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Despite investing great effort into in situ data collection, the Javan rhinoceros Rhinoceros sondaicus
is still a poorly known species. Previously, this taxon was present throughout South-east Asia, from
Bangladesh to Vietnam, and from Southern China to Java. Unfortunately, only about 60 Rhinoceros
sondaicus remain today, mostly males, and all reside in the Ujung Kulon National Park, on the island of
Java, Indonesia. This second largest mammal of the South-east Asian rainforest is a solitary dweller of
lowland woodlands and does not climb mountains. Its upper lip is prehensile and differs from that of
the grazer Rhinoceros unicornis in both length and adaptation, as the Javan rhinoceros is a generalist
browser. A prominent distinctive feature of the Javan rhinoceros is the 'saddle’ on the neck, while the
female horn is nearly absent, allowing sexual distinction to be made even among young individuals.
Based on data from camera traps we suspect that Rhinoceros sondaicus has also developed a peculiar
and complex behaviour, as well as characteristic vocalization related to mud wallows. As this species
is sometime wrongly classified as Rhinoceros unicornis, to aid in better differentiation, a distinctive be-
havioural trait of mothers and their calves is described in this work. A goal is also to highlight the need
for a much greater effort to know and preserve the surviving individuals to ensure that this unique
species will not disappear forever. Conservation is dangerously lacking constant management control
and a second population establishment is not considered as a priority. The authors propose increasing
the carrying capacity of the current area, as the rhinos are confined within the Ujung Kulon National
Park, which has limited suitable habitat. They propose creating new clearings by falling large trees in
palm-free areas, allowing saplings to grow and increasing the quantity of food available to the rhinos
as well as highlighting the urgency of ex situ management strategies and biobanking of cell cultures
for the maximizing conservation options for the survival of this valuable species.
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A beautiful male Javan rhinoceros in its natural habitat in Ujung Kulon National Park
Krasny samec nosorozce javského ve svém pfirozeném prostfedi v ndrodnim parku Ujung Kulon

Photo/Foto Tobias Nowlan
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Nosorozec javsky zlistdvd navzdory znacnému Usili nejméné znamym druhem nosorozce. Dfive se
tento taxon vyskytoval v celé jihovychodni Asii, od Bangladése po Vietnam a od jizni Ciny po Javu.
Bohuzel v soucasnosti prezivé jen cca 60 jedincd, v nevyvazeném poméru pohlavi ve prospéch samcd,
a pouze v ndrodnim parku Ujung Kulon na zépadé Javy. Tento druhy nejvétsi savec tropickych destnych
pralest jihovychodni Asie je samotaiskym druhem obyvajicim nizinné lesy. Ma citlivy horni pysk, coz
s dalsimi znaky znaci, Ze patfi mezi byloZravci k tzv. okusovactim. Dalsim charakteristickym rysem noso-
rozce javského je ,sedlo” na krku, jakoz i téméF chybéjici roh u samic, coz umoznuje rozlisovat pohlavi
u pozorovanych jedinct, véetné mladych zvifat. Na zakladé dat z fotopasti tusime, Ze nosorozec javsky
vykazuje fadu jedine¢nych prvki chovani, véetné vokalizace v misté vyhledavanych bahnisk. Oproti
nejpiibuznéjsimu nosorozci indickému jeho mladata nasleduji matku, coz je mize ¢init zranitelnéjsimi.
Prispévek se snazi poukdazat na potfebu mnohem vétsiho Usili o poznani biologie druhu, jakoz i na
zachovani piezivsich jedinc(, aby tento jedine¢ny druh nezmizel navzdy. Z ochranéiského hlediska
prispévek poukazuje na refugidlni vyskyt tohoto druhu v prostiedi, které ma omezenou nosnou kapa-
citu, navic obyvané Uzemi ma vyznamny podil suboptimalniho prostredi. Proto autofi navrhuji zvysit
nosnou kapacitu oblasti vytvafenim mytin padajicimi velkymi stromy v oblastech bez palem, coz by
umoznilo rist stromkd a zvysilo by tak mnozstvi potravy pro nosorozce. Dale apeluji na zaloZeni zélozni
populace kombinujici principy ex a in situ ochrany, jakoZ i uchovéni bunécnych kultur z kazdého moz-
ného jedince jako prostifedek ke zvyseni Sanci na udrZeni tohoto druhu pro dal3i generace.

badak Jawa, poaching, lesser one-horned rhinoceros, distribution, behaviour, refugee species, conser-
vation, ex situ management

This contribution reviews some of our knowledge about this taxon with respect to some rather ne-
glected parameters of this species on the verge of extinction. This analysis also contains several rec-
ommendations related to its scientific documentation and conservation.

The Javan rhinoceros measures 3-3.5 m in length, has a shoulder height of 1.2-1.7 m, and weighs
between 1,200 and 1,500 kg (Groves & Leslie 2011). Its hide colour is typically gray to dusky gray, and
is entirely covered by peculiar epidermal mosaic-like polygons that resemble scales (Lydekker 1907,
Peacock 1933, Harper 1945). They are clearest on the limbs and can be detected even from a distance.
The fold behind the occiput is situated close to the head, while another fold stretches like a hood
transversely across the middle of the shoulders and extends on either side beneath the throat, almost
forming a continuous circle. A second doubling, which also encircles nearly the entire body, is situated
behind the shoulders. The species is further characterized by a transversal fold above each foreleg
and a larger one that crosses the posterior, and descends on either side in front of the thighs. A slight
depression extends forward upon the thigh on either side from the root of the tail.

