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CHAPTER 1 - INTRODUCTION

1.1 - Aims of the study.

At present the world is seeing an exponential increase in numbers, together with a rapid
increase in the per capitn usage of matter and energy, of several taxa in the genus Homo,
modern man. The taxa that show this technology-induced populacion explosion, rapidly increase
the lund ares they occupy and the share of the world's primary production thar they consume,
at the expense of other species and races that cannot cope with this pressure on space and
natural resources. The most notable victims of this development are other human taxa, those
that do not share in the toechnology which increases individual sutvival rate, together with an
ever increasing number of other non-human creatures.

Inceoasingly a geear number ol spocies, thiat once occupied large traces of the world, are
being driven out of their usual haums by humun invaders and survivoe only in very small numbers
in isolated and often less attractive areas. Several species have already lost their last stronghoids
and have disappeated, many are vulnerable or endangered, while only a few can thrive in the
environments crented by technology-using man, who now contsols most of the world's susface.

But u smull section of thio human population bas realized thar man's increasing reliance
on technology and manipulation of his environment may lead to catastrophe, theeatening not only
a large part of the existing forms of life, but also endangering the continued existence and
development of human kind and of the whole complex of life on this planet. Conservationists
try to stress the environmental impact of technological developments and promote measures
10 alleviate thair influence. One of the more successful concepts promoted by the conservation
movement is the creation of narure rteserves, land areas ser aside by their governing bodies
to protect the natural habitat and its natural ecosystems. In these areas a variety of life forms
that have sutvived so far will have a chance for continued existence until we achieve a more
balanced sharing of space and resources with coexistence of a multiplicity of creatures, human
and non-humun.

Throughout the world reserves ate created for this purpose and, wilth varying success,
managed by the competent organisations in a way that will give the biota protection against
being eliminated by uncontrolled human invasion. But although these reserved or restricted arcas
nowhere occupy more than a tiny part of the area to which the human population claims ex-
clusive rights, it is becoming mare and more difficult to honour the pledge to leave them in a
largely narural siate. In large parts of the world the human population has increased its numbers
and consumption t0. or beyond, the sustainable level increasing the pressure on those few un-
tapped resources and unsettled lands that remain,

Unless human population growth is curbed drastically, the space and resources available
for the other unimal species on this planet will diminish further, leaving ever smallor populitions
in more and more isolated areas. The fisst creatures to suffer are the large lnnd animals, who
need relatively large areas for their natural way of life. Several have already disappeared and
many more ate now surviving only in small remnant populations, often in marginal habitats.

Lasge areas of natural habitat, where animals nnd plants can survive in natural balance,
will become raror and rarer, and in many parts of the world such areas no longer exist. Conser-
vation will have to deal more and more with populutions of animals and plancs 1hat are in them-
selves so small, or confined to such an inadequate environment, that their long-term survival
is unlikely.

Conservationists will have to coutinue and ever increase their efforts in the years ahead.
Much can be done by protection ol adequate samples of the world's ecosystems in nature
reserves, but some species will need additional ail if they are not 10 become extinct. Some will
be difficult to contain in a restricted area; others may be subject to specific threats, even in
protected areas. The Sumatran rhinoceros (Dicerothinus sumatrensis (Fischer, 1814)) appears to
be one of those animals for which the protection of its habitat alone is not sufficient.




The Sumatran thino 1w now one of the rarest aml most threatensd mammals, not only
because of the disappearences of a large part of its habitat, lut more sy becuuse of the age-
long puriecution for its hoen and orher imarketable parts, 1hat fotch high prices in several parts
uf Asia. This trude has caused the thino to disappear from most of the remaining rainforest
arcas in its former distribution. The piecarious situation of this specie:s is well illustrated in
figure 1.1. showing the krown historical and present disiributions. Once the animal occuried
in mountainous regions from Sumatra and Bornen to the foothills of the Himalayas in Bhutan,
now it is unly found in small numbers at a few remate and isolated locations. Even if adequate
samples of habitat can be preserved, additional measures will be necessary to proti:ct the rhinos
inside the reserve from poachers.

The Sumatran thino is of special interest because it is the largest mammal dependant on
undistutbed rainforest and as such it can be regarded as an important indicator species. Its
preserce indicates that the area is relacively very little Jisturbed and in the design of reserves
meant to preserve the whole Southeast Asian fauna che babitat requirements and population
structure ol the Sumatran rhino should be one of the migor considerations. Size and shape of the
renny should be such that they give maximum protection 1o sufficient number of those
spocios which weed w0 dege home yango, have a low density and are most susceptible 1o disturli-
ance in any form, and the Sumatean thino is a typical example of <uch an snimal,

in general one can state that a reserve that suits the necds of the Sumatran rhino and
where the management can protect it against poaching, will also suffice [or the smaller species
that utilise the sume habitat. The preservation of the Scurheast Asian rainforests is closely
linked to the well-being of the Sumatran rhino. Although the habits of the Sumatran rhino are
poorly known, this study was initiated not only for academic interest but to test the notion
thot management practices can oniy be voffective if they tuke into eccount the biology of
the specivs they are supprsed to pretect. The Guaung [euser National Park wus chosen as &
study site because it waus the only arca known at that time 1o hashour more than a few scat-
tered rhinos and Locause these was a good basis [ rescarch there in the Torm of existing
facilities and available literature and expertise.

Thee Sumatran rhinoceron was, and still is. one of the luast studied and leust known nwan-
mils, becuuse of its elusive character, its rarny und the inhospiiable nature of irs habitar. Prior
to this study very litile was known ubuut the distribution, the general life-history and habitat
requirements of this species, and the available data were mainly based on forwitous cbservitions
(van Strien, 1974). [ was & major uim of ihis study to collect long-torm systematic data
which would help us 10 evolve a strategy 1o protect this species in Gunung Leuser and els.-
wherc.

Primarily information on distribution and numbers, habitat requirements, diet. reproduction,
behaviour and social organisation were needed, but because the proposed study area was virtually
unexplored and very little was known about the rature and extent of the rhino population, the
study programme had to be kept vety general and unspecific. In fact every aspect of the rhina's
way nf life was open for suudy, but we were limited in ocur observations by the difficult rerrain
and by luck in encountering animals. During surveys additional informatinn wn other larger mam-
mals was ulso collected.

The first priority was 1o find and dovelup a srudy arca thae wis accessible yor [ree from
human distuchance. This invelved pencrrating the uncxplored imetior of the reserve, where thing
hunters antl other people had not previously been. This bad to be done without eondang:ring
the few surviving rhinos. The study area also needed to be large enough to overlap the ranges ol
a number of rhinos and cover as much as possible of the ecological variation in the rhino's habi-
at.

Previous field cesearch on the Sumatran rhino had shown thar dircet observation of the
animal is almost impossible in the dense tropical forests and the sewly of indirect  evidence
it »ften the only feasible procedure (Serickland, 1967, Kure, 1970 Boruer, 1973, 1974). Tracks
and footp:ints are the most obvious signs of the rhino's passing, and it is impossible ro attempt
a field study of these animals without concentrating mainly on their iracks. Previous research
progiammes have attempled to identify individual rhinos on the size of their footprints, but
the rexalts were oot very satisfaciory, because the methods wore ton ciude 10 identily  mire
than w frw individuals with certanty. Therelors one ol the main wins of this stwly wis 10
develop betrer ways to study the chino's tracks, so that individual chinos could be identified
from ctheir tracks.

Once the rhinus could e ideatified with reasonable cerrninry in this way, theit movements
could boe follownd in spacr and time amd patterns of distributico wnd  density could bie estab-
lished. Eventually it shonld be posstlie 1o determine age and sex claises which would give insight
into the sucial stiueture of the populiation. Where young accompanying a frmale could be ident-
ified information on the breeding system could b: collected. Morcover mapping of rhe individual
tracks would reveal some of the daily activities of the rhino. Withour 2 good technique for
recognition ol individual rhinos however, the study would not be able to provide much new or
useful information. Therefore much attention was given to the development of a rechnique,
involving plastercasts of thino 1racks, and the majority of the dara presented in this study is
directly or indirectly based on the analysis of the rhines' foorprints.
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Raio-teging of Suratsan thino was not congidensl (o1 several neasons. Frestly, the ks
f imury 21 oo of animals Jduring darting and immobibisatien were consiered 1o b unaccept
able for a specios that v in such a penlous position. Also the sctuing up and manning of a
capturs opreration would cause considerabl: listurbance in the rthiny aren. Secondly, it was [elt,
certamly i the later sriges of the tudy wnen the fust result. of the <rack analvaie. were
available, that radio-tagging would not givi- mose or better results.  Moteover with teack analysas
the dvitribution of all rhunos i the area can be -tudied simultaneously, while with radio. tagging
snly 3 few, af anv. can be followed, vsually for uw limited poriod. Thitdly, the wse of rasdio-tups
equires regular hios of aireraft, which would have increased the cosits enormously. )

1.2 . Initiation of the study

At the 10th General Asembly (1969, New Dethi) 5f the Intermational Union for Conser-
vatrn of Nature onl Natural Renources (IUCN), the Indomeasn delegaunn nvited  chie World
Wildlife Fund (WWE) and IUCN 1o carty nat b preliminary investhigation iy the Gunung | cuser
Nature Reserve in northurn Swinatea, omed at colba ting basi, evological data an the fauns and
the main threats to the reseive. and formulating future management practices an i reseurch
programm:. This preliminary survey was carned out in 1970 by Dr. Fred Kurt, then lecturer at
Zurich University. and My, Walman Sinaga, cutrent head of the Indoncsian Nature Conservation
and Wildlife Management Diwvision.

One of the tecommendations of the survey was o andtinte ecologicn] studies of the
Sumatran chinoceros and other ammals. This recommendition wa- followel by a proposal n
August 1972 10 IUEN/WWE, ncerpted undur uo 88471972 CA/55.1  Sumatian Rbineeeron Intre-
nstnnal Consenvation Frogramme. for o ling term thimocer s reeearch project an the Gunung
Leusor Reservie This project consisted of two parts, an oxtensive progrumme, To wwvstigete the
fistnbutien of the rthine wwer the whole of Sumarra. and a more ntenave and detaled tudy of
the animal's ceology in the ore-arer of ws distabution m Gunung Leusr.

Th intenave pregramms: was implemented as a cooperative vwenture between JUCN/WWE,
undureaken by the Guaung Leuser Committes and the Nature Comsenvatiom Departient of the
Agricultural University [ Wageningen. then under the dircction of Prof. Dr. M.F. MBrzer Broyns.
Cund: wene apphied for from various ounes and the author wae tequested o carry ut the
field wosk for a doctoral disrertatinn,

Briause of wespticism with :opard to the feagthility of o field stwly of an animal that
was notably rare and shy and that was almest mmpossible to obsierve, it was Jdifficulr o find
sufficrent fund:. Only in 1974, after several orgamations. coimpanies and persons had expressed
their confidence by donating <mall sums for the project (see the ucknowledgements), a tiseasch
grint was obtained from the Netherlands Foundation for the Advancement of Tropical Research
(WOTRO), noed u fellowship at the Department of Narure nseivatien was granted from  the
Agncuitural Uniwversity of Wagemingen, the Nethetland:.,

Ve vexterviive part of the popect, u beowdor survey o detarmue the disinbinon of the
thino in Sumatia was conducted by a Swiv zoologist, Marcus Bomer, funded by WWH. He worked
from 1972 till 1975 in Sumaria und published his reaults moa theas n 19790 A foedd Stwly of
the Sumatran Rhinocero:. Dicerorhinus sumatrensis Fisher, 1814, Feology and Behaviowr Conser
vation Situatisn in Sumatra. Juris, Zunch.

1.3 - lxecution of the programme

After arrivel in Stmatia in December 1974, 1 made theer preliminary expedittons wite the
mnterior of the reserve with a botanical survey unde: the guidance of Dr. W. J. ). O. de Wilde
ad Dr. B B FL de Wilde - Duyfjes feom the Naneonl Uierhanum at Leiden, the Nethartands.
During these 1nps we visited somes f the highest mountamn. in the reserve (Gunung ( -mount)
Randehara, Gunung Leuser, sl Gunung Mamas) and | gained much vidusble CXPOICnC e 10 travel-
ling, living and working in the Sumatran mountain forusts.

In July 1975 | mude my first rhino wxpedition to the area that had been selicted for the
tudy. the uppesr Mamas valley. This aren was found to be ruitabl:, because it is nelatively nn-
Misturbedd thino habitat, and over thy nexe four vewrs 16 more ~xpeldition. were made to this
aren. Until December 1977 work o the aandy was bsically Tall time, whhough consnlesulde time
was .pent on cther sctvities related to the management of the e crve and WWE's a0 tivities
therr. From Janwaty 1978 till August 1979 the study wis contnued on o part nme basis while
the author wa: employed by WWI' for the drafting and impiementation of a management plan
fur the Gunung Leuser National Park. After that date the suthor was appointed lectuter of
biology at th- School of Environmental Conservation Management at Ciawi. Indonesia. but was
able to requsn to the Mamas for another expedition in Septumber 1980. Results wers: written-
up in after-work hours.

fhe Lt cxpohitin i 1980 wa. joaned by Fopen S. Abdullub, tudent of bwdigy of the
Unsverates Nasional i ki, who auob: awo more toips 10 the Mamas atwly anea e 1981
under WWE project 1907 - Indineaa. Gunung [ew ce. Rhino command e ocheek onoann-
poaching activities sk v collear addigiaal et oo the thing,

1.4 - Previous rescarch

Befrre leaving for Sutmatra in December 1974, the whar reviewed the maat important
heeerature on the Sumatran thinoceros as a remporary assistant of the Department of Nature
Censervation, A ddetailed review was published in 1974: Dicercdhinus sumateensis {Fischer), The
Sumatran or two-horned Asiatic Rhinoceros. A -tudv of Titerature. Mededelingen Landbouwhoge~
school Wageningen T1-16, pp 82, (ulsy published i Mededehngen Nederlandse Commisac voor
tnternationyl Natuurtescherming no 27, 1975). Since this publicttion covers the freld i some
depih, bere anly o briel sumimary will Lo gven of some of the more pertnent aferences,

The Sumatran thino. cree or Astatic two-humed rhinoceros Dicerorhines unitenis
(Fischer, 1814) othe amallest of the tve hving specnes of rhinoceras, oo currd Trom the

{ othills of the Himalayas i Bhutan, through Burmu, Thailand and Maleviae 1o Summira ol
Boruen. fts acourrence in the Iudo-chinese countrien cannot be confirmed (Rookmatker. 1980).
It is charac-erized by the presence of two horns on the -unour and two decp skinfolds encircling
the body between the legs and the trunk. It 12 sbout 120-135 cm high ar the houlder and can
weigh up to 1000 kidogrome o1 oo The skin dirk anl eoversd with short suff hu Tl
wal’™s cyesight oo pone, bue the onses of el wnd hearmng are verv acute. It is usually
Slent, but comettme makes ol ow noises and o when sheensl de soorts ar barks, Singly yoang
i born ot long mnerval . Adult aze o seached an abeur three year

fhee Sumitran chino vioonly Tonnd i shees forest, mamly i mouatunous oe billy anas,
but ha. alio been recorled foom bow - oatal swamp-, and even wimmmg out in il Cumatian
thines are uswally clitnry, bar oceasonadly small groups of two ot mese are reposred. The
wamals tre great wandoerets, capabbe of overing bng distance. apparenty not Jeterred by
thickets, thome md steep slopes, They teack around in a0 vast terettary, secaqaionally wandenng
far out of theiwr wival ferding prounds. Where they are common the rhinos maimtain an vxtensive
netwark of trals. They sre most actuve furing the nighy sl rest duning the hot hours of the
dav.

The Sumattan hing wims freely and takes regula: mudbaths, often in sprcial wallws
that are shaped by the freguent use. They ane repulir wisitois o saltlicks, They ate browsers
and feed on b s and ~tems of 1 great number .f shrubs and tree.. often purhing ov: trees
1y reach the crown. Occasionally fallen fruits are taken. Dung is ften deposited in streams and
wocasonally v communal dung heaps. The mal's and females -pray urine backwards nto the
vegetanon to cent miek, They often break and wwea saplings along, the trls.

This summanzes the knowledge about the bioligy - the Sumatran thino befure the recent
fiebludien (van Stnen, 1974). The snimal had boen relately rare for the last contury, coly to
be found in ditficult terrun 10 remote arer. Mot of the information on its babits wa derived
from reporty on acerdennel encounters with o thine and trom o few saturalee. d huntoes whe
developed 1 special interest an dus anumal.

The first author 10 write more than o few canval remarks about b swno observation:
of the habits of the Sumatran rhinoceros. was Major Gt Evans (1905). He rernunti his experi-
rncen from maay unsuccessful rhinoe hunts, adding . ther niormation and local tales. Ten years
later G.C. Shortridge (1913) described his cxpedienees from vriacking and hunting thino v u shioc
paper. Some rematks from ancthyr rhino hunter, Mr. Mackenzie, ase published by R.C. W ughton
and W.M. Davideon (1918).

In the thirties two more clabirate geports from chino hunter. were publihed. In 1938
W.S. Thom published an article in which he gives « detuled aceount of his observavions on the
habir. of the Sumattan rthine in Burma, pathered during many years of rthino hunting. An even
mor impertam puper was pabhished 0 1939 by T.R. Hobback, who tracked thino for many yrar-
i Malay-ia. This paper contane a wealth of mformutyn,  ystematrcally arnanged and ontrely
based on his ~wn vbsurvistions. All these reparts were publizhed 1 the Jourmud of the Bombay
Natural Hiztory Sorety.

For o lng time thest reports were the cnly ones baed on detailed personal obscrvations
~f th Sumatran thinocrros in the wild, They cvatmn omch vaduable informatien, bt very ke
of it s quantitative sl it s often diffiule 1o cparate the author . wn oboeroaate o from
repeated anecidotes and opinions from uther wourcen. By the G flublscken and Thos ' pagues
were published the thino had becor very rare and in the foll wing dooade veny litde frst
hand mformation on its halins ael wheresbouts becimee wvailahie,

The furst -cientists to collect more up-to-late informatin an the Sumatran thind werr
Lec M. Tulbot (1960}, who visite:d the Snuth Sumatea reserve and sther lovation. in Asia for the
Fauna Preservition Society in 1955 .and Oliver Milton (1964). who visited some locations in




Sumatia for the Werld Wildlife Fund in 1963, The datter aifse vicitedl Gunung | euser, but, .ance
he only traveled along the road from Kutacane to Blangkigerin. was not able o a-cretan the
stutus of the hino in the Leuser reerve. o 1969 Rudolf Schinkel and 1otte S ohenkol-Hulligee
mad- the same trip to gather information on the thino. again for Weorld Wildhfe Fund (Schenkel
& Schenkei-Huiliger, 1969),

In 1970 Fred Kurt was contracted by WWF to do 1 mere thorough survey. together with
Walman Sinaga of the Indocne:ian Niture Contcrvatinn Division, of the status »f the rhin, and
other animals in the Gunung [vuser reserve. They made several wops into the fringe aress of
,'h“ reserve, and collected much valuable information. His reports (Kurt. 1970, 1973) led to the
instugation of this study.

In the meantime David L. Strickland had made th first attempt at =+ sysiematic field-
study of rhe eccology of the Sumatran rhinoceros. Jusing ten months in 1965/66 in the Sunge:
Dusun reservee in Malaysin. He followed und measured trucks, wapped movements and coll
samples of foodplants. T'eom the size of the tracks he was able to ddentify individuals und
o mugh map of the ot rangrs of three thinos (Steickland, 1967).

In 1972 Marcus Botner stacted a0 theee vear ficldstwly i Gunong Tewier poierve
the results f which were pubiished o4 theas (Bormer, 1979) Betdes 4wy of the At
ol e ahino in the whole of Sumares, he g detailed  desengtions of  wany aapeers of  the
thino's hife. deduced from signs found n the field, concentrsuing on bebhavioural aspricts of the
feeding, defavcation, unnauon, tree -rwisting ot¢. Again he nsed track mo-asurements to listin-
guish berwern individual rhinos.

In 1975 Rodney W. Flvnn began a fieldstudy of the Sumatran rhino in the Endau-Rompin
arew in West  Maluysia, 1ogether with Mohil. Tujwldin Abdullah. The :tudy concentrated on
distributin and density and on aspects f foodchoice. A paper on the distnbotion, also using
track size o odistinguich between andivedual rhinos, war publizhed o 1983 (Flvnn &  Abduilah,
1983) In recent yours the wmadl population n the Sunger Duun ovierve in Went Malaysia hic
bern studied to establish its approximate tange (Mohd Zuber, 1983).

‘ Thee usi of indiceet obiervations i the stwly of ammal. @5 an old practice, but usually
it is only ewmployed te study distnbution and to estimate density. Counts of tracks, faceal
pellets, nests, butrows, vte. can be related to density anl thee techniques are very useful for
census of wibillife in hubituts where the animals ere difficult to s or hear, Track counts wie
one of the oldest wildlife inventary techniques and have been applicd in various forms for many
animals (van Lavieron, 1982), but tarely has the study of tracks bern so perfected that individ-
ual animals could be recognized with cenaimy. Apparently the only studies in which individunl
recognition of t:acks were accomplished are those on the wild uge: in India. By measuring
tracks and prints and tracing the ourline of the print. cnte a rransparsar plate,  scientists
were able to :ecogmize several individuai tigers from the wze und form of the sole pads
(McDougall, 1977, Panwar, 1979).

CHAPTER 2 - THE STUDY ARKA AND GENERAL METHODS

2.1 - Selection and establishment of the study arca

bormeriy e Sumatran rhine occursed o)) owver the Guoung |euser Resorve, but in the
la.t few decales poaching has extermunated it in all the more penpheral aress. By the beginning
o0 the wedy, thino could only be faund in the iaterior of the reserve, af least 1 two or three
Jays walk awsy from human habitation (sce figure 2.1 and Borne:. 1979).

During the praliminary expeditions (see chapter 1.3) to the Gunung 1 euser and the Gunung
Bandabare no recent signs of thino were found. The sterp slopes leading up to the Bulihara,
that form the northeastern -ide of the Alas wallev, have apparently never been favourite rhino
habitac. Along the long route that leads to the Gunung Leuser only very old rhino trails were
found. which had obviously been abandoncd many years before. Alresdy by the thirtics no fresh
agns of the presence of rhino were found in that arer junng the Clemens - Van Stecnis -
Hoogerwerl cxpeditien (Hongerwerf, 1939) and the Geage Vanderbilt expedinon (Miller, 1942).
Rhinos were ~xtermmated thete many years ago by the mare or les profestionad thino lunter:
trom the Blingkejeren apsa

Weo expersted better goults from the rexpedition to the Guoigg Mamas, o roure thin had
never before been opened. We haped to reach the chine arca in the intenns of the reserve
crossing Gunung Mamas or that thinos were =nll present on the higher slopes of the muuntain.
But again no fresh signs could be found. Some well deviioped thino trails and e old wallows
wure found on the spurs leading up from the Alas and Mama: valleys to the main ndg:s of the
tiunung Mamuas, but it wis clear that the thino had left the wies some ten o twonty years
t-fore. The higher slope of the Cunung Mama: are very steep and Jeeply intarsected. Noosigns
ul shino wene founil (here, and it proved to be impossible o crose over the ummit into  the
Central 1 euser Valley, where rhino were known 1o exist. The ruggedness of chese mountiis anel
the densty of the vegetation i thee pares of the reseive make truel very Ifficult and :low,
und alsn chinos sevm to averl thens e,

Therefore it was decided to try to find a suntable tudy asen in the southemn pan of the
reserve, where the mountains e less ruggel and geaerully bedow 2000 metres i altitude, o
pecially in the Central Leuser Valley. This valley in the centre of the Guoung Lewser veserve,
running SE - NW, was discovered by a geological survey - niv two years bifote. From the —urveys
ol Marcus Bomer (Borner, 1973) i was known that this valley formud the core ared of the
thino distnibution. Bomer sutveyed the nosthern and middle pares of the Central Valley and had
« study area in thi extremc southern part of the valley.

The southurn pait of the walley, where it is +hained through the Mamas and Silukluk
rivers. appeated to be the bext area for thino. The -alley is widest ther: and rthe :lupes are not
oo steep. Therefore it was decided to try to penetrate into the :outhern part of the Centrai
Valley and to develop a study aren covering most of the upper Mamas and wetlapping in the
wuth with Borner's study ares. The only known entrance route intc this area was the toute used
by Bamer, an old shine huntes's toure, a4 walk of three to four slays to reach the boundary
of the study area. Since the Mamas nver leaves the Central Valley through an impenstrable
ROTRe, 1t 3% impossibly to enter the valley following the rver. The mountain chain which mut
bee erossed 1o enter the valley is, on the Alas giver side, steep aml deeply ioteesecrel.

Frople who worked i the area were of the upinin that the rhin poachers had probably
not vel percirated into this part of the reserve, and u was deemal unwise o open up b new
toute into the very heart of rhino country since it would onlv attrac: poachers after the study
had ended. Therefore it was decided to use u helicopter to carry the survey team in znd out of
the study area,

At that time the ntenor of the teserve had not vet been properly mapped and the nly
reliable mup available was o rakar map (SLAR) on 125000 scabe, which gives nly o rough
indication of the topography. The mineralogical survey cxplonng Gunung | ewser Reseeve in 1973
had used a helipost somewnere along the upper Mamas, but it was not known whether 1t was a
nataral or wn artificial clearing in the forest. So on the first Thight t the Mamaes vitlley, in
a helicopter bortowed from an o1l company in Medan, a ceventeen metre rope ladder was g~
teehed to the hadicoprer und lines, were tiod to the laggage, to emable us o dveend af the
helicopter could not land on the ground. As a last resort 1 known maural funding, site, some
twentyfive kilometres to the north could be used, from where :t would be possible to teach the
upper Mamas in o lew duys watking.

Fottunately son after entenng the Mame valley the prlor spoteed a cmall open
i the dense foient wwl be swasaged o Tamd the party theee wafely. B most of the valley
had bLeen under cloude, orientation wies very diflicalt and only alter o lew ey of apping
the majar nvees could we vlenofy the beaton of wur Vinding

The area appeared to be very suitable and it was deculed ro develop the stuly aoea there,
with the base camp (Camp Central) at the landing site. Scon we founi] out ihat rhino poachers
had entcred the urea a few kilometres south of he centril camp, using a route over thr moun-
tains between the Mamas and the Alas valley. Because an entrance route aliendy existed it was




no lenger nccesary for us 1o rely solely on heheopter transport, and we decided o future o
use the hehicoptes to transpart the party and the luggag: to tuly the area but walk >ut along
the poacher's route.

After the first Linding part of the team started to survey and map the surrounilings, while
the rest began construction ol the base camg and cthe landing piatform. Tl platlorm, 5 x §
metres, was made f 5 10 10 ¢m dinmerer poles, resting on small logs, in the mildle of the
open arca. Some trovs around were cut and dunng later expeditions a tlight path wa- cleared o
allow safer landings. On =ach .xpedition the condition of the poles was checked and any rotten
wood replaced.

Clese to the landing site at a soovenient and safe place beside the river, 1he centiul
camp wus built. l.ike the other camps that were constructed later, it consisteld of a raised
sleeping platform made of polis. covered with 1 1o0f of a plusuc cheet and large leaves. A
covered fite piace was used for cooking and fo: drying the fire wood and the clothes. On every
expedition any rotten beams and poles weee roplaced or, when the camp bad been dmolished by
elephunt-, 11 was coluilt. The plastic tonl had to e replacod avery 8t 12 munthy, Close 1o the
centrul camp i tors was built in the trees on o steep sope, to keep b ecare from elephants,
Here all food. cqupment and collected material were tored.

o make 1t prsaable 1o cover as oxtensie a study ares as passible, liter more LAMPS Were
mide, cach wbout S kilometres apart, and an extensive patrol trail system. followwing the major
game rails, was clewred, matked and uipped (see the map of the patrol network in figure
2.5). On the second expedition two mare camps were constructed, one ubout 4 kilometres north
of rhe contral camp (Camp Acch) and unother about § kilumrtres zouth of the central camy
(Camp Pawang), at the point where the poacher's trul start-.

On the rhird cxpedition the southnawrern extension of the qtudy ana was surveyed aml o
camp wics built on the upper foachos ol the Silukluk river (Conp Lukbik), 6 kilometres vt
of camp awang. The most northern cnmp (Camp Uning) was constructed on the fougth rxXpredi-
tion, 3.5 kilometren north of camp Aceh, and from the ceventh expedinen s o ramg (Camp
Pinus), buile by an anui-poaching patrol group, ¢ kilametre- south of cimp Pawang, was alo
includend 0 the patrolling chedule. By that tme the patrol network had been fully Adeveloped
wnd alter the sixth xpedition anly minor additions wite madhe to the syseem of trails.

2.2 - Orsganization of the expeditions

Because of 1he remotarnss of the study aren, some 35 to 50 kiluncrres of hurd walking
through rugged mountains from the nearest village, the expeditions had to be well prepared and
orgamsed. The survey party usually consisted of the author. his wife. and thtee to five experi-
enced local aides. Whenuver possible the same 1ssictants were smpioyed. not only because
of their greater experiencu, but alse to hunt the aumber of prople who would be familiar with
the e o the upper Mamaa.

Berades matenaly for the camps, the maon purt of the luggage consisted o food  amil
plaster. Staple food included nice. dnied fr-h, sugar. 1 offee and ooking o, supplemented with
chille-, cnions, giopet root. peper. abt and tea. Al Jry  foodstuff was tharoughly  un  Ined
nd packed in thick plasue bags in 20 licee G AlL other luggage was packed in backpack:
and bagy, tn enuble quick lowding and unloxding. A detailed aecount of the logistics ol the ex-
peditions has been issued as an appendix to progress report no 6 (van Stricn. 1977).

The helicopter:. wete chartered in Medan from an agency or from the »il companies work
ing there, Becaue of goodwill for WWF's cause, they were generully hired at a non-profit rate
and costs coulid be kept as low as possible, But this meant that the machine could anly b used
il no-on: vlse wunted to hire it and we often spem lang pennds of waning in Medan till the
machine was available. The helicopter had to be guided to Kutacane. ovey the Langkat moun-
tains, where the rest of the team and the luggage was waiting on the landing site, on standby
every day till the helicopter wrnwvid. Usually 1t was not possible to contact the Kutacane team,
because the locul telephone nr office wdio were not available or not working. The excess
capacity of the helicopter was used to cirry extra fuel in jureyvuns for the rewn journey.

Ftom Kutacane the team was taken to the landing site st the cemral camp, on one or
more flights, depending on the type of helicopter. Occasionally some food was Jropped at
another natural tanding site near the most northern camp. The plastercasts and other collected
matenal from the previous cxprilitions that bad been tored i the foret were loaded aboutd
the helicapter and carried 0w 1 Katwesne. In rhe lwer staped ol the sewdy ic berame more
difficule 1o arrange o helicopter and mout of the lager expeditions were made entitely on foot.
When 2 helicopter was availsble a large quantity of food and plaster was carried to the study
atea to Luild up u stock of at least 0 days provisions in the .tote at the central camp. When
no helicopter was uvasilable the team could walk to the study atea, which took three or four
days, depending on the load, withour huving to add n large number of .xtra carrivrs to trans-
port food und supplics,

In the audy arew the weam movel vvery two or thees daye oo another baeas cange, from
which Jarly patrols were made aling the neework of patrol truls. The tean wie generdly 1l
up mie twe ot three gooup o to survey hifferent aras or todo cther futies, Ik teparr o1 trans-
port. Each expredition beted three or four weeko. which proved 1 be about the phvacal and
prvehological limit under the ciscumstances. At the cnl of the cxpedition the collectinn _ol
plastercasts was packed in old food 1ins, the tores were checked wnd the camps prepuicd for
the next vicit. The rewurn journey began froem camp pswoene and it toos 11 to 13 hours f hard
volking to ceach Kuticane,

2.3 - Description of the study aziea

2.3.1 - The Gunung Leuser National Park

The Cunong Lew er Nattonal Park Claoin Sumbaer Daye Alum Gunung | enier) i one of
the alder and larger vonernation arens an Indonea and nderd ol f Southeact A, It o
i of sixoadpaning Walidlite Reserve: (Suaki Margasatwa), the oldet of which wie catabli heod
we 1934, Together they cover an ares of abinost 1000000 ha. In 1979 the whole comples of
resesves was declared a Nutional Park by decror of the Minpseer of Agacaltace, hut that does
not change the legal status of the area.

The Navional Park covers mure rhan 100 km f the Bukit Barisan rang:. the mountain
hain that run. the lenght of the wland of Sumatra. It tretches from the west coast of Su-
matrain the cowliwest comer of the park, (e dess than 25 ke from the st cosst in the
methaast comer, unil s roaghly locoted hetween Ligitwdes 32 and 40 north und alenur dongniudes
272 and 98¢ et of Greenwich,

The Nauonal Patk s lengthwiie almost phit i twe by the dencly populated Ala. valley,
In the north both halves are connectd by the Kapr Recerve, the last (197¢) addition to the
Nationol Pagk. 8o far only part of the Park he been consolidared with legabised boundasie., and
cepwecinlly an the west iwnd north of the park the boundars are sill provisional. Several ipore .
ant boundary realignments and uwdditions to the patk have been propased in there area.. ligure
2.1 -hows the location of the patk. the approximate distribution f the rhinc. and the rtudy
wrea. The rhino distribution shows only the core areas. based on the results of tecent -tulies,
but occasionally rhino are encountered outside these areas.

I thu arex of the Park thee Ruokir Barisun is most impressve, consisting of three big
chims with several of Sumatra's bighest mountains. There are many peaks over 3000 mevres
and alco Sumatra's highest non-volcanic mountain (Gunung Leuser. 3445 m) s located in the
nsrthwestern comner of the park. A detailed le-cniprion of the 2:r¢a and the puk 2n b found
in the management plan (van Staien, 1978).

2.3.2 - Physiography of the study aren

The study srea covers the villey of the upper Mamus tiver anl 1he slopes on both sides of
the niver. The upper Mamas 1s part of o sequence of highland valley, called here the Central
Leu.er Valley. Othets have u-od the name Central Rift or Blangbeke ( 1 Blangpek-) Trench. The
upper Mamae salley oabout 24 kibunetses dong, and about 10 kilometres at 1t widest pome. It
i located roughly beowsam laticades 30150 and 3930° noeth snd ae lnogitudie 37935 aml 97050
of Greenwich. Figure 1.2 shows the topogruphy of the surroundings of the stwly area.

