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ABSTRACT

The taxonomic status of its 59 nominal species of the g&uisus(Pleuronectiformes: Bothidae) has

been revised, based on a morphological study of 320 type andypmspecimens. Of the 59 namai

species examined in the study, 18 have found to be valid and adeseribed. The genwothus(pro

parte) is considered natural on the basis of two characters previously identified by Hoshino and Amaoka
(2006): a ventral expansion of the haemapoptsyeéthe precaudal vertebrae and the bony expansion

of the haemal spine of the first caudal vertebrae. These characters were observed in all accepted species
of Bothus excludingB. swio The morphology dB. swicoverlaps with other bothid genera, but its

generic placement was not analysé&thgyrprosopomnd Crossorhombuare hypothesized as outgroups

of Bothusbased on the character state identified by Hoshino and Amaoka (2006), an anterior extension
of the sciatic part of the urohyal past the main paftioe urohyal. A phylogenetic analysis of the

Bothidae is needed to substantiate this hypothesis of relationship, to validate the monopBdafs

and to resolve the generic position Bf swio The geographic distribution of each species is mapped and
an upto-date species identification key has been created. The 18 valid species are as follows, with their
synonym species in parenthesBothus assimilis, Bothus constellatus, Bothus ellipticus, Bothus guibei
(Rhombus heterophthalmysBothus leopardiny®Bothus lunatus, Bothus maculiferus, Bothus mancus
(Pleuronectes barfRhombus macropteriisBothus mellissi, Bothus myriaster (Citharicthys ayreus

Bothus ocellatugPlatophrysnebularis Rhomboidichtys spinost@hombus bahianysBothus

pantherinus Bothus podagBothus rumolo, Bothus tappRhombus gesngriBothus robinsi, Bothus

swio, Bothus thompsoni, Bothus tricirrhitasd Bothus ypsigrammus



RESUME

Le statut taxonomique de 59 espéces nominales du genre de poissddgpihats(Pleuronectifomes:

Bothidae) a été révisé suite a une étude morphologique de 320 spécimens typestgpesnDes 59

espéces nominales examinées, 18 ont été jugées valides et sont redécrites. LBafbisgpro parte)

est considéré étant naturel sur la base de dearactéres précédemment identifiés par Hoshino et
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osseuse de I'épine hémale de la premiére vertebre caudale. Ces caracteres ont été observés chez toutes

les espeées valides dBothus excluantB. swio La morphologie dB. swiochevauche celle d'autres

genres de Bothidae, mais son appartenance générigue n'a pas été anayggprosopoet

Crossorhombusont considérés comme les genres hors groupeBatbusen ® fondantsur I'état d'un
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Bothidae devra étre coni@tée afin de vérifier cette hypothese des hors groupes, de valider la

monophylie deBothuset la position générique dB. swio La distribution géographique de chaque

SaLBOS I SiS RSUSNNAYSS SiG dzyS Of S RQAeSBSYUATFAOI
espéces valides sont les suivantes, avec leurs espéces synonymes entre pareBiitbsssassimilis,

Bothus constellatus, Bothus ellipticus, Bothus glRedombus heterophthalmysBothus leopardinus,

Bothus lunatus, Bothus maculiferus, Bothwmwus (Pleuronectes barfi, Rhombus macropleBsthus

mellissi, Bothus myriaster (Citharicthys aurguBothus ocellatuéPlatophrysnebularis Rhomboidichtys
spinosusRhombus bahianjsBothus pantherinus, Bothus pod&othus rumolo, Bothus tappa

Rhombus gesneri), Bothus robingothus swio, Bothus thompsoni, Bothus tricirrhiaigothus

ypsigrammus
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GENERAINTRODUCTION

Flatfishes Overview

Commonly knowrasW C t |-, thé okd@rluronectiformeBasgenerated interesamong
biologists sincettey were first described by Carl LinnaeusSystena Naturae(Linnaeus 1758Hatfish
are not only important from an evolutionary perspectidee to their peculiar morphologyut are also

animportant natural resource witfa high commercial valuglobally.

Adult Pleuronectiformesre benthic animalsharacterized by aasymmetrical morphology
(deep, laterally compressed body, tvayes on one sidef head andasymmetrical jaws). lthe larval
stage, flatfish inhabit the upper pelagic region of teeanic water columrandhavebilaterally
symmetricabodies During ont@eny the body flattens, the swiltladder is lost, andhere is a
astonishingeconfiguration of the craniumOne eye migrtesto the other side of the bod{Schreiber
2013 which allowghe flatfish to adapt tca bottom dwellingbenthic life The directionality of the eye
migration depends on the speciasith some having an eye migration acrake left sideof the head
(sinistral) orconversely across the right side of the head (dextfdmost all of the Pleuronectiformes
have a dominant left or rightyed migration and asymmetry (Munroe 201BJatfish are unique as they
are the only vertebrate to have a pesibryonic asymmetrical remodeling during ontogeny (Schreiber
2013). This asgmetrical remodelingan also be observed in the paired fins dmel jaws, for example

the reduction of theblind-side pectoral fi and the elongation of an eyeside pectoral fin.

The maximum adult size of flatfish varies between spedosexample, adlts of Tarphops
oligolepis(Bleekerl858 avera@ only 4.5 cm in length, whereadippoglossuglinnaeus 1758) can grow
over 2.5 m.Flatfishare crypticanimals ad mostspecieshave the ability to modify their skin
pigmentationof the eyed side ténstartly to mimic theirenvironment (Ramachandraet al. 1996)

whereas the blind side is generally devoid of pigmentatibmeir protruding eyes (an autapomorphy of

1



the group) allow them to detect the topograplayd color of their environmergo they can michtheir

skin pigmentation as a predatory and defensive mechanism.

Flatfistesare found in all the oceans the world They ardistributed across cold, temperate,
and tropical seas, from the intertidal zone to the deeper regions of the continental slapso((z2005).
The most diverse assempgka of flatfishes, approximately 73.4% oflalbwn flatfish speciesinhabits
the tropical seaslong the continental shelithin 200 m from shoréMunroe 2015)Most flatfish are

satwater specieswith only 34 species inhabiting freshwate¢Munroe 2015)

Flatfisheqsole, halibut, et have a high commercial value in numerous countries. The majority
of flatfishfisheries are located within the northern hemisphere in the Pacific and Atlantic ocBanmse
commerciaffisheries also located in southern temperate regions sudh Blew Zealand, Australia, and
South America (Diate Astarloa & Munroe 1998Dff the Atlantic coast o€anada alone, there were 15
508metric tons/ live weight of flatfish cauglebmmerciallyin 2008 (DFQ008). Flatfish accounted for
noc: 2F /1yl Rl Qa&ernyiaddingstin 2008 (DFC2908d lfrdm 2804 # 2007 the
average amount of flatfish caught worldwide was 900 909rinédns (FOA 2008 The abundance of
flatfish beingfished commerciallyand consumedworldwide is the force behind understanding their

biology.



Order PleuronectiformegFlatfishes)
The orderPleuronectiformesBerg1940) contains 1families, 123 genera, with 1363 nominal

species, 822 of which are skified as validunroe 2015) (Figurel).

Norman (1934) Chabanaud (193%) Munroe (2005} Present study?
Family enera  Species  Genera Species  Gemera  Species Genera Species
Psettodidae 1 2 1 2 1 2 i 3
Citharidae 2 3 2 3 4 7 4 o
Scophthalmidae 3 10 4 10 g 9 4 9
Paralichthyidae 21 o3 21 97 11 a5 11 108
Bothidae I 9 11 89 20 1435 20 l&d
Pleuronectidae 2% &1 27 63 21 6l 21 61
Tephrinectes I 1 1 L | 1 ] 1
Paralichthodidae 1 1 1 ] 1 1 1 1
Poccilopsettidae 3 11 3 16 4 30 3 21
Rhombosoleidae 8 16 7 16 9 14 9 2
Achiropsettidae 2 2 2 2 4 4 + 6
Samaridae 4 13 2 15 2 2% 3 29
Achiridae - - i 31 9 31 9 a5
Soleidae - - 28 BE 29 139 29 192
Cynoglossidae = - 4 17 3 145 3 164
Totals 85 292 125 551 121 716 123 822

"ncludes data for nominal species recognised by taxonomists, but not formally described.

Figurel. Most recent list of Pleuronectiform fishes recognized from previous studies arranged by family
from Munroe (2015), Systematic Diversity of Flatfishes, Chapt. 2, p. 17, Table 2.1

Pleuronectiform orign remainscloudedbecause of the lack of fossil evidence in the form of
transitional speciesThese speciegould help map the evolutionary history of the eye migration during
ontogeny A ecent study on flatfish intermediate species by Friedman (20@8itified two extinct
genera Amphistiumand Heteronectepthat servel as intermediats betweenspecies. These fish
displayed characters (such as an asymmetrical body) of living flatfish but also displayed primary
characters not seen in living flatfish (buas an incomplete eye migration in fully developed mature

adults).

Hatfish fossils have been discovered dating back t&Banillion years ago (Gibson 2005)

Species of flatfish were originally described in the gdPlesironecte¢Linnaeus 1758h "Systema



Natura€' (Linnaeus 1758)Cuwier (1816)later published Le Régne Animahndraised the genuto the
family levelPleuonectidag(Cwier 1816) Ginther(1862)raisedthe familyto the suborder
Pleuronectoide{Glnther1862), which was then reclagsd by Cope (18713s the order Heterosomata
(Bonaparte 184% Jodan and Goss (1889) then dadrevision othe orderPleuronetiformes stating it
consisted of a single family, seven subfamilies, and multiple subgebastly the name Heterosomata

wasreplaced by the current name of the ordereuraectiformes (Berd.940).

A key topic withirPleuonectiformes hasilways been an assessmentibK S 2 NRSNDa LK@ f 2
Norman(1934) dida systematianonographof three of the five recognizeflatfish familes (Psettodidae
Bothidae, and Pleuronectidapyoducinga key and characterization of the thréamilies.Hensley and
Ahlstrom(1984)developeda hypothesis oPleuronectiform phylogenypased on the studiesf Norman
(1934, 1966)Hubbs (1945)Amaoka (189), Futch(1977) and Hensley (1977)hisproducedthe Ww S 3 I y
b2 N¥YI Y (Hehdse$ an@Ahlstrom, 1984:67@hichwas used athe base forstudies on

Pleuronectiforns and theirinterrelationships.

Despite all previoustudies pertaining to Pleuronefirmes, Chapleau (1993) was the first to do
a cladistic analysis examinipgylogenetic radtionships within the order Chaplea® @nalys$s of the
Pleuronectiormes used morphological data typothesizehat flatfishes weremonophyletic Chapleau
(1993)based this monophyletic status on thregnapomorphiesan asymmetrical development of the
cranium in which one eye migrates to the opposite side of the head to produce adult asymmetry, a
dorsakin that overlaps the neurocranium and often extends in frohthe jaws and the presence of
the recessus orbitalisiuscle that enables flatfish to protrude their eyes (Chapld&93)

Previously, lhe classification presented by Nelson (2Q0@asednorphological evidence
presented byChapleau (1993), ChapleauC®oper (1998), and Hoshino (200dtated that

Pleuronectiformes were composed of two suborders with fourtéamiliesbased on morphological



evidence. The subordeReuronectoideibeing comprised of thirteen families and the suborder
Psettodoidei Recantly, this classification has bedyoth supported anathallenged due t@onflicting
molecular studies on Pleuronectiform monophyly.
Sudies supporting the monophyly of Pleurondotmes Betancur& Ortia2014 Azevedcet al.

2008 Berendzen &immick20(2) have presented phylogenetic molecular evidence to confirm
monophyly of the orderBerendzen &immick 2002 proposed Psettodidae as the sister group to all
other flatfish based on their molecular phylogenetic analyses of 12S and 16S mitochondriallgenes
contrast, more current molecular studié€ampbelkt al. 2013, 2014pppose the monophyletic status
of the Pleuronectiformgbased on their conclusion that there is no clear unequivotakcularevidence
to support themonophyly of flatfishTheirmolecular data indicated that there are at least two
independent flatfish origins resulting in asymmetrical morphology, and thus disclaiming a monophyletic
origin of the Pleuronediormes.

Current studies are ongoings such Pleuronectiform origin and naphyly will continue to be a
topic of debate until an altncompassing analysis examining morphological characters, molecular data

and evolutionary relationships within the orddras been completed.

Family Bothidae(Lefteye Flounders)

The family Bothide wasdfirst mentioned by Regan (1910) améhsidentified as being sinistral
(left eyed)with afew species showing exceptigail sinistralspecieshave the right eydFig. 11pn the
upper dorsaportion of the craniumand the olfactory laminae was amged transversely or radiated
from a central rabis. Norman (1934gater describedBothidaeas a family of lefeyedflatfishesthat
include three subamilies(Regan 191QParalichhyinae, Bothinae, and Scophth@hae Norman
identified members ofBothinae based on the positiorstructure of the pelvic fins, and whether or not

caudal vertebrae hattansverseapophyses



Hensley and Ahlstrom (1984) summarized the current views ofsteffimilial interrelationships
basedon theprevious studie®f Regan1910,1929, Norman(1934, 1966) Hubbs (1945), Amaoka
(1969), Hensleyl@77), and Futch (197.7)hey examined thewo subfamiliesvithin the Bothdae
assignedy Amaoka (1969 aeniopsettinaeand Bothnae. In theirsummary they stated that
Taeniopsettina wasnot believed to be monophyletic.HEy did indicatehat the family Paralichthyidae
Regan 1910was suspected to be thaistergroup of the Bothidagwithin a bothoid lineageThis bothoid
lineageincludedPleuronectinae, Paralichthyidae (exc@phinectesand Thysanopsetta

Scophthalmidae, oneitharid Brachypleury ard the Bothidae (excepflancopsets).

TheBothidae weredeemedmonophyletic by the presence of three derived adult characters
(Hensley and Ahlstrorii984). Based oAmaoka (1969), Hesrey and Ahltstrom (1984) identified these
three adult characters assymmetricaventratin morphology (an elongated oculaidepectoral finon
the midventral line of the body); the loss of the blind side preorbitaid thepresence of nporhabdoi
(Chapleaul1993:528).Consequentlythe monophyleticstatus of Bothidae was proposeih
morphological phylogenetic studies @hapleay1993) However the status ofbothid subfamiliesould
not be established due to overlapping characters witim-bothoid taxa. Molecular phylogenetic studies
areongoingand will providefurther insight into theinterfamilialrelationshipsof the Pleuronectiformes

(Munroe 2015)xs well aBBothidae

In somemolecularanalysesn the phylogenetic relationshipsf Pleuronectifomes the
hypothesizednonophyly of the Bothidae has besnpported Usingl2S and 16S mitochondrial
ribosomal gene8ererdzen and Dimmick2002)found fourgenera of the family Bothida® be
monophyletic recognizingParalychtlyidae ashe sister group bBothidae Pardoet al. (2005)did a
study on the pylogenetic relationships of Pleuronectiformesing 163nitochondrial DNAandfound

that Paralichtyidae was not monophyletic and should be split into Paralichthyidaedl



Paralichthyidae 2. Paralichtidae 1containingCitarichthysEtropus,and Syaciumvasfound to be
closely related to Béitidae Theydid not provide a hypothesis oélationships between families
BetancurR (2013) did anolecular study on th@hylogery of spinyfinnedfishes that intuded all major
lineagesBothidae was found to be a sister group of Paralichthyidae how®agalichthyidae was also
found to be a sister group of Pleuronectiddeaving the relationships between the three families in
guestion and open to further invegiation. The monophyletic status difie Paralichthyidae needs tme
examined in order tdelp decipher relationships between Bothidae, Paralichthiydae, and
Pleuronectidae Regardless of the relationships between familabBothidaedo share unique

character states andts monophyletic statuss mostprobably valid.

Our definition of the family refers to the conceptroently indicated in Munroe (205, 2015,
Chapleau (1993), and corroborateéd Berendzen and Dimmick (2002)d Pardoet al. (2005) Curently,

with this definition, there are 16dpecies in 20 genera in tii@mily Bothidae (Munroe, 2035

The Present t8dy
The obijective of théhesis igo complete the firstaxonomic revision of the genigothus

(Rafinesque 181@nd all ofits 59 nominal specieso determine valid taxaThe goals of the thesis aas

follows:revise all nominal species belongingBothus anddetermine valid species, map the geographic

distribution of each specieand producea revisedspecies key

A literature reviev followed byan exhaustivexamination ofmorphological characters
(morphomdric, meristicand osteology oftype and nortype specimens as done This study will

providea muchneededclarificationof the taxonomicstatusof species withirmy definition of Bothus



BothusIntroduction

Bothusis currently loatedin the family Bothide and contains 59 nominal speciéfe

taxonomic history of nominal species®dthuswith their status and author can be found in Appendix A.

Rafinesque (1810a) createdelyenusBothuswhile describinghree new speciesB. rumolo,B.
imperialis,andB. tappa. Rafinesque(181() used the following characterso describe the genst two
eyes on the left hand side,distinct dorsal and andin ray extending to the caudanda distinct
pectoralfin,£ (Rafinesqué 810, pg. 23)According to Eschmeyer (2018&he type species of the genus
is Bothusrumoloby subsequent designation of Jordd®17).Rafinesquks originalBothusrumolo
Rafinesquel810a descrption states:ithe body length is equal to its depth, tla¢eral linecurves above
the ocularside pectoral finthe blind side of the body lacks pigmentation, and has a rounded caudal

fin.£.

Figure2. Modified image ofPleuronectes podasom Delarochg1809, Pl. 2} Annales du Muséum
d'Histoire Naturelle, Paris v. 13.



Jordan and Goss (18BPerformeda review of alknownEuropean and North Americaenera
of flounders and solesh@y stated tfat the Heterosomata containeithe family Pleuronectidae
consisting oBeven subfamilieBrming anatural groy that waseasily recognizabl®ne of these seven
subfamilies, Pleuronectinae, contained the gemlsuronecteshat contained the suklgenusBothus
Jordan and Gog4889 stated that BothusRafinesqug1810a)and Pleuronecte&inneaus 1758hould
be seen aglifferent dueto the scaly natureof BothusRafinesque (1810aRplthough recognized as
different, the scaly nature d8othuswasnot considered significant enough to ascertain genus status,
andas such was desigted a sukgenus Jordan (1917hext statedthat the descriptions oBothus
(Rafinesque 1814 andRhombusCuvier 1816were based on theame speimenandthereforeBothus

Rafinesque 181®&as designated a genus atabk the nane Bothusbased orthe eariest designaion.

Norman (1934}id a systenatic monograph o flatfishesand provided this definition of the
genusBothusy Mare than 74 scales in lateral line; upper angle ofapkning a short distance above
pectoral fin or close to lateral line; menalme joining operculum to pectoral arch scaleless or partly
scaled. Eyes generally separated by a broad interspace (at least in male), the lower well in advance of
the upper; male nearly always with rostral and orbital spines; teeth in jaws in two orsees (at least
anteriorly); membrane joining operculum to pectoral arch scal@efsorman1934p. 172)(See
Appendix B for Character®yormanalso created a species kthat split the genusnto two groups
based on their geographic distributiandediterranean/Atantic and IndePacific speciefNoY' | y Q a
monograph contained 1Bothusspeciesconsideredvalidat the time B. assimilis B. bleekeri B.
constellatusp. ellipticus,B. leopardinusB. lunatus,B. maculiferusB. mancusB. mellissj B. myriaster,

B. ocellatus,B. ovalis,B. pantherinusandB. podas



Other species oBothusRA 8 O2 GSNBER I FGSNI b2NXYIYyQad 6dmdpony Y2y
are: B. thompsoni (Fowler 1923) from Hawaii, 1@escribed by Stiusaker & Moncrief (1974B.guibei
from the Atlantc Ocean near Annabon, described by Stauch (1866)pinsifrom south western coast
of Florida, described by thEopp aml Hoff (1972) based on a manuscripttiyelma Jutare (1962R.
tricirrhitus from the East Coast of Somalia @dg/psigrammudrom the Gulf of Aden, described by

Kotthaus (1977); andhost recenly B.swiofrom Mozambique, described by Hensley 1997.

Outgroup of Bothus

Although there have been previous analysis of the g&nthus(Norman 1934, AmaokE69,
Fukuil997), itsmonophyletic status and relationships witHamily Bothiche remain to be clarified\o
complete phylogenetic analysis of the family lexsrbeencompletedp ! Y I 2 | le€@ectico mdc 0
phylogenetic analysis of the Japanese sinistoainders prodiced a treeof genera Fig. 3 where
Japanese species Bbthuswere included Bothuswasviewed asan ancestralgenuswith many possibly
related generaecause ofts overlappingmorphologicalnd osteological characterémaoka stated
that Bothuscouldbe closely related t&ngyprosopoand Laeopsalthough a combination of

overlapping charaers did not allow for aister group determiation.
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Fig. 131. A presumable phylogenetic tree of the genera of the Japanese sinistral flounders
and related flatfishes.

Fgure 3. Phylogenetic tree of genera for Japanese sinistral floungfersaoka 1969Fig. 131).

Fukui (1997) di aphylogenetic analysisased on larval characters ft6 of the 20 bothid
genera. He createdlaranchingdiagram (Fig4), where Bothuswas split into IndePacific (IP) and
AtlanticMediterranean (AM) groupbased orlarvalmorphometricdifferences The AMBothusshared
morphological traitavith Tosarhombus, Psettinandsome AtlantieMediterranean species of
Arnoglossusyhereas the IBothuswas part of a polytomy with several other bothid genehae

conclusionwas thatBothuswas not monophyletic based on larval characters.
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Figure 4Branching diagrardepicting phylogenetic analysis of tBethidae family based on larval
characters of 16 of the 208othid generaftukui, 1997:209: Fig).

Hensely (1997)uggested gossiblerelationship betweerBothusand Grammatobothudased
on the descriptionsof Norman (1934, 1966and his own analyses Bothus swioHensleydid not state
any characters thasupport this relationship, and his statement wasst likelybased orgeneral
appearance anthe elongated pectorafin rays on the ocular side in majesshared character statm
both generaHensley indicatd that the mainmorphologicalifference between théwo genera was the
absence of #ateral line(Fig. § on theblind sidein Bothusandits presence irGrammatobothus

(Norman 1934, 1966).éthlsey (1997hoted other distinguishingcharactersof Grammatobothughat

12



were absent inBothussuch aslongated dorsafin rays along the anterior of the head and two short

dark bars on théhead.

Figure5. Photograpls depicting absence of lateral line olinid sidein Bothus(BothuslunatusNMC 68
2101) @), and presencen blind siden GrammatobothugGrammatobothugpolyophthalmusSNM
262520, Spec. 1B).

Hoshino ad AmaokaZ006) hypothesized thaothusmay have aloserelationshipto
Engyprosopomand CrossorhombuBecause they sharen anterior extension of the sciatic part of the
urohyalbeyond themain part of theurohyal(Fig. §. Some species @rossorhombsgand Engyprosopon
also exhibiextended pectorafin rays on the ocular side as exhibiteddrammatobothusnd Bothus
Thisextension of the sciatic part of the urohyal is poésentin Grammatobothusas thesciaticpart of
the urohyal does not extengastthe main partof the urohyal as it does iBothus Crossorhombysnd
EngyprosoponFigure 7are radiographsof Bothus EngyprosoponCrossorhombysnd
Grammatobothushowingthe urohyalmorphologyof the four generaThis evidence supportle idea

that Grammatobothuss not the sister group oBothus
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Main part of
urohyal

Sciatic part Cardiac apophyses
of urohyal

Figue 6. Dorsal (above) anaiteral (below)aspect of urohyaih Bothus depictingthe three man
components of the osteological structufdote the extension of the sciatic part of the urohpalyond

the tip of the main partDiagrammodified fromW{ G dzZRA S&a 2y GKS
around Japastaxonomy, anatomy and phylogeny\maoka (1969).
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Urohyal

Main
Anterior extension Urohyal Urohyal o:ur::yr;l Urohyal
Of Seefio paxt of Anterior extension Anterior extension
e OF Soistio it oF of sciatic part of Sciatic part doesnt
s urohyal extend past main
part of urohyal

Figure 7Radiographs dBothusassimilisholotype BMNH 2012.1.12.11 (Axgyprosopormogkii syntype BMNH 1862.6.3.28 (B),
Crossorhombuazureus syntype BMNH 1927.1.6.41 @&pgmmatobothugolyophthalmus USNM 362520 (D); showing the anterior
extension of the sciatic part of the urohyal past the tip of the main part in all thesera.
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With Crossorhombuand Engyprosopoihypothesized to be theuspectedutgroups of Bothus
(Hoshino and Amaok&006), asimple diagranfFig. 8has been createdsingpotentially derived
characterstates, whichto support this hypothess of relationship Original genus descriptions of non
Bothusgenera Engyprosoposinther 1862CrossorhombuRegarnl920) relevantliterature (Amaoka
1969, Hoshino & Amoaka 200@)s well as photographs anadiographof type andnon-type material

were used for the comparisons of genera.

Engyprosopon

Crossorhombus

Bothus

Figure8. Hand drawn thgramdepictingpossibleoutgroupsof Bothus Hypothesized derivedharacter
statesareas follows 1. anterior extension of the sciatic part of the urohgakt the main part of the
urohyat 2. Ventrallyexpanded haemapophyses of the precaudaftebrae 3. Largeexpansion of the
first haemal spine located on the first caudal vertebraalescription of characters can fmundin
Appendix B.

