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Abstract. The social structure of Rocky Mounlain goats (Oreamnos amesicanus) in the Gore Range of
central Colorado was studied using a cardinal ranking system. On average, nannies with kids wene mos?
dominant, fallowed by biliies, adult females without kids, male 2-year-olds, female 2-year-olds, female
yearlings, and male yearlings. Mannias with kids ranked 1 through 3 had larger spacing betwoeen cardinal
values than mountain goats ranked 3 and below indicating that the relationship between dominant nannies
was relativaly well established. Nannies with kids interacted 2 to 10 times mora among themsakves than
with non-nanny goats bul, the everall average level of aggressive Interactions for nannies was lower than
for non=nanny goats {(Kruskal-Wallis p=0.05). it was hypothesized, and demonsirated (Kruskal=Wallms
pr. 01, that lower ranking nannies at the sall kck would be separated from their kids more frequently than

high ranking nannies.

Early studies on dominance in social animals
usually were descriplive accounts of sodal
organization, Gradually, ordinal ranks, based on
dyadic malnces replaced the descriplve accounts
with maore quantitative studies (Thouless and
Guinness. 1986, Holekamp and Smale 19592
Howovar, the use of ordinal ranks for structuring
animal socielies suffers from several probloms:
1}difficidty i assessing the magnilude of difference
in dominance among individuals; 2) difficulty in
companng dominance matrices based on different
hord sizes and observation periods; and 3) difficulty
in employing statistical technigues o rolabe
dorranances rank to olher qualibes of mterest (Boyd
and Silk 1983). To ovéercome these draw-backs,
cardinal ranking systems have evolved,

Cardinal ranking methods incorporate
infarmaton aboul Ineractions that &nd R wins,
Insses, and ties to generate an index of dominance
rank. This paper describes the social organization
of Rocky Mountain goals using a cardinal ranking
syslem from data of 14 herds obsenved
congragating at mineral licks duning the summer
manths of 1982 and 1993,

Observalions that led to the imesligation of
social struciure included: 1) aggressive interactions
between cohorls for sccess to sall ick holes; 2) a
tendency for nannies to aggressively interact
spacifically with other nannies: and J3) separations
of kids from nannies who losl in aggressie

interactions. Frequency of nanny-kid separations
(Hopkins el al, 1883), maintenance of proxmity
(DeBock 1870, Hutchins 1884), and distances
batwean nanmy and kd (Chadvack 1983) have bean
evaluated.

We hypothesired that nannies who wone
chased or deplaced from the sall Bck by other
nanmnies were of low ranking status. Furthermore,
we hypothesized thal low ranking nanmies were
becaming separaled from their kids more often
than high ranking nannies.

METHODS

Population

The mountain goats studied were members of
a population of approdmately 125 animals in the
Guore-Eagle’'s Mest Wildamess Area af the north
ceniral Colorade Rocky Mountaines west of the
Continental Divide. Observations ware resinciid to
Ellloll Rudge, a long narmow alpine ndge wilh
numerous salt licks (Hopkins et al. 1952} Mountain
goats entering the sall ick area together duting any
pne observation perled were considered a herd
sample, All nannies were identified as indwiduals
by tags, collars, pelage patierns, scars, of broken
harms, Two-year-olds were classified visually as
animals ranging in halght and hom size bebwaen
the majorty of all adults and yearkngs al the saklt
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kck. Gonder was determined by wination posiures
and during opporfuniies to observe genialia.
Mother -offspring relations were eslablshed on the
basis of nursing and close associaion. Agonistic
and separation data were collected for individuals
in 14 hards ranging in sze from 10 10 45 animals,
with @ mean herd size of 21. A lolal of 83 hours was
spant in behavioral obsarvation

Cominance hierarchy structure was assessed
by scofing win- loss oulcomes in compebtion
batween individuals (Chase 1974). In this study,
dominance is defined as an indvidual's ability to
noquie access o a sall lick hole and defend i frem
compelitors, A win was tallied when an individual
chasad another away with a rush, hoin, or present
threat (Chadwick 1983) or if by moving towards a
galt lick hole it displaced an indsidual that was
there onginally, These events are marked by the
approach of a challenger, the encounter, and the
resulting win of foss, The wing and losses wen
fallied in dyadic matrices

