though 570 was still considered the alpha female. In 1993, the den

was not found, but two pups were seen at the end of the season. The pack then.

was made up of an beta male of unknown age; a two year old beta male; a one year
old beta of unknown sex; a one year old male and female; the same unmarked beta
female helper; 298 570 740; and 060. The three one—year-olds appeared to be

~ pups from the year before.
Deer Creek pack

Deer Creek béck was composed of an alpha female, an unmarked alpha male;
a beta male (560), and an unmarked male in 1992, none qf whose age were known.
The pack had six pups. In 1993, there were the same albha male and female, but
they had 560 only as a helper and they had four pups. .1t is unknown what

happened to the unmarked beta'helper.
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Blacktail pack

In 1992, Blacktail pack consisted of only an alpha male (510), and an unmarked
alpha female, both of unknown age. The péck had four pups. In 1993, both the
male aanemale were replaced by coyotes from a neighboring pack. The signal
from 510 was picked up out of the Park. The alpha female's whereabouts was
unknown. Though the den was npt found in 1993, another Park researcher saw four

pups (S. Houser, personal communication).
Lava Creek

The Lava Creek pack’was composed of an unmarked alpha female and alpha
male; and an unmarked beta male and female helper, all of unknown ages. In 1992
the pack had seven pups. In 1993, the same breeding pair had no helpers and had o | :

five pups. What happened to the two helpers from/1992 is not known.
Adult Roles

All adults who helped to rear the young were seen playing with, socializing with;
feeding, and guarding the pups (Table 6). There was only one case where a beta
helper was seen grooming the young, usually this was done by either the alpha male

or the alpha female. Defending the territory was done mostly by the alpha male,
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but the alpha pair and the beta helpers would defend the pups from potential

predators (Appendix). All adults that helped showed signs of being alert while in the

den area. There were two instarices where a beta or the alpha male was seen
regurgitating to ;th'e alpha female while she was lactating and rarely left the den. Al
adults who-helped were seen entering the den, but only after the pupé were being

‘nursed outside of the den. During the first period, when the pups were nursed

inside the den, only the alpha female was seen entering. There were betas who did

" not help to rear the’ pups, and they were rarely, if ever, seeh in the den area, but

they were seen elsewhere on the territories.

Table 6. Mean hourly rates of alpha females and alpha males, beta females
and beta males spent playing with, socializing with and feeding the
pups for the summer; and the percent of time each spent guarding
the pups and being alone with them.

SocialClass Play Socialize Regurgitate B Food Guard Alone

i

*Afemale - 1.32 = 0.83 0.16 023 " 0.49 0.37
Amale 166 0.86 0.31 0.15 0.46 0.30
Bfemale 063 0.17 0.03 0.47 0.28 0.11

Bmale 024 0.38 0.07 042  0.19 0.07

*Afemale=Alpha female
Amale=Alpha male
Bfemale=Beta female
Bmale=Beta male
B food=Bring whole prey
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Background of helpei's

The non-breeding beta helpers were either one er two years old, however there
was one case where the beta was eight. Out of fourteen betas, seven (50%) were
' females. Ninety percent of coyote females that are over 20 months old become
eexually active (Gier 1975). Although they are physiologically capable of mating at
ten months, the first succeesful breeding in unexploited populatiens usually oceurs
between 2-’4 years old (Crabtree 1989). There was only one case in which both a

beta and an alpha female had pups in the same pack. The betas may leave 'the

Out of fourteen helpers, at least 86% (12) were known positively to be the pups from

a previous litter of an alpha pair they had helped.

Differences between/alpha males, alpha females, and betas: Hypothesis 1
Hypothesis 1 stated: ‘Most betas and all alphas help to rear pups. There will be
a'difference in behaviors among the different levels of social class and the different

sexes.

pack for a few months during the winter, then come back to help the followmg year.
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Alpha females compéred with alpha males

There were few statistically significant differences when comparing all alpha

females with all élpha males. Alpha females spent significantly more time alone at

the den dufing period one (t_-test,< t=1.8, df=9, P =0.09) (Figure 3) than did alphal

males. Also, the alpha females spent more time howlihg during period three than

did the alpha males (Wilcoxon, P ='0.04), and more time playing wit-h the pups

(Wilcoxon, P=0.07) (Table 7).

Table 7. The P-values and the means of behaviors analyzed when comparing alpha
females with alpha males for each period. . e
Prsnt Alne Alert Howli Grm Play Socl Regr BFd
1 .
= 0.32 009 0.50 045 046 046 046 036 099
AF= 0.35 028 009 0.10° 0.008 0.03 0.03 0 0
AM= 023 012 0.16 0.03 0 0 0 . 046 0
2 .
= 0.17 032 046 057 088 059 020 058 0.91
AF= 0.22 0.12 0.13 052 011 029 0.09 027 0.11
AM= 0.29 017 016 046 025 118 031 0.18 0.07
3 - : .
P= 0.27 029 062 004 018 007 094 0586 0.99
AF= -0.22 018 031 059 015 146 1.00 0.02 0.19
AN= 0.17 014 036 0.02 019 140 1.00 033 0.19
P= P-values - - Socl=Socialize

AF=The alpha females' (means of)

AM=The alpha males (means of)

Alne=Alone
Grm=Groom

Regr=Regurgitations
B Fd=Bring whole food
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Alpha females with betas compared with alpha males with betas

Tests run on alpha females in packs with betas, compared with alpha males in
packs with betas showed that females spent more time at the den during period one
than did males (t-test, t=2.13, df=5, P=0.08) (Table 8), and that females were alone

more at the den during period one (t-test, t=3.55, df=5, P =0.01) than were males.

Figure 3. The mean percent of time the alpha female and alpha male spent
present, and alone at the den during periods one, two, and three.
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Table 8. The P-values and the means of the behaviors analyzed when comparing

alpha females with betas, with aipha males with betas.

/

Socl=Socialize

Regr=Regurgitation

B Fd.=Bring whole food

P=P-values

AF=Alpha females with betas (means of)
AM=Alpha males with betas (means of)

_Perid Prsnt Alne Alert Howi Grm Play Socl Regr BFd.
1 .