The upper lip is prehensile and differs from that of its congeneric grazer R. unicornis in both length
and adaptation, as the Javan rhinoceros is a generalist browser, mostly feeding on twigs, saplings
and leaves, very little fruit as it is recorded also for the Sumatran rhinoceros (Sody 1959, Groves 1982,
Nardelli 2013). The browsing status of this species was fully supported by dental microwear textures
(Hullot et al. 2019), mesowear analysis (Hernesniemi et al. 2011), extended mesowear method (Taylor
et al. 2013), semicircular canal orientation and head posture (Schellhorn 2018). Still, the Javan rhino-
ceros is probably most recognizable by the remarkable ‘saddle’ on its neck, which is indicative of the
species (Sody 1941).
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Very rare, original Rhinoceros sondaicus annamiticus skull with intact nasal bone, but missing the incisors and premaxillary
bones. The specimen, collected in 1880, was presented to an antique shop in France by a missionary in Indochina - 'gift of
R. P. Boutier" His Mission was at that time in Hanoi, Vietnam, very close to China. It was acquired in 1997 by the Museum
of Osteology in Oklahoma City, USA

Velmi vzacnd lebka patfici poddruhu Rhinoceros sondaicus annamiticus. Lebka je v piekvapivé dobrém stavu vcetné
neporusenych nosnich kosti, od dokonalosti ji déli chybéjici fezaky a rezdkové kosti. Plivod tohoto exemplafe je datovan
rokem 1880 a byl darovén starozitnictvi ve Francii misionafem v Indociné - dar R. P. Boutier’ Jeho mise probihala v Hanoji
ve Vietnamu, tedy velmi blizko Ciny. V roce 1997 jej ziskalo Osteologické muzeum v Oklahoma City (USA)

Photo/Foto Jay Villemarette Sr.
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Although a sparse, hairy covering has been noted by some authors (Groves 1967, Cave 1969, Jan
Robovsky pers. obs. in R. sondaicus inermis - Museum flr Naturkunde Berlin, 2010), there is a prevalent
view that R. sondaicus is hairless. It was merely speculated that juveniles were covered by body hair, which
would gradually disappear as they mature, leaving only ear fringes, eyelashes, and tail bristles in adults
(Groves 1997). Its tail stands out distinctly from the hind quarters, so that its whole extent is exposed in
a side view. They are also distinguished by the female’s horn, which in R. sondaicus is merely a protuber-
ance, allowing individuals’ sex to be determined at a very young age (Groves 1971, Groves 1982).

Our knowledge about the morphology of this species is quite extensive in case of osteological
comparisons (Groves & Leslie 2011, Asriastita 2014, Darda 2016, Schellhorn 2018, Mallet et al. 2019),
but quite limited in case of soft anatomy. The brain, digestive system and reproductive systems were
described by Beddard & Treves (1887), Garrod (1877), Cave & Aumonier (1963) and Laurie et al. (1983)
based on two specimens, one inspected by Beddard & Treves in (1887) come from Java R. s. sondaicus
and one inspected by Garrod (1877) originated from the Sundarbans R. s. inermis (Rookmaaker 1998).

Distribution and subspecies

The Sundaic, or lesser one-horned rhino, popularly known as the Javan rhinoceros Rhinoceros son-
daicus Anselme Gaétan Desmarest, 1822 is also referred to by Indonesian names, such as badak or
baduk Jawa, warak and Abah Gede. Its distribution once extended throughout the swampy forests of
southern Bangladesh and south-east West Bengal - the Sundarbans - the lowland forests of central
Bangladesh, the north-eastern Indian regions, western and south Myanmar, south Thailand, Cambo-
dia, Laos, Vietnam, Peninsula Malaysia, Sumatra, and Java (Loch 1937, Rookmaaker 1980, Grubb 2005)
with some indications that it had once been present in southern China as well (Rookmaaker 2006,
Antoine 2012). Basing on few fossil records, Cranbrook & Piper (2007) concluded that this species
also occupied Borneo during the late Pleistocene-early Holocene, its possible later survival is however
excluded (Rookmaaker 1977). While over the years remnants of R. sondaicus have been collected on
multiple occasions in the north-eastern regions of India and the Sundarbans (Rookmaaker 1980, 1997,
2002), all rhinoceros reports from Bhutan refer to greater one-horned rhinoceroses Rhinoceros unicor-
nis Linnaeus, 1758 (Rookmaaker 2016).

Unfortunately, of the three R. sondaicus sub-
species — R. sondaicus sondaicus, R. sondaicus
inermis, and R. sondaicus annamiticus - (Grubb
2005, Groves & Grubb 2011), only R. sondaicus
sondaicus barely survives today on the Ujung
Kulon peninsula, at the western tip of Java is-
land, where this rhinoceros has reached its peak
population density (Nardelli 1988, 2016), while
it was once distributed across Malaysia and Su-
matra, and most of Java. On the other hand, R.
sondaicus inermis Lesson, 1838 was previously
distributed across the Sundarbans and central
Bangladesh, northern West Bengal, north-east
India and western Myanmar, while R. sondai-
cus annamiticus Heude, 1892 used to be found

@ curren Dutrnuton A in south Myanmar, south Thailand, Cambodia,
B s Laos, Vietnam and southern China, but are both
' currently extinct.

Javan rhinoceros distribution map. Modified image from
https://badak.or.id/research-and-education/javan-rhino/
Mapa vyskytu nosorozce javského. Upraveny obrazek
https://badak.or.id/research-and-education/javan-rhino/
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Zin-Maung-Maung-Thein et al. (2006) found R. sondaicus fossils in Myanmar and concluded that

the species most likely originated in the early Pleistocene in the Irrawaddy plain, and that it is the most
primitive of the genus Rhinoceros. This discovery suggests that this species originated in continental
Asia, and that it possibly migrated into Sundaland during the early Pleistocene and later ages.
The first phylogeographic assessment of Javan rhinos estimated the timing of divergence between
R.'s. sondaicus and R. s. annamiticus around 2 Myr to 300,000 years ago (Fernando et al. 2006). The
only subsequent study (Margaryan et al. 2020) supported the separation of both these Javan rhino
subspecies, and additionally identified the distinctiveness of North Bengal specimen with an estimat-
ed time of divergence around 540,000 years ago. All three recognized subspecies of Javan rhinoceros
are supported by genetic evidence; the priority is to obtain nuclear or genomic data across the former
distribution of the Javan rhino (Moodley & Robovsky, in press.).

