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Introduction

In phylogenetic systematics, Perissodactyla represents an
order of the class Mammalia snd comprises. the odd-toed
ungulates, The order is comventionally divided into two
Sub-Orders; Hippomorpha and Ceratomorpha (Table 34,15,
Hippomorpha comprses the family Equidae with eight extant
species of horses, asses, and zehras in the single genus Equus.
Ceratomorpha comprises the monogeneric family Tapiridae,
with five extant species, and the Rhinocerotidae, with five
currently surviving species of rhinoceros in four LENETA
(Table 34.1).

In terms of conservation status, with the exception of the
domestic horse and the kiang, the members of the order
represent some of the planet’s more threatened species,
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Equidae

Zebros, Horses, Asses; B species

Tapiridae
Tapirs; 5 species

Rhinocerotidae

Rhinoceroses; 5 species

with some being classed currently as critically endangered
(TUCN Red List of Threatened Species: hups:fwww.
inenredlistorg).

The early ancestors of modern Perissodactyls divided inwo
Hippomorphs and Ceratomorphs during the early Eocene
period (38-52 million vears ago: mya), at which time they
appear o have been an abundant and highly successiul group
of mammals wilh extensive speciation widely distributed
across North America, Furope, and Asia. The subscquent
division of the Ceratomorphs ime  Tapiridae and
Rhinocerotidae occurmed dunng the late Eocene and Oligo-
cene periods {50-25 mya) and in the case of the tapir specics,
evolution continued inte the Miocene and late Pliocene (112
mya). As radiation and speciation progressed within the
arder, the fossil record shows concurrent extinetions and
geographic migration of vulnerable species, influenced by
climate change, habitat loss, competition for nutrients and.
possikly, human predation, resulting i the distribution and
population types now extant. In the case of the Hippomorphs,
hath fossil records and karyotyping studies (Trifonov et al.
2008) have shown extensive evolutionary radiation during
the Miocene, but the modern horse (Eguus spp.h the only

145

F. Montiani-Ferreira et al. (ods.), Wild aad Evotic Anlimal Oplahalmelogy, hitps2idoiorg/10_1007/978-3-030-81273-7_9



146

B. C Gilger and A. G. Matthews

Table 34.1

Sub-order Family
Hippomormhi Equicke
Cerstunsrplia Tupiricks:

Ehinocerotidse

Species
Equus caballs
E. pryealakii

T kadomoni

Diceras bicornis
Ceratetherimm simin
Ehinoceros unicormic
Adiverorinus somalensis
Rhinoceroy sordaicus

Species diversity of currently extant members of Order Perssodactyla {Adier Stemer and Ryder 20113

Common name
[Jvmesiic hirss
Preewalski’s wild horse

L aximny African wikd as

E. kiang Kiang

E, hemwionus Asuatic wikl ass [I:Illuggrj
E zebra Mountain zebra

E. guagga’ Plains zebea®

E. prevyi Grevy's zebra

Tapirus incdicus MalayandAsian Lapir

T. ierrestris Lowland/Brazilian tapir
T pinehesegoe Mountain tapie

T. barirdii Buaird’s tapir

Laribe black tapar
Black rhinoceros
White thinocens
Indinn rhinocerns
Sumatran dhinecerns
Jvamese rhinoceros

“Formerly knowm as B bercheli Burchells sebr s now clased o surhepecies of I quagga

Table 34.2 Defining amatomical and physinlogecal chomsclenstics of memhbers of the order Perissodaciyla

Muolar dentition Alimentary tract Fosclimb phalanges {m) Hindllim phalanges {noh
Erpaiddae Hypmodont Simple stomach and termentative hindzut 1 1
Tapiridae Brachydont Simple stomach and fermentative hindgut 4 El
Rhinocerotidac Hypsadont Simple stomach and fermentative hindgut | 3

extanl genus, appeared relatively late, during the Pliocene
(2-4 mya) (Steiner and Ryder 2011).

