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Abstract

Over the past century, the Javan rhinoceroses' (Rhinoceros sondaicus) secluded nature
and low population size have led to a gap in knowledge of their ecology. With fewer
than 80 individuals surviving in a single population in West Java, Indonesia, the Javan
rhinoceros is one of the most critically endangered mammals in the world. As part of
a pilot bioacoustics study of the Javan rhinoceros in 2019, we systematically reviewed
camera trap footage from the core Javan rhinoceros range in Ujung Kulon National
Park (UKNP). In doing so, we discovered a previously unknown interaction between
the Javan rhinoceros and the slender-billed crow (Corvus enca), in which the crow finds
and eats ectoparasites from the rhinoceros (Figure 1). We describe this interaction
and suggest that it may represent a cleaning mutualism with benefits for both the

crow and the rhinoceros.

KEYWORDS
behavioral convergent evolution, cleaning mutualism, novel symbiosis, rhinoceros conservation

TAXONOMY CLASSIFICATION
Biodiversity ecology, Conservation ecology

Javan rhinoceros (Rhinoceros sondaicus) are one of the most en-
dangered animals in the world yet, little is known about their basic
biology because of their low population size and secluded nature
(Margaryan et al., 2020; Putra et al., 2020). Camera traps were ini-
tially placed in UKNP in 2009 to monitor rhinoceros populations,
and video data is systematically cataloged and stored by the park.
Camera trap footage recorded from April to September of 2018 at

21 different sites within UKNP was reviewed for this report. During
the study period, ninety-nine observations of Javan rhinoceroses
were recorded and made available to researchers. Of those ninety-
nine recordings, the direct interaction between the Javan rhinoceros
and slender-billed crow (Corvus enca) was only recorded once, for
over 30min via camera trap on September 23, 2018 in UKNP on the

southern coastal border at a known rhinoceros trail (UKNP Archive).
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Physical interaction between these two species has not been previ-
ously described in the literature. The crow species was identified by
bill shape, location, and behavior.

During the recorded interaction, two slender-billed crows land
on, and scavenge ectoparasites from, an adult female and a juvenile
male rhinoceros. The slender-billed crows initially fly from the higher
canopy of the rainforest onto the rhinoceroses' backs and later ap-
proach the rhinoceroses from the ground. The crows focus on three
ectoparasite-rich regions of the rhinoceros: the skin folds of the back
and neck (Figure 1a), the ears (Figure 1b), and the inguinal region.
Between probes into the skin folds of the rhinoceros, the crows
visibly swallow, indicating that they are successfully scavenging
food (presumably ectoparasites) from the rhinoceros. The recorded
interaction between the crows and rhinoceroses lasts 30 minutes
with 386 seconds of visible physical contact between the crows and
the rhinoceroses. Since the crows were not individually identified
from the video segments, pooled observations for the crows are de-
scribed. Timed behavioral observation of both crows revealed 15s
with a crow's head inside the rhinoceroses' ear, 36s moving around
the rhinoceroses' head, 283 s investigating and probing its beak into
the skin folds of the rhinoceros's neck, and 52s traversing the in-
guinal region. The crows land on and interact with both the calf and
mother rhinoceros, spending 78s or 20.2% of time on the calf and
308s, or 79.8% of time on the mother.

In two separate instances during the interaction, the adult female
rhinoceros pivots her ear toward the crow, which then sticks its head
and bill into the ear followed by swallowing motions (Figure 1). The rhi-
noceros' behavior does not change when the crow's head enters the
rhinoceros' ear. The level of coordination in this interaction suggests
a familiarity of these two species in doing this behavior, a high level of
reward for both individuals with this kind of symbiosis, or both.

