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Tracking and the interpretation of spoor:
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Methods of studying wild!ife are often restrivted by habitat. Travking, the reconstructon of aClivity
from the spowr of animils. i~ an age-old technigue tha s still trequentls used by modern-das hunrer
gatherer communities. Although prestously used in behusioural studies. tracking his ot been tested
far ity scienttfic merit. [n this paper. we provide dati towards such a description by first t2sting the
reliability of tracking. and second attempting o messure the techniques of tracking. In a test for
Jovuracs. the JuHoan San tcam was correct in most (95% of 369; 2POOF Fecunsiruliuns. Most
significant of these were the correct identifcation of individually known animals and the reconstruc-
tion of complex behuviour from spoor. Megsurements of the spoor of Jifterent species and agelsex
groups in some spectes show ed sigaificant differences. Varianon in ditferent soil conditivns, however,
alfected ~poor measurements so that subtle differences between indis iduutly kaown animals could not
be measured. Measurements af the spacing distances and placement of’ feet dunng differen: zuits gave
statistical and schemate values o indicate some of the techniques used by trackers during the
reennsriction of behaviour. Indigenous peoples. such as the Jus Hoan, have an in-depth kpow fedye of
mature. Collaburation betw cen western seience and traditional know ledge could greatly benehit studies
in behaviour and wildtife.

Introduction

Studying the behaviour of wild amimals in their natural habitat poses many practical problems.
These are especially pronounced among the nocturnal species such as camnvores. Long-term
habitation of individual animals (e.g. Mills. 1990) and the use of radio-telemetry (Amlaner &
Macdonald. 1980) often enable workers to study behaviour. However, obseryation techriques are
subject to suitable habitat. resulting in studies of behaviour, such as the African lion ( Panthera few)
being restricted to open plains (Schaller. 1972: Packer, Scheel & Pusey. 1990: Scheel & Packer. 1991;
Stander. 1992 Stander & Albon, 1993). Such a limitation may affect. for example. the discussions
around the evolution of sociality in lions (see Caro. 1994; Legze. 1996). In this papet. we discuss the
use of tracking as an indirect method of studying the behaviour of nocturnal large African carmivores in
a woodead habitat.

Dracking tdeflined w the wdentitteation. following and inteipretuiion of SN, UGl a5 spowd, ol
animats). wn integral part of hunting. is a skill tundamental © the evolutior of Homo sapiens
(Laughlin. 1968. Washburmn & Lancaster. 1968: Phieffer. 1973: Liebenberg. 19901 Modern-day
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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 knowledye ot behavioural ecologs. of several subsistence
hunting peoples have been emphasized before (Baerends, 1933: Lavghling 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: Bothune & Le Riche. 1984, 1990: 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 4 mere
trace on hard soil (Brown, 1978 Brown, Lawrence & Pope. [992). The feet of most species are
distinct. mainly due to morphelogical adaptations (e.g. digitigrade or unguligrade limbs). The activity
of an animal is pormally 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.
Suvstematic tracking is the tollewing of a truil where trackers continuousty gather information
interpret an activity. Speculative tracking is the formulation of an initial hypothesi~ of the animal’s
actn ities, based on the interpretation of observed stens. The trackers continuously search for clues w
accept or refute the hypothests. Both simple and sy stematic tracking are based on inductive approaches
identis. 1988), whereas speculative tracking is based on hvpothetico-deductive reasoning (Lakutos,
19781, All three fevels of tracking may. however. be subject to a lurge degree of bias and speculative
tracking miy even seem unscientific or unguantifiable.

In this paper, we address only the inductive approach to tracking. ie. simple and systematic
tracking. by descrniptive analvses of the quantitative values of the technique. The skills of four
evperienced Ju/ Hean hunters and a tratned western biclogist were combined 1n 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 Bushmanland. in north-eastern Namibia
(1975, 24FE). The vegetation consisted of forest and shrub savanna woodiand (Giess. 1971y with 132 = &2
woody plants (260 cm) per hectare., The soil. classified as arenosols. Formed hard surfaced wpsoil with soht
interior sunds. The region tormss purt of the northern extension of the Kalahari desert.