P= 008 001 071 084 099 056 056 099 099
AF= 037 0.27 013 013 0 0.04 005 0 0
AM= 017 007 0.09 0.05 0 0 0 - 0 0
2 .

= 054 057 068 030 081 089 038 0413 0.99
AF= 025 015 013 064 003 038 011 044 0.12
AM= 029 019 016 035 032 151 029 0419 0.09
3 ; : : .

P= 099 078 093 024 038 043 085 056 0.12
AF= 017 011 032 038 010 152 233 0 0.26
AM= 017 012 0.34 0.04 0 015 190 060 0
Perid=Period

Prsnt=Present

Alne=Alone

Grm=Groom
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Aipha females without betas compared with alpha males without betas

There were no significant differences between alpha females without betas and

alpha males without betas (Table 9) .

Table 9. The means and P-values in the differences in behavior between alpha
females without betas, with alpha males without betas. :

Period Present Alone Alert Howl Groom Play Socialize Regurg. B.Fd.

9 (

P= 0.94 073 040 099 099 099 0.99- 0.99 099
. AF= 030 030 002 O 0 0 0 0 0

AM= 0.33 020 026 o0 0 0 o . 0 0

2 ‘ .

P= 0.41 0.22 011 024 088 035 018 061 0.61

AF= 0.16 0.09 011 041 023 020 0 004 0.11
AM= 0.24 017 019 120 0.17 059 0.35 0.07 - 0.17

3 :
P= 0.23 040 077 012 - 075 078 043 043 093
AF= 0.22 020 034 1.00 022 1.78 0 0 0.19

AM=_ 017 0.16 0.38 0 038 273 003 0.06 0.18

Alpha males with betas compared with alpha males without betas

The only statistical difference between alpha males with betas compared with
alpha males without betas, was that males without betas howled more during

period two (Wilcoxon test, P =0.07) than did those with betas (Table 10).
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Table 10. The P-values and the means of behaviors analyzed when comparihg
alpha males with betas, with alpha males without betas.

" Per Prsnt  Alne Alert How! Grm Play Socl Regr B Fd.

q .
= 053 047 042 068 099 099 099 0.99 0.99

AW= 017 007 009 005 0 0 0 0 0
AO= 033 020 026 0. 0 0 0 0 0
2

= 053 081 070 007 053 092 092 075 0.91
Aw= 029 019 016 035 032 150 029 019 009
AO= 024 017 019 420 017 059 035 007 0.17

3 .
P= 090 038 075 045 045 0.99 040 099 0.18
Aw= 017 012 034 004 0 015 190 060 O

AO= 017 016 038 0 038 273- 003 006 0.18

Per=Period

Prsnt=Present ) P=P-value

Alne=Alone AW=Alpha males with betas (means of)
Grm=Groom AO=Alpha males without betas (means of)

- Regr=Regurgitation
B Fd.=Bring whole food
Soci=Socialize )

Alpha females with betas compared with alpha females without betas

For alpha females with betas compared 'with alpha females without betas,
females with betas socialized more with the pubs than did those females without
betas during period two (Wilcoxon test, P =0. 10) and during period three (Wilcoxoh,,
P=0.06), and they regurgitated more (Wilcoxon test, P =0.03) during period two:

Females without betas were alone at the den more (t-test,t=-2.68,: df=4, P =0.05)




37

than were females with betas in period three (Table 1 1).

Table 11. The P-values and means of behaviors analyzed when comparing alpha
females with betas, with alpha females without betas.

Per. Prsnt Aine Alert Howl Grm Play Scilz Regr BFd. -

1 4

P= 060 080 041 041 099 072 072 099 099

Aw= 037 027 013 013 0 004 005 O 0 |
AO= 030 030 002 0 0 0 0 0 0 .t
, |

P= 017 039 070 070 032 053 0.0 0.03 0.74
AwW= 025 015 013 064 003 037 0.41 043 012
AO= 016 0.09 011 041 023 020 o 0.04 0.11

3 . 4
P= 047 0.05 0092 0.82 0.64 066 - 0.06 099 0.99 }
- AW= 017 0.41 0.32 0.38 0.10 1.52 232 O 0.26
AO= 022 020 034 100 022 1.78 0 0 0.19

Per.=Period Regr.=Regurgitation | f

Prsnt=Present B Fd.=Bring whole food 1
Alne=Alone P=P-value ' \ [
Grm=Groom AW=Alpha females with betas !
Sclz=Socialize AO=Alpha females without betas

' ‘E
Beta females compared with beta males . - : , !

A Students t-test showed that beta females spent significantly more time at the\ |
den during period one (t=2.6, df= 7.0, P =0.03), than did beta males. Beta femal;s, |
during period three, spent significantly more time alone at the den (t=2.0, df=8.0, P
=0.07) than did beta males, and beté >males were more alert at the den (t=-2.07,

df=8.0, P =0.07) than were beta females (Table 12) (Figure 4).
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Table 12. The P-values and the means of behaviors analyzed when companng beta
. females with beta males.

Per _Presn Alone Alert Howl Play Soclz Regur BFd

P= 0.03 0.92 045- O 0.40 043 © 0.

BF= 049 007 014 0 0 005 0 0

BM= 022 007 028 -0 017 084 O 0

2 .
P= 093 052 067 034 024 054 063 028

BF= 024 0.16 0.20 0.03 0.90 0.34 0.10 1.26
BM= 025 0.12 0.17 0.17 0.26 0.19 0.16 0.14

3 .
P= 078 007 007 044 027 098 044 047
BF= 012 009 046 O 1.00  0.11 0 0.14

BlM= 0.10 10.02 040 0.17 0.30 0.12 0.05 1.11

Per.=Period

P=P-values

BF=Beta female (means of)
BM=Beta males (means of)
Presn=present
Soclz=Socialize
Regurg=regurgitate

B Fd= Bring whole prey




39

Legend
AlerVmale H  AlervVfemale ® Alone/male
Alone/female Gd PresenVmale PresenVfemale
Period 3"
Period 2
Period 1
0.1 0.2 0.3 0.4

Mean % time present, alone, & alert

Figure 4. The mean percent of time female betas compared with male betas

spent present, alone, and alert at the den during periods one, two
and three.
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Differences between packs with different numbers of betas

When the coyote packs were divided into those with 0, 1, 2, and 3 betas, the
size of the samples were t'oo small to test statistically. Therefore, graphs (Figure
5-7) and tables (Table 13 & 14) were made for the mean percentage of time
‘present, alone and alert at the den during each period, and the amount of time pups'
were guarded. |
Table 13. Mean percentage of tihe coyotes were present at the den; alone at the

den; and alert at the den. Divided into packs with no betas, one beta,
two betas, anq three betas.