Ordinal Ranking with Dyadic Matrices

Analyas involved thres sleps. Firsl, mountain
goats were ranked ordinally through placement
along a dyadic matr. Ordinal ranks wore the
arrangement of mountain goats based on winfloss
oulcomes, where [osers had the lowest placement
relative to others in & dyadic (sociomelnc) malix.
Each dyndiic malns used the commaon convantion of
listing losars along the top and winners along the
left column respectvely. The matrix was sored o
maxmize the total of entnes ksted m the upper
riangular portion of the matrie. This proceduns
placed animals in ordinal posfions of dominance
from most dominant on the top of the left columin to
legasd dominant an the battom, The most dominant
animal = placed at ordingl numbed 1 and less
dominents take higher numbars relative to their
positons lower down in the hierarchy, Nannies and
thasir ks are islod iogether as one indvdual in the
dyadic matm. Lone kid interactions are ignoned
because these do nol constitute a determinaton of
rank within the herd. Such inferactions include play
behaviors with olher kids and rejection of losi kids
by nannies 1o whom the kid does nal balong,

Cardinal Ranks Obtained from the Estimator of
Probable Dominance

Secondly, cardinal ranks wane dermied from the
ordinal ranks (Equation 1) . Cardinal ranks were
values derved from the fotal number of wins per

total number of contests. Unlike ordinal ranks, they
help to normakze the rank values for all mountain
goats found in different size herds and obsen/abon

penods.

A
= 2 1
e =l

The alpha goat is given an ordinal rank of i= 1
and a cardinal rank, R1 = 1.00 . To calculate each
subsequent rank we lat j =i+ 1 . This means that
tha cardinal rank, Rj, of each goal was calculated
frcem tho maxt higher up, R, in ordinal rank, This
allowed subordinate ranks to be determined relatie
o each ordinally higher ranking goat. Al is the
number of wins by ordinal | against ordinal i, Aji s
the number of wins by ordinal | against ordinal (A
+ A equals the total contests between land |. The
expression Aijf{AY + Aj) is the ratio of wins by the
higher ordinal rank to the tolal number of contests
faught: @ has a ranga of [01]. It is alsa the
eslimator af probable dominance of | ower |,

i i and | win equal numbeors of conlests against
one another then the estimated probability of
dominance i5 0.5, which meéans that i s not shown
to be dominant to |. The cardinal rank, R, provided
by Equation 1 will be equal to Ri when the data fails
fo suppord dominance. This s achieved by
sublracting 0.5 from the estbmator of probable
dominance o obtain & range of [-0.505] This
expression is then mulliplied by 2 1o maks A
consistent and comparable to the whole number
orchinal rankang system by giving the rank difterence
a range of [-1,1]. 1 i wins all contests against j then
Fj = Ri + 1 making the cardinal ranking system
comparabla to the ordinal ranking sysiem.

Dominance is increasingly well established as
saries rank differences gel closer 1o ona, The seres
ranking ghven by Equatian 1 Is paricularty usaful in
gquantitying how well vanous ages or sexes of
animals are placed in a hierarchy,. We define the
rank difference, (Rj = Rj - Ri . These rank
differences can be averaged for age and sex
Qrougings.

Equation 1 is undefined where (Al] + Aji) = 0.
Thir dyadic matnces were faifly sparse_ Arbilrary
selection of any two goats will usually give the
undefined resull, but in such cases Equabon 1 s
not applicable. The eguabtion depends on first
propuecly ranking the goals ordmally in a dyadic
malrix and calculating the cardinal ranks starting
with the alpha goat. Most of the contests were
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fought beteeon goats of close ordinal rank. If
conests had bean randomly, independent of
ordinal rank, than Equation 1 would not be a useful
esimator of cardinal rank. There were a few cases
whers (8§ + Ajl) = 0 between adjscent ondinal ranks
because there weré no contests. We adopted &
comvention that assumed such cardinal ranks to be
equal. Tha main reason for this assumplion s thal
some of the nannies were the first o take
possession of one of the several sall lick holes and
remained unchallanged duning the entire pariod of
observation. Randomness in nanny-kid saparations
based on ranks was evaluated with =
Kruskal-Walles (K-W) test (Devore 1981).