From our experience with African and Sumatran rhinoceros,
the rhinoceros' skin folds, tail, and ears are hosts to many ec-
toparasites, especially ticks (and sometimes leeches) (Figure 2)
(Penzhorn & Nicolaas, 1994); both species are known to host a range
of ectoparasite-borne diseases including Babesia, Theileria, and
Anaplasma (Nijhof et al., 2003, 2021). Of those, Anaplasma phagocy-
tophilum is a zoonosis of high morbidity in animals if not diagnosed

and treated. Periodic die-offs of Javan rhinoceros since the 1980s

have drastically reduced the species' population (for example, five
individuals of the remaining 60 Javan rhinoceros died of anthrax or
an anthrax like disease in 1981 (Schenkel & Schenkel, 1982)) and are
thought to be manifestations of larger infectious disease outbreaks
in the region involving vector-borne pathogens (Khairani et al., 2018;
Radcliffe & Khairani, 2019). In many cases, the specific cause of
Javan rhinoceros die-offs could not be determined with certainty.

Simultaneous with our discovery of a potential mutualism be-
tween the crow and Javan rhinoceros, we learned from local village
leaders that a similar cleaning interaction between the endemic
Javan Mynah (Acridotheres javanicus) and domesticated water buffalo
(Bubalus bubalis) was regularly observed before the mynah was extir-
pated from UKNP. The presence of these symbioses in UKNP sug-
gests that at some point in rhinoceros evolutionary history, the threat
of ticks and tick-borne disease may have acted as a driver for rhinoc-
eroses to tolerate a large bird landing on their bodies for parasite re-
moval, an apparent symbiosis in the Javan rhinoceros that has never
been described before. The slender-billed crow cleaning behavior may
offer health benefits for these rare forest rhinoceroses by reducing
ticks and tick-borne disease burdens. However, since the crows are
also reported by local residents to feed on and around domestic water
buffalo that surround the park and birds are known to transport ticks
between hosts (Hasle, 2013), disease sharing between domestic and
wild ungulates because of the crow association is also possible.

This inferred Javan rhinoceros—slender-billed crow cleaning
symbiosis is not unlike the relationship between the African black
rhinoceros (Diceros bicornis) and white rhinoceros (Ceratotherium
simum) and the red-billed oxpecker (Buphagus erythrorhynchus) and
the yellow-billed oxpecker (Buphagus africanus), where the oxpeck-
ers eat ectoparasites from the skin folds of the rhinoceros (Bishop
& Bishop, 2014). The oxpeckers living close to black and white rhi-
noceroses may also offer an “early warning signal” for surveillance
against predators in the wild (Plotz & Linklater, 2020). The mutualis-
tic nature of the oxpecker-African rhinoceros symbiosis has been de-
bated; some argue that the oxpeckers may create new wounds and
eat the tissue of the ungulates from which they scavenge ectopara-
sites, which would be a negative outcome for the rhinoceros (Bishop
& Bishop, 2014; McElligott et al., 2004). These interactions may bor-

der on parasitism with wound-feeding and are context-dependent,

FIGURE 1 (a) On September 23, 2018 in Ujung Kulon National Park, a slender-billed crow (Corvus enca) examines the ear of a female
Javan rhinoceros (Rhinoceros sondaicus) in search of ectoparasites (presumably ticks and leeches) in a case of apparent symbiotic mutualism.
(b) A female Javan rhinoceros (Rhinoceros sondaicus) pivots her ear to solicit parasite removal by a slender-billed crow (Corvus enca).
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FIGURE 2 Theinguinal region of a black rhinoceros (Diceros
bicornis) displaying a variety of ticks. Similar folds of the Javan
rhinoceros (Rhinoceros sondaicus) almost certainly harbor similar
ectoparasite burdens since ticks are abundant on sympatric
Sumatran rhinoceroses (Dicerorhinus sumatrensis) that are managed
in sanctuaries in Indonesia.

often changing with geographic location or habitat (captivity vs.
wild), presence of hemorrhagic firial lesions (Plotz, 2014), or den-
sity of ectoparasites (Cheney & Cété, 2005; Plantan, 2009; Plantan
et al., 2013). In some cases, cleaning mutualisms transfer diseases
between host species (Keet et al.,, 1997). Likewise, the inferred
cleaning mutualism between the Javan rhinoceros and slender-billed
crow may vary in magnitude and direction depending on the biologi-
cal context and may have significant effects on parasite ecology and
disease dynamics (Hopkins et al., 2017).