Considering the uniqueness of the Javan rhino, it is worth to mention that the time of divergence
between R. unicornis and R. sondaicus is estimated at 4,3 Myr based on whole genomes (Liu et al. 2021).
The subspecies R. s. annamiticus survived in Vietnam until 2010 (Brook et al. 2011, Brook et al. 2012).
Based on the footprint diameter, its skull size is estimated to be 75-80% of R. s. sondaicus (Polet et al.
1999, Groves 1967, Groves & Guérin 1980), indicating that it was probably the smallest of the three
subspecies. R. s. inermis maybe is the least known, although possibly not the rarest. As noted by Rook-
maaker (1997: 38):

...every ship of the Dutch, French and British East India Companies trying to reach their stations
along the Ganges had to pass the Sundarbans. One could suggest (but not prove) that when in those
early days people mentioned rhinos in India or Bengal, they might have referred to the Javan species
rather than “the Great Indian rhino’, Rhinoceros unicornis...

According to Spartaco Gippoliti (pers. comm. 2023), it is likely that R. sondaicus was in the past often
misclassified as R. unicornis. Marine transport and the opening of the Suez Canal in 1869 facilitated the
transfer of goods across vast distances, making it easier for zoos and museums to acquire specimens
from distant locations.

One of the last Rhinoceros sondaicus annamiticus in Cat Tien National Park in Vietnam. Although the 2009-2010 field sur-
vey (Brook et al. 2012) did not conclusively pointed to the extirpation of the Javan rhinoceros from Vietnam, the results of
the surveys strongly indicated the extinction of this taxon
Jeden z poslednich jedincd Rhinoceros sondaicus annamiticus ve vietnamském narodnim parku Cat Tién. Prestoze terénni
vyzkum (Brook et al. 2012) provedeny v letech 2009-2010 jednoznacné neprokazal vymreni tohoto taxonu ve Vietnamu,
je to vice nez pravdépodobné

Photo/Foto ©WWF Vietnam
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Thus, during the late 19" and early 20" century, as ships from India and Bangladesh navigated
to the harbour of Trieste, (at that time part of the Austro-Hungarian Empire), they would also take
additional cargo for animal dealers like Carl Hagenbeck who had a major live animals’ depot at that
port (Hagenbeck 1912: 148). At the time, it was probably also more practical to collect rhinos from the
Sundarbans in close proximity to the Bay of Bengal, due to which very few greater one-horned rhi-
noceros specimens would have been brought alive to Indian ports as this species was present only in
northern parts of the Indian subcontinent. This hypothesis is confirmed by the fact that, in Naples (Ita-
ly), a skeleton of a supposed greater one-horned rhinoceros, certainly died there, and the University
Zoological Museum has recently ‘re-classified’it as a Javan rhinoceros (Improta & De Francesco 2022).
A systematic census of the Museums Rhinoceros specimens would be certainly worthwhile (Robovsky
& Rookmaaker 2022).

The skeleton of Javan rhinoceros at the Zoological Museum of the University Federico Il of Naples (Italy). The horn was
stolen but replaced with an excessively long replica
Kostra nosorozce javského v Zoologickém muzeu Univerzity Fridricha Il. v Neapoli (Italie). Roh byl po krddezi nahrazen,
ovéem piilis dlouhou replikou

Photo Zoological Museum of Naples /Foto Zoologické museum v Neapoli

Given the rarity of Javan rhinoceros and no breeding in captivity (Rookmaaker 1998), current knowl-
edge on this species’ reproductive biology and social behaviour is limited. This issue is further com-
pounded by the lack of live specimens living in controlled environments, making direct observations
challenging. Owing to the cryptic nature and shyness of R. sondaicus, very little is known about its
reproductive behaviour (Groves & Leslie 2011) and current data is mostly based on early accounts
pertaining to few individuals (Hoogerwerf 1970, Ammann 1986). According to Gokkon (2020), 74 an-
imals still exist, and all live in isolation; studying this species is difficult (Dinerstein 2011). In 2019,
based on camera trap identification, the Javan rhinoceros population in Ujung Kulon National Park
(UKNP) comprised 28 adult males (41.2%), 23 adult females (33.8%), 8 young males (11.8%), and 9 sub-
adult females (13.2%) (Putra et al. 2020). According to Putro (2023), 76 rhinoceroses plus 3 calves were
presentin 2022. A recent report is challenging those figures (see below the section Conservation).
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According to some records, Javan rhinoceros was highly prevalent in the country in the 18" centu-
ry (Groves 1967) and its hunting was endorsed by the Javan government (Ramono et al. 1993). Howev-
er, even during the T'ang Dynasty (618—906 AD), rhinoceros horn exports were an important source of
income for Java, which likely contributed to the demise of this species (Nardelli 1988).

Nardelli (2016) recently opined that the Javan rhinoceros is not a gregarious species, and that this
species is not a mountain dweller, claims made by several researchers (Horsfield 1824, Sody 1941,
Hoogerwerf 1970, Ellis & Talukdar 2020, Britnell et al. 2021).

As previously noted, given that females are more sociable, their territories overlap considerably,
but males tend to protect their territories from other males and these may overlap at the periphery
only. This behaviour is like that of Dicerorhinus sumatrensis, but counters that noted for R. unicornis, an
herbivore occupant of semi-open grasslands. A typical male territory may extend from 12 to 21 km?
while a female’s covers 4 to 13 km? only (Ammann 1986).

Therefore, much of what we know today about this species derives from the work of whom stud-
ied tracks (e.g., footprints, urine squirting and dung), which could reveal very little about its actual
reproductive behaviour (Horsfield 1824, Sody 1941, Hoogerwerf 1970, Ammann 1986). Nonetheless,
Ammann’s (1986) observations of several cows and their calves suggest that they form permanent
associations. The author further speculated that female calves would remain with their mothers, while
associations between males and females would be severed after 4-5 days, a time span possibly corre-
sponding to the duration of the female’s oestrus.

These findings were recently substantiated by Wilson (2021) who, among some first time observa-
tions, established that both male and female Javan rhinoceroses prefer solitary existence. According
to this author’s extensive thesis, social behaviour is mostly restricted to wallowing sites, which serve as
shared habitats used for thermoregulatory purposes and provide opportunities for communicating,
meeting, and interacting with other rhinos. As a result, R. sondaicus tend to vocalize three times more
frequently (and use different calling sounds) in and around wallows than in forest habitats. Although
female Javan rhinoceroses with calves have been found to form social bonds with other females and
their offspring, such social interaction does not typically extend to adult males, unless females are
sexually receptive. For this reason, male Javan rhinoceroses regularly visit wallowing sites. According
to Wilson (2021), females are noticeably more vigilant when approaching wallows and clearings, and
may even turn away if males are already present.