The morphology of thr arca is -trongly influenced by a svstem of parzllel faults. 1., the
west the dicp Mas valley i a part of the Semangka fauit that runs lengthwise through the
coentee of the Bukit Baran. The walley is dramed by thy Alas niver which breaks through the
tnuntiins south of the swudy area and flows ty the Indian Ocrun. Ar the tme of the Toba
cruptions (lare tortiary - quartemary) the dreinnge of the willey was apparently blocked and a
luki- formed in the southem part. Heavy sedimentation took place but cventually the wate: found
3 new outlet through the chain. and the valley became dry. The flar alluvial valley bettom is
feruls and naw converted to paddy fields. The main urban centre of the area is the town hip of
Kutacane, fron wheres the axpedition. were mounted.

Thee Al vedley i bordored o both b by o stenp, deeply intessectod  mountain singe.
Te the cast i the Serbolungit chain with the highest prak (Cunung Bandahara, 3012 m) wt the
northern end. T the we.t lies the West Alas Range, with the highe:t peak (Guoung Kemin,
3314 m) in the north, but the :ange falls to below 2000 metres 1 the south, nr-ar Kutacane.
[his West Alis Range separates the Alas valley from the Cuntral Tewser Valley, and is dissected
in three peris by the very decp and narrow valleys of the Mamas and Ketampe rives.
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Fiqure 2.2 - L ovution map

The Central Loeuser Valley 15 2 oeries of highland wadleys on a fault that runs parallel to
the Alas faules. The nosthemy part v drined by the Blangpeke river that joins thee Al nver
aiit flows theough the Agusan gorge. tn the middle wnd sonthern pan the faosle cure theough
prooxesting drsinige systems and the careams use the bwltline for a shone distance before bieak-
mg out to the sube, The fault must theodare be of rolatively tecenmt origin (Quanernaty}. One
small section of the wt.nch drains 1o the west thraugh a tributary of the Simpali rnver, then
joins the Kluet rinver. running parall-l to the west b-wundary of the reserve. A small <-ction s
drained by the Ketumbe niver to the Afas. and the -outhern quarter 1s Jdrained by the Mamas
tiver to the Alas. This part. called the upper Mamas. is a trench or i graben siructure. The
Blungpeke fault continues a few kilometies west of the river, approximately along the western
limit of the sudy wiea, and thee giver follows « second frult, paredle]l to che main fauh {sce
figure 2.3).
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West of the upper Mamas lies the Lruser-Kluet range the maw range f the Bukit Bans
an. [n the morthern il there are many praks over 3000 metn-, bur ¢ the outh the mountans
are lower, not much over 2000 met This range is -lreply interiocted by tributanes of the
Kitet rver. Mast <o the gwuntuns, west of the uppes Mo aee comqueel] of what bas been
waned the Muonkag- Mot-Sedisnente. of Carbo-Pormn spes 10 0 0 msmranoae wepten ol weakly
metamorpheeed black ol prey phvilice, site- and sandacone, with oo limestone, The oun
tains cast of the upper Mimns e covered by the West Ales formiion. presumably ol nwesozot
age. They constst of Llick -bales, silt- and sandstones, intersperas] with 2ones of Jimestone and
dolante.

The bacin 0t appes Maomas el B0 Bel with sodirent ot e rertiaey age, con-
ating ol cenglomerane, cordd teef limestne, black mad, uaner wadsteme,  apglomernie and
crystal ruff. Fspeendly in the upper seaches, towand, the Dalukluk nver, they are covered with
atluvial matenal accumulateld from the adjomng higher arvas, In the north the gpper Mamas
botdered by 1 Lage area of ntruswe and high srade metinosphic, goamees and crysaalline
zchizts, that form :he high mountains north of the Mama-. N awrrow cone of tertiary intrushes.
coarze-graimned pink dametlite:, runs parallzl to the upper Mama. vier.

The escarpment rast ot the Mamas :iver s :teep. riuing continucusly to the watershed.
at 1700 to 1900 metres. The side facing the Alas sallev i+ wwen wteeper. with nearly werncal

e meoy places eeas e e vetee b b he ot drong the caetern bpe ot the Maom

b are chort, with the excoptien b the cutherng oo tnbote o0 Here the woterhd o v
frvant (oo the calbey and the ol Lond o cdually ap 6o the waterhe oy at bout 1200 e
St 4 teep ree trom the onver The vl Loahing v the Mamas follow the e nilg-

In the routh the Muamac rser . Lrmed Iv the confluence of two triturare- . e, the

ung.t Tenang, drains the valley betwern the Mamas and Silusiuk vers. The o b wnle saille,
a1 fhe and decady maashy oottem, Come ] by the raped cccumulestin of moveoad (om the
anctabile lope aath of the alloys The coactem part e Jdrained by the Silokluk riocr, fur thee
vater bl Letween Silukluk oand Mauwas ey bwoant almast unnotceabile. The e and
treams here are stow flowing and meandeang. The other tnburery, the sunger P, 00 a0 typi
‘al meuntain river inoa narrow steepsuded wallev, with some allovial depoaits caly i the bwer
twa kilometres, [n its upper reaches another small accumulation plain, called Medan Bilik.
formed behind o massive Jandslide thae blnckes the vadley.
Af the Mamas the waterddusd o abont 10 kilometres From the fver, diined by aeve
vaal Laidy Lirge tributaries, The dusgest v the Suogei Markus that dndine part of e vrench
v the s Ketambio pivor, Borween this aver aid the Suager Pinue there ane thooe Loy
trlagacie. at sght awngles to the Mianes, e rivers copitrate the tear g aidges beading: 1
thee centiad watershed between the cyitemn of  the Al and Kloer rivers. Theso relpe oo
proaki tour o five Kilometres from the Mamas, three of which wre over 2000 sucrren. Boehind
these peaks the ridges are considerably lower, ulong the main faulr.

The upper Mawmas river fall. only about 90 metres throughout the study rea, and is in
nost places slow flowing over a andy 1 petbly bed. with here and there tugger tone: and
Liader., The river meander- between the buff  f the wmountains, depositne adtermating poches
£ ailovium, Between camp Acch and camp Uning the wadby narnows ann the banke of the river

tre teep oand ccky, and beyond g Cning the meer enter s nairnw and b poape, wath
hf 2 bundied metre o0 moee high,

At cverad plu e along the faub peng. ooour, whee: warm water and gael cmerpe
The water 15 generally rich o mierad o apand the: e prngs cocre taten and tave rane
dome - can b found. The minersl nch o water and cal aound these pang. o chane anild

sther ammale and are theretore calbad althek .

The physiognomv of the ctudy aoac 00 beor demensiraeed e the thees-dinen donal bbok-
iagesm (o the backcover), conntmuco il trem the 1:50000 topugiaphic maps praks - n 1978 by
the Induncaaan Topogeraphic Service (Juntop TNJL-AD). The study area i shown brom o poin
northeast of the area: the borzontal plune toon the original scale, but with an abtase angle
betwenn the NS and EW  lines, suggestiog perspectve,  withour shorteming ur converpence of
lines in shese direciions. The vertical ccde b tive times (1:10000) the hovizanal ol 1o ao-
centuirte the topographic leatures.

Most data i this chapter ure taken (rom studies by van Boek (1982) il Nelmkampt &
Nagashima (1973).

2.3.3 - Climate and weather in the study asen

The - linate ' othe area ot the funung |rueer Natonal Park 1 churac ter o by high an-
aurl runfull (average over 2000 nn/y-ar). and the apbsence of 2 prunounu=s lry 1on. At
lywer altituder temperatures are high and o nttan: (topeal, averag: aer 2§87 C)0 dorening
with increaqing altitude. The humidity +0 high, and cspecnadly in the wol-dutuie- . tne ar
15 coturated Sor mone of the tmes Clandme o hagh and an the clood cone o the meunane
there v mast on most Jays.

On the coast west of tiunung 1 ewer ponfall chows an annual cyele with two pernnds
of high rawnfall in March/Apail and in Sepremboes/December, interspersed wan pespads b aod-
mrate rainfadl. O the east coast e dituens o differenr, with o Jdey ceason in thos Hes hall
af the year tollowed by 0 wet cuson i the eevmsd badfe Vhe manfadl cevonds from baations i
the Alic: wvidbev show an bteomediate patrom, there e pwe wer persds, i Man b/May vl i
OQerober/December, with the secomd petral laving docidealy more mon chan e Lt o dae adl
recards are for focarions below 1000 wmetres witivwde, and these are e duecrdy compraable o
thee camditions nt the mid- amd bigh geveton: (v Strien, 1978).

Pl cuinfall in the Mamas stady aen folbwe conendly he came pantet s o e e
by Al wulley, bur there ace consideratile laly hifferncen, Doy rundall pocoeds ene avardadde
for thee Ketambe Rescarch Dtausn (Tooated ot Abes wadley, sbvmt 30 b aoath ol the - nedy
uci, altitude about 350 m) anee 19700 Vhe uvernge vearly ruinfall there was 3105 e toan,

980 max. 3591) for the pernd 1277 1980, The tfeanbution throughoat thi- vear o lown i
figure o4 Long-t=rm orecords cor Kot cne hew o hightdy cower geerage 2541 nmiln trouee
of Meteorology and Geopnvsic:. 1931-:260). In K. tambe the average aumber f ronv dn (tmore
than * mm of rain) per mconth -an-- frem 3 in Jfunuary 0 13 in December (Min. 1 - ebr.

1273, max. 27 - Dec. 1973}



Figure 2.8 - Mean annual roinfall (shoded bincks)
with the monthly range (the bars) for the Ketam-
b Rasearch Station, 38 km north of Kutacane.
P72 - 1980
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During exprditions daily norus were mude of the minfall - imensity (6 categories) and
penod - mainly for the puipose of the ageing of tracks. In vhe contral cump w simiple rain
gouge was made from a small jerrycan with o small siright-sided funnel to enllect rainfudl
The lirst gauge was fluctened by un alephant, but the sueond functioned for more thau 1wo
yeats [rom the 6th till the 14th expedition. The giuge was cmpticd once every expedition and
the amount of rain which had fallen since the previous measuring session was calculated.

Although the figures obtained with this instrumsnt aro not very accurate, they give an
impression of the rainfall in the study are: uml it is useful to compare the results with those
pbuained for Ketambe. In the period thiat the pange was functioning {13-V1-1976 till 1-11-1979) a
total of 7565 nun of rain was culeulated for the Mimus (= 2867 muwfyear), and in the same
petiod in Ketambe 8671 mm of in wis records] (185 wote). Fron the wight mewsurements
that were made during this peniod only two showed a higher infall in the Mamas, the sahor six
wore lower,

During the first [ourteen cxpeditions (317 days in the study nrea) the number of days
with rain was 177 in the Mamas and 176 in Ketambe. Comparing the notes on the rinfall inten-
sity with the recorded rainfall in mm from Kerimbe showed thar on 162 days there wus no
apparent difference in intensity of rainfoll, while in 32 days Ketumbe hed clearly more ran and
in 75 days the Mamas received more rain. It ther:fore appears thar in the Mamas the number of
days with substantial rainfall is slightly higher (an cstimated 200 ro 225 days per year), while
the total amount of rain is psobably slightly less than in Keambe.

The average temperature decreases with altitude and van Beek (1982) has calculated,
from numerous records taken throughout the Gunung Leuser area, that the average decrease in
temperature i3 0.625° C per 100 metres of ascent. Accoiding 1o these figures the average tom-
perature should be about 209 € in the lowes (1200 m) parts of the study area, falling to 149 C
at higher alritudes (2100 m). Every day during the expeditions the air temperature in the early
musning (6.00 hour) was recorded, and maximum and minimum thermometces were placed at
three lientions, The duily minima recorded at daybieak in the camp sites (Altitude 1200-1400
m), varied between 117 C and 19¢ C, with .n average of 16.29 C (n 255). Lower temporatures,
bielow 137 €, were pelatively raee and occureed only dunag (he rainless pariods when the sky .«
night s olien very clear. When the expedition was based in cump Central (alticude 1270 matres),
the daily maximum was also recorded, This varied between 209 C and 269 C, with an average of
22.6° C (n-27).

The maximum and minimum rhermometers showed the following readings throughout their
pericd of operarinn:

Altitwsle 1270w - minimuin 11,59 € - maximum 26" C (period 880 days)
Altitudee 1620 m - minicwum 117 C - muximum 24.59 € (period 599 duys)
Altitudr: 2030 m - minimum 100 C - maximum 21.5" C (period 285 days).

Wind velocities are generally low, although the trees are slightly deformed by persistent
winds on oxposed ridges and peaks. Before thunderstorms strong windds occur lowilly, blowing
divwn tpes aml breaking of f branehes nnd accasienally boge wreas (up 1o one hectiree) wte coin-
plotely flattened. Falling 1eces caused by gusts of wind are 1the main hazard in the atea, and
expedition camps have been destroyed sevesal times by falling trecs or branches.

The cloud zone is not vory pronounced in the Mamas. Mist can occur at all altitudes,
bt is much more common amil pe cnt wbove 1400 metres. But real moss forest, where
svarything is coveredl with ihick cusbions ol moss up 1o sevieru) macters abowe the geound s
nist found in the Mamas, This wype of forent covers uxtenstive wreas on the bigger mountiin
complexes, abave 2000 metes.

As long as it is not raining the weather in the Mamas is very favourable for fizld work.
During the day it is not ton warm and one can walk far and fast, nor is it so cool that wading
and swimming through the rivers becomes unpleasant. At night the temperatures are agseeably
cool. Leeches and stinging insects are noc abundant, with the exception of horseflies in the dry

verends g pestilentiai sand flies, i are occasionally so numernus ahat sleepmg s oo
jmpomsible, Rain noonally dovs nor stare before noen in the wet period. e continues geneelly
ull late afternoon, bt occasionally i1 rams throughout the night and in the carly moring. In the
d1y periods cccasional showers occur, mostly in the late afternoon or early evening., Beciuse
the chances of finding clear rracks are dependent on the frequency of the rains, the cxpeditions
were muinly concentrated in the pesiods with less rainfall, to have a bettar chance of working
ducing a few dry days before tracks are obliterated.

2.3.4 - Plant cover of the study arca

In this chaprer only a general and superficial description of the types of vegorations found
in the study area will be given. Extensive botanical explorutions were undertaken in the Gunung
lunser arca by botanists from the lLuiden and Bogogs horlaricn In 1979 the apper Minnas was
viettedl by noteanm of botaaists, who jeined pair of sur terh rhine expedition, In the chaprers on
e foud of ahe ching (chapton: 8.1 und B.2) wiore detuls will be given about 1he Lotanical
wakeup of the undergrowdh, the stratmy of main interest for che rhinn.

Virrually 1he: whole study area is densely forested. In the lower pagts of the study nres,
in the large valleys and on the lower slopes, the forest should be classified as submontane. In
appearance it is still decidedly iropical. but the trees are not so lufiy as in the lowlands. The
highest emergents are estimated ro be not much more than 30 mersos high, with trunk Jiam-
elers rarely exceeding one metre. Buttrossed toots are common. The Dipterocarps and serangling
figs typicad of Jowlnd rainforest are not =o comman and much less imposing. Below the luge
rmergents the forest is composed of a rich mixture of 1rees, lasg: and siall, bac all with leng
stright trunks, with an abundance of small saplings forming meosr ol the uadergrowth,  Lisnas
sl epiphytes aee sbhumdant, as well as mtuns and soadd, stendess o shore—stemnied thorny
ey, Laege high-stemed pading are ubsent.
seomposition of licter is mpid and complete wnd the soil is generally covered witl unly
w o thin layer of dead leaves. Along the rivers and streams and on the luwer, moisrer pats of the
lopes, 1the herb layer s well develupist, and there is an almost continuous cover of @ mixture of
fleshy berbs, sne 10 one-ind-a-half metre high, Higher on the stope: and on rhe ridges thomy
palms dominate the undeigrowth, forming » dense, prickly layer two 1o three mutres high, in
which visibility is very limited.

Ascending the mountains the vegeration changes very gradually, the average height of the
irees decreases and the sizes of the trees become more uniform. Although there is no ¢
baundary, at an altitude of around 1500 wmetres the forest becomes mace bke o remperate
forest. All the higger trees reach ubout the same height, around 15 metres, with rrunk dizm-
~ters less than 30 centimetres, and branching from the trunks starts at @ much lower level
Lianas other than rattans are rare and the epiphytes ase smalicr. Beardmoss and nther lichens
ervier the highest branches of the trees, and therr is exiensive moss cover vn the pround. Be-
cane ol the lower temperature docomposition of the leal litrer takes Jonper and i« humus layer
v formed, At fisn the moss cover s prichy, but paing higher sl s aroond 17000 meeoes, it
covers the forest floor amd the lases wf the troes, forming liege clumps nround teees and shrubs,
whet many preridophytes graw.

Th changes are more rapid and drastic on the ridges, which are more exposed 10 «hill-
ing conditions, than the more sheltered valleys, where high-siemmed forest occurs to s much
grearer altitwde. On the highest peaks, and on expaserl parts of the sidges, zub-alpine frrest und
shrubs can be found, Normally such vegetation does not occur bolow 2500 metron, but Iucally
sriall patches wre ool s low s L6000 metres. The tiees in sub alpine foest are very much
dwirfed with cronked trunks and branches, thickly covered with lichens, :nd with «n undeegrowth
of rall ferns and shrubs. In places ttee cover is patchy, but the vegrrarion consists of a dense
mass of entwined shrubs and climbers, with hese and 1her: umbeella chaped irees. Pitcher plants
tre ubundant, On o (ew peaks, ranging in adtisude from 1800 ¢ 2100 metges smoll “Llang®
ureus necur, peaty marsles formed in depressions, Extensive areas like this ocenr in the oorthem
part of rhe resvrve, above 2500 merres, bue in the study aren they extend aver only smull areas.

At lower elevations there are a few small areas without forest. Around some of the
warm springs or salilicks there :ure rather extensive chalk crusts that are bare or coverod
with a grassy cegetuion, Along the Mamas theee are a fow small marshes: one marsh covered
with a thick mat of greises and sedger, forms the hding site u1 the centeal cump. The uane
vigeration is faund on the rather extensive marshes of the winershed botweon e Magnas and
the Silukluk rivess. In this wren the slopes are very unstabke and the accumulation of rubbli in
the flat parts hampers the drainage and kills the troes. These open ureas are apparently ol
recent origin, because the dead trunks of forest trees are standing ull over the ares. The scene
is similar behind a massive landslide cthat blocked rme f the tributaries of the Mamas. The
valley has capidly filled with loose material and now cariies a dense cover of shrub, with the
crowns of trees that are buried protruding above the rubble, many still alive.




23.5 - the ather mammal fauna

Beeads the Sumatran thisiovee mor of the loreer umatran wamosl. e found in the
upper Mat, with the exception of the Tapir (Taptrus wiheus) amd the Javan thinoeens {Rhino-
ceros wonluicns), The lateer -pecies is pobably now extinet in Sumatra, but wmight once have
occured in some parts of Gunung | cuser. The tapit has never been recorded for Guuung Leuser,
but was lormerly found in the cauntal plains of Langkat, cast of Guounp | ewser (Sghneider,
1905); now i1 probably ne longer ~ccurs north of lake Tobu

Elephants (Elephas maximus) ate manly found sl ng the Silukluk and Mama- rivers, travel-
ing to one | th saltlicks n the area. But cccaronally thev wander throuph  ther parts of
the fezerse anid signs of =lephant: can be found everywhere in the upper Mamuas, even un the
tops of the mountuns. Elephants »ater the Mamas study area from the Silukluk valley e over
the mountamn: between the Mamas anl the Alas. The teatl to camp Pawang 12 an imporrant
elephant toute, bt rhere is adsn an clephane trail abog the wotesshed between the Alas and
Mamus anl prolably From e lower Matans 1o the sidthicks nesr camp Uning, rom the Mamas
wrew gl b funther norele te the Coprral Lewier Valley, Among the regular visitors 1o the
Mamas were two soitary clepbant., e gosdwmesized amd one darge, and o pronp of taee with
w amall calf.

Pir (Sus :crofa) were nly temporarily abunidant an the upper Mama . manly 16 the flat
area of Silukluk and Tenang. During the first two vear vty fow sign of pags were found. but
later large groups wese encounterel in the south and als: appeared morte atundant clsewhere. It
seems that they mese into the uppor Mamaz duning dry pernds, often roving arcund n g
groups (20 r sanre). The bearded pig (Sus batbatus) was not found in the Mam und has so
far not been recooled o Guoung Lintser fosarve.

The sambur dees (Corvae anienolor) and barking deer or munguk (Mantew. montjak) are
both commoen taoughoa Ui e Sambar aro foul overywhone, sven i the open ub-alpine

agers abivwe 3000 metres, while the montjuk seems 1o be less compon g bipgtoercdevainions,
These two prcies use the camee fords, the soft part: of the undesgrowth, w the Sumatian
thino. Muntjik e wually found alene, while the onbar decr move  somenimes an twees o

three., The enw (Capricorms -umatracasis) 15 s commen and appears G te mamly  (rund
in the smaller and marrowrc ~aflivs and on the teepet part af the bipe . The mouse deer
or kancil (Iragulus javanicus) i apparcntly very rar- it. track: wete only fluni once in the
Silukluk st The larger mouse derr or napu (Tragulus napu) was not found in the Mamas. Both
species aecir 0 Guoung Leuser. unl vspecially the kancil is very common in the lower parts.

Of the Iurger carnivores the :un bear (Uelarctos malayanus) and the wild dog or Uhole
(Cuon alpinus) v those moest conuaonly found n the uppir Mamns. Signs of hoth specics wure
found olten in the lower parts of the valley. The dhale wus usually solitary, wml unly once were
tracks of 1 <mull group of thiee ot four found. In other part- of their distributirn (Java. Incha)
dholes u ually rperate in packs, chasing large herbivores. In the dense tropeal forest a solitary
way of hifc v pretably metre approprniate and from facos, preumed to b dhole's. it appeared
that in the Mama- dholes feed munly sn rodent-.

The tigee (Panthera ugns) 1o egular wisitor to the Mamas, Tiger. usually {Hllow the
network of pam« trails nnd-lf\r'ir track. could often b followsd for a4 lng Jdirtance. Tiger:
appatcntly wander around over huge areas, of which the upper Mamas s only @ part One very
large niger, whose tricks woere casily recognisable {(one toe had un aberrant prition), wis once
found to have entered the study wicw fren the north, travelsd theough the Mumas valley anid luft
the area, a lew days later, in the south near the Kompas river. Once o fresh tiger kill was
found. un adult male orang-ntan.

Travk. of the clouded Loopard (Neofelis ncbuliwa) were found twice, but thi arboreal
predat s might very well be mote coanmon, Border 11979) aboe reported the polden cat (Fehe
temminckn) from the area and track of the leopard cat (Felie bengalen:in) were not uncomman.

e hog-no.ed badger (Arctonvy collins) was encountered 1 few times, but it 15 probably rather
common. and risewhere in Gunung [-uier it was alst found on the open sub-alpine blang areas.

In oll rivers the smull-cliwed otter {Aonyx vinerea) s common and nccasiomally tracks

Qonyx
wore founl of w0 farger otter (Luti These trucks arel the tncks of e ooadunm -sized
cats und vivereids thet were ocdistoni venl, awnit fucther ideatification from the casts made
at the time,

The Southenst Asian porcupine (Hystrix brachyurs) is common throughout the area. The
tdack prant el (Ratufa bicolor) wan heard and seen —overal times, s well s small non-
descrpt qurecl (Sumnscmm‘_@. The three-aanped ground squirrel (Lan- iy nsy nis)  was
seen esoral umes, But 11 18 not very common an the Mama. A few rac were ooifected at the
camp ates. The large tree chrew (Tupaia tana) was oon ccasionally. It wu. much less common
than another  mall treeshrew (Tupaid javamica ) thar wai vy often seen an the understory of
the forest, Oner 1 dead shorc-tatled hrew (Hylomy: allus) was found.

Among the primates Thomas' baf mmms thomazi) is the most common spe-
cies. It can be found at all ahitwles, even in the shrubs .n the very highest mountains. The
whitehanded gibbon (Hxlolzmes lar) and the siamang (tlylobates syndactylus) secm to be less
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rommyn aned they do oot go o high, The gibbin cocurs up to about 1900 metren, while the
-amang has been rccrded a0 high v U000 mieare s The o rang ouran (Poengo  pygmacu) - much
less frequentiv enc-untered but has bern record-1 up to 1800 metres. [he pig-taled macaque
(Macaca nemestrina) is by far the rar- ot pnmate. A few groups were vncounteret below 1500
metren. The Jong-tailed macaque (Macaca fasciculans), exsonually a lowland rivenine specius,
was never seen in the Mama-. T T T

2.4 - The putrotltling systoem

Bofore this tudy it wa. generaliv believed that the Sumatsan rhine has a wory low den-
sity, 4t best o per 10 g km, and therefore the tudy arey houid be large 10 increase the
vhaonces of finding vrecks of more thun o few wmimalo. On visiag the futore cinady area it
wan lonnd that theae was an extensive network of  wide game tonls ahroughout tee arca, They
follw the major nvers, wherever the banks are fha, cutting oI the meanders, and they lead up
the mountains along the main ridges. 1t was deoeded to unvey as many s possible of thee
tratlh, and to develop o permanent network of piatrol routes ilong these truls on both sides of
the Mamas river. Using the game trails is the only way 1o cover a ulficiently large area
in the available time,

The game trails along the bigger sivers and on the major ridges were generally well
feveloped and needed only o lttle cleanng of overhanping twig- and palm leaves, t¢ make them
vaaly passable. Duning the first six expeditions the network was gradundly extended and  nx
prrmanent camps wers eroctel The crails wees mapped with the ase of compass and pedometer,
und vails were oirkesl when nevessary, by cottng 0 number modes bak of s troes A detaihe)
map wie smatde ol che reay waang the Diedd observanom, anid ol anps, e oaly saps available
at that time. When the new topogtaphic maps, bard ' n aenal photograph . became available n
1979, the working magp of the study ar-a coubd be further anproved. By the cixth cxpehition
about 150 kilometzes of trails had been mapped, covoring an area of aboue 170 4 ko and most
of the nwpertant altlicks loul heen dicovered. Duong dater cxpeditiogg only  minng exXtension:
were made to the patrol network.

Figure 2.5 -hows all the patrol truls as well 1: the ther route. that were occasionally
followed. Part of the entran.+ routes we t of the watershgl s alse wnclud-d in the nctwork. For
convenience the tratls have been divided into secuons of virying length, I'or sectiun boundaries
the coantours ar 1400, 1600, 1800 and 2000 merres were wirdd, aud wdso landmarde like wallows:
and junctions. The ectual length of each section was caleulated to an accuracy of ten merres,
irom th ficldmap and the topographic map. taking the slepe into acciunt. In total there are
206 sectiens, ranging from 260 1o 1880 metres. with 4 total length of 159 550 metrc-.

the patrolling frequency for esch ection 1 abwr shown an figure 2.5, This 1 the number
of times that the veam ar part of the team possed o certmn wanon, and e will be clear tha
Laege differencen o pacrolling frequency  were sonvordabbe, The il cennecting e cnmpe
were walked many times for transport ot store: and collections, while the number of patrels
asitiny the outward -cctions was much lower, bpending vty much n crrcumetans e Some
routes wire clearly more popular than others, because they L to buportant salthn ks or other
areas where tracks were likely 10 be found. Since it was ot possible s walk all routes during
one vxpetlition, there was never a fixed schedule, and the decisions when: to go were made on o
dav-tc-day basis. deprading on the prevuling weather and the previous results. Therefore rome
secti-ns woere patrolled many tine, while ather were only Covered twe o three umes threugh
sut the study peredd The difforences i patrolling frequency can be enmpensated for by relating
the hishings of tresh tracks to the toal observanon rime, which is the rocwpulsted time be-
tween the tume of the patrol and the Lt 1ain, a5 will be discussed in chaptee 5.4,

The patroling :chedule was greatly influeniced by the weather. During drv weather we
tempted to cover as nuch as postible of the ctudy areq. usiting only the saltlv ko and the
major trals, belore the comng runs would warh away the tracks. Camp wasi o hanged cvery
other lay, and 1w or three 1eams wore e oue in differean liceenon, But dunng pesiods of
daily rrans the area was covered more thoroughly, and mor: witention win pind G aseveying new
route: and to following rhino tracks. On 4 few nccasions the downstrenm camps could not be
reach| because f the high lesel of the nver. By rain cften prevented the compliticn of th
pateel intniled B that day,

Dunng thy peirols ctation was manly [ootssiol on ehe finding of thino 11.ecks, both
old amd new. When w track was Tounsl it was followed unti) o few gooml casts coubl be e,
Notes wer: made on the smte of the animal, on the positien and nature of sign- -uch a
fzeding marks, fici s, unne ~te.. on the use of wallows and -altlicks, and f- odplants and facce
were also sampled. All signs 5f ather mammals were also ocorded and casts made of ther
uacks"[‘he primates encountered in 4 30 metre wide steip on either side of the teail were
cauntid,

CHAPTER 3 - THE STUDY OF THE RHINO'S TRACKS

One of thu initial 1ims of thiv sludy was to devise better ways to study the thino's 1racks
5o that more precise identifications could be made. During the first expedition it was attempted
U ttaoe the outline of thino prints on a transpurent plate. laid over the print. 1his method has
t..n uccessfutly uzed in the stuay f tigers (McDougal, 1977: Panwar, 1979). But 15 was .oon
dimcovered that it is not -uitable for studies +f the Sumatran rhinoceros. Thire were everal
pracoeal problems. The tanspurent plate foggel when it was laid over the track because of the
woint rumosphere, and the poor light in the tainforest mul: tracing very difficult. Furthermote
the thino’s foot has a very pronounced profile. with long projecting hoofs, and a tracing shows
alv two dimenstens, length and width. and nothing of the 4.pth of the print.

Since tracing was not useful it was Jdecided to revert to the classic method of casting
poat. s plaster of Pariy, notwithutanding the cerious transport problems that were involved
in the wse of thin heavy motesiale For each cast 300 @ 500 grams ol plaster i necrded, and
Lape quantitie had to be varried by back-pack v wd from the stady area, and caried uround
t.twern the different locations. In total an rtimated 350 kile of pluster was wod.

In the fallowing pages detimded accounts e given of the mothods weed o the making
of the casts and in the subsequent study of the caxts to wlentify the individual rhinos. The tech-
nique could b applied with suceess in studics of other large animali, that are very difficult to
obirve. With slight modificiations much of what will be saul in the [ollowing pages could be: of
us- in studies f other rhino species. elephant:. tapirs. large camnivores. large bowvids and prob-
iy «ven ceocodiles.

3.1 Morphology of the rhino's foat

Befor: the casts were finally soreed in Bogor, a short study wa made ol the rhino peii-
men:. held in the Bogor Zoological Museum (Muscum Zoologicum Bogoriense). Skoeletons, hides
and hoofs of the Sumatrun rhino, .f which the museum has a substantial collection, were -tuldied
to gt more insight inte their structur: to enable a better interpretation of the charactentics
of the plastercasts.

The leg: of a thino are relatively short and columnar, ending in o flat sole with three
tionfs ar nails. In this typical perissodactyl foor the middle 1 third digit is the best developod,
the sccond and fourth digit are slightly smaller and the f{irst and fifth digit are completely lost.
Th- forefoot carties most of the weight of the animal and 1s slightly larger: its print 1s o« few
centimetres wider and has rounder form than that of the hindfoot. Flvnn and Abdullah (1983)
found u mean dilfurence of 1.5 ¢m between the width of 1hd fore and the hindfoot. In normal
guit the hindfonr averlaps the imprimt of the forefoot almost completidy, and only wnder exeep-
tiongl circumstances, as on steep lope or when the amwmal has made o cudden turn, can com-
plete prints f the forefect be found. Durning this ctudv onlv a ~mall aumber [ cast. were
made of prnti of farehrt. The form of the foat and the hoofs i amilar th the form of the
hindfoot, but the width 18 lerger wml atso the muls are Lraader at the base. Only custs of bind-
fer1 were usid 10 identify individual chinos.

The tarsus of the hindfrot cortasts of six bones, that ate ughtly joined, with =ach other
and with the moetatarsals. In this part of the foot very hittle bone movement appears to be
pousible. The tar-als and metatarsaly act prabably very much like a ingle piece of bone. articu-
lating with the tibin. But hetween the metatarsalis and the fitst phalanges there wre joints that
allow for consislerable movement. In the thied or middle digit the joiot is slest cylindned
allowing articulation mainly in the sagittal planc. The jants in the outer digits wre more spheri-
cal. ailowing movement n all directions. Most movement «f the tovs apparently takes place in
these gmnti, while the punts between the phalanges appear to be cnly slightiv moveable. in
figure 3.1 o lelt hindfoor -kueleton 1 shown, struwn from w upecimen m the Bogor Muascum.

The extensor and flexor muscls that are attuched o the digive generally bave tendons oo
all three digits and beiween the digits therr are strong liganents (Beddard & Treves, 1889)
and the individual toes are probably not meant t+ move separately. Only oxtensicn or flexion of
all three toes together  comi possibie, but <midering the weight of 4 rhine at 1 very hkely
that the differcnces in postare of the foot an dbecending and ascending Cies hapter 3.5.3), are
morn the result of oxtecn) furces than of mukch: netion,

The underside o the foot s romposed of an clastic plantar cashion, el cennimetres
thick. on which the digits and the distal cnd o f the soetuarals et and s 2 covered on
the undersid: by he skin of the -l This cushion denbutes the wewght  f the animal and
functions as a shock absorber. The skin of the wle is rather thin, in dried ondition between
3 and 5 mm, with a thin homy outer biyer. Vhe flebihny of rthe plantar cusbiion provenss it
bring damaged by charp objects (A cross section of a thinos foar w shown in Grese, 1955).
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Figure 3.1 - Hindfoat skelcton of
the  Sumatran rhinocerns,  dreawn
after a spechmen in the  Muscum
Zoologtcumn HBogoriense

The end phalanges or coffin bones ure cnclosed by n homy hoof. that is semicircular
on the middle toe and triangular on the outer toes. The houfs are made of homn and formed by
the underlaying hom-producing tissue, The hoof consists of a wall of solid hom that is formed
by the coronary band, which is situnted where the hoof attaches to the skin of the foot. On the
inner side of the wall there are horny laminae for the firm atrachment of the hoof. The flat
innersile of the hoof, called the plancir suifucre or subunpsis, is bess solid and congsists nf hotny
tobules, lormed by the mndvelaying rissie (Crvery, Miller & Van Hovson, 1977).

