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Abstract. The morphologies of ossicles of the European pldieuronectes platessainnaeus, the European flounder
Platichthys flesus trachuru&innaeus) (Pleuronectidae), and the turBobphthalmus maximykinnaeus) (Scophthalmidae) are
described and eopared. The examined material of these flatfishes (Pleuronectiformes) originates from Estonian waters, the
eastern Baltic Sea. The cycloid and ctenoid scales, tubercles, lateral line scales and segments,-goidt platelets noticeably

differ among e three studied species. Because of characteristics of ctenii and development of the ctenial pattern, the scales of the
flounder have been separated into a new subtype, the overgrowing ctenoid scales belonging to a general type of ctenoid scales
Two different appearances of tubercles, ctenoid and circuloid, are described for the flounder and turbot, respectively. Although the
ossicles of the European plaice and European flounder differ in many details, they are not as highly modified as ateidhe circ
tubercles of the turbot. In the European plaice, a strong difference also occurs between the scales of males andtfenales. In
European flounder and turbot, nodul ar ultrascul pture on th
corpugles on their internal surface, known to be caused by mineralization processes, are imaged under scanning electron
microscope and also described.

Key words: Pleuronectiformes, scales, tubercles, platelets, Baltic Sea, SEM study.

INTRODUCTION (DeLamater and Courtenay 1974; Hughes 1981; Sire
1986; Bonwick enl. 1989; Roberts 993; Sire and
Fish scée morphology is steadily gaining more atten Meunier 1993; Jawad 2005a, Jawad and Alufaili
tion in taxonomic and systematic investigations. Early2 0 0 7 ; NP 20%08b; leees enl. 2012). In addi
descriptions of fishes were accompanied by simpldéion to facilitating morphological studies, SEM also
drawings; for example, Benecke (1881) gave for eachevealed the finest sculptural elements on the surface of
fish from Prussia (part of Poland, Kaliningrad Distt,  scales, which were noisible previously owing to their
Russia, and Lithuania) a drawing of its scale or tuberclesmall dimensions. Such a fine sculpture, measured in
Light microscopy and photography allowed much morgens of micrometres only, became known as ultra
detailed studies, which mainly focused on differents cul pt ure in fossil fish inve
teleost fish scales (Cockerell 1913; Kobayashi 1951; Several researchers have turned their attention to the
Haque 1955; Batts 1964; Pattersoralet2001). The study of bonyelements in flatfishes. The famous palaeo
introduction of scanning electron microscopy (SEM)ichthyologist R. H. Traquair (18401912) devoted his
initiated a new approach in the study of teleost fisHirst study to the asymmetry of the Pleuronectidae, in
scale morphology and surface sculpture worldwidevhich he also discussed and perfectly illustrated the
mucous canals of the lateral lines on the headhef
turbot and plaice (Traquair 1865, BR, figs2, 3). He