As depicted by the diagrafig.8)EngyprosoponCrossorhombs) andBothusall share
Character 1the anterior extension of the sciatic part of the urohyal past the main part of the urohya
(Fig. 7. Thisosteologicatharacteris unique to these three genera asdpports goossible ougroup
relationshipasproposedby Hoshino & Amaok&006).Characterstate 2 (ventrally expanded

haemapophysesfdhe precaudal vertebrae) and(Bony expansion of the anterior haensgdineas to

16



almost touch the succeeding spird,the first caudal vertebraeareconsideredcharacterstatesunique

to all Bothus exceptB swio

As for the sistegroup ofBothus the current knowledge of intrafamilial relationships of the

Bothidae does not permit the elaboration afhypothesisncludingEngyprosoporr Crossorhombus

In conclusionthe anterior extension of the sciatic part of the urohyal past the main part of the
bone, is an osteologicalharacterstate unique toEngyprosopoyCrossorhombuand Bothus After
reviewing the literatire and examining the evidengdegpropose that bothErgyprosoporand

Crossorhombuare the outgroups ofBothusas itwasnot possible to determina sistergroup.
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Monophyly of Bothus

Amaoka (1969) as well &shino & Amoak&006) discussedhe presence of ventrally
expandedhaemapophysesf the precaudal vertebra@andthe bony expansion of the anterior haemal
spine of the first caudal vertebrae species oBothus(Fig 9, 10. Amaoka (1969) onlstudied Japanese

sinistral flounders anéloshino & Amoak&006) only discusedsixproposed valid spciesof Bothus

A |
‘\_ IIIW"-, ]I\l. II| I
I'-,""‘\._ Y | | I| 1 | | |
'._""-,_ \ \ |I |I | | II II jl' [
'q'llll '|l' "l |I I ] .II I. ._-
TERY |I | [/ {f
VI
| | |I-JII || .ll I I Iull .'II'-I

. i j L ""'u ||)
L/,‘ \ ."'I.II" \
Ventrally expanded

haemapohphyses of the I.I -:
precaudal vertebrae

| (1]
Bony expansion of the J
anterior haemal spine /
of the first caudal f |
vertebrae, as to |/ |
almeost touch the v
succeeding spine

Figure9. Lateralaspect ofcaudal and preaudal vertebrae depicting ventrally expanded haemapophyses
andbony expansion of the anterior haemal spinea species dBothuspodas(BMNH193811-15:54

55). Diagram nodified fromWNew record of the rare floundeéBothusswio (Pleuronectiformes: Bothidae)
from the eastern Indian Ocean (northwestern Australia) with consideration on its generic affil@ations
Hoshino & Amaoka (2006)
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Ventrally expanded Bony expansion of Triangular shaped Haemal spine of first Triangular shaped Haemal spine of first
Haemapophyses of haemal spine of haemapophyses of caudal vertebrae haemapophyses of caudal vertebrae
the precaudal first caudal the precaudal the precaudal

vertebrae vertebrae vertebrae vertebrae

Figure 0. Radiographs oBothusassimilisholotype BMNH 2012.1.12.%&), EngyprosopograndisquamaASIZ®059046(B), Crossorhombus
kanekonisASIZP 006173C) depicting theventrally expandedhaemapophysesf the precaudal vertebraand bony expansion of the haemal
spine of the first caudal veebrae present inBothus compared tothe triangular shape haemapophysasd less expanded haemal spines
present inEngyprosopoand Crossorhombus
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This study haexamined all currently proposed valid members of the gaBohusandfound
the ventrallyexpandal haemapophyseand the bony expansion of the haemal spine of the first caudal
vertebraeare shared bwll species ithe genusexceptBothus swio Radiographs ddll specimens were
examinedand the ventral expansion of the haemapophyseas consient throughoutproposedBothus
speces (exceptBothus swiosee pg213). Bothhypothesizedutgroupsof Bothus(Engyprosopomand
Crossorhombyshavehaemapophyses thatre triangular(Fig. 10)The bony expansion of the haemal
spine of the first caudalertebrae issomewhatdevelopedin the proposed outgroupsiowever, neither
of the outgroupshad haemal spinethat extendto almost touchthe succeeding spine (Fig. 10).
Consequentlythis studysuggests thaBothusmight be monophyleticaspreviously sugestedby

Hoshino and Amaoka (20Q@ut until a cladistic anlaysis is preformed, this hypothesis is only tentative
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MATERIAL&nd METHODS

Specimen Aquisition

A total of 320 type and notype specimenof nominal species dothuswere examined; 1
Bothusassimilis 15Bothusconstellatus 4 Bothusguibei 8 Bothusleopardinus16 Bothuslunatus 14
Bothusmaculiferus 20Bothusmancus 13Bothusmellissi 23Bothusmyriaster, 28 Bothusocellatus 38
Bothuspantherinus 63Bothuspodas 56 Bothusrobinsi, 12Bothusthompsonj 1 Bothustricirrhitus, 8
Bothusypsigrammus1 Pleuronectes lunatus, 3Bothusovalis 1 Platophrys circularjd Bothusbleekerj
1 Platophrys nebularjsl Passer marchchionessaruBRhombushomboids 11Bothuspodas africanus
Bothuspodas maérensis 3Rhombus serratyfRhombus bahianu®riginal descriptions and literature
were ud to providedatafor anynominalspecies thatoud not beexamined (e.gBothusellipticus,

Bothusswio).

Specimens, radiographs, and literadusf nonBothusgenera examined werdisterorhombus
Tanakal915,CrossorhombuRegan 192(Engyprosoposiinther 1862GrammatobothusNorman

1926 ParabothusNorman 1931 TaeniopsettaGilbert 1905,Tosarhombug\maokal 969

Specimens were obtained on loar,examined at the following institutions lfareviations from
Eschmeyer 20)5Academy of Natural Sciences, Philadelpbi@ANatural History Museum, London,
U.K Bishop Museum, Honolulu, Hawai'i, U.SCanadian Museum of Nature, Ottawa, Candélah &
Wildlife Research Institute. St. Petersburg, Florida, UJMu&eum of Comparative Zoology, Harvard
University,CambridgeU.S.A.Muséum National d'Histoire Murelle, Paris, Franc&oyal Ontario
Museum, Toronto Canag&enckenberg Forschungsinstitut uddturmuseumfFrankfurt am Main,
Germany Snithsonian Institution National Museum of Natural HistoWashington D.C., USA;
Universitat Hamburg, Hamburg, GermagiyiH. Specimens were chostenprovidea representation of

the entiregeographical distributionf the species
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Of the 18 valiBothusspeciesnentioned in EschmeygR015),only 13types wereavailable for
examination O the 13types availablenine were examined in this studyholotypes ofBothusassimilis
Bothusguibej Bothusleopardinus Bahus mellissj Bothuspodas Bothustricirrhitus, andBothus

ypsigrammuslectotype ofBothuspantherinus syntypes ofBothusconstellatus

Methodology

Species Concept

Nixon and Wheeler (1990) did a revision of the phylogenetic speoigept, whiclwasapplied
in this study. Their definition of the phylogenetic species concCethte smallest aggregation of
populations (sexual) or lineages (asexual) diagnosable by a unique combination of character states in
comparable individuals (semaphorontsS)(Nibon & Wheeler, 1990, p. 229), is based on the definitions
of Eldredge and Cracraft (1980), Platnick (1@8t)Cracaft (1983). This definition is the framework for
which the specis validity wagletermined. This study hagtempted to find characters commao a
group of individuals that are indicative cdmmon ancestry. The identification of these diagnostic

characters (or combination of characters) allowed definitions of valid species to be created.

Measurements

Morphometric meristic and qualitativenorphological observatiins were made on each
specimenexamined (haractes examinedin this thesis that wee deemedtaxonomicallyrelevantto
Bothusare presented inFigures11-14. Acomplete list of almeasurements, countgharacter
description techniges and pigmentation definitionare listed inAppendix B. Aylossary of
itchthyologica) systematis, and taxonomic termgertaining toBothusand this thesis aravailable in

Appendix C
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Morphologicalmeasurements were takewith an ele¢ronic calipe and were rounded to the
nearest 0.01 of a mnMeasurementsised forproportional measurements arexpressed as a
percentage of standard lengi®o S)or percentage of head lengtf#oHL as indicated in the text
Descriptiors of pigmentation were maden preserved specimens or through high definition
photographs of preserved specimedlm and digital radiographs were used to takeristic
measurements. Radiographs were taken when on location at respective institutions when available,

sent from scienfic institutions, or taken by the authat the Canadian Museum of Nature.

Species were defindoly identification of unique diagnostic characteBiagnostic characters
believed to bauniqueto a specifitaxonwere recorded anéssessethrough specimen ata collection
(copy of data collection sheet in Appendix Blagnostic characters found consistently across a group of

specimens led t¢ed to thesubstantiation anddentification oftaxonomicallyalid species.

The methods of Hubbs and Lagler (19884) were used for mrphologicaimeasurementand
countsexcept for the followingharactershead depth snout lengthpogorbital headlength,
interorbital width, length of ventrakeye, and gill raker countdeasurementsand counts had to be
created oraltered to accommodat®othusas all species are sinistral (left eyed) asgmmetrical
(Figure:11) with anocularside (0.s.and blindside(b.s.).The majority of measurements and counts
were taken on the ocular sidenless indicatedAppendix B)Thefollowing measurementsand counts
were taken on both side¢ength of the longest pectoral and peldia ray, length of base of the pelvic
fins, length of the mouth, number of pectoral and pelfiitrays membranes on pelvifin rays, spines

on the snouf presence of fleshy flap on nostril, type of scale (ctenoid or cycloid), and pigmentation.

SexualDimorphism
Sexual dimorphic assessments and measurements tagen for all specimend heassessment
2F aLISOAYSyQa as Elitesatur (Narha $9R4, AmAoka I0ED YhhdPvakiiressed in
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all species descriptionshere applicable The following characters were examined and compared for
both male(M) and femaleg(F)specieshead length, head depth, length of pectoral fin, length of pectoral
fin, interorbital distance, interorbitakvidth, headmorphology,number of eye appendagesumber of
spines on eye orbitalgndspines on the snout. These sexually distinct charasters used to assas

the sexof specimens as well as the sexudilyorphiccharacters of eacBothusspecies.

T-tests were conducted for the two morphological body ratio characters (ot pectoral
fin ray lengths in relation to SL, and interorbital distances in relation to HL) to test their suitability for
discrimirating gender for each species. Bivariplets comparingthe two morphologicabody ratiosof
males versus femalasere created Species where no sexual dimorphism was determined have been
omitted from species descriptioexamples of sexually dimorphimmphology between sexes of the

same species amepicted inFgure. 14.

It is important to note that species sexually dimorphic characters become more prominent as
species mature, and asich,some discrepancies are observed when comparing ranges batmedes
and femalesThis has been addressed and noted in the individual dimorphism interpretations of each

validspecies.

Geographical Mapping

Geographical distribution maps were creatasingArcGIS (ArcMap 10)Thegeographical
collection pointfor every specimemxamineds presentedWhen provided, precise latitude and
longitude coordinates were used for geographic distribution. When no latitudes or longitudes were
available, the described collection location was translated to Google Earth 71saddo determine
geographical cordinates Once latitudes and longitudes were established, they were converted to

decimal degreedo the nearest tenth of a degreéor entry into ArcGlata pointon mapshat
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appearto be touchingandmassesndicatethat the collection point was in very close proximity to land

some data points have been enlarged étarity on large-scalemap.

Possible Sources of Error Data Collection

In this study, some morphometric and meristic data show discrepancies friginalrtype
descriptions. Characters such as latdira¢ scale count, dorsdin ray count, anafin ray count,
pectoraHin ray count, and the number gilhkers on the lower/upper limb of the anterior arch account
for most of the conflicting data. Inladases statiard length (SL) and otha@tentifying charaatrs of the
species wer@xaminedto confirm the type specimen used in theginal description.Discrepancies in
descriptionsand analysesan be accounted for by the following:
w Originaldescript 2y | dzi K2 NR O2YY2yfteée dzaS GKS 62NR Wl o62dz
a definitive number (Norman 1934).
w Preserved specimens are damaged and degrade over time renderingatersatale,
dorsal/anaifin ray, and pectorafin ray counts difficilto assess.
W Radiographs were not available when the original descriptions were made, resulting in less
precise osteological counts.
W Exact counts of dorsal and arfih rays become increasingly smaller and less prominent towards
the posteriorend of the bodymaking them hard to count accurately when no radiograph was available
w Gillrakers of the lower/upper limb on the first arch have large prominentrgkers as well as
small less noticeable githkers (Figl3). It isapparent that some authe did not account for the smaller
gill-rakers where as this study accounted for any prominence on the anterior arch.
w Themostsuperior pectorafin ray inBothusis significantly shorteand therefore can be easily
missed or overlooked during data aaition. This would account for a higher pectdiialray count in

this paper compared to other previous descriptions.
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Biind side pectorsl fin

Figure 11Photograph ofBothusmaculiferud BMNH1931.2.5.367) depictingnorphological characters and msurements used in this study;
displaying theocularside(A),blind side(B), and magnification of head (C). List of all characters found in Appendix B.
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Figurel2. X-ray ofBothusassimilisHolotype (BMNH 2012.1.12.11) depicting osteological featuram@ed in this study; Supracranium (A),
Urohyal(B), Haemal spines (C), Ribs I3 dal skeleton (E), Precaudaftebrae (F). Lists of structures are available in Appendix B.
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Figurel3. Lateral viewcross section of first gill archith upperand lower limbgA),5 A  ANJ Y Y 2 BUidE tb ShdcodsthlBnifinedfishes
of Californi@Miller & Robert(1972) Bothusrobinsi(FSBC 138%94dlepictinggill-rakerslocatedunderocularsideoperculum on the upperrad
lower limbs of the first gitrch(B). Lists of structures are available in Appendix B.
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Figurel4. Male (A) BothusmancusSMF 6602and female B) (Bothusmancus SMF 606®) Bothus
depicting sexually dimorphimorphology in the same specieSexual dimorphisnmcludes: larger
interorbital space in males, extended pectoral fins in mdérgerspines/prominences on snouspines
on theorbitalsin malesLists of structuregsssessed for both males and femades available in

Appendix B.
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Gerus BothusRafinesque 1810

Figuresl5- 22; Tabledl - 13

Synonyms PlatophrysSwainson, 183%®eloriaCocco, 1844RhomboidichthyBleeker 1856Psettyllis
Alcock, 1890Pseudocitharichthy#/eber, 1913PlatotichthysNichols, 1921Symboulichthys

Chabanaudl1927

Common nameWide-eyedflounder

Type speciesBothusrumoloRafinesque, 1810: 23 (by subsequent designation)

Type Locality Sicily, Italy

Diagnosissinistral flatfishes with the following combination of charactens fourth to tenth precaudal
vertebraehave large ventrally expanddgemapophysesHig. 19; the bonyexpansion of the anterior

haemal spine of the firstaudal vertebragas to almost touch the succeeding sp{R&. 15)

Description body ovaland strongly compressed, body length equalimgurpassingpody depth in

some speciesconcave, flat bconvex head morphology (Fig.)2%nistral,eyes separated by flat
concave space with ventral eye well in advancequal to thatof dorsal eyeinterorbital distance
generally greater imalesthan females; 11 hourglasshegped dorsaffin pterygiophores along anterior
margin of head located anterior to dorsal eye (Fig. 1518 4), 1318 dorsalfin pterygiophores anterior
to the first elongated neural spine of the paaaal vertebrae (Fig.17, Tablg Sentrateye appendages
range from @9 (Fig. 11, Tablg), dorsaleye appendages rge from @10 (Fig. 11, Table:9
appendagegienerally in males and sometimes in femalsnetimesspines and branching spines
located on orbitamargins (Fig. 20males with moremales generdy with large spine or prominence on

snout (Fig. 20¥emales with small protuberansgnares located posterior to snout tgn ocular and
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blind sideocular andblind sidenares tubeshaped with small fleshy appengiaon fringe of nares; tip of
isthmus igointed at symphysis afediallower jaw;, sciatic part of urohyal extending anterionbast
main part of urohyal; muth terminal, curving ventrally proximal to anterior edge of ventral glgknd
sidemouth slightly greatem length, curving ventrallygeth shape conical, oriented medially, organized
in two incomplete rows; gitakers £16 on lower limb of first gill arch (Fig. 13,TaBje0¢8 on upper
limb of first gill arch (Fig. 13, Tablg generally pointed curving anteriorly with thick basel¢B32

scales in lateral line (Table dart 1 and 2), beginning at bastcaudalfin running along median of
body, distinct curve above insertion of pectoifin, endingjust posterior to dorsal eye in bifurcated and
sometimes trifurcated supratemporal bmahes §ig. 18)Jaterakline absenton blind side scalesmainly
ctenoid onocularsidewith some weakly ctenoiccycloid blind sidehaemapophyses expanded between
the 6¢10 precaudalvertebrae(Figs. 15)anterior haemal spinef the first caudal vertetae expanded
ventrally as to almost contact th&icceeding spineanterior tip of the first haemal spine does not
project in front of first anterior andfin ray; vent located on blind side posterior to base of bisndke
pelvicfin (Fig. 11);78t 106dorsal-fin rays(Fig. 11 Table 2originatingat base ofsnout superior to
nostrils on blind side6t 82 analfin rays(Fig.11, Table 3 originate posterior to base of pelvitin ray

on ocular side8t 14 pectoraifin rays onocularside (Table @), 8t 12 pecbralfin rays on blind side
(Table 1); asymmetrical ocularsiderays longer thaiblind side in both sexesljstinctly elongated in
malesof some specie@~ig.14,19);all rays simplefirst pectoralfin ray short almost undetectablen

both ocular and bind side;second to fifthpectoralfin-ray greatest in length on ocular and blind side;
generallyé ocularsidepelvicfin rays baseof pelvicfin runs fran ventto medial tp ofisthmus (Fig. 11);
6 blind side pelvidin rays smaller in size, proximab third or fourth ray ofocularside pelviefin; 17
caudalfin rays 16 in onespecies, truncate shaped, longest caufilalrays located along median of fin
rays branchegfirst precaudalertebrae with very shomeural spine9t 11 precaudal vertebrae25¢31

caudal vertebraencluding urostyle
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Pigmentation of preservedpecimens Ocularsidedark brown to light tar(red, orange, yellowdcular
side ocularsidegenerallywith one or two large dark blotchdecated horizontally along median bbdy
(Fg.19, A, anterior blotch smaller,situated at junction of straight and curved portionlaferal ling
secondblotchlocated onlateral linein posteriorone fourthof body, generallybrown blotches located
in asymmetrical arrangemerdaround ventral ad dorsal edgesf body(Fig. 19 E,F¥electspecies with
white or brown circular spotsncompassed by white/blue/browhlotches(Fig. 19 B, C, Dljocated
randomly on bodysome species witlblue speckles along anterior edgeinterorbital distance
gererally with dark speckles on body, dorsal, apaktoral,and caudafin rays bind sidegenerally
lackingpigmentation two species exhibipigmentation on theblind sidetraversing verticallyn a line

acrossthe medial section of théody (Fig.50, 89.

Sexual DimorphismSexual dimorphisronly present in some speciesBbthusWhen present males

could be identified by either or both of the following charactexgreater interorbital space in relation

to head length alongerocularside pectorafin ray lengths in relation tgtandard length. The presence

or absence of characters such as spines on the orbitals/snout as well as appendages on the eye could

also be used to distinguish sex in some species.

Geographic DistributioncircumglobalMediterranean Atlantic, Pacific, Ind@acific, Indian Ocean

Species in this study were collected in watete 100meters deep

ComparisonBothusexhibits haemapophysesf the precaudal vertebrathat are ventrallyexpandd,
whereas other Bothidae generavetriangular/cone shaped haemapophysBsthusalso exhibits the

bony expansion of the haemal spine of the first caudal vertebrae, whereas other Bothidae genera have
slender less expanded haemal spinBise haemapphysesand haemal spinesf other Bothidae genera

deemed morphologically similar t@othus(Asterorhombugd anakal915,CrossorhombuRegan1920,
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Engyprosoposunther,1862 GrammatobothusNorman 1926 ParabothusNorman 1931,
TaeniopsettaGilbert, 1905)based on literature and observed overtapg characters (body depth,
interorbital distance, pectoral fin length, laterithe scales, pigmentation patterns) goeesented for

comparisonin Figure 16.

Bothuscanbe further distinguished from all Bothidae ba:large concave interorbital space
ventral eye well in advance of the dorsal ¥y 21); males with rostral spines on the snout and eye
orbitals(Fig 20):males and somé&maleswith distinctly extended pectordin rays (Fid9 A,C,E)
seven to eleven hourglashaped pterygiophores @hg anterior of interorbital boneHig. 17) absence
of lateral line on blind side (Fig 11);one to two large blotches along median of the body .(Efyy F)
Other generaf Bothidaeexaminedin this study CrossorhombygngyprosopoyGrammatobothusnd
Tosarhombugsexhibitsome overlapping morphologicaharacters wittBothus Theycanbe superficially

distinguishedrom Bothusby distinct character states unique to their genera.

Crossorhombuexhibits a large interorbital space and extended pectéire in somespecies
that are comparable to thosef Bothus It can be differentiatedby its lower number of laterdine scales
(48¢63 scales, Norman 193#ensley & Amaoka001),the presence oflark colourmpatternsonthe
blind sidethat usually coveup to two-thirds ofthe body, andpale white blotches in malg$iensley &
Amaoka 2001) Bothusonly has two specie8pthusmyriaster, Bothustricirrhitus) that have
pigmentation on the blind sidén both species dBothusthe pigmentation on the blindideis
characterized by either one individual bar, or numerdask bands extending vertically along the medial
region of the bodyCrossorhombualso exhibits elongated cterscaled on the ocular side whereas all
speciegHoshino & Amaoka 2006j Bothus have short cteniiLastly,Crossorhombudoes not have a
bifurcation or trifur@tion of the lateral lineon the ocularside, whichwas exhibited in all species of

Bothusexamined in this study
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Engyprosoporlso has a widaterorbital space and bodynorphology that is comparable to
that of Bothus It can besuperficially distinguishefiom Bothusby the size and number of scales in the
lateral line.Engyprosopohaslarger scales in comparison to specie8othusand exhibits36¢61 scales
in the lateral line (Amaokat al. 1993) Only oneBothusspecimen in this study was found to have 6
scales with the rst of the specimens examined havialgove & scales in the lateral line. Some species
of Engyprosopomlso exhibit males with a dark blue pigmeritett on the blind sidéHensley &Amaoka
2001) whereasspecies oBothusonly exhibit a varying browryellow, orangecoloration on the blind
side.Engyprosoporlso does not exhibit a bifurcation or trifurcation of the lateral line system in

contrast to al Bothusspecies

Grammatobothusgxhibits elongated pectoral firen the ocular sideocular side spot patterns,
and a bifurcation of the lateral line system comparable to speci@otifus It can be distinguished
through the presence of a lateral lia the blind side of the bodfFig. 5kas well as extended dorskh
rays along the anterior portioaf the head(Hensley & Amaoka 2001, Hoshino & Amaoka 2001). These

features are not exhibited by amalidspecies oBothusrecognized byhis study

Tosarhombushas a wide interorbital spaces well as extended pectorfih rayratios
comparable to thosef Bothus Distinguistablefrom Bothusviathe presence of white cephalic blotches
along the head anterior to the interorbital spafidoshino & Amaoka 2®). OnlyBothusassimilishas
diagnosticspots along the anterior margin of thBowever the pigmentation and body morphology are
nothing like thoselosarhombus Tosarhombuss alsocharacterizedy its largelnterorbital distancen

comparison to its riatively shallow body depthot seen in other genera of Bothidae.

RemarksSpecies oBothus like most flatfisheshave the ability to mimic their eiironment.
Ramachandraet al. (1996)noted the ability of species &@othusto almostinstantaneouty change

their skin pigmentation (blotchesragrain patterning) to match thelvackground environmentThis
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ability to match skin pigmentation to the surrounding environment can lead to problems when
identifyingBothusspecies spot patterns. The differencetlween spot patterns in species examined has
been noted in all species descriptions. Only spot patterns and pigmentatiom#ratconsistently seen

acrossspecimens were recorded.

Norman(1934) spliBothusspeciesn groupsdistributedto the Mediterranean-Atlantic (B.
ellipticus B. lunatusB. maculiferusB. mellissiB. ocellatusB. podayand IndePacific(B. assimilisB.
constellatusB. leopardinusB. mancusB. myriasterB. pantherinusoceans This waslonein order to
address the large gempaphical distribution of the genumnd create aspecies kegplit into two regions
b2NXIyQa adGdzRé RAR y2i0 OsatidsioBophusiThiefeforgthissiidyS O dzNNB vy i
assessed allalidspecies oBothusand their geographical distributis, while accomplishing the
creation of new species key that does not separating species into two geographical asselfgaages

Species Key, pg. 46 aRésults and Discussion,.240).