In figure 3.2 a drawing of the underside of a foot of the Sumatsan thinoceros is shown,
with the morphological names that are used in the text. The drawing is made from a specimen
in the Bogor Zoological Museum. To illustrate the impression of the form of a foot in a plaster-
cast of a print, figure 3.2 below shows a simulured drowing of an imaginary cast of the samn
foct, The merpholopy of the bonls is shown in figure 3.3 in more dendl,

The dorsu) ot owrer surfuce of the hoof's wall s long und smooth, the iuncrside s very
short, forming the busal ledge. In some hoofs the basal ledge is pronounced, in others the innes
wall grades smoothly into the plantar surface. in the front hoof the outer wiall curves around
the sides of the hoof and forms the side lobes on the inper surface. In some ptints these side
lobus are thick und distinct, in others they are hiurdly visible and the inner surface of the hoof
is smooth and flae. In the side hoofs the bunal ledge has u groove in the middle, siparating a
posterior and an anterior lobe. The antericr lobe is generally the most pronounced.

TROW1 HOOT < fruntnl)
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Figure 3.2 - The underside of o hindfoot of the Sumatran rhuno {above}, drawn jrom specimen
{No 6970 and 8440} in the Musium Zoologivum Bogorirnse, and o sinusloted drowing of a plaster -
cast of thu same foot (below)
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Figure 3.3 The front ond side hoof of the Sumatran rhuno, sgwn open to zhow the internol
structure:. Drawn from u specimen i the ‘‘uscurn Zoologicun Bogoren .

The Zoological Muscum in Bogor contais a large collection of houls, confircuied by the
government in the birties, aftm the thino had bren declared protected i the Amimal Protection
Ordinance of 1931. lhese hoofs were measured and sketched to get an idea of indwidual van -
ation, for comparison with the variation found in the actual plastercasts. All set: of hoofs were
found to be ciearly distinct and there was . great variation of sizes and forms. In figure 3.4
photographs and profiles of a selecrion of the front hoofs are shown.

It is temarkable rhat wmong the fromt hoofs from the Bopor muscum, which originats:
from vanous localities in Sumatrn and Bormeo, many are of large iz, well oves 80 mm in
width. & siz that s relatively rare in the Mama- collection, Thir couid indicate that the rhino
in the Mamas are relitvely small, which is probably relatvd to their mountamnou: habitat. Mo-t
of the museum specimens seem to originate from lowland localities.

ogpos.t- pag
Figure 3.4 - A culluction of nuthae drawwings ond photographs of front hoofs of the Lumatran
rhina. ‘o b thy individyal varation. Token from specinen n the Musewin Zooloqicum Bogur .
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3.2 - The art of plastercast making

Rhino tracks are rare and good, clear and complete prints are rarer still, even in a good
thino area like tho upper Mamas. Plaster is heavy and therefore always in limited supply in the
field. Plastercasts ure not only heavy, but also rather fragile. All of these fuctors together make
working with plasiercasts a cralt, requiring much patience, perience ill and 2 good organi-
zation, ln this chaptes the different techniques cmployed in the finding, making and proserving of
the plasieccusts will be described in derail, also as guidance to others whi might wish to at-
rempt o similar study.

The following figures serve to illustrate the frequency with which we uncountered tracks
of sufficiently good quality to make one or more casts. Plastercasts were collected from the
second till the seventeenth expedition. During these expeditions 358 days were spent in the study
area during which period 3816.42 kilometres were patrotied. During that perod plastercasts
were made from 360 different tracks, of which 166 were fresh. This means that on average
one set of casts could be made per day in the field with an average 10,6 kilometres walked
to find a suitably clear impression. Considering frosh tracks only, it takes about 23 kilometres of
patrolling und o little over 2 days to find one fresh track.

Per expedition these figures vary widely, mainly depending on the weather conditions. The
largest number of custs were obtained on the fourteenth expedition, when in 23 duys and 295.4
kilometres of purrolling, casts were made of 53 tracks, 35 of which were fresh. The weather
was voery (avourable during this expedition, with ooly twe days with substuinial rain, The poarest
results: ware obtained oo the fifth expadition, when in 24 days and 2104 kiomeires of patiolling
only 3 teacks were found, in the fiest woek of 1he expedition. In the lust fourteen days of the
expedition not one track, nor anything olse worth recording, was found, Doring  this expedition
there wore only five rainless days.
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Experience is an impostant factor in identifying individuals from plastercasts of their
tracks as is shown in figure 3.5, where the results for each expedition, expressed in the mumber
of tracks that could be identified and in the number of different individuals that could be ident-
i(if:d. are plotted against the km.b score (- lenpth of patrol in kilometies X hours since last
fains or previous putrol. This score is w measure of the probability of finding fresh tracks. See
chapter 5.4). Both curves show an increase in aumbers of useable casts and identified individuals
from the carlier to the later expeditions. Some of this might be attributed to the gradual ex-
tension of the study arei. during the first six expaditions, but most iy due to increasing  skill
in the finding, selucting and casting of footprints, ospecially of older amd lesy petfect ones,

[
A

3.2.1 - Finding the tracks

The fitst step i making plastercasts is to find the thino tracks in the field. Under
aotmal circumstances, and in the Mamas that means frequent rains and o moist soil, the tracks
= a rthino are not easily missed. Even on relatively hard soil the sharp impressions of the hoofs
are clearly visible and the track can be easily (ollowed. Bur after a few rinless days che soil
Aries out, vspecially on the ridges, and rhino tracks become much less noticeable. The hoofs
hardly leave any impression in the hard soil and the print is further obscured by the laysr of
fullen lenvis which cover the soil. The longer the dry wearher conditions last (he more difficult
it becomns to (ollow o (hino track, tnless coe procends on hands and kneos amd carfully moves
the leal layer to Juok for the shallow impressions of the hoofs undemeatsh, Under these condi-
tiens it becemes increasingly difficult to find prints that can be cast.

Although the tracks are often surprisingly faint for an animal as large as a rhinoceros,
they ate not ecasily missed by the trained cye, cspecially when the animal follows the trail for
some distance. Most patrols were made with groups of thiee or more peopic, cach alert for
thino tracks. The one walking in front mav miss {aint tracks. because his attention is mainly
concentrated on the area ahead, but the second and third person generally pick up the tracks
mised by the front man, Most patrols go up and down along the same route and un the return
journey we rarely found new overlooked tracks,

Prints are best preserved in places whore there is ao litter and the soils are clayey,
wround saltlicks, wallows and on worn out secuons of the trails, or where the prints «re some-
what protected against the rain by rocks, treetrunks or big leaves. During the study it was found
that old rain-hluresd trac ks can sometimes I gostored and uscable casts mude, The techniques
w restore old prines will bo described below.

3.2.2 - Selection of the prints

After a track has been found the prints to be cast have 1o be selected. In principle two
right and two left print: ould be cast for each thino, but often this was impossible because
four good prints could not be found or the plaster was in short supply. Sometunes when enough
plaster was available more than four casts were made from one track, to ger o longer series
from which 1o siudy variations caused by the teerain, It is often not eusy o judge the pring
before the cast hus beon made und lifted. In the dim light of the tropical forest fine details are
difficult 10 see, especially in deep printe. A smull mirror or a torch can bo very uscful for
inspecting prints that app-a: to be suitable fur casting. But oven wfter careful seliction of the
prints, the cagrs often show deformations that were not noticed in the prints,

From old tracks it i often only a single print or just one or a few hoof prints that are
suitable for casting, But fresh tracks suitable for casts are also generally rare. Prints left in
normal forest soil are seldom goed. The seil is crumbly because of the high content of organic
wmatter and the layer of dead leaves obliterates the details of the print. Places with soil that
leaves clear sharp prints are relatively rare in the forest. Generally good prints can be found
<nly those places where organic matesial cannot acumulate, as on saddles and narrow ridges
ur on steep slop or whete organic matetial in removed, along rvers and streams or on the
more frequently used game trails, When o rhino visits o saltlick or & major wallow, 4 fair num-
ber of suitible prints can be found, but when it wandees through the forest away from the large
game trails, it is oiten very difficult to find enough goad prints, and on several occasions
not one suitable print was founid although the track was followed for o considerably distance.

The type of mevntent of the woital influcnces tho shape of the pring {sor chaprer 3.5.3)
und An s therefore bmportant to select those prints, that are made on devel ground, by o chino
moving calmly in a straight line. This is seldom possible in a mountainous arca and one often
has to take prints that were made under less ideal conditions.

When a lasger number of apparently good prints were found, a number of them were
cleaned out before a selection was made. Selected prints should be as complote as possible,
showing a cleat and complete imprint of all three hoofs and the hoofs should not have been
forced into an unusual position by underiying stones or treeroots. Too shallow prints will not
show the base of the hoof and too deep prints are difficult to inspect and are generally parly
deformed with the sides caving in.
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3.2.3 - Preparation of the selected prints

It was rare to find fresh prints that could be case without being choaned out first, and
old prints guenerally needed extenswve clexning and restoration before 1 wiful cast could be
mad=. When the rhino lifts its foot in walking, pasticles of the loose top laver of the soit are
listodgred arl [all ino 1he print. These parricles should be carefully remined Liefore the plaster
is poured in. Fvon a few soil crumbs can prevent the plaster from {illing the decper parts of
the print andl tmportant areas will be missing a0 the casi. The Jargese peortiebs can be removed
with the fingers, For smaller fragments w pointed twipg or a pair of twoezers, made on the spot
from a split twig (preferably a palmleaf siaik). The very finest particles can be blown out. Tu
prevent more patticles fulling inta the print 1he lorz¢ top soil is removed around the print.

In clayey oils removal of the soil particle: 1s generally very rany, 2. the compacted clay
forms a faisly hard laver around the print. but cleaning impressions in -and 1. more difficult,
as the edge of the prnt s easily damagod. Genenally some leaves cr twigs are presed into the
print. Il they are firmly embedded :n the  al they chould be teft, but otherwie thev heuld te
carefully removed or the loose parts trimmed away. While cleaning track. one hould not tread
on the soil unovddiately next to the prnt. In very sticky soils parts of the wall of the prints are
partly nr completely torn out when the foot 4 lifted, especially by the nutet »dge of the hoofs.
These should be pushed back gently with the fingertips into the wniginal position.

Cleaning and restoring of old prints needs mare skill and patience, and often half an how
or mure has 1o be sprnt on one print. Print: in sl o1 loose forest soili are very quickly level-
ed by the impact +f the raindrops, but print in clayey snils can withstand light rains and occa-
sinally also survive heavy tropical rains. Light run sofrons and joins the soil purticles that huve
fallen in the print, graduadly filling up th decper parts of the print. Bur wiadly this soil can
be dislodged with pentle action by o poted twip. Inoa way the ol Gl protecr. the prim
against the mechameal impact of the tain i the toil Gl 1 very mect and the ol arcund the
print sull bard, 1t © be-t removed by wahing with water. Water 1+ poured into the print and
the ~cil fill 1s bovened with a soft twig, or better <tull a oft bruh. The -~ water mxture o
then pumped out o the pnnt with a yninge, which - used also ter the final - leaming.

Only unler »xceptional circumstances can a print survive hand tropioal rain. In very sticky
and rather Jry clayey coils, prints that are shaded from the rain by leuve:, rocks. treetrunk: or
other objct- can sometimes temain relutively unuffected and :uitable for casting. Sometimes a
thin laycr of leaves is pressed into the prnt: and hy gently pulling out these leaves, togethes
with the soil fill, the form of the punt cun be clesly revealed.

Sometinmen thore wore morne puml tiacks and prints than thore was plecter availalde 10
make costs. The prints that could not b pleitee cast immediniely were covered with o few
large leaves or w picce of plastic, supporved by o few wwigs, to protect the ponts against ran
till the next day, Sonmetimes a rim of clay was built arcund the print 1o prevent surface water
from filling the prnt.

3.24 - The casung

The ca:its were made with medical 5 Jental plaster of Puns, Jenved from the mineral
gypsum (CaSO,. 21120). When the powder is moistened it becomes hard r sets. The dencal
phlister is moce oxpensive, but finee aod luudens berter, If propesly oixed tles cast made Tran
dental plaster i Tanly sieong and can be muede ihioner, thus savimge weight.. Demal ploster
sold in [ndunesie in convertient 1 kilognny packagrs, Depending on the aze of the print, boetween
300 and 500 prums of plaster are needed for one cost. Fach patrol group usunlly carried 2 or 3
kilograms of pluster and during the study an estimated 350 kilogram of pluster was used in the
field.

The placter o maxed inoan old tin, generally a two-liter cooking-al un, with 1 patula
cut from « branch. Water is taken from a nearby tream or puddle ot from water flasks. Furst
the plaster powder s poured into the mixing tn and then water is added pradually. strnng
vigotously. until th mixture has the consistency of a smooth light barter. With too listle water
the mixture will not peur castly, but more water can be added quickly. I too much water ba:
been odded banlening tikes a long time and the crse wall be sofv and bl In this case mon:
plaster can beowdideld, bur 1ogs difficult 1o make 4 smonth mixture Leloge o nares Gosiet.

The bas wintee adided 1o the mixture abe better, ce the cast will huphes foster, But the
mixtere soon starts Goset and it must be poanal eackly, within one minate ol miking. Whe
the pluster paxiure s comdy, the impeessons ol thie hoofs wre Blled fira, using the mixing
zpatulit 10 ditect the flow. Then rhe st of the print is covered with u thin layer of phster.
When the fict lwer has thickened somewhat, o ~ccond layer is poured on the basis of the
hocfz. to remfore the cast.

When water o1 very coft mud o left n the prnts, the mixture should b madd- as thick
, peesible and mixed with the water or mud remuanimg i the pant. wing the pumping action
f the yringe. [ the prne s full f water that Cannee be pumped out, . very thick plaster
mixture 1s poured in and later more plaster powder s added and l:ft to ank and  ettle. Cases
made 1 this way reman very soft. Once the plaster has -et it will not often ugain and the
cast can be lett i the print and cotlected later. When the plaster s properiy mixed it hardens
in 15 to 25 minutes, but maximum hardaess s naly reached after one or mure hours and thor-
nugh deying.

Afier the cast has haedencd sefficiently - when » finger sail dewves cnly o superficial
serateh - rhe cast anust e lifted carefully Teom the print, snd the necuossary nia are scratched
on the back. It is generally necessarv 1o dig out the soil surrounding (he vast, with a stick or
bushknife, then dislidge the casts with one's fingers. Pulling gently upward with btoth hands will
dislodge the casr, but part of the hoofs may breuk off. The casts were wrapped in soft leaves
and carried ro the camp, for cleaning with water. wang the fingerups to rub ff the soil and a
priated twig to clean nut hollows. It war then dried as thoroughly as pesable. Cauts were care-
fully wrapped .n paor and plactic and put i the cmpty food tins for casnage - ut of the tuly
area. Exch 20 hter un can hoid about 12 o ats.

All custs were numboired o the field, and the number with the ol (nghe or Left) were
scratched an the bick ot the sole and oo cach naale After the casts hol beon mouated for
further study, & new number was given. All casits from one track were given the v number,
with a decimal number for ench cast, eg. 12.1, 12.2 ote.

2.5 - Preservation of the casts

Afrier the cats had been transportd -ut of the :tudv area. they were prescrved and
prep. red {ar furthir tudy. Mowt of the cate were broken. cither when they were bfted from
the print. or liter in transport. Sometime- they wet ¢ien deliberately brcken to wlow righter
packing in the tun.. It was generallv not prsible v+ dry the casts ain the forest and therefore
they were later Jdried in the ~un for a few days, unull the plaster was thoroughly hard. The
data orriginally scratched on the back of the cast was copied on the front, m china ink, and
each cast was mounted on a piece of wood, roughly 21°x 27 cm. lhe broken off pieces were
carefully replaced in the original pesition, and the whole cast was glued finnly 19 the wooden
base with synthoetic neoprene wood glue.,

When necessiry the back of the cast was planed with a kitchen easp, and protruding
parts were suppotted with pieces of woad or pluster or white cement. Mounting the casts is very
precise tnd timc-consuming work. One of the local ussistants developed a -peciat skill for this
wo: and mounted most of the casts.

When the cast. were mounted they were Jued once more, the lawt soil particle: were
removed with 1 necdle and 1 brush, and they were coated with clear sarm b twe or thiee
timas. Collcten numbers ote. were punted n the wieedden base. The finchd prints were stored
in peend oo tong enough for 10 to 12 cant. thice of these boxes Ot hke Jdrawers an 2
wooden rate, T protecet the tips of the auls f the cruts a pece of foam rubbier was glued to
the back of the wooldrn base of each cast. All casts were transported from Sumatra to Java in
these crates, wrapped in paper, plastic and form rubber.

3.3 - Aidy for comparison of the ca

Severnl techniques woere developed 1o deccribie, recopmee or quanafy the charcteristicn of

the caits. It voampeable vy eapture every aspect of aocast moa wet of numbers o preture: . but
some characterrtuc: can by cxpressed 10 messurements or drawings and the. make. cimparizon
easier. After -ome trnials three techniquer  -cemed the most useful; aterecphomgraphs, ouline

drawings and sets of standard mea-urements. The stereophotographs were made a- backup ma-
terial in case thi catas last or damaged. OQuthine drawiags on roacing pager were used o com
pare the himensins of rthe varous castn by averlaying them oo lghe el The tanidard
measiurements were ant used an the sorting proces. but only aforwent. o bnd cat which
measurements onoa pant wre most wseful Lo oo ymplificd denalicanion system.,
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3.3.1 - The storeophatographs

Although stereophotographs were primarily made as backup muterial, occasionally they
wete also used to check the features of coertain casts. The stercophotographs were made on
normal 35 m black-and-white film, with & 50 mm leus, The cast was positioned in o calibrated
fzume at the bottom of a special wooden stand, supported by three sliding wedpes. By moving
the wedges the cast could be placed in a standard position.

The camera was mounted in a slide on the top of the stand, allowing the camera 1o move
parallel with the focal plane. The distance from the focal plane to the film was 85 cm and the
best stureobasis (the distance between the positions where the two photos were tukan) was ex-
perimentully established as being 50 mm. The pictures were exposed wich the help of an auto-
matic clecrronic flash. The prints were mounted as stereo pairs and filed by collection number,
Some are used to illustrate the cnsuing chapters. For the stereoscopic effect a pocket stereo-
scope can be used.

3.3.2 - The outline drawings

From cach cast an outline was drawn to scale on thin tracing paper. These drawings
show the precise contours of the sole and the hoofs, with the hoofs febled sut in the plane of
the sole, On o light-rable several of rthese outline drawings could by viewed together suparin-
posed one upon another and casily companed, Next to ditect comparizon of the casts this was
the most useful method of compurnison,

The drawings were made with the help of o« drawing compass and a profile gauge, an in-
strument consisting of a row of purallel metal bars that slide in « holder, How the profiles und
outlines wre teken from a cast is shown in figuse 3.6, First the points hetween which the outline
will be constructed wre indicated with a fine-tipped matker on the . The peints A forme the
two basc points from which the test of the outline is constructed. They lie on the basal groove
of each side hoof, where this groove is crossed by the contour of the posterior vdge of the side
hoof, when looking vertically down on the plantar surface of that hoof. The points B are con-
structed similarly with the frontal edge of the side hoofs,

Point € lies in the middle «f the busal line of the front hoof und point D in the hewd
groovi. ‘The other points are placed on the hools, point L in the middl: of the rim of the from
hoof, and the points F on the tips of each of the side hoofs. The tip of the side hoof is that
point furthest from the middle of the basal groove. Finally two points iare selected on the plan-
tar ledge, the points where the ledge is thickest in the posterior and anterior lobe, of each side
hoof. Now the distances between the points A and between the points A and the other points
an the sube are transposed to the paper with the drawing compass, [ixing the position of each
point {A* to DY), ‘The lines betwoen the points A' and D' and betwowen the points BY and €',
the contours of the sole in an imaginary transversal plane, are then sketched in.

The outlines of the hoofs are made separately. The outline of the rim or edge is taken
with the profile gauge, pressed against the rim of the hoof, parallel to the plantar surfuce
of the hoof, uutil thy rods close nuatly wround the cast. The rod that rests against the points E
or F is pushed back 10 indicate the position of these point: (E' ansd F') on the rim, and the
profile is trunsferred to paper. For the side hoofs two overlapping profiles are 1aken, one from
the postetior and one from the anterior edgo. On the outline of the side hoofs the position of
point A’ is fixed with the druwing compass and from the points A and F the pesition of the
points B and G are fixed and finally the pluntar ledge is skctched through the points G'. On the
profile of the front huof the position of point C is taken over (C'). When all proiiles are finish-
ed they are drawn sgain and joined in the poines A', B wmi G, on another poaper, with the
line A'At in a swandard position, Collection numbers, measurements and other deta are written
on the sketch.

3.3.3 - The standard measuromont:

Five measurements were taken from a cast, because they give the most consistent and
complete characterization of its overall form, and because the measuing points can notmally be
located lairly precisely, They can aiso be tuken from a print in the field,

Two of the five standard measuremenis are taken [rom the cast, the others [rom the
outline drawings. On the cast the width between the tips of the sid: hoofs - the peints F - is
measured with a pait of compasses, and the width of the front hoof is measured with callipers.

: of the b, as close
vast. Bo-
whaole

The width of the frant hoaf i measureld beiween two points oo the suh :
as possible 10 the tip, because the buse of the front hoof s olten not clar in the
cause the selection of these points is critical for the outcome of the measurement, a :
sories is usually measured together to reduce bias. Figure 3.7 shows some different front hoofs
and the pesitions where they should be measured. )
On the nutlitn: drawings the width of the sole iz measured butwesn the two lms:' points
A and A'FY is measured en both side hools and wdded with the wihh of the sal: to give the
distance F'AYA'FY, called the spun. The distance from the middle of the line A'A! (na) to the
point €' and the distance C'E' are also measured, and topether give the length of the sole.
All measurements were taken to the nearest millimetre and recorded with the outhine drawings.
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Figure 3.6 - The techmque of making the outline drowings ard takimg the standard mearure -
ments of 1 plastercast. A dravang of 3 plastercast (no $9.7 L) with the imcgsuring m'un:'; Av - G
15 supurimposed on the osutling driaing, constructed around the medasuring ,":.(uma A' - G'. The
positizn of the monsuring points are taken over from the cost to the outiine drawing with 3
drawing compass, ond the profiles of the honfs are made with 7 preftl: gauge. The complete
proccdure is described in chopters 3.3.2 and 3.3.3
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Figure 3.7 - A electiun of front hoofs of plastercots to dlustrate  the points on the rim
whrr- the wadth of the ‘ront hoof s megsur o

3.4 - Procedure of the sorting and identiflication of the
casts

From the very beginning of the study with plastercast: it was clear that the:e are char-
weeristic diffetences between the prints of different tracks, and that prnts from the same
1rack are similar in appearance. Some prints, those which show special churacteristics in the
form of the foot or the hoofs, could Lie sorted cut easily, and these were often alteady recog-
msed from the pnnt or the cast in the field and given names such as ‘flatfoot', 'square’,
'thickbase', 'sharp' etc. But the majority of the prints «re all rather similar and more diffi-
cult 1o identify to individual rhines. The casts from one cxpedition could genurally be socted to
Jdifferent individuals without too much difficuity, but it was much more dilficult to decide on
~ts of cast: from the same individual thino found on different expeditions.

As soon as the first casts became available for further study, attempts were made to
vtentify the different individuad thinos, and geadually the collection was  extended.  Gradually
merg insight was gned into the charactosistics of 1he thinas' feor aml how 1hese wee expressed
in a plastercast, anfluenced by externnl factors like soil, weather, position, mode of movement
cte. Through lengthy compansons of large numbers of casts it was learned which part of the
physiognomy of each cast reflects the form of the foor and the hoofs, and what is only a de-
formation caused by oxternal forces nr the result of luss perfect casting. Perfect prints and
caxts, showing all parts of the foot with the same detail and sharpness, are extremely rare, and
most casts are somewhere deformed or have some panis obscured by objects such as leaves,
twigs, stone., treeroots etc.

Although working with a large number of plastercasts 15 cumberinme - they are heavy and
teke up o lot of space - thern i3 no swtable ahtemative mnthold for adennflying  casts. Much of
tho identification wortk can be done with the nutline drawings, but in the ond it was always
necessary to go back to the casts themselve: and compare them one by one, looking for im-
portant and often crucial charactenstc:. that Jo not show in the druwings.

Bocause correct identification of the casts 1w vital for interproting the rest of the study,
much attention and time was given to this problem. After the end of the fiekdwork the defini-
tive sorting and identification of the casts took plice in Hogor, a process that took almost two
vears or an estimated 2000 hours of part-time work. Casts were spread out on the floot or on
pecial racks, so that they could be compared easnly.

Plastercasts wire arranged in sets, each sct contaiming all the casts from one track and
thus undoubtediv mude bv the same thino. Sets with sufficient similarity throughout the study
were pluce] into series, so that a serie contain: all sets made by the same rhino. Each series
was given a three digit number that was recorded nn the cust, on the nutline drawing and in a
logbook. A =mall number (47) of sets could nov be assigned to a serien or were of questionable
tlentity, becduse the casts weee incomplete or oo bad to show distinctive characteristics.

The whole process of the sorting out and dentification of the plastercast collection can
Lie split into two mmin itages. During the first stage attention wan muunly focussed on the set,
the complete collection was cystematically reviewed and  the outline deawings aml standard
measureinents were made. The first preliminary series were formed, containing casts of a
certain general type rather than casts made by one particular rhino. As more sets of casts were
rxamined, the series were further split up. At the end of the first stage. when all measurements
and drawings were made, it was clear that the system of series was -till far from perfect. Con-
sequently  the secand stnge concentented on furiher comparizons antl all good sets of  casts
were assigned o homogencous and dhstinet serieo,

In the first stage of the sorting process the whole plistercast collection was systematical-
ly examined three times. The first time all casts from one expedition were lmid out set by set,
nnd from cach ser 1he best casts wero drawn in outline. The second time rach preliminacy
series wis leid out, et by sor, and che comaining ourline drawiogs woere made, More comparisons
of cast: and drawings were made and the series were furthor sphit up in a first witempe to
identify individual rhinos. From vcach series the three best prints of left and nght foot were set
upart for comparison with other series. These test scries were placed on speciul standing racks
for vasy refesence. The third nime the wandard measurements were tnken from each cast and
further modifications were made to the series. This time alo other lactors, ke the plice and
the time of finding were taken in acount. Once cants had been acaciated to series (belinging
to ndvidual rhino:) it was presible to make pretiminary distnbution maps, howing thr move-
ments of individual thinos.

Initinlly it was estimated from previous thino surveys {(Kurt, 1970; Bomer, 1979), that no
more than about ten thinos would live m an area the size of the upper Mamas. New series were
created only reluctantly, but -ocn there were more than ten :enes and 1t became clear that,
although the sorting and identification was far from completed, that there were considerably
more thinos in the <tudy ureie than was previously thought und the number of different small
tracks imlicated that several births had cccurred sluring the study.




In the second sage the series were checked for homogenity within 1he series, and thoy
wers compared with other series. Whenever g set wan removel lrom one series (o another the
complete series were reviewed again, and must series have Leon serotinised many times, Care-
ful examination was made of the cow and calf puirs, to find our which sets formed the con-
tinuation of the series after the cow and calf had separared.

At one time there seemad tn be more than 60 series (apparently representing 60 different
individuals) bur closer examination revealed that some series wore very similar and occusend
in the sama area, and otherss seemed to replace one a2nother in the cowse of time. After
close oxinimtion severnl series codd be combined, Lecause the differences could be expluined
by differcnces in soil condition o position of 1he foet, o1 by gradual chanpes of the shupe
of the heofs, and the total number of series was reduced to 39,

When sets or series of casts were compared, the procedure aimed primarily at checking
the casts for similarity, that is to show that the casts could have been made from prints of
the samo pair of foet, When the differences werne such rhat the casts could not bave been made
by the same feer, 1the congistent distinetive chiadcters wore sought, The muin criteria used o
show simidurity were those of dimension and form, The dimensions show ot sdearly in the
outline drawings, thar were compared by ovetlaying them on w light table, Forne was further
compared by laying the casts side by side. The standard measurements were aot used, becouse
they show a lirge individual variation (see chapter 10) and are, in essence, also incorporated in
the outline drawings.

The overluyed outline drawings were checked for @ "good fit”, not only of the whaole
cutline b also for the form of the plintar surfuces of the hoofs. The outline of the oot
wits considered 10 huve o govd it @0 the lines followed the same curve, slevinting not maorn
than a few millimetres to eithor wile, especiully along the hoofs, The variation on the soft
patts of the foot, between the hoots and the heel part are of course much wider, Because the
hoofs are not fixed on the foot, moderate shifts n position of one or more of the hoofs was
ullowed. The front hoof might bu shifted o the left or right and the side hoofs can be rotared
for § o 6 centimetros around the centre of the font and cin alio be shifted one or two centi-
meties in- or omtwand (e the Tgnres 3019 and 3,20, showing outhne loowings that wees con-
sidured to have o good fie)., These variations in thy position of the hoofs age miinly caused by
soil type and the animal's mavement (see chaprer 3,52 und 3.5.3). By moving the sheets of
outline drawings on top of one another one can see fairly easily whether differences in position
are within reasonable limits or not. Fspecially on the sharp postetior edge and around the tips
of the hoofs, the lines should not deviate more thun one or two millimetres and only for part of
the curve, in gond costs.

When the nuiline drawings of casts were comsidesed 1o bave a good Fir their condition
was reviewed to see i the casts wore of comparable quality il made under comparable condi-
tions. If there was no good fit, the casts wer: checked 1o see if this could have been caused by
imperfections or deformations in the casts. The form of the sol and the hoofs, and the pusition
of the hoofs are important criteria, ax well as minar features like the development of the basal
ledges and the cuevature of the plantar surfac

When compaeing ontline drawiigs o casts, rhe condition of the casts s ol prime imipo -
ance, 1o juilge whothee differencas aeflee ronl differences in the foor thae pde the prine o
ate coused by external factors such as soil condition, The variation in size borween casts fiom
the same track can be considerable and many aspects of the form of the foot can only be ween
in some of the casts. Whether a difference in size or form of the cast is significant will depend
vety much on the quality of the plastercast. For example a difference of only 2 mm in the
width of the front heof might be significant when the casts are very good and sharp, but with
lesi pood casts tracks Trom the saune animal might viay by as moch us 10 mm,

Therfore one can never rely om just oone chancrtenstie, buromen consider all aspears
of dimension and form before deciding whether o5 not the ca could huve been made by the
same pair of feet, le. by the sume thino. Here experience helps with judgement. Serting and
identification of plastercasts is a slow and exacting process with some casts identified easily
and others allocated 1o 4 series only after long wnd coatinuous exumination.

When sets wore seeognized to be similar they were sllocated 1o the sime series, 11 a s
of casts was found to by differam from the st ol abe series, o was temoved from the ser
and chicked against other serivs, Sories were continuously re-assessed and soeveral timoes othe
evidence indicated that one series contained tracks of two animals, For example, in a certain
petiod tracks of this seties were found with a calf, while other tracks without a calf were
found, ar tracks were found at widely separated locations at shout the same time, Circumstances
liker this proved that certain sets conld not be from the same animal und that the series should
be split, even though the teaeks woere similar. Morpliological differinees aloni: waere sometimes
insulficient vo justify splitting # series, Sometimes s better casts became available minor dif-
ferencis were detvcted between suts and a serics was split.

The process of sorting and identification came to an end when further compirisons failed
to teveal more abberrent sets or series that should be split or merged. Al aspects had been
considered and weighed carefully and repeatedly. All good sets were placed in serivs that showed
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good  homogonity o reusonable  modification with age, und were  usmbiguously  distinet from
o another, At the end ol the procest s weee abways the same sots, wostly ncomplote and
made {rom very old tracks, thut posed problems in the identification, During the last roview,
when all series were laid out and compared for the last time, a decision was made concerning
all doubtful cases and from that moment on the identification was not changed anymore.

In toral 39 different series, representing tracks of 39 individual rhinos, were represented
in the plaster collection and from these records information was obtained distribution and
ceology of the Samatran rhino as described in chapters 4 1o 8. It is impossible to describe all
sets of casts with reasons for the identification, but in the next chuprars the formation of one
exemplary scries will be described in detnil and its churacrersitics will be compared with &
number of other series.

in chapter 3.9 some recommendations will be given for future studies in which plastercast
identification may be attempted.

4
:
:

Figure 3.8 - stereogrophic modet of a foot ond hoofs, illustroting the plenes and axes thot
can be wied o describe the form of the foot and showing the wusugl or normal positions of
the sole 1nd hoofs
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3.5 - Characteristics and variability shown in the casts
3.5.1 - Genesal characteristics

In this chapter the wanous charactenstics oi size. shape and position of the foot and th:-
hoofs, as wsible in the casts, will be described. Some of the different forms and postures .arv
tllustented with stervophatographs and drawings of example casts. Since nu previous study had
attempted to ideatify individual animals from plastercasts i1 wai very much o fluestion of rtrial
and error to develop a suitable technique [or comparing runts taken at different times und
on different soils and places. The technique of comparison and the importancr of the varions
charactenstics of the castv were learned during the sorting of the casts und therefore the sori-
ing procedure has been explained first.

Size 15 an important characternistic and m the tracks in the field one can casily istingurh
four to five size classes, brade: the very mall ponts of calves. This is about a- much s can
be distinguished by measuning the width of the print. The caits themselve: could masily bee onepe
arated into size classes. Later the size and dimensions of the casts were usid by companng the
outline: drawings {see the previous chapter amt chapters 3.6.1 and 3.6.2, where u whole seiius s
discussed). Another aspect of size, the stundird measurements. were not used (o identily he
casts, but only afterwards to evaluate their usefulness in cen.ussing rhino.

The: type of the soil and the movement of the amnmal affect the form and the size of the
cast. Within .ne set the values of the standard measuremoents vary botween the casts and within
one serie- the vanation 1o even larger. In figure 104 in chapter 10 the vanabihity found i onc
set (42) and within the wnes (520) is shown graphically. The ifference. hotween the lLarget
and the dmullest values in one set may be o much as 108 (6 o for thee width of the front
hoof, 39 mm for the span, 28 mm for the volo, ete.) wnd the viriation in the whole serne
lies betwoen 15% and 30%. For the computisan of individunl ciitn these values are not very
useful.

