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whether or not dominance plays @ r{“:lllr]rdt}r\s
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ATTERNS OF

SPOTTED HYAENAS

By RONALD L. TILSON*t & WILLIAM J. HAMILTON IIT{

19%L,

*Desert Ecological Research Unit, Gobabeb, Namibia -

and
tinstitute of Ecology, University of California, Davis, CA 95616, U.S.A.

Abstract. In some parts of East Africa, spotted hyaenas (Crocuta crocuta) live in large groups and at

zh population densities, and scramble competition among clan members during feeding at large
casses s reported. By contrast, spotted hyaenas in the Namib Desert of southwestern Africa live

i small groups and at low densities. When assembled at carcasses, Namib Desert spotted hyaenas

<“ow linear dominance hicrarchies. Adult females outrank adult males and usually fecd one at a

time

co with their dependent Gilspring. Feeding rates at small carcasses in the Namib ‘Desert are approxi-
mately equal to those reported in East Africa. but at large carcasses Namib Desert spotted hyaenas

leed s

nificantly more slowly. Thus lower-ranking individuals eventually gain access to large carcasses

but are excluded from smalier ones. We relate these patterns of food consumption to possible evolution-
ary pathways to sociai hunting by spotted hyaenas.

Lincar dominance hicrarchies characterize many
fizn grouns (Wittenberger 1981). One
nee of a hicrarchical social organization
ch-ranking individuais may sequester
sources. Challenges to the validity
well 1974 and or utility (Bernstein 1976:
Ponp & DeVYore 1979: Harding 1980) of the con-
hierarchies, especially for
social species, suggest that the circum-
{etermining the expression cf dominance
hierarchies in natural environments may be of
special interest. Here we relate cvidence con-
cerning hicrarchy-iike behaviour for one such
<pecies. the spotted hyaena. Crocuta crocuia.
Here we make comparisons between a Namib
esert spotted hyaena population studied by us
and the East African spotted hyacna populations
studied by Kruuk (1972). Feeding behaviour in
the small Namib Desert spotted hyaena groups
contrasts strongly with the rapid feeding and
o reported for laree groups of the same
i ] (van Lawick & van
.iruuk “)") We suggest

Namib Dgs.n and in East ,\fmd be
«d with the ditfering predator and prey
Gensities characteristic of these arcas.

Materials and Methods

Study Aren

within the
©here the

Our study arza ind!
X]]\‘\

tdes 2080 kim?
Nauklutt Parh.  Namibii.
"

ac tress: Minnews ll Zooiogedl Garden,
 Minagsor s s . 4

Apple

<

Kuiseb River has incised a deep, narrow canyon
115 km long across the Namib Desert. South of
the Kuiseb River Canyen lies a vast tract of sand
dunes lacking any frec water. Resident mam-
malian species there relevant to this study include
a population of gemsbok (Orvx gazella) living
throughout this dunes svstem, which feeds upon
perennial and annual grasses, tubers and bulbs
(Hamilton et al. 1977), and small herds of spring-
bok, Antidorcas marsupialis, which extend into
the fringe areas of the dunes following sporadic
rains and subsequent grass flushes. Rocky,
sparse grasslands north of the canyon are the
preferred habitat of mountain zebra, Equus zebra,
another important spotted hyaena prey species.
Annual rainfall at Gobabeb (23°34'S, 15°03'E)
on the edge of the study area, has averaged
1.8 cm for the past 18 years (range=0-12.5 cm,
Desert Ecological Research Unit Meterological
Records). Heavier austral summer rains in the
central highlands 400 km to the east produce a
temporary and unpredictable summer surface
water flow through the Kuiseb Canyon. Moun-
tain zebras descend nightly into the narrow con-
fines of the canyon. where water is available
throughout the year in small, isolated pools.
Down-river from the canyon there is a decreasing
gradient of water but an increasing gradient of
food resources for herbivores, extending from
marginal to abundant (Hamilton & Tilson 1982).
During prolonged drought, a regular condition,
erowth of the perennial grasses away from the
canyon slows and the food supply for these
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herbivores througheut ghp Nﬂx1\xbbD}{ci;:g:CS:&
clines. Undar these conditions gemseo S v
:0 the canyon floor to drink at pools an . ex e
extreme drought. leave the dunes .alt-(‘x;_et ?r ’
:é<idc in the Kuiseb Canyon _}mnl rains L‘.gln;.
minin or until they die (Hamiiton et al. 19772
Tilson 1980: Tilson ct al. 1980).