Cne of us (P$) reconded animal activities directls by observing the species. age. sex. group composinon.
pasition and behaviour of animals (Tables [ & 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 axonomic 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 dunng the direst
observition phase. They oftan solenteered abditiona! information but this was ignored. The 4 Ju"Hoan hunters
were treated as one sample umit. Groap dectsions wers made after critea] and rational asctsston 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 dncomect. This
assumption was made simpiy for want of a more apphcable nuil-hy pothesis 1A For exampiz. in identifying the
trach 0t a leopard (Porciteru pardies the Ju"Houn teerm mas hasve a hasis oF 3 posabilities nncluding cheetahs
CAcinonvy jrebaress and young Honsi This would give them a probabilits element of =033 Howeser, since the



TRACKING AND THE INTERPRETATION OF SPOOR

1.0 18
08+ % -16
A\
08- - 14
07- % /
& : 2§
8 06+ X\ g
% i / a{ -10 g
z 25 I—"’i k]
J1rd : - B E
2 044 g
3 -6 &
“ 03+ 3
: (@]
0.2- -4
0.1~ -2
0 — 0
2 4 6 B 101214 16 18 20 22 24 26 28 30
Sample size
% SD. = SE %ofx

L

Fic. 1. The number of random measurements between the teft back and left front spovr {puceof an adult male leoparZ. fronta
sample of 3 measurements, Sampling intensity for meusuring spoor spacing for all locomotive activities was deter:ned by
plotting xample size by standurd desiation (.01 und coetficient of variance 1S.E. ax the S of the mean). Denired deyres of
decuracy was < 30 of the mean. In this example. [0 measurements provided & representitive sumipie of the puce drcaice of o
levpard. This mewsurement would then be 19,5 = 0.7 ern with 959 contidence intersal. and would Ll within the e red level

of accurass.

science of tracking is s0 poorly understood. and the possible choives available under different comditions are
unknown. the establishment of a more realistic o would he pointless. By maintaining a Ho of P= (1.5, the Ju Hoan
team does not necessarily receive the full credit desersed for the correct interpretation of a spoor or activiny, There
may be a multitude of possible choices which would make a correct choice more signiticant.

In some cases. one of us {PS) measured the size of spaor in an artempt 10 understand the subte distinetons used
by the Ju/ Hoan trackers to identify the spoor of different animals. The width and length of the spoor of the front
and back feet thoth left and righty were measured 10 indicate size and pussible proportional variations 1o shape
between the feet of different species, between different age and sex classes of the sume species and between
different individuals. Two soil-related variables were recorded when spoor was measured. First. the depth of the
impression. and second. the angle of the walls of the impression. For example. a liva spoor in soft deep sand may
measure 50 mn in depth with oose sand sloping down to the centre of the depression at an average angle of
approximately 30°. The same lion™s spoor on harder soil may he 2 mm deep with 4 907 wall angle. Paten
Invomparing measucnents of spoc in sech S sl alrali are  norimoas (3mels ool & Frlostsig, i)
only measurements whers the depth wus fess than 3 mm and the angie of the wall of the 1mpressian wus zreatsy
than 607 were analy sed.

The sequence of footprints and the refatis 2 dintance between them were measured to help distingutsn setween
ditferent gaits. Spacing of the feet was grouped 1m0 3 categones: a1 a stoide: the distance between Imorassions
made by the same foot: bta pace. the distanve of the step between the leading tront foot and traling buck foot en
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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 seyuences 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 o2n 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 varianee (CV) (Gricg-Smith. 1957 caleulated each time.
and the resutts plotted 1Fig. 11 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 15,001 as 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-5mirnov 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
more 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: d.f = 34. P <0.001). The spoors of sub-adult lionesses were smaller
than those of sub-adult males (Mann-Whitney UU-test: "= 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
(U =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 0
the team was impossible to measure in the open ecological system of the study 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 loann 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 lons walking
side by side for several hundred metres. Since it was Krown that the two lions walked at exactly the
same speed. the distances between the spoor of the four paws of euch individual was measured. to
determine possible differences in the gaits. The paw sequence of both mules was RB:RF: LB : LF 1see
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Tapee Il
Mewstrements tomt of the sgroor of some large carnn ore species in novtR-gastern Namibia Wilth meaored the
widest poinr of the spoor. Length vy the fongest line, inchiding clusws witen they were presenn. N = the nionber of
difterems ondividica! 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 .37 [ENE 64
5E .11 018 on- .26
X - 4 & f
AS miesn 129 138 [ 137
5D ¥R Q.67 0.36 1,56
SE AN nug [ SRID]
N 44 44 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 17 0L3 .13
N 24 23 23 23
Brown medn 3 1.2 39 &4
hvena sD. 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 043 07 42 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 ( = 1.547 m: $.D. =0.026) was shorter than that of lion B
(X = [.706 m: 5.0. =0.028;. Lion A made longer paces (£1=23.05: d.f =41 P < 0.001) than lion B,
although the straddle of lion A was shorter than that of ion B (1 =14.1: dl.f. = 41: P < 0.001 ). However,
the extent of individual vanation 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 (n > |3 perindividualy. the standard deviations (front paw, width: S.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 {TaMe 1,