Javan rhino’s mud wallow
Bahnisté vyuzivané nosorozcem javskym
Photo/Foto International Rhino Foundation
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Wilson’s (2021) analysis of the rhino vocal calls from camera trap videos taken at and near wallows
reveal presence of seven vocalization descriptors with accompanying sonograms. Wilson (2021) was
also able to determine that both sexes exhibit a flehmen response after drinking wallow water or
when tasting or ingesting soil or mud, which the author attributed to the instinctive need to determi-
ne the sex, as well as reproductive and dominance status of other wallow users. As wallows frequen-
ted by rhinos are usually well concealed by vegetation, as they are formed in depressions of 6-7 m
x 3-5 m dimensions in which rainwater can pool, mothers can monitor them from a relative safety
before entering with their calves.

Javan calves tend to walk behind the mother (Nardelli 2017). This behaviour, however, has also
been observed in Sumatran and black rhino calves (Joubert & Eloff 1971; Benda et al. 2020, Van Strien
1986). On the other hand, white and greater one-horned rhinoceros calves walk in front of the female
(Owen-Smith 1973, 1975, Laurie 1978, 1982), making them less likely to be victims of lions (Panthera
leo), spotted hyenas (Crocuta crocuta) as explained by Hitchins (1986), and tigers (Panthera tigris) (Di-
nerstein 2003). These observations should lead to the conclusion that the calves of rhinoceros brows-
ers walk behind their mother (allowing the mother to clear the rough vegetation and expose edible
leaves and sprouts), while grazers’ offspring walk in front (which obscures calves from predators’ view
in open terrain).

00-18:2022 08:20:47 |l 3 “03-18-2021 13:31:56

Javan rhinoceros females with calves following them, more evident from the video available at https://www.facebook.
com/watch/?v=529657705848991
Fotografie dokumentujici, Ze nosorozec jévsky patii k tém druhdm nosorozcd, u kterych mladé nasleduje samici, cozZ je
jesté vice patrné z videa dostupného na https://www.facebook.com/watch/?v=529657705848991
Photo Ministry of Forestry and Environment and Ujung Kulon National Park - Republic of Indonesia
Foto Ministerstva lesnictvi a Zivotniho prostfedi a Narodni park Ujung Kulon - Indonéska republika

A further protection is afforded by vocalizations between mothers and calves that are barely au-
dible, as this species calves are occasionally preyed upon by the Javan leopard Panthera pardus melas
or the pack-hunting Javan dhole Cuon alpinus sumatrensis (Wilson 2021). It is also believed that Javan
tiger Panthera tigris sondaica may have previously predated on young Javan rhinoceroses and might
have caused a considerable reduction in the population.

As Javan rhinoceros requires a considerable amount of food, population densities should be re-
duced to more productive levels (Wilson 2021). However, this can be difficult to achieve. The greater
one-horned rhino female’s age at first breeding is estimated at 7-7.5 years, suggesting that the same
is possibly true for the Javan rhino (Dinerstein 2003). Owing to their small population, this means that
only a few Javan females may be reproductively active simultaneously. On the other hand, its longev-
ity may help with the population recovery. Nonetheless, these suppositions can only be confirmed or
refuted through further research (Wilson 2021).

Similarly, it is presently unknown if the Javan rhinoceros is a spontaneous ovulator as in the great-
erone-horned, the black and the white, or its ovulation is induced (stimulated) by copulation as in the
Sumatran rhinos (Roth et al. 2001).

The length of pregnancy is also unknown and is at present estimated at 16 months, given that
mating has rarely been observed, making the timing of conception difficult. Dinerstein (2003) consid-
ers that greater one-horned rhinoceroses could produce a calf every 2.5 years, in the wild.

When ready for mating, males and females engage in easily recognizable courtship behav-
iour, whereby males would make repeated ‘short-pant’ calls, to which females respond with repeated
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‘moo-bray’ calls. Upon coming closer, males would rub their chosen female under the neck with their
horn. If receptive, female would respond by opening her mouth and rubbing against the male with
her back (Wilson 2021). According to Wilson (2021), both males and females copulate with several
partners (polygynous).

As was shown in the preceding discussions, comparisons between R. sondaicus and R. unicornis
may lead to wrong conclusions, as these taxa have differing ecology. Therefore, when formulating
conservation strategies, it is essential to note that the Javan rhinoceros needs vast, contiguous low-
land rainforest to repopulate, and such habitats are presently only available in a small number of areas
in Sumatra. Asian rhinoceroses as one of last remnants of megafauna would be also very important for
ecological restorations (Louys et al. 2014).

It is also essential to consider the fact that political and logistic issues are likely to impede trans-
location of some rhinos to optimal and well managed ex situ breeding centers (Nardelli 2016). Thus,
unless these challenges are overcome, the Javan rhinoceros is, in all probability, doomed to extinction.

The Javan rhinoceros is the second largest mammal of the south-east Asian rainforest and is highly
dependent on lowland forests, as their density protects these sensitive animals from sunlight and
ensures a stable water supply, while trees produce ample saplings and leaves, which are its main food
source. This species is a generalist browser (just occasionally it was found around crop fields), but un-
like the once-sympatric Sumatran rhinoceros Dicerorhinus sumatrensis (Fischer 1814) - also a browser
and a rainforest inhabitant - fitted with ‘grip-shaped hoofs; it cannot climb up and down hills.

Rhinoceros sondaicus feeds primarily on twigs and leaves, consuming about 80-100 kg on a daily
basis, (e.g. the Sumatran rhinoceros eats 60-70 kg. and weighs 700-900 kg), which can be already
challenging to acquire for a single animal (pers. obs.).

The Javan rhinoceros currently occupies lowland evergreen secondary forests in Java, and it occu-
pied marginal habitat in Vietnam (Groves & Leslie 2011). But considering its former known historical
and prehistoric distribution (Groves 1967, Groves & Leslie 2011), it occupied likely greater variety of
habitats in respect of regionally typical vegetations and lowland/mountain climates (Morley 2018).
Combining vegetation map of South-East Asia (Morley 2018) with localities of the Javan rhino (Groves
1967), it occupied rain forests, seasonal evergreen, semi-evergreen and moist deciduous forests.