Figure 3.8 is a stereographic model of a typical cast und of typical hoof: in the mont
common or normal position, -howing the planes and axes that ~an be used t5 Jescnbe its form.
The arrows indicate deviations from the normal pesition. An abnormal pration of the foct o
hoofs in the cast can often b explained by the terrain or the movement o1 the animai, but in
some serie: there are more consistent deviations in the position of the foor. In some the trans-
varsal plime s genersdly oot pardlet to the harizontal plase {the flat backsid: of the cast is
the horizontal plane). In a few serivs the fom appears ro be ecither more inclined towards the
front hoof, with the forrr purt of the print being decper, or tawards the heel. In ather series the:
foot shows an inclination towards one of the side hoofs or the front hoof s shifted sidewards
with tespect to the sole and the side hoof-. These deviations from the normal position, prb-
ably caused by differences in gait or in the way the animal puts weight on the foot. are rela
twely rare and often of hmited importance for the identification, because larger deformation:
can b caued by terrain ot movement and mark the suppoicd asymmetry of thy [t

The print of the: fhexible sole of the fom is not very distictive; s form Lergely e
termined by the soil wnd thee tvpe of meviment. The only usoful climcterizie is U ratio of
length 1o width. Some prints have a rather Jong and nuirow foom (Sce the strerenphotograph «of
cast 78.2 |. (series 140) in figure 3.24), with a long nurrow portion in front f the side hoofs;
others are short and broad, with a short, somewhat tapenng, front pottion (Sce the stereophato-
graphs f a1t 38.1 1 (scne- 840) in figure 3.24).

One of the mast ampretant characteriitic of the font 1 the positon of the hool:, with
fespect to one aaother amd o the midline of the foot. T'hii position s fuiely onstant, wven
when the funt is deformed. It is also vne of the few chaucteristics geuerally visible in bwl
priats, anl it is therefure of great importne: for the identification af the less than perfect
prints, that form a subsiantial pan of the callection.

The front hoof genernlly makes an aople of abour 457 wih the  tran: veral piane (See
figure 3.8 and the stereophitographs of s 49.7 U (sericn 520) i figuee 3.9 and 381 1 (senie
840) n tigure 3.24). Bur n some enes this angle s conmderably smaller (S the stereophoto-
graph of cast 78.2 L {series 140) in figure 3.24), in others larger (See the stercophotographs of
cast 7013 K (series 196) in [igure 3.24 and vast. 26.3 L (serie. 440) and 200.2 1. (ierins 440) in
ligure 3.14). In most soains the madline f the Trone boof v more or less in the sagittad plue,
bat in u lew series the Trone hoof s tleed towands the vide (See the sterenpboaopraph of e
58.3 R (eeries 296) in Ligure 3.25).

The vide hoofs show more variation in position. In most senes both side hoofs lic -vm
metncally on either side of the midline of the foot (Sce the tercophotograph: f asts 276.3 R
(senes 192)  figure 3,25, -er 49 (series 720) in figures 3.9. 3.12. 3.14. cast 38.1 | (-encs 830)
and cast 78.0 L (series 140) in figure 3.24), in others thete s clear asvmmetry. with oas hoof
lving in 2 different position from the other (Swe the stereophctographs of casts $8.3 R (series
296) i tigure 3.25, caswt 71.3 R (series 196) in figure 3.24, cast 26.3 R (scnies 440) and cast
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C00.3 R (senies 440) n figure 3.14). Sonctimes there 1o abo a hifference betwern the nght and
thee Inft foot,

The most common or notmal positton of the side bhoof is shown in figure 3.8, The plamac
annface of the hoof mukes an angle of about 502 with the transversal plane. and an angle of
aout 73¢ with the frontal plane. Fhe tangent line ur the middl- of the posterior rim makes
in angle of about 407 with the transvirsal plane. The normal position of the side hoofs is best
{-m.astrated in the stercophotograph of cast 276.3 R (senes 192) in figure 3.25.

In come scriei the tangent of the postenior edge 1s smatler. and the side hoots are point-
my forward (See the tereophotographs of cast 27.2 R (series 700) in figure 3.25), in achers
1o Jarger and the hoofs are pointing sulewird or upward (See the stvrenphotographs of casts
$8.3 R (series 296) in figure 3.25 amd cast 71.3 R (series 196) in figure 3.24). If the plancar
uiface makes a smaller angle with the transversal plane the prints wre flat (See the teoreo-
photographs of casis 38.1 L (series 840) in figure 3.24 and 259.1 L (scries 010) in figure 3.26),
o the angle is large the hoofs protrude more than w.ual from the plane of the sole (S the
tereophatographs of the casts $8.3 R (scries 296) in figure 3.25 and cast 71.3 R (:eries 196) in
figure 3.24).

The mist ugmibicant aspect of the pasivon of the side hoofs s the angle with thy frontal
plise, boecause ahic angle is upparently fairly constant and under most ciecumstances  clearly
vizible in o the print: and casts. o the most common or aormal position the planter surface,
u particular the tip half, makes an ungle of about 75'' with the front:l plane. which means that
the plantar surfaces of both side hoofs converge slightly toward the front hoof (See the stereo-
photograph of cast ’7¢.3 R (rencs 192) n figure 3.25). In some sencs the plantar - urfaces
£ nec or both of the hoofs converge more strongly (Scv the stereophotogriphs of ca-t- 58.3 R
(ner 296) in figure 3.25 and cast 71.3 R (series 196) in figure 3.24), in ther senes the pian-
tir ufaces of the ile hoofs are iimo-t parailel to r~ach other or there can even be  light
Awergence towaesd the front hoof (See the stereophotopraphs of casti of et 49 in Oigure: 3.9,
b2, 304).

The Torm ol the hoofs is very wnable. Apart from size the from hoofs vary in the ratio
hetween Jengeh and width, in the genensd outline of the nml, in the thickness of the nm, i the
levelopment of the lual ledge und the side lobes. Spme “how peculianitie: hike a pont ot notch
i the middle of the rnim. very thick ide lobes. 2 hollow plantar surface or acymmetry. To
lustrate the differinces and the rate of variation encountered. a front hoof from rach sories
s shown in appendix A.

The sid: hoofs show very much the same sort of ifferences, and drawings of 1 uelection
of these are also shown in appendix A. All drawings of th! hoofs are to size and based on the
outline drawings of the best casts (rom cuach suiies, with the stactne of the plantar aurface
shaded. The drawings arc idealised, an sometimes details were taken from other casts. Guneral-
ly less detail is visible on one single cast.

N two cast. are identical, not even those in the same set anl made by the am« [oot.
Even between two goold casts of the ~ams foot ther ure alwavs some Jdiffrrences in aze and
hape and for sorting 1t is very important to know how the form can be nfluenced by exteenal
wd steraad factors. One sheuld be able o see how the cust mught have Leoen deformed anl o
whit degree che cact still reflects the ariginal shape of the animal's faor. In due Inllowing
chaprers general account will be given of the kind of differcnces (that wer: asoted due to
cnviranmental factor:, c.g. soil condition, and the gradusl changes in shape that cin be wtinb-
uted to growin and aging or other factors that influence the shape of the rhino's fool. Same
characteristic serie:. will be described n detail.

External factor that nfluence the shape of the prnt and the caut are the sol - texture,
rompeation and movitun: - and che type of movement of the animal poeed, slope, o,
Changes in shape tuke place in young wmmals thiough geowth, bue were also found m (ull -grown
individuals, apprrently cuused by chunges in balince botwieen growth and wearing of the hools.
Oceasionally injurivs to one of the hoofs cuused chanpes in shape.

3.5.2 - Influence of the soil

Seane pemirke on the inflience of the sl on the prines b aleeady beea mnde ine e
chaprar on he selection and ebeaning of the prin (chapters 3.2.20 and 3,03} Here the nlfects
will b describeil in more detail and illustrated with some charactonstic examples from the
collection.

All the best casts came from prnts that were made in mci-t clavey soils, at places
where there was no litter or stones. A fine example »f such 2 cast 1= hown in figur: 3.9 (Set
49, series 520). This is one of the most perfect casts ever made and it can be assum-} that
thi frrm of the cast is a fairly precise copy of the foot of the rthinu. Suitable ssils with the
nght degree of plastucity wers only found in curtain plices and the predommant soils o the
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Figure 3.9 - “toreophotographs of three plostercosts mode in different types of sorl

A - An umdentifiable cast made in forest soil heavily mixed with plont remoins. Soils o0f
this type are common in the study arca ond good clear prints ore rarely found there

B - A cast {series 19%) made (n sond along o riverbank. The hoofs appear to be more massive
and fine detail cannot be seen

C - A neor perfect cast (series 520) made Jn fine moist clay. Soils with the right degree of
plasticity and free of litter ond stones arc only found in particular places, for instance around
wallows, sultlickz and on the major trails
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Figure 3.10  lereuphotograph of threr plastervasts of the sume ommal {scries 460} mode in
oils weth 1 different deygeer of firmnes:

A - A cast made in hard chalky soil neor o saltlick. The print is very flat with the hoofs pro-
truding little from the pilone of the sale

B - A cost made tn much sufter sof). The hoofs ore in the uswol posttion. Whenever possible
prints like this were sclected for casting

C - A cost made from a very deep print in very soft sail. The hoofs project for from the plane
of the sole and are in an unusuol vertical position
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Miamas were much e smtable Yor good and clear prts, The datk pst soils are upet-
Pedly Beavdly ixed with plant huoue wsl covered wath o thin bayer of e ey ae
penerlly crumby d seher spongy and casts token there show Tl dewil; often alio the
forn s bluteed breoause of the miture of these scils, A ypical example of w0 cast teken e such
2 noil gy shown o figuie 309 (ser 47 nddentifiabde ). Cast of this quality were penerndly unident-
ifiable and were oniv made in desparation when better prints coudd ne be found.

Prints left in the coarse sund by major rivers appear to be very good, because of the
miformity of the sand, but gencrally the casts turn out to be not very uweful. The prints are
difficult to clean without disturbing the print and the fine details do oot shaw in the coarse
~ind. Because some sand is cemented to rhe plaster the bhoofs appear o be much more massive
on casts made in sund than on casts snade in finer soils. A typical example of a cast made on
sandliank ademg the rivier s shown o figuee: 3.9 {Ser 162, series 195),

The firmness of the soil plays un important role in the form of the print. The firmer or
harder the soil the shallower the pring and the more the hoofs are forced into the same plane
with the sole. On really hard soils, like dried-our clay or saltcrusts round xalticks anly the tips
nf the hoofs are visible as short crescent-shaped imprints and the cenual part of the sole forms
a challow dmpression, These prints are wiweless for identification, because the base of the hoofs
are not wvisible. The sofrer the soil the more vertically the hoofs are placed and the more they
appent 1o project lrom the plane of the sale, In faitly firm soil the front bool bas irs planiue
sorlnee oo cluse 1o horizontal position, and the forapuee of thie solo is [k, The softer the
soil, the more thie front hool is placed i a verdeal position, and ultimuately virtoally wvertical.
In very soft soils the forvpart of the sole becomaes srrongly concave.

The infivence of soil firmness well demonstrated by the prints shown in figure 3.10
made {rom two sets found on the same expedition and assigned to the same series (sets 142 and
144, series 460). Cast 142.2 R was (ound in the hard chalky soil around one of the saltlick
thowmy a very flat pring, with the hoofs protruding little from the plane of the sote. The
middle pietare shows a cast - BEL2 K- of the foor o noamal position, in moist and moderite-
ly i soile The thitd pictire shows aoenst - L4400 Lo~ of a print that wiet mucle i daep, wet
and very =ofe seils Heee e hoofs ane snicking out veey Tac from abe phine ol the sole sd they
are inun unusund verrical position.

In figure 3.11 the three outline drawings of the same casts are shown superimposed {The
left foor reversed). Apart from the fact that the hurd sold prine is slightly narrower and longer,
all thiee outlines are sery similar, showing that the different positions of the hoofs are largely
compensated for when outline drawings are made. In genera) the use of outline drawings alluws
for casitr comparison of prints made under different soil nonditions.

1

It will be clene thar this can bive o grear nfluence on the dimonsions of the cant, ox
pecially on the widih of the print. Flynn & Abdullah {1983} icported thar tracks made in soft,
muddy soil were significantly larger than rracks made on firm ground, by as much as 2 1o 4
mm. For the Indian thino (Rhinocesos indicus) Laurie (1978) reported difierences of up 10 10 cm
in the width of foatprints of rhino tracked through wer and dry areas. However, measutements
taken from the <ame amimal's tracks made in hard and soft soil in the Mamas showed only very
slight differences. Thin can probably be explained by the different ways of measuring i the
twoe stdics, Measaring the width of the prine berwoen the tips of the hoofs with o paic of
callipers is likely to reduce the inflaence of ahe soil, oxeepr i extremely wet o3 sy soils.

Often one ol the hoots is forced into un unnmtural position by« stone or teeroot muler
the foot. Sumetimes very peculiar prints are wmaude, but ot is generally obwvious what has caused
the deformation and these casts do not pose specizl problems in identification. Similarly over-
lapping imprints of fore and hindfoot can create front hoof casts that appear to be unusually
wide t the casual obuerver.

The form ot the hoots as well ws of the whole pont s influencel by the fizmness of the
soil In sofr, wet soils, the hool prints wie considerably narrower und thinner, with w shaiper
wdges This {s probubly the result of o sucking action when the foot is lilted from the wot soil
and volupse of the soil vspeciully i very dewsp prinis,

The teduction in size of priote in sob soi s tnost noticeable g the widrh of the from
hoof, where the wirmtion can be cevern) mflimetres, A pocd  example ae illustrated in lipuren
3.9¢ and 3.12a, showing ereophotographs aof  several casts from  the same set. Cast 49.2 1
(figure 3.122) is « typical example of 4 print made in rather deep and soft soil, whereas cast
49,7 L. (figure 3.9¢} is mude by the sume foot in firmer soil. The hoofs of the cast in wet soft
sodl are slender wnd sharper than thone from the finmar soile o the aurline drawings of  these
casts, shown in nres 33, the difference in width ol the frosr hool s appirent Gelimost 10
i},

Brcanse the widih ol the from hood is one of the standard measurements, a simple expe-
ritment was cartied out to demonstrate the influsnce of the soil on this paurameter, A model of
1 Iront hoof was [ashioned from wood, attached ta a pole with a footstep, By standing on the
footstep the hoof model could be pressed into the sall, and then lifeed out with the pole,
thus suggesting the walk of 1 thino, Several series of lmprints were made in suitable plices, and
casts made from the hest imprints. After deving the casts were measured in the usual way.
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The width of the wrtifnoad front hoot was 9.0 mm. The Gt sene of it was made
womather dey yellow clay, aml the average wolth of the cases waer 06,98 o {(n- 5, wal. 1.72)
do L),

L am:(,nul.::uriw: mudie in wot sandy clay the average width wis odobb i (n=16
The last series was made in riher dry, bard samd and the avecage width was found ;:1 be 69,87
{n=18, -..d. i.l;U. The iowest vatue in al) three sries was 61,2 mm. the Lxu::“ﬂ was 73.2 mm )

_ venn prints made with an vhject of known ize - the wooden hoof - vary (unvn;‘e'lbl' i
wn.l(h, varitions which can bo atributed to the charmcror of the s0il il p’mlmlnrl'v. 'x‘l‘“uyllut
anital's movements, The prints made in drier soils are lairy close in size {0 2 m}n\‘ ,'.“ the
ofiginal Vhr,»nl. but the casts from soft woil are narrower - sometimes by §oom "w; ‘u:‘r\‘- - thi

the oiginal, Usually the surtace: of the cast shows the wnbvpe where it wa useddee o "
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i.5.3 - Influence of the type of movement

Ihe muost important influence on the form of the print is that ol slope of the terrain,
1here ate clear diffzrences in the position of the hoofs in relation to the slope. When a thino s
are

Aescending the side hoofs are spreadd cutward and backward, When ascends the side her

much more verticel, much closer 1o the sole and mote forwanl. The steeper the slope the more
peonounced the offect is. Prints made on lovel or shightly sloping terruin are intermedinte. Prings
n ascending tracks are much narrower and prints on descending tracks are wider than those on

el ground.

When a thino chunges ditection in its walk the symmetry of the foor can be distarced
with the front hocf shilied in the direction of the tumn. Also the speed of walking influences
the shape of the print. Most prints were taken from rhinos that apparently walked at leisure,
it some were taken from animals that were running. In the larter case the hoofs are more
than wmal splayed and jaojecting, while the sole s flatier or even concave, probably due 1o
grester pressure on the foot,

Guod examples of the influences 49, series 5§20,
tereaphotographs of which are shown in figures 3.9¢, 3.12 and 3144, Cast 49.7 (figure 3.9c),
v of the mest perfect casts ever found, was made in very (e plastic clay. G 349.3 1
(figure 3.12b) is a good cast, but made in softer soil, showing the more provounced  profiles,
Fast 49.2 L (figure 3.12a) was made in very soft soil, and shows the protruding hoofs and the
Aender and sharp rimmed appearance of casts taken from oo soft soils. The front hoof is ulso
cansiderubly mttrower than in the other prints. Cast 49.5 L (figure 3.12c) was made in rather
firm aoil, but on an ascending vack., The shortening and nirrowing of the proe during climbing
is obvious. Cast 49.60 R (figure 3.14a) was made in firm soil, but on a left bend of the trail.

In figure 3.13 the cutline drawings of these casty are shown, The Jdifferences between
19.7, om firm clay, and 49.3, from the soltee soil, are slight, with only o shift in position of
the boofs probably due v n meandering walk, The rast frone very soft soil (49.2) s shiglaly
Totsion caused by tuming (49.6, in teverse), and the compression

ol soil and movement are found in et

wider with narrower hoo
caused by climbing (49.5), are also reflected in the cutline drawings,

The type of movement influences the print width, Flynn & Abdullah (1983) analysed sev-
eral series of pring witlth meusursments made undes ifferent conlitions, e a trck series of
animals walking uphill the width measutement distributions tended to be skewed to the right,

and when walking downhil) the distributions tended to be skewed to the left. Similar results
wer: shown by a series of print width measurements made during this study. Some examples are
shownt in teble | balow. For cach series the measmements were made on different parts of the

same track.

Table €: tnfluencr: of slopr nn the width of thino fontprints, (sizes in mm)
standard deviation

number mean

series 108 descending 9 222.6 4.4
horizontal 12 221.7 10.7

ascending 18 182.7 5.3

series 520 descending 5 217 7.4
slightly asc 18 207 .5

strongly ase. 10 189.¢ 13.4

series 196 descending 10 2193 1.9
slightly asc. ] 203.6 10.0

strongly asc. 10 196.1 10.0

Descending tracks age slightly wider than horizontal or ascending tracks on 2 slight
slope, und climbing trucks are considorably narrower, This i claarly visible, also in the field,
and is explained by the surying burden on the hools, that lorces them apan in descent and into
a more forward and inward position for ascent. For track measurements one should ther:fure
select level or gently sloping terrain if possible. For choice no tracks should be casted or

mensund on slopes steoper than aboue 10 degrees,
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3.5.4  CGradual changes in izl shape

The changes in wze and hape of the fotpong of the growing oot are di-cuseod in chayi-
ter 4.1. Here the hanges that were teervid m the footgnints of full crown rhin . will Le
analysol. From the beginning it was snucipit-d that cereain rhanges mght ovcur. [he form of
the heof 3s the result of its groweh und the rare of wernng down through contact with the
ground. When both counteracung forces are conotant the resulting shage f the hoof will sis: be
vonstant. out when they are n .t constant, changes in hape ~an be rxpocted. The jrowth ot the
toof will b ntluenced by the condition of the animod, and wear will b influenco.d by geound
comlitions and by the wctivity puttern of the thina, Although it was vxpected that thy -hipe of
the fonr of full yrown thinns would temmn - ontially the ame ver the relatively hort peena
of the tudy, - hanges i certun aspt of the poat were anteapared and Junng the final o
ing it became obvious thur thiz wag .

Such changes are best illustrated in sernes 440, one of the females that nursed a calf in
the northern coner f the tedy area. Froom this thano seveal o mpldete ot with generally
gkl st were swadabile and ddentification was anked by the presensc of 4 alf from che 7th
U e 10th cxpedition. Two s, bt bty belanged 1o thes sereen, won- foomd fom
before the call was bon. AL matenud until the 10th cxpedition wie very oniform and - howed
sgveral typical features, establishing the animal's identity bevond doubt. But mitially 1t seemed
we hid no casts from this femaie after the 1lth expoilition, when her infant had become inds -
pendent. Gond chino prints were fouml Tuer in the sie area, virtually on the Come ool leashing
north from the saltlick at camp Uning, but they -comed -uificontly, Wfferont to I o las ahied
as ansther rhin.

Closer »xamuuttion revealed that theie were real Jdifferences (the vasts wire of such
quality that che differences could ant be explined stherwise), but that they wers caused by
nly ne parameter. the length and [tm of the side hoofs. In all oth:: aspects (overall size,
front hoof, the rather prculiar position of the side haofs) they were jdentical and st seemed
like:ly that they wore susle by the same Geamado, Lot that the length sl tora of the dide haoly
had chunged over the cousse ot time. When the shape of the wde ol i the older oot wan,
tudied more carefully, «t wa. found that the lngth of the hoofs howed s yradual reduction
in_length from one »xpedition 1o the next anl the Lier senes was merely 2 continuation of
this process. 1t was therelore conclwbed that the earlier and the later sets wore male by the
same thinocero., and bith -erics were merged.

In figure 3.15 the outlines of the best sude hoofs from each .t are micturcd. The Ieft
foot prints wer: chosen becaus they form a more camplets: scquence of good casts. It is clear
from the figure that the latern] hoof thows murker changes in shape, while the moedian hoof
remam more or less censtant. In the carliest sets the lateral he of i long and has a wery wide
tip, becoming mare tangular an the 9th and 10th cxpedition and horter and broader m the
later oxpeditions. It appears that it becomis more rounded ugain in che 16th expedition.  In
figures 3.14b und 3.14¢ a stescophotograph of an carly print of eries 440 (26.3 1., expeidition 4),
and vne of the later cavts of this vorees (2002 1, expediticn 13) are shown,

Serres 410 15 by far the best Jdocumented series i which an apparent change in hape has
vaken plyce, L e was alie faand in other weries. In et 158 very l‘nm««.clmnuv in the
tength o the vbe hink was Found, o the Literad as woll as the seadinn hoof. A simtbar effect
was aotedan cenes U960 but only in oo hool. Pant. belonging to both s were ~nly fund
ne ooy mtervals, Same ol the oquences of soly hoof profiles e shown o figues 3160 All Show
un extreme shorening o the bongth of rhe haofi, Inothe right foot of ceries 158 the np of e
lateral hoof ha. appatently biriken off. This v also vitabl: - the other casts «f this -et. M5t
of these cast: were kept n separate -i-ries unul good proof of the -wcurrence of changes in e
in side hoofs was found in senes 440, Then thewe other casts woeee also fe-examined anid severtinl
problem: of ideutification could be elinred up.

Injuties 1o the hoof were found relatively celdem. In enies 155 the ft foot shows a
motch an the poterior nm of toth the aide hoofs from the 10th expedition. In sbsequent expe -
dichor abus deselopod it n araight or slightly hollow section i the odge, but m the toth
expeditien thee cdge again chowed the usual curve, Sequinces of profili of eric 155 are shown
o figure 3017 Sumilar notches were ccen o ame f the hools from the Bog:r Muscum. One of
the Cilves bad 4 lurge chunk, the musdian quitter, of the froat haof broken off whin it wis
sbout 6 monthy old. On the next exprdition, about three manths later, this injury was stifl
faintly vizible 1s a flattened off part of the rim. but two months lster the [ront hiof had o
ancmd round- profile.

Ene comgitrison v figner 317 (Jower raw) an arrangemient of side hoof profiles »f all the
casts vl set Y is anchded, ihamonstiating onev mare the atinbility in casts from the same
hool. Al latera]l heot o oF bath deft and right foor, ane pictured (Those of the right foot ir
reverse | for comparion). The curve of Che edi 1z very imilar in most drawing-, excopt for the
lower fuert of the hoof. the buse of the hoof 1w wiually Ygs wedl prescived in th: print, and thin
part . mors lhoxible. The thin odge f the hiof is o ually [airly constanr. tur the l'u:ni paﬁ

s an urve and bengehe Inooovie 4907 the oo sl ledge appears 1o be o much hyher, bur that
prebably an crer, becau e e dedge oo hardly asible nothe et (See figurs 30124).0 Also the
profibee Sf 8200 amd 4900w Bfferents Cast 900 b a0 little pomt oear the tpoand 4904 1
limger andd mare forwardly curved. Both aberranons are caused by a forward eag of the fuot
from the place of 7t. Thi- +. fairly common and the hocfs cut a furrow v the soil, that s
iso filled weuth plaster Jdusing the cazting. The wup and the anreror wdge of the sile hoofs ar.
then often not cleacly visible, causing wberrations in the outhie: drawings as demonsrrated here.

Because :ubstantial changes in -hape of the side heofs ace apparently not uausual, sequen-
e: of sule boof profiles were so made for ome of the bettor series that il not thow clear
ctingee. Two of these are Shown i higure 318 (senes 320 and 610). Serios 520 wan found o
bow woslight chonening of thee sl hoofs, wed ae o stage of the sortag proces: this leil
veothe cplitame ap of thas cenien (sec chaprer 3.601) Inoseroe. 610 o change in length can be
letecteod, bue it appears that the peofide s mese tnangular s the bl cases nd moe cunded
mothe lager et

A few ol the tuthues donot T veey well in the serien B oeies 520 st 6603 s longer
ind cart 120 -horter than the rest. Both are cast fron old tracks, cust 66.3 made in rather
moist -l and the up f the hooi 1 not very well poosered. Cast 120 war made i hazd ol
el pued much cleamng el restomuoen before the cacting, and the tpe of the hoof  was
probabily aoe cleancd o salficiently. Inoaeries 610 vise 7900 1 lgper with o brogder ip, lan
this hiret 1z a leuable prnt with parts of the prnt of the fortot alsy presensed and a0 = Gt
cule to wce when: the up of the hindfoor hoot -hould be locat-d.

1 oaveme that large changes take place only in the sble hoofs f some of the individunls,
In no ceries wiee y oaotable change observed in the size o shape of the frone hool, 1t ke
pprar- that changes in chape of side hoofs are more cemmon in females than males, and were
never cen i the tracks of young or sub-adults. Such changr- might b reluited o pregnancy,
because both cries 440 (figure 3.15) and 158 (figure 3.16) have the longest hoofs belore birth
or when the calf is sull young and much shorter hools by the time the young is independunt
and in series 440 it seems that the hiofs are again a little longer later. The female:. have Jif-
ferent ranges when they are with . calf and probably their acuvity pattern 15 also different
then (see chuprer S.0.0): this could shifr che balanee between owth aml wear of the hoofs,

Ihe chmate prabably )¢ plays an imponant code i the trends in hoof - hape leseribier)
abore. It 15 well known that the groweh and rehency of the horse's hoof s greatly mfluenced
by maisture. In o mast climute, when the ground is -oft and muddy, the hoofs apprac o grow
more rapidly, Lat they also become wiuker, more pliable and less dasvie than normael, and
they tend to s their most efficient shape. The moisture cawes the homn tubules "o lcosen and
the hoof is subject to injurv. Also the type of food avalable to the horse 1s known 1 influence
the quality of the homn and thus the shape of the hoofs (Emery, Miller & Van Hoosen, 1977).

The amount of rainfall and the duration o€ 1l iy poriods varics considerably from yreac
to year in the Gunung Leuser arex. In some years the soil will probibly never Jdry out. in others
the sl can be dry and hard for a few months at a4 time. The very long side hoofs were only
found in che fiese half of vhe siudy, but smce detailed weather records are not avaidabie, no
correlation can be made. In the first halt of the study there was certainly more rain during the
expelitions than in the -econd half, but that caould b complence. Rainfall in Ketambe was
fairly high i 1974 (c.a. 3450 mm) and 1975 (3591 mm. 221 rain Jdays), asbout average in 1976
(3260 wm, 211 rain dnys), 1977 (3192 man, 112 rwin ddays) and 1978 (3126 s, 193 rain days)
and low an 1979 (1980 mm, 206 days). 1t could be that the occurtence of excessively long svle
hoofs 1s causrd by a prolanged penod of umnterrupted wer ol conditinns in 1974 and 1975,
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Fiqure 3.1 - Stereoptintographs of plastercasts

A - A cast made on o left bend of the trail, showing distortion of the foot. This is a rather
exceptional cast, normally tarsion is much less obvious (Series 520)

8 - A cast of an eorly print of series 440, showing long ond slender broad-tipped side hoofs.
Compare with the photograph below

C - A cost of a later print of the same series 440, with much shorter triangular hoofs. Compare
with the figure above. From the period in between a series of casts is availeble, showing a
gradual ¢hange from the fong and siender hoofs to the shorter triangular type (see figure 3.15)
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Figure 3.1 - Chronolugical series of aide hoof profiles of the lelt fool custs of serwes 440,
Aft median hoof profiles ure very similar, but the laterol honf shows o marked change in shope,
from long broad-tipped to short trianguise ond later again womewhat longer. [n ot other aspects
the costs are identical and were certoinly made by the <ume anural Sterrophotographs of the
a5ty 26,3 ang 200.2 are shown n figure Lta
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Fiqure 3.16 - Chronological series of side hoof proliles showing extreme changes in shape with
time. Jn serics 158 the shartening af the side hoofs occurred in all hoofs, in szries 296 oanly
it the fateral hoa{ of the {=ft foot. The tip of the iaterai hoof of the ight foot of series 158
his apparently broken off shortly before the third expedition
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Figure 3.17 - Chronological series of sid: hoof profiles of serics 155, showing a change in shape
coused by an infury to the hoofs. A conspicuous notch s visible in the rim of both side hoofs
of the left foot during the tenth :xpedition, !n subscquent expeditions it is gradually worn away.
The lower row shows afl foteral hoof profiles of szt 49 for comparisan. AJ) -osts were made
of one track, demonstrating the variobility of the profiles in costs made of the same foot.
Stereophotographs of most of these casts ore shown in figures J.9¢, 3.12 and 3.140. The major
differences between the profiles can bc explained by imperfections in the costs
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Figure 3.18 - Chronologicai series of side hoof profiles of two serics that 4id not show a large
change in shape. I serics 520 there appears o be o slight shortening of the hoois (This Jed
initially to a splitting of this serics - see chapter 3.6.1), ond in serics 610 the hoof appears
to be mor: trionquior in the earlier ond mure roanded in the later costs. The few aberrant
profiles are cuused by imperfections in the casts

3.6 - An illustrative example

3.6.1 - Formation of an exemplary series

b

will

Some aspects of what has been written in the previous pages illustrated here
with a description of the process of formation of one series. The scle - 320 - is
one of the largest aml moest complete series availuble. A number of stercophutographs of casts
from this scries are wed for jlusteation in the previous chapters. In this il the  foilowing
chapter the formation of 1his snodel series is doscribed and compared with siveal other series,
to illustrate the natuen of 1he differences,

Rhino 520 has been found on all expeditions, with the exception wf the 3rd and Sth, in
the arer east of Caomp Acch. The anunal's footprints wero called “squure becussie of the squar-
ish form of the foot and the {ront heof (see the stesceophotographs of set 49 in figares 3.9c,
3.12, 3.14a) and already in the early stages of the study these casts were tecognised as being
distinct and probably made by cne and the same rthino. They were often recognisable in the
field, mainly because of the parallel ot even slighdy diverging position of the side hoofs, a
comparatively rure phenomenon, The casts were easily picked out duning the preseiection and
during the sorting process this series has been laid out maay times for comparison with other
series or to check the homogenity of the series, Because this seties is so well represented in
the collection and trucks were often found in different places during one expedition, the possi-
bility of mor: 1han one thino with similar prints could uot be ruled out. Thuerofore this series
was serutinized for slight differencos between the sers thae would justify the sepuration into 1wo
or mote differont wedes,

The only differences that could b fownd were slight differences in the position and the
length of the side hoofs, and in the width of the front hoof. Based on these differences at
one stage three diffcrent series were made. One sub-series (A) had rather long and thick and
slightly diverging side hoofs and a large sgquarish front hoof. The second sub-series (B) differed
in having slightly shorter side hoofs, that were less diverging and more parailel to cach other.
The third sub-senies {C) had a narrower and Jes uare front hoof, and contained most of the
sats, The ranges of all three sub-series were completely overlapping.

The differences botween the series were so slight that it was often difficult to assign a
set to one of them, and in some cases that was even impossible. This is illustrated in figure
3.19, that shows outline deawings of the best casts, three of each sub-serivs. The solid lines are
from earlicr sets of the sub-series A, the long dashes are from later sets of rhe sub-series B,
and the smail dashes are from casts of the sub-scries C. Apart from the slightly greater length
of the side haofs in subi-seties A, the outlines wre viery simalur in size and shape. With increas-
ing insight ints the influence of soil and movement ua the prints, and after the siudy of orher
scrics had shown that the length of hoofs can chung: in the course of rime, a revision was
needed. The series were laid out once more amd casts and outline drawings were compared
again.

It was found that differences in length of side hoofs do exist, but the longer hoofs are
found onlv in the older sets, and the later sets do not show a difference i side hool length
between the sub-seriex. The differences in position of the side hoofs are so slight that they are
often less than cthe variation that is found between casts of one set, and the differences in
width of the front hoots are also not significant, All casts with a narrow front hoof were obvi-
ously made in mther soft soil, which accounts tor the reduced width (see chapter 3.5.2). There-
fore it was conclwlded that all sets wers probably made by one rhinocuros and the three series
were merged into serios 520, in which the side hoofs show u small reduction in lungth rhroughout
the study {son figure 3.18),

In ligure 3.20 the amount of variation thmt was found in the nutlin: drawings of series
520 is illustrated. In the lower drawing the nutlines, without the plantar ledges aund the basal
line, of the ten bt casts of the left foot are superimposed, so that they show the most
compiete overlap, The outline of the front honf was placed in the same position and the outline
rotated around that position until the bost overlup of the side hoofs was attained, The lefr foot
casts were chosen because in some sets they are better and more complete than the right foot
casts. In the upper figure the outline of the best cast (cast 49.7 L) s drawn with the tips of
the hoofs from all 37 complete left foot prnnts in the series (the dots). They were superimposed
in the same way as the outlines in the lower druwing.

From this figure it will be clear that there 15 considerable variation in the position of the
side hoofs, as has bren explained :lready in chapters 3.5.2 and 3.5.3, probably caused largely by
external forces. But the variation in the direction of the |ength of the hoof is relatively small,
compared to the varintion in the direction perpendiculur to the lengeh axis. Most dots are lo-
cated in a mar: or less crescent-shaped urea, 5 - 6 centimetees long and | - 2 centimetres
wide. The shided uren in the upper figure covers SO % of the tips that are closise to the middle
or medial axis ot the whole group of dots. The outline aud the shaded aiea are shown also in
the figures 3.21 to 3.23, where this series is compured with other ser
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Figure 3.19 - Superimpased outline deawings of the three sub-series that were initially formed
fram the costs that were Jater qroupcd os weres 5200 This is the Jorgest ond maost complete
series and was chosen as a4 mode) series 1o explamn the differences that exist between the dif-
ferent series of casts., The oply difference between the three sab-serres woy o slight difference
in the length of the side haotfs (see also figure 3.18). Loter the differences werse found to be
inconsistent and most likely caused by o gradual shortersng of the hoofs (see also chupter 1.5.4),
and ail casts were merged inta one serjes

3.6.2 - Comparison with other series

To illustrate the nature of the differences found between the series, the model series 520
is compared with those series with which it has a superficial resemblance, and with those series
that have an overiapping range in the study area. The comparison of the outline drawings is
illustrated in the figures 3.21 ta 3.23 where the outline of the best cast of series 520 (the thin
line} is overlaid with the outline of the best cast of the compared series {the bold line). The
shaded area covers the middle half of the positions of the tips oi the side hoofs. as in figure
3.20, of series 520. Thz dots represent the positions of the tips of the side hoofs of the other
series.

