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{atroduction

Studying the behaviour of wiid animals in their natural habitst poses many practical problems.
Taese are especially pronourced amcng the nocturmal spacies such ax cambores. Loog-term
habimation of individual saimals (e.g. Mills, 1990) and the use of radio-telemeizy {Amianer &
Macdorald. [9%0) often emable workers to study behaviour. However. ehservition techniques are
subjevt 10 suitable habirat. resulting in studies of behaviowr, such as the Aftican hon (Panthera foo)
being restricted to open pluns (Schaller. 19720 Packer, Scheel & Pasev. 1990 Schesl & Pucker, (991,
Stander, 1992: Stander & Alhon, 19933 Such a bmsitaign may affect. for example, the drscussions
around the evohuiion of suciality in Hons (see Caro. 1994 Legye. 19564 In this paper. we disvuss the
sz of racking as gn indirece method of siudying the behaviour of noctural large Arican camiveres in
a woodsd habitan
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trackers (such as the Ju/"Hoan Sanj are remarkably skilled in interpreting animal behaviour from
spoar. The hunting skills and potential knowledse ot behavioural ecologs. of several subsistence
hunting peoples have becn emphasized before (Baerends. 1933: Laughlin, 1961: Bicchieri, 1972;
Blurton Jones & Konner. 19761 Liebenberg. 19901 San truckers have been used in the study of large
carnivore behaviour 1Smith. 1977; Eloft. 1984: Botluna & Le Riche. 1984, [990: Mills. 1990,
Although recognized as a resourceful technique (Teer. 19821 and a useful tool for studying o range of
species in a range of habitats. tracking has not yet been described in terms of its reliability and potential
scientific contribution to the biological sciences.

Tracking invelves the observation of all types of signs that indicate the presence and activity of an
animal. The spoor of an animal may range in clarity from a clear footprint in soft ground to a mere
tracg on hard soil (Brown, 1978; Brown, Lawrence & Pope, 1992), The feet of most species are
distinct. mainly due to morphelogical adaptations (e.g. digitigrade or unguligrade limbs). The aetivity
of an animal is normally determined from a trail: a sequence of signs such as spoor and scrape marks.

Tracking has been described by Liebenberg (19901 at three basic levels: simple. systematic. and
speculative. Simple tracking relates to the identification and tollowing of spoor under ideal conditions.
Syvstematic tracking is the tfollewing of a trail where trackers continuousty gather information
interpret an activity. Speculative tracking is the forinulation of an initial hypothesi~ of the animal’s
actn ities, based on the interpretation of observed stgns. The trackers continuously search for clues w
aceept or refute the hypothests. Both simple and sy stematic tracking are based on inductive approaches
iMentis. 1988), whereas speculative tracking is based on hvpothetico-deductive reasoning (Lakutos,
19781, All three esvels of tracking may. however. be subject to a large degree of bias and speculative
tracking mity even seem unscientific or unguantifiable.

In this paper, we address only the inductive approach to tracking. ie. simple and systematic
traching. by descriptive analvses of the quantitative values of the technique. The skills of four
exvperienced Ju/ Hoan hunters and a tratned western biclogist were combined in an atempt. frst. to
quantity the reliability and aceuracy of tracking and second, to understand w hat techniques are used by
the Ju/"Hoan during tracking. We also discuss its potential application to wildlife ecology and the way s
in which the knowledge and skills of local people can similarfy be applied.

Materials and methods

The study was conducted in the Kaudom Game Reserve and Bushmapland. in north-eastern Namibia
¢ 1975, 20F°E). The vegetation consisted of forest and shrub savanna woodland (Giess. 1971 wath 132 = 82
woody plants 1260 cm) per hectare, The soil. classified as arenosols. Formed hard surfaced wpsoil with solt
interior sunds. The region tormss purt of the northem extension of the Kalahari desert.