PERID . OBETAS 1 BETA

2 BETAS 3 BETAS

ONE P A T P A TP A TP A T

*AF 030020002 - - 0.300.300.11 0.450.33 0.18
AM 033020009 - - - 023010003 0.030.030.01
B 0 0 0 - - - 024007006 0.420.090.04
: (N=2) (N-0) “(N=2) (N=2)
TWO |
AF 0.160.080.02 0.210.190.08 0.220.110.04 0.30 0.20 0.09
AM 0.280.140.04 0.190.150.03 0.270.080.02 0.44 0.40 0.31
B 0 0 0 014009004 031014004 0.200.100.02
(N=4) (N=2) (N=3) (N=3)
THREE | |
AF 0.220.190.08 0.130.11004 - - 0.240.18 0.09
- AM 0.170.160.06 0.180.140.08 - 0.17 0.10 0.06
B 0 0 0 003003001 - - - 0.17 0.07 0.06
- (N=3) (N=1) - (N=3)
(N=0)

* P= Mean percentage of time present at the den **AF= Alpha female

A= Mean percentage of time alone at the den

AM= Alpha male

T= Mean percentage of time alert at the den

B=Betas combined
PERID=Period :
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Table 14. Mean percentage of time the pups are guarded; the mean hourly rate
pups are regurgitated to; and the mean hourly rate the pups
are brought hard food, by all members of the pack comblned
Divided into packs with 0, 1, 2, and 3 betas.

PERIOD 0 BETAS 1 BETA 2 BETAS - 3BETAS

" R D GRD GRD G R D

ONE 0.63 0 0 - - 077700 090 0 0

TWO 0.440.190.18 0.540.870.29 0.800.853.8 0.94 0.27 0.30
THREE 0.390.270.39 0.340570.34 - - - 0.58 0.19 0'.47
*G= Guard :

R= Regurgitate
D= Bring hard food
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% til

1

1—
O betas 2 betas 3 betas

Period one

Figure 5. The mean percent of time present, alone, and alert at the den during
period one for alpha females in packs with no, two, and three betas.
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Obetas | beta 2 betas 3 betas
Periodtwo

Figure 6. The mean percent of time present, alone, and alert at the den in packs

for alpha females during period two in packs with no, one two and
three betas.
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Mean % time

Figure 7. The mean percent of time present, alone, and alert at the den for alpha
females in packs with no, one, and three betas, during period three.
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Comparisons of rates of provisionings to the pups

Alpha females of a pack provisioned significantly more tb the pups (Kruskal-
Wallis, x*=6.3, df=1, P =0.01) than did the betas. Albha females also provisioned
more than did the alpha males of a pack (Kruskal-Wallis, x?=6.5, df=1, P =0.01).
The alpha .pair in packs with betas provisioned significantly more to the pups than
did the betas of the pack (Kruskal-Walllis, X>=2.7, df=1, P =0.09) (Table 15.). There

: was' no difference between the rates of feedings from alphé females compared with
alpha males (Kruskal-Wallis, x2=.866, df=1, P=0.35), or between the rates of
feedings from the betas and the alpha females (KruskaI-Wallis, x2=.006, df=1,
P=0.98). | o

Table 15. Comparisons of rates of feedings from different pack members.
Alpha females Alpha males Betas Alpha Pair

Alpha females N/A P=035  P=0.98 N/A
'Alpha males *P=0.01 N/A P=0.57 N/A
Betas *P=0.01 P=0.57 N/A P=0.09
Alpha Péir N/A : N/A P=0.09 _N/A
P=P-values

*=Nursings from alpha females have been added

Phenology of Denning Behavior: Hypothesis 2

Hypothesis 2 stated: The proportion of time the alphas and the betas are present
at the den, and alone with the pups will change as the pups Qrow. There were no

significant differences in the amount of time present at the den for the alpha females
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across time (Kruskal-Wallis, x?=3.71, df=2, P =0.15), or for the alpha males across
time (Kruskal Wallis test, x?=3.68, df=2, P =0.15). There were sngnmcant
differences in the amount of time beta females (Kruskal-Wallis test x*=8.07, df=2,
P =0.01), and beta males (Kruskal-Wallis test x?=4.64, df=2, P =0.09) spent present
at the den between periods. For the percentage of time a coyote of a social class
was alon_e.at the den, there was a significant difference between periods for the
alpha females (Kruskal-Wallis test, x2=6.34, df=2, P =0.04,), for the beta females
(Kruskal-Wallis test, x?=0.42, df=2, P =0.01), and for the beta males (Krus_kal-
Wallis, x?=6.0, df=2, P =0.04), but was not for the alpha males (Kruskal-Wallis te'st;
X?=1.38, df=2, P =0.50). Alpha females with betas showed a eigr{ificant differencen
in.the amount of time present from period to period (Kruskal-Wallis,x* =4.57,

df_2 P=0.10) , but there was not for alpha males with betas, for alpha males
without betas, or for alpha females without betas. There was no ‘signifi,cant
difference between periods one and two only for alpha males and females with or

!

without betas.
Age of betas and Number of Pups: Hypothesis 3

Hypothesis 3 stated: The age of the betas and the size of the litter will affect the
amount of time the betas spend with the pups. There was no significant correlation
(Spearman r= 0.18, N=17, P =0.63) between the age of the betas and the amount

of time they spent helping. Nor was there a significant correlation between the
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number of young in the litter comparedAwith the mean bercentage of time the betas
“helped over the summer (Spearman r = 0.29, N=17, P =0.25), or between the\age
ef the betas corﬁpared with the number of regurgitations and bringing of food they

did over the summer (Spearman, r=0.-23, P =0.49).