Animals

heacnas forage and feed
“aroups. probadly ex-
% he “clans
We

+ spotted

units comparable 1o the
Cruwk (1972) in East Africa
sups atonga’
invan. The groups con
dividuals. including
o, their cubs. ana twe
males. The adui

ives of other group

such¢

—T

o Tt =

i
i
\

RIS

312, 3

into matriarchal clans. The 21 m.omhs‘civf cc-,ncte'.;:
trated data collection upon whxchA this rgp{)ra s
based (see below) followed sevqrul prehmrl_n (;_)
rr:()nlh\‘ of habituation and identification o l'nh'b
vidua.é and eroups. Each gmu%(t)'o:a%egi \:)l(tte:\t
timate : ver cm? in

areas estimated to extend over 5 _

}l;.fh L1' Tilson & Henschel, in preparat‘ljon).
These areas did not have co&mgucsus[it:i((:)rn e;g.r

s ir iflic compe!

s inter-eroup conflict and compe )
T‘ahrl:lw-\ ws described by Kruuk (l‘)7.;) for .Eas‘l
%\"ri::'\n hyvaenas. were not observed. We S}l:peu
‘ih.c~c sroups do not eapress territorial bChJ;K:;\IE
hc&xu:c of the low density of groups :tn ! e
dnﬁ"ﬁucn{ 1ow probability of their ranges over-
lappino.
\We observed hyacaas f

rom a vehicle parked

\" ¥ 11 ers
- 30 m fTem CUrcasses. :}H md_l.nduaslsic:l;r;
photographed and identihied by w.\;‘.lrrcnl):a{;s okl
and distinctive spot patterns. Adult fe

shed from males dY their assocxauos
sune individuals at dens and by enlargs
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nipples, which develop foilowing pregnancy and
parturition. The age of cubs was known trom
Jong-term observations of their development at
the Natab dens.

Observations of dominance focused on, but
were not limited to, the Natab group of two adult
females (Ns and Np), two males (Nr and Hc),
and an unsexed subaduit (Gr) who associated
with them for varving intervals. One female (Ns)
gave birth to two cubs (Ro and Re) in November
1977; the other female (Np) bore a single cub
(Az) in April 1978. The Nareb group of three
adults lived 35 km upriver from Natab. Another
45 km upriver from Natab (Fig. 1) lived the
Zcbra Pan group of seven individuals: five adults
and two cubs, presumably siblings. 12-18 months
old. No cubs were born to either of these groups
during the study.

Namib Desert spotted hyaenas feed mainiy on
gemsbok. remains of which were present in
79.6 % of 595 scat samples, and mountain zebra
(present in 12.7% of all scat samples). The re-
mains of smaller antelope species. springbok.
steenbok  (Raphicerus campestris) and kiip-
springer (Oreotragus oreotragus), were present in
2.2°/ of the hyvaena scats (Tilson et al. 1980).
Because there are no large predators present ii
he Namib Desert other than spotted hyaenas.
i ungulate deaths by predation can be attributed
them. The only other resident predator is the
black-backed jackal (Canis miesomelas). which
does not prey on large ungulates. Even when
hyvaenas left carcasses unattended (e.g. in day-
light hours and during periodic absences at night)
Jackals seldom fed upon them, nor did lappet-
faced (Torgos tracheliotus) or Cape vultures
(Gyps coprotheres). which were also present. An
independent study of jackal food preferences in
the Namib shows that gemsbok were present in
only 8.3 of 4035 scat samples (Stuart 1976).
This unusual situation may be in part related to
the fow population densities of these scavengers.

L part 1o other factors not identitied by our

Carcasses were found by back-tracking hyacna
>poors from den areas or by searching the area
2 wehicle. Of 56 carcasses (29 gemsbok. 2o
Mountain zebra) found in this way. 27 were fresh
»ills and had only been fed on for one night: 23
carcasses had been partially or almost totaliy
sonsumed. so that we could not establish how
N anmmal died: and the remaining four animals
d from causes other than predatic. : Tilson
al. 1980). Tn addition. we set out four jarge
fvasses and three small carcasses to test the

4 n7

effects of satiation and hierarchical behaviour on
feeding rates (see Resuits, below).