Figure 3.21 shows the outline ni series 520 in comparison with three series that show a
superficial resembiance to the modei seties, in the form and position of the hoofs, Series 191 is
the most similar series and the prints appear identical on fiest sight. The front hoof is wery
similar, rather thick rimmed, squarish, without thickened lobes or ledges. and aiso the form of
the side hoofs is very similar. The outlines shown in tigure 3.21 do not show any clear diffxr-
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Figure 3.20 - Outhine drawings of the model sertes 520, as used for comparison with other serics.
The lower figure shows the superimposed outfine drawings of the 10 best <asts of the serws.
The differences withun one series sre mawmly in the position of the side hoofs, caused by axternal
forees (see chopter 3.5). Similar pictures were obtained during the process of sorting by super-
imposing the outline dramwings an 1 light table. Smail secies of outline drawings could easily
be compared (n Uns monner,

The upper figure ~hows the compound dutline druowing of series 520, with the outline ol‘ the best
casts and the tips of the hoofs of the other casts, that were made to illustrote the differences
bdetween the varius series, s described n chapter 3.6.2. The same figurs s shown togethe”
with the compaund outline of other series in the figures 3.21 te 3.23
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once. The left side bool appears (0 b much broader in serics 191, bur chat is only so in this
cast, and js most likely o aberradion, The only consistent point of ditlegency between those wo
is the position ol the median side boof, thar is parallel (o slightly diverging in series 520
(see the stervophotographs of ser 49 in figures 3.9, 3.12, 3.14) and that is in the more nurmal
caonverging position in series 191 (see the stercophotograph of cust 35,0 Loin figure 3.26). A
dilference: like this cannot be seen on the outline drawings, but it is clearly visible on the casts,
even on the poor ones.,

In the multipie analysis of variunce of the standard measurements (see chapter 10} these
sarivs were found to be significantly different in the width of the front houl only (Surics 520:
mx 73.0 sl 2.4. Series 191: mx 75.0 sd 1.4). Arnother indication that those seiics are made by
different rhinos is their distribution in the field. Serivs 520 is found in the northen half of rhe
study aren, while 191 iy found it the southem paet, and botwern these two distribution contres
there is oo distancr: of theew kilomerres whore tiacks of this type were never [ound (o chapter
5.1.3).

Seties 192 was found only around the Pinus saltlicks, and is clearly different from series
520 in the position of the side hoofs, which are converging, and by the form and width of the
Tront hoof (see the sierecphiotograph of cast 276.3 R in figure 3.25b). The front hoof is charly
browler (mx 78.8 w1 1.5) and much morr roundid in shape, Series 192 shows maoie resemblance
with garics 191, amd alst their eanges are overlepping, making it dilficult 1 supurate the wtwo, N
is only the: shape and the width of the front hoof (the Jiffzrence was found to be significant)
together with u more diverging position of the lareral side hoof on the left foot that has led to
separation of these two series,

The thicd series char shows some resemblonce i gencral appenrance 1o series 520, s
series 880, found i the extecnie norh of the study ares. The front hoofs .are similur, bui the
prints ar: much smauller, which is also cleacrly :hown in the outline drawings (see also the
steseophotograph of cast 135 [ in figure 3.26b). Differences between these two series are clear
and unmistakeable. These series differ significantiy in the :pan of the print {series 320: mx
320.2 sd 9.7. Series 880: rux 305 sd «4.6).

Six other uerios have a range: that overlaps with the range of model series 520, The oute
lines of thesv series are shown in the figures 3.22 and 3.23, In geovral these series ate all
clearly diffcrent from serics 520, and this shows in the outlin: drawings. Seties 610 is much
larger in all aspects (significant differences in all stundanl measuremunts), with very flar hoofs
(see the stereophotographs of cast 259.1 L in figure 3.26c). Series 110 has u smalles widih {not
significant), but a peculiar and remarkably large front hoal (mx 83 sd 2.5. See the stereophoto-
graph of cast 198.1 L in figure 3.27a), which distinguishes it from all other series. Series 460
has wide and flar prines, resembling series 610, bur with much amaller [romt and side hoofs
(front hoof mx 69.0 sd 1.9. See the stereophotographs of the casts from sct 142 and 144 in
figur> 3.10). The diffvrences with rthe model series are clear (significantly differing in the width
of the front hoof), but the distinction between this series and the other serirs that have smail
hoots is much tess clexr.

Suries 199 bas a nuch smaller front hoof (mx 70 ad 1.1 ) thin serivs 520, but resimbles
this series in the form and the position of the hoofs. In size it resembles serins 460, but can be
distinguisheal on the form of the front hoof, which is squatish it Form (ospecially on the right
foot) and in the position of the side hoofs, I series 460 the luteral side hoof is strongly con-
vorgont, while in series 199 it is almost paradlol. The width of the print wos fownd th be sig-
nilicantly different (serins 460: mx 206.7 sd 12.7. Series 1990 mx 221 sd 5.7).

The: series 140 and 146 are both cleasly different in size from scries 520 (sce the storen-
photugraphs o casts 78.2 L in figure 3.24n and 210.1 L. in ligure 3.27b), but these small prints
are difficult to separute because tiwy shuw few spucinl churacteristics. Small differences in
shape aml position of the hoofs are vften the only characteristics available [or distinguishing
between individuals. The series 140 and 146 can oniy be -eparated with difficulty, on the front
hoof, which is slightly broader and shorter, mor: rounded and with » hollow plantar surface in
seties 146 (The front hoofs iiffer significantly in width. Series 140: mx 66 sd 1.5. Scries 146:
mx 68,2 5d 2.1). For the rest hey ar similar, The ringes of these two series are wljoining, but
un twn occasions (ks of borth serivs were founl far apant, whils in the area in between no
tracks of this type were found, anather indication that there are imbesd rwo rhioes with almost
identjcal footprints.

(Figure 3.21 - continued)

that is clearly broader and more rountled (see stereaphotegraph 3.25b and the front hoof draw -
ings i appendix A), Series 191 and 192 are found in the some areo and ure difficult to separ-
ate. They can be distinguished only on the size and shape of the front hoof and on th different
position of one of the side hoofs

Series 880 - The front hoof and general appeoronce are similar to series 520, but the costs
i Ihis series are clearly much smoller (see sterecphotagraph 3..6b)
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Figure 3.23 - Comparison of madel series 520 with three other series thot have overfopping
ranges. Compare ulvo the «tercophotagrophs of neries 520 tn figure 3.9¢ and those in the figures
3.26 ang 3.17

Series 199 - This series 15 rather simiar n form and pasition of the hoofs, but the frunt hoof
7s much smalicr (o stereophotograph of this series 15 not avuilabie). In size this .eries resembles
series 460 (figure 3.22), but they can be ieparuted on the form of the front hoof and on the
positian of the side hoofs

Series 140 - (n al! aspects much smaller than series 520 (see stereophotograph 3.240)

Teries T46 - in all asprcts much smaller than series 520 (see stereophotograph 3.27b). The small
prints TIke those of series 140 and 146 are difficult to svparate becouse they lock «lear distinc~
tive choracteristics, There are only small differences i the shape of the front hoof and in
the position of the side honfs



Fiqure 3.2%4 Jerenphotogrupte, of plosterc et Husteatiog dfferent shape and a2

A - Series 180. A foot with g relatwvely fong and narrow ale. with 3 1019 and zlend-r portion
befare the ~ide hoof:. The tront hoot on ) mor: harszontal no.ation than 1. normat. Fhe .1dg-
hoots are n 2 symmeien 6l positinn with repret ‘o the rrdlime

B - ferier 840. A foot with o relatively hurt i bhrood cote with 1 -hort tapering portion
before the side hoofs. The front houf 1. o the normal pusttion, moking un angle of about 450
with the transver-al plone. The ade ol are w2 ynmetrical porgtion with respect to the
midhne, but they are morr chned toward. the tran werral or turizoantal plane than is normol

C - Sertes i96. A foot with the front hoof more vertiral than i normal, making an angle of
more than 459 with the tronseersel plane. The ade hoofs ore gsymmetrically positioned uith
respect to the mudliny. they are i an unusuol vertical position and the plantar surfaces conuerge
<trongly toward: the front hoof
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Frgure 3.2 eceosuhatageephs of plaiteesasts, dwteatiog diffeeent chapre and size

A - Series 296. A foot hoof strongly tilted towards the ide. The ide hoofs are in an gsym-
netrical pa-ition with respect to the midhne. they are nore vertically placed :han - normal
and the plantar urface. ovaege trongly toward. Uie frant hoy

B . Seriee 192, A foot that a1 all y pects come. (losest to the -tondard ne overoge thino foot.
The hoof. arr in the normol position nd there are no peculiarities i form ar -hapr. This cast
408 used 3. 1 -tandard ‘or -omparion with ather .asts

C - Zerie: 700. A foot with the ide hoof: pointing mor~ forwnrd then s usuol. The boral Icdges
of the sidi hoof: are extremely thick. This is one of the most distinct crivs snd ea sly recog-
m2able from the ca:t: » well as from the prints in the “1eld
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A - Series 1L Differ, from seres 520 mainly i the position of the -tdv hoof.. The plontar
acfaees of the e hoofs of this Seetes are oftnied paratlel, amd oo e L0 they cleacly

ivergie

B - 5 ries 380. In genersl gppearance cather imiar to cries 5.0, but cich 3 tfferwt cront
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C - leries 610. 'n all aspeci. larger thor _cric
hoors. This rhino was alled 'flgtfoot'. In generar approrance this crrice o cBIY amar o e
840 (se ‘igure 1.ab), which . mailer in the width and b-ngth ot the srint. Both ¢ryes

only = seporat-d att-r rtuno 840 was ‘ound sith 1 calf
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Figure 3.27 trreophotograph. of plstercast. ‘or -omparr-¢n with the model eres ~20. Com-
par- wath the tereophotagrapn f  cric CC0 0 tigure )dc and e 3so the uthne lrawing.

N the frqure 301t 5.23

A - Series 110. A series with o very chorgcieristic brood front hoof. See also the front hoof
drawings 1 appendix A

B - Series "46. In all =spects much .maller than <eries 20, in general these .mall prints 1re
more difficult to «dentify than the larger prints. They lack diagnostic features, ond c~an anly
be separated on .mall diiferences i the form of the front hoof and in the position of the ade

hoofs

C - Series 400. A cast of a calf about 9 months old. See ulwo the drawings n chapter &

7



-3
2

n

3.7 - Final results of the plastercast identificatiop

Ny the ond of the sorting und identification process thece were 39 diffaant serivs, ropre-
senting 39 different thinos, in the plastercast collection, Among  these there were 8 cow and
cull pairs, with the calves bomn during the period of the study. In figure 3.28 the record of cach
thine throughout the period of the study is shown. arranged by sex and age class (For this ar-
rangement see chapters 4.2 and 4.3).

Most individuals were found on a number of aspeditions, but there were often lurge gaps
betwoen successive records, A few animals were found only once in 17 wxpuditions. The few
doubtful reeords in this table conceen sots of poor quality that conld not bu assigned with cer-
ity to A series,

From the total of 371 sety of « vollected during b siudy, 324 (87%) could bo iden-
tified with certainty, The st were cither classified as unidentifiable (22 sots) or were tonta-
tively assigned to a certain series (25 sets). These were invariably incompler: sets, sometimes
consisting of just one hoof cast, or cast of very poor quaiity that did not show any distinctive
characteristics. Alter identification of the casts a distribution map was made for each individual
thino, showing the coueie and direction of all the identified tracks, the wallows and the saidlicks
visited and the dates, The growth of the foot of the youny was studied and the possibilitios ol
sexing and ageing busud on footprints wrere considered. O the 39 unimals 8 were identified
ss Temales and 4 as males, there woere 9 adults of uncecinin sex and 17 swd-udults, 12 of which
were born during the peiod of the study.

in the rest of the study the animals that made cach series of tracks will be described
as 'rhino’, or ‘male’, female’, 'sub-adult! or ‘calf’, followed by the sernies number,

3.8 - FEvaluation of the method of plastercast analysis

Individual rhinos can be recognized {rom the form and size of their lootprints. Using the
techniques deseribed above with experience one can judge casts for possible aberratvions and
deformations, and from comparisons Jetermine whether two sets of casts from different tracks
ware made by the same rhino or by different rhinos. Although ther: are slight changes in foum
und growth of rhinos feet, most animal's tracks could be readily ideatified,

Each of the 39 series is based on gond piastercasts that clearly show distinctive charne-
ters and ofren supported by nther wvidonce. In fuct the sumber of 39 rhines in the study arca
is a minimum. Although a few casts could not Be allocated to a scries and might belong to
shinos not included in the 39 animais in the study area, with the existing large collection of
plastercasts it is unlikely that a regular resident of the study aresx could pass unnoticed. Any
thinos other than the 39 recognised individuais can only be iare visitors to the study area.

Because so much time and energy was spent on finding the tracks there was temptation
to try and identify them adl as far as possible. If a set is not assigned to a series, that record
is bost. If a cast is wiongly identifiod the st of the conclusions will bie based on false data,
Duubtind cases ween toviewed severnd times but some sets of cants ol 1o b xeluded ws i
wus impossible 1o assign them with any degree Sf ceruimy to o serios,

Proper identlication of all individusly can only be successful when o substantial number
of casts have been collected, Some thinos’' feet are similar in torm and size, and can only be
distinguished after comparison of several casts of good quality. For a few animals the form
ot the position of the hoofs is distinctive, but most casts do not show any striking features, and
the Jifforences betweun individuals are subtle. Since good prints are rare track analysis requires
long periods in the ficld. Quick resuits are not passiblu.

This i= well illusirared by .« preliminary sorting carried our after the 12th expedition
{progress report nr 8, 1978). The 400 plasicrcasts that were svailable ut that time were sored
by sight and comparing outline drawings of hoofs. Then 15 differeat series were made, wmong
which threc were cow and calf puairs, During the final sotting of the whole collection, from
the same material (see figure 3.28) 30 individuals could be recognised, among them 7 cow and
call pairs. Pactly this was due to the primitive method of comparison, but it was only after
many expeditions that there was sufficient good material to wurrant separation of series.

The feet of the Sumatran rhinoceros are variable enough to make individual recognition
possilide, cven on ponr plastercasts. Once tho tracks have been identified the whereabouts of the
different rhinos can b pinpointed. In a habitar where visual observations are almost impossible
this is a very valuabl: tool. Becausc tracks are pruserved for some timy if it does not rain,
footprints give information on what happened in the recent past. Studying rhino movements [rom
plastercasts of their tracks does not require expensive =quipmen: o: intsicate organization, but it
does tequite a large amount of plastercasts and a lengthy study. The method could be used
to study other large animals that are otherwise difficult to locate. The procedure followed in
this study was very time consuming, but it may be possible to symplify the track analysis (sce
chaptes 10).
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Figure 3.28 - The occurrence in the study area of the Jdifferent rhinocs recogmized i the ploster-
casts, throughout the period of the study

The results of teack identification ire in many i:pects similar ro rhose that can be ob-
tained by rudio-tigging animals, namely o series of locatiors nd dittes voncerning individual
animals, Truck analysis coquires more time and mwore energy, but the results ¢ be much more
extensive and cover a wirler study area, All animuls in a certain arer cen be wonitored, and
the tracks give information on the activities of the rhinos. Radio-tagging was not uitempred
in this study, becaus: of the risks to the animals and for financial reasons, wlthough it would
have provided a perfect countercheck on the identificution of the tracks.

3.9 - Recommendations for future wuse

Track studies with the help of plastercasts can be very useful for ecological field studies
on iarger animais, but it i{s not an easy nor quick procedure. The recommended procedures for
a simple census to istinguish individual animals and estimate the mmimum number present, wiil
be discussed in chapter 10, For a census a fow measutements and casts from front hoofs will be
sufficient (sew chapter 10), but for ncological stulies where one must recognize individual
animals every tiowe their tracks are found, one mnst use casts of complete foatprines,

The quality of the casts is of prime importance for successiul identification. Incomplete
sasts and those of poor quedity are very frustrating 10 work with, In the ficld one should take
pnough time to lollow fresh tracks until several good casis can he made. With old 1racks one s
dependent on luck to find wuitable prines, but with frosh tracks one can usually find a number of
good prints il one follows the animal's track, Two good casts of cach oot should be suificient,
but one should 11y to have enough plaster to make a few more if necessary. In the field it is
not always easy to see which prints are most suitable for casting and cast should be inspected
as soon as they are hard and can be lifted, so that more can be made if needed. If complete
ptints cannot be found 1t iy useful to make tome casts of single hoofs.

To o and idennfy casts with accuracy takes practice. The best wiy to accustom
oneself to the different forms and the vanability in plastetcasts is to make a larger number of
casts from a few :different tracks. While following the track one should make casts in different
soil types and on ditferent siope gradieats, a few at cach Incation to learn how soil and siope
influence the foem of tho casts, Later one should adways try to nvoid making custs from priats
in cxtreme pasitions of on less suitable soil types, but often there will be ditde chuice.

The sorting procedure in this study was hengthy and repetitious. Although it is good prac-
tice to start comparing casis as soon as possible, no reliable results can be expected beforz u
sizeable coitection is accumulated, probably 50 to 100 sets of good casts. Identification should
be revised and compitred throughout the study,

Outline drawings were found to be wvery useful for comparison. Casts can also be pre-
selected on size and certain peculiarities in form. Cow und calf pairs are often vcasy to separate
because there are two sets of tracks to compare, Single amimals can be sorted later, starting
with these with an extraordinary form of some part of the foot. The hardest part of the sorting
procedure is dealing with the many cast that show no distinctive characters,

After these first seloctions one should review the whole collection severat times, gradually
tefining the identificintion and placing the questionable casts. in this final stage of the sorting
other consideiations, like the time and place of finding, are taken into considiration. One should
pay special arrention to aberrant records, tracks found at odd places and times, and careful
comparison of casts from individuais which have largely overlapping ranges or seem to repiace
each other in time. Finally one should ~ompare all individuals whose fcet show some degree of
similarity or have overlapping ranges.




CHAPTER 4 - GROWTH AND AGING

When comparisons of plastercasts ane made wver a long span of time offects »f growth
and ageing of the foot cun be expected. Growth in young animals is obvious, but full-grown
animals are aiso likely to show some very slow growth and changss in form of the foot through
ageing. Because the breeding biology of the Sumatran rchinoceros is virtually unknown, much
attention was paid 1o 1he tracks o cows and calves, Tracks of cows with o calf have been
soddom reported previously (Mubbuck, 1939; Borner, 1979}, but during the present study o good
number of such tracks were encountered and several pairs could be followed for a long period.

The so:ting out of these cow and calf tracks was very difficult and time-consuming. As
long as the calf is uccompanying the mother it is fairly aasy o ideatify, but once the young
is independent distinguisbing its cracks from other small rracks is mwnch mowe diffisnlt. The
dilficulties were aggravated by the fact that some sets of casts included only a few examples
of calf prints, because the possibility of more than one cow and calf pair using aimost the same
area, was not anticipated during the fieid-work. Ofren to save on plaster only n few custs were
wasle of a cow and calf pair becaus: they w.re assumed to be identical to tracks found shortly
before; only later were they identified as made by different cows, both having a young of simi-
far age.

Ultimately eight cow and calf pairs could be recognised, and unother fuur calves were
ulready independant of the mothesr when found for thi first time, but [rom thuir sive they weee
obviously born during the period of the study.

4.1 - Growth of the foot of the calf

The form of the oot of the young Sumatran rhino has been :l:scribod and deawn by
Bartlett (1873), in his account of the birth of a young rhino on bourd a ship in the London
docks. At birth the hoofs are long and pointed and turned under the foot. Once the long points
ate worn away the proper form of the hoof can be seen. Unfortunately no size of the foot
or hoots is given, nor is there 1 scule to the figure of the fooe in the article, The newborn
animal is described as being "3 feet in length, and 2 feet high at the shoulder". Using this
scale for the drawing of the youngster, the feet will be something between 80 and 90 mm in
diameter, The drawing of the underside of the foor, published by Bartlett (1873), has been re-
drawn to this scale (85 mm diameter) in figure 4.2,

Once tracks of a newborn young were found (rhino 700 with calf 100). When first found
the tracks were very small, smatler than any calf track found before, and the f{ront hoof had a
temarkable squarish profile, as if the long down-turned point had just worn off. Older rracks of
the mother, who has a vety characteristic print, were found nearby, but not eccompanied by a
young, Thase tracks weres at most 12 days old, indicating thur the infum had begun acceompanying
the female only recently. Bartlett (1873) relates that the newborn rhino spent most of his time
sleeping in a dark place, so0 it is likely that they normally do not follow the mother the very
fiest days wfter birth, but remain hidden. Therefore the young was jwiged to be about 15 days
old when it was found for the first time (January 27, 1979, nxp. 14). Fresh iracks of the same
calf wire found cn the 15th expedition and old tracks were found on the 16th expedition.

From slightly older calves several series are available, but the best material is found in
series 400, call of rhino +40, und series 130, calf of chino 155, From series 400 good sets of
casts wite found three times while it wccompanied the cow, and another goml set was obrained
more than two yeurs after birth. From series 130 the material from the period that the voung
was following the mother 1v much less complete, but good sets are asvailable from around the
time thar the yosung s:purated from the vow. Cood muterind is also wwviilable from serios 410,
calfl of rhino 515, over & 1wo year periad after becoming indepeadent, These four sories soerve as
a reference for the evaluation of the less complete series of the other calves.

In figure 4.1 the growth curves of these four series (100,400,410,130) are shown, represen-
ted by the average width of the frint hoof, the width of the sole, the span, and the widih of
the print on each expedition. Thr curves of the scries ar: superimposed w0 that viwumlly the
best fit is attained. The horizontal axis shows the number of days since thi presumed date of
birth. The length of the print is not considered here, but it follows a similar curve. The age at
which tho young became independent is given for all the cow and calf pairs. The last record of
it cow anid a calf walking together and the [irst record of the cow or the calf moving indepen-
dently are shown,

For all the calves similar curves were made and these were compared with the cutves in
figure 4.1, to estimate the date ni birth. The presumcd dates of birth will be further discussed

77

N o BT PIART TR UALE frpy
(xe irembel §to sidger. '
ant berservert,

200

| Gpam of the priac

Jur] 1004

Yeuat heol w1100
A

2664 1atd

=
S
a

160 130{ d

cortas 10
200

L.£2 Y N

e

1hi490 | g0 A —t svrres 400
-
.
recers ef CLELE peeres 410
e ¢ tagetser it insenenient
wiTh the [ss 1R Lbw
-

P}

Ho s

Figure 4.1 - Growth of the foct of the colf, expressed in the growth-zurves observed in four
stondard measurements. The curves ooserved for four of the caives born during the study are
superimposed, o that the best fit is attained. The shaded uren, indicating the gpproximate vari-
ance i the wilues, was cketched o based on the growth curves of all calves. The bars in the
fower part of the figure indicate the prriod berween two successive records in which the colf
became independent. For comparison ¢ growth curve for the width of the fcot of the indian
rhino is odded.



Fiqure 4.2 ond 4.3
page) - Growth stages in the

foot

The foot of the newborn calf
is redrawn from Bartlett,
the other drowings are based
on the best cast
series 100 ond 400. ANl drawings £
are slightly reduced in size.

{opposite

the Sumatran rhino.
1873,

available in

(Series 100)

about 2 weeks old
(Series 100)

newborn
(After Bartlett, 1873)

B about 3 months old
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about 23 years old
(Secies 400)
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in chapter 6.3, here only the ageing aspects of the growth of the calves will be trented. All
growth curves of the eight cow and calf pasrs that were found at least once together (the date
of tirth can be estimated with wome accuracy), wore used to draw the shaded zones in figure
a1, that indicate the variation of the four footprint measurements against the time after bicch.
The shaded zon: is an approximation based on the aviilable poines. For compirison a growth
cucve of the prine width of the (ndian chino (Rhingcceros unicornis), based on measurements from
con animaly, v included in (ignre 4.1 {References in the Tigurel.

While the caif is still young and accompanies the mother the curves are steep and the
band is rather narrow. In this stage a track of a call can be aged rather accurately with the
help of this figure. But after independence the curves flatten and the variation is considerable,
making it inpossible to age tracks accurately on the size only. Nevertheless tracks of this age
sre still easily recognizable as bemng from a young animal. These young animals have not only
relatively small prines, especially small in the width of the front hoof and the print, but they
have ulio u different appesrunce. The hoofs, wspecially the side hoots, have a rather slender
form, with sharp chin edges, which are very smooth und regularly curved. The plantar suefaces
of the hoofs wre flat with only very fainc indicatinnt of ledges or lobes (sec the stereophoto-
graphs ol seros 460 in figure 3,10, series 140 in figuen 3.24, and seties 146 in figure 3.27),

As a (urther nid in tha ageing of the tracks of young thinos, sevesal growth-stages hive
been digwn te soade in the figures 4.2 and 4.3, based on the best casis wvailable in the collsc-
ticn. The drawing of the foot of the newborn caulf is an enlargement 1o scul: of the drawing
aiven by Bartiett (1873). The two-weeks and three-month old prints are from series 100, the
9_month (see also the stercophotograph of this cast in figure 3.27) and the 33-month prints

from jos 400, In figure 3.4 a drawing of one of the larger prints {male 610) is gien for
Cl]mpdfl&()n.
4.2 - Ape classes

While the age of vety young animals can be estimated to a few months on the size of the
footprint, for older animals only broad categoties can be indicated. For several of the longer
series similas growth curves have been made, and a regression analysis pecformed on the darta,
but no gowth rate for older animals could be obtained. The wariation is too large and the points
are located too far apart to give realistic outcomes in a regression analysis. Anyhow growth
appears i be very slow after the first two or three yvenrs. No differcnces could be szen in size
betwren surly and lite sers of the same serivs. This indicates that animals with very wide front
haofs and prints must be fairly old.

Comparing figure 4.1 and figure 4.5 shows that ut the age of about three yrars the maxi-
mum print sizes ate still much lowe: than the maxima for the adult amimals. This means that
the foot must grow considerably in later life, but it is not known whether this is a very gradual
process related oniy to age, or whether there is increased growth during certain life stages. Ob-
viously a wide front hoof and/or a wide print indicate advanced age. Other things that suggest
advanced age are peculiar shapes of the hoofs and a pronounced profile of che plantar surface,
with thick ndges and lobes. Very irregulae shapes of hoofs, like the front hoaf of series 810 (sce
the drawing of the front hoof in appendix A), suggest very old age or even senility.

An indication at what size of print adulthowd is reached can be Tound in those serios of
femudes known to be adult, Lecause they gave binth 1o a calf. The Jowest vidues found among
thise feralos were tentatively rogurded as the lower limits of the range of the adult unimuls,
Moreovir none of these cight females had the charucturistic appearance of u young thino, all
their prints wete cither considerably larger, or showed one or more peculiarities in the form of
the hoofs.

All series were classified to age considering the size and the shape, as has been described
above, Three catvgories were recognised: Juveniles - all calves born during the research period;
sub-idults - the juveniles after independence and animals born before the study period, but still
showing youngish characteristics in size and  shape amd peosumably not yeo participating in
reprosluction; ndults - all koown females and the other sories that showed cluncreristics siugges-
tive «f wdvanced age. Four wdults were classifiodl as "wiery old® because of the peculiar worn-
down lock of the hoofs. Most sorics were easily assigned to one of these categories and only

(opposite pugce)
Figure 4.4 - A (oot of a large adult rigle Sumatran rhino, based on o cast n series 610 (sec
afso the stercophotograph in fiqure 3.25) for compariiin with the figures 4.2 and 4.3.



four series (156,195,199 460) were intermedinte. After further examination seties 156 and 195
were added to the adult category and 199 and 460 were ncluded with the sub-adults,

In figure 4.5 the variation in size for each of the cutegories is shown. There s consider-
able averlap botween categories, with the exception of the front hooi which surprisingly shows
only a minor overlup ut 71 mm. Although this clear distinction is withouw doubt pactially acti-
ficial, it could b usefui as a field-characteristic to distinguich between sub-adult and adult
thinos. Anything over 71 mm is adult, anyching under it is young.

4.3 - Sex classes and sexuval differentiation in foutprint

For 8 of the 39 chinos the sex is known; they were females accompanied by 1 calf during
the study perixl. Others are suspeted to be males, because they were nol accompanied by
a calf. Sincr o fomale Sumatran thine nueses her calf for up 1o about 18 months and because
it may 1ake as long s three years before o female gets anotber calf {see chaprer 6.4), any
animal never accompanied by a call duding « period of at least theee yoars, without interrup-
tiens in the records longer than 18 months, was sumned to be a male. Four series (610, 191,
296, 520) qualify in this category. Other rhinos could be tentatively classificd as male or female
according to such criteriz as their distribution. occurrence and behaviour (see chapter 5.1.1
and 5.1.3). All 19 aduit rhinos were tentatively classed as male or female. Two thinos were
classificd with the 8 females and the other 7 shinos of unknown sex were tentativeiy grouped
with the 4 males.

The variations in the size of prints made by females and males are shown in figure 4.5
For all measurements the maximum values for the males wre slightly higher thin those for the
females, indicating that the males! prints ure genonilly somewhat larger. Print size is no morn
thun wn indication of sex, but this factor can be considered with other evidence.
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Nooapparent differences were (ugm! i foetn of the prints between the maje and the
female series, but e appeatred that the females often have 2 more irregular prine, with one ot
more of the hoofs baving an aberrant shape o position. Also the side vhoolf& are niten exception-
Aly long aml most of the examples of changes in length of these hoots (s L‘h-\pmr 3.5.4) were
fuund among the femades, The males hive o n)on:‘muulur symmetrical print, with mther \jmxul
and reguinrly shaped hoofs, Probnbly lhu.phy:;lulngu‘nl stress of pregnancy and factation influ-
ences the growth of the hoofs, resulting in 2 more up-uulur prowth -‘f‘d form of the foot.

Exumples of "rypical” mule and female footprints are shown in the steteophotographs of
females in sernies 440 (fignre 3,14} and 700 {figure 3.25) and of muies in seties 610 (flg\{re
1.26) and 191 (figure 3.26). On the other hand male 296 (figure 3.25) has a vory megzvzlar print
and showed a substantial change in size of the side hoof (it is h\lso'pmf;nhlv that (h}s animal
is wn fact a [emale, buc that it failed to reproduce nr that the call‘-hd not survive). The prints
of female 830 (Figure 3.24) and owde 610 (figure 3.26) are atmost identical an ‘{h.‘\p-:, f_lax with
broad roumded hoofs. The prines of the femuie are clearly smaller, but the similarity in shupv
was such thur initially they were not sepacrated until frmale 840 tumned up with w caif, while
the anioal mekiog the laeger prints was still travelling alone,
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CHAPTER S5 - DISTRIBUTION AND DENSITY

In this chapter the spatial and temporal distribution of the rhinos in the tudv area will
be dircussed. Basically two different wavs of analvsis have been used. Firstrlv‘ ] idenulu.-»I
tracks of each rhino have boen mapped. From these maps it s passible to compare the distebu-
tion Vof the different age un sox clisses, changes in distribunon over 1me and toeal 'nnA |
indivirdunl snimails. The averagse lensic of rthinos in the ~tudy aren was c'xlrllh\(."l f A l')
spatinl distribution o the various individuals, From the numtoer of frech (tincic‘ l:‘uniwlzn ll":
patrols on each scction it was possible to discover the party of the .tudy ;n'a m‘)‘( '¥i 't:‘
rhinos, and how often certain places such as saltlicks and wallows, are u:med> B one sl By

[n Lherfollowmg chapters the term ‘range’ will be used for the ar-e:l nver which the
tracks of one individuil rthing were recorded. To calenlate the size ol this range a pol on ,~
drawn joining the outermost records on the  individual distnbution  map (';0(: ghn n"r‘)ZEZO)" ’Y)"l-‘
area over which cach rhino vxtends 1ts daidy acusities over i long pcn;)d is rzgurvl-»& ;:; “‘
jhomnz range'. Obviously the range of -ach thino. s shown by its tracks may be anly a ”t‘
nis hm}ne':ﬁ.nge, burtzhe extent and location of the latter may be estimated by loo}llcing p;:!th’e

ze ge : + t {
i::x, the range, the diccetion of the cacks and the frequency of cccurcencr in the study

“ome thine, mainly mabes, use a4 part uf their home range more heavily, for which
the term ‘cote area’ will be used. The rest of the home @ange, which s oﬁlv oc‘casmmll Pﬂ"j
by the rhino, is called the 'prripheral aren’. The term 'centre’ of the home range u ; \clljl;b
the approximate &rographic middle of the estimared home range. Most rhinos use gau'c;[izser os
1o go 1o the saltlick. and these paits of the home range ar: called 'corridor’ to' the saholl‘l::ﬁs
;:r;::: (‘ lc:mal;:‘ m'nsmg a calf appears to occupy a1 different area from those rhe “ckcupn-sl 1
o imes, the home range of a femade i splic m a brecding' and a ‘non-breoding’ home

Aftee each uxpedition al) tracks found wiire mapped, Logether with collevtion numbaer:
Jates and oz»hgr relovant informaction. Throughout (he process nf‘somng casts rough maps }““:
mac!g sf individuals' movements. After the sorting a final map was mu‘l; for ~>k ch l:) s
cluding all records from the entire study. h paeh dinon-

5.1 - Distribution of the age and sex classes

) _The mapra‘pn‘semexl n figures 5.1 to 5.7 show the distribution of all indivilunds in
simplified] form. Teacks are indicated by a svmbol for each imlividual, ami where o track wa.-\
followz-d anoth:r symbol is placed every 500 metre... Suparate maps were made for the hfferenl‘
age and ex classe.. bFor female: two map. were made. gne showing the tanges while the: i
atone and another map for the prniod they were teccompanicd by . calf. Y mere
The fus; A% maps (figures 5.1 10 5.6) how the actul Toentions of animals, while th
seventh map (figure 5.7) shows 1he upproximate centre of the various home: ros .
saltlicks visited by vach rhino. + hom rankes und - the

5.1.1 - Distribution of the femnles and their calves

Finding track. of a thin accompanied by a4 young calf wa- wways an excitin i
moment, and pirtcalar attention was pad to those parts of chi study ;m-u whvn- “u o joymj:«
were known to tenide. It soon became lear that females with calves have a diff‘-r:- ::Mfi)‘g‘ “'Kllm’
tion puttern compared 1o other individual., Usually they were found in :ln-‘ \:nc‘mi( s n,! mlnl')ul;
which they visited relanively frequently. Tracks of the same cow and calf pair }:verc \ esa : Iﬁ
(?und ‘l:\V a qumber of places on one expedition, and when fresh tracks were found thegrenevrvirz
?nrer; a NT .o. track.s ll:! the same place, indicating repeated passage. Surprisingly uften the nurs-

g fem:le's cracks wete not of the woll-known imlividuais, but appeared 10 be now in the
area. When cow and calf separated tn calf normally remuined in the s ( the cow
seemed to leave the area. | ame ea but the cow

Comparing the distributions of the same femaies for che periods with (figure .2} and
without (figure 5.1) caif reveals considerible diffarences in therr ranging behaviour lzIn th 7 Jml
that they are without a calf, the femalo rhinos are found relatively selilom, (usua.ll).' in th: E?g’;l:‘r

H5

a0l the stwly aren, away from the bigger cwvers. [ they come lower Gt 1y gsuaily for o
quink wisit 10 alilick. Bat wath i call they ane much moro frequently louns At lpwer alticuiden
il from their sbundant tracks it o an be concluded that they make relitively frequent viate
to thee altlicks (see chaptes <.6).

fhe non-breeding females appear to prefer the ruiges and there i3 very hittle overlap in
ange between lilferent individuals. The non-breeding ranges of toe females are well separated
fsum euch other and they vem to be cvenly distributed over the anca. Non-breeding females
~nly come togethes near the -altlicks. but actual -weriap was minimal, because each rhino uses
1 profic cornd v to the lick and usually dor. not dewiate from this p:uh.‘ The range of rhino
195 (probably fumale) does not overlip with any of the other females (sce figure 5.6).