Cne of us (P$) recorded animal activities directls by observing the species. age. sex. group composinon.
pasition and behaviour of animmals (Tables T & 1V The Ju/ Hoan trackers were then taken “blind" to the general
vicinity and asked to find the spoor of animals which were identified to within the broad avonomic group of the
targel animal (e.g. camivore if a hon was observed . After assessing the area thes would then reconstruct the
events. which were scored as either correct or incorrect within the categories exiablished Jurng the direst
observition phase. They oftan solenteered ahditiona! information but this was ignored. The 4 Ju"Hoan hunters
were treated as one sample umit. Groap dectsions wers made after cnitea] and rational aosctsston dsee Medawar.
969 among the individuals, a behaviour:l charavierisiic vt the Jud Houn societs 1Marshall, 19760 Lee, 19749,

Traching aveeracy was measurad by means of the binomiai probabilits of being correct or incomect. This
assumption was made simpiy for want of a mwore apphicable nuil-hyvpothesis 1A For exsumpizsan rdentifving the
trach 0t a leopard (Porciteru pardiest the Ju"Houn teerm mas hasve a basis oF 3 posabilities nncluding cheetahs
CAcinonvy jrebaress and young Honsi This would give them a probabilits element of =033 Howeser, since the
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Fro. 1. The nurmber of sindoss measunsseat- boto con e fett back amd Ieft fronl spove i paces of an adult male leog ol fronta
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sanipie of M) medserements. Szmphing infensity for maaaining spoecy spacing for all lovommabie aomsims aas derrsne
plowmny sample dize by standard deadgtion (5 Do and coefdoient of variaaie 18 o the % of e wwns, Devired
accurt was < MEoof the meas. In thic oxample. Hneisuremens provided 3 sepresenttiv e sample of the puce 4o
Teopard. Thic mesarement would thes 30 155 2 0.7 ot with 934 contidence 1ntersul. and would 1ol within e eared |
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science of gacking is 30 poordy urdenstood. and the possible ¢hoices avaiiahie vader different condinons are
unknown, the aszabiishment of a more reatistic Mo v ould be pointless. By maintaining a Mo of A= {5 the fis " Hoean
ream dues not nevessartis receive the Ml cradit desery od for the corract interpretation of 2 spoor or aotiviny . There
miay be o muititude of possinle choices whick would make a gomrect ehice more sigaiticant.

Ire some cases, one ol us 1P measured the size of spoor i an attermn st 1o enderstand the suhile datinenons usal
by the Ju/"Houan reackerns w idemify the spear of ditferens animals. The width snd fength of the spoor of tte tront
and Yack feet thoth feft aad nghty were measured to ndicats size and possibie propurtional vartations 1o shaps
between the feet of differear specivs, betness different age and sex classes of the same spevies and Wetaeen
different indiciduals, Two soil-relaad variables s ere recorded when spoor was meisured, First, the depth of the
impression, asd secund. the angle of the walls of the impression. For example, a Eaa spoot in soft deep sand muy
medsure 5 omnt b deptn with foese sand stoping doss o the centre of the depression at an average 2ngiz ol
approximately 3, The <ane lion's spoor o harder s@l day be 2 mamn deep with o 007 wat] amgle, Polen: 2l eran
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The sequence of fomprints and the redats 2 doemnee fetszen them were menured to help disting
dizfergnt gaits. Spacing of the feet was grouped :nto 3 categones: a3 siaide; the distator between T imprsvions
mads by the same Toot 91 a pase, the distanve of the sizp hetween the lzabing roat foot and traifing buck 1007 o
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either left or right sides: und ¢) a straddle. the step distance between the leading toot on either lett or right side and
the trailing foot of the opposite side. The lengths ot strides. paces and straddles, and fool seguences are known 19
be correlated with an animal’s speed of locomotion and with its gait (Grogan. 1951 Hildebrand. 1959: Dagg.
1073, Sampling intensity for meusuring locomotory activity was determined for each gait and species sampled.
At first @ large xample of measurements was collected feg. pacing distance of on adult male leopard while
walking: Fig. 1. Two measurement samples were then randomly selectad and the sample increased 0 4. 6.8 . x,
with 4 fresh mean. standard deviation and coefficient of variznee (CV) (Gricg-Smith. 1957 caleulated each time.
and the resutts plotted 1Fig. 1. A samptle size was then sefected that would account for most of the variance. in
which the mean would full within a 95% confidence interval. with the coeflicient of variance less than 5% This
sample size was then used as the sampling intensits within that particular category.