¥ Corresponding authotiju.marss@ttu.ee



49¢ Proceedings of the Estonian Academy of Sciences, 80,15, 495517

referred to the tubular scales of the lateral line asvell as the very small platelets of the distal radials of
6ossiclesd, a term that Ilfirstcaled alsoaswivenict platdletsdSpdrigl attention t e a m
all small bony elements despite their origin or functionis paid to the occurrence of ultrasculpture on the same
( M2 r als2010ah; Lees efal. 2012). Ossicles were bony elements.
defined as very small bony structures, including scales, Our results can be used in the studies of the feeding
tubercles, laterdine elements, and swiwint preferences of fishes and sea birds, and the formation of
platelets, usually overlooked or given only a cursonthe fish faua during the development of the Baltic Sea.
treatment in morphological studies of fishes. Only smalln archaeology, fish ossicles can reveal which fishes
bony dements were under focus in these studies. Thevere used by ancient settlers, allow the estimation of the
authors showed that the ossicles of various taxa déngth and weight of those fishes, and indicate the
fishes from the Baltic Sea had a wealth of interestingeason of capture as supposed by Slyke (1948).
details and diagnostic features. The ossicles of-cotthybrids are well known in flatfishes (Kijewska et al.
forms, syngnathiforms, and gasterosteiformsehbgen 2009), our data on ossicle morphology and sculpture in
characterized and differences in scale modifications ahe ancestors may help to clarify whether hybridization
female and male specimens of the shorthorn sculpiof flatfish species is expressed in their ossicle features.
document ed al (2010dB) arsdlsLee® ddl.  This character could be usddr the identification of
(2012). Variations in scales between sexes of differerttybrid specimens along with the modern but expensive
flatfishes have been documentggiNorman (1934) and methods of molecular biology.
Tomiyama (2013). Batts (1964) ascertained the main
morphdogical scale characteristics to distinguish the 15
species of flatfishes of Puget Sound, Washington. Th®IATERIALS AND METH ODS
morphology of dermal ossicles of the turbot
Scophthalmus maximuwgas examined by Zylberberg et The examined material of flatfishes originates from
al. (2003). In recent years, several papers dealing witAstonian waters, the eastern Baltic Sea. The ossicles
the bony elements [lateral line scales (l.I.s.), the heawere taken fom 20 specimens each &feuronectes
sensory canal system] in flatfishes, were published bplatessa Linnaeus andPlatichthys flesus trachurus
Voronina (2007, 2009, 2010). (Linnaeus) of the family Pleuronectidae, subfamily
Nevertheless, the morphology ofates and other Pleuronectinae, an8cophthalmus maximyginnaeus)
ossicles of pleuronectiforms, especially of the Balticof the family Scophthalmidae. Only adult specimens
Sea, remains insufficiently known. When studying thewere studiedBoth male and female specimens were
structure of the seismosensory system of scophthalmidsestigated; however, the sex of a few scaled and
Voronina (2010, p699) stressed that the small numbercleaned specimens bought at the market remained
of papers on the mohplogy of scales of Plewro unidentified. The fishes were mostly caught with a
nectiformes complicates the use of characters of scafgilinet or pelagic trawl in the course of commercial
structure in cladistic analyses. Even though claims haveawl! catches anduring the monitoring of fish catches,
been made for the taxonomic value of scale morphologwhile a few were bought at a fish market between April
and surface features, the simple drawings and ligiR008 and January 2014. The material originates geo
photographsdo not show the details of their sculpture graphically from the waters of Pakri Bay and Paslepa
clearly enough. Bay (Gulf of Finland), K¢ de ma
The present SEM study was undertaken to assess thstan d ) , and P2rnu Badl). Afemul f of
potential usefulness of ossicles of pleuronectiforms fospecimens ofPleuronectes platessdrom southern
distinguishing among the taxa and for identifyingSweden and from the Bornholm Basin of the southern
characters of value in systematic apttylogenetic Baltic Sea were obtained for comparison but not
research. Our task is to show that ossicle morphologglescribed herein. The collected specimens of taxa
and sculpture may provide a novel tool for taxonomiqGIT 584-collection number; Tl total lengthcm; Fi
studies. We demonstrate similarities and dissimilaritie$emale; Mi male/if available/) are as follows:
in ossicles of three pleuronectiform taxa obtained from Scophthalmus maximugPakri Bay GIT58417,
the Baltic Sea. The the studied pleuronectiform TL=14. 0 ; K¢ d e nb8432Bvh yTL =G8.2T
species represent two closely related forms, th&IT 584116,M, TL =24.7; GIT584117,F, TL=
European plaicé’leuronectes platessainnaeus, 1758 2 7 . 0; P2 r53844188,B,dly=30Q.1 T
and the European flound®atichthys flesus trachurus Platichthys flesus trachuru®akri Bay GIT584-20,
(Linnaeus, 1758) (Pleuronectidae), and one mor@L =29 . 7 ; K¢ de nb8451BVh yTL =G0.6T
distantly related fornthe turbotScophthalmus maximus GIT 58452,F, TL=3 0. 0 ; Par B8448BMay GI T
(Linnaeus, 1758) (Scophthalmidae). We here describ€L =18.7; GIT58449,F, TL=16.2; GIT58493,
and SEM image the morphology and sculpture of scale3,L = 16.0; GIT584-115, TL=35.0; QT 584118, TL =
tubercles, and lateral line units (scales and segments), 36.0).
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Fig. 1. Location of fishing grounds: Bakri Bay; 2Paslepa
Bay; 3,K¢ d e ma P&y nu 4 Bauthern S#eden;
6, Bornholm Basin.