Norman(1934)discusses that Chabanaud (1927) identiBadhusmaculferusin a distinct
genusSymboulichthy€habanaud 927 ,based on thenature of the dentition, specifically the medial
orientation of the teeth and numbeof series of rows. The dentition Bbthusspecies and.
maculiferusexamined in this study did ndliffer in orientation or the number of rows as Chabanaud
proposed. Multiple rows of teeth oriented medially are common within the genus and offer no
significant diagnostic featur&urthermore species o8.maculiferusexhibit thediagnosticcharacters
(ventrally expanded haemapophyses, bony expansion of the first haemal spine) of theBgthus

Therefore,| considerSymboulichthy§€habanaud1927 a junior synonym dothusRafinesque, 1810
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Ventrally expanded
haemapophyses of
the precaudal
vertebrae

Bony expansion
~ of the first
haemal spine
located on the
first caudal
vertebrae

Figure 15Radiograph oBothusassimilis BMNH2012..12.11 holotype, depictingbonyexpansion of
the first haemal spinef the first caudal vertebrae, as to almost touch the succeeding spiréaterally
expanded haemapophyses$ the precaudalertebrae.
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Figure 16Radiographs oBothusBMNH212.1.12.11 holotypéA) AsterorhombuASIZP 005710@),
CrossorhombuASIZ®061731(C),EngyprosoporSIZP059046(D), GrammatobothusJSNM 362520
spec. JE),ParabothusASIZR062614(F), TaeniopsettaASIZR®065481(G); comparing osteological
morpholagy of preaudal haemapophyseand haemal spine of the caudadrtebraein Bothidae genera
deemedmorphologically similato Bothus
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Figurel?7. Radiograph oBothusassimilis BMNH2012.1.12.11 holotypshowing lourglass shaped
pterygiophoresdorsalpterygiophores anterior to first elongatetkeural spineand theanterior
extension of thesciatic part of the urohyal
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Bifurcated
supratemporal
branches

Lateral line curve
above insertion of
pectoral fin

Junction of the
lateral-line curve

Figure B. BothuspantherinusSMF 7550 holotypel20.08 mm SL, adult femal@)red linehighlights
path oflateral linebeginning at caudal and running along median of b8yl ateral linecurves
superiorly atunction (beginning of curve)f lateral lineabovepectoralfin, bifurcated sipratemporal
branchesposterior todorsal eye.
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Hgure 19 BothusguibeiMNHN 19640416 (A), Bothuslunatus BMNH 1920.122196(B), Bothus
mancusSMF 60020), Bothusconstellatus SMF 2981B), BothusmyriasterBMNH 1935.3.126), Bothus
robinsiUSNM 282732 (Spc.15), 90.62 mn{Fildepictingrange ofbody pigmentation blotchpatterns
and skin coloufound inBothus
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Figure 20BothusguibeiMNHN 1964438, holotype 184.17 mm SL, adult malepicting branching
spines on snout (A) and spines on anterior orbit of ventral eye (B).
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Figure 210cularand blind side headf BothusassimilisHolotype (BMNH 2012.1.12.11p) andBothusguibeiHolotype MNHN 19640438) (B);
depictingconcave/flat anterior profile of head with prominent notch above snout (A) and a convex anterior profile of hieiad laatch (B).
Distribution ofBothusassimiligndo-pacifig distribution ofBothusguibeiMediterranearAtlantic. Lists of structures are available in Appendix B
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Figure22. Ocular siddateralaspect oBothusassimilisHolotype (BMNH 2012.12.11) (A) an@®othusguibeiHolotype MNHN 19640438) (B);
depictingdeeper laterally compressed body wishort pectoral fin rays (A), versus lesser compressed bodyeidtingated pectoral fin ray@)
exhibited in species @othus Distribution ofBothusassimiligA) Indo-pacific; distribution oBothusguibei(B) MediterranearAtlantic. Lists of

structures are available in Appendix B
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Key to Species of Bothus

Threeslender appendages dhe posterior margin othe dorsal andrentral

eye;dark band running vertically across medial portion of body ondlin

SIEX X X XXX XPOX DD DD P DR.D.D.D.D PXBothustideid g ® qpRBP P PP PP P
Appendagegresent or absenbn eyes, when present nevexactlythree on

both dorsal and ventral eyes; uniforcolour on blindi A RS X X X X X @p)XpXpX X &

Anterior profile of head convex alomgterorbital distanceg(Fig. 21 B); no notch

abovesnou 8 888888888888888888888888888888888888
Anterior profile of head concave or flat betweénterorbital distancgFig.21, A);

distincty 2 1 OK &AGdzZr SR 0235 XXDOXXXXXXXXXXXXXXX:
Dorsalfin ray count lessthan 102X X X X X X X X X X. X. X..oovvvrvieiiinnnnnnnnnn, 4

Dorsalfin ray count greater than 102 X X X XXX XX XX 49X ¥Bothusellipticus p.75

Presence of eye appendags X X X X X X X X X X X X X X X X X X X X X XK X X P D X X «
Absence of eye appendagé X X X X X X X XXX . X.X X XBothusswio  p.206

Absene of darkblotcheson the rays of the dorsal and ad#@h nearavertical

posteriorto mid-6 2 R& X X X X X X.R.0D.2.D.RD DD D D b XIXXIHB P D D D D P ¢
Blotchesnearly equato ventraleye sizesymmetricallysituated ondorsal and

anakin raysin nearverticalposteriorone fourthof bodyXXX.X Bothusguibé p.79

Presence of two dark diffuse blotches along margilatfral lineon ocularside;

anterior blotch situated at junction of straight and curved portmfiateral ling

posterior blotchsituated onlateral lineone fourth of SL from caudal peduncle
XXXXXXXXXXX XXX XXX XK KK OPROKUsmaculiferus  p.107

Presence of one dark diffuse blotch, larger than ventral eye diameter, situated
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onlateral lineone fouth of SL from caudal pedundbeX...Bothuspantherinus  p.160

Prominert blue incompleterings and curvetlotchesoutlined with dark edging

greaterthan or equal toventral eye diameterrandomly situated on body and

fin-NJ &XaXXX X X X X X X X X X X X XEOXK XXX XPX Bothuslunatus p.97

Absence oblue rings and curveblotchesoutlined with dark edging on body.. 8
LaterallineO2 dzy i f SEXXKKXYXXPEXXXXHX X X X X X X XOX P
Lateralline count greater than orequal 2 Pp X X X X X X X X X X X X X X X X X X X X D «
White blotches or stellatblotches inrandom or symmetrical arrangement on

the body and filNJ- & & X X XXX HIOOX X X X X X X X X D DOX X XX X PP PP PP D D
Absence of ite blotchesor circularpigmeti I GA2y & 2y 02REXXIXXXXXXX
White blotches larger than ventrakye diameterarranged randomlyll over

body andfin rays large tiangular protulerance on anterior obcularside

MAXHIANY ... e Bothusmancus p.115

lack of triangular protuberance on anteriside maxillary; variegated white

blotches and greyish/light bluecellated spotsandomly assorte@n

head and bodX X X X X X X X X X X X X X X XX3p@xtuxleopardinus p.89

Symmetricaly arrangedstellate whiteblotchesalongdorsal and ventral

marginsof body, and dorsal and anéih rays;small protuberancebove

maxillargXX XXpX X X X X X X X X X X X X X X X XBbthuscongellatus p.66

Presence of two darkpots approx. equal in sizar smaller tharventral eye

diameteron caudalfin X X X XXX X X X X X X XROKXXKK X X X X X Xpxp 12

Absence of two darlblotches approx. equal in size eyediameter, in medial

portion of caudafin XX X X XXPX X X X X X X X X X X X X X X X X X X X X X X X X ® X X

Two darkpigmented spotsarranged horizontally on caudal KnBothusrobinsi  p.197

45



13

14

15

16

17

Two dark pigmented spotrranged vertically on caudah...XBothusocellatus p.149

Solid dark browrmcularsidecolour, without distinct pigmentation patterns;

2yfte F2dzyR G {01 St S XXIXBbthughiRlksd X XX X X X X X X »
Light tan skin colour with distinct pigmentation patteBiX X X X X X X X X X X ¢ @
Smalldarkspecklesalong anterior profileof head, anterior tanterorbital distance
XXXXXXXXXXXXXXXXXXXXXXXXX XBotKusa¥surxisd X Bl X © @
Nodarkblotchesalong anterior profileof head anterior tointerorbital distanc& 15
Frequent presence of two dark diffuse blotches along margiatefal line

on ocularside; anterior blotch situated at junction of straight and curved

portion oflateral line posteriorblotch situated orateral lineone fourth of

SL from caudal pedunclgeographical distribution of Atlantic and

aSRAGSNNI ySI yXXXXXX X XXX SBRHUOAASX X Xp.174
Giltrakers less than or equal t2 on lower limb of first gill arcK X X X X X 17
Gillrakers greater than 12 otower limb of first gill arch........................
...................................................................................... Bothusthompsoni p.214
Presenceof ocular appendages as fleshy brdighsXXX.....Bothusmyriaster p.136
Absence of oclar appendages in the form of flapsrominent whiteWQ

shaped pigmentation in center of dark blotoh lateraHine inposterior

062 0KANRXXXKXSDXKSK OMWX X BEhusypsigrammus p.229

46



Tablel (Partl of 2) Frequency distributiowalueof ocular siddateratine scales irBothusspecies. Sample size (n), mean, astahdard

deviation (SD) are includedounts containing holotygs are indicated by an underscore)( paratypes by an asterisk (*), syntypes by a caret (")

and lectotypes by a quotation mark (Dateral linecount for tolotypes ofB. lunatusB. ocellatusB. robinsiB. swioandB. thompsonivere
obtained from oiginal descriptionsthe holotypes oB. myriasteandB. ellipticusare not available.

Lateral-line count

63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 83 89 90 91 92 93 % % % 97 %8 n MEAN SD

B. assimilis

B. constellatus
B. quibei

B. leopardinus
B. lunatus

B. maculiferous
B. mancus

B. mellissi

B. myriaster

B. ocellatus

B. pantherinus
B. podas

B. robinsi

B. swio

B. thompsoni
B. trcirrhitus

B. ypsigrammus
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180 00
1570 33
4 860 29
5 796 05
13 814 62
12 845 35
15 83 38
13811 27
211028 39
24 120 34
31 805 43
59 829 43
5 137 34
2 %20 00
121098 74
1 780 00
3 1150 100
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Table 1(Part 2 of 2)Frequencydistributionvaluesof ocular siddateralline scalesn Bothusspecies. Sample size (n), mean, stahdard

deviation (SDareincluded Countscontainingholotypes arandicated by an underscorg ), paratypedy an asterisk*), syntypesby a caret (")

and lectotypesby a quotation mark (“)Lateral linecount for holotypes oB. lunatusB. ocellatusB.robinsi B. swioandB. thompsonivere
obtained from original descriptionthie holotypes oB. myriasteandB. ellipticusare not available.

Lateral-line count

99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 n MEAN SD
B. assimilis 1810 00
B. constellatus 1570 33
B. uibei 4860 29
B. leopardinus 5 796 05
B. lunatus 1 13 814 62
B. maculiferus 12 845 35
B. mancus 15 83 38
B. mellissi 13 871 27
B.myriaster 2 1 233373 1 211028 39
B. ocellatus 24 720 34
B. pantherinus 3805 43
B. podas 59 829 43
B. robinsi 5 737 34
B.swio 2 920 00
B. thompsoni 1 2 1 3 4 1 12 1098 74
B. tricirrhitus 1780 00
B. ypsigrammus 1 1 I* 3 1150 100
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Table 2Frequency distribution of dorsdih rays inBothusspecies.Sample size (n), mean, asthndard deviation (S@reincluded. Counts

containingholotypes ardandicated by an underscore J, paratypedy an asterisk*), syntypesby a caret (*) and lectofyesby a quotation mark

("). Dorsadfin ray counsfor holotypesof B.ellipticus, B. lunatus, B. maculiferusni&ncusB. ocellatus, B. robin®. swioandB. thompsoni

were obtained from originadpecieslescriptions.

Count of dorsal-fin rays MEAN SD
73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106

B. assimilis 1 1 86.0 00
B. constellatus 1 ™4 602 n 15 897 14
B. ellipticus 1040 0.0
B. guibei 1 1* 1* 90.7 35
B. leopardinus 11 2 888 15
B. lunatus 1 3 2 2 1 12 96 25
B. maculiferus 2 2 5 2 14 %4 18
B. mancus 11 111 11214212 19 9715 47
B. mellissi 2 5 4 1 13 932 11
B. myriaster 1 2 1156 33 1 24 923 25
B. ocellatus 1 11547 4 11 25 834 36
B. pantherinus 1* 2 (K 44 41 2 2 3 1 3 85 48
B. podas 2 1 5 71645 31 1 11 60 886 29
B. robinsi 3222 4821 311 2 5 845 32
B. swio 1 1 2 890 14
B. thompsoni 1 1 5 411 13 862 17
B. tricirrhitus 1 §7.0 00
B. ypsigrammu 1 1 1* 97.0 81
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Table3. Frequency distributiowalueof analfin rays inBothusspecies.Sample size (n), mean, asthndard deviation (SRYyeincluded. Counts
containingholotypes ardandicated by an underscore J, paratypedy an asterisk*), syntypesby a caret (*) and lectofyesby a quotation mark
(). AnakHin ray counts for blotypes ofB.ellipticus, B. lunatus, B. maculiferus. B. manBusjyriaster,B. ocellatus, B. robind. swiocandB.
thompsoniwere obtaned from original desgptions.

Count of anal-fin rays

5 5 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 & 83 84 n  MEAN SD
B. assimilis 1 1 640 00
B. constellatus r»3 411 211 15 6.7 22
B. ellipticus 1 1 710 00
B. guibei 1 I* I¥ 3 B0 20
B. leopardinus 11111 5 670 16
B. lunatus 21213112 1 i 9 2T
B. maculerus 2 32 33 1 14 B4 17
B. mancus 11 1 1 13142 3 1 19 162 45
B. mellissi (A i A L 13 6 19
B. myriaster 253331 132 24 676 26
B. ocellatus 121 2 4 15 1 | 24 613 25
B. pantherinus 1 rr2 o3 2 3522 4121 3 670 42
B. podas 11 3 885 88 824111 59 679 29
B. robinsi 2 2218 4 B3 B2 3 11 5 631 28
B. swio 1 1 2 o 14
B. thompsoni 1 1413 102 13 643 21
B. tricirrhitus 1 1 640 00
B. ypsigrammus 2 1 4 63 13
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Table4. Frequency distributiovalueof hourglassshapeddorsatin pterygiophoresn Bothusspecies.Sample size (n), mean, asthndard
deviaton (SDareincluded. Countscontainingholotypes arandicated by an underscore J, paratypedy an asterisk*), syntypesby a caret (%)
and lectotypesby a quotation mark ("Hourglassshaped pterygiophoreountsof holotypesB. lunatus B. maculiérus, B. mancu®. myriastey
B. ocellatus, B. podas, B. robirsid B. thompsonare not availableountsfor B. ellipticusand B.swioare not available.

Count of hourglass-shaped dorsal-fin pterygiophores

4 5 6 7 8 9 10 11 12 13 n MEAN  SD
B. assimilis 1 1 9.0 0.0
B. constellatus 3 V4 15 8.8 0.4
B. guibei 4 4 8.0 0.0
B. leopardinus 1 3 1 9.0 0.7
B. lunatus 4 9 13 1.7 0.5
B. maculiferus 12 1 13 8.1 0.3
B. mancus 14 4 18 8.2 0.4
B. mellissi 8 b* 13 9.4 05
B. myriaster 7 13 2 22 8.8 0.6
B. ocellatus 1 13 10 24 8.4 0.6
B. pantherinus 4% 21 6 1 32 8.1 0.7
B. podas 17 30 8 1 56 8.9 0.7
B. robinsi 26 29 2 57 8.6 0.6
B. thompsoni 4 7 11 9.6 0.5
B. tricirrhitus 1 9.0 0.0
B. ypsigrammus 2 1 1* 6 9.8 0.9
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Table5. Frequencydistribution valueof dorsakfin pterygiophoreshefore first elongated neral spineof the precaudal vertebrai Bothus
species. Sample size (n), mean, stahdard deviation (S@&Ayeincluded. Countscontainingholotypes arendicated by an underscore |,

paratypesby an asterisk*), syntypesby a caret (*) and lectoyesby a quotation mark (")Pterygiophorescountbefore first elongated neural
spine forholotypes ofB. lunatus B. maculiferus, B. mancu&, myriastey B. ocellatus, B. podas, B. robiasid B. thompsonare not available;

counts forB. ellipticusandB. swioare not available

Count of dorsal-fin pterygiophores before first elongated neural spine of the first precaudal vertebrae

11 12 13 14 15 16 17 18 n MEAN  SD
B. assimilis 1 1 16.0 0.0
B. constellatus 3 8 " 15 15.1 0.7
B. guibei 4 4 13.0 0.0
B. leopardinus 1 3 1 5 15.0 0.7
B. lunatus 4 9 13 13.7 0.5
B. maculiferus 10 2 1 13 14.3 0.6
B. mancus 3 11 4 18 15.1 0.6
B. mellissi 1 12 13 15.9 0.3
B. myriaster 1 14 2 6 23 15.6 0.9
B. ocellatus 4 16 4 24 14.0 0.6
B. pantherinus 4" 23 5 32 14.0 0.5
B. podas 18 30 8 56 14.8 0.7
B. robinsi 3 26 23 5 57 14.5 0.7
B. thompsoni 2 7 2 11 14.0 0.6
B. tricirrhitus 1 1 15.0 0.0
B. ypsigrammu 2 1 1* 6 15.8 0.9
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Table6. Frequency distributiowvalueof gill rakers on lowerdimb of first gill archin Bothusspecies.Sample size (n), mean, asthndard

deviation (SDare included. Countscontainingholotypes ardndicated by an undscore (), paratypedy an asterisk*), syntypesbya caret (*)
and lectotypesby a quotation mark (")Gilkrakercountson lower limb of first gill arctior holotypes ofB.robinsiand B. swiowere obtained from
original descriptios. Countsfor B. ®nstellatus B. lunatus B. maculiferus, B. mancug, myriasterandB. thompsonholotypes arenot available

Gount for B. ellipticusis not available

Count of gill rakers on lower limb of first gill arch

5 6 7 8 9 10 1 12 13 14 15 16 17 n  MEAN SD
B. assimilis 1 1 90 00
B. constellatus 1 3 6 2 12 98 09
B. quibei 1 2 1* 4 60 08
B. leopardinus 2 1 2 1 93 12
B. lunatus 1 3 4 5 13 80 10
B. maculiferus 8 3 1 1 13 T 12
B. mancus 1 2 4 3 4 2 18 94 18
B. mellissi Iy 1 & & ki I* 13 108 14
B. myriaster 3 10 4 5 22 65 10
B. ocellatus 1 1 5 13 5 1 26 79 10
B. pantherinus 1 g’ 19 5 1 1 3 1 12
B. podas 2 4 1 28 10 1 1 60 8 11
B. robinsi 2 17 25 12 2 58 69 09
B. swio 2 2 90 00
B. thompsoni 1 3 3 3 1 11 142 13
B. tricirrhitus 1 1 70 00
B. ypsigrammus 3 I 6 13 05
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Table7. Frequency distributiowalueof gill-rakers on uppeilimb of first gill archin Bothusspecies. Sample size (n), mean, asthndard
deviation (SDare included. Countscontainingholotypes ardndicated by an underscore J, paratypesdy an asterisk*), syntypesbya caret (*)
and lectotypesby a quotation mark (")Gilkrakercounts onupper limb of first gill arclfor holotypes ofB.robinsiand B. swiowere obtained
from original descriptioa Gounts for holotypef B. constellatusB. lunatus B. maculiferus, B. mancug, myriasteyB. ocellatusand B.
thompsoniare not availablecount forB. ellipticusis notavailable

Count of gill rakers on upper limb of first gill arch

0 1 2 3 4 5 6 7 8 9 n MEAN  SD
B. assimilis 1 1 5.0 0.0
B. constellatus 5 5 2 12 5.8 0.8
B. guibei 4 4 0.0 0.0
B. leopardinus 1 2 1 1 5 5.6 15
B. lunatus 12 1 13 0.2 0.6
B. maculiferus 11 2 13 0.5 11
B. mancus 18 18 0.0 0.0
B. mellissi 1* 2* 3 3* 3* 12 6.4 1.3
B. myriaster 2 8 6 4 2 22 3.8 11
B. ocellatus 1 4 4 10 5 1 25 4.7 1.3
B. pantherinus  13* 7 7 6 2 1 36 2.0 18
B. podas 8 2 7 8 20 10 4 1 60 4.2 2.1
B. robinsi 3 22 25 7 1 58 4.7 0.8
B. swio 2 2 0.0 0.0
B. thompsoni 2 6 2 1 11 6.2 0.9
B. tricirrhitus 1 1 0.0 0.0
B. ypsigrammus 1 1* 2 6 5.3 1.0
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Table 8 Fequency distribution value of ventralye appendagei Bothusspecies.Sample size (n), mean, asthndard deviation (S2ye

included. Countscontainingholotypes ardndicated by an underscore J, paratypedy an asterisi*), syntypesby a caret (*) and lectofyesby

a quotation mark (").Count of ventrakye appendages for holotypes Bf myriastelandB. swiowvere obtained from original descriptions.

Ventraleye appendages counts fBr lnatus B. maculiferus, B. mancu, ocellatusB. robinsand B. thompsonholotypes are not available;

count of B. ellipticusis notavailable

Count of ventral-eye appendages

0 1 2 4 5 6 7 8 9 10 n MEAN SD
B. assimilis 1 1 0.0 00
B. constellatus 15 15 0.0 00
B. guibei 2* 1 1* 4 25 24
B. leopardinus 6 6 0.0 0.0
B. lunatus 3 5 1 1 1 1 1 13 31 34
B. maculiferus 1 9 3 13 12 06
B. mancus 13 5 18 03 05
B. mellissi 13* 13 0.0 0.0
B. myriaster 11 12 23 05 05
B. ocellatus 26 26 00 00
B. pantherinus 18 13 6 37 07 0.7
B. podas 38 2 2 60 04 06
B. robinsi 57 57 00 00
B. swio 2 2 0.0 00
B. thompsoni 12 12 0.0 0.0
B. tricirrhitus 1 30 0.0
B. ypsigrammus 3* 1 6 03 05
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Table9. Frequency distiution valueof dorsaleye appendagesm Bothusspecies.Sample size (n), meamndstandard deviation (Sye
included. Countscontainingholotypes ardndicated by an underscore J, paratypedy an asterisi*), syntypesby a caret (*) and lectofyesby
a quotation mark (")Count ofdorsateye appendagefor holotypes ofB. myriasterand B. swiowere obtained from original descripti@Dorsal
eye appendageountsfor B. lunatus B. maculiferus, B. mancu, ocellatusB. robinsand B. thompsonholotypes arenot availablecount of B.
ellipticusis not available

Count of dorsal-eye appendages

0 1 2 3 4 5 6 7 8 9 10 n MEAN SD
B. assimilis 1 1 0.0 0.0
B. constellatus 15" 15 0.0 00
B. guibei 2* 1 1* 4 20 14
B. leopardinus 6 6 00 00
B. lunatus 3 5 1 1 1 1 1 13 31 37
B. maculiferus 9 3 1 13 14 07
B. mancus 14 2 2 18 0.3 0.7
B. mellissi 13* 13 0.0 0.0
B. myriaster 11 12 23 05 05
B. ocellatus 26 26 0.0 00
B. pantherinus 9% 12 6 37 0.6 038
B. podas 39 19 1 1 60 04 06
B. robinsi 57 57 0.0 0.0
B. swio 2 2 0.0 0.0
B. thompsoni 12 12 00 00
B. tricirrhitus 1 1 3.0 0.0
B. ypsigrammus K 1 6 10 05
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Tale 10. Frequency distbution valueof ocularsidepectoraHin rays inBothusspecies.Sample size (n), mean, asthndard deviation (S&ye
included. Countscontainingholotypes ardndicated by an underscore J, paratypedy an asterisi*), syntypesby a caret (*) and lectofyesby
a quotation mark (").Count ofocularsidepectoraHin rays for lolotypes of B.ellipticus,B. maculiferus. B. mancu3, myriasterB. ocellatus, B.
robinsi B. swioandB. thompsonivere obtaned from original deggtions,; countfor B. lunatusholotype is not available.

Count of pectoral-fin rays o.s.

7 8 9 10 11 12 13 14 15 n MEAN SD
B. assimilis 1 1 120 0.0
B. constellatus 11 i 15 11.3 0.5
B. ellipticus 1 1 110 0.0
B. guibei 4* 4 110 0.0
B. leopardinus 1 2 3 6 11.3 0.8
B. lunatus 1 1 5 6 13 11.2 0.9
B. maculiferus 1 11 1 13 11.0 0.4
B. mancus 2 3 12 2 19 117 0.8
B. mellissi 1* 10* 2* 13 121 0.5
B. myriaster 1 12 9 2 24 9.5 0.7
B. ocellatus 11 13 1 1 26 10.7 0.7
B. pantherinus 3* 20" 8 2 33 10.3 0.7
B. podas 1 13 41 5 60 10.8 0.6
B. robinsi 1 1 2 50 4 58 10.9 0.6
B.swio 2 2 100 0.0
B. thompsoni 1 9 1 1 12 12.2 0.7
B. tricirrhitus 1 1 110 0.0
B. ypsigrammus 1* 2 1 6 10.0 0.8
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Tablell. Frequency distributiowalueof blind sidepectorakin rays inBothusspecies.Sample size (n), mean, asthndard deviation (S2ye

included. Countscontainingholotypes ardndicated by an underscore §, paratypedy an asterisi*), syntypesby a caret (*) and lectofyesby

a quotation mark (").Count ofblind sidepectorakin rays for lolotypes ofB.mancus B. swioandB. robinsivere obtainedfrom original

descriptions Count ofblind sidepectorakfin rays for holotypes oB.lunatus, B. maculiferus, B. myriaster, B. ocelladng,B. thompsonare not

availablecountfor B. ellipticusis not available

Count of pectoral-fin rays b.s.