Behavioural Measurements

Namib Desert spotted hyaepas were present at
carcasses only during the night. Individuals
emerged from day-time lairs near sundown, con-
gregated at den areas and usually left within the
hour to feed. Groups left carcasses just before
sunrise. To avoid the disruptive effects of arti-
ficial lights (Bearder 1977; Whateley & Brooks
1978), we made observations only during the
three to four nights before and after full moon.
Data presented here summarize all possible
observations for this neccssarily limited monthly
interval during the 21-month study period. Feed-
ing and dominance data are from 67 nights
(about 12 h, from sunset to sunrise) during which
hyaenas were observed for 676 h at 18 different
carcasses: 31 nights (356 h) at Natab, 21 nights
(180 h) at Nareb, and 15 nights (140 h) at Zebra
Pan. Large carcasses refer to gemsbok (= 150 kg)
and mountain zebra (=250 kg): springbok
(~35kg) and provisioned domestic goats
(=35 kg) are considered small.

The large prey species for East Africa hyaenas
(in Ngorongoro Crater and Serengeti Plains) are
wildebeest, Connachaetes taurinus (= 175 kg) and
plains zebra, Equus burchelli (=250 kg). The pre-
dominant small species there is the Thomson's
gazelle, Gazella thomsoni (=25 kg). The biomass
density of all relevant spotted hyaena prey species
in the Namib Desert averages 130 kg/km2. At
East African sites prey biomass density averages
about 7100 kg/km? in the Serengeti Plains and
19 200 kg/km?at the Ngorongoro Crater. Hyaena
densities at these localities are proportional to
prey densities: 12 and 170 hyaenas/100 km? in
Serengeti and Ngorongoro. respectively (Kruuk
1972), and 0.5 hyaenas’100 km? in the Namib
Desert (Tilson et al. 1980).

A feeding bout is defined here as an uninter-
rupted interval of feeding at a carcass. Departure
from a carcass defines the termination of the
feeding bout. The interval, to the necarest
minute, during which each hyaena fed on a
carcass was recorded during 36 nights. Total
feeding time is defined here as the number of
minutes an individual fed on a carcass per night.
When an individual stopped feeding temporarily
while at a carcass, this non-feeding time was
subtracted from total feeding time. Time at
carcass is defined as the total minutes per night
spent by an individual in the proximity (30-50 m}
of a carcass while not feeding. regardless of its




718 ANIMAL BEHAVIOUR, 3

activity and whether or not o(her individuals
were feeding. Data are included only for the first
three or four nights of feeding following the
appearance of a fresh carcass. After the fourth
mght carcassgs became dismembered and small
fragments were carried away and either con-
sumed, abandoned or transported to the den (see
Henschel et al. 1979). By this time most flesh was
gone and feeding was limited to bone consump-
tion. Cuching of fmd which apparently occurs
occasionally in the Ngorongoro hyaena popu-
lation (Kruuk l‘):-). was never observed in the
Namib hvaena popL! vion fHenschel et al 1979).
he 36 of Nr\ ation m"hts we \\ewh -d

cuider high: coc
holding the t

under the belly. s
reported by Kruuk (1972).
umes bit opponents on K.u neck
simiiar to that docrﬂ‘“ or 'r*rw.\r:
27%) but not

ob an indi-

vidual abandoning a carcass without interacting
in the manner described above were not scored as
supplantings. It was not possible to assess rank
order awzy from carcasses, because males were
not allowed to approach den areas, the onlx
other site where social interactions were obscrved.

Results

Feeding Dominance

The hierarchical structure of Namib Desert
spotted hyaenas. as determined by supplanting
at carcasses. was nearly linear. Supplanting oc-
curred on the average 10.1 times per group per
night. Adult females won almost ¢ll observed en-
counters. High fumale status at carcasses was ex-
tended to therr accompunving offspring. who
were suberdinate to other aduit females but
supplaniad the subadultand adel mules (Tuble |

Alths -"h cubs were considerably smaller than
the males they proximity to their
aothers access to carcasses. Two cubs
1 Rh; of the tor-ranking female (Ns) in
lan first started feeding at carcasses
were 3 months oid. or about one-
7 7‘1. v of adult males. To-
- successfully challenged the jower-
i vaenas (He and Grj the first night they
were ¢ “»:;i at a carcass. Subseguently. they
§ we odserveq ¢ and rarely had
“hal l::n'u. l‘xl’\u ndividuals, J.s well as a third
aale (Nr). Of the 21 combined cL'mlam-n(‘s )
Ro and Re. 17 (817,) occurred during the first
three nights they were observed at carcass
Thus access to carcasses became as uncontested
for the cubs as {or their mothers. An even more
extreme case was female Np's cub, Az. Az ac-
companicd Jx: croup to carcasses when it was 6
weelis oid. despite .\p s attempts to carry it back
1o the den 2-3 km avay. At a carcass it re-