Pleuronectes platesq®aslepa Bay GI'584-121,F,
TL =29.0; GIT584122,M, TL=26. 5 ;nu BRAY r
GIT 58489,M, TL =27.0; southern Sweden GbB4
94, TL=34.5; GIT584-97, TL=34.0; Bornholm Basin Fig. 2. Sampling areas on the bodyi 41 lateral line on the
GIT 58498,F, TL=36.0; GIT58499,M, TL =29.0). eyeside; 5lateral line on the caudal fin;i 8, lateral line on

The preparation methods used in this study are thiése blind side; 1013,dorsal fin base; 146, anal fin lase;
same as those dals(@ilOaty dod 47180,skinasamples from the eymde; 2124, skin samples
cottiforms and in Lees et al. (2012) for gasterosteiform§om the blind side; 2%kin from the head of the eide;
and syngnathiforms. Fish bodies were washed angP: skin from the head of the blind sidd., lateral line.
measured. The skin pieces were removed and put into
the solution of 30% hydrogen peroxide (), and  somell.s. were studied using a Nikon Microscope
distiled water, and buffered with25% ammonia Ec||PSES50i and imaes of scales in 60% alcohol were
water (NHOH) with the ratio of 200100:50mL,  taken with Nikon camer®S-Fil using transmitted
respectively. After chemical manipulation the dermalymination.
units were washed with tapater in the sieves with the The specimens are deposited in the Institute of
mesh size of 0.0fnm, and deposited in 65% ethanol. eology at Tallinn University of Technology in the
Before SEM imaging the bettergserved specimens yerteprate collection under the number GB4,

were kept in 30% ethanol for a short time, seimed in  folowed by the articulated specimen number, and by
open air, set on SEM stubs covered with dowliiéd  he unit number of that specimen.

sticky tape, dried, and then coated with gold. The
specimens were searched and photographed.

The skin samples were taken asni wide strips TERMINOLOGY
along the lateral lines from the blind side and-eigke
(Fig. 2). The samples from the whole length of theThe terminology of scale features follows Traquair
caudal fin comprise both the blind side and-sigle  (1865), Roberts (1993), Zylberbergadt (2003), Jawad
material, i.e. elements from both sides together. Th€005a), Voronina (2007, 2009, 2010), Voronina and
samples from the basal parof dorsal and anal fins Hughes (P 13) , andal NPOIO&bs The t
were also taken through both sides. The trunk laterdDictionary of Ichthyology by B.W.Coad and
line was divided into three or four slices depending orD. E. McAllister (http://www.briancoad.com/dictionary/
the fish length, while the caudal fin was sampled as oneomplete%?20dictionary.htm) andFishBase (www.
slice through the fin. Some whe#kin samples from fishbase.org, version 10/2013) by MRoese and
our earlierstudies were also used for this paper. AfterD. Pauly (eds, 2013) werused for definitions below.
employing different sampling methods, we decided thal he terminology for fine morphological descriptions of
the best way to sample the fish was as shown in2Fig. ossicles is still not satisfactory, especially for the
Still, we do not have a good method to take andubercles, and, in addition, the fine tubuli (longitudinal,
chemically treat singlel.s. and swivejoint platlets, perpendicular, oblique, or reticular network) Lirs.
and thus we have done it set by set. The fine tubuli gfeed to be named.
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The main types of the studied ossiclesRduro-  Scophthalmus maximusare shown in Fig3. The
nectes platessa Platichthys flesus trachurusand ossicles are oriented with their anterior to the lefiat

Pleuronectes platessa Platichthys flesus Scophthalmus maximus
trachurus .
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Fig. 3. Terminology & dermal units of three pleuronectiforms used in this work; anterior is to the left for the units of both body
sides unless shown by an abbreviation (ant). Abbreviatadnanterior field;ant anterior;ao, anterior opening of the tube of the
lateral line scale; bc, basal cavity; c, circuli; ct, ctenius; dg, digits; f, focus; If, lateral field; Ipo, lateral pore opening;

Ir, longitudinal ridge;pf, posterior field;po, posterior opening of the tube of the lateral line scalgdii; rt, 6 r 0 o ts/Isping;s 0 ;
sh, spine basesp, scale platet, tubercle;tb, tubular part (or tube) of a lateral line unit.
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indicated otherwise. The main terms used in the text aycloid, ctenoid (with three subtypes), crenate, and
as follows (see also the explanation to Big.anchor-  spinoid (ibid., pp62i65). Among 27 speciesf 20

ing device horizontal digits or oblige or vertical genera of the Pleuronectiformes, he refers to the pre
6root | et s 6 anterior fitld) I esectioh efsa; sence of all scale types except the crenate type. Among
scale between the focus, antémteral corners, and the wide variety of ossicles we describe herein a new
anterior margin;basal cavity, cavity in the base of a subtype of ctenoid scales, overgrowing ctenoid scales,
tubercle;basal plate/scale platedisk of the elasmoid and two kinds of tubercle$ overgrowing ctenoid

scale or disk forminghe base of a tuberclejrculi, tubercles and circuloid tubercles.
elevated, usually concentric lines on the scale plate or
dermal tubercle;circuloid tubercles, conical dermal Order PLEURONECTIFORMES