9 10 11 12 13 n MEAN SD
B. assimilis 1 1 10.0 0.0
B. constellatus 1 10 an 14 101 0.5
B. guibei 1* 3* 4 10.8 0.5
B. leopardinus 1 2 3 6 10.3 0.8
B. lunatus 1 7 4 13 11.0 1.1
B. maculiferus 6 7 13 105 0.5
B. mancus 6 4 9 19 11.2 0.9
B. mellissi 1* 9 2% 13 10.8 1.0
B. myriaster 16 4 1 22 9.2 0.6
B. ocellatus 21 2 2 25 9.2 0.6
B. pantherinus 7" 16 7 1 32 10.0 0.8
B. podas 6 45 8 59 10.0 0.5
B. robinsi 28 19 2 58 9.2 0.8
B. swio 2 2 9.0 0.0
B. thompsoni 2 9 11 11.8 0.4
B. tricirrhitus 1 1 110 0.0
B. ypsigrammus 3* 1 6 9.3 0.5
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Table 2. Frequency distributiowalueof precaudalertebraein Bothusspecies.Sample size (n), mean, asthndard deviation (Sye
included. Countscontainingholotypes ardndicated by an underscore J, paratypedy an asterisi*), syntypesby a caret (*) and lectofyesby
a quotation mark (").Countof precaudalertebraeholotypes ofB. constellatusB. lunatus, B. maculiferuB, mancusB. robinsiB. swioandB.
thompsoniwere obtained from original description€ountfor holotypes ofB. myriaster, B. ocellatuandB. podasare not availableprecaudal
vertebraecount forB. ellipticusis notavailable

Count of precaudal vertebrae

9 10 1 n NMEAN SD
B. assimilis 1 1 10.0 Q.0
B. constellatus 15~ 15 10.0 Qo
B. guibei a4 4 10.0 Q.0
B. leopardinus 5 5 10.0 Q.0
B. lunatus 13 13 10.0 0.0
B. maculiferus 13 13 10.0 0.0
B. mancus 16 2 18 101 03
B. mellissi 13 13 10.0 Q.0
B. myriaster 23 3 10.0 Q.0
B. ocellatus 23 1 24 10.0 0.2
B. pantherinus ar- 1 32 10.0 0.2
B. podas 56 1 57 10.0 01
B. swio 2 2 10.0 Q.0
B. robinsi 2 54 1 57 10.0 02
B. thompsoni 13 13 10.0 Q.0
B. tridirmhitus 1 1 10.0 Qo
B. ypsigrammis 3* 1 B 10.3 03
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Table B. Frequency distributiowalueof caudal vertebraéncluding the urostylén Bothusspecies. Sample size (n), mean, and standard
deviation (SD) are included. Counts containiaptypes are indicated by an underscoré (paratypes by an asterisk (*), syntypes by a caret (")
and lectotypes by a quotation mark (). Count of caudal vertebrae holotyp@saufnstellatus, B. lunatus, B. maculiferus, B. mamusbinsi

B. swigand Bthompsoniwere obtained from original descriptions. Count of caudal vertebrae for holotypBsnayriaster, B. ocellatugndB.
podasare not available; caudal vertebrae count Bellipticusis notavailable

Count of caudal vertebrae including urostyle

25 26 27 28 29 30 31 n MEAN SD
B. assimilis 1 1 28.0 0.0
B. constellatus 1 5 » 15 28.5 0.6
B. guibei 4* 4 29.0 0.0
B. leopardinus 1 4 5 28.8 0.4
B. lunatus 4 9 13 29.7 0.5
B. maculiferus 5 8 13 29.6 0.5
B. mancus 1 5 9 3 18 28.7 1.0
B. mellissi 2* 11* 13 29.8 0.4
B. myriaster 3 17 3 23 28.1 0.8
B. ocellatus 2 15 5 1 1 24 26.3 0.9
B. pantherinus 1* 4"* 2 24 1 32 27.6 0.9
B. podas 11 38 8 57 28.9 0.6
B. robinsi 4 44 9 57 27.1 0.5
B. swio 2 2 29.0 0.0
B. thompsoni 1 8 4 13 28.2 0.6
B. tricirrhitus 1 1 27.0 0.0
B. ypsigrammis 1 1 1* 1 6 29.0 1.8
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DESCRIPTIONS

Bothusassimilis(Glnther, 1862

Figures23, 24; Tablel4

Figure23. BothusassimiligGunther1862), holotypeBMNH2012.1.12.11. OculgA)and blind(B)side
of adult male 12303 mm SL, from Taiwan
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Synonym(s):none.

Common name(s)yione.

Material examined:Bothus assimilis,1 malespecimen {23.03 mm)

Type material: Holotype, 123.03 mm), BMNH2012.1.12.1XGnther(1862)

Nontype material:none.

Diagnosis A species dBothuswith the following combination of dracters:distinctdark specklealong
the anterior crest of the interorbital spacewith no other pigmentationpody depth i65% the length of

SL greatly expandedhterorbital width,52% of HLno spines on orbitaldig.23).

Description:A species oBothusreaching the maximur23.03mm SL(in exanined specimens)
Meristic and morphometric characters are indicated in Tdllebody ovateand deep body depth
reaching 6% of SLhead length 28%f Sl head depth 54% of Shead almost linear along length of
interorbital distance small notch abovenout; interorbital distance 52% of Hiine hourglassshaped
supracraniapterygiophores ; 16 dorsdin pterygiophores anterior tdirst neural spineamall blunt
spine on snouytno spines on orbitalocularside mouthone fourthin head, 22% of HLJibd side
mouth slightly greater in length (24%hineshort giltrakers onower limb of first gill archfive short gilt
rakers onanterior part ofupper arch lateral line scale81, ends posterior to dorsal eye bifurcated
supratempoal branch; saks cycloid with some weakétenoid on ocular side, cycloid on blind side
asymmetrical pectoralin rays with12 and 10 on blind sideocularsidefin rayslonger (21% of SL) versus
(14% of SL) dolind; 86 dorsaffin rays 64 anaffin rays 16 caudafin rays 10 precaudl vertebrae 28

caudal vertebaeincluding the urostyle
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Pigmentation of preserved specimeng~ig.23) ocularsideof body brown;blind sidepale tan anterior
blotch near downward curve dhteral linesystem distinct dark browrspeckésalong anterior ridge of
interorbital distanceand anterior margin of heagectoral and pelvic fins without pigmentatiphlind
sidewithout pigmentation Holotype BMNH2012.1.12.1%as lostsomecolor and pigmentation during

preservation.

Tableld. Meristic and morphometrizalues of the holotype specimen BbthusassimilisBMNH
2012.1.12.11. All measurements and abbreviations are described in Appendix B.

B. assimilis
BMNH 2012.1.12.11 holotype
Standard Tength 123.03
Total length 149.36
Counts
Dorsal-fin ray 86
Anal-fin ray 64
Caudal-fin ray 16
Precaudal vertebrae 10
Caudal vertebrae including urostyle 28
Hourglass shaped pterygiophores of dorsal-fin 9
Dorsal-fin Dorsal-fin pterygiophores anterior to first elongated neural spine 16
Gill rakers on lower limb of first gill arch 9
Gill rakers on upper limb of first gill arch 5
Dorsal-eye appendage 0
Ventral-eye appendage 0
Pectoral-fin rays o.s. 12
Pectoral-finrays b.s. 10
Pelvic-fin rays o.s. 6
Pelvic-fin rays b.s. 6
Lateral-line scales 81
Measurements
%SL
Body Depth 0.65
Head length 0.28
Head depth 0.54
Length of pectoral fin o.s. 0.21
Length of pectoral fin b.s. 0.14
Length of pelvic fin o.s. 0.11
Length of pelvic fin b.s. 0.12
Length of base of pelvic fin o.s. 0.11
Length of base of pelvic fin b.s. 0.04
Length of first dorsal-fin ray 0.07
Length of first anal-fin ray 0.06
Depth of caudal peduncle 0.11
%HL
Preorbital length 0.47
Postorbital length 0.19
Predorsal distance b.s. 0.13
Dorsal eye distance from anterior edge of head 0.10
Snout length (0.s.) (0.s.) 0.15
Snout to nostril distance (0.s.) (0.s.) 0.12
Length of mouth o.s. 0.22
Length of mouth b.s. 0.24
Ventral eye diameter 0.28
Width of dorsal orbital 0.34
Interorbital Distance 0.52
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Sexualdimorphism: The holotype and only known specimenBgthusassimilis has a spine oine
snout Spines on the snout iscammon character iBothusmales, thusthe holotype is probably a

male

Geographic distribution:the holotypewas collected in the South China $ear Taiwan(Gunther

1862)
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FHgure 24 Geographicatiistribution of examined spgmenof Bothusassimilis Asterisk denotes the
approximatelocality of type materiaBothusassimilisBMNH 2012.1.12.11.
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Remarksb 2 NY I yQa o6mpontv a8adSYFiAO Y2y2 IBdhusissingliF T GF

that was fisst described bysunther(1862. This specimen was examined first hand by the author and
was found to have conflicting counts for latefisle scales, dorsal/andin rays, and gHtakers of the

upper and lower limb of the first ardcds well as morphologyf ocularside scalesThe pectorafin rays

of the ocular sle are damaged on the holotypsorman states cycloiscaleson the ocular side

however this study observdabth cycloid and weakly ctenoid scales on the ocular side and recorded the

observationas such.Possible reasons father discrepanciesn meristicsare explained on pageé.

InterestinglyB. assimilisalso has a widanterorbital distancewith a shortocularsidepectoral
fin. A wideinterorbital distanceindicates a male, however théaart ocularside pectoraffin indicates a
femalewithin species of the genusThis isafeature sometimes seen in the Mediterranean/Atlantic
speciesBothuspodasand should be exploreith depthonce more specimensf B. assimilisare collected

and becomeavailablefor examination

ComparisonsBothus assimilimost closely resembleBothus podavased on overlapping body depth
ranges at 48%7 9% inB.podasversus 65% of SL B assimilisocular side pectordin rays at 6929% of
SL irB. podasrersus21% of SL iB. assimilisand the presence of a spine on the snout in males in both
speciesB. assimiligan bedifferentiated fromB. podasy the presence of unique dasgpeckles located
along the anterior profile of the head just anterior to the irtebital space and the lack of pigmentation
or blotches on ocular/blind sidé&seographicall8. podass distributed alonghe west coast of Afriga

whereasB. assimili©ias only beemecordedin the China Sea near Taiwan.
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Bothusconstellatus(Jordan 1889)

Figures25- 27; Tablesl5, 16

Figure 25Bothusconstellatis (Jordanl889), syntype, from MCZ 11146A)Ocular andB)blind sideof
adult male 70mm, James Island, Galapagos
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Synonym(s)none.

Common name(s)Pacifc-eyedflounder (Global)

Material examined:Bothusconstellatus,15 sgecimens (5¢138.09 mm SL)

Type material: Photographs ofyntypes (3) (15¢70 mm SL)MCZ11146Platophrys constellatys

Galapagos.

Nontype material: SMF 29813 (4) (99;710.29 mm Sl Halina Cruz, Mexico, USNM 321705 (4) (€3.18
73.85 mm SLGulf of Panama, USNM 57880 (95.99 mm SL), Cocos Island, Costa Rica, USNM 375785 (2)

(68.1890 mm SL), Galapagos, SMF 5786 (138.09 mm SL) Galapagos.

Diagnosis Symmetricaly arrangedstellate whiteblotchesalongdorsal and ventraédgesof

body, and ondorsal and anafin rays;no darkblotchesnearlateral line(Fig.26); slight notch on snout

Description:A species oBothusreaching a maximum standard length1#8.09 mmSL(in examined
specimas). Meristic and morphometric characters are indicated in TdBleBodysemicirculay almost
tear dropshaped body depth reaching 59%w5%of SL; head length 24981%o0f Sl .head depth42-71%
of SL. profile of head convexslightnotch above snout indults; smallprotuberanceon snoutin males,
absent infemales Fig.26); interorbital distance24%54%0f HL. 9 hourglassshaped supracranial
pterygiophores 14 ¢16 dorsalfin pterygiophores anterior tdirst neural spineno spines on orbitajs
lateralline with 70¢85 scaleswith bifurcated supratemporal branglscales ctenoid on ocular side,
cycloid on blind sideasymmetrical pectoralin rays slightly angled superiorly towards dorsal edge of
body,with 11¢12 onthe ocular sideand9¢11 on blind sidgocularsidefin rays longer atl4%26%o0f

Sl 87¢93 dorsakin rays,65¢ 72 anaHin rays, 17 cauddin rays 10 precaudalertebrag 27¢29 caudal

vertebraeincluding the urostyle
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Pigmentation of preserved specimensocularsideof body tan brown almasorange,blind sidewithout
pigmentation;syntypes are degraded and have lost their pigmentatioon-type specimens exhibit
stellate whiteblotchesone third the size of the ventral eye, arranged symmetricaiyngdorsal and
ventral margin®f body, ard dorsal and andin rays(Fig.26). Sometimedight blotchesand

pigmentationrecordedalonglateral line pectoral and pelvidin rayswithout pigmentation
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Tablel5. Merigic and morphometricddata for the type and on-type specimens oBothusconstellatus
Measurements forBothus constellatis were obtained from high definition photographs dtiiree
syntypes (MCZ 11146) and froexamination of 12 noitype specimensn=15, 8 mals, 7 female). All
measurements and abbw@tions are described in Appendix B.

B_constelnatus
syntypes (n=3)

B. constellatus
non-type (n=12)

Standard length

55-70 (61.67,7.64)

63.18-138.09 (89.10;23.04)

Total length 67-82 (72.67;8.14) 78.87-165.03 (108.40;27.11,
counts

Dorsal-in ray 88-93 (90.33;2.52) 87-91 (89.58;1.08)

Anal-tin ray 65-70(68.33;02.89) 65-72 (67.58;2.11)

Caudal-tin ray
Precaudal vertebrae
Caudal vertebrae Including urostyle
Hourglass shaped pterygiophores of dorsal-fin
Dorsal-fin pterygiophores anterior to first elongated neural spine
Glll rakers on lower Imb ot first gill arch
Gill rakers on upper limb ot first gill arch
Dorsal-eye appendage
Ventral-eye appendage
Pectoral-in rays 0.s.
Pectoral-inrays b.s.
Pelvic-fin rays o0.s.
Pelvic-tinrays b.s.
Lateral-line scales
Measurements
Y%SL
Body Depth
Head length
Head depth
Length of pectoral fin 0.s.
Length of pectoral fin b.s.
Length of pelvic fin o.s.
Length of pelvic fin b.s.
Length of base of pelvic fin o.s.
Length of base of pelvic fin b.s.
Length offirst dorsal-fin ray
Length offirst anal-fin ray
Depth of caudal peduncle
%HL
Preorbital length
Postorbital length
Predorsal distance b.s.
Dorsal eye distance from anterior edge of head
Snout length (0.s.)
Snout to nostril distance (0.s.)
Length of mouth o.s.
Length of mouth b.s.
Ventral eye diameter
Width of dorsal orbital
Interorbital Distance

17-17 (17,0)
10-10 (10;0)

28-29 (28.67;0.58)
9-9 (9;0)

16-16 (16;0)

12-12 (12;0)
11-11 (11,0)

75-79 (77:2)

0.60-0.75 (0.65;0.08)
0.24-0.31 (0.26;0.04)
0.51-00.71 (0.57;0.12)
0.14-0.26 (0.20;0.06)
0.07-0.13 (0.11;0.03)

0.11-0.15 (0.13;0.02)

0.12-0.30 (0.22;0.09)
0.28-0.44 (0.38;0.09)
0.06-0.11 (0.08;0.02)
0.12-0.14 (0.12;0.01)
0.12-0.15 (0.13;0.01)

0.28-0.32 (0.30;0.02)
0.35-0.38 (0.36;0.02)
0.28-0.32 (0.31,0.03)

17-17 (17;0)
10-10 (10;0)
27-29 (28.5,0.67)
8-9 (8.75,0.45)
14-16(14.83;0.58)
8-11 (9.75,0.87)
5-7 (5.75;0.75)

11-12 (11.08;0.29)
9-11 (10;0.43)

5-6 (5.92;0.29)
06-6 (6;0)

70-85 (77;3.64)

0.59-0.71 (0.64;0.04)
0.24-0.30 (0.28;0.02)
0.42-0.54 (0.49;0.04)
0.14-0.25 (0.21;0.03)
0.13-0.15 (0.14;0.01)
0.09-0.13 (0.12;0.01)
0.09-0.11 (0.10;0.01)
0.11-0.14 (0.12;0.01)
0.02-0.04 (0.04;0.01)
0.05-0.06 (0.05;0.01)
0.05-0.08 (0.07;0.01)
0.11-0.12 (0.11;0..01)

0.34-0.48 (0.40;0.095)
0.21-0.34 (0.27;0.04)
0.10-0.16 (0.13;0.02)
0.08-0.16 (0.12;0.02)
0.16-0.48 (0.20;0.09)
0.12-0.20 (0.15;0.02)
0.16-0.41 (0.21;0.07)
0.18-0.24 (0.21,0.02)
0.26-0.34 (0.29;0.02)
0.31-0.42 (0.34;0.03)
0.24-0.54 (0.39;0.11)

Findicates a character could not be collecied for one Specimen
Blank space indicates where data could not be obtained
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Sexualdimorphism: Malescanbe distinguished by the presence of a spine on the sKiéigt26).

Tablel6. Morphometric ®@mparison ofmales and females d@othusconstellatususingtype and non
type material N=15, 8 males, 7 females). Means and standard deviations are shgvanenthesis. All
measurements and abbrettians are described in Appends

B. constellatus syntypes

B. constellatus non-type (n=12)

(n=3)
Character Male Male, n=8 Female, n=7
Standard length 55-70(61.67;7.64)  65.9-138.09 (101.17;27.11)63.18-102.49 (80.48;16.5¢
Measurements
%SL
Head length 0.24-0.31 (0.26;0.04) 0.24-0.30 (0.28;0.02) 0.26-0.30 (0.27;0.01)
Head depth 0.51-0.71(0.57;0.12) 0.45-0.54 (0.48;0.04) 0.42-0.54 (0.49;0.04)
Length ot pectoral-inray 0.s.  0.14-0.26 (0.20;0.06)  0.19-0.25 (0.22;0.02) 0.14-0.24 (0.21;0.03)
%HL
Interorbital distance 0.28-0.32(0.31;0.03) 0.31-0.54 (0.47;0.09) 0.24-0.51 (0.33;0.09)

Blank space indicates where data could not be obtained
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Figure26. BothusconstellatusSMF 29813 male (Aepicting largenterorbital distanceand distnct
white stellate spotpattern unique to specie USNM 375785, female (B) with distibtdtch pattern and
absence of spine on nostril and smaileerorbital distance
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Geographic distribution:Bothusconstellatushas been reported in the Galapagosipelago (Jordan &
Goss 1889), Panama bay (Norman )98/Zstern AtlanticCanada to New York (USA), Bermuda, and

northern Gulf of Mexico to southern Brazil.
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Figure 27Geographical distributionf examined specimens &othusconstellatus Asterisk daotes the
locality ofsyntypes (MCZ 1146).
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Remarksthis species wafirst describedasPlatophrys constellatusy Jordan 188%ased on three
syntypes(MCZ 11146)Themeristics of these syntypesare similar tahoseof Bothusleopardinus
(Guinther1862)compiled in this studyJordan and Goss (1889) state that the species is different from
other Bothusspecies because of its specific spot pattend somemeristidmorphometric data

Norman (1934; 234) speculated that the species were doubtflifgrent and suggested thaBothus
constellatugJordan 1889) could be a juvenileBieopardinugGiinther 1862)b 2 NX' I y Qa o mdon 0
identification key stags thattwo speciesare separatedy bodyin depth relation to Sltheir interorbital
width in relation toHL, the numberof pectoratfin rays, the shape ainterior profile of the headand

the pigmentation of the ocular sid@he examination athe type materialB. leopardinuBMNH
1855.9.19.1250 holotypd3. constellatus/1CZ 11146 syntypes (nF8)r both geciesresulted in the
validation of differencebetween the speciesB. constellatusvas recorded with bodgepths ranging
from 60%; 75%o0f the Sl interorbital distances of 2832%of the HL 12 pectaralfin rays on the ocular
side,andno prominent notd above the snout.B. leopardinusexhibited a body depth d3.57 %of SL.

an interorbital width of25%0f HL,10 pectoralfin rayson the ocular sideand a prominent notch above
the snout.When comparing th@igmentation ofboth species &ey distinctiom can be madeJordan in
Jordan and Goss (1889:264) indicatieat the presence of stellate whitblotchesin a distinct circular
pattern were found to be unique tdB. constellatus The degraded condition of thgpe materialof
BothusconstellatugMCZ 1146 (3)) dichot allowfor the depiction of pigmentation, and as suitte
resultsof the nontype material have been used to confirm the presence of symmetrical stellate white
blotches inBothusconstellatugJordan 1889)Kig. 26. The resultgollectedin this study corroborate the
appearance of this particular white stellate blotch patteBathusleopardinushas a very vibrant and
colourful pigmentation pattern in live specimens howexte arrangement of the pigmentation and
presence of stellate whit spots iglifferent from that of B. constellatusAnother difference between the

type material found in this study was the number of doifsalpterygiophores before the firglongated
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neural spine of the precaudal vertebr@®. constellatusvith 16 pterygiophores andB. leopardinusvith

14). The difference in this osteological count is viewed as inconsequential as this character overlaps with
other species oBothusas well as other notype specimens observed in the studihe difference in

meristic, norphometric, and qualitative data ggest that although similar tB.leopardinus, B

constellatushould be designated as a valid species until further evidence is presented.

ComparisonsBothusconstellatugJordan 1889an be distinguished from allleér species oBothus
exceptBothus leopardinusBothuspodas, andBothusmellissi by the following combination of
characters abody depth of 59%71% of Sla smallerinterorbital distance that is 24664% of the head
length,pectoraHin rays extended4%26% of SL8¢11 gill rakers on théower limb of the firstarch,
dorsalfin ray count of 893, analfin ray count of 6§72, a lateral line count of 7€B5, the absence
spines absent on the orbitals, and the absence of dark spots on the caudd.faonstellatuss most
closely related td. leopardinusbased on their similar body deptB.(constellatuat 59%75% of SLB.
leopardinusat 56%¢78% of SL), head deptB.(constellatuat 42%71% of HLB. leopardinusit 50%¢
62% of HL), and laterlwhe scale countB. constellatusvith 79¢80, B. leopardinusvith 70¢85)
however, it also shares similarities wigh podasand B. mellissibased on body depttB( podasat 44%
63% of SIB.mellissiat 60%66% of SL) and lateral line scales couBtgijdas with 84¢91, andB.
mellissiwith 78-101).The geographic distribution &. podasandB. mellissare contained to the
Western Atlantic around St. Helena and the GulGafinea where asB. constellatusindB. leopardinus
has is distributed in the PaitifOcean along the western coast of South AmeBca@onstellatusan be
distinguished fronB. podasB. mellissiandB. leopardinudy the presence of its distinct symmetrical

white stellate blotches along the ventral and dorsal margins of the lamdydorsal/anatfin rays.
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Bothusellipticus (Poey 1860

Figure28

Synonym(s):None.

Common name(s)None

Material examined:None.Data taken fronPcey (1860)Memorias sobra la historia natural de la Isla de

Cuba, acompafadas de sumarios Latinos saetds en Francé3.omo 2. La Habana.

Diagnosis DorsaHin ray count ofL04.

Description:(Translationof originaldescription by Poey (1860:3183 no specimeigould be obtainejl
Sinistra) 220 mm body ova) moderately elongatedheight comprised neayltwo and a half times in
total length head isonefifth of the HL eyes located in second quarter of heddterorbital distancds
equal to eye diametemaxillary does not extend to medial portiaf the orbit, articulation of the lower
jaw is not pronnent; Orbital spines present; spine on snout presaagth small and compactight,
almost in a singleow; 104 dorsakin rays;71 anakin rays 11 pectoraffin rays; 6 ventraHin rays 17
caudakin rays dorsal begins above the maxilladorsallongestnearmedian of bodyyentrakins
unequal in size; the first dcularsidepectorakin raysextendngup to two thirds of the bodyength;

caudaltail rounded scaledinely ctenoid lateral linehasa short and pronounced curve

Pigmeration of preserved specimengTranslaion from Poey 1860:31@ale ellowish brown light
yellowish brown circleslackblotchin first one third of bog with close approximation tehe lateral
line; whitish blotchin middle and posterior thiraf the body all black dotson bodyborderedby a broad

blackband vertical fins have some brown pigmentation.
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Sexual dimorphismThe type specimenf Bothusellipticuswasdeemed amaleaccording to the original

description of Poey, 1860.

Geographic distribution:Bothusellipticuswasreported in CubgdWest Indie} (Poey 1860Jordan 1889)
with no exact locality.
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Figure28. Geograpicaldistribution of Bothusellipticusbased on recorded type locality (Culia)
original description of Poey (186@sterisk denotespproximate locality
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Remarks:Thelocation of the typespecimenof Bothusellipticusis not known. There arpossible

syntypes listed at th&Museum of Comparative Zoolo@schmeyer 2015)lentified as MCZ 11188
GoincidentlyMCZ 11188s also stateds the holotype oHippoglossus ocellati®oeyl1860 After

examining photographs of spgnenMCZz11188 itis highly unlikely to be thB. ellipticuspecimen
described by Poey (186Mased on its shallow body depth under two and a half times the leagth,
interorbital distancesmaller than the ventral eye diameter, and the absence of spines on the snout and
orbitals contradictory to Poey's (1860) descriptibmlight of the observations, this double listing is

likely a collection catalogue error and tivnereabouts of the MCR. ellipticusyntypes are still

unknown.

Poey (1860)lescribedPleuronectes ellipticfsom a 220mm specimen, whiclhad a unique
dorsalfin ray count of 104.Jordan (1889:267) relassified it aPlatophrys ellipticuand ofered a new
description,however,there was a change in the desciigot pertaining to: body depthat 87% of the SL
the interorbital distanceto HL%(no head length is given)he number odorsatfin rays from 105 to 104,
and theanakin rays from 71 to 8. The difference in body depth ratio to SL results in an extremely deep
fish that is not seen in any other specieBaithus likely making it an errorThe conflicting andin

counts also suggeshat Jordan did not examine the type specimerBoéllipticus(Poey 186Q)

Norman (1934229) gave a description & ellipticusin his systematic monograpsf flatfishes He
noted thata specimen representing. ellipticusvas sent to the MCandwas examinedby an associate
Colorel Tenson, who suggestedhat it wasmost likelyidenticalto BothusmaculiferugPoey 186Q)The
specimen examined was approximately 107.95 mm (converted from inches Normé&2398 thus

proposing a species misidentification because of the substhrnflicting specimen data
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It is highly probable thaBothus ellipticuss Bothus maculiferusowever, without any type
material or other species with a matching dorfialray count to prove other wise, it should remain a
valid species. Further adding to validity of the speisdghat Poey (1860) described both species in the

same publication and distinctly identified them as separate species.