NF

iy for the Natab Clan of Spotted Fovaenas, Crocura crocuta,

o ¥ H N G Wins Fosees
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peatedly challensed and  supplunted large
hvaenas. The single dominance reversal between
the adult females (Np > Ns) occurred on the first
night Az was observed at a carcass with Np
(Table D). Thesc observations emphasize the
xmportancc of long-term and, if possibu', con-
tinuous obscrvations. Once status is established,
a prolonged period of obscrvation can pass with-
out any obscrvable expression of status-deter-
mining or maintaining behaviour.

Feeding Characteristics

Previous descriptions of spotted hyaenas feed-
ing at carcasses emphasize frenzied gorging by all
croup members until carcasses are completely
consumed, usually in a matter of minutes (Deane
1962; van Lawick & van Lawick-Goodall 1970:
earder 1977). Kruuk (1972) describes the com-
plete dismemberment and consumption of two
zebras. a mare and a colt. together weighing
about 370 kg, by 35 spotted hyaenas in 36 min.

In contrast to the reports of 30 or more East
African hyaenas eating side by side at carcasses
(van Lawick & van Lawick-Goodall 1970;
Kruuk 1972). Namib Desert hyaenas most fre-
quently fed one at a time. Combined data from
the three groups show that during 3] of 657
sbserved feeding bouts when two or mare indi-
viduals were present at a carcass, only one indi-
vidual fed (Table IT). Most simultaneous feeding
bouts of two (28°,). three (15°,) and four (4°))
hyaenas were combinations of mothers and their
offspring. Although up to seven hyaenas as-
sembled at a carcass (Zebra Pan group). the
largest number of individuals observed feeding
simultaneously was five (5 of 657 bouts). Simul-
taneous feeding bouts at a carcass by two or more
adult hyaenas were less frequent than solitary
feeding bouts (Table II). Thus individual access

Table 1. Numbe
Numbers of Part

is limited in small groups of spotted hyaenas as-
sembling at large carcasses in the Namib Desert.

Individuals usually replaced one another at
large carcasses throughout the night. During 67
observation nights, an average of 4.0 (range 1-7)
hyaenas attended each carcass per night, taking
an average of 5 days (range 3-9, N=12 carcasses)
to consume it completely. Skulls and other large
bones were often left behind, but may subse-
quently have been consumed or carried off to den
sites (Henschel et al. 1979).

Each individual fed for an average total of
69.8 min during 5.3 feeding bouts per night for
the 36 observation nights. Intervals between
bouts averaged 57.4 min. Feeding bouts lasted
an average of 12.2 min (Table TI). Between
feeding bouts, non-feeding individuals rested or
interacted with other group members for an
average of 270 min per night.

Although the expression ' of hierarchical behav-
iour gave certain 1ndlv|dudls priority of access to
carcasses, it did not exclude subordinate indi-
viduals from sustained feeding at large carcasses.
Average nightly feeding times at large carcasses
were nearly equal for most individuals in the
group, regardless of sex, age or status (Table ITI).
Only the lowest-ranking individuals, Hc and Gr,
showed significantly shorter feeding periods at
large carcasses, about half as long as for the rest
of the group.

Hyaenas were not present at carcasses
throughout the entire night. Group movements
were coordinated. The group would sometimes
leave for several hours, travelling to water-holes
where other collaborating observers saw them.
All group members left the carcass and returned
to it together. Rather than remain behind and
feed unmolested. subordinate members chose to
accompany the group. Carcasses were aban-

Bouts of Different Durations and Involving Different
ts (Bouts in which oniy adults participated are in parentheses)

Number of hyaenas feeding

Duraticn - ——
(min) i & 3 4 5
136 (40) 80 (6) 20 (0) 2(0)
270 15(0) 4(0) 2(0)
S5 1.(0 10 1(0)
3 1(0) 0 0
312 0 0 0
$(») 0 0 0
h‘ (72) 97 (6) 26 () 5(0)
7.7 (23.00 14.8 (1.9) 4.0 (0) 0.1 (0
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Table 1V, Average Feeding Rates of Spotted Hyacnas at Different Locaiitics (Summated means for group and individual

potted Hyaenas at Larze Carcasses feeding rates arc in parentheses)