All Perissodactyls are characteristically mesaxonic, where
the sagittal plane of symmetry of the diswl limb posses
through the third phalanx, Their geographic mnge in the
wild is restricted to nwinl}' subtropical or tropical lowland
habitats, ranging from prassland savannahs to rainforests.
Outliers are the Mountain tpir, found in the central Andean
cloud forest, the Mountain zebra, whose preferred habitat is
the more mouniainous areas of southermn Adrica, and the
Kiang found on the Tibetan Platean. All members of the
order are herbivores, either predominantly grazers ( Equidae),
predominantly browsers (Tapiridae) or both grazers and
browsers (Rhinocerotidae). this representing anatomical and
physiological adaptation to their preferred habitats (Coimbra
and Manger 2017). The defining anatemical and physiclogical
churacteristics of the Perssodactyls are shown in Table 34.2

Ocular Anatomy and Function

In terms of foraging behavior, Perissodactvla are either
cathemeral (e, megularly sctive at any time) or diwrnal
(Equidae, Rhinocerotidae, T, terresiris and T, pinchague),
or are nocturnal crepuscular {Le.. twilight active) feeders

{other Tapiridae) (Garcia et al. 2012; Banks et al. 2015).
These pattems of feeding activity reflect the nature of the
habitar and the need to avoid potential predatory threats and
will determine w a significant extent visual requirement and
ocular structure and function (Peichl 2005; Veilleux and
Lewis 2011; Veilleux and Kirk 2014; Banks et al, 2015).

In general, terrestrial mammal visual systems reflect spe-
cialization for habitat variation in ambient light imensity
{Veilleux and Lewis 2011). Decreasing comeal diameter
relative o the axial length of the eye reduces visual sensitiv-
ity but enlarges the retinal image and amchorates peripheral
distortion of the image. and is recognired as potentially
conferring some survival advantage in open habitat prey
ungulmtes. However, studies on Perissodactylae have Tailed
tovidentify differences in cormneal diameter: ocular axial length
ratios, irrespective of their occupying primarily either open or
alforested habitats (Veillleux and Lewis 2001; Veilleux and
Kirk 20114),

Like the domestic horse, non-domestic Eguidae have rel-
atively large, laterally placed eyes with horizontal pupils and
well-developed granula iridica (Johnson 1901; Banks et al,
2013), The horizontal, eblate pupil increases the horizontal
depth of field and minimizes blurring of peripheral vision
resulting from astigmatism of abligque incidence (Banks et al,
2015)(Fig. 34.1 ), resalting in increased image quality both of
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Fig, 34.1 Zebra eye. {a) Note the horizondal, oblate pupil similar to that observed in a domestic horse, (by Dilated zebra eye, with the pupil
maintmning only a shightly evoad shape upon Tull mydnasis, (a) Courtesy of D, Bonald K. Cote (B Courtesy of Dr, Bret A, Moone

the gmunl:l immuii;l]cl}.l in front and of the area behind. In
addition, wsing head pitch, the animal appears able o align
the long axis of the pupil with the horizon (Banks etal. 2015).
These evolutionary adaptations will confer a significant sur-
vival advantage to a cathemeral prey species occupying open
erasslunds.

The anatomic ocular dimensicns, including anterior cham-
ber depth, lens thickness, axial length and corneal curvature,
have been measured in 12 eyes of eight Grevy's zebra, aged
d4—14 years, using ultrasound biometry (Evans et al, 2009),
The mean (4 SD) axial length (40.7 £+ 1.1 mm), anterior
chumber depth (6.9 + 030 mm), and lens thickness
(13.83 £+ 4.24 mm) were ezsentially similar to those recorded
in the domestic horse (Grinninger et al. 2000}, Mean intraocc-
ular pressure (I0P) using applanation lonometry  was
21.77 mmHg (Evans et al. 2008) {Appendix C). In another
study using applanation tonometry, IOP recorded in six eyes
of Plains zebras (Eguus burchellity was 295 © 3.4 mmHg
(Ofri et al, 1998) {Appendix C),

The Equwidae fundus is paurangiotic and with an extensive
fibrous wpetum. The mpetal reflex in non-domestic Eguidas
varies from blue-yellow o green-yellow (Johnson 1901)
(Fig. 34.2), The neurosensory reting is rod dominated, with
increasing cone and ganglion cell numbsers in the photorecep-
tor dense macular areas. These comprise the near contiguons
area cenfralis and the visual streak, which are located
dorsoternporally w the oplic dise and in outline approsimate
to the shape of the horizontal pupil (Sandmann et al, 1996,
Ehrenhofer et al, 2002; Peichl 2005). The macular areas are
thought to be used for binocular vision and will permit high
acuity dichromic bluefyellow, color vision.