Statistical means are given with standard deviation 15.D01as a summary statistic of the variation of the data. and
standard error (S.E.) as a measure of the precision of the means (Sokal & Rohlf. 1995, Data were tested for
normality using a Komogorov-Smirnov 2-sample te<t. Non-parametri¢ tests were used where behavioural data
could not be normalized. Significance was measuced at 3% and all £ values are 2-tailed.

Results

Spoor identification

The identification of spoor by species proved to hold no difficulties for the Ju/"Hoan team. They
correctly identified all 147 cases (Table [} This high level of accuracy (CV =0.68%) is conceivable
since the spoor of different species shows distinct anatomical variations. The measurements (Table 1)
of the spoor of four species of large carnivores. and four age groups in lions, indicate size variations
between species. This size variation is further distinguished by proportional differences between front
and back paws. A graphic comparison between the front spoor of different animals indicates both size
and shape variations of spoor (Fig. 2). Leopard and brown hyena (Hvaena brunnea) spoors are
symmetrical. whereas some individuals among spotted hvenas (Crocura crocura) and lions show
slightly elongated spoor.

Correct identification of the age and sex of the more commonly observed carnivore species proved
maore difficult, although accuracy levels (CV = [ 453%) were still high (Table §). The sex of a lion was
always correctly identified, but sub-adults were sometimes identified as adulis. Both leopard and
cheetah spoors were always correctly identified by age, but sex was incorrectly identified once for both
species.

Spoor size varies with both age and sex. Spoor of adult male lions was significantly larger than that
of adult females {#-test: ¢+ = [2.77: 4.f = 34. P <0.001). The spoors of sub-adult lionesses were smaller
than those of sub-adult males (Mann-Whitmey UU=test: L= 10.0: P<0.05). but similar to adult
tionesses (L'=329; P =0.637). Sub-adult male spoors were larger than those of adult lionesses
(L/=287.5 P<0.001) but smaller than those of adult males (L/=321: P < 0.01}.

The Ju/"Hoan team was able to identify the spoor of individual antmals. with a 93 8¢ success rate
(Binomial test: P=1: CV =3.13%: Table I}. The possible chotce of individual animals available 1o
the team was impossible to measure in the open ecological system of the studyv area. However, the
catimated minimum likely number of knewn individuals was, on average, 4 3 frange 2-11: Table )
Individual recognition of such spoor by the leann wie bused vt boa the shap > and size of the spoor anid
on the manner of walking. For example. on one occasion PS observed two adult male hons walking
side by side for several hundred metres. Since it was Known that the two lions walked at exactly the
same speed. the distances between the spoor of the four paws of each individual was measured. to
determine possible differences in the gaits. The paw sequence of both mules was RB: RF: LB : LF 15¢e
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Mewstrements tomt of the sgroor of some large carnn ore species in novtR-gastern Namibia Wilth meaored the
widest poinr of the spoor. Length wax the fongest line, inchiding cluses witen they were presenn. N = the nionber of
differems tndividica! animals

Front paw Buck paw
Species Ageivex width length width Iéngth
Lion Az mean 1.6 1.2 Y.36 14
SD [ 033 0-° A3
5E .22 01 .14 oz
N 26 6 24 260
SAzx mean 1.5 1i.8 873 1.6
5D .23 0.37 [ENE 64
5E .11 018 on- .26
X - 4 & f
AS miesn 129 138 [ 137
5D ¥R 0.67 0.36 1,56
SE AN nug [ SRID]
N 44 449 4 dn
SAZ mean 1.6 124 103.4 (¥
50 1136 .51 [IE (.36
5E. .14 0.19 .26 0,25
S 7 7 3 kil
Spotted nICHn 8.8 0.8 75 9.7
haena SD 143 .53 N7l 87
5E BT 017 0L3 .13
N 24 23 23 23
Brown medn 3 1.2 39 &4
hvena s.D. 46 (169 (UKL 04
SE 116 024 01z 04
N 3 +3 8 k]
Leopard micin 72 18 6.7 83
5.0 .09 1.72 1.7 0.9
SE 43 07 342 0.32
Y & 3 3 4
Noter AT =adult female; $A = sub-adult female: A7 = adult male; SA 7 = sub-adult male