Herd Samphe Nommalization of Cardinal Ranks to
a Scale of Ten

One problem with Equalion 1 i thal the cardinal
ranks of the lowar ranking animals have a high
dependency on herd size. The madmum possible
cardinal rank number is aqual o the number of
animals in the hend, but could only ocour il all
dommants won  all conlests  agamst  thei
subordinates. Nevarthalass, largar hands will farcs
the subardinate ranks downwand relative o smalles
herds. An mprovement 0 the mothod would
minimize any herd size dependency in dominance
ranking.

After herd sample has been ranked using
Equation 1. a conversion facior is calculated that
allows the ranks (o be adjusted (o a scale of ton,
This means that lor every herd sample the
maximum rank numbser & 10 with all other ranks
miultiplied by the same canvérsian faclor. The
conversion facior. ¢, | calculated by Equation 2:

c=_10 (2}
R...

Ry = the maximum rank number obtained
from the herd samplé using Equatian 1. After
Equation 2 has been applied, cardinal ranks are
confined fo a scale of 10. Any number could be
substuted for 10 in Equation Z. If it is equal o the
herd size, the cardinal raniks will ba closes] to the
ordinal ranks. The valus, 10, isalf is not impartant.
its impartance lies in the fact that the conversiaon
Tactor reduces the effect of herd size on cardinal
rank and allows valid comparisons o be mads lrom
ane herd sample fo the nedd regardiess of size.

Dwefinitions, Terminalogy, and Notation
The following terms ane used: @ nanny is an
gdult Temale with a kid. Female goats withoul kids

are designated simply as ‘females’. Kids ame
designated lower ranking or higher ranking
according fo the ranking of their mothers, Billes ane
adult males {3 years or older), younger males are
subadults. Each goal in each herd is designated by
an uppercase letor starting with "A" for the most
dominant. These designations are valid only within
the contaxt of a gh'en herd. Lowercase "k" indicates
a kid, for example "AkK™ 58 a nanny with kid.
Lowsicase "b° indicales a billy, "m" indicalss a
male subadult, and 7 indicates an adull female
without 8 kid, An accompanying number indicates
age in years, For example “Fm1” is a3 sixth ordinal
ranking male yearling, "Eb" is a fifth ranking blly,
Cohod refers 1o any nearest ranking goat relative to
another. Peer groups are mauntain goats with the
same or similar carding! rank values, meaning that
piear group mountain goats may be similar in rank
with only fractional diference in values. When a
and kid lose sight of ane another and either
animal exhibits searching behavior, or bleats, the
event is called separation
Dafinftions for cardinal rank statistics include
rank avernge (R, standard deviation of ranks
(50, rank minimum (Ry.,). rank maximum {(Ry.),
and average difference between ranks (aR,.).
The average differsnce in rank was used o
evaluate the linearty of the hierarchy for vanous
soi-age groups. Highly linear sex-age groups have
higher averags rank differences (.R,,.). Less linear
SOX-0Q0 Qroups, of peer groups, have lower
average rank differences.

RESULTS

Rankings

Mannies occupied the three most dominant
positions in 12 of 14 herd samples, In herd H a billy
held the third most dominant position and in herd A
there were only two nannies. Mannies had the
highest average rank difference, suggesting their
dominance relationships to one ancther were well
establmhed (Table 1), The remaining sekx-age
groups had average rank differences near 0.5
excapt for male yearlings who were considerably
lower than the rest.

Average rank differences were calculated
yingg the herd manks oblained only from Equations
1. That sé&fes ranks ablained irom Equation 1 alanes
emphasized contes! results between adjacent
paars. Equation 2 was applied fo emphasize herd
placement and reduce the dependency, especially
ol the lower ranks, on herd size (Table 2). The
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Table 1. Cardinal Rank Statistics. Series ranks using anly Equation 1.