elements with outstanding circular growth structures on  Family PLEURONECTIDAE Rafinesque, 1810

their external surfacestenii, tiny discrete projectios

on ctenoid scales, each ctenius being composed of a Pleuronectes platesdannaeus, 1758

spine and its basetenoid scalesscales with discrete, Figures 45

separately ossified cteniglasmoid scalesthin, usually

imbricating cycloid and ctenoid scalefcus initial Distribution of ossicles

part of a scale delineated blye first circulus;lateral

field, area on both lateral sides of a scale, podtgsval  Three specimens, male GbB4-89, 27.0cm long, from

to the anterior fieldjateral line scale a single unit of P 2 r nay; feBale GIT584121, 29.0cm long, and

the chainlike scales of the trunk sensory linateral male GIT584122, 26.5cm long, both from Paslepa

line segment chainlike unit of the trunk sensg line in ~ Bay, were studied thoroughly, while four specimens

fully tuberculated taxonlongitudinal ridge, the most (GIT 58494, GIT58497, GIT58498, GIT58499)

prominent ridge that runs along the plategrgrowing  from the southern Baltic Sea were also oxidized to get

ctenoid scales ossicles with ctenii seemingly con ossiclesfor comparison. The main part of the body is

tinuous with the ossicle basal structure and occurring ocovered with cycloid scales, but unlike females, males

the posterior, lateral, @npartly on the anterior field; have also ctenoid scales on the head on thesigigeand

overgrowing ctenoid tubercles ossicles with ctenii on the trunk behind the head and close to dorsal and

covering most of the basal plate, and with a completelgnal fins. Most of the ctenoid scales origi#&tom the

overgrown edge of the basal plate (tiular part of trunk along the midpart of both dorsal and anal fins. The

that plate, if it exists, does not extend visually to thescales are deeply embedded and do not overlap; the

edge) posterior field, area between the focus, spines of ctenoid scales protrude to the skin surface

posterolateral corners, and the posterior margin of gOjaveer and Drevs 2003, 59, and our own observa

scale;radii, unmineralized grooves radiating from the tions).

initial scale part (primary radii) or being outside it

(secondary radii)spine, needleshaped eleméron the  Description of ossies

ctenial base or basal plate of an ossisf@noid scales

scales bearing spines continuous with the main body @h our male specimen GI584-89 the shape of the scale

the scale (Roberts 1993wivekjoint platelets, paired plate varies from rectangular to triangular or to oval

perichondral ossifications of the ovoid or bstlaped  (Fig. 4): cycloid scales tend to be more quadrangular or

distal radial locatedetween the proximal ends of the roundish (Fig4A, B) and ctenoid scales mainly quad

paired hemitrichs of dorsal and anal fingibe or  rangular (Fig4F,JiL), oval (Fig.4H,1), or triangular

tubular part, tunnetlike canal of the lateral line scale; (Fig. 4M, N).

tubercles usually sculptured, with rounded to multi

angular ground plan convex ossiclésbe vault, roof  Cycloid scalesThe scale plate edge is smooth

abovethe sensory canal in the lateral line scalduli,  posteriorly and laterally, but uneven anteriorly to

the finest canals in thd.s.; ultrasculpture, the finest varying degrees. The posterior and lateral fields take up

sculptural elements on the surface of ossicles, measuradout onethird of the scale plate; the rest is occupigd

in tens of micrometres. the anterior field. The anterior field of the scale surface
is segmented by up to 22 narrow radii, of which up to 8
are primary ones (FigtA); new radii appear stepwise at

RESULTS about four levels. The radii converge towards the focus,
which is situated ra#r far posteriorly, at about 3/4 the

The scale morphology and sculpture in the Telé@s® length of the scale plate. The specimens caught from

highly variable and only part of them have beenEstonian waters have narrower radii than specimen

systematized and named by Roberts (1993). He di§IT 58494 (length 34.&m) from southern Sweden, in

