£ Zood | Load (1997 342, 129344

Tracking and the interpretation of spoor:
a scientifically sound method in ecology
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Introduction

Studying the behaviour of wild animals in their nstural habitst poses mamy practical problems,
Taese are ovpecially pronoupcesd among the noctumal spacies such ax camibores. Longterm
hobituarion of individual saimals (eg. Mills, 1990) and e use of ndictelematry fAmianer &
Macdorald. 19%0) ofien enuble workers w study behaviour. However. observition toohniques s
subjevt o soitable habirat resulting s studies of behavioyr. such os the Aftican Lon (Panthera koo
being resiricted o opea pluns (Schaller. 1972 Packer, Schee? & Pusev. 19601 Soheel & Pucker. (991
Stander. 1992 Stander & Albon. F993) Such a Unsitadon may affect for example. the doscussions
around the evohation of sucality in Heas (see Caro. 1994 Legye, 1994: o this paper. we disvuss the
use of tracking as an indirecy merhod of siudying the behaviour of nocturnal large African carniveresia
a wosgad habitn

Trackny defined a the Blonfitation. (silewing aud Inlopengum of s, ~uen a8 spoor, of
simabs) wnosegral pat of huntipgg, b o2 SRiE feadamertal 10 the evoluton of Mo sapieny
tLaughlin, 1968 Washbum & Lancaster. 1968 Phieftor. 19730 Liebenberz. 1990 Modern-dos
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trackers (such as the Ju/"Hoan Sanj are remarkably skilled in interpreting animal behaiour from
spoar. The hunting skills and potential knowledse ot behavioural ecologs. of several subsistence
hunting peoples have been 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: Botlune & 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 involves 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 u trail where trackers continuousty gather information
interpret an activity. Speculative tracking is the fornnulation 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
idMentis. 1988), whereas speculative tracking is based on hvpothetico-deductive reasoning (Lakutos.
19781, All three esels of tracking may. however. be subject to a lurge 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
evperienced 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 similarfsy 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 tornmss 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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either lett 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 adults. 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 gaus. The paw sequence of both males was RB: RF: LB ; LF isee
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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 4.56 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 0.67 036 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
Spoted nest 8.8 1.8 7S 9.7
by ena SD 143 0533 N7l 057
5E BT 017 t3 .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 1.1 0.9
SE 043 07 42 0.32
Y & 3 3
Noter AT =adult female; $A = sub-adult female: A7 = adult male; SA 7 = sub-adult male

Fig. 3.iui 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:¢dl.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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wduit fermale 1 AP Mexuremonts Tomi are of the frust paws of Sifforent indindualy. The ire of the spaor (width = kengihe o
anfionred on e caxis; ghile the Vst twidthilzagh depions the shape of the spour. For example. 5 svaunetrial print w i hate
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opards, trofting for leopards and galloping for Homs. A schemati SHusfration of the avesuge
memsurgnients of the gairs (Fig, 3y imdicaces the cues & treoker mav oy When interpreiing the type
of behaviour, Walking represents Fairly ¢ven spading between the feer The distance of the left and
right straddie for both leopards ond Gions iy slighilv shorer thon rhe distance of the respsctise pace
(Table ). During stalking, both antmals 1ake longer steides while the back foot is placed i the same
position as the preceding front foot, henes perfect registration with the feft and right pace mostly
mewsuras £ o As 3 resull the sraddle distanve inereases muarkediy from that of the walk. Trotiing
kropurds ircrease the pace distance bat the seraddie decrsases dramaticaliv, Durning this symmeinizal
gait with obliquely positioned feed, the rwo alernate lmbs are off e ground a0 the same thme
iHidehrond, 1968 The asymmetrical guir of the golloping Hon displays the use of & rotary or latery}
gallep Musbridge, 183995 Al four feet are off the ground at ¢he same time and the fion lzads with e
REOCfront leg.

The Ju/ Hoan team was consistent in coreeoth Imterpreting bebavinueal sotivities refating o args
grrnivores (Tuble IV Through the tnductive rowsoning of ~vswematic trucking, e wem aoduran’s
reconsiructed all the behavioura cateronies of hoth predator and prev during all thy wases «ith which
they were presented. These include interpretutions sueh as deducting that camborgs suuvinged
carcuss rather than killed L and Bemiiving the number and species of siher Qaniverss visiing
caressaes. The rrackers glso CoITeCty c(;s%;:%n:‘d the cause < deuth ol four unguiziey thut died of
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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 35 0
N B 7 7
atling mean 138 5 4.7 FLA
S.D. 34 42 36
N 2 2 2
Lioms walking meun 1543 329 433
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 indivates 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
estimation of the nime that an event occurred were sometimes inaccurate. These ncorrect interpreta-

tons. however. were trivial and did not statistically influence the results.
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Statking 2 % e 1
Croching ¥ 4 b j
Running i ¥ Lk i
Capture prey 3 2 HER t
Kili prey g & HEY i
Lhag Cargass % Ié i H
Foeding i3 13 m i
Subotofal [REH 1453 HED i
Pres:

Spches ih 1 LG H
Age & sy & S FEER i
Sumiber B 3 HEY i
Fuition’ 3 ki LY !
Watking 1! 14 1t H
Rumsisg it i 16w !
Sub-torsd 27 7 i3 i
Liengral:

Swuvxngingg” HE: 12 jowd i
£aber warnbvores” it i feed {
Dhsease duath® 4 4 ¥y i
Time of evep’ hE o .53 f
Summary of gvent” i kb Ha i
Sub.total AT 5t w6 47 i
Tutul K 348 Wi 1

if*(-»;iziwn: the pusizhon of the proy in relason o e predasor and temain

“Suurenging: camivores acquirad @ carcass sthrough semenging and did not capuire ve ki the grey