Tabie 111. Total Feeding Time (min) for Individual S
e

Totals Fceding data
Aduits/Subadults Immatures 77 _— Total Group feeding  Individual
e — 7 Time Amount* Weight Amount Time no. of rate feeding rate
o Ro Re  (min) (kg) Carcass type (kg) (kg) (min) hyaenas (kg/h;/group) (kg/h/hyaena) Source
r e A -
205 (—) | East Africa (high-density)
_ 76 75 459 ((12 | Large:
61 - o= 06 { Zebra 370 370 36 35 616.7 17.6 Kruuk 1972
PV B - . A ' Wildebeost 100 100 i3 21 15 21. Kruuk 1972
180 181 %9(3 (36) | Wildebeest 185 185 50 14 222.9 (434) 15.9 (18) Kruuk 1972
64 S/ £ 5
2 92 38 (2 all:
;_( 1‘7_(‘ S 315 (16) ¢ SAI\]‘I” H ,
f-rid 07 117 460 (34) ! Gazelle . 20 14.5 45 1 19.3 19.3 Kruuk 1972
2(’ ‘“{; 164 ST2 (25) impala (S. Africa) 50 45 80 2 34.6 (27) 17.3 (18) Bearder 1977
S6 ! 5 109 (—) -
=4 Namib Desert (low-density)
Large:
Gemsbok 132 116 6389 4 10.1 5.5 This study
Mountain zebra 178 132 921 5 8.6 Zal This study
Gemsbok 12, 94 808 4.5 6.7 54 This study
Gemsbok 137 75 673 4 7.7 (8.0) 4.7 (5.7 This study
- ) ] Small:
able V ferences in total .
light hours. Thus 7.1 ke per h (Table Y’-’,Dl! hts at large car- Goat 36 36 199 4 10.9 7.9 This study
ajtogeihicr davlight hours. St feeding times on successive nig \Whitaey U- Goat 35 35 33 3 63.6 398 This study
C esodiation seemed to he more important casses were not sigmﬁcans\(M?‘n‘I‘)‘eser: hvaena Goat ¥ 30 50 2 36.0 (37) 25.0 (24) This study
A ‘han enhanced access to car- Se 5 the average. Namid Ly .
ordinates than enhance test. Ns). On the g ate of
! ses at a ral
P . ouns consume large €arcasses g:.
o \Lj der conditions of scramble competiiion “7 %lﬁuld":i .t night (sp=1 1.0, N=16 nights). Table V. Group and Individual Feeding Rates of Spotted Hyaenas on Consecutive Nights
- der conditions . Lor mig
G Tk Y 77). East African spotted - ivi
orted by .',\ru._l\ “91;\;,‘%‘; ses A{l an average Discussion : Average individual
hasra devoured carc ):‘\'"k er h per ) 1sCu e hierarchies to the | Carcass weight, No. of  Group feeding rate feeding rate
of pe{_ ‘l; ;“r) ltiljcrpthcsé con- The relationship _01; d:x!:g?; in general is com- Carcass Day no. kg* hyaenas (kg/h/group) (kg/h/hyaena)
aena (Tabic V). U ehavi social carnivores in g€ . -
individual hvaena (R3O 0§ upon each indi- bh,h“‘“"“{jo,f shorts that hierarchies for some Gemsbok A 1 125 (35) 4 9.6 4.5
ditions feeding success depen L and consume & phcqted v rep Iy defined (e.2- wolves, Canis 2 89 (36) 4 7.7 7.1
vidual's ability to !em{' dmrml‘;mn observed species arg Pff§7‘) In other species, hicrarchies 3 52(23) 4 4.5 33