Benefits to the Alpha Pair from having Helpers:Hypothesis 4

( | ~

Hypotheses 4 stated: The alpha pair will benefit from the presence of betas. The
rates of regurgitations and the bringing of food were combined. The analyses were
not broken into periede because results for overall contributions were wanted. The
correlatlion between the size of the pack compared with the initial litter size was
significant (Spearman r=0.55, N=14, P =0.04). There was a sngnlf icant positive |
correlation between the number of feedings from the alpha pair and the betas and
the size of the litter (Spearman r=0.72, N=12, P =0.007). .For the percent of time
alpha males and females were present at the den compared with the number of
betas per pack, there was a non-significant positive correlation (Spearman r =0.45,
N=12, P =0.13) (Figure 8). There was a non-significant negative correlation
‘between the rates of nursings of the alpha females and the number of betas eer
pack (Spearman r = -0.50, N=12, P =0.11) (Figure '9).' There was a positive
correlation between the number of feedings from the alpha female of a pack and the
number of pups in a litter (Spearman r=0.58, N=12, P=0.04). There was a non-

significant negative correlation for the rate of regurgitations by the alpha male in

relation to the number of betas in the peck (Spearmen r=-0.43, N$12, P =0.15).
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Figure 8. The mean percentage of time at the den over the summer for alpha males
plus alpha females compared with the number of betas per pack.
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Obetas 1 beta 2 betas 3 betas
Number of betas

Figure 9. The mean hourly rates of nursings over the summer by the alpha females
compared with the number of betas per pack.
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Survival of the.Pups:Hypothesis 5

Hypofhesis 5 stated: T’he presence of betas will benefit the current pups, ‘by an
increase in their rate of survival, their rate of féod intake, and by a decrease in the
“amount of time they are left alone. Thgre was a négative correlation between the
number of betas in a pack and the sdrvival of the pups unti‘I'August (Spéérman r=
-0.51, N=15, P =0..07)\, | however, in 1992 the pups éuffered high mortality
associated with an outbreak of Parvo ViI;US. This seemed to affect packs regardless
6f size, and may have obscured a significant relationship. Théfe'was ‘a weak

positive correlation between pack size and the presence of fleas found on

puppies (Spearman r=0.20, N=60, P =0.16). For alpha females, alpha ma‘les,, and

betas combined there was a significant correlation (Spearman r = 0.59, N=12, P

=0.04) between the number of betas per pack, and the rates of féedings to the pups

(Figure 10). There was a significant difference in the percent of time the pups were

left alone and the size of the pack (Spearman r = -0.66, N=12, P =0.01) (Figure 11).
" There was no correlation between the size of the pack and the weight of the pups

at capture (Spearman r=0.06, N=50, P =0.66).
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Legend

Obetas | beta 2 betas 3 betas
Numberofbetas

Figure 10. The mean hourly rates of feedings for the pups over the summer
compared with the number of betas per pack. This adds the
feedings by the alpha male, the alpha female, and the betas of
a pack together.
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Legend

Blacktail
Oxbow

Lava Creek
Oxbow

DeerCreek
Soda Butte
Lava Creek
N DeerCreek

S o T W o T

Norris
jjj  Bison
1 Druid
Ul Druid

Obetas Ibeta 2 betas 3 betas
Numberofbetas

Figure 11. The mean percentage of time pups are alone over the denning season,
compared with the number of betas.
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DISCUSSION

~ The process of helping at deﬁs in coyote packs can be understood better by
looking at the contributions of the helpers to the breeders, the contributions of the
helpers to the young, and the contributions of helping to the helbers themselves.
These contributions. are not mutuaily exclusive, but.rathér fhey build on top of |

one another for an overall benefit to the pack.

Differences between aipha ferﬁales and aipha males: Hypothesis’ 1.

Much of the results to hypothesis 1 tie into the results of hypothesis 4 directly.
Therefore, most of hybothesis 1 v;/ill be discussed uhder the category of hypothesis
4.

During period one alpha females spent signiﬁcantly more time alone at the den
than did alpha males, because females alone n_ursé the pups. The pubs form of
vhouriéhment;, during the first period, comes mostly from theif mothers milk. They

- spend the majority of their time in the den, therefore, the presence of the alpha
male does not contribute directly to their survival. The means of the second period
showed a decrease in the amount of time alpha females spent at the den, and an
increase in the amount of time alpha males spent at’the den. Jurke and Pryce
(1994) found in Goeldi's monkeys (Callimico goeldii) that there is an increasing
independence of the young from the mother 6 weeks or more after birth. In these

monkeys, the time the young spent on the father's back increased(in‘ parallel with the

¢ F
- ) At
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—_—____‘J,
.
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decrease in time spent on the mother's back, beginning in week three and reaching
a maximum in week five. Moehlman (1985) found with jackals (Canis mesomelas,
C. aureus) the amount of time the mother spent at the den decreased, and the
amount of time'the male spent at the den increased after the pups were three
weeks old. The decrease in the amount of' time the alpha female spent at the den
during period two, from period one, may allow her more time to feed and to rest to
make up for the energeﬁc drain of preghancy and Iac;tation. Whereas the male,
during period one, may be resting or defending the territory, thus preparing himself
for the responsibility of caring for the pups during period two. These strategies of
the alpha pair indicate a division of labor. During period three, the pups rarely
used their den. They used, rather, a postdenningfrendezvous site, similar to those
used by wolf pups (Canis lupus) (Mech, 1970). The alpha male and alpha female
spent the least time, of the three periods, about‘ the den at this point. However, the
means show théy were the most alert during this period. Coyote pups were quite
curious and active during the third period, so they may have been more obvious to
predators. Nonetheless, they were fairly alert and could run fast. This enabled
them inéreasinély to rely on themselves for protection and to rely less on their
parents. A sharpening of fhe pups' senses may account for the decrease in the
amount of time the alpha pair spent about the den. (Mech 1970) writes that wolf
adults often were away during the pups postdenning réndezvous-site period.
Alpha females howled significantly more than did alpha males during periéd three
(but did not during the other two periods). This may have served to keeplpups

within a certain area. The mean rate of howling for albha females was greatest
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during period three. For the males it was greatest during period two. The llowest
mean rate of howling, for both adults, was during beriod one. The adults may howl
the least during this first period in order to keep the location of their den-bound pups
unknown to predators. Furthermore, the mean’rate of howling, over the summer,
for alpha pairs without betas (.44) was gfeater than the mean rate of howling for
alpha pairs with betas (.27). A higher rate 6f howling, by alpha pairs without betas,
may help to deter predation on the pups, if the howling serves to alert predators that

g

the alpha pair are guarding. The presence of betas may alleviate the need of the

~alpha pair to advertise their oc¢cupancy of the territory and their guarding of their

pups. There was only one pup that was known to have been killed by a predator.
Phenology of Denning Behavior:Hypothesis 2

Early winters in Yellowstone Park force most animals to be competent at

surviving soon on their own. The three periods of the summer, necessarily are ones

of rapid growth for the pups. This supports what Mech (1970) discovered in wolf .