Fig. 3.1 for example). The stride of lion A (X = 1.547 m: $.D. =0.026) was shorter than that of lion B
(X = |.706 m. §.D. =0.028;. Lion A made longer paces (r=2305: df =41 P < 0.001) than lion B,
although the straddle of lion A was shorter than thatof ion B (r=14.1:¢l.f. =41: P < 0.001 ). However,
the extent of individual varation in the measurements of the size and shape of spoor could not be
determined statistically owing to variable soil conditions, Where sample sizes of spoor measurements
were large (7 > |5 perindividualy. the standard Jdeviations (front paw, width: $.D. =0.7.0.82 and (.79
and standard errors {respectisely. S E. = 0.2, 0.i6 and 0.2 1) perindividual were the sume or targer than
that of alt the measurements of the . pectes combined {Tahle 1,

Dhurerpreraiion of activities

Stride measurements were allocatad to four categories: walking and statking tor both lions and
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Fro. 3, A svmpariaon hébogen spoot msurements oF spotied Raora, brown hyeng denpard. aad Lon: adelt mabe § 33 and
aduiz female 1A Memuremonty Tomi aze of the frost pois of Siffmient indindualy, The sire of the spaor (width = feagthe 5
wnfionizd o e caxics ghile the veatis twidithdeagh s depicls the shape of the spour, For exanple, s syaupetrienl print w i hate
a v of Bowherei wn phongad print willaindicare fess thun L ‘

leopards. troiting for leopards and galloping for lons. A schematic Slustration of the avessge
measurgnients of the gatrs (Fig, 3) indicates the cues A trsoker may wve When sniecpreiing the type
of behaviour. Walking represatits fairly even spacing betwsen the feer. The distance of the left and
right straddie for both leopards and tioas iy slighily shormer than the distance of the respeetise pace
¢ Tabie [1). During stalking, barh animals 1ake longer steades while the back foof is piaced o the same
position as the preceding front foot, henee perfect registration with the feft and right pace mosily
meisures O om. Ay a result the srraddie distanve increases murkediy from that of the walk Troting
leopards ircrease the pace distance but the straddie decreases dramaticaliv, Durng this symrmetrisal
gait with obliquely positioned fezi. the rwo alternate fimbs are off the ground a the same time
iHiidebrond. 15683 The asvmunetrical gaig of the golloping Hen displays the use oY a rotary or latera}
gallop Muosbridee, 18995 Al four feet are off the pround at the same time and the fion feads with ihe
ety front leg,

The Ju/ Hoan tean was consistent in carmecth imterpreting behavtoueal sotivities refating @ targs

saning of ssswmatic ucking, the e aoouny

curaivarey (Table 1V Thraugh the induciive
reconstructad 2l the behavioural cate gories of hoth predator and prey during all the cases «with which
they were presented. These include interpretutions such as deducting thut carnivores scuvanged
carvuss rather than kiled it and identiiving the number and species of oiher camivores vistag
curensses. The trackers also comrectly expivined the cause of dewth of four ungulates tha died of
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T measwremens o ofapgenne disieinces Penaecn feet daring ditferent s for Lom and
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Species Gait Sirade Straddle Puce
Lacpards wilhing mean 99.5 .5 292
SD 3z 33 4.1
N L5 13 1%
stalhang medn 1373 687 )
5D i3 5.5 0
N 7 7 7
atling mean 138 5 4.7 FLA
S.D. 34 4.2 RN
N 2 2 2
Lioms walking meun 1545 KR 433
5.D. R 7.8 23
N 4 4 4
~talking mean LIG63 582 {1
S.D. 5.7 8.6 133
N 2 2 2
zallup mean 32T 56872722
5.D. . 2372000 R TAA
N ; i 1

Notgs Aostride - the distunce between tae prings made by the same foot 1 straddle s the
dirvrance between the left and right tracks enther front or back. and a pace is the distence
hetwzen the front and back fout either left or Aght 1 5e¢ Fig. 3y

In one record of 1 galloping lon. measarements of the siraddle differed between left and
azit as did the pace. between tront and back. The data are shown, respectivels. The feft
sirzdéle during this assmmetrival gait is also known as o suspended mouen (Hildebrund.
THan.