sy 3 ' populd - y - Haber 1577). ild
carcass. For our study p cer on larger lupus: Ha : ‘et observers (e.g. Wil ) .
group feeding rates werc muc}x lowe! four laree were not reported by .eml:aeh s 1065: Estes & Gemsbok B ! lgg gg: Z l;g gg
S encsos Group feeding rates at < dogs, Lycaon pictus: Kithm ; . 2 753 i .
carcasses. M o eed 8 ke per h. or 6kg per c‘:):d:’i 4 1967, Schaller 1972) but were rccof 3 39(23) 4 7.9 4.2
carcasses average g per o Carcass oddar 'y =) al. 1979; Malcolm
3o diad e aena (Table TV). Carcass iy dies (Frame et al. " . - X &
hoper individuul hvaend A2 East Africa were nized in later Sty O( ossible explanation for Gemsbok € 8 129 (52: i ‘613 2'3
consumption rates for groups i B&st £ 8 Ty & Marten 1982). One POSHIDE P80 e, 2 84 z 4.
significantly higher ( Mann-Whitney L -test. 1 this situation is that hierarchics mm'\\'tb\: P eter 3 4(25) 4 .6 2.6
significantly MERSE AR 0 e rate observed by e = HarriShe hs, MAY ¢ .
<3 times the rate and especially “?rgﬂ\},rcfléorl\?c:\t or during in ¢ Mountain zebra 1-5 204 (90t 6 9.5+ 4.9t
A, e fod sianiticantls mined during carly deVEIOPTLCR " (3 by subtle ¢ 6 113 (23) s 79 5.8
Namib Desert spotted hyaenas ;x S ses frequent contests and later o Amother possi | 7 90 (18) 3 6.2 4.5
bicpp a1l i careasses than at large carcisss conale. avoidance Or coneession. LI | - -
Taster ai smail caresses U ; 001, Individual 5‘5—'}“11‘(:' \1\01\\‘}!‘] ‘L_‘?:n acainst the expression £ *Values in parentheses represent the amount consumed per night.
(Mann-Whituey L i{o‘. ' W 1so higher ility is that m\i:“l;“ ln“:ds\'c\onmcn( of social +These values represent the summation of five consecutive nights.
2 ) ar amall carcasses w ! ! b et w the el he
foeding ratos at small carcasse ! 5 hierarchy may foliow Hi cor facilitating e .
| Udest. P00 averagin ‘e as an adaptation for facinatite oo e ) ) 7 o
(Marn .,'.‘hm-n_\ .k-y‘\L;d a laree varcasses. Botl hun“‘F‘: ;“? Q:}:Fcﬁ“‘g\; hunting. 1t is also proce . Sdreisses (van Lawick & van Lawick-Goodalh, to satiation and abandon the carcass. Thus, the
times e fates abeet 5 . 0 sl car benetils 0F FO01C L develop in some groups :970: Kruuk 1972). their principal food (Deane ‘larger the carcass, the greater the number of indi-
aroup and individual Ieeding G S0 L able that hierarchies develop sssed only unde J62: Eloff 1964: van Lawick & van Lawick- v N
Zisees in the Namib D\'*"r':\"'i“.‘\ A L“:«\\‘ i social hunters. but are express e reportes i 0 fi -
DA nn- Whitae -Test. . v es,
were nearly equal (Manp \