- pups; that is, the first fourteen weeks are the period of maximum growth This quick
development requires the adults to change their behaviors accordlng to the
changing needs of their pups. There was a significant difference in the amount of
time alpha females Mth betas speht present from period to period. There was also
a significant difference between the amount of time the female alphas and the
female and male betas we‘rela'lone from period to period. AIphr\a females, usually,

are the only coyotes in the pack that nurse. Therefore, beta females, during period
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one, may have used.this time of neonatal care to leam "motherhood." During period
t\)vo, when alpha males and beta males spent more time wifh the pups than they did
in period one, the beta females and alpha females with befas were able tc? spend
significantly less time. It is during period two that the aduits started to wean the
pups, to play with them, to howl more and to bring them regurgitated and later solid
food. The pups, during the second period, rhay have needed more guarding
because they were acﬁve and out offthe den, yet not very alert. _ Mech: (1870) writes
that wolf pups can control their body temperatures much better at this age (about
4-6 weeks) than they Ican duﬁng the neonatal period, which.enables them to spend
time outside. . |

~During period three the betas presence was not §o i‘mporfant. The pups had
started to pounce on their own,‘ some of the first signs of learning to hl;;It, and were
fairly alert, so the percentage of time the adults spent present at the d(-;n Hropped.
Andelt et al. (1979) wrote that in lllinois coyotés the 1-15th of July constitute the
period of pup training. During period three, when the pups spent little time in tﬁeir
den, the betas spent the least amount of time in the den érea. Therefore, they
were nc;t involved in much of the pups training at this point. Harrison and Gilbert
(1985) found that in July, after the pups had abandoned their dens, yet still remained

at a rendezVoué—site, the adults returned initially to rendezvous sites one or two

times daily, but then visits became progressively less frequent as pups developed.
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Age of the Betas and the Number of Pups:Hypothesis 3

There was no correlation beMeen tHe age of betas and the amount of time the
betas spent at the den, between fhe number of qus in the litter and the amount of
time the betas spent at the den, or betwéen the number of regurgitations and
bringing of food and the age of the betas. Most of the betas wére one or two years
old, which is an indication that once they reach a certam age they disperse. The
ﬁrst two years of their lives appear to be important years for learning, so not much

difference in helping behaviors from year one to year two would be expected.
Benefits to the Alpha Pair:Hypothesis 4

There was no correlatioq between the number of provisionings from the aipha
female and the size of the pack. 'fherefore, ihé size of the pack did not decrease
the amount of time that the female spent feeding the pups. In Moehiman's work with
jackals (1985) she found that there was no change in the number of alpha
regurgitations, or in the bringing of food to the pups iﬁ pac‘:ks' with helpers, but she
found that the alpha female got more regurgitations while she was pregnant .in paéks
with helpers. There was a non-significant neéative correlation (r=-.50, P=O‘.11)‘
between the number of betas per pack and the amount of time an alpha female

spent nursing.
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Altmann (1983), in her study on the costs of reproduction for baboons (Papio
cyncephalus), wrote;

"It is known that women who lactate successfully and whose
caloric intake during lactation is 23% over their normal
maintenance intake do not maintain their body weight,
whereas at 32% over normal intake, lactating women maintain
steady body weight. If such weight losses occur in baboons,
insufficient nutrition and weight loss may be a major source of
maternal susceptibility to death and may place severe limits
on the length and intensity of the lactational period
unless females are able to store an appreciable supply of
excess fat during pregnancy."

Itis Iikely that coyotes have similar reproductive problems as baboons and other
‘mammals. Alpha females without betas may have faced greater physiological
stresses during gestation and after pregnancy. They may have had an increased
need to forage in order to keep up their weight and the length of the lactational
period, and they had no betas to regurgitate to them when they were unable to leavé
the den frequently. The first snows may come into Yellowstone Park as early as
August, and the ground squirrels, a prime source of food during the denning season,
then begin to hibernate. Those females whose body weight was low, or who had

. aphysically stressful summer lost an easy source of food with the hibernation of the
ground squirrels. If females had a physiologically stressful summer, they may have
a harder winter and consequently a shorter life span. Konig (1994) found that
females body weight in the house mouse (Mus musculus) is important for future
reproduction, and that heavier females at weaning tend to have larger litters.

Moehiman (1983) found that female jackals may also improve their own future

reproductive success by tolerating helpers because”helpers may alleviate their

e et o - e



59
nutritive stress through theilactation period. Millar (1977) wrote that one way

mammals that are limited in energy during reproduction could handle further energy

_restrictions is by reducing the size of their litter. Because coyotes in smaller packs

had significantly smaller litters there may be a positive correlatlon between the
amount of energy a female has to use during reproduction and the size of her pack.
The positive correlation between the size of the pack and the initial litter size may
also have been related to the health of the alpha female when she conceived, and
to the presenée of betas to help with feeding and guarding the young. Martin
(1984), wrote that parehtal investment should be measured as the rate of milk-
transfer, or daily suckling bquts, and that weaning should be considered to be the

phase of parental care during which the rate of parental investment drops most

sharply. Furthermore, with Goeldi's monkeys (Jurke & Pryce 1994), females that

feed less will transfer the infant eaflier to the care of the male. This is similar to
what was found with coyotes in YeIIowstdne‘Park; that alpha females without betas
during period two, were about the den less, ‘and socializgd and regufgitated
significantly less than did thoée females with betas. This suggests either that care
of pups was passed more intensely to alpha males in packs without betas than to
élpha males in packs with betas, or that the pups simply got less attention. Because
there was little significant differehce between alpha males with betas and'alpha
méles without betas, this backs the latter hypothesis.