A breeding femal: with a call appears oosinft s snge 1o an area close o o salelick.,
Tten thev wie found frequently in e lower purts of the study nres, where the: siltlicks ane
Lated, The breeding ranges of the ¢ows show 1 onmderable overlap near the caithck: and ceverad
tme- uacks of two liffirent cow and calf patr. were [und very clre togedher at about the
catee Uime,

When comparing the distributiuns of the femaies with calf (figure 5.2) wuh the distnibu-
tiene, of the calves after separation (figure 5.3), it s appuent that the calwe: remain in or
ot the aren where they wandered with the cow. The cow atter -eparation presumably
fetreats (o 1ts non-breeding home range, ligher on the ndges. The call temain. for some time
{at least 2 to 3 years) in the area where it was found together with the cow. .n the lower
parti o the study area, close ta the saltlicks. Usiully the area nver winch it wandered with the
Cow 1 larger thun the ara it nceupics in the fust yuears of indepenrdence, but onci: independrns
2t also seems 1o explote wjncent arean probably for the first ume. The ranges of the indepen -
13t ahes -how considerabl: overlap. In sesernl instances tracks of twa or theer calves were
found within a few hundrelds of metres from one another, using the same trails. It could be that
in soms cases these calves were walking together 1 were f{ollowing one another's track, but
thuy certainly do not assoctate for longer prriods, or tracks of the same groups or couples
weuld hive been fiund more [requently together.

The following exampl will clanfv uvl illustrate the general obiervations made above.
Female 440 was found twice before giving birth ind four tunes ateer epasation from the yoiog,
anl her teack: during these preicds wope found exclusively «n the trail leading noat from sl
lick 1. Mostly the tracks followed the trmi clos:ly, indicating that the unimal was moving dulib-
erately to the saltlick. From her wandernng tracks found further north it was concluded that this
amimal usually ranges east ot the most northern extension of the study area. but regularly wisits
saltlick 1.

On the four occasion: when this female was found with calf 400, it was not anly travel-
ling along the northern route. but also east and south of saltlick 1. almost as tar as camp Acch.
Each ume the pair visited the saltlick, bur from different Jirections ind they did not retum
in the same direction but moved on to new arca. Their course wa- usually meandenng, often
leaving the main trails and wandering through the forest. Several uimes they descended to the
Mamas river, and occasionally swane for o short distance, but they never crossed over to the
west nide of the river.

Similatly female 700, a wsitor to salthck 2 was found threo times befure the birth
of her -alf. nd dwayvs i the northwe:t comer »f the study area. n 1 route leaving the ~tudy
tret. Che conseitently followed the same route overy timae, never dnviating one wtep from  the
teaid. With hor b all she was foundl twice away from this rowte, appeaching the salilick  trom
a dilferent direction. Both thuse lemales appear o have thee mam purts of their non-hrerding
home ranges o utside the tudv azea, entenng only to wisit o salthick. Accompanied by cilves
chey spend much more tme in the tudy area, presumably to remain in the vicinity of the ale-
licks.

Records for Female 840 show a different pattern. This smumal was found four umes
without caif, walking around west of camp Aceh (Jalan Sudirman area) und upsieeam of sabilick
3. outside the study area. Once she wa. found on the route along the Mamas, going to saltlick
1. Travetling with her calf (rhino 800) she was never found in the Jalan Sudirman area. althnugh
this aeea is patrolled every expedition, but only  around  saltlicks 1 and 2, apparently using
subtlick 1. This female's non -breeding homes g seems o oveglap 1 faie pare ol ths stwly
wea, from where ot frequents seldick 10 With culf he, 100, uppears o concentmte her aerivity
around the saltlick, and the breeding home sange is prolbly located along the Sunge: Matkus
because the tracks came from that direction.

The records for the foucth femide {(444) in the northern part of the study area are very
incomplete. She was only found a few times -ast of camp Aceh, on vxpedition 6 uccompanied
by a small enlf. No casts could be mudy: of the calf and the pair was never encountered ugiin.
During the 14th and later expeditions a voung rhino (445) turned up in the :ame atea, and
could well have been the young of 444. The femaie has ncver been found at a saltlick, but
because calf 445 visited saltlick I. it was assumoed that 344 goes there too.

The two femaies (rom the central pare f the study area (515 and 155) show dunucul
patteris. Without their calves they were seldom found, and onlv near the western boundiry
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of the study area, bur with call they were found over o large arex. Female 515 and call 410
visited sabilick 3 and wandered over the arsu between that saltlick and the Mamns river. Female
155 and calf 130 frequented saltlick § covering an arca betweon thau saltlick, camp Pawang and
camp Lukluk. Again both females appear to have their non-brecding runges largely outside the
study area, but with a caif they come down to the valicy and remain in an area adjaccnt 1o the
saltlicks.

Two females were found in the south. Female 196 and caif 200 where found fzirly fre-
quently, but only close to saltlick 6. They appeur to originate from the mountains west of tha
saltlick. The records of female 158 and calf 138 are rather scanty. They visited saltlick § and
were stherwise only found on the watershud berween Mamas and Silukluk, The female presum-
ably has u aou=breeding home range in an area north of samp Lukluk, crossing the study area
on the way to saltlick 5. The beoeding home ringe is probably ulso Lugely ouside the sty
arca, pessibly south and east of saldick 5.

Calf 400 was rarely found after independence, and then oaly on the nosthern rrail to
the saltlick 1, »nd also a Jittle f(urther south on the west bank of the Mamas, where the cow
was never found, Calf 100 was born late in the study and was still dopendent wi its conclusion.
The young sub-adult 840 was only found around saltlicks 1 and 2 where it wus abie found wich
its nothor 800, Young sub-adult 445 ranged over a rather large area, east of camp Aceh, an
area it had probably also wandered with the cow.

By far cthe most complete records are available for the independent calf 410, After it
lelt the cow its tracks were founl un almost every expedition anl gonerally wmore than unce on
an wxpudition. lts range overlaps considerably with the breeding range of its mother and most of
the tracks were found ulong the ridge between saldlick 3 and che Mamas (Jalan A. Yani aren).
IFrom the number of tracks it appeared that the animal made very intensive use of the area,
walking up and down through the area. Once tracks were found, suaily fresher tracks were
found a few days later in the same place or nearby. This animai was regularly recorded in this
area tor a period of about three yoars, till the end of the study.

Cull 130 was uftec ic lefr its mother found west of camp Pawang, aleng the lower Sungei
Pinus and at the saltlick S, but it was also found onco wut saltlick 6, whese neither it nos
its mother had ever heen recorled before. In this case the home range of the young sub-adult
appears to be locired between the breeding and non-breeding ranges of the cow. Once indepen-
dent culf 138 was found ar saitlick 5 and futher narth, wherens with the cow it had appezred to
reside south and east of the saltlick. Culf 200 was found on the mother's route from the west
to saitlick 6, but also further downstream along the Sungei Pinus.

After separation all calves spent the f{irst few years in toughly the same area they
had wandered over with the cow. But the home ranges of the young sub-adults do not overlap
completely with the breeding ranges of the females. They no longer visit some areas they had
used with the cow and range into new adjacent areas, previously unknown to them.

Apart from the 8 pairs described above we found tracks of a few unassocinted young
rhinos, apparencly barn ducing the period of the study. This indicates the presence of still other
femaies in the aren. Based on the ustimated datus of birth and the estimated breeding interval
(minimul about 1500 days - Scw chapter 6.4) some suggestions can be madv rogarding the ident-
ity of the mothers of these young.

Youuny sub-adult 134 was found in the same arca as call 200, bur since the birth inrerval
between the two is only 630 to 880 days, it is highly unlikely thut bothy calves had the same
mothi:r. Rhino 134 was presumed born in the second pare of 1978 or eacly 1979, so it should
have been accompanying a cow at least on expedition 15 and 16 and possibly on vxpedition 14,
but no tracks of calves were found then. There are only two rhinos known to visit saltlick 6
from the south or west - 181 and 192. Rhino 181 cannot be the mother because this animal
was found without a calf on expedition 16, but tracks from rhino 192 were found only on
expeditions {3 and 14; this animal couid have been the mother of 134. (v was remarkable that
nn the 14th oxpedition fresh and old tracks of rhino 192 were found ac sultlick 6 and ulio old
tracks at salulick §, indicating chat the animal had visited this place rwice in a short span of
time and appurently wandered away from her normal soure. The disteibution of the tracks of
other femal:s suggests thur females might move down 1o the saltlicks some time prior to
the birth of the calf.

Young sub-adult 135 was assumed born at about the same time as young 134, and from
its tracks it seems that this animal probably visits saltlick 4 from the south. On the very first
expedition a set of unidentifiable double tracks were found rhere, but no very small prints. This
may have been a female with an older calf, xlready one or one and a half years old. Young 135
could be the next calf of this unknown female, because there would be at least a 1500 day
interval between the bi:ths. This calf must have been accompanying a4 cow at least during expe-
ditions 15 and 16, and probably also on the 14th expedition. Rhinos known to range that area
inciude adult 195 and adult 106, but rhino 106 is unlikely to be the mother, it was found only
once and is prabably only an occasional visitor to the nrea. Rhino 195 was found frequently

89

YOUNG 5SUB-ADUL TS

[ealvrs sFter

sepuration )ﬁ‘om fﬂﬂ‘alr‘
* 400 140
e 800 940
O 445 B
* 410 515
m 130 155
» 138 158
* 200 196

lunassociatedi

o 148
105
x 138
134

Putrnl network
}ﬂ Rivor
- Contonr

Q Saitlick

R S ——— )
¢ v 2 3 ) 3 0 km
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ofter they become independent from the female. The distribution of the oider wh-odults, appar-
cntly born before the periad of the study, is shown in figure 5.4
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hetwoen the Bth and 11th rexpeditions and there i< onv unreliable rrcond from the (7th expe-
ditien. It probably has its hemye range in the aren north of the Sungei Pinus, feom wherr i1 visits
sultlick 4. With a calf it might reside in the area southwest of the saltlick, alung the Sungei
Niko, and be uasily missed by the putrols, Sub-adult 146 could very well be the previous young,
because it is found in the same area. Base!l on the above arguments the rhinos 192 and 195 ure
tentatively grouped with the females when appropriate.

Young sub-adult 148 was only found on the 16th expedition, when it entered the area over
the top of the mountuin west of camp central, walked flown along the crail to the Mamas and
returned along the same route. From the size of its tracks it wus estmated as having been bon
in the first haif of 1977, so would probably be travelling with its mother on (he 10th and 1lch
expedition and probably also on the 9th ue 12th. None of the rhinos known to reside in the
study area seems . suwitabl: candidate for mothir. The most likely explanation is (hat young 148
and its mocher normally teside wesr of the sty arca, possibly wisitiog salilicks (urolie: up the
Sungei Badak, and thit the young animal made a short excursicn into the sindy urea, following a
big game crail,

The fourth unassociated young (105) was found twice on the 17th expedition. Its prints
were very small for an independent rthine and it was concluded that is was burn in easly 1979
uned had lefe the mother only recendy, Because it was found in the same area as calf 410, it
scems likely that this is another valf of female $15. The .ow wa: found only once on the 1dth
expedition, before this calf couid have heen born. If female 515 is the mother to both calf
410 and calf 105 the breeding inter:al would have been between 1000 and 1100 days.

5.1.2 - Distribution of the sub-adults

The distribution of thos: animals that were classifind as sub-adult: {which in this chapter
doos not include the calves that were born during the study) is shown in figure 5.4, The first
thing that strikes the eye is the absence of this cutegory from the southera half of the study
aren. [n the northern half these smallish prints, called "miai" in the field, were found through-
sut the study period, but in the southerm half they were absent uncil the three calves born
there became independent. The reason for this can only be guessed, but it might have been
caused by rhino poaching thatr occurred in this area untii the start of this study (see chapter
5.1.4 and appendix C).

In the northern half of the study area prints of sub-adults were found frequently, more
regularly than the larger prints of the adults. Their :angzs include both high and low land and
there is ronsiderable overlap. In general the ringes of these ulder sub-adults seem to be larger
than the ranges ol the independent caives. Tracks of two sub-adults were frund on both sides of
the Mamas civer. For all other rhinos in the northern half the Mamas appears to be an import-

: SUB-ADULTS
ant boundary and they were never found on both sides except very close to the river.

The saltlicks | anid 2 are each visited by one sub-adult - 446 and 820 respectively - and O 140
saltlick 3 and 4 by two sub-adults each - 140, 460 and 146, 199 respectively. From the distribu-
tien of the calves after scparation it is clear that young -ub-adults remain in a ruther pescricted ® 146
arei, close to where they wer: nursed, for at least two 10 three yrars. It coull le that during & 446
the whole sub-adult phase the chino only viry geadually uxtends wod shifts e raage, and that
the sider sub-aduits will still be found in the aren were they wore nurserl, This lends added * 820
weight to the suggestion made previously that chinos 146 and 135 could be young of the same W 460
cow, bucause they iccupied roughly the same area. Frum their ranging patterns it seems likely
that rhino 446 could be: the progeny of [emale 440, rhino 820 of [emale 700 and rhine 140 of ® 199

female 515, The tracks of sub-adults 460 and 199 were intermediate in size berween sub-adult
and adult when first found (see chapter 4.2) and are probably older than the rest of the sub-
adults, and might be even earlier progeny of one of the females mentioned above.
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5.1.3 ~ Distribution of the males und other adults

Only four of the adults can be idencified with any certainty as males (see chaprer 4.3).
The ranges of these four maies are shown in figure 5.5. Since there are known to be 8 or poss-
ibly 10 females in the total number of 21 resident adults, it can be cxpected that some of che
other adults are males oo, if we ussume a roughly equal sux-tatio. The ranges of all unsexed i
adults are shown in figure 5.6. 0 E 2 3 g B 10 km
Mile ranges are extensive, much lirger than those of the non-breeding females. They
extended over both the lower and higher parts of the study area. Male ranges show considerable -
cverlap and males wander over » wide area. Figure 5.4 - Distribution of

O soltiick

oider sub-adults, aiready indeprndent at the stort of the study
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Male 520 is the most regulardy secorded thino. Uis tracks were found on most expedi-
rions and oftun awee than onee in dilferent locations, le appears that his home range covers w
sather luge area west of the Mamas, overdupping much of 1he study aroa. Like mule 520, the
other northern male -610- visits saltlick 3, but his range lies suore 1o the north, The ranges of
both males overlap, but mal: 610 appears to have a1 fair part o his home range outside the
seudy area, and therefore the overlap is probably less than suggested in map 5.5. Male 610 was
usually found north of the Batu Ikat river, and only on rme occasion further south, near the
Badak river, where male 520 is most often found.

Of the other aduits in the northein half of the study arca, twn - 106 and B10 - seem
typical of very old animals, with puculiar asymmetric prints, and both were found only unce.
Thew are prohubly anly cccasicnal visitors 1o the uiea, probably coming to wne of the saltlicks.
The tracks of the other twoe thin - 110 and 880 - wera found «wver a farge area, but there
was no firm evidence that they wen: malos, althongh ctheis mging parneres suggest ihis. Rhino
880 occupics an arci east of the Mamas. It probubly uses on- of the northern saltlicks, aithough
its trucks were never actually found there.

Rhino 110 ( this rhino has a very characteristic print} shows a remarkable distribution. It
was found once on the top of the mountain west of camp Central and twice more around salt-
lick 1 and en route thence, passing the saltlicks 2 and 3. Probably this thino normully  cesides
wost of the study asea, (rom where it undertakes a long journey to sddlick 1, bypassing two
other saltlicks. Because all unsexed adults in the northern arca have large home ranges and
occasionally wander far from the centre of theis home range, like the known males, they are all
grouped with the males when appeopriate,

The 1w males iu the southern aren - 191 and 296 - were found less [(cequently. Both
visit saltlick 6 wnd probably have a large part of ctheir home range outside the study area. Male
191 has a relatively large range, but most of this is due to cne single trip the animal made.
from the Silukluk area, along the Tenang :iver, up and down the Mamas for a [ew kilometres
and further up the Pinus river to the saltlick. More usuaily it approached the saltlick from the
south or east, and the centre of its home range is probably sturh of the study .rea, between
the Silukluk and sultlick 6. Male 296 was slso found mt salilick 6 and close 10 the watershed
berween the Mumuas and Silukluk. The trucks indicated that the centee of s home wnge s
located nocehewst of the Silukluk, and it crosses rhe Silukluk wrea on its way to the saltlick.

Of the nther five nduhs thar were recorded in the sonthern half of the aren, two - 195
al 192 - are probably femaies (see chapter 5.1.1). Anothur - 194 - was u regular visicor o
the study area duting the fitst two yuars of the study, buc later vanished. The direction of its
tracks suggest that it resides northoast of the Tenang river, and passes through the study area
on its way to sallick 5. The other two animals are occasional visitors, rhino 181 comes 10
saldick 6 from rhe south and thino 156 has been found a few times in the Silukluk and Tenang
areas. Since the distribution of tracks of these three animals did not give sufficient information
to sex them, all three were tentatively grouped with the maies.

5.1.4 - The overall distribution pattern

The distributions of the individuzl rhines, as deseribed in the previous chuprees, cleatly
show that cach rhino has i fairly well defined home rang that includrs o salilick. Figure 5.7
shows the home ranges of known individuals. Fur some individuals the range is well known, lar
wthers it can be deduced from oceasional tracks and directiun of travel; for u few unimals there
is 100 little information to deduce anyrhing other than an approximate locality for the animal's
home range. Most chinos were actually recorded at one of the saltlicks. Some were found nearby
or walking towards a lick. The saltlicks are also shown in figure 5.7.

From the istribution map (figure 5.7) it seems that rhinos were absent [rom Lhe area
.ust of the Mamas in the central part of the study area, apart from nocth of camp Central ind
in th Siluktuk arca where a lew rhinos were found in cthe mountains east of the Mamas, Most
individuals wer: found west of the Mumas-Silukluk walley (30 of 39). In fant the aren east of
the Mamas was visited by rhinos, but good tracks wer: naver found, Old faecs were occasional-
Iy found, but rhinos scem to use the urea infrequently.

Although the area rast of the Mamas is rather steep, it ix not unusitahle for rhine, and
there are well-developed rhino trails on ali the major ridges, as elsewhere in the study area. But
the trails were obviousiy very little used, overgrown at places, and the wallows had not been
used for a long time. The trail system indicates that the area was used regulacly by rhinos in
the recent pust. Their disappearance in recent vears is doubtless caused by trapping on the Alas
side of the mountains. Rhino traps were found close 1o camp Pawang in 1975 (see appendix C)
and old signs of poaching were numerous on the siopes lacing the Alas valley., Only in the north
of the study area are rhinos safe east of the Mamas, because the escarpment there is extreme-
ly rugged and steep.
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Figure 5.5 - Distribution of the adults, identified as males
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1 we . mpare the nortern and cuchern halve. of the study atea. taking the Sungei Niko
as brunlary, ome difference o the Jistnbution f mdwaduals are apparent. Sub-adults are
wbsent feom the southern area and the total aumber of thinos seems to be Lo theres 13 mddwnd
uals were umng the are north of Sunger Niko but only 16 were found in the outh. These if-
ferencis in numbers are probably wiso attributable to poaching. On the ridges: sunth of the study
area and in the area around :utlick 6, rhino trapping was practisell {or mony years and ax
recently a5 1974, und a fair pumber of rhinos must have beon killed there. This could aiso ex-
plain the ubsence of sub-adults in this area. Females with calves and young rhinos remain close
to the salthicks and since traps are often placed on the big trails leading to the licks, they
probably run a greater cisk of being killed than the other shinos, which go there less frequently.

The -altlicks appear to play an important role in the life of the rthino. The cabves are
born and tmsed m the surroundhing. af the -althcks, ind stay in the anghbourhood for some
years. Ml thino. pay regulu asies 1o a0 parncular althek, often travelhng long  histances
teach 1t. Fracks of 30 of the known individuali were found at saltlicks and only four individuals
wore nover rucorded elose to a saltlick. Most animuls seem to regularly visit e saltlick and
only a fow rhino's were recorded ur more than one lick; in most cases thes: animals wer:
males (spe chaptor 6.2). Travelling 1o or from u ualilick rhinos usually stivk 10 one, but ocua-
sionally more, regular tracks; and in several cases thines visited xosaltlick which was not ehe
one neurest to the centre of their home range. The thino home ranges serviced by each of the
saltlicks overlap. It could be that rhinos normally visit the same saltlick throughout their lives
and that most of the animals wisiting a particular saitlick are related. The frequency of the
visits to the licks will be further ‘hscussed in chapter 5.6

t'or almost all the rhinos the Mamas over eeme o be an mportant boundary. From
the range maps in the figures 3.1 t 5.6, it 1» appurent that all but two ammals (sub-ault
360 and sub-adulc -+46) are founl vxclusively va cithar the west or the cust ide of the v,
although a few animals cross 1o the further bank but do not move away from the river. The
other riviers and streams in the study area do not seem tu xct as a boundary.

The Mamas river is certainly not i physical barrier to thine movements, Normally when
thino descends 1o the river 1t enters the water, swimi or wades 1o the other side, and olten
follows the nves for some distance, crossing cevert) times, but it almost always retumns to the
side from whence it came. Sumetimes -hort wisits are mado to the opposite banks, but the ani-
mal gencrally quickly recrosses. A big nver may be an important landmark for a rthino. jeter-
mining part of the boundary .t 1ts home range (see als> chapter 7.2).

The non-breeding ranges »f the females ail ~eem to be located at the margins of the
study arean, on the higher slopes ot the mountains. This is ulso true tfor the ranges of most
males and other adults. Only a few sub-adults have home ranges more to the uontre of the study
arca. This is probobly an aneface of the study arcu's location besides the Mamas river. This
river forms the boundary of the home ranges of most rhinos, and thercfore lies at the periphery
of their extensive home ranges. 1f the studv area had been centred on a major watesshed. then
it would probably have encompa:scd the main centres of distnbution of the adult rhinos, but we
would have found few tracks of young ammals, which are found mainly at lower levels near
the river.

Young and sub-adults rang~ mainly on the lower slopes »f the mountans, closer to the
river, and to the saltlicks. The adult: .pend most of their time away from the heks, with the
centre »f their home ranges nn the mapor ridges. The hstnibutions of the non-breeding females
and the mulns seom to dilfer. Tracks of the males wore found [requently and virtually every-
where in the study aroa, in the higher and lower pured alike, aml males havn lnrge home tnges
that overtap extonsively. Tracks ol non-breeding iemales wese tarcly found in the study aren
and the non-bresding home rangs: seem to lic on the higher parts of che rulges, with individual
home ranges rather restricted and well separated from the ranges of other females. Centres of
both female and male home ranges :ecm to be rather evenly distributed over the area.

Females seem to show a strong spacing mechanism. In non-breeding condition they use
strictly separated home ranges. but with a calf they are less exclusive. The males do not avoid
one anothers home ranges. but 1t may be that there is only peripheral overlap of the extensive
home ranges, and that the core arcas are more clearly separated. Young sub-udults appear to
occupy mainly the marginul pares of the home range. of the adules, and gruloally oxpand theic
range with tmee, gradually moving away from the lowor slopes and saltlick: where thuy pent
their infancy.
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5.2 Analysis of the individual ranges

To analyse the extent of mdivdual home ranges detailed large--cule distribunion maps
weee male for all the rhinos; a selectior 15 shown i figures 5.8 to 5.11. The course and direc-
tion f vach track iz shown by rhe thick solid lines, und tracks made during the same expedition
are. whenuver possible, connected by dashed and otied lines 10 indicate the presumed course ol
travel. Dushed lines indicate unidentified tracks if these are believed 10 have been made by
the -ame thine. The dotred lines connect successive tincks of the same rhino and indicate the
ammals probable toute. Wallows used by individual rhinos are indicated by solid circles.

Range size was measurd by drawing a polvgon enclosing all recorded tracks. Straight
hoe. wete uset oxcept where the Mamas river was known to form the boundary. There the
appooximate course of the rver wa used as the boundary fine. 16 the ditrction 5f the track
uggested that the thino had veniured utside the polygon, this 1s shown by the shore fac arrows.

fhe maps presented in figures 5.8 to S.11, show the runges of animals from diffecent age
and sex clasios. No ranges ire included for thinos that were found only cnce ut twice, animals
foumel only in a small aren on their way to a saltlick, or whose tracks wern found only inire-

quently.

Thete are a few factors complicating the rstimition of the stze of the home runge of
the individual thinos. The irregular and localised occurrence of the tracks of many of the rhinos
in the study area. suggests that most animals spend oniv part of their ume in the study area.
The rang~ of an individual a: shown by tts tracks recorded during the study therefore represents
niy 1 part of its home range. but 1t s difficult ty .tunate how farge a part that is. For the
sstumation of the average size ot the home range for cacn category the rang-s of the most
{requuently recotded rhinos have been used.

5.2.1 - lemale home ranges

A~ has bren explamed previously females in non-breeding state use flifferent ranges to
when they are accompanied with 1 calf. Females with call were found  omparatvely often 1n
the study area. usually clove 1o 1 saithick. Outside the breeding periad the females were found
much less frequently and on thie higher slopes, whore théy have relatively -mull ranges, which
do not overlap with those ot other females.

Ameuse of the limited number of records of non-breeding females, sizes of home ranges
are difficult to estimate. But the range of a nun-beeeding [emale 15 crrtainly comparitively
small. much smaller than the runge of a male, otherwise the rarity of reentds of non-breeding
femules cacnot be explained. The non-breeding home range is probably not more than 10 te
15 sq km, pethaps vven less. with the female using 1 regular corndor to & saltlick.

Much mote records are available for femnle: with a calf. The home range of the pair s
about 10 to 15 sq km. and uljacent to the -altlicks. Because of the shifts in home range m
telation t the breeding cycle, the total home range of a female (throughout the breeding and
nan brooding prriads) is fairly larger, buc only pare of 1t 15 usad at any time. For one well-
kaown tomale the “avnradl homr rangn wis about 20 sy km. For ather femades figures canoot
be given, but all appear te huve relutively smail hone ranges, clarly wondler thin the mnles
home ranges (see chepter $.2.3). The average home range of a female ching wa estimated (o be
20 sq k.

When o female visits 1 -ultlick, her tracks ate generally easy to follow. Often her tracks
to und from the lick follow a direct roure. Occasionally a few short detours were made around
the lick. but the ammal's trails of approach and departure were ecasily found. Unlike males.
females do not make extensive xplorations i tne environs of tne lick: they simply ingest min-
erals and leave again. Non-breeding females seem to be very conservative in their choice: of
route to the saltlick, and they uso the same route wach time they travel to the lick. When ac-
companied by u caif they may appronch the lick from sevoral different ditections.

The lollowing examphs will illusteate female bohaviour. Theee (vmales - sones 700, 410
and 196 . were found fairly often without calf, but invanably on a speailic route to vnc o
the saltlicks, and their ranges are lustrated in figure S.1. The rhinos 440 and 700 used exnct-
ly the same routes o approach and leave the saltlick every time, generaily not deviating more
than a {ew steps from their previous track. Since all the records for thesc femaies follow one
line their known ranges are very smail (0.2 1o 3 sq km). Female 700's tracks were found only
in the last kilometre of the corridor the animal travelled to the saltlick.

Fout of the females wete found very seldom outside the breeding perind. and their known
non-breeding ranges are zfso very small (1 to 3 sg km). Female 158, found once at saltlick 5
and twicr 10 the Tenang - Silukluk watershed has hor howme range probably north of the Siluk-
juk civer. Fumale 444, was recorded three times in a small azea east of camp Aceh. Female 155
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was found only 'nce and female SIS twice, theee kilumetres apart. The sanges of all these
fomuldes are shown in figure 5.1

The only female that was found over an rxtensive aren during the period when -he wis
without a caif, 1s female 840. She ranged over an area of almost 12 sq km n the Jalan Sudir-
man area. west of camp Aceh. und up to saltlick 1. A map showing all the tracks ol rhis fe-
male is shown in figure 5.9C. This rmno was found once outside the study area upsiream from
saltlick 3, nnce at saitlick 1 and further wesr ajong the ndge. Agawn it appears that a fair part
of this range is made up of the corndor to the saltlick, and that a fair pant of the home range
is outside the studv area. The centre of the home range of this rhino is probably Incated some-
whers around the mountain top at the »nd of the patrol trail, b it difficuit tn estimate 1he
nxtent of the home range.

Tha scarcety of records for wost of the non-breoding females make: rstimaton of the
avernge non-breeding home range «ery difficult. but it is apparcntly a relatively small trea,
no more than 10 to 15 :q km, part of which covers the corndor to the saltiick.

Dunng the periods when the same females were with w calf more records are uvailuble.
When the femaies have a caif they come down to the saithicks and remain in a rather small
aren adjucenc o the lick. One fenmle - 434 - win fouad only ome with o call. Foar uthers
- 700, 158. 196, 840 - were found only wery close to the -altlick, and their breeding ranges
apparently fall aiso outsih: the study arva (sec figure 4.2). Threo females used the -tudy urea
faitly extensively.

From records collected un four exprditions over almost ne year the range of female 515
and culf 410 was found 1o cover almost 11 @ km {see figure 5.2)0 Noondicanons wesse fowl
that the ammals had been far outside the polygon ind th: breeding home range i probubly not
very much larger.

The distribution of the tracks of female 440 and calf 400 are shown in figure 5.9B. This
pair was found on four successive cxpeditions and therr tracks could be followed for :efatively
long tlistances. Their range covers a longitudingl irea of wer 9 sq km «n the slopes vast nf rhe
Mamas. The tracks of this pair were manly found travelling 1o or from saltlick 1, but once
they were [ound) walking south along the :dope and within 4 few bumndrad metres of the altlick.
Going to the saitlick thev used revernl different routes. not only the route which the ' ow used
regularly bufore the birth. The trucks indicate that the range 1. probably more »xtensive to
the north and northeast but the antmals were frequently found in the study arca und the range
shown in the mup probably covers most of :ne animai's actual home range.

Female 155 and culf 133 were found on five succussivie expeditions, four times with fresh
tracks. Their total range might be somewhat larger than the figured area of aimost 13 sq km
(figure 5.108), but not much, Lecause the animale wore frequantly found in the study area.

Based on thes: three =xamples of thinos whose breeding ranges largely overlap the study
Area 1t can be cancluded that a female rhino with a1 calf, has : home rangs of 10 to 15 sq km,
adjacent to a saltlick.

For female 155 the ‘overall’ home range was substanonlly larger (15.9 sq km) than her
range with young (12.9 sq km). For othet females the total range is only slightly lurger than
the brewding ringe. Female 155 was found five times in succession with her calf, but outside
this peniod she was found only once at the western boundary of the study wren, abow S kilo-
metr s north of the ceatre of the breeding range. It seems that this femuale, when not nursing,
travels mostly cutside the study srea und thae it onigeated several kilomotens souwh to puris it
alf. Its home range may therefore be 1s large as 20 sq km. but the mmal uses only part of
1S at uny «ne nme,

Similarly female 515, seems to reside at the peripherv of the study srea, when not with
calf. Other females, like 840 and 196, -how smaller range -hifts and their total runges may
be smaller. The home ranges of the females are considerably smaller than those of the males,
which can be 25 sq km or more (see chapter $.2.4). The average haome tange of a female rhino.
broeling und non-heevding togother, is estimaced o be ubout 20 sq k.

In this context 1t 1s worth consilenng the Jistribution of adult 195, as -hown n figure
5.10C. a4 this thino way be n fomude and the mother of culf 134, this rhino probably wisits
salthick 4, becuuse it was never found 1wt the southern saltlicks, although it was often found
nearby at Sungei Pinus. Its range 15 more than 20 sq km, buc this can be attributed to one
single track found close to camp Central and saltlick 4. All other tracks of this animal were
found along or close to the Sunge: Pinus. It could very well be that this rhino resides normally
along the ridge north of the Sungui Pinus. travelling a rather long corridor to saltlick 4. After
the birth she may have migrated to the area south or west of this saitlick: an area that was
not very often pateolled. [n general the pattern of distribution shown by this amimal does not
contradict the pattern discribed above for females, and this rhino could indeud be a femalc.

Y

5.2.2 - Home range ol the calves after weaning

In chapter 5.1.1 we -aw that the calves, after having eparated from the mother, rimuin in
thee area where they were nussed for two to three years, and gradually oxrend theyr 1ange by
centuring into adicent areins. These young subadults buve o hume rang: of about 15 w) km, wirh
. corndor to a saltlick.