viduals it will accommodate, and the greater the
number of individuals that will be profitably re-
warded by participation in a hunt to produce
such a carcass. It follows that larger social groups
with persistent membership will be accommo-

” Goodal] 1970: K k 1972: Beard 1977 :4
Leial environmental circumstances M 70: Kruuk 1972;  Bearder 74

unib Desert special environme If:]wn ctal. 1930). If a high-ranking indidus>%s
7% 10 supplant one or more other individuals it

+ 24N uncontested access to meat. then feed

and in soive cases vajues 10 t‘h"?ll, i) here for spotted by u:x_\:\s.hi . within
« €ar Fast s Cablic v B Slationships 1
weeeded those for East AdTic e ot Desct Hicrarchical nlmx‘r irl\ Lome Cases
: eeding , for N el . g Are in S s
Individual feeding ) " groups o et el
chis Gt large careasses were on - A etant determinant of individual aeee
! portant dates
tivehy

cpotted hy

- Py S to
K raneme from 2
average Tu :
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dated only if relatively large carcasscs regularly
become available. At some lower limit of prey or
carcass size and frequency of kills, social hunting
may become unprofitable to some or all subordi-
nate individugls.

Our observations show that subordinate adult
males do feed at large carcasses (Table I11) and
thus profit from participating in social hunts for
large prey, although they are ‘comp_lczcl.v ex-
cluded irom small carcasses and partially from
laree ones. A comparable situation hz_xs been re
poF('.‘d tor lions. Pantlera leo. Aduit lionesses o
a class are subordinace to adult males, but under
most circumstences they are the primary hunters.
They
Dettiol
fad 1o satiation (Bertrar

! Curing the
of soci! hunting
family members ed as group memb
to enhunce the effectiveness of hunts for lar
prey. Observatiens ¢ the Namib Descrt po
lution emphasize the f es und their youn
form fa units tuat probably endure
rticipate in social hunts. Tt
les to these croups requires further
ctudy, W assume that males transfer between
wpotted hyaeas groups and that they are notel
relatives of the femeles who doininate them.

amily groups. such as those observed here.
members may obtain exclusive access io
small carcasses at the expense of unrelated sub-
ordinates. and even possibly at the expense of
their father.

{f hierarchical limitations were expressed by
the evolutionary precursors of present-day social
carnivores, one necessary feature of coordinated
hunting is that enough kills of prey large enough
to satishh the nceds of all the hunters must be
made i subordinates are to continue as members
of the group. This suggestion is supported by a
comparison uf the prey of spotted hyacnas with
that of brown and striped hyaenas (Hyacna
Jvaend), which hunt prey or scavenge at car-
casses which, on the av are considerabiy
emaller than those taken by spotted hyaenas.
Fhese related species doo not huat socialiy.
thoueh brown hiacnas may assemble at o
casses and also teed inhicrarchical order (Owens
& Owens 1978). Fernale brown hyaenas also re-
main in their natal clans, which gives support

suegestion that expanded matriarchal fam
s are a forerunner of contemporar
Iyaens social organization. Such 4 social grow:
ine may have led 1o the evolution of social hunt

spoticd

ing by spotted hyaenas. contemporary popu.
lations of which ualso feed at carrion, fruit and 5
variety of other small. discovered carcasses (re.
viewed by Milis 1978). Both brown (Skinner
1976; Mills 1977; Owens & Owens 1978) ung
striped hyaenas (Kruuk 1976; Macdonald 1978:
Skinner & Ilani 1979) forage alone and scavenge
together only at large carcasses left by other
predaters.

By contrast, spotted hyacnas hunt socially and
eat primarily at large carcasses. most of which
they kill themselves (Deune 1962; Eloff 1964;
Pienaar 1969; van Lawick & van Lawick-
Goodull 1970; Kruuk 1972: Tilson et al. 1980),
Spotted hyaenas may nevertheless scavenge most
od where lions are numerous and leave

such as at giraffe (Giraffa camelo-
pardalis ) carcasses (Bearder 1977).

The possible relationship of hierarchical be-
haviour to group size has not been previously re-
ported and may be one of several mechanisms
balancing group size to prey availability. Caraco
& Wolf (1973) for lions, and Zimen (1975) and
Nudds (1978) for woives. suggested that hunting-
sroup size should be balunced to prey size to pro-
vide a vield per hunter per unit effort, a sugges-
tion for which we find no support. These authors

also id: ied the importance of a threshold food
vield = hunting individual, a requirement with

which we agrec. Social hunters jiving in a season-
ally fluctuating environment or depending upon
a migratory prey resource may fragment and
rejoin to satisfy this condition. Thus the average
hunting-group size for social carnivores may
vary geographically according to the spectrum of
size, density and availability of prey and scav-
engeable carcasses.

Where conspecifics are tolerated at central
aning sites. many individuais may join in feed-
ing aggrezations. including some that have not
pu‘r[icipu(ed in the hunt. Kruuk's (1972) obser-
jons show that when large groups of indi-
viduals assemble at a kiil. it may not be defensible
by any of *iem, regurdless of rank or potential
rank, m ~ unfeasibie any expression of indi-
vidual status. We view scramble contests at car-
casses as a potential response of spotted hyaena
social groups o hizh concentrations of food.

\n alternative explanation for the above
observations of scromble competition at car-
« may be reiated to locul densities of com-
¢ larg irnivores. such as lions. Where
lions are numerous they often usurp hyaena kills
(xruuk 19720 r 1972: Bertram 1976
Tl Buacnas mat concentraie on consuming
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the kill as fast as possible, sharing it with as
many potential kin or clan-members as possible
berore the lions can arrive and usurp the carcass.
Bv consuming the carcass 72 times faster than at
rates observed under hierarchical conditions,
h.aenas arc assured of the bulk of the carcass. In
the Namib, where there are no lions, hyaenas
can feed slower, and to satiation. This expla-
nation, however, fails to explain why hyaenas in
Cast Africa feed so slowly at small carcasses,
which presumably are as susceptibie to lion
usurpation as are large carcasses.