MNanny Female Female Female Billy Maie 2-  Male
2-yr-oid yearling yr-akd ywarling
Ruwe” 312 6.58 7.60 B56 6.31 768 842
S0, 212 184 308 282 2.44 2.06 2.80
R 1.00 4.00 344 383 2.44 387 360
R 964 10.00 1333 1333 9 64 13.33 1333
Rue 0.73 012 0.48 052 0.56 0.46 0.28
* Dafinitbons proveded in text
Table 2. Cardinal Rank Statistics. Herd nommalired cardinal ranks u!il'li Equations 1 and 2.
Manmy Female Female Female Bilty Male 2-  Male
2-yr=-aild yarfing yr-ald yoaring
R 324 B.42 764 9.02 627 7.57 8.83
5D, 1.72 1.60 1.58 1.35 1.93 1.54 1.36
R 0.75 3,75 4.52 4.91 2983 4.70 .44
Ryus 748 10.00 10.00 10.00 10.00 10.00 10.00

TDefintions provided in ex.

Tabla 3.5“-“: EmE Distribution Et In Mormalized Herd Ranks lﬂl'l_'li' Equations 1 and 2,

Rank Manmny Femala Femala Famala Billy Male 2-  Male
2-yr-oid yearling yr-old yearling
0-2 N5 0 0 0 0 0 0
2-4 7.0 83 a LI 223 a a
45 24.7 333 192 80 2T A 250 71
6B 6.8 50.0 85 16.0 8.8 21 143
B0 L] 83 423 760 111 427 T86
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Figure 1. Mean number of agonistc encounters observed per hour versus cardinal rank for all 14 herds

of Rocky Mountain goats on Elliott Ridge

standard deiations of cardinal ranks are higher
whan anly Equation 1 is used (see Table 1), This
higher standard deviation results from varfance in
the herd sizes from which samples wers taken. The
slandard deviabion using herd normalized ranks s
lew fior male yearings. This coincides with the low
average rank difference for this sex-age group,

The parcentage of mountain goats distributed
al various herd normalized ranks was calcuiated
(Table 3). Kxlless females showed a significant
(P=0.05) difference from nannies. Male and femala
yaarlings and 2-yr-olds are similar, respectively, in
rank distribution daspite male yearings' much lower
awvedage rank differance.

Aggression in Herd Normalized Ranks
KMountain goats with herd normalzed ranks of
4 through 10 had more agonistic encounters per
hour than goats ranked 1-3 (Fig. 1). Dominant
mountain goats (rank 1-3) had more wins relative o
losses bad thi relaionship reversed for subordinate
poats. In small herds, we observed the lop-most
nanny being challenged a few times by the next
highest ranking nannies. but aimost never by lower

rankang goats. However, in large herds the top-most
nanny was challenged by, bul usually defeated,
goats who were not nannies with kids.

Contests with Top Ranking Mannies in Large
Herds

Behavior of one fermale yearling (Ff1) in herd J
indicalés how females may move towards
dominancs positions within a heid, The yearling had
ovar four timas as many agonistic encounters with
high ranking nannies as her cohorts, She won 9 of
20 conlests with Dk and 11 of 28 with Ek (Table 4)
=he was chased by Ak 22 imes with no wins. Lower
ranking nannies in large groups were akso seen o
compete with higher ranking nannies more
frequently than cohorts (Table 5). Herds J and L
were used (o evaluale which sex-age groups wers
more [kely o compele with top ranking nenniss
These herds were selected because observation
times weare 17 hours over 3 days Tor J and 14 hours
over 2 days for L. Those imes were well in excess
of those for the other large herds and provided the
only opportunities to make significant obeenalions
of subordinale goat behavior toward dominant
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Table 4: Dominance matrix of mountain goat herd J (22 animals) on Elliet Ridge, 1993 after 17
ahsarvation hours