Alpha females with betas spent significantly more time at the den, and alone at

. the den than did the alpha males with betas during period one. However there was

no difference during period one between alpha males and alpha females in packs
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- that had no betas. This suggests that the presence of betas allows the alpha pair
to switch reles more than those packs without betas were able to, at least during the
| first period. This lessens the burden from period to period by allowing the alpha pair
to trade in the responsibility of reering the pups. This is supported by the fact alpha
females with betas shewed a significant difference in the amount of time they spent
present from period to period. Packs with no betas may not have the extra help
needed for such a luxury, therefore the help of both parents ‘may be renuired each
period in order to rear healthy pups. Moehiman (1984) found that in goiden jackals,'
with the presence of helpers, the adults spent more time at the den and pups Were
rarely left unguarded. There was no correlation between the number of betas per
pack and the rates of regurgitations from alpha females to pups, which suggeste that
alpha females without betas were‘n.ot spending their time away from the den
searching only for food for the pups, but rather that they were searching for their
own food to help maintain their weight, and the length of their lactation. In fact, as
mentioned earlier, during period two, females with betas. provisioned the pups
significantly more than did those without betas. This is explained in part by the fact
that there was a positive correlation between pack size and initial litter size, but the
betas helped with feeding the larger paeks. Furthermore, in period one, and
especially in period two, the graphs (Figures 5-7) ehowed an increase in the amount
of time the alpha female spent at den with each additional beta. The strategles of
females with no or few betas in the three periods all indicate that they were spending
more time mending costs of reproduction than were those with more betas. The

females W|th fewer betas may have spent more time nursing because the pups were
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not getting as much food as those pups that had the betas in the pack to contribute
to feedings. Observations of jackal helpers indicated significantly higher rates of
regurgitetions and/or nursing bouts per hour in families with more adults (Moehiman,
1983). |
Alpha females With betas socialized more with their pups than did those aipha

i females without betas in period two and three Socializing with’ the young seems to
be an |mportant way of conditioning the pups to interact with other coyotes, and to
trigger behawors associated with their instincts such as pouncmg, fighting, and
stalking. The capacity of adults to socialize indicates a certain level of health, "free
time", and energy. Furthermore, Scott (1967) wrote that the "socialization period"
is very important in the development of wolf pups, and stated that "the unique -
behavior in this period is assoeiated with the formation of emotionel attachments to
places and individqals.“ Bekoff (1974) wrote that secial play in canide may be
necessary for acquisition or elaboration of certain social skills, typical of a species.
Furthétmore the dominance amon.g pups, which was observed to t)e established
early, may influence who disperses, and who is allowed to stay in the natal territory.
| The more subordinete pups perhaps being the ones who are forced to'disperse
early (See Eric Gese 1995). The parents socializing with the young may encourage
the play lnstlncts in the pups, thereby helping to estabhsh acts that weed out the
weaker pups.

| The presence of betas decreased (non—signiﬁcantly)the amount of time alpha
males spent at the den in period one. Since betas spent a lot of time at the den in

periods one and two, this may have reduced the time the alphé male needed to




62
spend at the den. There was a non significant negative correlation (r=-.43, P=0.15)
between the number of bétas in a pack and the number of regurgitations and the
number of whole prey brought to the pups by the alpha male. Theréfore the alpha
male seems to have had a small decrease in the demand to feed the pups wi-th a
larger pack. Furthermore, during period two, alpha males without betas howled
Signiﬁc{a!ntly more than did alpha males with betas, evidence that they needed to;
spend more time informing other coyotes of their presence than did those allpha'
males with betas.

Harrington énd Mech (1983) hypothesized that wolf helpers may benefit parents
directly through foraging relief, and found that the influence of betas én an alpha
female might be indicated by & change in her pattemns of attendance about the den.
Fuﬁhemore, Bennun (1994) wrote in social weavers (Pseudonigrita arnaudi) , pairs
- that were helped may reduce their provisi'oningv eﬁecf slightly, not by lowering the ‘
rate of feeding visits, but by spending less time searching for food, or by taking the
highest quality food for theméelves.

Woolfenden. (1975) found that scrub jay (Aphelocoma aerulesceus) helpers did
not take part in nest building, incu_béting, or brooding. This is similar to roles played
by coyote helpers. All alpha females and alpha males, to some extent, have to
reconstruct former dens. The alpha females nurse the young and keep the pups
warm during the early part of pups' lives. Those that have no beta helbers have the '
responsibilities of the above and tl'le sole responsibility of méking sure that there is
adequate food and protection for the pups. Those with betas must meet certain

obligations to rear healthy pups. However, they are able to spread this meeting of
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the pups' needs among many members of thé pack.
Benefits to the Betas

Cooperation is favored in the evolution of those species which "saturate" their
habitat.' Low annual mortality rates among yearly resident territorial breeders
release few tefritories. for new breeders to establish themselves in each year
(Kinnaird, and Grant, 1982). This teritorial pattern was fo.und in Yellowstone Park.
Consequently there would appear to be many benefits to those betas who stay in
their natal territories. |

Beta males and beta females followed roughly the same changing of roles
between periods one-three as did the alpha pair. F;amale betas spent significantly
more time present at the den than did beta males during period one. This suggests
that one reason for the betas to delay their own‘ reproductibn, and to stay to help
rear their siblings is sb that‘ they can learn from their parents hov\v'tb rear their own
young. Female betas learn from alpha females, and male betés from alpha males.
: W.ilsqn (1975), referring to primates, discusses the fact thai young féméles who
.handle the young gain experience as mothers before committihg themselves to

motherhood. He then writes that evidence for this is found in sbecies where
~ allomaternal care is prominent. This “practicing" behavior is displayed by juveniles
and subaduit females.

There wa§ no statistical difference within period two between how much ‘ti'me.

beta males and beta females spent at the den; however, males spent more time at

L
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the den during period two than during per'iod one. Females, on the other hand,
spent half the time at the den as they did in period one. There was no correlation
between the sex of the beta and the rate of regurgitations. During period.three both
sexes spent little time at the den. During this time, they may have been exploring
new territories, or resting and foraging for onc‘oming winter.