The Javan rhinoceros seems to meet criteria for a refugee species (Kerley et al. 2012), like: a much
wider distribution in the past, current presence in a very restricted geographic range in very low num-
bers, and living in a location with some portion of suboptimal quality (Griffiths 1993).

Comparison of rhinoceros foot - left: Sumatran rhinoceros; right: Javan rhinoceros - a unique mounted part
Srovnani distalnich ¢asti koncetin nosorozcti - vlevo nosorozec sumatersky; vpravo nosorozec javsky - ve formé dermo-
plastického preparatu
Left photo/Foto vlevo Mark Carwardine/naturepl.com
Right photo/Foto vpravo David Ayre
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Conservation

At present, the number of Javan rhino Rhinoceros sondaicus individuals is stagnating - if not declining
- owing probably to inadequate habitat and population management measures, poaching and in-
breeding, as well as limited reproduction capacity for the extremely low number of breeding females.
In particular, as human population continues to increase, failure to address these issues will further
undermine the value of current management practices, thereby putting an already fragile rhino popu-
lation to even greater risk of extinction. Therefore, the existing protection and conservation strategies
need to be revised, with a primary focus on the prevention of poaching, which continues to be driven
by high demand for rhino horn in Asia.

To overcome these challenges, the carrying capacity of the existing protection area needs to be
increased as well. For example, Rhinoceros sondaicus is confined within the 120,000 ha Ujung Kulon
National Park (UKNP) perimeters, but according to Griffiths (1993), only 30,000 ha of the UKNP area are
considered suitable for rhinos, divided in three major enclaves (Manurung et al. 2023). Moreover, 60%
of this habitat (18,000 ha) is at the optimal level, while the remaining 40% (12,000 ha) is of sub-opti-
mal quality (Griffiths 1993) mostly due to palm forests of invasive Arenga obtusifolia, Calamus sp. and
Pandanus sp. Given that this appraisal includes the Gunung Payung area, where no rhinos are found,
it is evident that, without improvements, Javan rhino subsistence cannot be guaranteed within the
UKNP, on a long term basis.

It is a question whether some supplementary feed could help to improve the health, survival and
reproduction of this last population of the Javan rhinoceros - i.e. new clearings can be created by
falling several large trees, well apart, in palm free areas, so saplings can grow to increase the quantity
of food available to the rhinos. The space in the canopy left by a fallen tall tree, allows more light to
reach the forest floor as well as creates room for other vegetation to take root and flourish. If a tree
falling takes others down with it, helps the re-growth around it even more. This new protocol could be
implemented immediately, at very low cost.

Fallen tree with about two years old re-growth of saplings
Padly strom obklopeny asi dvouletymi stromky v rGistu
Photo/Foto Amphoe Muang Phatthalung
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Rhinoceros sondaicus female feeding on saplings close to a fallen tree. Arenga palms (Arenga obtusifolia) now dominate
the rainforest in many areas of the park, and reduce available rhino foraging, by limiting the growth of rhino food plants
Samice nosorozce javského krmici se na stromcich v blizkosti padlého stromu. Palma arenga (Arenga obtusifolia) nyni
dominuje v mnoha pralesnich oblastech parku a omezuje rdst rostlin, kterymi se nosoroZci Zivi

Photo Ministry of Forestry and Environment and Ujung Kulon National Park - Republic of Indonesia/
Foto Ministerstva lesnictvi a Zivotniho prostiedi a Narodni park Ujung Kulon - Indonéska republika

Further issue arises from inadequate protection from poaching, as the Rhino Protection Units
(RPUs) and the Park’s Guards entrusted with physical security control (Haryono et al. 2015) do not
have the power to patrol such a large area. Camera traps were installed throughout the park for in-
spection and count rhinos, evidently these can only identify security breaches, rather than preventing
unauthorized access. Still, owing to the extent of professional poaching, which has proliferated in
recent years, any figures published in official reports can quickly change. There is evidence that these
criminals have moved from Sumatra into the UKNP (Manurung et al. 2023). For example, a male rhino
was killed in 2018, and when the carcass was recovered, a bullet hole was found in its skull, while, in an
unspecified year, cameras captured an injured rhino with two holes on its back.

Therefore, firm commitment by all stakeholders is crucial to guarantee that the UKNP can operate
at a stable maximum carrying capacity, which is estimated at 50-60 individuals (Ammann 1986, Nar-
delli 1986, Santiapillai 1990, Fernando et al. 2006, Haryono et al. 2016). Although this figure was es-
tablished in the 1980s, it is in accordance with the most recent assessment by Manurung et al. (2023).

Further evidence pointing to the urgency of stakeholders action can be found in the report pub-
lished by a local NGO - Auriga Nusantara - in April 2023, indicating that the number of the surviving
Javan rhinos has been grossly overestimated by the Indonesian government agencies (Manurung et
al. 2023). Specifically, although these agencies claim that 76 rhinos reside within the UKNP (Putro
2023), at least 15 have recently not been captured by the 220 cameras set throughout the park.

Therefore, only about 60 individuals presently occupy UKNP (Manurung et al. 2023), and given
that only 23 were females (Haryono et al. 2015) there is a possibility that just around a dozen of the
latter may be successfully breeding today, the population has no capacity to increase.

Although combating any poaching activities remains the most pressing issue, the Javan rhinoc-
eros genetic diversity is also in a critical state. The genetic research conducted by Fernando & Melnick
(2003) and Fernando et al. (2006) indicates that the Rhinoceros sondaicus population is nearly homozy-
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gous, with only two allele variations and two female parent lineages (haplotype), whereby only 14%
of the total population carries haplotype 2. Recent observations of the Javan rhino’s morphological
characteristics also indicate that 13 individuals are affected by birth defects, which were attributed to
inbreeding depression (Putro 2023).

Thus, future efforts aimed at Javan rhino conservation in Ujung Kulon must focus on protect-
ing their safety, improving the quality of their habitat and enhancing their genetic viability, as failure
to address these issues will lead to population stasis or decline. Even though some researchers and
stakeholders are of view that having the entire Javan rhino population restricted to a peninsula would
facilitate their greater protection, lack of habitat diversity also increases the risk of environmental
hazards and disease outbreaks. Therefore, to limit the impact of any genetic mutations (Stephens &
Sutherland 1999) and prevent rapid disease spread, Javan rhino should be provided with alternative
sites (Wilson 2021).