Durerpreraiion of activities

Stride measurements were allocatad to four categories: walking and statking tor both lions and
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Fia. 20 A compari<on between spoor meusurements of spotted hyena. brown byena leopard. and lion: adult make 1AMy and
adult femade + AF). Measurements romis are of the front paw s of different indiswduals. The «ize of the spaor (width + lengthy is
undivated on the c-axis; while the vaaxis twidthdengthy depicts the shape ot the spoor. Forexample. a sy mmetrical print will hus e
avudue of | whereas an elongated print will indicate Tes than [ :

leopards. trotting for leopards and galloping for lions. A schematic illustration of the average
measurements of the gaits (Fig. 3) indicates the cues a tracker mayv use when interpreting the type
of behavieur, Walking represents fairly even spacing between the feet. The distance of the left and
right straddle for both leopards and lions is slightly shorter than the distance of the respective pace
tTable I1I). During stalking. both animals take longer strides while the back toot is placed in the same
position as the preceding front foot. hence perfect registration with the left and right pace mostly
measures O cm. As a result the straddle distance increases markedly from that of the walk. Trotting
leopards increase the pace distance but the straddle decreases dramatically. During this symmetrical
gait with obliquely positioned feet. the two alternate limbs are off the ground at the same time
(Hildebrand. 1968). The asymmetrical gait of the galloping lion displays the use of a rotary or lateral
2ailop (Musbridge. 1899). All four feet are off the ground at the same time and the lion leads with the
lett front leg.

The Ju/"Hoan team was consistent in correcth interpreting hehavioural activities reliting o targe
carnivores (Table 1V Through the tnductive reasonine of wvsematic tracking. the team accurate!y
reconstructed ail the behavioural categories of both predator and prey during all the cases with which
they were presenred. These include interpretations such as deducting that carnitares scavenged a
carcass rather than kifled it. and identifving the number and species of other carmivores visting
carcasses. The trackers also correctly explained the cawse of death of four ungulates that died of
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Species Gair 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
™~ 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 cne 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 a suspended mouen (Hildebrund.
THan.

Standard deviaten 15,00 indicates the wariation of the measurements and N equals the
cumber of individes] animals. where dita 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
categonies (early morming: late moming: early aftemmoon: late afternoon) indicated by the position of
the sun. and two aight-time categories tfirst halt and last haif of the night). the reconstructions were
flawless. Duning direct observations PS noted several points (such as those listed in Tables [ and IV)
which were crucial facts in summarizing an observed event. The Ju/"Hoan team correctly summarized
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 they were presented with. an accuracy tevel with a S.E of
only .17 % of the mean. The wWdentificaton. from spooc. of agze and sex. known individual animals. and
estimation of the tirne 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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a) Leopard
(@) Leop Scale Key:

¢ % ., 8 ., 10cem 0 Back spoor
® Front spoor

Straddle Face a Both
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Froi 30 A schemate tllusteation of the laeomot: 2 Pulterns of faur activities. tar Walking, statking and traeting by leopards 70
thy walking, stalking and galloping by Lisn~. Buck feet are indicated by oper cireles and front feet by osed vireles Whes ©s
back fuotis super-imposed on the spoor of the fron: fuat, the paint 1~ indicated b a half losed circle. Direction of nuos eme
fromn beft to right, o~ indicated by the amow . with 9 left and righe teet placed on their respective sides f un Waginar cen
Iine. Aseride fai s the distance betwesn two spoer made by the same foots a pace i the ditance berseen the front and buct 1 - -
wither left or right. and a straddle, the distinve berseen the left and rlzht tracks.