Standard deviaten 1500 indicates the wariation of the measurements and N equals the
cumber of individes] animals. where duta For cach individual were collecied followinyg the
provedure described in Fig, |

anthrax (Bacillus anthracis) and were consumed by carnivores. With the exception of estimating the
time that the event took place. which was considered correct if it fell within four broad dav-time
categories (early morming: late moming: early afternoon: late afternoon) indicated by the position of
the sun. and two aight-time categories tfirst half and last haif of the night). the reconstructions were
Aawless. Dunng direct observations PS noted several points (such as those listed in Tables I and IV)
which were cructal facts in summarizing an observed event. The Ju/"Hoan team correctly summurized
all 30 spoor reconstructions.

Discussion

In a test for reliability and accurnes. the Juf Hoan ream showed remarkahle skill 1o correctls
interpreting 337 197.9 %) of the 369 cases thes were presented with. an accuracy tevel with a SE of
onls .17 % of he mean. The identification. from spoor. of aze and sex. known individual anmimals. and
gstimation of the nime that an event occurred were sometimes inaccurate. These ncorrect interpreta-

tions. however. were trivial and did not statistically influence the results.
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The foBowing anecdond wovepnt sus hurther s our expenments,
An adull zebra (Eyuus pivaefiis wis observed diing ot anthrax, blood samples were when gnd

caese oF moneicy conBrmed. Over the following ta o duy s a pride of Gons {8 os the Surcuss, foline gl

by weveral spotted hysnas and sulwres, faviag eoly sk and boses The Ju/ How ream was taken

a

the spot three duss alter the deuch und asked o reconstruet the seguence of gyents relifed e 12
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cambized. Swi Table I Ao P ogiire description

Adtivity Clangs prosevied LHTTe tileTpreatinn e corest Faabug
Carnisors:

Lyuy 14 - i H
Walking 15 13 Wy ;
Statkisy 4 9 i 1
Crouching ¥ Y i H
Running 18 1¢ i i
Capture prey 3 3 HER t
Kil prss 3 5 1 i
Orag caegass ) 1% e H
Foeding i3 13 n i
Sub-tagat LR 143 HED i
Prey:

Speckes ih 1 10 i
Age & sox 3 3 LS i
by -+ 3 HEL |
Pusitions’ H 7 i) !
Watking 1! 14 14 H
Rumsisyg : i 1% !
Suheotsd 57 7 ikt H
Gieneral:

Svusxaging” K 12 jend i
Oeher g:xmh-.ges‘ i ih e H
Disease death? 4 4 i {
Time of gienr’ a3 25 R ;
Sumimary of avens” i 3 Ha i
Subtetal EAS 8t 9647 i
Totat K 24 5333 1

FPrsition: the pesition of e prey in relasion 10 the pradotor and seaic

:Scu\mgif:g: camiverss augUirad & carcass through seavenzing and did rot caprure ve kil the prey

TOther camivones: e présenve o other farg® and smufl CAMivoes & 2 canase, ¢iter betors. during.
at sfter the ¢amivore oheenved wos Seding

*acase deith: ae sagulae that died of asthr s 3ed was then consimed By vae oc sevaral species of
CRININOTE

*Time of eveat. the estimated time Hun an v en toak place

“Sumpnary of event. the abilitn ef the Jw Hoan team ¢ provide a correst summan of & behaviouzal
#ye

caass. Afier approximately twa hours of imsestization the team staned the reconstruction several
hundred potees £ront the spat, pointing o @ set of zebra tracks explaining that the spoar wis made by
hee the soniad bad walked anseudiiv, o iwee e

i aving anmal, They Pollowed e spoor indicaiing
haed falien. got op. and contineed walking 1w ards the point where it had expired. The Ju/ Hoan tean.
nat familiar with amthrax. explained that the anical was sick and died. They deduced that lions wers
presens wad fod on ihe zebra but did pot Kili it They alwo commentead that spotizd hyenas and vuiiures
atteaded the careass in thae order. The team’s estsmate of the time of the event was als¢ gorect