Ectoparasite cleaninginteractions between birds and ungulates are
increasingly documented (Sazima et al., 2012; Sazima & Sazima, 2010),
and more specifically, other Corvid species are partners in several ec-
toparasite cleaning interactions. American crows (Corvus brachyrhyn-
chos) have been known to land on and clean ectoparasites from wild
pigs (Sus scrofa) and cattle (Bos spp.) in Florida (Kilham, 1982); Carrion
crows (Corvus corone) land on and clean wild boar (Sus scrofa) in Italy
(Massei & Genov, 1995); and Torresian crows (Corvus orru) land on
and clean introduced banteng (Bos javanicus) in Australia (Bradshaw
& White, 2006). A common thread for these crow and ungulate inter-
actions is that they all exhibit a degree of behavioral facilitation from
the cleaned animals. These relationships suggest a convergent evolu-
tion of behavior, in which there is a mutualism between scavenging
birds and ungulates. The birds benefit from nutrient-rich foods and
perhaps protection from larger predators, while the ungulates benefit
from protection from tick-borne diseases and an early alarm system to
avoid predation. Although there is little research into the biogeogra-
phy of the slender-billed crow (Oortwijn, 1987), we have no evidence
to suggest that the crows and rhinoceroses have not coexisted for at
least some part of their evolutionary history.

Our limited observations of slender-billed crow and Javan rhinoc-
eros behavior suggest that the relationship may be more mutualistic
than parasitic based on the following evidence: (1) Javan rhinoceroses
lack hemorrhaging external wounds from filarial parasites like their
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African counterparts; (2) Javan rhinoceroses show minimal resistance
behaviors (occasional head shake, but nothing more); and (3) Javan
rhinoceroses show apparent solicitation behaviors (pivoting ear) not
unlike that described for impala and zebra with their oxpecker sym-
bionts (Breitwisch, 1992; Mooring & Mundy, 1996). While we did not
observe any wound-feeding from the slender-billed crow on the Javan
rhinoceros, we cannot rule out that the crows may be targeting the
skin folds because of lesions or creating lesions opportunistically.

Knowledge of Javan rhinoceros ecology is extremely limited, and a
single interaction cannot be used to define this behavior as a cleaning
mutualism. Yet, this inferred cleaning symbiosis may have important
conservation implications for the Javan rhinoceros because a pro-
posed second population of individuals is awaiting translocation by the
Indonesian government to a second protected area (Wilson, 2021).
The creation of a second population of Javan rhinoceroses outside
of UKNP may be one of the most critical factors for the survival of
the species as a whole. Furthermore, ticks and tick-borne disease
are a recognized concern for both Asian and African rhinoceroses,
and disease has resulted in failure of rhinoceros reintroduction and
translocation programs (Fyumagwa et al., 2004; Nijhof et al., 2003,
2021). The slender-billed crow may represent an important part of a
natural ecological cycle for controlling rhinoceros tick burdens in the
rainforests of Indonesia and, like their African oxpecker counterparts
(Bishop & Bishop, 2014; Plantan et al., 2013), may also represent a
warning signal to the rhinoceroses for predators or poachers. New
understanding of these interactions could guide future transloca-
tion efforts to ensure that both the rhinoceroses and the crows are
a part of any second habitat for the Javan rhinoceros. Therefore, fu-
ture research should expand our understanding of Asian rhinoceros
parasites, this interaction, its role in a natural cycle of parasite-borne
disease prevention, and as a warning signal to the rhinoceros. With
international communities and the IUCN pushing for a second habitat
for the Javan rhinoceros, potential symbiotic relationships like these
should be considered as part of any species relocation effort.

The next ten years will decide the future of the critically endan-
gered Javan rhinoceros, a fate that is intimately connected to its
ecology. This heretofore unknown cleaning symbiosis demonstrates
how preserving one of the most critically endangered species in the
world requires a comprehensive exploration of its ecology, specifi-
cally its ecological community relationships, in order to ensure that
the most effective conservation strategies are identified.
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