Winners

Losers
Ak Bk Ck Dk Ek FM Gm2 Jm2 Hk H KR Lm2 AMEZ HNmi1 O Ph
10"AK* - ™ 1 2 1
20 Bk - 14 3 1
30 Ck 12 2
10 Dk - 14 2 11 { 2
3.1 Ek 112 - 1T ] -]
N E N - 5
43 Em2 - 11
4.3 Jm2 - 2
51 Hk 1 1 i - & 5 1
63 W . o 12 13 2
63 K2 10 1 - 17 13 S |
70 Lmz2 ] K ] - £
7.3 M2 d 1 12 1 - 1
T3 HNmi - 5 2
T4 OH
81 Pb
! Eerios rank
¥ Ses ted for letter dafiniions

ad B
i

20

15

10 -

Total Observed Contests

© Wins by goat listed on row against goat listed In column.

L .
k f f2 i1 b

Sex-Age Groups vs Dominant Nannies
[IWon [l Lost

B o=

mea m1

Figure 2 Agonistic encounters behwean subordinate goats and dominant nannies in herds J and L
averaged for individuals in listed sex-age groups. k = nanny with kid, f = fermale without kid, 12 = female
2-year-old, 1 = fernale yearfing, b = billy, m2 = male 2-year-old, m1 = male yearling.
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nanmes, The lop five rmnking nannies in beds J
and L wers designated dominant. Mannies ranked
balow thess wers also ranked below other sex-age
group goats. Unlike some of thair more dominant
cohorts, these nannées tended fo infringe upon the
dominant nannies and be chased away (Fig. 2),
The high average for female yearlings in both
groups is solely aftributable to F1 of herd J.
Dominant billies also were observed o infrings
upon dominant nannies, but folally avolded
encounters with the top three nannies,

Manny-kid Separation

Durning the course of the study, 73 cases of kids
baing separated from thelr nannies ware obsenvad,
Separation imes ranged from 2 minutes o 3 hours.,
The tendency for lewer ranking nannies to interact
agonistically with higher ranking nannies suggests
an sxplanation for this high incidence of nanmy-kid
separaton. Such interactions acouffed when lower
ranking nannies infringed on nannies of higher rank
or wirs chasoed from a lick. Aftor being displaced,
the low ranking nanny moved around the salt lick
seaiching for & ick hole which could mone easily be
acquired, During this ssarch, & kid often bacams
“lost” due to the kid's inaftentiveness, sleaping,
playing, or loo many mouniain goats blocking the
view, of bacause the nanny moved oul of the sall
lick area. When the kid “discovered” loss of viswual
contact (Le, when it awoke or finished play acthitbes)
i was considered separated when R could not
immedialely find #s nanny and then iniliated
"abandoned kid” béahawior. Behavior of abandonad
kids included searching for the nanny, bleating, and
the cccasonal rading after a juvenile playmate and
its nanny only to be rejected by the playmate's
naniy. With one sxcepbon sach lost kid was
aventually found by its nanny. In the one event
where | did not observe the kid reunifing with its
nanmy, the nanny had left the sait lick area alons
and vocalized twice. The kid had moved dawn the
mountain side and was apparently out of hearing
range. Two hours after the separation, the
remaining herd (n=21) left the sall bck logether
The kid remained with this group and repeatediy
vocalized while moving out of observation range.
Reunions typically were marked by nose to nose
conlact with the nanny smelliing her kid along the
langth of its body.

Saparaions per hour increased with increasing
lower rank among nannies (Fig, 3 and 4). The
refabonship bebwesn lower normalized herd rank
and average nanny-kad separations per hour ang
correlated and significant{kK-W P=0.01)

The second cause of separation 5 walk-aways
(Fig. & and 6), Walk-aways occur when |ower
ranking mannies searched for a lick hole, o
doparted from the salt lick area without being
chased by another nanny, The parting of the
nanny-ad pair under these creumsiances is nol &5
sudden as those of the chase. The walk-away
soparation relationship akso was correlated and
suggested that, ai the sall lick, separations between
nannies and kids occurmed more frequently among
lowar ranking nannies(K-W P<0.01).