In conclusionthe status ofB. ellipticuswill remain as valid until the type specimen can be
located or newspecimens aredllected No speciesor specimen®f Bothusexamined in this studhave
adorsalfin raycount of 104thereforel accept with doubt, thaBothusellipticusbe recognizedsa

valid speciesintil further evidence is presented

Comparisons:Bothusellipticusis most closely related t@othusmaculiferugPoey 1860 based on
pervious literature stating that they atikely the same species (Norma834) andheir comparable
morphology. Theyhavesimilarlong compressd bodies ljody depth at 40%f SLin B. elliptcus 46%¢
5% of Slin B. maculiferuy anakin ray countsB. ellipticusvith 71,B. maculiferusvith 71-77), ocular
side pectoraffin ray countsB. ellipticuswith 11,B. maculiferusvith 10¢12), and extensions of the
ocularside pectoraffin rays(60%of SL irB. ellipticus50%58% of SL in males Bf maculiferus They
also share overlappingeographic distribution of the West Indiaad Cuba. They differ only in the
number of dorsafin ray counts wittB. ellipticusexhibitingdorsalfin ray countof 104andB maculiferus
92¢98. This dorsafin ray count has been recorded in the only specimen knowB. &llipticusnaking it

the diagnosticharacter, whichifferentiates it fromB. maculiferusnd all other congeneric species.
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Bothusguibei Stauch, 1966

Figures29- 31; Tablesl7, 18

Figure ®. Photographof BothusguibeiStauch 1966 HolotypeMNHN 19640438 184.17mm SL,
Annabon (A)ocularsideand (B) blind side

79



Synonym(s):Rhombus heterophthalmuBennett 1831(see remarks)

Common name(s)Guinean flounde(English

Material examined Bothusguibej 4 specimensl5.60;190.46)

Type material:Holotype MNHN 1964438 (184.17 SL)apatype (3) MNHN 196439 (1656, 179.22,

190.46 SL), Gulf ofuihea, Annobon.

Non-type material: None.

Diagnosis A species dBothuswith the followingcombination of characters:@ gillrakers onlower
limb of the first gill arch absentupper limh branching spine osnout Fig.30); males and females with
blotchesof nearly equésize situatedn the dorsaffin and anafin rays in posterior quarter of body

(Figs. 29, 30.

Description:A species oBothusreaching a maximum length of 196.4nm SL (in examined specimens).
Meristic and morphometric charéers are indicated in Tde 17. Body compressedbody depth 5294

54% of SL; head length 2620% of SL; head depth 3§37% of SL; anterior profile of head convex; no
notch above the snouinterorbital distancemoderate compared to other species 1724% of HL 8
hourglassshapedsupracraniapterygiophores 13dorsalfin pterygiophores before first elongated
neural spineof the precaudal vertebrgeeye appendages on both posterior and anterior of exantral
eye appendaget$c4, dorsateye appendagesange 16 ;males with 1@11 spines on anterior margin of
ventraleyeorbit, 2¢3 on anterior margin of dorsaye orbits; females with soft high ridge orentral

orbit; mouth 25%30% ofHL ;blind sidemouth slightly longe31%¢33%; teethbiserial lateral line
extending fromposteriorof dorsateye orbitto caudal peduncle, 8B9 scales itateral line lateral line

ends withbifurcated supratemporal branch, scales ctenoid ocular side, cycloid blind33ici#®} dorsat
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fin rays originating just superior to snout on blind siddg 75 anal-fin rays originating posterior to base
of pelvicfin ray, asymmetrical pectorafin ray with11on ocular sideextended in males 76883% of SL,
female 179%18% of SL)plind sidepectoraHin rays 1@11, extends 1619% of SL; second to third
pectoraHin ray greatest in length on ocular side7 caudaifin rays 10 precaudalertebrae;28 caudal

vertebrae.

Pigmentation of preservedpecimens Ocularsideof body brown withblind sidepale tan; maleocular
sidehas one or two large dark brown blotchang margin ofateral line anterior blotch situated at
junction of straight and curved portion tdteral line posterior blotch sitated in posteriorfourth
guarterof body near thecaudal peduncle on the lateral lir{Eigs. 2930); smaller brown spis located
around vertral and dorsal edges of bodytdwn circular pigmentationsesembling ocellall overthe
bodyin some specimen@-ig. B); blotches nearly equal in sizeventral eye diametersituated on rays
of anal and dorsadiin on near vertichposterior of mil-body. Twadark brownblotchessymmetrically
located in posteior of anal and dorsdin rays speckles located randomly on body and in dorsal, anal,
and caudafin rays pectoral and pelvic fins pateanslucent,blind sidehas no distict markings or

pigmentation.
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Figure 30Photographof BothusguibeiMNHN 19640439 maratype, Female 190.46 SL, Annabooufar
(A) andblind side(B); Magnified image abranchingspine on snout@ and branching spines on orbitals
(D) of maleB. guibeiMNHN 19640438
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Table 17Meristic and morphometric data for holotypes and paratype8othusguibei Holotype
(male)paratypes (n=3, 1 male, 2 female). Means and standard deviations are shown in parenthesis. All
measurements and abbreviatioase described in Appendix B.

B. quibeiholotype B. guibei paratypes MNHN
MNHN 1964-0438 specimens (n=3)
Standard Tength 184.17 165.6-190.46 (178.43;12.4!
Total length 229.1 197.6-229.3 (215.2;16.14)
Counts
Dorsal-fin ray 87 91-94 (92.5;2.12)*
Anal-fin ray 71 73-75 (74;1.41)*
Caudal-fin ray 17 17 (17,;0)
Precaudal vertebrae 10 10 (10;0)
Caudal vertebrae including urostyle 29 29 (29;0)
Hourglass shaped pterygiophores of dorsal-fin 8 8 (8;0)
Dorsal-fin pterygiophores anterior to first elongated neural spine 13 13 (13;0)
Gill rakers on lower limb of first gill arch 5 6-7 (6.33;0.58)
Gill rakers on upper limb of first gill arch 0 0 (0;0)
Dorsal-eye appendage 2 1-4(2;1.73)
Ventral-eye appendage 2 1-6 (2.67;2.89)
Pectoral-fin rays o.s. 11 11 (11;0)
Pectoral-fin rays b.s. 11 10-11(10.67;0.58)
Pelvic-finrays o.s. 6 6 (6;0)
Pelvic-finrays b.s. 6 6 (6;0)
Lateral-line scales 89 82-87 (85.;2.65)
Measurements
%SL
Body Depth 0.53 0.52-0.54 (0.53;0.01)
Head length 0.26 0.26-0.29 (0.28;0.02)
Head depth 0.37 0.35-0.37 (0.36;0.01)
Length of pectoral fin 0.s. 0.83 0.17-0.76 (0.37;0.34)
Length of pectoral fin b.s. 0.19 0.15-0.17 (0.16;0.01)
Length of pelvic fin o0.s. 0.11 0.11-0.13(0.12;0.01)
Length of pelvic fin b.s. 0.13 0.09-0.11 (0.1;0.01)
Length of base of pelvic fin o.s. 0.11 0.08-0.11 (0.1;0.02)
Length of base of pelvic finb.s. 0.06 0.06-0.07 (0.06;0.01)
Length of first dorsal-fin ray 0.12 0.07 (0.07;0)
Length of first anal-fin ray 0.08 0.08-0.09 (0.08;0.005)
Depth of caudal peduncle 0.12 0.11(0.11;0)
%HL
Preorbital length 0.26 0.26-0.31 (0.29;0.03)
Postorbital length 0.46 0.36-0.48 (0.43;0.06)
Predorsal distance b.s. 0.14 0.16-0.19 (0.17;0.01)
Dorsal eye distance from anterior edge of head 0.17 0.15-0.17 (0.16;0.01)
Snout length (0.s.) 0.23 0.22-0.23 (0.23;0.01)
Snout to nostril distance (0.s.) 0.15 0.13-0.16 (0.14;0.01)
Length of mouth o.s. 0.30 0.25-0.27 (0.26;0.01)
Length of mouth b.s. 0.32 0.31-0.33(0.32;0.01)
Ventral eye diameter 0.26 0.2-0.27 (0.24;0.04)
Width of dorsal orbital 0.26 0.2-0.27 (0.24;0.04)
Interorbital Distance 0.21 0.17-0.2 (0.19;0.01)

*Indicates a character could not be collected for one specimen
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Sexual dimorphismThesexualy dimorphic characterdiscussed by Stau¢h966) and corroborated by

this studywere: males having a larggrouping of orbital spines and a branching spine on the snout (Fig.

30, C, D), abse in femalesa I f S Q & OcuNSide jestdtaHin ray lengthwas found to be

significant(t (2) =5.39p < 0.05 whendiscriminatingoetweenmales andemales. Morphometric

comparison tablebivariateanalysis, and visual representation of sexual diphism found inTable 18,

Fig. 29Fig.30 A,B.

Tablel8. Morphometric @mparisonandbivariateanalysisof males and females d@othusguibei
Stauch 1966n=4, 2 females 2 male). Means and standard deviations are shown in parenthesis. All

measuremens and abbreviations are described in Apperilix

B. quibeiholotype

B. quibeiparatypes MNHN specimens (n=3)

MNHN 1964-0438
Character Male Male, n=1 Female, n=2
Standard length 184.17 179.22 (179.22;0.) 165.6-190.46 (178.03;17.%
Count
Number of eye appendages 4 10 (10;0) 2(2;0)
Number of spines on orbitals 14 10 (10;0)
Measurements
Y%SL
Head length 0.26 0.28 (0.28;0) 0.26-0.29 (0.27;0.02)
Head depth 0.37 0.36 (0.36:0) 0.35-0.37 (0.36:0.02)
Length of pectoral-iin ray 0.s. 0.83 0.76(0.76:0) 0.17-0.18 (0.18:0)
%HL
Interorbital distance 0.21 0.2(0.2;0) 0.17/-0.19 (0.18;0.01)

length versus interorbital width in Bothus guibei Stauch 1966
0.22

0.21

0.2

Bivariate analysis of sexual dimorphism using ocular-side pectoral-fin

0.19

@ Male

® Female

0.18

0.17 P

0.16

Interobital width as % of head lengh

0.15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Ocular-side pectoral-fin ray length as a % of standard length
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Geographic distribution:Bothusguibeihas been reported in the Gulf of Guinea at Annatkaond Sio
Tomé Island (Gulf of Guinea},a depth of 440 m (Stauch 196@\fonsoet al.1999).

o
B
I,I:
1

Figure31. Geographicatlistribution of examined specimens Bbthusguibei Asterisk denotes the

locality of type material.

Remarks:Stauch (1966) described@bthusguibeias a new endemic species that belongedtihus

based on its resemblance to otherlaitic Bothusspecies¢ KS y I YS W3IdzZA6SA Qongl a 3IA D
to Jean Marius René GuilfE910-1999)of the National Museum of Natural HistoryRaris There are

currentlyone holotype and 1paratypes listed in the NMNIdollected fromthe same localityAnnabon

Islang and designated by Stauch966) in the original descriptiofhe holotype andhree of the eleven

paratypes designated by Staulchve beerexaminedas rot all paratypes were available
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Reference (Eschmeyer 2015)Bothusguibei,its distribution, and otheBothusspecies
distributed in the same area have been made in recent taMist¢, P., C. E. L. Ferreira, S. R. Floeter, R.
Fricke, J. L. Gasparini, T. lwamoto, L. A. Rocha, C. L. S. Sampaio and U. SXlflidweithors have
assaiatedBothuspodaswith Bothusguibeibased ortheir closegeographicatlistributions Bothus
guibeiis distributed among small islands off the coast of Equatorial GuineaB aoaidags distributed in
the Mediterranean and along the west coast of Adriéthough theyhavesemi overlapping
distributions, teir morphologies do not resemble each other and are easily distinguishabig raises
the question as to why the two species have been mentioned togeffiee body depth, head
morphology, interorltial distance, pectordiin ray length, body depth, spines on the snout-igiker
counts, and pigmentation differ significantlijherefore,it is the view othe author that the association
of species has been based purely on their geog@glstributiors and does not enhandbe analyses of

Bothusguibei

Rhombus heterophthalmuennett 1831 is currently listed as a synonynmBafthuspodas
(Delaroche 1809). Bennett (1831) described the species as having wide set eyes, spine on the snout, a
pectoralfy G KIF G Ndzya GKS fSy3adK 27F G KSBothasspécks ' yR | &2
exhibiting spines on the snoandextended pectorafin rays that run the lengtbf the body areBothus
guibei(males 76%83% of SLBothuspantherinus(45% 90% of Sl.jandBothustricirrhitus (75% ofSL)
No specimens dBothuspodasexamined in this study exhibited a pectofial that runs the length of the
body B. podaocularside pectorafin 6%€29% ofSL). The Bennett description also states that there is
some rdation to Pleuronectes mancyBothusmancushowever, he states it is different due to the
WodzYLJQ Ff2y3 GKS LINE T xid$he Brigrpéctordl firkRS iet@rophithabnyisa$ G G my o
collected in the Atlantic Ocean, whereBspantherinuand B. mancusre distributed in the
Indian/Pacific Ocear. tricirrhituswas collected in the Red Sea, @awothusguibeiis distributedin the

Atlanticalong the African coast near Guinddesimilarlong pectoralfin raysand geographical
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distribution of R heterophthalmussuggestshat Bennett originally describeal species oB. guibei
Stauch 1966 when identifyindR heterophthalmusn 1831 However,Bennettdescribed a species with a
"hump® onits head, and no specimens Bfguibeiobserved in this sty haveexhibitedhumps on the
head Furthermore the descriptionof Bennettis vagueand doesn’t describpigmentation, other
morphological datagr anymeristics Therefoe, R heterophthalmuswill be deemed aynonym ofB.
guibeiuntil further data carbe accumulated or a type specimenrhibitinga noticeablehump on the

head is collected

ComparisonsBothusguibeican be distinguished from all other specieBothus(exceptBothus
maculiferus Bothuspantherinusand Bothustricirrhitus) by: a body hat is longer than it is deept
52%54% of SL, eonvex head with no notchbove the snoutaninterorbital distancg 17%621% of HL)
less than the diameter of the ventral eythe presence of branching spines on the eye orbials
shout, appendages othe eyes in males, and the second to sixth pectfirataysextendedin males

76%€83% the SL.

Bothusguibeiexhibits considerable resemblanceBothuspantherinusand Bothustricirrhitus
based on their elongated pectoréih rays in males at over 7086 SLB.tricirrhitus caneasilybe
distinguished as it has exactly three eye appendages on eacht®reasB. guibehas one to six
appendages on the ventral eye aad the dorsal eyeB.tricirrhitusalso exhibits a large dark bar running
verticallyacrossthe median of the body on the blind side, wherdasguibehas no pigmentation on the
blind side B. pantherinugan be distinguished frofd. guibebecause itacksblotches nearly equah
sizesituated on the dorsadnd analfin rays inthe posterior quarter of bodyin both males and females.
B. guibeilso has a geographic distribution specific to the Gulf of Guinea and two islands (Ang&&bon,
Tomé), wherea8. mntherinushasnot been observed in the Atlanti@ceanand inhabits the Pacific,

Indo-pacific, andrdianOcean
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B.guibeimost closely resembld3. maculiferusnorphologically and hasianteresting
distribution geographicallyB. maculiferusias a distribution usually located in the West Indies whereas
B. guibeis located in the Gulsf GuineaThe distribution localitiesonnected by théAtlanticOcean
could suggest a previous relationship between the two speoéssilting in close morphological
similarities.However the following characters can distinguish the two speci®guibd has 13 dorsal
fin pterygiophoresanterior to the first neural spinef the caudal vertebrae, whereds maculiferudas
a range ofLl4¢16.B.guibeimales have an extended pectoffid ray 76%83% of SL, where&s
maculiferusy I f Be€dralfin rays ramge from 5@58% of SLB. guibehlsohas a gilrakerrange of 57
on the lower limb of the first gill ar¢hwhile B.maculiferushas a range of@l1; B. guibeialso hasho gill-

rakers present on the uppdimb of the first gill archwhereasBothusmaculierushas0-3.
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Bothusleopardinus(Gunther, 1862)

Figures32- 34; Tablesl9-21

Figure 32BothusleopardinugGunther, 1862, holotype from BMNH.855.9.19.1250(A) Ocular andB)
blind sideof Femalel20.08 mm collection location unknown
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Synonym(s):None.

Common name(s)None.

Material examined:Bothusleopardinus6 specimens (97.6139.3 mm SL)

Type material: Holotype BMNH 1855.9.19.1250 (120.08 mm SL), Haslar.

Nontype material: USNM 019218 (97.6 mm SL) Fanning Island, KilfanM375796 (4) (124.59

139.3 mm SL), Columbia.

Diagnosis A species dBothuswith the following combination of charactersicularside pectoral fin
18%24% of Sllack of triangular protuberance camterior side maxillaryvariegatedight greyand

white spotsrandomly assorte@n head and bodyHig 32, 33).

Description: A species aBothusreaching a maximum standard lengthk#9.9mm (in examined
specimens)Meristic and morphometric chacters are indicated in Table ;I8ody ovate, body depth
56%¢78%o0f SL; head length 24928% of SL, head depth 582% of SL; profile of head convemall
notch above snoutiorsal eydocated in nearly vertical position superior to tiientraleye, interorbital
distance21%¢57% of HL; L0 hourglasshaped supracraal pterygiophores, 116 dorsalfin
pterygiophores before first elongated neural spine; small spine on snout in males, no epiodstals;
mouth 19%30%of HL blind sidemouth 21%30%0f Sk teeth shape conicahiserial 8¢11 giltrakers
onlower limb of first gill arch4¢8 on upper portion of anterior arctateral linewith 79¢80 scales,
bifurcated supratemporal branch ¢dteral linesystem; scaled slightly ctenoid on ocular side, cycloid on
blind side;asymmetrical pectorafin rays with10¢12 on the ocular side anéig11 onthe blind side;

asymmetricabcularsiderays rangingrom 18%24% of Slhlind side7%x 15% of S187¢91 dorsatin
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rays,65¢69 anaHin rays; 17 cauddin rays; 1Qorecaudl vertebrae, 8¢29 caudal vertebraéncluding

the urostyle.

Pigmentation of preservedpecimens Ocularsideof body tan brown, withblind sidepale tan; no
distinct darkblotchon body, orlateral ling small white/greyocellated pigmentationsdistributed
randomlyall over thebodyin preservedspecimensgreyishiwhite/aquacolouredocelli distributed
randomlyall over the body and fin@n live specimenspectoral and pelvic fins without pigmentation;

blind sidewithout (Fig. 3233).

Figure 33Photograph oBothusleopardinugGulnther 1862, exhibting unique pigmentation in live
specimensTaken byGerald Allerof Western Australian MuseumAquatic Zoology Specimen
collection locality: Mexico.
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Tablel9. Merigic and morphometric datfor the type and nortype specimens dBothusleopardinus.
Measurements foBothusleopardinuBBMNH 1855.9.19.1250, holotype, female and 5-type
specimensr{=5, 3 male, 2 female). All measurements and abbreviations are described in Appendix B.

B. leopardinuBMNH B. leopardinushon-type

1855.9.19.1250 holotyp: specimens (n=5)
Standard length 120.08 97.6-139.3 (125.69;16.59)
Total length 147.48 111.79-168.93 (149.95;23.9
Counts
Dorsal-fin ray 89 87-91(88.75;1.71)*
Anal-fin ray 69 65-68 (66.5;1.29)*
Caudal-finray 17 17 (17,0
Precaudal vertebrae 10 10 (10;0)*
Caudal vertebrae including urostyle 29 28-29 (28.75,0.5)
Hourglass shaped pterygiophores of dorsal-fin 8 9-10(9.25;0.5)
Dorsal-fin pterygiophores anterior to first elongated neural spine 14 15-16 (15.25;0.5)
Gill rakers on lower limb of first gill arch 8 8-11(9.6;1.14)
Gill rakers on upper limb of first gill arch 5 4-8 (5.75;1.71)
Pectoral-fin rays o.s. 10 10-12 (11.2;0.84)
Pectoral-finrays b.s. 11 9-11(10.2;0.84)
Pelvic-finrays o.s. 6 6(6;0)*
Pelvic-finrays b.s. 6 6 (6;0)*
Lateral-line scales 79 79-80 (79.75;0.5)*
Measurements
%SL
Body Depth 0.57 0.56-0.78 (0.66,0.08)
Head length 0.27 0.24-0.28 (0.26,0.02)
Head depth 0.5 0.52-0.62 (0.57,0.06)
Length of pectoral fin 0.s. 0.18 0.2-0.24 (0.22;0.02)
Length of pectoral fin b.s. 0.07 0.13-0.15(0.14;0.01)
Length of pelvic fin o.s. 0.1 0.1-0.14(0.12;0.02)
Length of pelvic fin b.s. 0.11 0.-0.12 (0.08;0.05)
Length of base of pelvic fin 0.s. 0.11 0.11-0.14 (0.12;0.01)
Length of base of pelvic fin b.s. 0.04 0.03-0.04 (0.04,0.002)
Length of first dorsal-fin ray 0.05 0.05-0.07 (0.06,0.01)
Length of first anal-fin ray 0.06 0.06-0.08 (0.07;0.01)
Depth of caudal peduncle 0.13 0.1-0.13(0.11;0.01)
%HL
Preorbital length 0.33 0.36-0.55 (0.45;0.08)
Postorbital length 0.29 0.24-0.38 (0.3;0.06)
Predorsal distance b.s. 0.12 0.1-0.13(0.11;0.02)
Dorsal eye distance from anterior edge of head 0.12 0.11-0.14 (0.13;0.01)
Snout length (0.s.) 0.2 0.14-0.22 (0.17;0.03)
Snout to nostril distance (0.s.) 0.15 0.1-0.15(0.13;0.02)
Length of mouth o.s. 0.2 0.19-0.3(0.22;0.05)
Length of mouth b.s. 0.24 0.21-0.3 (0.24;0.04)
Ventral eye diameter 0.31 0.22-0.31 (0.28;0.04)
Width of dorsal orbital 0.39 0.27-0.34 (0.32;0.03)
Interorbital Distance 0.25 0.21-0.57 (0.44;0.15)

*Indicates a character could not be collected for one specimen
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Sexualdimorphism: Males and females can usually be distinguishgdhe presence of a spine on the
snout, not exhibitedin femalesa I £ S Q a InfmiBital diSaddavere found to be significant

(t (4) =5.39p <0.05) when discriminatindetween males and femalesorphometric comparison table,
bivariate analysisand visual representation of sexual dimorphism found in Table 20, Fig. 32, 33.
Table20. Morphometric @mparisonandbivariate analysisf males and females @othusleopardinus

(Gunther, 1862 of type and norype material (n=6, 3 males, 3 femaledyleans and standard
deviations are shown in parenthesis. All measurements and abbreviations are described in Appendix B.

B. leopardinus BMNI

1855.9.19.1250 B. leopardinuson-type specimens (n=5)
holotype
Character Female Male, n=3 Female, n=2
Standard length 120.08 132.2-139.3 (135.42;3.59) 97.6-124.59 (111.1;19.08
Count
Measurements
%SL
Head length 0.27 0.24-0.25(0.25;0) 0.28-0.28 (0.28;0)
Head depth 0.50 0.52-0.62 (0.55:0.06) 0.62 (0.62;0)
Length of pectoral-fin ray 0.S. 0.18 0.21-0.23 (0.22;0.01) 0.21-0.23 (0.22;0.01)
Y%HL
Interorbital distance 0.25 0.48-0.57 (0.53;0.04) 0.21-0.4 (0.31;0.14)
Bivariate analysis of sexual dimorphism using ocular-side pectoral-fin length
versus interorbital width in Bothus leopardinus (Giinther, 1862)
0.6
= L]
& °
;'; 05 .
q?: 0.4 L]
9
E ® Male
£ 0.3
E - ® Female
% 0.2 L4
= 0.1
0
0 0.05 0.1 0.15 0.2 0.25 0.3
Ocular-side pectoral-fin ray length as a % of standard length
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Geographic distribution:Bothusleopardinushas been reported in the Gulf of California (JordaGoss
1889) to PanamaTropical Bstern Pacific (Allen, Robertsd®94) Galapogossland McCoskerand
Rosenblatt2010)Pacific coast of Mexico, Central Amar{®orman1934), Fanning Islandnd

Columbia.

------

------
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Figure 34Geographicatlistribution of examined specimens Bbthusleopardnus Asterisk denotes the

locality of type materiaBothusleopardinusBMNH 1855.9.19.1250 holotype.

Remarks Ginther (1862) first describatiis specieasRhomboidichthys leopardinus was later

described a®arophrys leopardinugdordan, 1884) baskeon a specimen collected in Guaymas, Mexico

that coincided withGuntheNQda 2 NA IA Y+ f RSAONALIIA2Yy d ¢KA& RS&ONAL
variegated white spot pattern on the bodyater the species wasclassified aPlatophrys leopardinus

(Jordan and Gos4$889 and eventually reclassified &othusleopardinugGunther 1862). Norman

94



(1934)gave a description fdB.leopardinushowever, hestated that he doubted thaBothus
constellatugJordan 1889 and Bothusleopardinusvere distinct rom one anotherThis study
corroborates the meristic simildies between specie¢Table21), however, there are distinct differences

between themas the comparison conveys.

ComparisonsBothusleopardinuscan be distinguished from other speciesBuithus by its deeply
compressed body a56%¢78% of Slthe lack of ventral and dorsal eye appendageshort pectoral fin
of the oaular sideat 18%£24% of Sland its unique variegated pigmentation and spot pattern of the
ocular sidgmore prominent in livespecimeng. B.leopardinuanorphology and pigmentation pattern
most closelyesemblesBothuslunatus Bothusmancus and Bothusconstellatus.B. mancugliffers with
the presence of a large triangular protuberance above the maxitlahe ocular sidethe absence of
gill-rakers on the upper limb of the first gill arcind the presencef two large dark blotches otie
lateratline, all ofwhich are absent iB. leopardinus B.lunatusdiffers with agenerallysmaller head
depth at 379§51% of SL compared B. leopardinusit 50%¢62% the presence of eyappendages, and
the presence oflistinctbright blue and pigmentations in the shape of complétebmpleterings B.
leopardiniswas stated as doubtfully distinct froB. constellatugNorman 1934) based o
morphometricobservations When comparing the type material Bf leopardinusindB. constellatus
(Table 21}here are differences betweesize B. leopardinusit 120.08mm SLB. constellatusit 55¢
70mm SLandthe number d dorsatfin pterygiophores bfore the first elongated neural spine of the
precaudal vertebraéB. leopardinusvith 14,B. constellatusvith 16). However, ¢her type and nortype
specimermorphological and meristic datdo exhibit overlapa A @Ay 3 ONBRA G  ( 2hubh 2 N | Yy Q
leaving the qualitative characters as theost reliabe method for distinguishing thespeciesB.
constellatusexhibits the symmetrical stellate white spatgique to the specieswvhere asB. leopardinus

exhibitsvariegatedblotches and gimentations distrinted randomly all over the body. Thariegated
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ocellatedspots ofB.leopardinugprominent in livespecimensFig. 33 distinguisht from all other

congeneric species.