TOther varmivores: tn presenve 3 other lorgs and smull carnivones ot 2 carcass, gither bedors. during,
at after the carmibom aleervad was feding

*ioaease desth 3n uagulae that died of asthas aad was then conwmed By oae or sevars! species o
CHITIVTE

MPime of event. the estimated me du an e\ ent ook plase

“Sumemary of event. the abilit of the Ju/ Hoan team ta provide a covest summan of 2 behaviearal
Fop

camass. After approimately twh howrs of imsgstization the team started the reconsiruction sever!
husdrsd e 2om the spat, pointing at & w00 o rebra fracks explaining that the poor wag made s
i dving anisal They olloved e spooy indioming hew the aoind bad walked unsicmhily, o here 3t
had falien. got ap. and contineed walking tow ards the poiny where i liad expired. The Ju/ Hoan teany,
nat familiar with aethrax. explained that the aninal was stek and died. They deduced that lons were
nrasent amd fod on the zebra but did por kil L They also commtientad tha spotizd hyenas and vuliures
attended the carcass in thie oeder. The leam's sstimate of the tme of the ovent was also gormedn
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An attempt was also made o measure and quartify the different aspeots of raching i order o
understand the fechmigues and sKils emploved by the Ju Hoan, This was dore in teo phases

Irrezulariy in soil types fod to considerable sariation o the spoor measuremant of indsidugl
animals. va2 the trackers wers not enly capable of recogaizing sueh viwiations. bul alse appeared 1o
aliow for them during merpretdtions of spnon The dear oxplained thut ey revntnize Siforem
mdividuals by idhesyneratic varlation tn the size and shape of spoor. The coarseness of spoor
mreasurements dogs not allow for suck subtic distinetions, Smatlwood & Flighogh (1993 show od
statistical differences in spoor shape and size of mdividua! cougars TFelfv conenfor) bl sautioned
agains the effects of substratum variatinas. Tndividual vanaiion of spoor size. for example. forms the
busis of census rechaiqusts of igers (Panthera tigrishin Indid (Choudhury. 1971 Panwar, 1979 Sager
& Singh. 1990 Howeror, the exten! of soit and terrain Biis in meusuring spoar does not appear (o e
considersd by these authors, and therefore may senousty affect the credibility of their technigue.

In the second phase, the measprement of the spacing distances benveen feet dunng differem gons
gives the gander an appeaciation of the distaction beiween those galis, ay viewsd By 2 tracker
Proportionate siride. siraddie, and pace tzngths within gach gait are functons of spead and individas!
variation (Hiklebrand, 1939, 1961 This complicates stetisticnd comparisons hetwesn differem
individuals when the gxact spead of focomation is not knewn, Only under contralied condinam ¢an
the true extent of individuat varbtion be determined. The Ju Hoan ream. however, maintaing that sach
dividunl aniral bas @ pasticuler way of swalking, regardiess of the speed of locomoiion. Among
Ruemarns o diosvneratic watking style 184 common ghetomencn 2od One may r200gnize an poguaintins
simply from seoh charactesistics. This phenemencn was measered once during the prssent suxdy when
tie atride. straddis and pace feagths of two male Hons showead sigaiheant datistical saration.

Tracking has o major advaniage in this regard as spoor can be followed in most habiatg, and 2 day or
two after the evenr. therefore beimg sompieey ron-intrusive (Bothma & Le Riche, 1993} Given the
mocuracy of tracking presenied hers we have employed this fechnigue by assessing the hunting
behaviour of lions and feapords in the woodhund habitat of Kaodom Game Reserve and Bushmoaiand.
Namibia (Stander e f, 19975 Such data have not been colleciad previoudy,

In Africa. westem scientists have been conducting eeological and conservation studies for several
decides. Burk studies often ovour in areas inhablied by people panly or fuliv involved b subsistence
hunting, with either traditional or modem equipment. The skilly and knowiedge of focal peoplas
especially o southiom Africa. are oftey ignored in & eensifically sound but culuratly chauvimstc
appeoach armuthers, 1993, Local people have geveradly seldom been involved, and when inviuded in
such prograrmmes. relegated 10 eestrivied rofes of generat lnbourer or "nzibve rangers” (Carruthers,
19931 The need to mvolve local communines in biological conservation. In order to ensurs the long.
termm Conseryaiion 0 aateral resounces. hag been stressed Neguently [Elttingham, 1984 Monin, (954
Owen-Smith & Jocobsohn, 1989 Sunder, 1953,

Local African commumties. such as the Tuf Hean. have an understandimg 2ad knowiedgs of thew
aanral envirorment, the extent of whick has not ye: been identified or documentad. Indigences people
with vy hode or e fornal education may bave a perception of thelr natural environment thi 14 oo
recessarily unscientific. In foct such porceptivn may weil ke bised on sctennfically seond thoughe
nrocesses (a5 perhiaps Is the oase with the Jud/ Houn, Collaboration with hoead comasuntivs inwibfin.
reliuted studizs has bevome mperaing and mey wagoves e poiential contribution which ocal
knosloddze cun roake wowards a study Widdlite scalegy and conservation studies may benefit greath
fromn the collaboration of skills from weolors soience and trudioral knowiedye. Furthermors
suceessfinl wildiie conservation depends largaly on invelving and incorporanaeg the dspiratisa of
the local inhahitanis,
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