tinguished four major types of scales in the Teleosteihich radii are groovike. Circuli are distincy
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developed between the radii; they are discontinuouSuch scales belong to the subtype of peripheral ctenoid
anteriorly due to disruption by radii, and continuousscales (Roberts 1993).
laterally and on the posterior field following the outline
of the scale margin. The circuli on lateral fields arelLateral line scaleql.l.s.). A sample taken from the eye
somewhat wavy. The visceraide of cycloid scales is side of specimen GI58489 from the curved lateral
relatively smooth, with a knobby area in the middle ofline slice directly behind the head contains scales in
the scales (FigdB). Peculiar scales come from the which lateral fields occur asymmetrically either on the
caudal peduncle (shown in visceral view in EB,E). dorsal or ventral side (Fi$A,B), or else occur
In the residue they catch the eye with a constriction thatymmetrically (FighD, E). The asymmetrical scales
follows the boundary between the anterior and laterahave a shorter tubular part, and much more strongly
fields. The cycloid scales of a female and a male as seempressed radii and circuli on one side; the radii run
in GIT 584121 and GIT584-122, respectively, also from the elongate centre of the scale also towards the
have the focus far back. The presence of radii on thgosterelateral margin; the gmsite side of such scales
posterior field is evident in the sample takleom the has a rather smooth surface. Anterior to the mineralized
female specimen dorsally behind the head from théube, the scale plate surface is also rather smooth, with
blind side. In the other five samples just very short radiweakly developed circuli. This smoother part of the.
occur far back but there is always a narrow sectois protruding anteriorly. It seems that the tube had
without them. The male specimen has a few (two frontontinued somewhat anteriorly (the remains of the tube
twelve) scales with radii on theosterior field dorsally wall can be seen in Fi§A, D, E). Numerous pores of
behind the head on the blind side, while the other fiverarying diameter (up to eight in Fi§A) are found in
samples lack radii there. the tube wall mainly on the sides of the tube. In the
Pleuronectidae the free posterior (cdydedge and
Ctenoid scalesThe anterior and lateral fields are ctenii of l.I.s. are absent, as already noted by Voronina
distinct on the scale plate as is the focus of the scalé2009, p.951). The symmetrical scale in FBC
which is situated far posteriorly, de to the posterior originates from the midbody. It is a relatively widél.s.
field and midway between the lateral fields (€., with a smooth tubular part and of almost the same width
[T N). The focus is oval in outline, with the longer axis aover its whole lenth; some of the primary radii run
little oblique to the longitudinal axis of the scale. Circuli posterelaterally from an inferred point situated beneath
are distinct but somewhat curvy and disrupted by théhe tube. Lateral line scales become elongate towards
radii on the anterior field. They run capitmudally on the posterior part of the body. On the caudal peduncle
the lateral fields but posteriorly, where there is supposetthel.l.s. are symmetrical and well elongated (M),
to be the posterior field, they are replaced by a smootlpeing about twice as long as wide (FB¢).
thin layer (band), which forms the base for the ctenial Thel.l.s. from the blind side are exemplified by
row. Radii, two to six in numberare relatively rare, scales taken behind the head (E@) and from the
occurring only on the anterior field. The radii on ctenoidmid-body (Fig.5H, ). Asymmetrical scales were not
scales are much less numerous than those on cycldidund on the blind side. A remarkable feature is the
scales (compare with FigA). The visceral side of large number of small pores in the tubular part of scales
ctenoid scales (FiglF, H) is relatively smooth, with a (Fig.5G). In the midbody region thel.s. are rather
knobby surfae posteriorly. The ctenii of scales of malessimilar to those on the ey@de, with quadrangular scale
are arranged in one ctenial row along the posterior edgdates (Fig5l); radii occur rather far posteriorly on the
of the posterior field; the number of ctenii is three toscale sides around the tuar part. There is not one
four, mostly three (FigdF,HiN) for specimen midpoint (focus) but an elongate centre in the
GIT 584-89. Some scales, shown with less ctenii inposteriod.l.s., with subparallel radii on the sides
Fig. 4C,KIi N, have lost them during chemical treatment(Fig. 51).
(see Discussion). Each ctenius has a spine, and the baseA dramatic change ihl.s. morphology occurs in the
for anchoring it at the posterior scale plate (Big.N).  transition from the caudal peduncle to the caudal fin. It

Fig. 4. European plaiceRleuronectes platesdannaeus, specimen GI384-89. A, B, D, E, cycloid scalesC, F, Hi N, peripheral

ctenoid scalesi, two loose ctenii. All elements originate from the areas taken from theidgeas shown in Fi@: A, area 3;

B, areal; C, areal2; D, E, aread; FiH, areal7; IT N, areal4. A,C, i N, scales in external view; Bi F, H, scales in visceral

view. A, GIT 58489-10; B,GIT584893; C,GIT58489%42; D,GIT5848912; E,GIT5848913; F,GIT5848958;

G, GIT 584-89-36; H,GIT 584-89-59; |,GIT 584-89-34; J,GIT 584-89-35; K, GIT 584-89-30; L,GIT 584-89-31; M, GIT 584
8932;N,GIT5848933. The speci men was camghatebdr200m. P2r nu Bay, depth
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