One - the calves - 100 - was still with the cow at the end of the -tudv. For four thers
~ 200, 400, 800, i35 only scanty recorids are avardable, but for threr voung sub-adults goorl
sets of tracks were found over their fiest Tew years of independent life. By fur the most fre-
quently recorded young ub-adult 1s rhino 410, calf of femaie 515 (see figure 5.9D). Fresh tracks
i this thing wetn found i six ol the sievon cxposditions mady afrer it became ndepemlont., Ity
nge covered almost 14.5 3g km. but moet of the tracks are located in the easturn half of
the range. It was found only once ar saithck 3 and it apparontly does not use the big erail
leading down from the ridge, bin takes a more southern route to the lick: & route it probubly
wwed with its mother.

Ihe home range »f this rhino should probably be extended somewhat o rthe sonthwest
vl mught b a hittle over 15 sq km. The western and less used part of the home range
formed by o corridor to salthick 3, following rhe Sungs Badak, befors curning north to the
saltiick.

Another young ub-sduit - 445, calf of female 344 - was found on the opposite side of
the Mamas using an arew ol 11,6 g km (Figure 5.98). Although thee vastern sule of the Mamas
was lewi regularly pacrolied, this rmino was found on three successivee -apeditions. nce  ver a
tather large nren. Although records age fewer than for culf 410, the home cang of this rhino s
probably not much lasger than the range shown in figure 5.9E.

In the southern half ot the study area one of the young sub-aduits - 130, calf of female
155 - was found 1nnging over an aren of 9.6 sq km (Figure 5.10A), on both sides of thi: Sungci
Pinus. Its range wouid become considerably larger (almost 15 sq km) if an unreliable record an
the high mounttin top north of camp Pinus i ineluded. [c is cemackable that this thino  wi
found on one occasion at vach of the southern saltlicks. On that expedition one of the tare vivi-
toss to the Sunger Pinus saltlick - rhino 192 - wai also found at both licks, so it could very
well be that calf 130 followed the older trai) of rhino 192 to the ather lick.

Young sub-adult 400 was also once found at saltlick 2, wherea: with its mother it had
always visited saltlick 1, .und nover crossed the Mamas (see figure 5.9B). This suggrsis that
young sub-ajults are exoloratory and senture into new areas, thus gradually extending their
range. This couli aiso explain the sudden ippearance of a new young sub-adult - 148 - an
the 16th expedition (sce hgure 5.3), in an arcs that had been reqularly patralled before. The
tuno came over the mountan top west of camp Central and descended to the Mama: along ane
of the big trails. After a [ow short Jetours close 1o the river it eetumed the sam: route and
left the study area aver the mountain top.

5.2.3 - Home mange of the othor sub-adults

Six thino- were classified as sub-adults from the 1ze and form of their prints. Records
for most ol these arv scattored vver time as well s an space (sew the tabbs of occurrence in
figure 3.28). The fact that their tracks were not found on every oxpedition but ar infrequent
intervals made idenufication of the tracks mote difficult. The tracks were often alio found at
scattered locations over a large arva, as can be seen in figure 5.4, In genernl the older sub-
adults apped: to have large :anges. 20 sq km or more. consisting of a smail well-used core area
and an sxtensive and less-used peripherai area. The average home range of an alder sub-adult
thino is estimated at 25 sq km.

The most regulurly reeordod cub-adult is chine 140, whose distribution s shown in figure
5.8C. lIts range in the study area is 18.7 sq km. and it probably extends further in northern and
wastarn directions. A concentration of trucks was found oust of saltlick 3, while wm cha ovastern
and southern part of the range the tecords are more scattered. This chino's range scems to
include a core area vast of saltlick 3, surrounded by a wider zone, which the animal uses
anly occasionally. Rhino 140 was found less regularly than adult male $20. who uses the same
area. nd probably spends more of its ume outside the study area than does rhino 520. The
houte rnge of thino 140 is probably larger that the range shown in figure 5.8C, and might be
as much as 20 1o IS sq km.

Another sub-adult - 460 - was occasionally tound in the same aren. It was encountered
at long intervals and the locations are scattered (sev figure S.4) Its range of 12.6 sq km prob-
ably only covers a peripheral area and its core area may be outside the study area. probably
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further west, West f - unp Central two more ub-adult: were lound, using saltlick 4. Both show
the same typn of dianbution 1 chino 460, and both apparently have the centre of then hoime
rangen at o0 heyond the western boundary of the study arca. The rango of rhing 146 voversd an
arer of 10.3 sq km (sev figure 5.4).

The range -f sub-adult 199. an animal found onlv twice near camp Crntral. 1 shown in
figure 5.11A, manly to show that this chino wsited the saitlick twice within 4 few Jays. Sub-
adults 446 and 820 are poorly known. They visic the northern salclicks, but wrre only found once
of twice. so that nothing can he said about their home ranges. Thev probably reside north of
the .tuely area.

In summary 1t can be sud thet sub-wiuits appear v have large ranges, consvting of a
core ant and oxtensive and kenscused potiphern) zoney and onn or more corerdors tooa saltlick.
In essence the ranges of older sub-adults are more amalar to e ranges of males thun 1o those
of fomules; this may indicate that most of the recogmised .ub-adults are in fact young males,
but there is no other videncr: to suppert this assiinption. {f sub.adult frmales have tangoes
comparable to the ranges of the non-breeding adult females, comparutively suidl arcas higher on
the : lopes, they are less likely to be found. Some of the rarer sub-adults, like 446 and 820. may
in fact be females, but it is also possible that -hey are only occasional asitors to the study
area. During the whole study 12 calves were bom, bue only 6 older wb-adults could be recoy-
n this apparent rareness may arise from u distsibunion of somu of the sub-uwdults thir s
similar to the distribution of non-brecding females and from the difficulty of Jistinguishing
betweon the tricks of different individual sub-aduits.

5.2.4 - Male home range

\s has been -~xplained n chapter 5.1.3. the rhinos that were thought ‘o be males. have
rxtensive rangos, espreially compared to those of the non-browling (emales. N fuw mares are
among thos thinos most frequendly oncountaied in the study area. Theie home ranges appms
to consist of a core uarea (where thewr ttacks are most frequently found), susrounded by a wide
zone that is less frequently visited. Muale home ranges are large. 25 sq km ot more. Males wisit
salthicks, bur usually do not travel only on one spucific corridor, they often stay close to che
lick for some time. foraging in all lirecticns. Occasionally -aher saldicks muy also be wvisined.
The average home range of a male rhino was cstumated to be 30 sq km.

Of il the rthinou the tracks of wnle 520 (see figure 5.8A) were by far the most frequent-
ly vncountered throughout the study. This chine was found during 13 of the 17 exprditions, and
aften more than once. with fresn tracks on 9 expeditions. This rhino's home range -eems to
overlap almost completcly with the study area.

The range over which this series was found is almost 24 sq km, west of the Mamas river
to saldick 3. The direction of the tracks indicated that on the west and outhwest side the
rthino had been outside the supposed boundary of the range. This thino was most frequentiy found
in the gcentrn of 1ts range or near the saltlick. and s total home range 15 estimated to be
hetween 25 and 30 sq k.

Most tracks of male 520 were found aling the ridge botween the Sunger Badak and the
Sungen Batu tkat, in the Jalan A. Y.in: area, and on the tral leading down [rom thi: ndge to
the saltlick. But «pparentdy rthis rhino also fullows other rogtes to the saltlick. The Mamas aod
some of the =maller tributaries to a lesser extenr, seem to serve uu boundurirs. On several
occasions the rhino turned back at the Sungei Badak or the Sunge: Batu lkat, but in other in-
stances these rivers were crossed and tracks were found un both sides. It appears that tne core
area of the home range covers the eastern two-thirds of the ridge between camp Aceh and salt-
lick 3. All tracks found in the west of the range led niore or less directly to the salrlick. while
in the eastern half the rhino travelled in various directions.

The eange of the nther northomn male, rthine 610 is shown in figure 5.8B. It i+ only 15.7
qq km and completely overlaps the range of 520, but the trieks seem eoncentrated o the north
and especially in the northwestem comes (Julan Sudirman) and at the salthek. The teack: to
and from the saltlick lead to the west and this thina was once found south of the Sunge: Batu
fkat, when it f[ollowed the big crail from the saltlick ro the Jalan A. Yani anid procesded almost
to the junction of the Sunge: Badak and the Mamas.

Male 610 was less frequently encounteted than male 520 and the core area of its home
range appears to be north of saltlick 3, partly outside the -«tudy area. If the centre of the
animal's home range is situated almuoit on the boundary of the study area, we can oxpect that
there is enother 10 (o 15 sq km of its home range nutside the study area. The home range of
male 610 would than be similar 10 the home range of 520, between 25 and 30 sq km.

Although the ranges of both males seem o overlap completeiy. the corr areas (the areas
which the animals usc intensively) appear 1o be separated. Male 3520 has unly been found once
along the Jalan Sudirman, while male 610 only once ventured east over the Julan \. Yani. The
two rhinos are only regularly found using the same areas at saltlick 3 and along the Sungei Baru
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lkat. Rhino 610 has 1 very lurge and charactenstic print, that can »ven be recogmised in the
fold, and the Jalan A, Yam wa~ the most intensively patrolled aren, I thiy area regularly
asited by this thino ats tracks would corainly bive been found thern more than onee, From tho
caltlick male 610 watked along the very well-worn 1rml uphill. prolably {olowing w track of
ne of the -ub-adults (140). Rhino 610 traveiled ecast. not foilowing the mam trail. vl 1t al-
most reached the Mamas and returned along the Sunge: Badak.

FFor the two muies resident in the southern half of the study area only the Jistribution
map of senies 191 i+ given. For the listribution of male 296 see figure 5.5. In the study area
this thino has 1 small rang of only 8.6 sq kin, presumablv largeiv formed by its corridor to
saltlick 6, over the watershed between the Mamas and Silukluk fivers, The cuntre of its homu
range i+ belivved to lie nonth ol the Silukluk niver.

The divtabution of male 191 15 hown an figure 5.10D. With a range of 8.7 sq km it has
the Lurgest tange of Wl the rhinos redndent within the study area, but almo-t all of this cange
cun toattributed 10 o extensive toae reeosded anothe 4th cxpedition, when thino 191 falloweil
she Tenung rver downstrem and ulong the Mamas for o few kilemetres, Il anionl then re-
rurned and followed the Pinu- river upstream to the caltlick. The anmimal apparently moved rapid-
ly. because tracks were of about the same age all idong the oute, About 10 days later fresh
tracks ol the e chine were found o che Silukluk aeea, veey close to whare at started  its
tour, The whole rounl measured at least 22 kilometre:. Later this rhine was found ones more in
the Silukluk area and several times 1t saithek o6, generally coming and going in southz2in o
~astern directions.

Although the rwvidenee is [ from conclusive, the lacanon and directon of the tracks
andicate 1 home range an the triangde between the Pepang, Silukluk and Pinus rniver., with the
~ote ar=a probably somewhere near the southern boundary of the studv arca. That an amimal
can cover an ared of this size in one rapid sweep suggests that the sstimated total ranges of
the males. as based on series 520 and 610, are probably still too small and that other males
may also tzavel farther afield. If rhino 191 were to make similar trips south to the Sunge: Kom-
pas ared, 1ts total range could be something 1n the order of 50 to 60 = km. Indeed maies may
wanshes over auch larges sreas during theic vnoee adule Hife, bur fore the duration of the study an
estimated maly runge ot 30 1 km scems appropriate.

fypically males seem te make long excursions into ateas that are otherwise rrely used.
None: nf the females showed such bebivious (s chaprer 5.2.1). Both males in the northern half
of the study area were frequently found ar saltlick 3, but both were also found very close to
saitlick 2 and male 520 probably also wisited saltlick 4 (ses also chapter 6.2). Males may reg-
ularly visit two or more saltlicks.

The wmal: habit of meking quick sweeps through the peripheral parts oi their home ranges
mav xplain the appearance of those rhinos that were only found once or twice in the study
area. The most notable example is thino 810 (see figure 5.6). The highly characteristic footprints
uf this rhinc wore found only once in a well-patrolled :rea at the Mamas nver. This rhino must
nceupy a home range nlmost enurely nutside the study ares. but probably mude i quick excur-
sion westward after visiting 1 altlick along one of the side-rivers. The samre could be argued
for series 106 {see figure 5.6}, anorher loner found once clise to camp Centzal. The behaviour
of these two animals suggest thiet thoy are males.

Similarly shino 110 has very characteriitic prnes and was found with certanty on three
~xpehtions, aver a large arey (see fipste $.98) Its range in the study area covers more than 22
sq km and 1t hus the preatest linoar exteasion, almo:t 1t kilometres. Dunng the 13th expe-
dition its tracks wer: lound over a large area berwmen saldick 1 ouml saltlick 3. 1t appareney
visited first saltlick 3, wandered downstream along the Batu lkat rivir and proceeded north to
salthek 1. Here it wandered around extenswely, visiting the saltlick at least three tumes in about
sne week and finally returned, foilowing th: Mamas and going on in the Jirection of the Julan
Suditmnan.

Later this rhino was found once more at saltlick 1. again wandenng about in the sur-
roundings. Much further south t wa. foun! once on the tap of the mountun west of camp
Centrid. Thare i a dunbrful recird trom near camye Central, that would almese douish: the am-
mul' range if included. The long trek, visiting two saltdicks in uceession, and the animal's
behaviour. wandering sbout arrund the saltlick, indicat: that this thin 1s a male. The core area
of its home range must be somuwnere west of the ~twdy area, probably in the upper reaches of
the Badak siver.

The range of adult 194 js shown in {igure 5.11B, becaus: it is a good exampl: of a rhino
that apparently only passes through the study area on it~ wav 1o a saltlick. Its tracks were
found twice heading for saltlick 5 and twice at the junction of the Tenang river and the Mamas.
The core arca of chis inimal's home ringe nust be more to the northeast, and this rhine may
nave made the unidentified tracks that were occasionally found along the entrance route.

Generally when males wisited 1 saltlick. there were prints ail over the place. On all traiis
leading to the sattlick there were tracks going up and down, and 1t was often very difficult to
find out wnese the 1hino had come from or where it went. Males upparcndy wunder around
extensively in the neighbourhood of a saltlick. following all major trmls for some listance and
coming back several times to the lick, wheteas females approacn and leave the lick lirectly.
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§.3 - Densicy of the rthino in the study area

The density of an animal population is a useful paramerer for companson with other areas
and for management purposes. To study fluctuations in a popuiation or for comparison of carry-
ing capacities of different habitnts it is sufficient 1o know relativi: densiries, that is the rmtio of
one population to the other. For this study it was necessary to know the adsolute density of
the rhinos, that is the average number of rhinos per unit of area (Andrewartha, 1971}, to be
ablee to earimara the total chino population in the Gunung Leuser reserve.

The number of rhinos in the study area could not be established by direct counts, brcause
of the nature of the terrain. Limited visibility restricts the use of transects and direct observa-
tions as a means lor calculating density (see chapter 5.3.3). Morcover the animals were shy and
rely encountered. Thorefore the number of animals had tv be determined from the tracks.
From the distribution pattern of the inferred home ranges of all the individuals one can vstimate
the average numbor of unimals present in a certain area, The number of identified individuals
is the minithuwn oumber of animals present in the area, Theso figures can be used to crlculate
absolute density of the rhino in the study area.

The number of fresh tsacks found in a certain area is proportional to the density of
vhinos and can bo used us a density imlex for comparing numbers of rhinos using Jdifferent pares
of the study area (se¢ chapter 5.4). A fresh track vount can be correlated to density and be a
useful tool for censussing rhino (see chapter 10).

In thu ensuing chaptzrs a fzw methols are describad for calculating the density of the
thino from the results of track analysis. By using the spatial distribution and extent of the Lome
ranges of the individual rhinos a density of 13 to 14 rhinos per 100 sq km was calculated. Com-
parablc figures were obtained from the number of identified rhinos, when the area covered by
the expedition was regarded to be the area within one kilnmete from the patrolled routes.

5.3.1 - Density calculations based on distribution

By mapping the ranges of individual chinos known to be present in a given area one can
estimate the number of animals likely 1o be present, in a ceriain area. This is comparable to
the territory mapping technriques used to count songbirds in the breeding season (van Lavieren,
1982), The use of a technique like this for the Sumatran rhino is complicated by the absence of
distinct territories, by the considerable amount of range overlap and by the largeness of the
home ranges, which often fall partly outside the study atea. None of the existing techniques
seems applicable to this situation (van Lavieren, 1982), To make the calculations one has to
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feliminate u certain test area and ~sumate the probability of each nmimal being present in thi-
area. The probabihty of an animal being present an the test aren 1 consvlered to be propor
tional to the part f its home range that falls m the test area.

Based on this principle two ditferent approaches were tried. In the first method a rec-
tangular test .aten was chosen and it was extimated which part of ~ach home range lies in the
iest area. In the sccond method all identified records were used. and the tost area consisted of
the area covered by .il identified records. The part of the home range that lies in this arun
was found by divirlling the range of each animul by the estimated averuge home range of the
age and sex clasi. [n both methods the sum of the [ractions ot the homr cunges lying in the
test area worn regagded as the average number of rhinos present in the test .rea.

The records [rom which the individunl ranges wore determimed woere collictnd over more
than five year., but gave a reliable picture of che slhistribution of the animals during the stwly.
fo appenrs thut cach rhine has a definite and rather ctable runge, at least over the few years of
the study, except for temporary snifts an the ranges of the fumalen {sen chapter 5.1.1) and
gradual shift: and extensions of runges in sub-adults (see chapter 5.1.2). Thiough births the
number of rhinos increased. and it is possible that in the same period a iew amimals emigrated
or died, which would have gone unnoticed. In ~stimates of population density only those individ-
uals were included that were recorded duning tho penod of regular wisits to the study irea. up
to the 16th cxpedition (the 17th and 18th cxpedition were made: in later yenrn). In the year
befor: the 16ch expediton (see figure 3.28) 33 of che 25 rhinos found vp to the 16th expedit.on
were still occasionally present in the study .rea. indicating that the accummulated records arc
a relinble representation of the distribution of the individual rhinos araund the heginning of 1979,
Only two thines (194 and 106) may have Laren lost feom the popolution anee the beginaing of
the study.

Methed 1. A rectangular test area was drawn on the map of the study aren, covering the best
known part of the study area. The size of this test block is 93.0 sg km. The rutline of the test
block is shown in figure 5.12. Subsequently the presumed home range of each thino was sketched
on the map. and an esumate was made >t the fraction of the home range that lies n the test
biock. For this »stimate not only the aze of the rrea was taken into consideration, but also the
intensity of use by the rhino. When the purt »f the home range lying in the texr blocks was
only occasionally vi:ited, the esumate was lowered, but when the core area lay in the test block
the estimate was increased.

For example 1f 0.25 of the home runge of a rhino 18 esumated to lie within the test
area, the probability of the rhino being prusent in the test block is 0.25. The sum of the prob-
abilities of presence for all the rhinos, is the average number of rhinos present in the test block
at a certain timo, from which the density per untt aren can be calculated. For those individuals
whose home ranges are faitly precisely known »stimation was not very difficuli, bur for oshers it
is at best 1 guess. Vncertminties abont the proper boundaries of the home ranges and about the
way a rhino spreads its activities over the different parts of the home range, ~an cause bias in
this method.

The tesuit of this calculation is :hown in table [I. showing total figure: and figuzes for
cach sex and age class.

Method 1I. This method wa: developed to ~liminate some of the bias inhetent in method I, which
relies heavily 'n une's nterpretation of tho size and shape of the home ranges. In this case
the known ranges, not the inferced home ranges, were used. and consequently the test area is
the area encompassing all the identfied records. To mewsute the -ize of the individual range o
polygon was Jdrawn arounil the records ol one rthino (see the examples in figures 5.8 to S.11)
and the test wrna wus constructed by overluying the polygons of all the rhinos on a map. The
size af the test area is 101.9 sq km, and it is shown in figure 5.12. Subsequently for each rhino
the size of the ringe was divided by the average size of the home range for its sex and age
class (see chapter 5.2 - males 30, females 20, older sub-adults 25, young sub-aduits 15 sg km).
The resulting [saction was regasded as the probability of a rhino being prewont in the test area
and the sum of the fractions is the average number of rhinos present at iy given time.

For example u male with a range of 8.57 sq km would -cure 8.75/30 0.286 for its
probability of presence an the study area. In this method bias muv be caused by an incorrect
estimate of the average home range and differences i mtensity f use of Jifferent parts of the
home range. Moreover the polygons are only crude approximatons of the rhino's ranges. The
results of the calculations are shown in table Il below.
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Tathe 1 Denoaty o f thiny. .n the ~tudv ar-1, bl 0 the spatial diitnbution  f the individ-

1i thinos.
Number of thin. jor 100 square kilometre,

lienaified

Method | Method 11 individuals
Males - presumed males 3.7 1.9 {chapter 5.3.2)
IFemates + presimed Enabes 4.1 18
Dliker sub-adults 2.8 21
Young sub-udults 3.8 3.1
TOTAL 14.4 12.9 11.)

The lensities calculated by both methods do not liffer substantally. ither for total
fonsity or for the -hfforent agr and sex classei. As a1 further check the total arca coverea by
the: home ranges of ail individuals wus usumated. Around the centres of the home rangos 'o(
the individuals, shown in figure 5.7, circles wure drawn proportional in size to the avcrage size
Jf the home range. The thinos with doubtiul home ringes were excluded. Tho total area covered
Ly these circular home runges was 285 sq km, uawel by 32 chinos, which give. a minimum density
of 11,3 thinos per 100 aq km. This fignee compares well with the (lensities shown in table (.
aspecially sinco a number of thinos known ti have pust of their heme moges o thn wos, woere
nut included.

The results of all these calculations depend verv much on the estimates of the average
home ranges for the liffcrent age and sex classes. But since detailed :ecords are availabie for
oversl rhinos. ovier v penod of several years. these estimates must bre regueded as relable.
therefore 4 density of 13 to 14 rhinos per 100 quare kilomerres can b regarded ac a2 farly
1ccutate estunate for the upper Mamas stuly area. 7

The rhino population in this part of the Cunung Leuser area is probably il at n almost
antueal level. In the southern part of the -tudy areu poaching had gome on for some tme and
‘everal animals were killod there in the years preceding the study. In the yeat before the start
of the study a few rhinns were killed in the arca around camp Pawang. Fhis was proI‘mhly the
first case of poaching in the upper Mamaus atea, and vlsewhu:re in the study neea the thinos have
probably never been hunted. The scarcety of rhinos around camp Pawang and the relitive low
sumbers of rhinos 1n the southern part of the study ates are certainly a resude ol poaching
pressure, and we can oxpect that the natural pupulatien density of the rhino prior to the poach~
ing was slightly higher.

' Rhino hunting has climinated the rhino in the fringe areas of the Gunung Lcuser reserve.
and this aiso may have reduced the numbers of thinos in the tentral parts, with ammuls migrat-
ing to these 'open arcas'. Hf so it was probably mo:tly older sub-adults, which would rmigrate
and may then have fallen vicum. Tiis may be one reason for the relanwely low number of dlder
sub-adults in the tudy arca. )

it 1+ fifficult to ay to what -xtent the upper Mamas 1S reprusentative of the rest of
Cunung Leuser o of other areas where rhino are found or used to be (nunjl. In alttude the
aren i3 intermediate. Nowadays thinos are rarely mer e lower adtitudes i Gunang Leuser, but
the well-developed teil systems, now ubundoned, wvlicate thae formerly there was o sizeuble
population of rhinos, The same 18 true for some ot the higher parts oi Cunung Loeuser. The
upper Mamas coubil be fuvoured by rhinos bevause of the n:lan».‘el)!.sl\r\lluw gnuhent:n“md !)e‘
cause of the presence of severa) saltlicks: indeed it may support a nigher density of rhinos than
steeper arcas, farther away from saltlicks. Therefore it seems approprinte to use a slightly
lower esumate for wther nreas - 10 rhinos per 100 square kilometsus - to estmate natural
density of the Sumntran thino.

5.3.2 - Density calculated from the numbe: of individuals per expedition

The number of individuals that can be identified from tracks found during u survey can be
regarded as n count of the minimum numbae of animals that were present in thr area dulrmg
the time of that survity. This mrethod his been use:d to cstimate the size u[‘ the thino. popuiations
in Ujung Kulom, Java {S:hernkel & Schenkel-Hulliger, 1969) and Endau-Rompin, Malaysie (Elynn &
Abdullah. 1983). Differences in size of the prints and minimum distances berweun individuals
with 1dentical prints were used to estimate the minimum number of rthinos peesent in the :m;a
under study. To calculate density the size of the area that was sampled has to be measured.
Schenkel and Schenkel-Hulliger (1969) assumed that their secords covered the whole ruscrve,



108

while Flynn and Abdullab (1983) reckoned that their methed detocted all rhinos within 2 km
from the pattol routes, No aeguments [or rhe choico of this distenen wore given.

Whon a teack s found the animul rosponsilde hus already moved on o somoewhars else in
the area. By counting tracks one counts animals that wre spread out at the time of the count,
over a certain area around the points where the tracks are found. Since tracks remmn visible for
a limited time only, the animals will still be fairly close to the piace where the track is count-
ed. So one may argue, as Flynn and Abdullah (1983) have done, that the counted tracks repre-
sent the nnimais that wre within a certain average distance of the tracks. How far that distance
shouldl be depends oo the animax) and on the average ternin eonditions, and it is only by apply-
ing the methed in oan arer with a konown density of the animal thot one cap lind the correct
figure,

Because track count techniques are very useful for census of thino, they have been applied
to the Mamas study arca, where the density of the rhino has been estimated to be 13 to 14
thinos per 100 sq ki (see above). Each expedition was regarded as a separite survey, and o
count the number of animals whose tracks werc found, the results of the plastercust anulysis
(s figure 3.28) were wied, as well ag a simulated cack comnt using only the width of the
print. The latter is compnrable to the moerhods used by Schenkel and Schenkel-Hulliger (1969)
and Flynn and Abdullah (1983). The atea surveyed was calculated (1) as a 4 kin wide transect,
i.e. 1 2 km wide strip on either side of the patrol route, as suggested by Fiynn and Abdullzh
(1983), and (2) as a 2 km wide transect, i.e. 1 1 kin wide stnp on either side of the patrol
route, With the 4 kn transects resuits showed an unrvalisticuily low densities, compared to the
known 13 to 14 cthinos par 100 @) km. For the Mumns study wrea w2 km transect was more
appropriate. An example of 4 2 km transect, Le. a1 kilometre sirip enclosing the whole patrol
network (185.1 sq km) is shown in figure 5.12, and examples for single expeditions are shown in
the figures 10.1 and 10.2,

In chaprer 10 these different methods are compared o develop a useful method for cen-
sussing rhino populations. The use of print width oniy for dendfying individuads can only be
useful in populitions with a very low density, whete the individunls are widely soattercd. For
an area like the Mamag it is wnsaiicble as too Tew individwals can be identified with certainry,
Using a 1 kilometre strip on either side of the puiml route and the tesults of the plastercant
analysis, the densities caleulated were fairly close to the figures known from analysis of the
animal's spatial distribution. Even with a 1 kilometre strip width the average densities calculated
are slightly below the density estimated from other mothods and it may be that a siightly nar-
rower strip is more appropriate, for instance 800 metrus. However a 1 kilometre strip on either
side is more convenicnt for working with, and gives density estimates that are 'on the safu
sede’,

Population estimatrs from different expeditions varied considerably, and cne should allow
for a rather large margin of error, when using this method to estimate the density of the thino.
The densities calculated from the resuits of the ‘good' expeditions (sve figure 10.3) varied from
5.5 to 13.3 animais per 100 sq km, with an average of 9.6 rhinos per 100 sq km. On the later
expeditions (10 to 17), with more experionce in tracking and casting, we calculated an average
density of 11.3 rhines por 100 sq km, Thoe poorest results were obtained on the Sth expedition,
which guve a density of 1.1 rhino per 100 sq km. For reusonably wscueite tesults whonther must
be favourable, and the susvey team wvxpetienced.

5.3.3 - Density calculated from the number of direct observations

Counting animals observed along a transect, is one of the more common methods of esti-
mation of density or population size. The total of the patrols made in the study area can be
regarded as one wound transect. and the number of direct observations of rhinos is the counted
number of animals. To calculate the strip width of the transect the mean sighting or flushing
distance at the moment of detection can be used, an in King's consus method {van Lavieren,
1982).

Dirret observations of rhino - i.e. the animul being stvn or hoard - were very tare. In
total rhinn were seen on only four occusions and another six times rhino were heard snorting
and crashing off through the forest after being disturbed by the patrol group. The estimated
distance at which the animal was first seen or heard varied from 10 to 40 metres, an average
flushing distance of 30 metres. The width of the transect is 60 metres, twice the average flush-
ing distnnce. Throughout the study a total of 3976.1 kilometres wore walked, uring which (0
direct observarions of rhino were made. So ten rhinos were countedl in an area of 3976.1x0.06 =
238.6 sq km, 1 4.2 thinng per 100 sq km.

This figure is substuntially lower than the densitics calculated by other methods above.
Limited visibility in the forest allows rhinos to retreat unnoticed. The flushing distance of a
rhino is certainly larger than the maximum distance at which a rhino can be spotted in the type
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uf fotmst that covers the Mamas aome Fyven an clephant standing motionbes at about 30 metnio
is hard to discern. Rhinos ean be heard owver Jarger distances, but ff thoy doa't wnoit s alarn,
they cun be overlooked even at fairly close range. Several times very fresh track: were lound
of a rhino that had doubled back on the truil and it is possible that the rhino had heard or
smelled the patrol group and turned rail. Because of the ifficult terramn patrols used oniy big
game trails where rhinos spend only a reiatvety small part of thetr travelling time (see ch;x.pwr
7.2), «nd it might be rhat they do so mainly ac night. Thix mav uluo expiain the liw number
of encounters.

Relying on Jirect observations for studies of rhinos which havee acute scent and hearing
is not appropriate n 1 habitat where man’s senses are .enously hanhicapped. and irads to an
underestimacion ot the lensity of the populntion.

5.4 Comparative occurrence in parts of the area

Because the [requency of thinn visits can be calculnted from the number of fersh tracks,
special records were made of frish tracks (hroughout the siudy. Frenh ctracks are those mude
since the Jast rain and they are usuallv easily distinguishable from old tracks. By determining
the rumber of hours beiween the last rains and the ume of the patrol, one can calculate how
many tracks were made in a ceraun pertod of tune or how siten a4 rthino wisited @ certain place
or atea. Thuse calculations weere awde for ull sections ot the patrnt network. t study frequen-
cy and patterns uf use of the trails by the vunous thino. The accumulated dara guve same idea
of how much different sections and aititudes were used, the {requency of the wsius to saltlicks
and the amount of use of rach lick. For use of wallows sve chapter 7.3.2.

During the licldwork period a few simple experiments were tried to preserve tracks by
co»'elr)mlg prrts of the reails with plasuc sheats. These expeniments were anly partly -ucces:ful,
see Delow.

5.4.1 - Counts of fresh tracks

Tho age of the rencks was outimated in the field, bated on the condition of the 1rack, the

soil and the prevailing weather conditions in the period immediately prior to the pa:rolr We
also recorded whether or not the track was affectea by rain. Tracks not affected bv rain were
called fresh. all other tracks were called old. Generally 1t 15 easy to lecide whether a track is
fresh ¢ old. especually when the trail is followed for some ‘hstance. A fresn print has 1 smooth
surface and any soud particles that huve fallen into the print are still loose. Even a  hort shower
of light rain leaves clear marks in the clay surface and causes che small soil particles to stick
to the print surface, and sediment is left in the deeper pares of the prine. Single prints can
sometimes remain fairly fresh il they are sheltered from the rain by thick vegetation. but fol-
lowing the track for ome meters will generally show the experienced shserver whether g
fresh a1 not.
) Since fresh tracks must bavo been made i the period between the fust rainfull and che
time ol enconnter i wis impartant 1o keep careful daily records of che dduration «nd intensity
of uny runfall. It uppeared that the rainfall was usually rather uniform over the swudy aren,
aspectally when it rains hard and long. A few times. mainly in periods of relatively dry weather,
local showers occurred, but these can be determined from the moistute on the soil and vegeta-
tion.

Fur cach section of the patrol netwnrk the rime betwren the end of the last i and che
patrol time was calolated. Sometimes therns hid been no min botworn two patrols, and the
time between the patiols was 1eken, The dry period was ummed for ench section und rhis was
called the obsesvating time, the period when all fresh track: must have been made. [he longet
the obscevation time the higher the probability of finding fresh tracks in that sectym. The ling.
er the fection the higher the probability that a rhino will have crosied the ection it -ome
place and left a fresh track.

For comparisin between sections the fresh track counts were ronverted to the same units
of time and distance. For convenience a year (- 8760 hours) and the asverage length of the
sections (0.775 km) we:e chosen as units and the frequency of passing was calculated, ie. the
number of times a thino is likely t> pass through that area in a year. The complete formuia is:

) Number of fresh tracks X 0.775 X 8760
Length of the sectionikm) X obscrvation time(h)

Frequency of p

m

The divisor of thin formuda i also callid the km.h score, and s used in chapter 10 and
fignre 3.5 foc compatisna ol he nelis the different axpeditions. If an anymal‘s  chance
of pussing through the tudy area p constant thranghour the perio] of the stwly (and therw is
no reason to believee that there were seasonal sr nther changes in degree of use of the trailn),
the number of fresh tracks tound 50 an expedition s proportional to the km.h score (the sum of
the km.h cores of each secnion patrolled on that expedition). The km.h score can he seen as a
measure for the intensity of thu patrolling. The mose sections were patrolled and the longer the
periods of ey weathur, the higher the km.h score and the higher will be the numbir of fresh
tracks nne mav wxpect to find.

The number of fresh tracks per section was counted from the expedition map:.. All fresh
tracks were included, oven those that could not be identified. Females with calf were counted as
ne. as were teacks of the same rhino recorded at more than one piace on the sam: section.
1t the thine had prcied over a section an several pecasions or 0 difforent directions, as for
instance whon it had travelled 1o 1o from s sabthick, this was countxl as 1wo. Tho number of
fresh tracks for all exprditions together varie: consideribly Lietwern the secticns. [n wany (40%)
{ tne sections a fresh track was never found, while the highest count was 13 at one of the
altlicks. The average for the whole study is 1.65 fresh tracks per section.

Thete are considerable ifferonces between the total observation umes for the sections,
bevause of the differences in inteasity of the pacrolling aml because of the variabuity of the
weather conditions. The <vctions botween the camps score highest while many of the autlaying
sections score very low, because they wers: visited least and often ounly after rain the night
before and little nme was spent studying tracks along the wav. The lowest observation time was
18 hour- (for an outiying -ection of the most northern trad), and the highest -alue was 3187
houts. o1 almost 19 wewoks (for 4 -ection betwaen camp Central and camp Pawang). lhe average
Lbsecvitinn time for ull sections wiy B62 hours, ot dmast 36 days. Becauso the number of fresh
t:acLs per section is low (84% hud 3 or less), despite the accumulition of the results {rom
17 exprditions, the results are subject to @ large amount of stochastic variation. Therefore the
ections with the -hortest observation time have been omitted. A lower himit of 300 observation
hours was chosen for cach section, because then most of the isolated high values for the fre-
quency of pussing woere chminated (includes 49 of 206 sections).