One can establish that as long as the parents of the current offspring were the
betas parents, each sibling the beta helped to rear waé genetically equivalent to
rearing a pup of their own. Another advantage was the betas got a safe
environment in which to forage, and needed not put much energy into defending the
territory. The‘re have been eight instances where a beta has become an alpha of
its natal, or a neighboring territory. In one case the beta rhaie appeared not to be
reIated to the alpha pair it had helped that year. Thg alpha male was killed by a
car. The beta male then became the alpha male of that territory. In another case,
a beta female helped her parents, and then disappeare_d the following year. Some
field technicians saw her later several territories down the valley. She was killed,
how is unknown, and a necropsy showed placental scars, an indication tha’g she had
had young, which suggests that she had gained alpha status. In another case, a
daughter helped her parents one year but pot the second. The alpha male of her
pack (her father) was killed, how is unknown; that’ same winter the alpha \femal'e
was seen mating with several males until she settled with one. The female had one
pup only and that winter she was killed by a car. Her daughter, who had been

returning periodically, took over the territory the following summer with a
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mate of her own.

Brown (1983) writes that some of the factors influencing reproductive success

. are age, experience, environment, group size, and the sharing of a mate. He writes

also that all h_elper-st’rgtegies may be regarded as having originated as devices to
obtain breeding status, and to obtain mates witﬁ \the help of other group members.
One strategy that Brown mentions helpers may use is the "patient strategy,"
characterized by a delayed maturity, anci a prolonged association of the young with:
their .pérents and other Arelativ¢es. This strategy has an annuql survival rate of .8 to
.9, when compared with the low survival rate of hore "impatient strategies".

Helpers observed in Yellowstone Park seemed to have adopted the patient strater.
They may have stayed with their parents for one or two years. Usually they did not
attempt to breed. Staying to help jn Yellowstone Park seems to have an
overwhelming number pf_benefits, most of which were mentioned earlier. The
northern range has a dense population of coyotes, which makes it difficult for the
young to disperse éuccessfully to obtain a térritory of their own for rearing their
young. The food-base during the denning season is reasonably stable and high, so
that there will be Iitﬂe competition among\ pack members. The northern range also
is quité close to the bordér of the i’ark; therefore, when coyotes disperse they can
leave the Park. f free territories are scarce,‘ then they easily could be puéhed onto
the poorer quality ranchlands outside. Once they leave the Park their chances of
survival are low. A number of collars wérg_ returned to the coyote stﬁdy, worn by

coyotes that had left Yellowstone Park. In most cases when a collar was retrieved

without the coyote, the coyote was dead. Staying in their natal territory, therefore,
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may in&ease their chances of sur{/ival greatly. Harrison (1992) ﬁybothesized that
juveniles who dispersed may be forced to by siblings or parents, anq found that
dispersers had a lower rate of survival (.47) than ;hose that stayed in their natal
territory (.74). This would indicate that the betas will help to rear their siblings until
the siblings reach an age where they could be competition for food or for space in
the high quality territory. The be’taé may drive out the _young, a strategy which
seemed to ,téke place in Yellowstone Park (See Gese 1995).

There was no correlation between the number of pups in a litter and the rates of

provisioning by the betas of a pack, or between the rates of provisioning to the pups"

and the number of betas in a pack. This suggests that the provisioning of pups by
betas was more a process of leaming for the betas than it was based on the needs
of the individual pups. Furthérmore, there was. a correlation between the number
of regurgitations and bringing of food from the alpha pair and the number of pups
in the litter, but was not between the provisionin;g by the alpha males or betas and
the number of pups in ihe litter. With morel pups the alpha females took the
respénsibility of extra feedings, not the alpha males or the betas. Healthy females
could easily héve caught enough high quality ground squirrels to feed a larger litter.
The betas contribution to the pups seem to be equivalent to that by thé alpha male.

Krebs and Davies (1987) show a graphical summary which indicates that the
older the beta, the less genetic pay-off he or she will get by staying to help and by
deiaying his or her own reproduction. This is supported by the féct'ihat there was
only one beta known over two. Coyote 848 was eight when he helped.. He may

have been the father of the breeding female on whose territory he was. It may well
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be that there is an optimum age in which to reproduce, and an optimum age in
which to help. _For example, it may be good to help when one is young and
inexperienced, and also, when oﬁe is old an'una-ble aggressively to defend the
rights to a mate or to a territory. Eight years is old for a male coyote. By helping his
daughter, if 840 indeed was his daughter, he still would be getting a~"genetic
payoﬁ" and a territory where he alone was not responsible for fighting off intruders.

The benefits to betas regardless of their relation to the young, seem to be great.
Therefore one would expect to see more helpers that were not related to the young
which they ‘provisio'n. This, however, was not the case. Perhaps the alpha pair
discourages nonrelated helpers. Reyer (1984); found in Pied kingfishers (Ceryle
rudis) that secondary helpers (those not related to the breeding pair) were not
tolerated around the nest pntil the young were hatched, unlike related primary
helpers. This is an indication that the breeding pair do not trust completely those
that are not related. In addition there would be the risk of mate-competition from
unrelated male helpers for the alpha female, and from unrelated female helpers for
the alpha male. Finally, the alpha pair might prefer to let sons or daughters onto
the territory to help, rather than tﬁose not related. If these young had-survived the
first difficult year, it would have been worth allowing thAem to stay longer to increase
survival further. Some betas were present on the territory, but never seen around
the den. It is unlikely that they fed or guarded the pups only while they were not
being observéd. This anomaly of non-helping betas implies that betas who stay on

their natal territory do riot "pay rent" merely by feeding and guarding the
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current young. It suggests that the relationship between the alpha pair and the -
betas is a complicated one that is fortified by benefits to the alpha pair and to the

betas, benefits to the current pups seem to be side results.
Benefits to the Pups:Hypothesis 5

There was a negetive correlation between number of betas per pack and the
survival rate of the pups. However, in 1992 there was an outbreak of parvo virus
which hit packs regardless of size. Furthermore no implants had been placed in one
pack without betas, ahd the second pack without betas that year had no mortality
signals in their implants. Therefore, the data from all pups retrieved and receiving
necropsies skewed the distribution towards packs with betas. Because of this | do
not feel comfortable rermg on these data. | |