Table21. Meristic and morphometric variables comparing the type matéBiathusleopardinus(BMNH
1855.9.19.1250 Holotype) argbthusconstellatugMCZ 111467=3 syntypes). All measurements and
abbreviations are desibed in Appendix B.

B. leopardinusBMNH B. constellatusMCZ 1114¢€

1855.9.19.1250 holotype syntypes (n=3)
Standard length 120.08 55-70 (61.67;7.64)
Total length 147.48 67-82 (72.67;8.14)
Counts
Dorsal-fin ray 89 88-93 (90.33;2.52)
Anal-fin ray 69 65-70(68.33;02.89)
Caudal-fin ray 17 17-17 (17;0)
Precaudal vertebrae 10 10-10 (10;0)
Caudal vertebrae including urostyle 29 28-29 (28.67;0.58)
Hourglass shaped pterygiophores of dorsal-fin 8 9-9 (9;0)
Dorsal-fin pterygio phores anterior to first elongated neural spine 14 16-16 (16;0)
Gill rakers on lower limb of first gill arch 8
Gill rakers on upper limb of first gill arch 5
Dorsal-eye appendage 0
Ventral-eye appendage 0
Pectoral-fin rays o.s. 10 12-12 (12;0)
Pectoral-fin rays b.s. 11 11-11 (11;0)
Pelvic-fin rays o.s. 6
Pelvic-fin rays b.s. 6
Lateral-line scales 79 75-79 (77;2)
Measurements
%SL
Body Depth 0.57 0.60-0.75 (0.65;0.08)
Head length 0.27 0.24-0.31 (0.26;0.04)
Head depth 0.50 0.51-0.71 (0.57;0.12)
Length of pectoral fin o.s. 0.18 0.14-0.26 (0.20;0.06)
Length of pectoral fin b.s. 0.07 0.07-0.13 (0.11;0.03)
Length of pelvic fin o.s. 0.10
Length of pelvic fin b.s. 0.11
Length of base of pelvic fin o.s. 0.11
Length of base of pelvic fin b.s. 0.04
Length of first dorsal-fin ray 0.05
Length of first anal-fin ray 0.06
Depth of caudal peduncle 0.13 0.11-0.15 (0.13;0.02)
%HL
Preorbital length 0.33 0.12-0.30 (0.22;0.09)
Postorbital length 0.29 0.28-0.44 (0.38;0.09)
Predorsal distance b.s. 0.12 0.06-0.11 (0.08;0.02)
Dorsal eye distance from anterior edge of head 0.12 0.12-0.14 (0.12;0.01)
Snout length (0.s.) 0.20 0.12-0.15 (0.13;0.01)
Snout to nostril distance (0.s.) 0.15
Length of mouth o.s. 0.20
Length of mouth b.s. 0.24
Ventral eye diameter 0.31 0.28-0.32 (0.30;0.02)
Width of dorsal orbital 0.39 0.35-0.38 (0.36;0.02)
Interorbital Distance 0.25 0.28-0.32 (0.31;0.03)

“Findicates a character could not be collected for one specimen
Blank spaces Indicate where data could not be colle:
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Bothuslunatus (Linnaeus1758)

Figures35 - 38; Tables22, 23

Figure 3. Bothuslunatus(Linneaus 1758 from BMNHL967.6.16316. Ocular aruind sideof adult
female 87.73nm SL, from Runaway Bay, Jamaica; (A) ocular side, (B) blind side.
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Synonym(s):Pleuronectes arguBloch 1783Pleuronectes spinodéloch and Schneider 1801,

Pleuronectes pictusorster 1844Pleuronectes lunulatudouan 1861Platotichthys charteslichols 1921

Common name(s)Peacock flounder/ Plate Fish/Sole fish (Enylish

Material examined:Bothuslunatus,13 specimens (73.3313 mm SL).

Type material: No types knownInformation taken fronmLinnaeus 1758riginal description, translation

from: GoodeandBean(1885).

Non-type material: ANSP 126431 (2) (2P2%8 mm SL), YucataBMNH 1967.6.16.31817 (73.33 mm

SL), Jamaica; BMNH 1930.8.6 R&tophrys luatus) (104.4 mm SL), Puerto Rico; ZMH 19917 (313 mm
SL), Puerto Rico; ANSP 8844 (2)-2Z%bmm SL), Anguilla; USNM 190528 (258 mm SL), Antigua; NMC
19682101 (152.67 mm SLY}, Eucia; BMNH 1920.12.22.1%homboidichthys lunat)i160.91 mm SL),
Trinidad NMC 6854 (180 mm SL), Trinida8MF 23378 (272 mm SL), Suriname; SMF 989 (186.8 mm SL)

ANSP 12405@leuronectes lunatus) (67.27 mm Sl JGrand Bahamas

Diagnosis A species dBothuswith an abundance ofomplete andncompleteblue ringsoutlined with
brown all over thebody, dorsal/anal fingpectoralfins, andcaudal finof the ocular sidéprominent in

live specimendig.36/37).

Description:A species oBothusreaching a maximum standard length3#3mm (in examined
specimens)Meristic and mgphometric chaacters are indicated in Table 22ody ovate, body depth
reaching 46%b67% of SL; head length 28%il% of SL, head depth 37%4% of SL, profile of he
convex with notch above maxillaity males, notch lesser in femaldsd. %); interorbital space deeply
concave, greater in male$6%42% of HL; 8.0 hourglasshaped supracranial pterygiophores,c13

dorsalfin pterygiophores before first elongated neural spis&pngspine on snout present in males,
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absent in females, rarely spines on iballs; mouth 18%33% of HL on ocular sidajnd side21%32%;
teeth shape conical, organized in two incomplete rowg® §illrakers onlower limb of first gill arch0g2
gill-rakers onupper limb of first gill arciiateral linewith 79¢95 scales, usugllending in bifurcated
supratemporal branch dateral line scales slightly ctenoid on ocular side, cycloid on blind side;
pectoraHin raysasymmetrical and longer in malesth 9¢12 on ocular sidand8¢12 on blind side
ocularsidepectoraHin rays geatly extendedL4%60% of SLhlind sideshorter 12%14% of Slgreater
in males 91¢97 dorsaffin rays, 6978 analfin rays, 16§17 caudaffin rays; 10 precaudal vertebrae9@Q

30 caudal vertebraéncluding the urostyle

Pigmentation of preservedpecimens Ocularsideof body brownin preservedspecimen(Fig. 39, with
blind sidepaletan; distinct blue inomplete rings oblotches encompassed with dark brown
pigmentation, the size of eye or larger located throughout body; smaller blue blotches locatkmtsa,
anal and caudal fin@cularsidepectoral fin hasvhite/blue pigmentations presenttwo dark botches
on lateral line anterior blotch located posterior to base jpéctoral fin, posterior blotch locatejdist
posterior tomid-sectionof body but aterior to caudal peduncleHig. 35, 36, 37 other dark
pigmentation found as symmetrical blotgatterns around edges of bodylind sidewithout
pigmentation; important to note that pigmentation of distinct blue blotches does degrage time in

formalin (see Appendix B for definitions of pigmentation).
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Figure 36. Distinct blotch pattern unique toBothuslunatus BMNH 1920.122196, Adult male 160.91
mm SL: Showingjstinctincomplete rings wittblue pigmentation outlinedvith brown all over bodyin
preserved specimen

Figure 3. Photographof live Bothuslunatus LocationCrashboat Landing Pier, Puerto Ri€aken by
Richard BejaranoDepictingdistinct completefincomplete rings wittblue pigmentation outlinedvith
brown all over bodyand ins in live specimens
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Table22. Merigic and morphometric datéor the type description, nottype specimens dBothus
lunatus,and synonym specid3leuronectes lunulatuSNSP 12405@®ata forBothuslunatuswas

obtained from original species descriptifiinneaus, 1758), and compared against-tygre material
(n=13, 6 male, 7 female) &@othuslunatusandPleuronectes lunulatudNontype specimerPleuronectes
lunulatusANSP 124056as been included as a junior synonynBothuslunatus Means and standa
deviations are shown in parenthegil measurements and abbreviations are described in Appendix B.

B. lunatusLinneaus 1758
Translated Description

B. lunatusnon-type
specimens (n=13)

Pleuronectes lunalatuANSP 12405¢

(non-type synonym oB. mancu3

Standard length 245 73.33-313. (202.93;68.6) 67.27
Total length 290 87.73-371.05 (238.69;82.31) 82.36
Counts
Dorsal-fin ray 87 91-97 (93.09;1.81)* 82
Anal-fin ray 69 69-78 (73.15;2.61) 62
Caudalfin ray 16-17 (16.73;0.47)* 17
Precaudal vertebrae 10-10 (10;0) 10
Caudal vertebrae including urostyle 29-30 (29.69;0.48) 26
Hourglass shaped pterygiophores of dorsal-fin 7-8(7.69;0.48) 10
Dorsal-fin pterygiophores anterior to first elongated neural spine 13-14 (13.69;0.48) 15
Gill rakers on lower limb of first gill arch 51015 6-9 (8;1) 9
Gill rakers on upper limb of first gill arch 0-2 (0.15:0.55) 6
Dorsal-eye appendage 0-10 (3.08;3.73) 1
Ventral-eye appendage 0-9(3.08:3.38) 1
Pectoral-finrays o.s. 9-12(11.23;0.93) 10
Pectoral-finrays b.s. 8-12 (11;1.08) 9
Pelvicfinrays o.s. 6 (6;0) 6
Pelvicfinrays b.s. 6 (6:0) 6
Lateral-line scales scales about 103 79-95 (86.08;4.27) 66
Measurements
%SL
Body Depth 40% of SL 0.46-0.57 (0.51,0.03) 0.52
Head length 25% of SL 0.23-0.31 (0.25;0.07) 0.28
Head depth 0.37-0.51(0.42;0.04) 0.47
Length of pectoral fin 0.s. slightly longer than maxillary 0.14-0.6 (0.31;0.17) 0.22
Length of pectoral fin b.s. 0.12-0.14 (0.13;0.01) 0.14
Length of pelvic fin o.s. 25% of HL 0.06-0.11 (0.09;0.01) 0.11
Length of pelvic fin b.s. 0.06-0.09 (0.08;0.01) 0.1
Length of base of pelvic fin o.s. 0.06-0.11 (0.08;0.01) 0.13
Length of base of pelvic finb.s. 0.03-0.08 (0.05;0.01) 0.04
Length of first dorsal-fin ray 0.04-0.09 (0.06;0.01) 0.06
Length offirst anal-fin ray 0.05-0.08 (0.06;0.01) 0.07
Depth of caudal peduncle 0.09-0.1 (0.1;0.004) 0.12
%HL
Preorbital length 0.26-0.56 (0.42;0.08) 0.18
Postorbital length 0.18-0.6 (0.32;0.1) 0.19
Predorsal distance b.s. 0.09-0.31(0.17;0.05) 0.13
Dorsal eye distance from anterior edge of head 0.13-0.2 (0.15;0.02) 0.12
Snout length (0.s.) 0.22-0.29 (0.25;0.02) 0.2
Snout to nostril distance (0.S.) 0.15-0.21 (0.18;0.02) 0.15
Length of mouth 0.s. 43% of HL 0.18-0.33 (0.26;0.04) 0.24
Length of mouth b.s. 0.21-0.32(0.29;0.03) 0.24
Ventral eye diameter 0.14-0.24 (0.19;0.03) 0.37
Width of dorsal orbital 5and 1/3the length ofthe head  0.21-0.29 (0.26;0.02) 0.38
Interorbital Distance narrow 0.16-0.42 (0.3;0.07)* 0.34

*Indicates a character could not be collected for one specimen
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Sexualdimorphism: Sexual dimorphism is characterized between males and femalRsthuislunatus
(Figs. 35, 36; Tabl&pby the following charactrs: male with prominent notch above snout, female
notch less apparent; Males have strong spine on snout, females with small bump ontdoeut;
pigmentation more distinctri males witharger markingsa | f S Q & InBriddBithl §p&chdas found
to be sigpificant (t (11) =6.94 p <0.05), whereasocularside pectorafin raylength(t (10) =7.83, p <
0.001) wasfound to beveryhighlysignificantwhen discriminating sex

Table23. Morphometric @mparisonandbivariate analysisf males and females &othus lunatus
(Linnaeus 1758)f type and norype materialnon-type material N=13, 6 males, 7 females), and

Pleuronectes lunulatltNSP 124056Means and standard deviations are shown in parenthesis. All
measurements and abbreviations are described in AppeB.

Pleuronectes lunalatus®\NSP
B. lunatus non-type specimens (n=13) 124056, (newly designated
synonymof B.lunatug

Character Male, n=6 Female, n=7 Male
Standard length 186.8-313 (253.76;46.26) 73.33-258 (173.81;66.49) 67.27
Count

Number of eye appendages 7-18(14.;4.53) 0-2(1.14;1.07)

Number of spines on orbitals 0-1(0.8:0.45) 0
Measurements

Y%SL

Head length 0.25-0.3 (0.27;0.02) 0.23-0.31 (0.27;0.02) 0.28

Head depth 0.37-0.48 (0.41;0.04) 0.37-0.51 (0.44;0.05) 0.47

Length ot pectoral-inray 0.s.  0.42-0.6 (0.510.06) 0.14-0.23 (0.18;0.03) 0.22

YoHL

Interorbital distance 0.27-0.42 (0.34;0.06)* 0.16-0.31 (0.26;0.05)* 0.34

*indicates a character could not be collected for one specimen

Bivariate analysis of sexual dimorphism using ocular-side pectoral-fin
length versus interorbital width in Bothus lunatus (Linnaeus 1758)

0.45
0.4
0.35 ®

03 ® . °

0.25

® Male

0.2 @ Female

Interobital width as % of head lengh

0 0.1 0.2 03 0.4 05 0.6 0.7
Ocular-side pectoral-fin ray length as a % of standard length
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Geographic distribution:Bothuslunatushas been reported in North Ameriedong the Eastern Atlantic
coast(Linneaus1758); @ba, Sombrero, St Thomé¥ordan and Goss 188%oast of FloridaSt. Croix,
Barbados, Jamica, Tobagowest Indies (Norman 1934); as well as Yueatan,Jamaica; Puerto Rico,

Anguilla, Antigua, St. Lucia, Trinid&diriname Mexicq Ascension Island (Wirgt al. 2014).
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Figure38. Geographicatiistribution of examined specimens Bbthuslunatusand Pleuronectes lunatus
(ANSP 124056Jriangle denotes locality of examined synonym speBmbusiunulatusANSP 124056.
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Remarks:Bothuslunatuswas first described aBleuronectes lunatusinneaus, 1758nd is currently
classified agothuslunatus.Previous species believed to be synonymBathuslunatusinclude
Pleurorectessurinamensiswhichwas later reclassified and is now valid &tharihithys surinamensis

(Bloch & Schneider 1801).

Goode and Bea(l885)gave adescription ofPleuronectes lunatusinnaeus1758based on the
holotypeand originalspecimendescribed otinneaug1758) The specimen they describethtches the
description ofB. lunatusconfirming that it wa the holotype. Theneristic and morphologicalata
rangesfrom their description are consistent with speciesBoflunatusexamined in this studiiowever,
their descriptiondoes not refetto the markings or pigmentations afie holotypespecimenSeeing as
theobvA 2 dz& TSI (dzNB 2 T B KidtudikitSihidde plyinenfatior? atmy/bRI& s, ito
raises questions as to how it could be missed. A possible explanation could be that they were looking at
a female speimen, as markings are not as pronounced in female speciBslahatusGoode and
.Sy Qad RSAONRLIIAZ2Y | f &spacy, dhichahatacte@sBcBEfemalé shéciBs ofh y (i S NP
Bothus This could therefore explain the absence of any pigménedescription pertaining td3.

lunatus as the pigmeration may have been deemeédelevant to the descriptiorat the time

Nichols (1921) describdelatotichthys charteffom the Turk Islands in the Bahamaswever
Norman (1934; 228) identifieitl asa postlarvalBothuslunatus Thedescription ofPlatotichthys chartes
statesa dorsakin ray count of %, and an anal ray count of 73. After comparhgharteswith the data
compiled forB. lunatusin this study(Table 22, the observations show siditant overlap in the dorsal
and anaffin ray counts. Therefordlatotichthys charteslichols 1921 ideemeda junior synonynof

Bothus lunatus

Bloch (1783) describdéleuronectes arguass havingthe bodyblotched colorful,the tail fin

round. Ocuhr side gctoratin rays 10, Blind side 8pakfin rays69; caudatfin rays 17; lateral line
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scales79,¢ (Bloch 1783:51Pleuronectes argusas ananakin ray count of 69.This matches thanal
fin ray count from thedescriptionof Bothuslunatus(Liny S | dz& wm T pnyentidn ofabldctel Q a
colorful bodysuggestshat Pleuronectes argusould beBothuslunatusbased orthe presence of blue
circular pigmentations throughout the body a@fin rays. Jordan & Goss (183%8)referredto
Pleuronectes arguand state that the description is of high quality, but can only be referririgpthus
lunatuswhen comparing figures of the specimeii$ierefore Pleuronectes arguBloch1783is deemed

ajunior synonym oBothuslunatus

Pleuronectes pictusorster 184 wasstatedas a synonym dPleuronectes spinosSchneider &
Forsterin Bloch & Schneide801) by the editor Henrico Lichtenstein (18448leuroneats pictusis
RS & ONX 6 S Rirclilar blue bigichas ll oMeér including the pectoral and cafids® ¢ K A OK
coincides with thaliagnostic feature oBothuslunatus(Table 22 Fig. 3637). Therefore Pleuronects

pictusForster 1844has beerdeemed gunior synonym oBothuslunatus

Pleuronectes lunulatudouan 1861ANSP 124056 (Tables 22))28 proposed synonym d.
mancuss describeds a species with similar characterdBtothusmancusand Bothuslunatus.Jouan
does not mention angounts to help distinguish the specieswever, he doegnention the presence of
blue blotches located on thieody, whichis a diagnostic feature @othuslunatus Jouan (1861) also
mentionsPleuronectes argug hisdescrption, whichis a species that has bedremedby this studyto
be asynonymof Bothuslunatus Pleuronectes lunulatudouan 1861istherefore deemed a junior

synonymof Bothuslunatusbased on the matchingliagnostic featureof the speciesFigs. 36, 3/

Pleuronectes spinosi(Bloch & Schneider 1801:161) was described as being a synonym of
Bothusmancus The review of the original descriptigevealed references tBleuronectes pictushich
has been designated as a synonynBothuslunatus The original description by Bloch and Schneider

describes the species as having well defined blue blotdftesrefore based on the observations
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Pleuronetes spinosialso is deemed junior synonym oBothuslunatusdueto the presence of large

blue blotches which matctihe diagnostic feature oBothuslunatus

ComparisonsBothuslunatuscanbe distingiished from all otheBothusspecies by its distindilue ring
shapepigmentatiors distributed throughout the body anfins (Fig. 3§. B.lunatusmost closely
resemblesBothusmancusbased on theitarge body siz€B. lunatusmaximum Sbf 313mm, B. mancus
maximum SL of 284mm), body depB (unatusA6%€57%of SL B. mancugl9%64% of Sl and
brightly coloured bodiesB. lunatusdifferswith itsdistinct blue pigmentations as well &g absence of
a large triangular protuberance locatatbove the maxillarywhich isa keydiagnostideature ofB.
mancus They alsshow a slight difference in thextension of thepectorakin rays in malesR. lunatus
42%60%0f SLB. mancud 7%38% of SL), theumberof dorsal finhourglassshaped pterygiophores
(7¢8 inBothuslunatus versus 810 inBothusmancug andthe number ofdorsalfin pterygiophores
before thefirst elongated neural spine of the precaudal verteb(a8¢14 inBothuslunatus versus 14
16 inBothusmancus. Geographically they can be distinguishedBasunatuds distributed in the

AtlanticOcean whereas3. mancuss distributed in the Pacific and Indian Oceans.
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Bothusmaculiferus(Poey, 1860)

Figures39, 40; Tables24, 25

"¢ i - WEXUPIN, w
'M‘Q*’/, -

Figure39. BothusmaculiferusBMNH 1931.12.5.569, negpe specimen: Adult male 183 mm SL; (A)
ocular side(B) blind side.
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Synonym(s):None.

Common name(s)Maculated flounder/Mottled Flounder (English

Material examined:Bothusmaculiferus,13 specimens (41.8216 mm SL)

Typematerial: Syntype (2)Pleuronectes maculiferu§l54 mm TL),dey (1860), Cienkgos, Cuba:at

available for examinatian

Nonrtype material: USNM 053226 (2) (7928;0.2mm SL)BahamasANSP126018 (108.34 mm SL),
Great Bahama Bank, BMNH 1931.12.5.569 (154 mm SL), BuccelriRigefd & Tabago, ANSP 97998
(216 mm SL), Port au Prirekiti, BMNH 63.8.7.15 (127 mm SL), St. Croix, USNM 081683 (144.8 mm SL),

Panama, ROM 48192 (2) (87.1 mm SL), USNM 31734) 61.77%72.14 SL), Ascension Island.

Diagnosis A species dBothuswith the following combination of characters: anterior margiithe
head convex with no notch abexthe maxillarymale pectorafin rays elongate®&0%58% of SLtwo
dark diffuse blotches along margin of lateliale on ocular sideno distinct pigmentationsrodorsal or

anakin rays

Description:A species oBahusreaching a maximum length of 216 mm SL. Meristic and morphometric
characters indicated in Table 2Body less deep and more ovatmdy depth reaching 46€59% of SL;
profile of head concave with no notch above maxilléigad length 25%44% of SL,dad depth 28%

49% of SL8-9 hourglassshaped supracranial pterygiophoresic16 dorsakin pterygiophores before

first elongated neural spingnterior edge of dorsal eye usually located above the midpoint of the
ventral eye0¢3 number ofeyeappendagesyarying location anterior to posterior of eye; males with
branching spines on anterior margin of orbitals; spine present on snoatolarsidein males; nouth

onocularside 17%£31% of HLhlind sidemouth 19%633% of HL; teeth shape conical, organizetivo
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incomplete rowsjateral linescales 7889, ending in bifurcated supratemporal branch; ctenoid scales on
ocular side, cycloid on blind sidesymmetrical pectordiin rays with10¢11 ccular side and.0¢11
pectoraHin rays on blind sidepectoralfin rayslonger in malespcularsidefin rays longer 50458% of

SL plind sideshorter 15%26% of SL; ¥®8 dorsaffin rays, 777 analfin rays, 1617 caudafin rays;

10 precaudal vertebra29¢30 caudal vertebraéncluding the urostyle

Pigmentation ofpreservedspecimens Ocularsideof body brown, withblind sidepale tan; presence of
two dark diffuse blotches along marginlaferal lineon ocular side; anterior blotch is situated at
junction of straight and curved part tfteral line posterior bldch situated orateral lineone fourth of
SL from caudaleduncle Fig. 39; brownblotches located all over the bogdigrown and white circular
blotch patterns occurring in random location on body; dark speckles located randomly arranged, on
dorsal, analand caudafin rays; pectoral and pelvic fins without pigmentatidaind sidewithout

pigmentation
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Table24. Meristic and morphometric variables for titygpe and nortype specimens dBothus
maculiferus Data forB. maculiferusholotypeobtained from originakpecies description (Poey, 1860
compared against notype material (=13, 4 male, 9 female). Means and standard deviations are
shown in parenthesis. All measurements and abbreviations are described in Appendix B.

B. maculiferussyntype (Poey 186(

Original Description

B. maculiferusnon-type
specimens (n=13)

Standard length _

41.31-216 (100.62,50.72)

Total length 154 51.77-241 (118.83;56.27)
Counts
Dorsal-fin ray 94 92-98 (94.38;01.89)
Anal-fin ray 72 71-77 (73.54;01.76)

Caudal-finray

Precaudal vertebrae

Caudal vertebrae including urostyle

Hourglass shaped pterygiophores of dorsal-fin
Dorsal-fin pterygiophores anterior to first elongated neural spine
Gill rakers on lower limb of first gill arch

Gill rakers on upper limb of first gill arch

Dorsal-eye appendage

Ventral-eye appendage

Pectoral-finrays o.s. 12
Pectoral-finrays b.s.
Pelvic-finrays o.s. 6

Pelvic-finrays b.s.
Lateral-line scales

Measurements
%SL
Body Depth Over halfthe total length
Head length Over one fourth of the total length
Head depth

Length of pectoral fin 0.s.
Length of pectoral fin b.s.
Length of pelvic fin o.s.

Length of pelvic fin b.s.

Length of base of pelvic fin o.s.
Length of base of pelvic fin b.s.
Length offirst dorsal-fin ray
Length of first anal-fin ray
Depth of caudal peduncle
%HL

Preorbital length

Postorbital length

Predorsal distance b.s.
Dorsal eye distance from anterior edge of head
Snout length (0.s.)

Snout to nostril distance (0.s.)
Length of mouth o.s.

Length of mouth b.s.