5.4.2 - Frequency of use of the game trails

The [requency of passing for nach section, except thos: with fess than 300 hours observa-
tion ume, is shown in [igure 5.13. In o Jarge number of wrctions rhe {requency of passing 18
low. especially in the middle of the study arca. In these sections fresh tracks are seldom found,
less than 10 or 20 times per year. But there are also sections that score much higher. where
one may expect ot find more than 50. or in some cases more than 100 fresh tracks. per year.

Tho highest values are found around the saltlicks, and there seems to be a concentration
of low valuos zlong tho Mamas and on the lowast soctions af the trails west of the Mamas. But
wwo to three kilometres west of the Mamas there scems to be a concentracton of moderate
and high -nilues. At this place the ridiges begin to rise steeply, which might explain the animal‘s
preference for trails along the foot of the mountans. Rhinos crossing from one side of the
mountain to the ather seemed to prefer this oute which avolds too much climbing.

The high number of fresh tracks found on the watershed between the Tenang and the
Silukluk rivors may be explained by us location betweon twe miteshy ancas. The rhines seem
to avoid thuse open places and voncenteate in the nacrow serip of forest between,

The average number of fresh tracks for ul) sections with more than 300 hours observation
time 1s 22.3. In 53% of the cases the rhino traveiled along most of the section: in the other
cases it only crossed the trail or followed it for 2 snort distance. This means that eacn vear
about 13 rhines will pass over a section or part of it, or about one rhino per month. On the
main trails leading 10 the saltlicks a rhino will pass about once every fortnight. About one rhino
per month and one or two elephants per y-ar is upparently snough to keep the game trails open.
Mote (requent useage of the trails to the saltlicks keeps trails [ree of vegetation or litter and
such trails are often deeply worn.

These figures show how coffective taping can be for huntng shino. Traps are placed on
the main trails, usually a few in succession. If the traps e properly made and triggered a
thino is nor likely to rscape them if he uses the trail. Occasionally traps may be triggered by
other game. but a rhino poacher can expect to make a catch about every month with a set of
traps piaced close to a saltlick in an area like the Mamas. Over a period of just a few years
poachers can kill ail the rhinos using the saithick., and exterminate the animals completely from
a rather large area (see aiso appendix C).
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Figure 5.13 - The friquency with which the rhinos use cach section of the patrol netwark,
colculated from the fresh trock counts, The broader the band the mors frequently a rhino will
trovel that :ection of the potrol network. Szctions that wzre not patrolled frequently are omit-
ted. For the explonation of the method zee chapter 5.4.1

5.4.3 - Comparison of different areas

In chapter 5.1.4 we saw that less animals used the southern half of the study area than
the north. The average frequency of passing has been caiculated for both parts (taking the mouth
of the sungei Niko as boundary), and shows a considerable difference. Omitting the sections with
less than 300 observation hours. the average for the 73 southern sections is 159, while _xhe
average for the 82 northemn sections is 28.0 fresh tracks per year. The Jower number of rhmgs
in the south and the less frequent use of the game trails are provably o resuit of poaching in
the Pinus areu,

Because the boundaries of the sections were chosen 1o foHow the contouss of 1200 (the
Jowest point in the study area), 1400, 1600, 1800 and.ZOOO teters altilu_du. i1 s possible to
compare the rhino's use of different altitudinal zones, For sones with saltlicks the averuge fre-
quency of use was calcuiated rwice, once including and once exciuding the ‘Lu_a from sections
immediately neur saltlicks, The two sections above 2000 metres and most sections 'abnve 1800
metres were nmitted because of short obscrvation time. The resuits are shown befow in table M1,

Table 1l : Average frequency ol passing per altitudinal zone. (between brackets the number of
sections)

froqeney of passing
excl, <300 lours
nbservation time

Altitadinal zona

1200 - 1400 m
excl. saltlicks 14.6 (88)
incl. saltlicks 18.6 (95)

1400 - 1600 m

excl, saltlick 280 (38)
incl, saitlick 33.7 (M)
1600 ~ 1800 m 10.8 (13)
1800 - 2000 m 15.7 (3)
TOTAL
uxcl. saltlicks 17.9 {142)
inch, saldlicks 22.3 (155)

There are differences in rhino use between the zones, especially between the two lower
zones. With or without the saltlick dara the average frequencies of passing are markedly higher
in the second rone, which could be seen s an indication that rhinos prefer the zone botween
1400 and 1600 metres. The next zone, 1600-1800 metrvs, srems to be less favoured, but the
number of sections in this zone is low; Il we exclude 1he entrance toute sections [rom  this
category {there are very fow resident rhinos in this part of the study acea), the avernge fre-
quency of passing is 17.9 (8 sections)

Since the Mamas river is an important boundaty for most of the rhinos (sce chapter
5.1.4), the lowest section (1200 - 1400 m) was divided into three parts: - the sections along the
Mamas, the scctions on the ridges, and the Tenang - Silukluk area (excluding salilicks). The
Tenang -~ Silukluk area showed a similar «mount of usu (15.5 rthinos per year) ¢ the whole
southern half. The sections along the Mamas averaged 10.2, a relatively Jow value, but the sec-
tions on the ridges had an average of 20.0, much higher than the :iver-sections.

Therefore the difference between the two lower aititudinal zones is due not so much to
prefence for altitude, but the rhinos choosing to use the trails along the Mamas river less fre-
quently than the trails over the ridges. They could be deliberately avoiding the river, but this
seoms unlikely, Rhinos generally walk for only a short distance along the river before going back
up the slipes (see chapror 5.1.4), So are generally only recorded in one or two socrions at
the river, bur on the ridges rhinos often follow the big trails for a long distance and nre then
logged in several sections in succession. The low frequencies of passing scored on the sections
ulong the Mamas river is probably not due to rhinos avoiding this ares, but the fact that they
wande: away soon from the main traiis here.

Rhinos show less prefence for altitude than would appear from the figures in table IiI, but
still the values for the 1400 - 1600 metre zone are the highest of all. It appears that the rhino
hus a slight prefence for this zone, ar lenst compared 1o the higher zones. The game trails are
certainly best developed in this zone. Lower on the ridges trails are often narrower and less
open and at higher altitudes they ate often fragmented. The juicy undergrowth, the rhino's
favourite food, appears more prolific at the mid-altitudes in the Mamas area.
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5.5 - Other methods to r1ecord the use of the trails

Two ather methods were used to vount the number of rhinos that pass over the game
trails, Thin plastic sheets wirte placed over the soil. to prevent rain washing awuy the tracks.
At a place where the trail was weil-developed, preferably with some obstacles left and right,
the loose top tayer of soii was removed and the soil was loosened. Then a piece of plastic sheet
- about 75 cm wide and | metre long - was laid over the prepared ground, fastened with
twigs, and camoufloged with swme litter,

On the next visit the plastic way lifted and plestic and soil wene nspected for impressions
of thino hoofs. The tips of the hoofs pierced or srretched the plastic and lefr faint impre
of the hoofs in the soil surface. Because the stride of a rhino is about 75 cm, each passing
thino can be expected to leave at least one impression on the plastic. But it is difficult to see
whethes two impressions close 10 each aother are made by different rhino or by the fore- and
hindfoot of the same rhino, The impeousions are often veey vague, espeeially when the sotl has
dried out, and it is difficult to see how many uninals have pussed especially if there are sovial
impressions on the plastic.

Plastic sheets can be laid quickly and they are not castly displaced by passing animals,
but results are difficuit to interpret. During the study piastic shects were laid at 28 places in
17 locutions rhroughont thy siudy wiea. Jn total 119 rhino r7acks wore counted during  the
12 388 duys that the plastics were functioning, or ubout 3.5 chinos per yoent,

A second method involved the construction of a plastic roof over a short section of trail,
to shield it from cain. This tequires much more plastic, but the resuits are better. [t was hoped
that identifiable tracks could be obtained, but that was never the case. A piece of thick plastic,
about 2 m wide and 3 m long was su:pended wwver a suitable section of trail and .upported by
oblique poles tivd to nearby trees. The toof was placed theoe metres or more above the rrail
and the soil beneath was cleaned and loosened. It was rather difficult to find suitable places,
where the soii was neither too dry nor too wet, and that would not be floeded dunng heavy
rain. Somoetimes the roof vollapsed because of decay in the pales, but most ween destroyed by
passing elephants, Even when placed asbout 44 metrus above the ground thie roofs ware invarinbly
torn down and the plastic trampled and torn by elephants, Rhinos sermed undisturbied by the
roois; their tracks showed that animuls did not hesitate nor avoid the roof.

Plastic roofs were pitched ar 16 different locations, but only a few functioned well for a
long period. Many of the selected locations flooded during heavy rains, and few tracks remained
sisitle 11l the anxt inspeetion. lr ig ousy o couns the muuber of tracks under the roof, and
the results obtained from some of the better-situated rools are probably fuirly accurate.

A total of 58 rhino tracks were recorded under the roofs, which remained in situ for 4920
days. This means that on average 3.3 thinos passed any given location in a year, The four best
sites, roofs over a large trail over a ridge, gave results of 6.6 rthinos per vear, oc about one
amimul every twa months,

From counts of fresh tracks (see chrprer 5.4.2) un wvirage (requency of pa
thinos per yeaur was calculated, double the highest value found with the methods described above.
But these plastic sheets cover only a very small part of the trail, while the fresh track counts
covered whole sections of sevaral hundroeds of metres, including places like wailows and saltlicks.,
that wee specially attractive for chino. This and che doficioncins of the mathods as describied
above must be rasponsibl- for the different resules,

5.6 - Frequency of visits to the saltliicks

The saltlicks play an important iole in the life of « Sumatran rhine, as will be clear
from the previous descsiptions of disttibution and sunge. How frequently thinos visit the differenc
saltlicks was culeulaced from frosh track councs in relation to the observation time (see chaprer
5.4.1). Of 39 rhinos in the study uren 10 weee prver foued sr o sulilick,. Thees of these (10§,
148, 810) probably use an unknown sultlick owiside the stwly aren und will not be considered
further here. The other seven probably frequent one of the known saltlicks, and are treated
with the rhinos known to visit the licks, For each saltlick the time interval batween thino visits
was calculated by dividing the observation time (the number of hours botween the time of the
inspection of the lick and the last eain, for the duration of the study), wich the number of
fresh sets found at the lick. The results are shown in tabie IV beiow,

s

Table IV: Froquensy of visits of any thine to the saltlicks.

Saltlick nos. of rhipo no. of times ot)_snn-. time interval {requency
using the tick fresh tracks (in hours) (days between  (visits o hiok
(observeed+iuspected) found visits) per year)
1 S+1=6 a 1574 8.2 44,5
2 4026 3 1700 4.2 258
3 6+0=6 6 331 5.6 64.8
4 24348 1 (discoverad on 17th expedition)
3 S«el=6 2 564 1.8 311
6 74027 7 1565 9.3 39.2
Average for sl saltlicks 2.3 395

Use of saltlicks by rhinas varied little between licks, but saltlick 3 seemed to be the muost
popislar, while lick 2 was least favoured, The results ac saltlick 2 are certainly biased by the
fiuct thac ic lies in the centre of severnl warm springs .and potential licks. Severn) times [resh
tracks were fouml bypassing saltlick 2 on route 10 some other lick clise by, and these trucks
wete not includied in the count. In fact the whole complex of licks and springs was visited more
frequently than lick 2 .ilone. On average one rhino visits a sltlick every 9 days or so, an
interval that compares well with the frequency with which animals were recorded travelling
the trails close to the saltlicks (where one may find a chino about once per fornight - see
chapter 5.4.2), considering that there are several trails going to each saltlick.

Visits to saltlicks by each sex and age class wete uanalysed separately, and females were
considered for both the period with and without caives. For vach individual the observation time
(iluring which it might have visited its usual saltlick) was caleulated and 4 count made of the
mumber of times its fresh tricks were acrually found, Observation perieds and numbers of fresh
tracks were toralled and for each uge and sex category the average interval in days between
thino visits was calculated. The results aze shown below in table V.

Table V: the frequency of visits to a saltlick of an individual rhino.

female « calf non-breeding sub-adulit male
female
No. of rhinos 8 8 11 10
No. of fresh tracks 6 7 6 9
Total nbservation time (hotrs) 3292 7462 8531 11943
Inturval in days 22.8 43.4 59.2 55.3
Frequency per yoar 16.0 8.3 6.2 6.6

The interval betws=en male's visits to rhe salilicks may be too high, becaus: there are a
number of animals presum«d mal: that are only rure visitors to the study area. The average
interval for the four males that were regularly encountered is much lower, 26.2 days, similar
to the figure culculated for a female with calf. The two best known resident males (520 and
610) visit saltlick 3 more frequently. On three occasions fresh tacks of male 520 were tound
at the lick, with an intervad of 113 days bowwaeen visits, Fresh tracks of mads 610 werr also
fournl, and both males rogether used the saltlick with an avernge interval of 13,3 days.

It appears that resident males regularly visit the saitlicks, and females with calf make
more visits to the licks than do other rhinos. A breeding female wisits the saltlick once overy
three: weeks or 3o, whilz a non-breeding female goes there on average only once every six
weeks. Sub-adults use the saltlick even less frequently, only about once every two months
0nroSo,



1te
CHAPTER 6 - THE LIFE CYCLE

Very littie is known .bout the life cycle ~f the Sumatran rhinoceros, and oven the more
recent ficld studics have added little ro our knnwledge 1n mating, reproduction, growth, develop-
ment ectc. Prior to this study rhere were no basic data on gestation penod, period of naursing,
age of first breeding. longevity, breeding interval 2tc. But there was concensus on the fact that
the Sumacsan rhino is a :low breeder. with :ingle caives being boen at intervils of several years
(van Strien, 1974).

One of the more remarkable derails in adl the oldoe repore: of the Sumatran rhinn is that
evidence of calves was seldom found. Also during the more recent .urveys o»f Borner in Sumatmn
and Flynn in Malaysta the tracks of young calves were tarely met, Borner (1979) estimated that
4 - § cuives were present in the Sungei Pinus - Sunger Kompas area dunng his cheoo-yoar seuly,
bt hee gives no «etrils on date and place. In all the sther wroas that he visited, covering wiost
of the known rhino areas of Sumatca, only in the Kerinci-Schlat area in central Sumatra did
he find tracks of a calf. In a six year field studv in the Endau-Rompin area oniv three cow and
calf paus wera recorded (Flvnn & Abdullah, 1983).

During the present stwly many tracks of cows with wall ware found, but it cunnat be siid
that they were common. linding u track of a young calf was -till an oxcepniinul and happy
event. |t was probably only because of our methods of intensively patrolling a large area includ-
ing -everal salthcks. that so much evidence of calves could be gathered. Often extra patrols
wern mvie i areas whare v calf had been found before.

In this chapter vanous population parnmeters rolating to boseding and peproductivi: suacess
wiil be discussed.

6.1 - The sex ratio of the population

Of all the rhinos that bave been captured, dead or alive, and have heen reported in the
litetature, the groat majority were [emales (van Strvn, 1974; Borner, 1978}, but it wi:. generally
believed that this apparent imbalance of the sex ratic was caused by selectivity of the cnpture
methods. Borner tries to explain this by assuming that males have exclusive terntories around
wallows, saltlicks and focal points of the main trails, where traps are usuaily built, so that at
such «ires anly one male 15 likely to be captured, but several fumale.

This view is not supported by the results of thiy study. Tho territuries of males are large
and overiap considerablv, and more than one inale may use the same saltlick and trails. although
the core areas of their distribution are probabiy well separated. Males range over larger areas.
and probably muke even moare frequent visits to salthcks than do females. The explanation of
the (net that males are apparently mare difficult 1o catch is probably a combination of distribu-
tion and character. The shino traps are usually operated for a Jong penud on regularly used
trails 1n 2 rather restnicted area. Males range over large areas and spend probably less time
in any one place, while females appear to limit their activities, in and dutside the breeding
pen, to relatively restercted ranges. Fumides cegulaely use the same tnnls, which s certainly
the case when going o o saltlick (see chupter 5.1.4), while mates wight b more alert and
wary, used us they are to explore unfamilinr ground. Of the 10 umes a rthino was ~cen or heard
dunng the swudy, 7 were of amimais later identified as females, 1 was a juventle and only
were males; on both occasions male $20. This could indicate that males are more alert and
more difficult to upproach.

The sex rtatio among the adult animals identified in th: study arva seems to be fairly
even. Of the 21 adults, 8 were known to be females. and 4 were classed as males. Of the rest
2 were thought to be females (sec chaprer 5.1.1) and 34 males, because of their distnibution
and ranging patt:rns (see chapeer 5.2.4). This gives a ratio of L0 femaies tv 8 males, while an-
other three adults, ocensional visitors to the study wren, were ulw suspocted of being male.

The sdult :ex ratio of populations of the Indian rhino and of th African thino pecies
is absut sven or with a -lightly higher number of females (lL.iurie, 1978). The mal-s of these
specius are usually territorial and fierce fighting between rival males s common, which may
account for the lower number of mules in some populations.

6.2 - The mating system

Most reports in literature so far indicate a short-lived hond between male and female. but
several older authors have stated that Sumatran rninos live 1n more or less permanent pairs (van
Strien, 1974). Barner (19) assumes exclusive territories for dominant males, and Kurt (1970,
voices the opinion that femaies huve rather small permanent territories, whils males wander
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wonml in sewrch af females in cestrus. Both opmions are wainly intiitive and pnot burod on
ub-tantial vidence.

This tudy has been bl 1o ol hittle to the undertanding o rhe meeting and mating
habitts of muaie and frmale Sumatran rhinos. But everything points to 4 -hort-hved bond brtween
mitle and female, beciuse tracks of two animais moving together. other than cuw and call, were
sxtremelv rare. Several times 1tucks of Jifferent individuals were found aiong s trail or ar a
saltlick. but in most cases 1 was clear that they had visited separarely: one of the tracks was
ctearly older, or came from a different direction. On some occasions 1t 15 possible that some
shinns visited the lick together or mer there.

Only vnce dusing this sty were tracks found that -howed undoubtedly thai the unimals
hnd walked topether. The animuls were liter idenufied as male 610 and sub-aduit 460, one of
the larger and less {requently <ncountered sub-.adults. Both had descended the ndge from the
wese at the juncaon of the Mamas and the Sunget Markus, After o -hore crreuit they retusned
in the sume dicection. Luter tracks of chus pair were found at salthek 3. The trucks were of
about the same age, but it was not clenr whether the animuls had wsited tegoether or niot. Also
1t the top of the Jalan Sudirman two rather simitar t:acks. that could not be identified with
~renty because of their bad quality, wete found crossing the trail. Here again it was not
certun whither the animals wirre there togethes or separately a short while upinee. So it could
e that the wnimals were teavelling together, or that one {ultowed the other closely, Tom the
sultlick 1o the Mamas, a distance of about 5 kilomewres. I'his meeting certainly did not lead to
a successful pregnan:y, becausc :hino 460 was found again on the 16th and 17th expeditions.
about 500 and 800 lays later, without a calf.

fn the previous chapters 10 has alecady beon explained that mate: have much larger ranges
than Temales, and 1hat they have a rendency o make quick excunions over rather long dis-
rances. Non-nursing {emales on the other hand seem rto have rather restricted ranges on the
higher slopes. With a caif females remain close to the saltlicks in the lower parts.

Ther: also appears to be a difference hetween males and females of behaviour at the
saltlicks. Males wander all aver the arean surrounding the lick and olten leave such a confuwiion
of tracks that it wan -ometimen very difficuit to etermine where the animal had come from
y gone to. But when female wisit a silthick their tracks are generally casv to follow. They
aften make 1 few shoet tours around the saltlick, but their trails are direct ind usually clear;
they seem to wisit the lick and then fve its immaodiate sureeundings.

Males apparently hang asound the saltlick, presumably investigating the neighhourhood,
while females only make a jquick visit to the lick and leave agam, consistently recurming by
the same trail. A male explores the area around the lick. possibly to find 1 scent trail of
a potential mate that has been there shoctly before. There ate indications (see chapeer *.0) that
some mudik make more frequent visits to saltlicks than others. For instance maie 520 visited
u lick on nverage once in 11 davs.

The importance of the saltlicks as a contact piace, s further (llustzated by the visits that
males zometimes make to salthcks other than the ones they regularly use. Maies 610 and 520
ergularly wie saltlick 3, but were bath found very close t:: saitlick 2, and male 320 probably
wiually went there, but there in the confusion of tracks it was impossible t+ be completely
ure. Twice male 520 was also found close to saltlick 4. and 1t couid be that he occasionally
inspects this lick. Visiting more saltlicks will certanly increase the chances of picking up the
track of a potencial mate and mcrease chances of encounter with other rhinos.

6.3 - Birth of the young

From the size and shape of the footprint of ve:ry young rhinos the approximate date of
birth can be extrapolated, as has been shown in chapter 4.1. The smailer the prints and the
more often a calf was found the more iccurate this extrapolation will be. For all calves the
growth curves wero compared vignally with Diguce L1 to determine the approximate hime intet-~
val duning which birth oceureed. The pesults are shown in figure 6.1. The scale rung from August
till July, because ni births were thought to have occurred during thewe months.

The number of births varied considerably {rom year to year. 1o 1975 and 1980 appurently
no calyes wore barn, while probably 6 of the 12 calves that wer: found were bara in 1976. In
the following three years, 1977 1o 1979, oach year a few births occurred, most of them in the
second half of 1978 and in 1979. From the data collected during this study it scems that most
births occu: from October «:l Mav. The period with Little or o births. jJune till September.
coincides with rhe tong dry season (see figure 2.4), and it seems that most calves are born
in the penods of heaviest rainéall,

The gestation period of the Sumatran thino is unknown (var Strien. 1974). One wouid
vxpect it to be shorter than for :he osther :ninoceros -=pecies. because of the unimai's smaller
body-size. The other rhinoceroses have gestauon periods of sround 16 months, and we about
twice the weight of a Sumatran rhino. There is one unreliable report of a gestation period of
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Figure 6.1 - The :pproximate time nterval furing shick -al.es sere born a the  tudy sreq.

Each dar ndicai . the time int-rvel during which the  alb was pre-umed born, oa.ed on the
growth curves ol the toot and on th: occurrence of the tracks of ¢l with cow

around 7 months for a1 Sumatran rhino (Bartlert. 1873). but usually the gestatunn prrind 15 o
mated to bn between 12 and 16 months.

in this stwly we could gather ao informacion regarding the gestation panod. No fomude
was {ound toguether with another adult rhing prioe o giving birth. Thore are ooly rwo records
of females about one year prior to gwing birch, but both were walking singly ansl none of the
males was nearby.

6.4 - The breeding interval

The duration of the study was too shott 0 record two successive calves known to have
the same mother. Therefore thure are no precise records regarding the intervai between twon
successive bicths, but a minimal interval can be measured from the pernds that females were
recordid without a calf.

Female 700 was found wandering slone over a poniod of ibout 1055 days bafore giving
birth to calf 100, Female 840 was found for the first time 500 to 600 days before giving birth,
and female 440, after having -cparated from her call. was found regularly over a1 penod of
At feast 500 dayi. In ail cases thy snterval. between ndividual recorls were 0 hort that no
culf vould hiuve beon born aml rused dueing chat period. Abling the nurang period of 480 to 540
days to these figures gives @ nonitum penod between bicths of 1000 to 1600 duvs, nr 2.7 to 4.4
years. l'emale 444 was found again 1550 to 1600 days after giving birth. but unioriunately wus
not tecorded in the intervening perniod. In theorv she could have had anothzr calf in this perod.
Temale 700 was found more olten and certminly did not have a calf in the three vears before
calf 100 was born, moreover it 1s unlikely that this was her first alf, because this thino ha. a
large fout with steong profile, suggestive of faiely old age. If this s not an exceptional case
the normal breading interval will be four yeius o longer. T

In chuprer $.1.1 lkinship ha: been suggestied between the calves 105 and 410 and brtween
calf 135 and an unknown voung (1467) found on the first expedition. [ this is ttue the brewding
intesv-tls are respectively aboutr 1050 and 1500 days, about 3 to 4 years or more. All =vidence
points to the breeding interval bewng considerably longer than the 2 to 2} years that cover wgres-
racion (8 1o 14 months) and the ensuing nursing period (16 to 18 months). In the Mamas s?lidy
aren it female Sumautran rhino normally only breeds agnin a considerable tim afeer she has
separated from her calf. It may be that this long interval between births is caused bv poor
quality of the available food. and that a female rhino needs a long period te recover and to
buill up enough strength for nursing a2nother calf.

in this respect the Sumutran chino Jiffers considerably from the Indian thino (Rhinoceros
unicormts), where the calves remain with their mothes for three to fuur years, and only leave
Rer shortly before the birth of the next calf. The breeding interval for that species in Chita-
wan. Nepal. is comparatively short, on avernge 34 months or 2.8 years (Laurie, 1978).
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6.5 - Doevelopment of the calf

The new-born waif 1= about €0 c¢m high. 0 cm long and weighs aund 25 kilograms, and 1t
1« for the fusts few lays probably hidden by the mother in vegetation while -he browses
(Bartlztt. 1873). On one occasion tracks of a very young immal were found. esumated ro be not
more than LS davs of age (see chapter 4.1). This infant (caif 100 from female 700) was found
ooy close to saitlick 1 and may have bren born thure. The other calves found during the study
were two months or more when they were founid for the first time.

In the first months of life the calf remmins very clone to the cow. The :mall prints ot
the calf are then often obscured by the cow's prints. walking behind the calf. Several times 1t
wis only atter 4 tinck had beena followed for ome distance that 1 wa- discovered that there
wi also o small vall wesompunying the cow. Muny tmes the eall was found to have walked in
teont of the cow for o Joug dintane, but sometimes the cow led.

On .ne occasion we met ow 340 and caif 400, then abour § months ol uge, in the
iprest. After the first alarm the rhinos walked away. After -ome moments of uilence the cow
came running buck and passed us s losely. The calf did not foilow and while running the cow
prayed copinusly with arine and Aefaccated seviral times. When alarmel young caives apparently
cake cover, while the cow tries to Jlivert the artention. Tn avord further disturbances na scarch
wees made for the hidden calf.

Older calves wander away from the cow, and both tracks form intertwining hines, alter-
nating diverging for several meters and coming together again. After some time the calf is
found 60 wals alone and the cow 1. generally noy linger prewat the area where 1t nursed the
call {se chapter 5.1.1). But 1t mghe be that thece 1s stll 4 loose bond betwern ow and call,
because thiee times after sepuration teacks of . cow und her call wer: found tagnther in the
same place. From the age of the tracks it scems that thoy were not there togeth:r, but it
could br that one was foilowing the other's tiail and that thev occasionaily stiil meet.

As his been rxplaned in chapter 4.1 and shown in figure 3.1. the cow and -alf separate
Jfter about 500 days (480 - S40 days). At the ume of -eparation the foot of the <alf s sull
markedly smaller than the adult faot, and a1 reasonuble 1o suppose that the anunal’s vverall
wize and bulk will alsp be less than the wilubt'n Comparing the growth curves shown w tigure
4.1 and the foot dimension for the age and sex classes as shown in figure 4.5, it wis found thay
the median values of the calf's footprint ut separation were about 85 percent of the median
valu=s for the adults.

If the same percentage can be applied to the other bodv dimensions, the herght of the
animal at separation would be about 85% of th: adults shoulder height (125 -135 cm) or about
105 to 115 cm. The weight would be .853 x adult weight (BOO - 1000 kg) or 500 to 600 kg.
Growth must be close to one kilogram per day during the period of nursing, if the calf iv 10
giow 1o more than 500 kg in about <00 davs.

6.6 - The sub-adult phase

After separation growth levels otf. in the first year o1 so uf independence there s still
noticeible growth of the foot, but liter the yrowth is hartly wisible wnd much less maoasurable,
A few calves were found for about two year. ufter becoming independent, and therr footprints
were sl cleardy those of a young unimal, smallish and without distioctive fentures. Several
other thinos found with similar footprints were called sub-uwdults. They were presumed bom prior
to the -tart of the studv. Some of these were found for four or five years. and in that period
thev appeared to have grown only verw iittle. Looking at the whole series of casts ometimes a
slight increase in size ippears to be visible, but wn the standard mrasurements there is no de-
tectable e roase. The individunl variation betwern the casts is many times more than the sup-
pesud increase in size.

Diffr-reat sub-wlults showed appreciable differencrs w size, some were very sicilar 1o the
calves shortly alter separation, others were lurger and in size and character were similar to
the teacks of the adults. This indicates that the sub-adult period s probably longer than the
longest period - 5 years over which they sub-adults could be followed in this stuty. It could
weil b that the sub-aduit phase lasts for 6 ar 7 years or even longer. Probebly the Sumatcun
thino dovs not reach sexual matunty and age of first brecding undil 7 or 8 years ol ac least.

The sub-adults form a faitly rlusive group. Not only are their prints difficult to identify,
but most were found over long intervals of several expeditions. and scattered over a large area.
The small sub-aauits - the calves in the first few vears after separation - have small and clear-
cut canges, but the lurger sub-aduits appear to range over large arcas. In their first two or
three yonrs of indepondent life a Sumatcan rhino lives i relatively cestricted rea. usually
close to a saltlick snd in the lower part of the vailey. ater they become more and more rx-
ploratory and range over vast areas, probably trying ‘o find themselves a vacant range betwern
the established adult ranges.




At the end of 1982/aaxrly 1983 a sub-adule chinn visitod the Kommbe Research Station a
few times (A plastercast was ouude by Do H.D. Rijksen). This starion is a1 least 20 kilometres
from any of the existing thino areas and the only previous tecord of a thino there dates from
1971, Occasionally rhino ace aiso reported from other places, far from the known centres of
thine distribution. It might be that these wandiring individuils are mainly sub-nduits, like the
one in Ketambe, forced to «xplore new territory to establish a home sunge when the main rhino
areas are already 'full’.
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CHAPTER 7 - DAILY ACTIVITIES OF THE RHINO

in the following chupters we will look at the daily activities of the rhino. Many of these

aspects of the rhino's life have been described in detail by previous field survoys (Borner, 1979;
Flyan, 1978; see also van Strien, 1974). A major shortcoming of the use of indirect evidence
of animal movements for the analysis of the daily activities is the difficulty in estimating the
age of the tracks or other signa. It is usuaily possible to tell if tracks and other signs are very
fresh, no mote thun a tew hours old, from the freshness of mudsmears, scratches on batk,
wampled plants etc. But these very fresh tracks were tare and usually it is difficult to be more
precise in dating thao 1o sy for instanco 'lasc night!, ‘previous day’ or '2 to 3 days ago’.
With older 15acks it is vevon more difficolt to make in estimate of their ugn, Under the
moist conditions of the tropical forest, drying and discolouring of mud, facces, scratches and
bruises cn piants, can be very slow. Mudsmears known to be severnl days old wete found to
be still wot and sppeared freshly made. The wounds on bioken and snapped twigs can remain
moist and light-coloured far days or even wecks, so that they apprar to by freshly damaged.
Moreover thore are great local differences: a tiack can appear very fresh in onc place, and
soviral days old only a few metns further on.

On the few acecasions whin a rhino was met, it was usually a complewy surprise. Although
we were following fresh tracks, there was nothing to indicate that rhe rhino had passed only
minutes before. In one case it was even judged from the discolouring of the faeces that the
irack was peabably 1wo duys abl, yet wo mer the dhino only a fow huodeod metres furcher on,
in other cases we followed what seemed to be very fresh tracks very cautiously in the hopes
of seeing 1 rhino, but atter some time it became obvious that the track was at least many
hours or wven days old.

7.1 « The aystem of trails

One of the characteristic wspects of a rhino area, at least in the mountains, is the exist-
ence of an extensive network of wide, clear and well-used game trails. The iriils genorally
follow the rivers and the ridges, forming a huge network for easy travel, and used not only by
the rthino, but also by other forest animals and man. Very little cleating is needed to follow
thino trail and o the bigger trails one can easily wnlk 15 to 20 kitometres in o dny. When a
trail has to be cut in difficult te:rain like the upper Mamas, one can not expect (o travel more
than S kilometres per day and often less. it was only because of the existence of the rhino
crails that such a large asea could br surveyed in the time avaitable, See [igure 2.5 for the
location of the trails that formed the patrol network.

Trails are generaily better developed in the larger valleys nnd on the main ridges. The
trails slong the mitjor rivers like the Mamas and some parts of its tributasies are well devoloped
and cross the river frequintly to cut off bends in the river, Where the trail crosses the ver the
banks are generally eroded by heavy use. At n few piaces along the Mamas the trail crosses
u Jow spur, here the tiaii has wotn away a narrow treach, to 4 metres deep at the centre.
These deop curs are caused by heavy animal traffic. On stesp slopra rin wihes oul the reails,
but nowhere is soil erosion Serious.

The trails along the biggzr rivers often branch, with side trails going to alternative
crosuing pleces or vanishing inta the vegetation. At the foot of A main ridge there are some-
times well defined side trails leading up to the ridge. The trails along the smaller sireams
are much less developed. As long as the streambed is {lat the animals {ollow the stream, bur
cutting off the largest bunds. Where che strenmbed is steeper the trail leaves the stream, but
oceasionally minor trails cross the rivnlet,

Where the banks of the Mamas arc steep the trails go up the slopes, generally following
a spur between the rivee and a amall side scream, to teach more level ground, after which the
teail continurs more or less parallel to the river. North of camp Aceh the tiails leave the river
for a few kilometres, because the Mumas entets 2 nurrow steep-sided valloy., Where the alley
broadens again the trails descend again to the river until camp Uning. Just north of this camp
the Mamas enters a eep. gorge and the trails rise again and follow the edges of the gorge.

The trails on the ridges are even better defined than those along the river, probably be-
cause of the drier and harder soil and the less vigorous undergrowth. On every spur and ridge
there is a trail, but thuse on the main ridges of the watersheds are the best devcioped. These
trails are between 40 and 100 cmn wide and are generally worm with use, On the trail the soil is
bare with a little moss. The vegetation alongside the trail is meagre, and most of the saplings
and trees are bent, broken or otherwise damaged by animals passing.

As one would expect the trails follow the easiest route, avoiding unnecessary gradients.
They circle small peaks on the ridges and on stwep gradients, more than sbout 159, thuy rigzag