Lower ranks appoarsd o have a sleady
increase in average separations as the ranks
decreased, The average soparation result af the
Iwest ranks appeaned io be neary Enear with the
tremd thal began al the highesl ranks. The
exceplons in the middle may have been due fo the
sparseness of the data relatve to the higher ranks
(See Fig. 4 and B). High ranking nannies were
abundantly observed, being present in all herds
Only the largest herds provided opporiunities o
obsernve nannies of middle and low herd normalized
ranks.

SCUSSION

The level of sggression for nannies was lower
than the avérage for all othar goats in the hierd (Fig.
1). The conditioning induced by repested wins
would tond to place the more experenced and
dominanl nannies into an increasingly linear
hiararchy and reduce aggression [Jackson 1987)
This wolld allow energy olharwssse spént In
intraspecific competition o ba spent on reanng
young.

Subordinate aggression may have baen
increased by crowding which reduced access o
salt lick holes and encouraged lower ranking goats
to appromch the high ranking nannies more
frecuantly. Mala yaarlings appoanad to fafm poer
groups

It is possible that FI1 of herd J may be the
offspring of one of the domimant nannes. Chadwck
(1883) reported that yeardings and newbomn siblings
often accompany their mathers onto the salt lick
area, As such, the yearling may still be afforded
some profection by her mother, The yearling FM1
may algo have been conditioned o winning by the
protection of her dominant mother (Ginsburg and
Allea 1942}, Likewtsae, bower ranking nannies that
frequendly challenged higher ranking nannies at the
salt licks may be offspring of higher ranking
nMannees.
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Low ranking nannies generally faded 1o avoid
encounters with high ranking nannies. Subaduls
minimized encounters with high ranking mouniain
goals by positioning themselves along the ouler
perphery of the sali lick area, Lower ranking
nannies had from two to ten imes more encownters
with higher tanking nannies than did Ehedr
non-nanny cohorts. This suggested several
possibiliies: 1) higher ranking nannies singled oul
lower ranking nanmies and preferentially chased
them. 2} some lower ranking nannies. weoe very
competitive against the higher ranking nannies; 3)
lowear ranking nannies had not learned o stay
outside the individual space of dominant nannies.
The nanny HK, along with the female yearing Fi1,
in Herd J was cbserved 1o have more agonistic
&ncountars with higher ranking nannies and actually
won several of them. in Herd L. nanny Hk
encroached, competed, and won in contests
against hagher ranking nannbes. Let us conskder the
relalve ranking of Hk lo higher ranking nannies
Ck-Ek using Equation 1. If we remove goats Fk and
Gh, then He will have a considerable inereasa in
cardinal rank value. The resulis from Hk against
Ck, Dk, and Ek, places Hk as a dominant of rank 3
ta 3.6 rather than the 529 that results from HK'S
losses to the inlervening mountain geats. The paint
is that Hk competed intensively with these higher
ranking nannies.

Although other lower ranking nannies did not
win against higher ranking nannies, they sometimes
gncroached wupon them only to be repelied
Encroachment by lower ranking nanmes  and
preferantal attack of lower manking by higher
ranking nannies are not mutually excluskhe
possibiliies. Both silustions arosse during the hends’
occupation of the salt lick.

Mannies with an ordinal rank of 1 were never
separated from thair Kids ailher by baing chagied of
by walking memy. Rank 1 nanny dominance over the
rest of the herd may allow her o remain in one
place Tor long perods, reducing  chance
separations. Nannies with kids ware the highest
ranking mountain goats in the Gore-Range Rocky
Mountain herd. Nannios with Kids interactad bwo to
ten times more among themselves than they did
with olher pon-nanny mountain goats, I Hely
that nanniss without Kids wate younger. If o, much
of the social hisrarchy could be explained by age

and might also be corralated with sxperisnce in
rearng young. When ed, kids may be
axposed to greater risk of predation, increased
froquency of aggressive encounters with older
mountain goats, and longer periods of time without
access bo milk.
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