As proposed by some authors (Ammann 1986, Nardelli 1986, 2016, Santiapillai & Suprahman 1986,
Seal & Foose 1989, Haryono et al. 2016), a managed population should be established at an alternate
location. Although Leader-Williams (1993) cautioned that population increase rates tend to be lower
for rhinos in captivity compared to well-protected wild populations, this is presently the only viable
option. An ex situ breeding program as a part of a broader conservation initiative will greatly contrib-
ute to the Javan rhino recovery and once sufficient progress has been made, other options may be
considered, such as pair wise reintroductions in optimal habitats. Specifically, such measures have
been successfully applied to the greater one-horned rhino Rhinoceros unicornis, resulting in a marked
increase in the species’ meta-population as a result of improved breeding rates and the establishment
of new populations in different locations nevertheless, because unicornis ecology is dissimilar from
the sondaicus one, the same achievement cannot be taken for granted.

When considering the alternatives outlined above, the recommendations provided in the Au-
riga Nusantara report (Manurung et al. 2023: 28) should serve as valuable guidance:

1. There should be an overall improvement in the protection of the Javan rhino and Ujung
Kulon National Park;

2. The National Park Office and/or Ministry of Environment and Forestry should calculate
the Javan rhino population in accordance with academic standards (and using various
parallel methods);

3. Conduct a thorough evaluation of the Ujung Kulon National Park Office, looking at its
institutional, budgetary and programmatic arrangements;

4. Implement a Javan rhino second population or second habitat programme in earnest;
5. Encourage and open up space for research into Javan rhinos.

Implementing the aforementioned measures, effective means of expanding the limits of Javan
rhino distribution must be found to prevent an inevitable genetic collapse in the future. Moreover,
if no suitable territory large enough to serve as a quality habitat for a greater number of the Javan
rhinoceros can be found in Java, Sumatra should be considered as an alternative. The main factors to
consider when selecting a new site for settling Rhinoceros sondaicus are safety from disease and poa-
ching, and the carrying capacity of at least 50. This is deemed the lowest number of individuals that
can ensure population growth (Haryono et al. 2016).

As outlined, an emergency ex situ action plan is urgently needed to save the Javan rhinoceros
from extinction. This can only be achieved with genuine interest and commitment from all stake-
holders, especially those with political decision-making power - and unbiased opinions - as their
support is essential for enhancing the current management capacity. At present, however, the focus
seems to be on retaining all Javan rhinos on Java and addressing the most immediate concerns relat-
ed to poaching. This short-sighted perspective fails to account for the risks imposed by lack of genetic
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diversity caused by interbreeding within the
same area, which can only be overcome by es-
tablishing a second population, at least. Thus,
strong leadership by the national government
is critical to offer this highly threatened species
a chance to survive and potentially thrive in the
future.

As pointed out by Maguire et al. (1987), ex
situ breeding is not always optimal substitute for
providing endangered species with adequate
habitat in the wild. Nonetheless, it is fundamen-
tal to secure the survival of breeding colonies. In
the case of the Javan rhino, as about 60 individ-
uals reside in a tiny enclave without any oppor-
tunities for natural expansion, an ex situ strategy
is the safest viable option (Nardelli 1986, Seal
& Foose 1989). While every measure should be
taken to sustain the Rhinoceros sondaicus in the

Managed migration among sub-populations to sustain
gene flow in a meta-population
Rizena migrace mezi subpopulacemi pro udrzeni toku
gent v metapopulaci

Diagram/Schéma Tom Foose

UKNP at the maximum density, the dangers outlined above will still be present unless a secondary site

is established (Wilson 2021).

These arguments are supported by the recent Auriga Nusantara study (Manurung et al. 2023, Gok-
kon 2023), the findings of which confirm that maintaining the status quo is counterproductive. Further
evidence substantiating their validity can be found in Malaysia, Sabah and Indonesia, where several
Sumatran rhino populations have become extinct in the last three decades. The situation is rapidly de-
clining, and more advanced field technologies demonstrate that wild populations are at a crisis point

Sumatran rhinoceros Dicerorhinus sumatrensis, feeding
on leaves
Nosorozec sumatersky pfi okusovani listovi

Photo/Foto Alain Compost

and are in need of major interventions.

Conversely, the ex situ population of Suma-
tran rhino, in a single facility, is flourishing to
such an extent that the establishment of a new
Sumatran Rhino Sanctuary (SRS) in a secure lo-
cation, distinct from the original, has become
necessary. The final target of an ex situ managed
plan is a wild population produced by the ex situ
bred rhinos to be released into the surrounding
forest. However, thus far, no areas for future re-
leases have been located, as the aim is also to
avoid competition for resources with Sumatran
rhinos, elephants or predation by tigers, in Su-
matra.

It is also worth noting that artificial repro-
ductive technology (ART), such as artificial in-
semination (Al), is already sufficiently advanced,
but it is presently only feasible in well managed
facilities. Nonetheless, in the event that the Ja-
van rhino population declines rapidly due to
diseases, old age or other factors, ART involving
stem cells and biotechnology will be essential.
According to Hildebrandt et al. (2021), Al has
already produced viable offspring in more than
50 wildlife species, including two rhinoceros. The
biobanking of cell cultures are very perspective
conservation options, the preservation of them
should be therefore highly recommended as in
case of the Sumatran rhinoceros (Brandt et al.
2018).
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Javan rhinoceros head close-up image. Clearly visible is the outstanding skin, entirely covered by peculiar epidermal mo-
saic-like polygons that resemble scales and the prehensile upper lip. The anterior surface of the horn possesses a groove
that it is typical for the whole genus (Groves 1971)

Detail hlavy nosorozce javského. Jasné viditelny je polygondlni vzor kiize a chapavy horni pysk. Na predni hrané rohu
muzeme pozorovat ryhu, kterd je typickd pro cely rod (Groves 1971)

Photo/Foto Tobias Nowlan

Ample body of research indicates that the risk of extinction increases significantly when the popula-
tion is below certain threshold, due to Allee effects (Stephens & Sutherland 1999) and stochasticity
(Courchamp et al. 1999). Moreover, as the population size declines, so does the genetic pool, increas-
ing the probability of propagation of genetic defects as well as accumulation of deleterious mutations
due to random drift and inbreeding (Seal & Foose 1989, Allendorf & Luikard 2007).