The Khinaceraofidae eve 15 small relative o the domestic
horse, with an ultrasonographically measured mean axial
length of 261 4+ 0.11 cm (Bapodra and Wolfe 2004) com-
pared with 4,03 = .27 cm in the horse (Grinninger et al.
2010). The rounded pupil of Rhinocerotidae spp. is typically
associated with cathemeral foraging and the absence of sig-
nificant predation risk (Banks et al. 2005). Anecdotal com-
mentary, presumably made by smug survivors of a close
encounter, has it that rhinoceroses are notoriously  short
sighted,  However, rhinoceroses  are mildly  hyperopic
(Howland et al. 1993). and ganglion cell topographic studies
on bath the black and the white rhinoceros have shown the
presence of a visual streak with an area centralis both tem-
porally and nasally. In the white rhinoceros, the visual streak
lies dorsal 1o the optic dise, and in the black the optic disc lies
within the visual streak (Pemtigrew and Manger 2008;
Coimbra and Manger 2017) (Fig. 34.3). It is thought that
the appearance of a nasally located area centralis may com-
pensate for limited lateral head movement in these species
{Coimbra and Manger 2017). Calculations based on peak
ganglion cell density and axial length of the eyes indicate
that Rhinocerotidas has u visual resolution of 6-7 cycles!
degree, This compares o 60 cyclesidegree in humins,
25 cyelesidegree in horses and 6 cvcles/degree in rabbils,
and allows for the prediction that thinoceroses, in optimal
conditions of contrast and luminance. can discern an adult
human at between 100-200 m (Petigrew and Manger 2008;
Coimbra and Manger 2017}, The greater visual resolution in
the horse is likely to be a consequence of larger eve size
rather than increased ganglion cell density (Coimbra and
Munger 201M7). Rhinocerotidae have heavily pigmented
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Fig. 24.2 Nommal fundus images of an (a) adult and (b} foal zebra.  extend a shor distance into the reting. The optic disc is horzontally
Mote the paurangiotic vascubane patiern, The blood vessels are fine and - owval, and the spetal reflex is green o greensvellow . In the foal, the optic
present only in the direct area of the optic disc and cross its margin 10 nerve is hyperemic

Fig. 34.3 Topographic fa
moumt retinal map demonsirating
retanal ganglion cell densaies m
the White Rhinocerss (. simum).
There ix a well-defined horizontal
sireuk of increased retinal density
from 200 cellivmm® 1o a peak
density h;nlpnnlll:.
(appeoximately 2000 cells/mm®
sl masally Gy b
1800 cellatmm”). The black circle
near the e vl the ligure
represents the optic dise. T
tenporal, Y oventod, Maslilied,
with permission. from Coimbra
and Manger (20075 Jowrsal of
Comparative Neurology 525
2484-2498
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Fig. 34.6 Rhinoceros with o
chronie. intermittently ulcerative.
keratitis. which was suspected o
be immune-mediated and
triggered by LIV light expasure,
(Phatograph courtesy of Dr. Gil
Ben-Shiomi)

Fig. 34.7 White rhinoceros with
w presumpdive dingnosis of eyelid
Habronemiasis ||_'.\.u|l'ul.|_.! i
granubomstons blepharitis amid
conjunctivitis, (Fhotograph
comrtesy of D, José Ricanks

Pachaly)

Tapiridae

Ocular surface inflammation, especially uleerative keratilis
and conjunctivitis, is reported to be common in captive tapir
most likely caused by trauma and exposure to UV light,
which free-runging tapirs have litle exposure o since their

natural habitat is primarily dense jungles (Montiani-Ferreira
2001; Da Silva et al. 2013).

Two female South American Tapirs (T, fervestris) at a
woological park were vhserved W have unilaeral blepharo-
spasm and epiphora as a result of deep central comeal ulcers,
Suceessful treatment consisted of topical tobramycin and
serum. Medication of ocular surface within the deep-set
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Fig. 348 Chronic ulcerative keratitis in a Malayan tapir (. fdicus).
Chromic ukcerabive  stromal disease developed  bildesally () Two
manths following placement of an episcleral cyclosporing implant (h)

orbits was facilitated by use of a flexible intravenous catheter
insemed into the medial canthus (Da Silva enal, 2003),

Malayan tapirs (T, imdicus) at & zoological park in South
Flonda develop chromc, proliferative. and bilateral corneal
changes l;n'n'c.'tll.y by one year of age or within one year of
arrival at the park. Biopsy of the raised irregular corneal
lesions sugpested a dizgnosis of papilloma. Inoo 26-year-
old, wild caught, male Malayan tapir, presenting with similar
corneal lesions, S-luoroursecil {235 mg in 0.5 mL) was injected
subconjunctivally and repeated at 3. 7, 12, and 17 weeks. The
lesicns decreased in size, and an improvement in visual
function was present for up to 2 yvears following the series
of inpections (Karpinski and Miller 2002).