Ventral eye diameter

Width of dorsal orbital
Interorbital Distance Equal to eye diameter

One fourth of the head length

17 (17:0)

10 (10:0)
29-30 (29.62;0.51)
8-9 (8.08;0.28)
14-16 (14.31:0.63)
7-11(7.69:1.18)
0-3(0.46:1.13)
1-3(1.38:0.65)
0-2 (1.15:0.55)
10-11 (10.92;0.29)*
10-11 (10.54;0.52)
6 (6:0)

6 (6:0)

79-89 (84.5;3.45)

146-0.59 (0.55:0.03)
25-0.44 (0.30:0.04)*
28-0.49 (0.44:0.06)
5

0.10-0.12 (0.11.0. ooe)*
0.04-0.06 (0.05;0.01)*
0.06-0.09 (0.07;0.01)*
0.05-0.12 (0.08;0.02)*
0.09-0.12 (0.11;0.01)

0.20-0.36 (0.30;0.05)
0.24-0.42 (0.31;0.05)
0.02-0.13 (0.09;0.03)
0.06-0.20 (0.15;0.05)
0.14-0.27 (0.22;0.03)
0.11-0.17 (0.15;0.02)
0.17-0.31 (0.26;0.04)
0.19-0.33 (0.27;0.04)
0.18-0.28 (0.24:0.04)
0.20-0.37 (0.31;0.05)
0.12-0.20 (0.16:0.03)

*indicates a character could not be collected for one specimen
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Sexual dimorphsm: Males and femalesf BothusmaculiferugTable 25, Fig. 3@xhibitventraleye
appendagesspines on thesnout, andwide interorbital distance.a I f S Q ainteforbitiBs@ade(t (11)
=6.94 p <0.001), andocularside pectoraffin ray lengthgt (10) =7.83p < 0.001) were both found to be
very highly significantvhen discriminating sexes

Table25. Morphometric @mparisonandbivariateanalysiof males and females &othusmaculiferus

(Poey 1860) ofion-type specimengn=13, 9 female, 4 male)Means and standard deviations are shown
in parenthesis.All measurements and abbreviations are described in Appendix B.

B. maculiferus non-type specimens (n=13)

Character vale, n=4 Female, n=9
Standard length 57.02-216 (142.96:65.44) 41.31-127 (81.8;30.96)
Count
Number ot eye appendages 1-3.00 (2;0.82) 1-2 (1.11;0.33)
Number of spines on orbitals 3-7 (5;2)
Measurements
%SL
Head length 0.25-0.32 (0.28:;0.03) 0.29-0.44 (0.31;0.05)
Head depth 0.41-0.48 (0.45;0.04)* 0.28-0.49 (0.43;0.06)*
uL/eFT,?th of pectoral-iinray o.s. 0.50-0.58 (0.56;0.05) 0.15-0.26 (0.20;0.03)*
0
Interorbital distance 0.19-0.20 (0.19:0.01) 0.12-0.17(0.16:0.03)

*indicates a character could not be collected for one specii

Bivariate analysis of sexual dimorphism using ocular-side pectoral-fin
length versus interorbital width in Bothus maculiferus (Poey, 1860)

0.25

0.2

0.15 ® o,
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Interobital width as % of head lengh
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Ocular-side pectoral-fin ray length as a % of standard length
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Geographic distribution:Bothusmaculiferushas been reported in the western Atlantic Ocean in the
West Indies (Norman 1934JaibbeanSea, Alantic coast of South America nddrazil (Gutherz 1967),
Cuba (Poey 1860FaribbearCoast of Central America (Weinstein, MHeck K.L. Davis R.W. 1980),
CuracaqMunroe 2003), BelizeSfnithet al. 2003) Haiti, Trinidad & Tobago, anaama at depth of 4

45 m.
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Figure40. Geographicatiistribution of examined specimens Bbthusmaculiferus Asterisk denotes the

locality of type material§othusmaculiferussyntype Poey 1860, natvailable forexamiration).

Remarks:PleuronectesnaculiferusPoey 1860, is described as havingrdaarorbital distancesqual to

the diameter of the ventral eydt should be noted thain examined specimertbe interorbital distance
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isless than the ventral eye diameter (TaBW). Poey(1868)reassignd his specie®leuronectes
maculiferusn the genusRhomboidichthysvhereit was laterredesignated a®latoprhys maculiferus
(Jordan 1889) before adopting its final designatiby Norman (1934asBothusmaculiferugPoey,

1860)

Norman also listRhanboidicthys ellipticuas a synonym d8othusmaculiferusbasedon Jordan
(Jordan 188¥Bwith the type specimen exhibiting a dordal ray count of 1040nlyBothusellipticuswas
recorded having 104 dorséih raysaccording to literature and the specimeexamined in this study.
With the whereabout®f the type specimenanknownand no nortype specimens available,
reluctantly deem the species valid based on the defisalay count of 104Therefore, Rhomlwidichthys

ellipticushas been designateBothus ellipticus(see description oBothus ellipticus

LY b2NXIyYyQa o wmiatfishesherstaeL2thiNg ceddin shdcimens there was the
presence of sky blue pigmentation. No specimens of examined in this study exhibited blue
pigmentation,however various brown and light white/greyish spots and blotches were recorded which
could explain what Norman was referring to. There is also the possibility that Norman was examining a

misidentified specimen dBothuslunatus

ComparisonsBothusmaculferuscan be distinguished from all other specieBothusby the following
charactersa convexhead with no notch above snout, theectoralfin rays in males are 50% of 8ig
presence of two dark diffuse blotches along margitatdral lineon ocula side the presence of slender

eyeappendagesand two large dark blotches on the lateral line of the body.

B. maculiferusnost closelyesemblesBothusguibeibasedon the convex anterior profile of the
head with no notch above the snoyiresence of gines on the snouthe body depth B. maculiferust

46%59% of SLB. guibeat 52%54% of SL), the extended pectofal ray of the ocular sidegnd the
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presence of two diffuse blotches on the lateral line in the posterior of the b8thuch(1966) al® made
reference to the close resemblance betweBrmaculiferusandB. guibei As stated by Stauch (1966)
the main difference betweeB. maculiferusandB. guibeiis the number ofjill-rakers an the lower limb
of thefirst gillarch. The data observeatyees withdifference innumberof gilkrakers on the lower limb
of the first gill archwith B. maculiferusranging from €11, andB. guibei rangingrom 5¢7 giltrakers.
The counbf gilkrakers on the upper limbf thefirst gillarch also showB. maculferushaving a range
of 0¢3 gillrakers, whileB. guibeihas no gilkakers.B. maculiferusand B. guibeiexhibit differences in
ocularsidepectoraHin length in malesvith B. maculiferusexhibitingpectoraHin ray ranges from 50&o
58% ofSL, whereas B. guibeirangesfrom 76%€83% of SLThe most apparent difference in the
morphology is theresence of two large spots in the posterior one fourth of the body on the dorsal and
anakin rays present iB. guibeiand absent in.The geographic digbution of the two species differs
with distributed along the West IndiewhereasBothusguibeiis distributedalong the west coast of

Africa near Guinea.
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Bothusmancus(Broussonet1782

FiguresA1-44; Tables26, 78
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Figue 41. Original plate oPleuronectes manciBroussonet 1782 holotyp& N2 Y WL OK{G K@ 2f 2 3A |
piscium descriptiones et icons 17&2ecas ILondon. 49 unnum, pg&3, 25QRepicting morphology and

blotch pattern of original type specimen. Adult mdtem Ulietea, French Polynesia, (A) ocular side, (B)

blind side.
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Synonym(s)RhombusnacropterusQuoy & Gaimard 1824&KhombugarvimanusBennett 1832,

Rhombus pav8leeker 1855PlatophryssmithiRendahl 1921Pleuronectes barflCurtiss 1944

Common nare(s): Flowery Flounder/ Manray flatfish/Tropical flounder/Peacock flounder (English)

Material examined:Bothusmancus 20 specimens (39.93284 mm SL),

Type material: None.Type lost at BMNHAnalysas based on originalescription Broussonetl 782,
Ichthyologia, sistens piscium descriptiones et icordscas |. andon. 49 unnum. pges, incl. div.,

Unnum.Pls. 111.

Non-type material: USNM 012684 (130.39 mm SL), Madeira; USNM 280219 (39.93 mm SL), Hawaii;
ANSP 91834 (208 mm SL), Hawaii; AN8R74 (4)(74.98- 79.04 mm SL), Saipa®MF 6002 (204 mm

SL), Marshalklands SMF 19902 (97.38 mm SNikobar Islands; SMF 5995 (264 mm SL), Sri Lanka;
USNM 282625 (2) (133205 mm SL), Howland Island; ROM 40488 (2) (180/&2mm SL), Maldives;

ANSP 82858.01.52 mm SL), Hensley (1937), French Polynesia; BPBM 10734 (55.52 mm SL), Vanuata;
ROM 38220 (2) (41-46.61 mm SL), Cook IslanB&BM 39164 (60.96 mm SL) Randall (1¥Bgter

Island.

Diagnosis A species dBothuswith the following combination offtaracters: large triangular
protuberance oranterior of ocularsidemaxillary white blotchesgenerallylarger than ventral eye

diameterwith some smallearranged randomly all over bodnd fins(Fig.42).

Description:A species oBothusreaching a maximm standard length a284mm (in examined
specimens)Meristic and morphometric charactensdicatedin Table26; body ovate, almost tear
rhomboidal body depth reaching 49864% of SL; head depth 2§32%of Sl profile of head slightly

convex.anterior prdile of head with large notch above snoldrgerin maleslesser ifemales Figs.42,
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43 A); spine on snout in some males, bump on snoatmales and femalesnterorbital distancdarge
and concavel4%32% d HL;ventral eye well in advance of dorsaje;spine present on orbitals in
some malesventral eye dameter 8%637%o0f H 8¢9 hourglasshaped supracranigterygiophores
14¢16 dorsalin pterygiophores before firstlongatedneural spine mouth ocularside23%;33%0f HL,
blind side24%1 32% of H.;smallbony protrusion on medial region of lower jaweeth shape conical,
oriented medially, organized in two incomplete raq8g12 gillrakers onlower limb of first gill arch0c¢4
gill-rakers onupper limb of first gill arcHateral linewith 75¢99 scalesextending from base of caudal
fin ending posterior to dorsal eyarbit, endingin trifurcated or bifurcated supratemporal branch of
lateral linesystem scales slightly ctenoid on o@ulside, cycloid on blind sidasymmetrical pectoraiin
rays with 10¢13on ocular side and0¢12 on blind sidepcularsidepectoraHin raysgreatly extended
and filamentousat 17%38%of SL (in specimens observed in this study), or extetoledudal
peduncle Fig. 42, blind sideshorter 12%15% of SL87¢103dorsakin rays,66¢82 anaklin rays 16¢18

caudalfin rays;10¢11 precaudal vertebrae28¢30 caudal vertebraencluding the urostyle

Pigmentation of preservedpecimens Ocularsideof body light bown tan §ig.42), with blind sidepale
white; white blotches withencompassinglark pigmentatiordistributedthroughout body usually the
sizeof the ventral eye smallerwhite blotcheslocated on dorsal, anal, and caudal fibgo dark brown
blotchesin lateral line anteriorblotchlocated at junctiorof lateral linecurve posteriorblotchlocated
in posteriorone third (Fig.42); blind sidewithout pigmentation Live specimeneaxhibit wide range of

colours from red, blue, green, yellow and white.

117



A

Triangular
protuberance
of upper

maxiallary

Figure42. Bothusmancus(Broussonetl782)from SMF 6002 notype specimen. Adult male, 204 mm
SL, from Pacific Marshddlands Bikini Atoll, Nama Inlet; (A) ocular siéxhibiting triangular
protuberance of upper maxillary uniqgue Bz Mancus(B) blind side.
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Figure 43Female Bothusmancus(SMF 600€) (A); Imageof live Bothusmancusexhibitingcolourful
pigmentationpattern and greatly extended filamentous pectofal rays of the ocular sid@). Photo
from Gerald Allentaken atClipperton Islanaff the West Coast dflexico.
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Table26. Meristic and morphometric data for the type description and figpe specimens dBothus
mancus Data forBothusmancuswas obtained from original species description (Broussonet 1782), and
compared against noetype material (=19, 5 ma¢, 14 female). All mesurements and abbreviations are
described in Appendix B.

Broussonet 1782
original description

B. mancusnon-type
specimens (n=19)

Standard length
Total length

39.93-284 (118.2;69.57
40.13-350(139.04;86.4

Counts
Dorsal-fin ray
Anal-fin ray
Caudal-fin ray
Precaudal vertebrae
Caudal vertebrae including urostyle
Hourglass shaped pterygiophores of dorsal-fin
Dorsal-fin pterygiophores anterior to first elongated neural spine
Gill rakers on lower limb of first gill arch
Gill rakers on upper limb of first gill arch
Dorsal-eye appendage
Ventral-eye appendage
Pectoral-fin rays o.s.
Pectoral-fin rays b.s.
Pelvic-fin rays o.s.
Pelvic-fin rays b.s.
Lateral-line scales

94
80
17

13

87-103 (97.67;4.77)*
66-82 (75.94;4.49)*
16-18 (17;0.34)
10-11 (10.12:0.33)*
28-30 (28.88;0.7)*
8-9 (8.22;0.43)
14-16 (15.06;0.64)*
6-12 (9.44;1.76)*
0(0;0)*

0-2 (0.33:0.69)*
0-1 (0.28:0.46)*
10-13 (11.67;0.77)*
10-12 (11.11;0.9)*
6 (6:0)*

6 (6:0)*

75-89 (83.27;3.79)

Measurements

%SL

Body Depth 0.49-0.64 (0.56;0.03)
Head length 0.25-0.32 (0.29;0.02)
Head depth 0.36-0.55 (0.45;0.05)*
Length of pectoral fin 0.s. 0.17-0.38 (0.21;0.06)
Length of pectoral fin b.s. 0.12-0.15(0.14;0.01)
Length of pelvic fin o.s. 0.08-0.15 (0.1;0.02)*

Length of pelvic fin b.s. 0.07-0.11 (0.09;0.02)*
Length of base of pelvic fin o.s. 0.08-0.12 (0.1;0.01)*

Length of base of pelvic fin b.s. 0.03-0.06 (0.05;0.01)*
Length of first dorsal-fin ray 0.04-0.08 (0.06;0.01)*
Length of first anal-fin ray 0.06-0.08 (0.07;0.01)*
Depth of caudal peduncle 0.05-0.12 (0.11;0.01)
%HL

Preorbital length 0.11-0.44 (0.37;0.08)
Postorbital length 0.11-0.44 (0.32;0.08)
Predorsal distance b.s. 0.05-0.18 (0.14;0.03)
Dorsal eye distance from anterior edge of head 0.05-0.19 (0.15;0.03)
Snout length (0.s.) 0.07-0.27 (0.22;0.04)
Snout to nostril distance (0.s.) 0.03-0.2 (0.17;0.04)

Length of mouth o.s. 0.23-0.33 (0.28;0.02)
Length of mouth b.s. 0.24-0.32 (0.29;0.02)
Ventral eye diameter 0.08-0.29 (0.21;0.05)*
Width of dorsal orbital 0.09-0.33 (0.26;0.05)*
Interorbital Distance 0.14-0.32 (0.23;0.07)*

*Indicates a character could not be collected for some specimens

Blank space indicates where data could not be obtained
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Sexual dimorphismSexual dimorphism isharacterized between males and female8othusmancus
(Table27) by the following characters; some males with spsn@ut; somemales with spines on anterior
of orbits, pigmentation more distinct in malesleither interorbital distance or ocular side pectoralfin
ray length were found to be significant when discriminating sex of the spiecibs studyas the

sample size was tosmall, compounded by the presencejo¥eniles(overlapping male/female plots
presented on thébivariateanalysis)Males do exhibit more pronounced sexual dimorphism as maturity
progresses and can be acknowledged by the male plots (outliers) with latgerbital lengths and
extended pectoral fins in the bivariagnalysis Images of male specimens with elongatedilarside
pectoraHinsare located irFig. 42, 43)

Table27. Morphometric @mparisonandbivariate analysisf males and females &othusmancus

(Broussonet 1782) of netype material N=19, 5 males, 14 femaledyleans and standard deviations
are shown in parenthesis. All measurements and abbreviations are described in Appendix B.

B. mancus non-type specimens (n=19)

Character Male, n=5 Female, n=14
Standard length 79.04-284 (149.19;80.72) 41.7-208 (110.77;59.98)
Count
Number of eye appendages 0-3(1.2;1.3) 0-2 (0.38;0.77)
Number of spines on orbitals (0]
Measurements
%SL
Head length 0.28-0.31 (0.3;0.01) 0.25-0.99 (0.34;0.19)
Head depth _ 0.38-0.44 (0.41;0.02)* 0.36-0.55 (0.46;0.05)*
Length of pectoral-fin ray o.s. 0.17-0.38 (0.25;0.09)* 0.17-0.23 (0.19;0.02)*
%HL
Interorbital distance 0.2-0.32 (0.25;0.06)* 0.05-0.3 (0.2;0.08)*

*indicates a character could not be collected for one specimen

Bivariate analysis of sexual dimorphism using ocular-side pectoral-fin
length versus interorbital width in Bothus mancus (Broussonet, 1782)
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Geographic distribution:Bothusmancushas a widelistributionin the Pacifi©cean Indian Oceajand
Red Sealt has beerspecificallyreported in:French Polynesia (Brousson&782);Chins,Samoa, Tahiti,
Loyalty Islads,Ponape, Christmas Island/est Coast of Mexico (Norman 1934)kidawa Islandsapan
(Amaoka), New Caledonigr{cke, R. and MKulbickj2006), East IndiesAllen andErdmann 2012,
Indonesia (Allemand Adrim, 2003, Galapagos Archipelaghi¢Coskerand Rosenblatt 201)) Tonga
(Randallget al. 2004) China Beijing (Li an&Vang 1995 MozambiqueChanne[Fricke Darvillg
BernardaBorza Mouthed, and P Cabinet 2013 ChaosArchipelago\\interbottom, Emeryand E. Holm

1989.
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Figure44. Geographicatiistribution of examined specimens Bbthusmancus Asteriskdenotes the
locality of type material oBothusmancusHolotype from Broussonet 1782.
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Remarks:Bothusmancuswasfirst described from a specimen taken from the Pacific Oc&aoussonet
(1782)described a new species based on several specimens that were later transteividdHN and
are now lost Desoutter, Chapleau, Munroe, Chanatd Beaunier2001). The holotypespecimenis
depicted on plates three and fowf Broussonnet (1782 L O K (i Ksisgefis pistiurh descriptiones et

icones. DecaslFig. 4).

Bothusmancuswas first described aBleuronectes manciBrousonnet 1782Previous
reclassifications, disions, and designations Bteuronectes RhombusPlatophrys andRhomboidichthys
leave the originalPleuronectes mancussBothusmancusg(Brousonnet 1782)The currat synonym
species are as followRleuronectebarffi Curtis 1944RhombusgnacropterusQuoy & Gaimard 1824;
Rhombus parvimanuBennett 1832Rhombus pav8leeker 1855Platophrys smithRendahl 1921.
Pleuronectes lunulatu¥oaun 186kandPleuronectespinosuswere bothpreviouslydesignatel as
synonyns of Bothusmancushowever,they havebeendeemedjunior synonyns of Bothuslunatus(see

pg. 106).

Pleuronectebarfii Curtiss 1944was based on a speciméaving 101 dorsdin raysand a total
length of 3.5 mm whichislarger than most specimens examinkoawever,the counts are still
consistent with theranges found within the specimein$this study(Table26). P. Barffihas also been
listed as a synonymf Bothusmancusin Hengey & Amaoka (200)owever, they do not define why
Therefore Pleuronectebarfii is classified as synonynBothusmancusuntil further evidence is

presented

RhombusnacropterusQuoy & Gaimard 182#as described as having extended pectdimal
rays comparable to that d@. mancus R.macropteruswvas stated as being distinct froBr mancus
because of its more ovabdy shape like that of a solend the smoothanterior profile of the head

contrasting the more circular and notched profileBxfmancus Lastly,R. macropterusvas describedas
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have a blue hue with irregular round spots on the badks coulde describing a species 8bthus
lunatusbecause of blue ring shaped pigmentatiamsque to the specieBowever, the description does
not state whether there arelistinctblue rings ojjust a blue hue to the skitsome live specimens Bf
mancts do exhibit a blueish hue howevghey do not exhibidefinedblue rings. This specimevas also
collected off theEast coast of Malasiahere & B. lunatuss distributed in the Wst Indies. These
differences suggeshat the species being describednst B. lunatus R. macropterusvas also
described agxhibiting 40 dorsaffin rays andslightly over 30 andin rays, whictisnot seenin any other
species oBothus The specimenwvasstated as losin the textand was described fromghoto, whichis
no longeravailable Thus based on current knowledgBhombus maopterusQuoy & Gaimard 1824

should be deemed aynonym oBothusmancus.

Rhombus parvimanuBennett 1832was desched assinistral with adeep and widenterorbital
distance having10 dorsaHin rays,and greypigmentation spots all over.iffhe pectoraifin ray count
and the pigmentatiorcoincide with the currentneristicvalues(Table B) and pigmentatiorcharactes
(Fig 42 used todescrile Bothusmancusin this study.Therefore,| conclude thaiRhombugparvimanus

be deemeda juniorsynonym oBothusmancus

Rhombus pavBleeker 1855was described a speciasth a body depth of two and one fiftha
the SLpillrakers onlower limb of first gill arct®; dorsaifin ray count of 99, andin ray count of 76
ocularsidepectoral ray count of 1hlind sidell; 100 scales in LLhe morphometric and meristic data
from the original descriptiooincice with the resuls observedn the current study(Table26);
therefore,based on the observationgleemRhombus pav@leeker 1855a junior synonym oBothus

mancus

Platophrys smithfRendahl 192) wasbasedon a literature descriptionof Platophrys mancuis

Smith andSwan (1882:142). fie description oPlatophrys mancuis Smithand Swain (1882) state a
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triangula protuberance orthe anteriorto the maxillaryon the ocular sidga grey nottled pigmentation
pattern, anelongated pectoral fin98 dorsalfin rays, 78 and-fin rays, and95 scales in théateral line
which coincidewith the designatedvalues angigmentationdescription of Bothusmancus(Broussonet

1782) Therefore Platophrys smithRendah| 1921isdeemel as a junior synonym ddothusmancus

ComparisonsBothusmancuscan be distinguished from all other specieBothuswith the presence of
alarge triangular protuberance above the maxillary on the ocular side, greatly extended filamentous
pectoraHin rays of the ocular side, its white blotches equalhtat of ventral eye diameter, anids
extremely colourful pigmentation in livepecimens (Fig. 43, B)most closelyesemblesBothuslunatus
basedtheir similarlarge body sizeRB. mancusnaximum SL of 284mrB. lunatusmaximumSL of 313
mm), body depth B. lunatusA6%€57% ofSLB. mancugl9%€64% of SL), and brightly coloured bodies
Bothusmancuscan be differentiated fronBothuslunatuswith the presence oélarge triangular
protuberance oranterior of the oculaiside maxillary8¢9 hourglassshapel pterygiophoresn B.
mancusversus €8 pterygiophoresn B. lunatus the numberof dorsakin pterygiophores before the

first elongatedneuralspineof the precaudal vertebras 14,16 in B. mancuversus 1814 inB. lunatus
andB. mancuss covered wit distinctwhite or greypigmentation scattered throughout the body and

fin rays, wheredBothuslunatushas well definedlue rings n most cased-inally the geographic
distribution of both species is well documentadd differs significantlyB. lunatuss distributed in the
Atlantic Ocean from the coast of Florittaough theWest Indiesand intothe East Coast of Suriname,
whereasB. mancu$as been documented in the Pacific, Indian, East Indian Ocean, Red Sea, and French

Polynesia but never in the Atiac.
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BothusmellissiNorman 1931

FiguresA5- 48; Table28, 29

Figure45. BothusmellissiNorman 1931BMNH 1867.10.8.52 holotype. (A)Ocular andB)blind sideof
adult female, 179 mm SL, from Ascension Islands, St. Helena.
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Synonyms): None.

Common name(s)St. Helena Flounder

Material examined:Bothusmellissi,13 specimens (134.36187.21 mm SL)

Type material: Holotype BMNH 1867.10.8.52(179 mm SL), Ascension IslaRdratype BMNH
1908.7.24.15 (171.13 mm SL), Ascension IsBhtNH 1867.10.8.52 (3) (149.38.63.54 mm S

Ascensionsland; BMNH 1910.9.9.22(7) (134.36L.78 mm SL), Ascension Island.

Non-type material: USNM 267877 (187.21 mm SL), St. Helena.

Diagnosis A species oBothuswith the following combination of chacéers: body depth 6¢66% of SL,
Short pectoral fins 12&47%of SLyniform dark browrblack skincolour withlittle to no pigmentation

onocularside(Fig. 49.

Description:A species oBothusreaching a maximum standard length of 1872t (in examined
specimens) Meristic and morphometric characteligdicated in Tabl28; body moderately ovatebody
depth reaching 60%466% SL; head length 27%4% of Slheaddepth 4P«54%0f SL; aterior profile of
head slopes sharply, with strong notch above snout &les slope not as steem females Fig.45,46);
males with spine on snoufemales withsmall bump interorbital distanceconcave; 31%52%of HL;
spine present on orbitalsf some males €1; ventral eye diameter 25¢28% of HLno gopendages
located on dher eye; 9¢10 hourglasshaped supracranigiterygiophores15¢16 dorsakin
pterygiophores before first neural spinmouth ocularside20%27%of HL, curving inferior to anterior
edge of ventral eygblind sidemouth about the samgteeth shape conicabriented medially,biserial
8¢13 gillrakers onlower limb of first gill arch0¢8 gill-rakers on uppeportion of anteriorarch;lateral

line with 82¢91 scalesending in trifurcated or bifurcated supratemporal branebales ctenoid on
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ocular side, ycloid on blind sideasymmetrical pectoraiin rayswith 11¢13on ocular sideand8¢12 on
blind side ocularsidefin rays longer 13¢d9% of Slblind sidel2% 17% no rays greatly extended,
91¢95 dorsalfin rays 68¢75 analfin rays 17 caudafin rays;10 precaudal vertebrge29¢30 caudal

vertebraeincluding the urostyle

Pigmentation of preservedspecimens Ocularsideof bodytan, darkbrown or blackFigs. 45, 46), with

blind sidepale yellowishsometimes minute rings afmallwhite speckle®n body, anal, dorsal, and

caudal rayssmall white speckles located on friag of ventral and dorsal eyegqexies proposed to have
extremely dark bodies due to the volcanic substrate in which they inhabit at St. Helena and Ascension

Islands (Cunningham 191@)ind sidepectoral finsand body without pigmentation
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Table28. Meristic and morphometric data for the type and ntype specimens dBothusmellissi Data
for Bothusmellissiwas obtained from original species description (Broussonet 1782), and cothpare
against norype material (=13, 6 male, 7 female). All measurements and abbreviations are described

in Appendix B.