While individual fitness level can be improved by manipulating the sex ratio, such interventions
require specialized facilities that can only be realized ex situ. Thus far, some success has been achieved,
with other taxa, through non-invasive methods such as those aimed at modifying sex-determining
ecological or social factors. Nonetheless, invasive methods - including hormone treatment of embry-
0s or sperm sexing prior to using assisted reproductive technologies (ART) - are more prevalent in
practice as they tend to yield more reliable outcomes (Wedekind 2012).

According to Haryono et al. (2015), at 35 males and 23 females, the male/female ratio in the Javan
rhino population was 1:0.76 in 2012, declining to 1:0.66 in 2013. The same observation of much rarer
females was made already by Hoogerwerf (1970). Sex ratio bias and extinction risk are very important
conservation issues in isolated populations (Clout et al. 2002, Grayson et al. 2014, Barrientos 2015) and
should be assessed seriously in the case of the Javan rhino.

However, as more recent data is not available, it is difficult to extrapolate this downward trend
to form reliable projections. This issue is further compounded by the fact that, despite recommenda-
tions, female Javan rhinos have not been monitored constantly and individually (Nardelli 2016) even
with 220 camera traps deployed at random locations to determine the total number - the figure most
at heart to the laymen.
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As the number of females determines the potential population increase for any species, having
considerably more male Javan rhinos is a major demographic problem. It also increases the compe-
tition for mates and frustration of reproductive partners, resulting in sexual conflict that can have
detrimental results in case of severe injuries and psychological subordination.

Therefore, sex ratio manipulation may be required for increasing the reproduction rate in this
near-extinct species. It is also worth noting that wild African rhinoceros in situ are able to adapt the
sex of their offspring, thus naturally limiting breeding competition and maintaining a healthy gender
balance (Berkeley 2011). These preliminary findings may suggest that a similar gender control mech-
anism could be possible for Javan rhinos, provided that they are given state of the art ex situ facilities,
where these compensatory responses can be initiated. In sum, as males continue to dominate in the
Javan rhino in situ population, genetic deterioration is inevitable, confirming the urgency of ex situ
management strategies for the survival of this most valuable species.

Another issue in reproduction biology of captive rhinos is the optimization of breeding condi-
tions, like transfers of males, the size of breeding groups etc. (Scott et al. 2023). In case of potential
captive breeding of this species, the exchanges of males and their separate holding should be pre-
cisely assessed based on the known biology of this species and experiences with other rhino species
under captivity conditions.

Summarizing our review, we recommend these topics to document biological parameters of the
Javan rhino:

1. Catalogues of preserved collection specimens and biobanking specimens of the Javan rhinocer-
os should be recommended with respect to morphological and genetic investigations; the only
currently available lists of collection specimens of the Javan rhino were published in the 1930s
(Barbour and Allen 1932, Loch 1937);

2. Since the anatomical parameters of the Javan rhino are limited by samples size and only to some
organ systems, it would be worth to measure all available specimens in future, as to preserve as
many body parts as possible in case of dead individuals. Studying the morphological and ana-
tomical characteristics of the Javan rhino provides insights into its physical adaptations, such as
its unique skin folds. The sexual dimorphism with possibly larger females in this species (reviewed
by Groves 1982) is an issue that requires a verification based on larger sample size. Detailed exam-
ination of its skeletal system, reproductive organs, and other anatomical features helps in under-
standing its physiological capabilities and reproductive biology;

3. Biobanking of cell cultures for every available live specimens of the Javan rhino is of the great
conservation value as explained in Brandt et al. 2018 in case of the Sumatran rhino, Saragusty et
al. 2016 and Korody et al. 2021 in case of the Northern white rhinoceros;

4. Since the Javan rhinois the last rhino species without the known karyotype (Houck et al. 1994, Trifonov
etal. 2012), the cell culture could be used for the detailed inspection of chromosomal parameters;

5. In spite of some current advances in documentation of sound repertoire in the Javan rhino (Wil-
son 2021), the infrasound has not been recorded; it should be clarified whether the Javan rhino is
the only rhino species without infrasound or not (von Muggenthaler et al. 1993);

6. Since the isotope evidence could indicate some diet and habitat shifts, and the refugee species
characters of some species (Kaczensky et al. 2017, Suraprasit et al. 2020; Isarankura Na Ayudhya
et al. 2022), the isotope evidence from historic and current populations is of great importance for
our understanding of original habitat and diet preferences of this species;

7. Genetic research plays a crucial role in understanding the Javan rhino’s population dynamics,
genetic diversity, and relatedness to other rhinoceros species. Analysing more Javan rhino’s ge-
nomes can provide valuable information about its evolutionary history, potential genetic vulner-
abilities, and factors contributing to its decline;
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8. Investigating the behaviour and ecology of the Javan rhino helps in understanding its habitat
requirements, feeding habits, social structure, and mating behaviour. Studying its movements,
activity patterns, and preferred habitat types can aid in identifying critical conservation areas and
designing effective management strategies;

9. The reproductive biology of the Javan rhino is of utmost importance in its conservation. Research
on mating systems, breeding success, gestation period, and the factors influencing reproduction
can guide efforts to enhance the species’ breeding success, both in captivity and in the wild;

10. Monitoring the health status of Javan rhinos is crucial to identify and mitigate potential threats,
such as diseases or parasites. Investigating their immune system, susceptibility to specific path-
ogens, and health risks associated with habitat degradation or human interactions can inform
conservation strategies, including disease prevention and management;

11. Understanding the Javan rhino’s habitat requirements, including preferred vegetation types, wa-
ter sources, and landscape connectivity, is essential for effective conservation planning. Studying
the impacts of habitat loss, fragmentation, and degradation on the species can guide habitat res-
toration efforts and inform strategies for protected area management.