Pups in packs with betas had a signifi icantly higher rate of provisioning over the
summer than those in packs without betas. Pups with more betas were left alone
significantly less than those with fewer or no betas. Bennun (1994) found that
' breeders did not seem to reduce their feedrng rates due to the presence of helpers
in social weavers, rather the helpers supplemented their efforts. Millar(1977) writes
that a reduction in the size of the offspring WOuId result in a higher metabolic
intensity and a smaller energy reserve, therefore smaller offspring may not have the
energy reserves required to survive extended perlods away from their mother.
There was no correlation between the welght of the pups at capture and the size

of the pack. This finding relates back to the benefits to the alpha parr from havrng
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betas. Pups in smaller packs are not lighter tﬁan pups in larger packs. This may -
be explained by smalier packé; having smaller litters, hence larger pups per litter, .
. and by the alpha female, in packs with no betaé‘, nursing the pups longerto increase

their weight.
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QUESTIONS RAISED

LonQ-term pair bonds are reinforced by holding territories year round. Pair bonds
also ensﬁre that subsequent litters of pups will be full siblings. The latter has
important implications for the kind of selective pressures exerted on some pups to

| stay and to help to raise the next litter (Moehiman 1983). Harrington and Mech
(1983) suggested that in wolf packs the auxiliaries have the opportunity to help, if
they remain in their natal territory. This makes hélping an ontogenetic
‘epiphenomenon of nondispersal and postponed breeding based on more immediate
circumstances. This coyote study supports in part their findings. There appears
to have been an environmental pressure, discussed above, for some young not to
disperse. The benefit to the alpha pair, from having their pups to help rear the next
years litter, appears to be great. Conéequent,ly,.there may be an undefermined‘
pressure from the alpha pair for the youhg to stay on. Mech (1970) suggests that
in wolves, social factc;rs are very important in regulating pack size. Why do not all
coyotes in Yellowstone Park have beta helpers?. Though not tested statistically, it
did not seem that packs with no betas had poorer quality territories, therefore |
would not expect lack of a sufficient food base to cause young to disperse early in
those packs. Overall, every member of the pack. seemed to gain from the presence
of betas. The pups may have been affected the least. The weights of pups in packs
with no bétas were not different from pups in packs with betasT Furthermore, though
pups were left élone more in- pécks with betas, there 'was not a high rate bf predation

on any pups. Benefits, or costs, to the pups, from the presence of betas, may be
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c'learer_in the future. Pups in packs with Eetas were socialized with more than those
in packs without betas. If this socialization is important for survival, then once
dispersed, a difference in the health of pups may be observed. If betas do force
subordinant pups to disperse, then it may be to the pups' advantége to be reared
in a pack with no betas, especia'lly if.the alpha female nurses the pubs more to
make up for the lack of extra .feedings. Then, the only competition for staying in the
natal territory would be with littermates. One could argue the presence ‘of the betas
selects for stronger pups that have a better chance of survival. Pups that could
'compete with the betas must be heaithy.

Are the benefits of having beta helpers at the den enough to encourage coyotes
to form packs larger than the alpha pair, 6r is helping during the denning season
a side benefit to packs forméd for other reasons? Why does not every pack have
beta helpers? Why do not all the betas help to rear the young? ’Why are they
tolerated on the territory if they do not help, or do they help in some indirect way’é
‘Perhaps there is an optimum size for a coyote pack in an area such as YeIIoWstone/
Park. For éxample too many betas in a pack may increase the competition between
the alpha pair and the betas, and between the pups and the betas. Too few betas
- decreased the amount of time the pups are. guarded, the amount of food they
received, and increased the amount of time the alpha bair speng on behaviors
related to the survival of the pups. However, in an area with a low food base duringf
the denning séason, or where remaining unseen would be important for suwivél,

-one would expect packs to be smaller.
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A study similar to this would benefit from being of longer term. Foliowing the
young when they disperse, and measuring the long-term rate of survival and of
reproductive rate of betas that helped and then dispersed wbulq be bf great value
when compared with the betas that did not help and dispersed. . Studying in depth
which betas stay and help and which do not, ahd why, would be interesting. It is
| known that most of the betas that did not help were related to the alpha pair.
Therefore it is not a case of betas related to the pups being tolerated around the

" den, and those not related to the pups not tolerated. Another important compone\nt
to a future study would be to see if there were a correlation between the number 6f -
betas in a pack, and the rate of survival of the alpha pair (énd the number of betas
compared with the tightness of a pack). For examp!e, do alpha pairs with no or few
betas stay together for a shorter period than do those that have more betas and
therefore, have less of a solid pack structure? Finally, only twelve coyote packs
wére studied in depth, which decfeased the sample size; but which increased the
knowledge of the workings of each pack. However, having a bigger sample size,
and an in depth study would increase the significance of the results dramaticallly.
This, no doubt, would give greatér confidence to those presentihg the study in

regard to its implications.
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APPENDIX

Betas Defense of the pups
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On several occasions, a beta helped to defend a den froh a potential predator.
However, there were not enough insfances to test statistically. In one case, a
Grizily sow and her two cubs were observed 100 m from the den. It appeared that
the bear had stolen an elk calf the pack had killed. The pack surrounded the grizzly,
barked and circled her until she left with her cubs. In another case, a grizzly came.’
within 150 m _of the den and the alpha male, femalte, and all betas, circled the

grizzly lunging at her periodically. Betas also were observed helping the pack to

chase out coyote intruders. Ravens too were chased away, particularly when the o

f'pups were young. in ohe case, a field technician observed a lone beta while a
raven dived towards the den. The beta chased the raven and appeared to try to
catch it. The beta then sat over the entrance to the den while the raven circled
. overhead. Sixteen ravens then joined the first and the beta moved info the den, so
only his head was s;ticking out. The beta had his ears back with én aggressive
facial expression. After forty minutes of plugging the den entrance, the beta chased
the ravens and again returned to sitting in the den entrance. This continued until
the ravens left finally. The adults ‘of different packs would spend hours hunting and
traveling abéut the territory with badgers. Its presence did not seem to bother the
coyotes. This may support Minta et al (1992) findings that coyotes which spent time
with badgers ate prey at higher rates than did those which did not spend time with
Badgers. Finally, if people came too close to a den, betas would bark and howl,

which usually caused the pups to return to the den.