The tolbwing ancedon] aoeoent mey turther istrate our CXDCIIMC Ly,

An adult zebra t Eguus burchelliy was obsersed dying of anthrax, blood samples were tuken and »
cause of mortaiisy confirmed. Over the fllowing two days a pride of lions fed on the carcdas, toljoe 2
by several spotted hvenas and + ultures. feaving only skin and bones. The Ju/"Houn team wax taken .-
the spot three dayvs after the death and asked to reconstruct the sequence of events reluted o ths
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Tire profubidits of correct inferpretation of varicus aorivities of some large carnioored und their prey

durisry huines, Al observations of lurge Carmivors o consisting of cheetahs, tiony and leopandst were
combined. See Table [ e P oalue description

Activity Canes presenied Comet inlerprelation T correct P value
Carnivore:

Lying 14 L4 1M L
Walking |5 13 Lo i
Stalking B} g L 1
Crouching 9 9 [ 1
Running 13 18 W |
Capture prey 3 N 1N |
Kill prea 9 9 N i
Dray carcass I 16 L4 i
Feeding i3 15 LW 1
Sub-total 1 110 Iy l
Pres:

Species te 16 1o 1
Age & sex b K] [ |
Number 4 + FHe ]
Pusition' B 7 18] !
Watking 11 11 1) 1
Runniny L1 11 100 1
Sub-toral a7 37 [} 1
(seneral:

Scavenging” 12 12 11 |
Other camivores” & 6 1141 1
Diseuse death® 4 4 1) |
Time of event’ s 0 $n 95 |
Summary of event” A Ju L& |
Sub-total 85 32 Gh AT !
Tutal R 249 9331 1

'position: the position of the prey in relation 1o the predator and terrain

*Searenging: carnivores acquired a carcass through scavenging and did not caprure or Kill the prey

"Other camivores: the presenve of other large acd small carmivores ata carvass. either before. during.
ot after the carniyore obsersed was feeding

*Discase death: an ungulate that died of anthely and was then consumed by vne or se eral species of
carmivore

*Time of event: the estimated time that an vent took place

"Summmry of event. the ability of the Ju/ Hoan tzam to provide a comrect summary of 4 behavioural
event

carcass. After approximately two hours of investigation the team started the reconstruction several
hundrad metres from the spot, potnting ar 2 set of 7ebra tracks explaining that the spoor was made by
the dving anunal. They followed the spoor indicating hew the esimal had watked unsteadily, where 1t
had fallen. eot up. and continued walking towards the point where it had expired. The Ju/ Hoan team.
not familiar with anthrax. explained that the animad was sick and died. They deduced that lions were
present and fed on the zebra but did not kill it. Thev also commented that spotted hyenas and vultures
attended the carcass in that order. The eam’s estimate of the time of the event was also correct.
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Measurements does ot allow for gyepn subtle distinctions, Smallwood & Fitzhugh {1993, shoueg
Statisticn! dii‘r‘erenccs In spoor shape and size of individya) Cougars ( Felis concolory pyr Cauttoned
against the effecis of substratum variNions. Individyy) Variation of SPoor size, for exampie. tom; the
basis of Census techniques of tigers (Pantiery 7igris) in Indiy (Choudhury. 19 2
& Singh. 1990, However, the extent of soif ang terrain bjas jp Measuring spogr does not appear 1o be
considered by these authors. and therefore may seriously affecy the credibifiry

In the secong phase, the Measurement of the Spacing distances between fegr during differen, gaits
gives the reader an appreciation of the distinction between those A, as viewed by a tracker
Proportionate strade. straddie. and pace jenoghs within each gait are functions of speed angd individyal
¥ariation {Hildebrang. 1939, 1961, This complicates Stutistica] Comparisony between ditferen;

behaviour of lions ang leopards in the woodiand habitat of Kaudom Game Reserve ang Bushmaniand.
Namibia (Stander ¢; al., 1997 Such dara have not been collecied Previousiy
In Africy, weslern scientses have beep conduciing ecological ang conservarion studies for severy]

Owen-Smith & Jacobsohn, 1989: Stander, 1993).
Local African tommunities. sycp as the Ju/"Hoap have an understandmg and knowledge of their
natural eavironment, the EXtent of which hag Dot yet beep identified or documented. Indigengys people
with very Jittje Or no forma| education may have perception of their natural environmen that is nog
Necessarily Unscientific. fn fact. such perception may well be pgseyd on sciemiﬁcaﬂ_v Sound thoughy
Drocesses (as pethaps is the Case with the Ju/ " Hoan), Collaboration with Jogy] SOOIy §p g ihdlire.
related siudjes has become IMperatiye ad gy uicover the potential contribution Which focal
knc wledge cap make towards 5 Study. Widlifa ecalogy ang onservation Studies may benefit greatly
from the coltaboration of skills from Resen science yng traditionat knowledge. Furthermors.
Suceessful wijdljfe conservatjon depends largaly on involving ang MCoporating the Aspirations of
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