Male Javan rhinoceros in its favorite element: water. In this image, it is possible to observe the characteristic,saddle’, the
nearly complete coverage of polygon-shaped epidermal growths, and the groove on the anterior surface of the horn
Samec nosorozce javského ve svém oblibeném Zivlu: vodé. Na tomto snimku je mozné pozorovat pfedevsim charakteri-
stické  sedlo” na krku, polygonalni vzor klize a ryhu na predni hrané rohu

Photo/Foto Tobias Nowlan

Thus, Haryono et al. (2016) propose starting an in situ Javan rhino program with four males and four fe-
males that are relatively unrelated, which the authors of this paper deem a sufficient and viable breed-
ing cluster also for an ex situ program. The authors confirm the plan although further recommend pri-
oritizing the establishment of two ex situ facilities, with two pairs in each one, as ex situ breeding is the
safest and most fruitful option to establish a second population of Javan rhinos, as experienced
with the first Sumatran Rhino Project and Sanctuary. For this purpose, animals fit for breeding
should be selectively identified, after which the capture, acclimatization and management protocols
that have been successfully implemented for the Sumatran rhinoceros Dicerorhinus sumatrensis can be
adopted. Still, during capture, care must be taken to avoid excessive disturbance of other individuals
and prevent seize females with calves. As the Javan rhinos live in relatively close proximity within the
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UKNP territory, one rhino should be trapped per year. Avoiding disturbance, this staggered capture
also allows for the refinement in any protocols before expanding the breeding program.

Specifically, any issues with the ecology, behavioural challenges, or integrating and breeding
rhinos in an ex situ site, as well as the logistics of capturing and translocation, should be examined
periodically to address any challenges in a timely manner. Once two sites are established, strategic
exchanges of animals are also advised, as this would greatly enhance the genetic diversity.

In parallel with these initiatives, the protection measures at the UKNP need to be modernized and
intensified to prevent poaching and disease spread. Given the growing sophistication of poaching
syndicates, and the close proximity of local livestock to the park’s wildlife, retaining the status quo can
put the rhinos at risk of irrecoverable population loss (Manurung et al. 2023).

Rhinoceros sondaicus is unfortunately ‘con-
| g servation-reliant’ species (Goble et al. 2012, Sco-
P ,;f_ 1 tt et al. 2010). A species is conservation reliant
# ot o when the threats that it faces cannot be elimi-

2 nated, but only managed. There are two forms
of conservation reliance: population and thre-
at-management reliance - its survival depends
on conservation aimed at managing the threats
By L it faces, given that there is a growing consensus

\%@ . } e that pressure cannot be totally eliminated, but

/J}% B only managed. Therefore, any initiative aimed at

T el esera Pk ' preventing the extinction of this highly valuable
= il yet endangered species must start with careful
Ujung Kulon National Park conservation planning, which should include
Nérodni park Ujung Kulon identification of sites in which conservation re-
Credit: Available via license: CCBY 40 liance is or is projected to be most well-defined.

These plans should also incorporate maintenance of viable populations, as even when the biologi-
cal recovery goals have been attained, continued species-specific interventions will be required. These
arguments apply to all‘conservation reliant’ species not just Rhinoceros sondaicus. Nonetheless, for the
Javan rhino to persist in the wild, each individual needs complete and dedicated human supervision
throughout its lifespan. Moreover, the Javan rhino has already become ‘refugee species’ (Kerley et al.
2020). Refugee species are defined as those that can no longer access optimal habitat, but are confined
to suboptimal habitats, with consequences of decreased fitness and density, and attendant conservati-
on risks. As is the case with other species whose natural habitats have disappeared or have been adver-
sely affected by human activities, the areas in which Javan rhino individuals reside are not only limited
in size and resource diversity, but impose restrictions on their movement, diet, and reproduction. All
these adverse effects have led to the marked decrement in the species fitness and density compared
to historical records (Kerley et al. 2012). It is also worth noting that conservation efforts implemented
in such suboptimal habitat tend to have limited benefit for the Javan rhino, as its capacity to impro-
ve fitness and density is severely restricted under such conditions (Kerley et al. 2020). In this context,
the ‘shifting baseline syndrome’ (SBS; Pauly 1995) - SBS describes a gradual change in the accepted
norms for the condition of the natural environment due to a lack of human experience, memory and/
or knowledge of its past condition - also plays a role, as failing to adopt an objective measure when
assessing the state of the system and the changes it underwent over a certain period may lead to an
erroneous conclusion that conservation management activities are actually effective, even when refu-
gee species are confined to marginal habitats (Kerley et al. 2012). According to Caughley (1994: 229),
this risk is particularly severe for threatened species that have experienced a range contraction, as ‘that
the species ends up, not in the habitat most favourable to it, but in the habitat least favourable to the
agent of decline’ Thus, it is safe to posit that widespread adoption of such conservation practices that
are essentially based on cornering the refugee species in suboptimal habitats (such as the UKNP in the
case of Rhinoceros sondaicus), while costly, is unlikely to yield desired outcomes. Therefore, ex situ acti-
on or combined conservation action integrating in situ and ex situ conservation management activities
and facilities, like in case of Iberian Lynx and Kakapo recoveries, or the breeding centre for Sumatran
rhinoceros, saola (if still around) and other rare ungulates in this region, is urgently needed.

MALAYSIA 1

Ujung Kulon

A - National Park
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The current situation of the two Indonesian rhino species pessimistically indicates that there are only
about a dozen breeding females each of R. sondaicus and D. sumatrensis remaining in their natural
habitats. This stark reality underscores the critical importance of implementing ex situ breeding to
ensure the survival of both species. This imperative calls for the formulation of proactive policies and
precise decision-making. Any hesitance to take action at this juncture can only be ascribed to con-
cerns related to potential liabilities and a lack of due attention to the matter.

We would like to acknowledge the Rhino Resource Centre (RRC) for providing access to the most
comprehensive collection of papers, without which our research on Javan rhinoceros would not have
been possible. We strongly encourage supporting the stakeholders involved in this species conserva-
tion and raising awareness about the devastating impact of the senseless demand for rhinoceros horn
products, leading to the catastrophic decline of rhinoceros populations.

Special thanks go to the anonymous reviewers and the authors of the images used in this manu-
script. We express our gratitude to who responded to our requests for permission and also acknowl-
edge the authors whom we were unable to contact, but have been given appropriate credits for their
images.
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