B. mellissi B.mellissi B. mellissi
BMNH 1867.10.8.52-4 holotype  paratypes specimens (n=11)  non-type specimen
StandardTength 179 134.36-178 (160.24;14.51) 187.21
Total length 224 151.21-215 (195.03;20.6) 224.52
Counts
Dorsal-fin ray 93 91-95(93.27;1.1) 92
Anal-finray 72 68-75 (71.82;1.89) 69
Caudal-fin ray 17 17 (17;0) 17
Precaudal vertebrae 10 10 (10;0) 10
Caudal vertebrae including urostyle 30 29-30(29.82;0.4) 30
Hourglass shaped pterygiophores of dor¢ 9 9-10 (9.45;0.52) 9
Dorsal-fin pterygiophores anterior to first 16 15-16 (15.91;0.3) 16
Gill rakers on lower limb of first gill arch 9 8-13(10.91;1.38) 11
Gill rakers on upper limb offirst gill arch 6 4-8 (6.4;1.43) 7
Pectoral-finrays o.s. 12 11-13 (12.09;0.54) 12
Pectoral-finrays b.s. 11 8-12(10.82;1.08) 11
Pelvic-finrays o.s. 6 6 (6;0) 6
Pelvic-finrays b.s. 6 6 (6;0) 6
Lateral-line scales 88 84-91 (87.45;2.42) 82
Measurements
%SL
Body Depth 0.65 0.6-0.66 (0.63;0.02) 0.62
Head length 0.28 0.24-0.29 (0.26;0.01) 0.26
Head depth 0.5 0.48-0.54 (0.5;0.02) 0.47
Length of pectoral fin 0.s. 0.17 0.13-0.19(0.17;0.02) 0.17
Length of pectoral fin b.s. 0.15 0.12-0.17 (0.14;0.01) 0.15
Length of pelvic fin o.s. 0.10 0.08-0.11(0.09;0.01) 0.09
Length of pelvic fin b.s. 0.09 0.07-0.11 (0.09;0.01) 0.09
Length of base of pelvic fin o0.s. 0.1 0.08-0.11 (0.1;0.01) 0.1
Length of base of pelvic fin b.s. 0.04 0.03-0.04 (0.03;0.004) 0.03
Length of first dorsal-fin ray 0.04 0.04-0.05 (0.05;0.01) 0.03
Length of first anal-fin ray 0.07 0.05-0.08 (0.06;0.01) 0.05
Depth of caudal peduncle 0.1 0.11-0.13(0.12;0.01) 0.12
%HL
Preorbital length 0.4 0.14-0.44 (0.34;0.09) 0.42
Postorbital length 0.28 0.26-0.37 (0.3;0.03) 0.27
Predorsal distance b.s. 0.16 0.12-0.19 (0.15;0.02) 0.18
Dorsal eye distance from anterior edge o 0.12 0.09-0.14 (0.11;0.01) 0.12
Snout length (0.s.) 0.16 0.16-0.21 (0.18;0.02) 0.22
Snout to nostril distance (0.s.) 0.15 0.13-0.18 (0.15;0.02) 0.18
Length of mouth o.s. 0.21 0.2-0.27(0.23;0.02) 0.2
Length of mouth b.s. 0.27 0.23-0.29 (0.26;0.02) 0.25
Ventral eye diameter 0.25 0.25-0.28 (0.26;0.01) 0.25
Width of dorsal orbital 0.3 0.3-0.34 (0.33;0.01) 0.32
Interorbital Distance 0.33 0.31-0.52 (0.41;0.09) 0.34
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Sexualdimorphism: the following characters: masegenerally with spine on snguhales generally with
spines on anterior of orts. Sexual dimorphism sharacterized between males and female8wthus
mellissi(Table29, Figs. 45,46).a I f S Q & ntefokbiviBEsSabld was found to beery highlysignificant

(t (11) =7.23 p < 0001) when discriminating sex.

Table29. Morphometric comparisonandbivariate analysisf males and females &othusmellissi

Norman 1931of type and nortype material N=13, 6 males, 7 femaledyleans and standard deviations
are shown in parenthesis. All measurements and abbreviations are describpgamdix B.

B. mellissBMNH B. mellis$
1867.10.8.52-4 holotype B. mellissi paratypes specimens (n=13) non-type
(FISH3) Specimen
Character Female Male, n=6 Female, n=7 Male
Standard length 179 149.38-178 (167.59;9.96)1.34.36-165 (151.42;14.98) 187.21
Count
Number of eye appendages 0-1(0.83;0.41)
Number of spines on orbitals
Measurements
%SL
Head length 0.28 0.26:0.27(0.26;0.01)  0.24-0.29(0.26;0.02) .26
Head depth 0.50 0.48-0.54 (0.5;0.02) 0.49-0.52 (0.51;0.01) 047
Length of pectoral-tin ray 0.s. 0.17 0.130.19(0.17;,0.02)  0.14-0.19(0.17;0.02) 017
%HL
Interorbital distance 0.33 0.44-0.52(0.49;0.03)  0.31-0.33(0.32;0.01) 0.34

Blank space indicates where data could not be obtained

Bivariate analysis of sexual dimorphism using ocular-side pectoral-fin
length versus interorbital width in Bothus mellissi Norman, 1931
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Figure46. Morphologyof maleBothusmellissiNorman1931from BMNH 1910.9.9.28, Paratype
(specimen 3)(A)YOcular andB)blind sideof adult male 166 mm SL, from St. Helebapictingunique
dark brown colouration of skin unigue species oB. mellissi
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Geographic distribution:Bothusmellissihas a specific distributiom the AtlanticOceanspecificallyat

St.Helena and Ascension Island
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Figure 47Geographical distribution of examined specimen8othusmellissi Askerisk denotes the
locality of type material oBothusmellissiHolotype from Norma (1931); depth of 2Weters
(Cunningham 1910).

RemarksBothusmellissiwas first introduced by.CMelliss Melliss,1875:109)asRhomboidichthys sp.
where he stated tht the fish was of unimportance but was peculiar to the island of St. Helena.
Cunningham (1910) then gave a full description ofRi@mboidichthys spnd reclassified it as
Platophrys podafom (Jordan and Gos$889 based on its resemblance to tigerus at that time.

Norman (193] then clarified that the species was in fact distinct from membeBathuspodasdue to

its larger bodydepth (B. mellisswith 60%66% of SLB. podaswith 44%63% of Sl .smaller eye width
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(B. mellisswith 25%28% of HLB. podasvith 8%¢29% of H), largerinterorbital distancgB. mellissi

with 31%52% of SIB. podaswvith 10%67% of SL.and the dark skin colouratiorWith the exception

of body depththe morphological differences proposed by Norman (1934) to diffeatmthe specie8.
mellissiand B. podagresent significant overlaghen examining the dataompiledin this study.The
overlap in meristic and morphological data may be explained by species misidentification however,
consideringB. mellissis only distibuted in waters around St. Helena and Ascension Island, it is hard to
believe that specimens &. podasould have been misidentified & mellissiwhen they were

collected from the West Coast of Africa or the Mediterrane@herefore the only real dferentiating
character oB. mellissis the dark colouration of the skin that is supposedly unique and developed from
the black volcanic substrate that the species inhafieking this into accour8. mellisswill remain as a

valid species based on lerger body depth and dark, almost black skin colouration.

Of theBothusmellissiparatypes listed in the collection at the BMNH, one specimen (BMNH
1908.7.24.15, lakdeed Rhomboidichthys ocellatugexhibits curious bluish white ocelli accompanied by a
vibrant blotch pattern (Fig48). When comparing pigmentation to other paratypes of the group it is
apparent that the are not the same species and resemiBeshuslunatus Cunningham (1910:114)
states that thiscurious species belongs within the gerausl when comparirg this specimemvith
meristicdata of the otheB. mellissparatypes, they are congruent. Cunningham also stttas
Rhomboidichthys spndB. melliss share overlapping features with other species of the genus such as
RhombuscellatusAgasiz 183JandPleuronectes podd3elaroche 1809but arestill distinct becausef
its larger size, angle of the head profile, pigmentation, anddlelity of the distribution Based on the
observationsmade on specimenisconcludethat this specimen ia unique specimen d. mellissi.The
meristicdata is undoubtedly congruent witB. mellissgpecieshowever;the greatly exaggerated

pigmentation patterns are uniqui this specimenit is possible that this could be a unique species
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however, the facthat Bothushave the ability to change skin pigmentations based on their surroundings

could explain the presence of a pigmentation pattern.

Figure 48Morphologyof specimerf | 6 SERhdm®drlichthys ocellatuspecimen 3)BMNH
1908.7.24.15(A)Ocular ad (B) blind side of aduthale 171 mm SL, from Ascension Isldbepicting
peculiarblueishrings andocellated spot pattern
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ComparisonsBothusmellissican be distinguished from all other specieBothusby its deeply
ovate bodyat a body depthof 60¢66% of SL, short pectorfuh rays at 12%17% of the SL, aritb dark
brown/black body with little to no pigmentatiorBothusmellissimost closely resemble3othus
assimilismales ofBothusconstellatusmales ofBothusleopardinusBothusocellatus, males ofB.
robinsi, and Bothupodasbasedon the similar steep notched anterior profile of the head, wide
interorbital distance B. assimilisit 52%of HL, B. constellatuat 44%52% ofHL, B.leopardinus48¢57%
of HL, andB. ocellatusf 18%59% of H,B. robinsat 21%69% B. podasl0%67% of HL), and general
appearanceBothusocellatusand Bothusrobinsican be differentiated by their presence of two large
horizontal B. robinsj or vertical B. ocellatusspots in the caudal firwhich is absenbn B. mellissiB.
ocellatusandB. robinsare also distributed along th8outhern Coast of North America nddorida
whereasB. mellissionly inhabits the waters around St. Helena and Aseensiorislands B. constellatus
andB. leopardinugan both ke distinguished byheir vibrant colours and pigmentation patterseeB.
constellatugpg. 68 B. leopardinupg. 9), whereasB. mellissis generally void of colour or pigment on
the ocularside. Theigeographic distributiog are also different with it of B. constellatudB.
leopardinudistributed inthe Pacific Ocean versus the Atlanti@inmellissi B. podasshares the closest
resemblance tdB. mellissand can be differentiatedith by its generally smaller body depth at 4d4%
63% of SL, thpresence of large dark spots or pigmentations on the latdired, and the brighter skin
colour.Lastly they can be distinguished with the assistance of their geographical distribiqgrodas
is located along the coast of \&tern Africa and thélediterranea, whereasB. mellisshas astrict

geograhic distribution of St. Helenand the Ascension Islands.
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Bothusmyriaster (Temminck & Schlegel846)

FiguresA9- 55; Tables30, 31
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Figure 490riginal plate oRhonbus myriastelTemminck & Schbel 1846 Holotype RMNH 3523
NagasakijJapan.
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Synonym(s)Bothusbleekeri(Steindachner 1861 itharicithys aureuday 1877Platophrys circularis

Regan 190&latophrys ovaliRegan 908

Common name(s)Diskusbotvis (Afrikaans), Disc floundénglish), Discoid flounder (English),

Flounder (English), Ind®acific oval flounder (English), Oval flounder (English

Material examined:Bothusmyriaster,17 specimens (814161 mm Sl Platophrys ovali8MNH
1908.3.23.127 Holotype (78.15 SLBMNH D08.33.23.128,12Paratypes (2) (41.37,45.31 SL),

Amirates;Platophrys circulariBMNH 1908.3.23.130 Holotype (31.05 SL) Amirates.

Type material: Holotype,BothusmyriasterRMNH 3523Nagasaki, Japdnot examined)Diagram of
holotype examineePlatel ¢ Riscéid. In: Fauna Japonica, sive descriptio animalium quae in itinere per
Japoniam suscepto annis 1838 collegit, notis observationibus et adumbrationibus illustravit P. F. de

{ A SO1BAIRQ

Nontype material: BMNH 1933.6.12.4 (96.73 mm SL), Taivik@M 39366 (11) (94.6437 mm SL),
Taiwan; BMNH 1935.3.12.3 (161 mm Slgtndim; USNM 260475 (81.54 mm SL), Tanzania; ZMH 19919
(2) (115.26 135.52 mm SL), ZanzibdianzanipgBMNH 1928.3.22.171 (96.1646.24 mm SL), Palk Bay,

Ceylon; BMNH 1984.1.1.10804 mm SL), Indonesia.

Diagnosis A species dBothuswith the following combination of charactemsiales withlargefleshyflap
like appendag®n posterior ofeach eydFigs. 49, 5051); usually a smatlarkocelliarea adjacent to
posteriorof lateral ine curve(Fig. 53 A); numerous light tadarkthin wavy bands runningertically

across median of bodyom dorsal to ventral edgé~ig. 50 B)

Description:A species oBothusreaching a maximum standard length of Iin (in examined

specimens)meristic and morphometric characteis Table30; body wide ovate body depth reaching
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57%69% Slhead length 23%30%o0f Sl.headdepth 46%60% of SLanterior profile of head descals
steeply, almost vertical, withotch above snoytgine on snout in some med, absent in females;
interorbital distanceconcave, 26%57% of HLspinespresent on orbitals imales absent in females;
ventral eye dameter 24%32% of HLB8¢10 hourglasshaped supracranigiterygiophores14¢16
dorsalfin pterygiophaes before firs elongated neural spinecularsidemouth 17 %25% of HLhlind
sidemouth 20% 26%) teeth shape conidabisereal’5¢8 gillrakers onower limb of first gill arch2¢6
gill-rakers onupper limb of first gill arcHateral linewith 90¢113 scaleshifurcated supratemporal
branch scales cycloid oncularsideexceptctenoidaround ventral and dorsal edgesycloid on blind
side;asymmetricafilamentouspectoraktin rays with8¢11 onthe ocular side an8¢11 pectoraifin rays
on blind sideocularsidefin rayslonger and elongated in males 8£59% of SL19% 42% of SL in
females, blind sidel3% 18% of SL in both males and femak&;95 dorsalfin rays 64¢72 anakin

rays 17 caudafin rays;10 precaudal vertebrg7¢30 caudal vertebraéncluding tre urostyle

Pigmentation of preservedpecimens Ocularsideof body light brown tan or pale yelv with blind
sidepale yellow; ark diffuse blotcHocatedin posterior one fourth of body alorgteral linesystem

usually a dark brown oce$imallerthanthe ventral eydocated msterior tothe curve oflateral line

above the pectoralin (Fig.53, A; smallerdark pigmentatims arranged arounddges of bodyocular
sidepectoral fin has smalight and dark specklgegesent anall dark speckles dplind sideanal and
dorsalfin rays blind sidewith dark wavy bands running vertically across median of body, from dorsal to

ventral edgg(Fig.50, B).
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Table 30. Meristic and morphometric data for the type description and figpe specimens dBothus
myriaster(Temminck & Schlegel 1846) aRthtophrys ovaliRegan 1908latophrys circulariRegan
1908. Data foBothusmyriastertype description (Amaoka,19p%verecompared with type material of
Platophrysovalis (BMNH 1908.3.23.187Holotype, Paratyp&)),Platophrys circulairtBMNH
1908.3.23.130 Holotypehon-type material oBothusmyriaster, 6=17; 11 male, 8 female) and nen
type material ofBothusbleekeriBMNH 1928.3.22.221(n=2). All measurements and abbreviations are
described in Appendix B.

B. myriaster Temminck B.myriasternontype  Bothusovalis ~ Platophrys circularis  B. ovalisparatypes B. bleekeriBMNH

& Schlegel 1846 specimens (n=17) BMNH BMNH 1908.3.23.13(1908.3.23.127-9 paratype 1928.3.22.17-21, non-
descriptionimage 1908.3.23.1279 holotype specimens (n=2) type specimens (n=2)
Standard length 81.54-161 (116.45;20.4 78.15 31.05 41.37-45.31 (43.34;2.79)46.24-96.19 (71.22;35.3.
Total length 09.25-191 (136.42;24.2)  93.96 34.07 47.6-54.84 (51.22;5.12) 54.2-116.91 (85.56;44.3:
Dorsal-fin ray 90 88-95 (92.65;1.87) 93 93 86-88 (87.;1.41) 93-97 (95;2.83)
Analfinray 70 64-72 (66.94;2.46) 72 4! 66-67 (66.5,0.71) 67-71(69;2.83)
Caudal-fin ray 17 (17;0) 17 17 17 (17,0 17(17,0)
Precaudal vertebrae 10 (10;0) 10 10 10(10;0) 10 (20;0)
Caudal vertebrae including urostyle 27-28(27.82;0.39) 30 28 30(30;0) 28 (28;0)
Hourglass shaped pterygiophores of dorsal-fin 8-10 (9;0.5) 8 8(8;0) 8(8;0)
Dorsal-fin pterygiophores anterior to first elongated neural spine 14-16 (15.06;0.43) 17 17 17(17;0) 17(17;0)
Gill rakers on lower limb of first gill arch 5-8(6.24,0.97) 8 7(7,0) 7-8(7.5;0.71)
Gill rakers on upper limb of first gill arch 2-6(3.76;1.25) 4 4-5(4.5,0.71) 3-4(3.5,0.71)
Dorsal-eye appendage 1 0-1(0.71;0.47) 0 0(0;0) 0(0;0)
Ventral-eye appendage 1 0-1(0.71,0.47) 0 0(0;0) 0(0;0)
Pectoralfinrays 0.s. 9 8-11(9.53:0.8) 10 10 9(9;0) 9-10(9.5,0.71)
Pectoralin rays bss. 8-11(9.25;0.68)* 10 9 9(9,0) 9(9,0)
Pelvic-finrays 0. s. 66 (6.,0.)% 6 6 (6;0) 6 (6;0)
Pelvic-fin rays bss. 6-6(6.,0.) 6 6 (6;0) 6(6;0)
Lateral-ine scales 99-113 (104.19;3.12)¢ 103 98-99 (98.5;0.71) 95-97 (96.;1.41)
Measurements
%SL
BodyDepth 0.57 0.57-0.69 (0.62;0.04) 0.69 0.83 0.71-0.73(0.72;0.01)  0.62-0.65(0.63;0.02)
Head length 0.24 0.23-0.3(0.27:0.02) 0.28 0.25 0.31-0.32(0.32;0.002)  0.27-0.31(0.29;0.03)
Head depth 0.46-0.6 (0.53;0.04) 0.59 0.75 0.64-0.67 (0.65;0.02) 0.59 (0.59;0)
Length of pectoralfino.s. 0.19-0.59 (0.43;0.11) 0.40 0.14 0.36-0.45(0.41;0.06)  0.24-0.26 (0.25;0.02)
Length of pectoral fin b.s. 0.13-0.18 (0.15;0.01) 0.12 0.08 0.16-0.17(0.17;0.0049)  0.14-0.15(0.15;0.01)
Lengthof pelvic fino.s. 0.08-0.13(0.1;0.01) 0.13 0.1-0.13(0.11;0.02) 0.1-0.12(0.11;0.01)
Length of pelvic fin bss. 0.07-0.12(0.1;0.01) 0.11 0.11-0.15(0.13;0.03)  0.09-0.1(0.1;0.0049)
Length of base of pelvic fino.s. 0.08-0.14(0.1,0.01) 0.10 0.16-0.17(0.17,0.01)  0.12-0.13(0.12;0.01)
Length of base of pelvic fin bs. 0.03-0.07 (0.05;0.01) 0.06 0.05(0.05;0) 0.04-0.06 (0.05;0.01)
Length of first dorsal-fin ray 0.03-0.08 (0.06;0.01) 0.05 0.05-0.06 (0.05;0) 0.06-0.07 (0.06;0.01)
Length of first anal-fin ray 0.04-0.1(0.07;0.02) 0.08 0.06-0.1(0.08;0.02)  0.08-0.09 (0.08;0.0036
Depth of caudal peduncle 0.09-0.11(0.1,0.01) 0.10 0.11 0.09 (0.09;0) 0.09 (0.09;0)
%HL
Preorbital length 0.35-0.53 (0.41,0.05) 0.40 0.26-0.34 (0.3;0.05) 0.36-0.39 (0.37;0.03)
Postorbital length 0.19-0.35(0.26;0.04) 0.25 0.26-0.34(0.3:0.06)  0.26-0.29 (0.27;0.02)
Predorsal distance bss. 0.12-0.2(0.14;0.02) 0.17 0.15-0.18(0.16;,0.02)  0.15-0.17 (0.16:0.01)
Dorsal eye distance from anterior edge of head 0.13-0.24(0.2;0.03) 0.20 0.14-0.17(0.15,0.02)  0.16-0.18 (0.17;0.01)
Snout length (0.5.) 0.17-0.25(0.21;0.03) 0.21 0.21 0.21-0.23(0.22;,0.01)  0.19-0.21(0.2:0.01)
Snout to nostril distance (0.5.) 0.12-0.19(0.15;0.02) 0.17 0.12 0.16-0.17(0.16;0.002) ~ 0.15-0.16 (0.15;0.01)
Lengthof moutho.s. 0.17-0.24 (0.21,0.02) 0.17 0.20 0.18-0.19(0.19,0.01)  0.2-0.22(0.21:0.01)
Length of mouthbs. 0.2-0.26 (0.23;0.02) 023 0.20 0.21-0.22(0.21;0.01)  0.25-0.26 (0.25;0.01)
Ventral eye diameter 0.24-0.32(0.3;0.02) 0.35 0.25 0.31-0.36(0.33,0.03)  0.29-0.34(0.32;0.04)
Width of dorsal orbital 0.31-0.42 (0.36;0.03) 0.40 0.25 0.36-0.38(0.37;0.01)  0.38-0.39 (0.38;0.01)
Interorbital Distance 0.45 0.26-0.57 (0.41;0.08)* 0.33 0.31 0.2-0.25(0.22;0.03)  0.22-0.34(0.28;0.09)

*indicates a character could not be collected for one specimen
Blank space indicates where data could not be obtained
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Sexualdimorphism: Sexual dimorphism is characterizedBiothusmyriaster(Table 3) by the following
characters: males generally have large flap shaped ocular appendage which are also present in some
females; males generally with spines on snout egibsn females some males with spine on anterior of
ventral orbit;male pigmentation patterns more apparera I £ S Q & In@ritBital §p&cdvas found

to besignificant (t (8) =244, p €0.05), and oculasside pectoraffin ray length was found to bleighly
significant (t () =3.42 p < 001) when discriminating sex

Table31. Morphometric @mparisonandbivariate analysisf males and females &othusmyriaster
(Temminck & Schlegel 1846) ntype material (=17,11 male, 8 femalg Platophrys ovalikolotype

and paratypes (2nE3, 3 males); an8othusbleekerinontype (=2, 1 male, 1 female). Means and
standard deviations are shown in parenthesis. All measurements and abbreviations are described in

Appendix B.
Platophrys circularis , B. ovalisBMNH ,
B myrasernondpe specimens (19)  BUNH 190832313 C-DPARUBES jorp g on 1ogg  Bubleelet BUNH1028322721
1908.3.23.127-9 (n=2 non-type specimens (n=2)
holotype holotype

Character Male, n=11 Female, n=8 Male Male Male Male Female
Standard length 8154-161 (118.57.22.85) 94.04-137(11256;16.19) 3105 41374531 (4334279) 7815 46.24 (46.240) 96.19(96.19,0)
Count
Number of eye appendages 0-2(1.82,0.6) 0-2(0.67;1.03) 0 0(0,0) 0 0(0;0) 0(0:0)
Number of spines on orbitals 0-7(2.8:1.99) 0 0 0(0:0) 0 0000 0
Measurements
%SL
Head length 0.230.3(0.260.02)  0.26-0.29(0.28;0.01) 0.25 0.31:0.32(0.32,0.002) 0.28 0.31(0.31,0)  0.27(0.270)
Head depth 0.460.6(0.520.04)  0.47-0.58(0.55;0.04) 0.75 0.64-0.67(0.65,0.02) 0.59 0.59(0.590) 0.59
Length of pectoralinrayo.s.  0.31-059(0.48:0.08)  0.19-0.42(0.33:0.08) 0.14 0.36-0.45 (0.41,0.06) 0.40 0.26(0.26,0)  0.24(0.24,0)
%HL
Interorbital distance 0.330.51(0.43,0.05)  0.26-0.57(0.36,0.11) 031 0.20.25(0.22;0.03) 0.33 0.22(0.22,0.) 34.43(34.430)

*Indicates a character could not be collected for one Specimen

Bivariate analysis of sexual dimorphism using ocular-side pectoral-fin length
versus interorbital width in Bothus myriaster (Temminck & Schlegel, 1846)
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Figure50. Bothusmyriaster(Temmin& and Schlegel 1846) BMNH 1935.3.12,h&1 SLFrenchindo-
China. OculafA)andblind side(B)of adult male Depicting body morphology: large flap shaped ocular
appendage on posterior of each eye; dark wavy bands traversing vertically across blinfl sidiy.
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Geographic distribution:Bothusmyriasterhas been reportedpecificallyin the: Japanese s
(Temminck & Schlegel 184&hagos archipelag®égan 1908 Amirates Norman 1934), Japan
(Amaoka 1969),ord Howe, Norfolk, and Kermadec Islarmjtawest Pacific Oceaffrrancis 1993), Red
Sea (Goren anbDor 1994, South Chinag& (Randall, J. E. and K. KLith2000), KoregdYoun 2003,
ArabianSea anilo andBogorodsky 2003Pondichery and KaraikdishraandKrishnan 2008
Mauritian Island 6Rodriguesfleemstrag.,P. C. Heemstra, M. J. Smale, T. Hooper afeizier

2004), Kagoshima Japan Qhashi, Y. and Motomura 201).

Figure51. Geographical distribution of examined specimen8othusmyriaster. Asterisk inécates
locality oftype specimenTriangle denotes type specimensRiftophrys ovalis, Platophrys circularis
star denotes locality of notype Bothusbleekeri
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