Some features of social hunting by spotted
hvaenas may have developed in arid environ-
ments occupied at lower densitics by smailer
eroups of individuals, rather than in prey-rich
environments of contemporary East African
parks. There remains a need for extensive obser-
vations of the behaviour of social carnivore
species Tiving in various environments. These
species are probably highly flexible in their socia
organization and structure (Rowell 1979), ac-
cording to variations in the environment.
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BEHAVIGUR OF COLONIAL AND SOLITARY SPIDERS OF THE
THERIDIID SPECIES ANELOSIMUS EXIMIUS

By TERRY E. CHRISTENSON .
Department of Psychology., Tulane University, New Orleans, LA 70118, U.S.A.

and

Smithsonian Tropical Research Institute, Apartado 2072, Balbou, Panama

Abstract. Most Anelosimus eximius live in colonies, but a few females emigrate short distances and
establish small, individual webs. Ficld studies were conducted on one colony and nearby smaller webs
in order to describe communal activities and division of labour, and to note costs and benefits of remain-
ing in the parental colony and emigrating. Adult and juvenile females repaired the web and captured
prey. Adult females, rather than juveniles, cared for egg sacs and fed young. When colonial egg sacs
were abundant, females moved from sac to sac. Several colonial females regurgitated food to spiderlings
which had recently emerged from a particular sac. In smaller webs inhabited by two or three femalé's,
the mother cared for the sac but all females fed the young by regurgitation. Males rarely participated in
communal activitics. Advantages of colony living include protection from predators, the availability of
laree prey and, in the event of a female’s death, the care of her egg sac and feeding of her young. Canni-
balism of the egg sac is a potential cost of coloniality, affecting about 10~20 9/ of colonial sacs. Canni-
balism was not observed in the smaller webs. However, the costs of emigrating are very high: most
of the solitary females disappeared, leading to interspecific predation on their eggs and young.

Adults of the vast majority of spider species are
solitary, with the male occasionally maintaining
proximity to the female for mating purposes.
There are, however, a few notable exceptions, in
which adults remain together in a communal web
throughout their lifetime. Buskirk (1981) and
Burgess & Uetz (1982) have reviewed the behav-
iour of such species.

Anelosimus eximius is an interesting New
World communal species because it demonstrates
relatively complicated social processes (Kull-
mann 1972). Thousands of individuals of more
than one generation inhabit a single web. Many
adult females and juveniles in a colony repair
and clean the web, and more than one will 2tzack
a prey item at one time and then transpg®Tityo a
leaf retreat for consumption (SigfOn 18)1:
Brach 1973; Tapia & de Vries 198 Vollgeth &
Rohde-Arndrt 1983). Adult males/4o not appear
1o participate in these activities. x

There are few details availablg concerning
reproduction. Some females of a Colony mate
and some do not (Vollrath & Rohde-Arndt
1983), with the likclihood of mating related to
feeding success. According to Simon (1891) and
Stejskal (1976), females care for their own egg
sacs, but Brach (1975) and Tapia & de Vries
(1980) suggest that females are indiscriminate in
their care. Colony egg sacs are also sultect to

cannibalism (Vollrath. personal communication),
but its frequency of occurrence and causes are

not known. Females apear to feed the spider-
lings by regurgitation soon after emergence
(Vollrath, personal communication), but it is not
known how many females feed the young of a
particular sac.

Anelosimus also lends itself to the comparative
study of social behaviour. Firsi, female An.
eximius may either inhabit colonies or emigrate
and inhabit solitary webs (Brach 1975; Vollrath
1982). Vollrath observed naturally occurring
solitary webs and those of females released in
suitable areas, and found that most webs were
inhabited for only a few days. He concluded that
the costs of emigration were high. Second, within
the genus there is between-species diversity in
social behaviour, as An. studiosus females inhabit
solitary webs (Brach 1977). Third, excellent
taxonomic revisions of the genus are available
to the behaviourist (Levi 1956, 1963, 1972).

I conducted field observations on an An.
eximius colony and neighbouring individually
constructed webs in order to describe the degree
to which colony activities can be considered
communal. to describe the division of labour of
colony activities, and to outline the costs and
benefits of remaining in the colony or emigrating.

Methods
Study Area
The study was conducted along a roadside in
the moist rainforest on Cerro Galera. The site