Malayan tapirs (T, indicus) have also been observed
(Karpinski L, personal communicaticen) to develop chronic
bilateral keratopathy, including opacification and ulceration,
associated with cxeessive UV cxposure, similar to that
observed in marine pinnipeds (Miller et al. 2013). As in the
case of the affected pinnipeds, the Malavan tapirs responded
1o topical or episcleral cyelosporine (Fig. 34.8).

Summary

Wery linle objective informaton has been published on the
incidence and management of ocolar diseases  among
members of the order Perissodactyla. In terms of general
clinical puidance. given the common early phylogenetic ori-
gin of the order’s species and their likely broad similarity in
immunopathological responses to ocular injury or insult, any
approach o the diagnosis and therapy of ocular disease
should be based wpon protocols wsed at present ino the

demanstrating a central comenl scar, but the resolution of the stromnl
keratitis, This chromic keralitis is suspeched 1o be cansed or perpetualed
by excassive UV light exposure

domestic horse (£, caballus) (Gilger 20171 In the case of
captive tapirs and possibly rhinoceros, the clinician should be
alert 1o the potential role of UV exposure in the genesis of
chronic destructive keratins, as descnbed in captive maring
pinnipeds in the USA (Miller et al. 2013), In any event, the
principles guiding the clinical management of the acute ocu-
lur disense are:

*  Prompt and accurate diagnosis of the generic nature of the
disease process and the ocular tissues involved in that
Process,

* Where appropriate, identify any extraneous causal agent,
e, ungi or other microbial pathogens, foreign material.
This may invalve microbial sampling, biopsy, or aspir-
tion of intraocular content (Stoppini and Gilger 2017
Drarver 20170

+  Formulate and implement an cffective therapeutic stratcgy
targetling the affected tissue and directed towards the
climination of any causal agent or mher impediments o
healing, e.g., foreign body, necrotic comeal or other tis-
sue, of towards suppression of aberrant or dysregulated
immunoinlammatory  responses, e.g., keratolysis  and
ulceration driven by innate hvdrolases derived  from
levcocytes and macrophages sequestered on the ocular
surface.

* Promote ocular repair, dirccted towards restoring the
phvsical integrity and normal function of the injured ocu-
lar tissues.

In the case of most non-domestic species, the above must
be accomplished within the constraints imposed by limited
patient contact and compliance and the perceived nisks o
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the paticnt of multiple gencral anesthesia events. In
circumstances of good management facilities and relatively
tractable patients, effective topical therapy may be possible
via a transpalpebral lavage system allowing renue sdminis-
tration of the agent, However, in many cases, effective topical
therapy typically requires short interval dosing, which may
lirmt s suntabality for use. Contmuous delivery pumps can be
wsed in conjunction with subpalpebral lavage systems and
may have a benefit in enhancing the bioavailubility of seme
topical medication such as hydrolase inhibitor preparation in
corncal ulceration. However, some medications, such as
ophthalmic suspensions {e.g., natamyciny, or drugs that
require refmgeration (e.g., voriconmeole, cefaeoling), are not
suitable to be used in continuous delivery systems, and the
clinician should consider this where such systems are
considered.

With the probable exception (in some instances) of the
inflamed uveal tract or ocular surlace, most systemically
administered  therapeutic  agents.  including  those
administered orally, cannot be relied upon alone o achieve
and maintain therapeutic levels within the eve or on the
ocular surface (Matthews 2004, 20090 This necessilales
carly consideration of the wse of depot formulated drug
preparations, where appropriate and  where available,
administered by local administration techniques such as
subconjunctival, intracomeal, or intracameral injection, Con-
sideration should also be given (o the use of slow-release
embedded devices, e.g.. suprachoroidal or episcleral Cyclo-
sporine A implanis, in managing mmmune-mediated wveal or
corneal disease, or cisplatin beads as adjunctive therapy in
managing perivcular iumaors.

When addressing a scvere corneal wound condition (c.g.,
keratomalacia, deep stromal ulcer, descemetocele), early
recounse o single mtervention conjunctival grafting surgeries
(Brooks et al, 20017} in managing comeal ulceration is likely
to accelerate comeal healing and repair and may preserve the
eye, albeit at the expense of emd-stage corneal clarity, and
shoulid be a primary consideration in any therapeutic strategy.
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