TRACKING aND VHE INTFRPRETATION OF SPQOR Shy

An atempt was also made o measuyre and quantity the ditferent aspects of waching i order o
understand the fechnigues and skitls empiosed by the Ju Hoan, This was dore i two phases,

Inegularity in soil types fad to considerable vaciation in the spoor measuremant of ndiidyal
animais. ¥at the frackers were not only capable of recognizing such varations. bui aise appesrad o
aliow for them during igrprecations of sprog. The deum explained that they roengnize Hiferent
individuais by idissyneratic vanation in the size and shape of spaor. The coarsencss of spoor
measurements dogs oot aliow for suck subde distineniens, Smathwood & Firzhagh {1993 show ed
statistical differences in spoor shape and size of mdividua! cougurs (Felfy concolory but sautioned
against the eflects of substratum variatinas, Individual vanation of spoor size. for example. forms the
busis of census techniques of igers (Panthera rigrisi in India (Choadihury. 1971 Panwar, 1979; Sagar
& Singh. 19901 Hoeweror, the extent of soit and temain biss in meusuring spoar does net appear ta be
considensd by these authors. and therefore may senousty affect the credibility of their techaigue.

in the second phase, the measurement of the spacing distances benveen feet dunng differem gans
gives the meader on appraciation of the distingtion beiween those gaits, as viewsd by a wracker
Proportionate stride. sraddie, and pace izngths within cach gait are funetions of speed and individos
variation (Hildebrand, 1939, 1961 This complicates stetistical comparisons beoween different
individuals when the gxact spead of focomotion s not known, Oaly under contralied conditans can
the true extent of individual varbtion b determined. The Juw Hoan team. however, mainzaing that sach
individuni onimal has 2 panicular way of walking, regardiess of the speed of locomotion. Among
humans an idivsynoratic watking style is a common phenomenon sad One misy (eCognize an ooguaintinge
simply from such characterisies. This phenomencn was measured once during the prosent stutdy when
tie stride. seraddie and poce lengths of fwo male Hons showed significant satistical varisdon.

Tracking has & major advaniage in this regard as spoor ¢an be followed in most habirats, and 2 day or
two after the eveni. therefore being complietely non-intrusive {Bothma & Le Rishe, 19933 Given the
pecuracy of fracking presented hers, we have emploved this echnique by assessing the hurting
behavious of Hions and feapurds in the woodiard habitat of Kaodom Ganie Reserve and Bushmaniand.
Namibia (Stander ¢7 «f., 19975 Such data have not been coflected previous!ly,

In Africa, wesiern scientists have been conducting ecviopical and conservation studies for geveral
devades. Such studies often ooour st areas inhabited by people panly or fuliy invoived tn sulsistepca
hunting, with either traditional or moedem equipmient. The skills and knowiedge of local peoplas.
especially n southern Africa. are often ignored in & sciensifically sound but culwratly chasvimisiic
appeoach (Cammuthers, 19935 Local prople have generadly seidom been insvolved, and wher included in
such prograrmmes. refegated 0 restricted rofes of generat fabourer or "azttve rangers’ (Comathers,
1993}, The need w involve local communisies in biological conservation. In order to ensare the loog.
f2em GONseTYaian 01 nateral rescunces. has been stressed frequentdy {Bittingham, 1984 Mamin, 1934
Owen-Smith & Jacobsohn, 1959, Swandez, 1953),

Local African comsnunities. such a5 the Fu/'Hean. have an understanding and knowizdge of their
nagral environoient, the exwent of which has not yet beenidentified or docsmentad. Indigenous people
with vepy Hide or e farmal education may have a perception of their natural environment tha s mo
pecessarijy unscientific. In fact, such perception may weit be busad on sciennificaliy socund thouwghe
nrocesses (as perhaps is the vase with the Jud Hoan, Cotlahoration with hoeul comanuntivs inwilfine
relatedd studies has Become impsratbve and may wncover the poiential contribution which focal
knowledze cun make owards a stads. Wildhte ecoiogy and conservation studies may benefit greatly
from the oollghoration of skils from westorn science and tradiional knowiedge., Furthermors.
suecessfui wilditfe conservation depends iargsiy on invelving and corporaling the aspiration of
the local inhabitans.
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