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A Guide to the Otoliths of Southern Ocean Fishes

Thomas Hecht'
( Illustrations by Ann Hecht )

'‘Department of Ichthyology and Fisheries Science

This study is a contribution to the ichthyology and in particu-
lar 1o the study of predator | prey interrelationships in the
Southern Ocean. The otoliths of 120 species, known lo occur
in the region, are described and itlustrated. Synoptic notes on
the diagnostic features, intraspecific morphological vaviation
and omtogenetic development are provided. Wherever poss-
ible, the relationships bevween otolith length and fish length as
well as between fish length and mass are also presemted. A
key to the otoliths, based primarify on geometric shape, has
been developed to fuscilitate the idenification of otoliths
found in predator stomuachs.

Hierdic studie is 'n bydrae tot die viskunde en in besonder to
die studie van die predator — prooiwisselwerking in die Suide-
like Oscaan. Die oroliete van 120 spesies wat in die gebied
voorkom, word beskrvf en geillustreer. Sinoptiese aunteke-
ninge vor hul dingnostiese kenmerke, intraspesificke morfolo-
giese varinsie en ontogenetiese onvwikkeling word verskaf.
Waar moontlil word die verhouding tussen otofietlengte en
vistengte en die verfiouding tussen vislengte en massa gegee.
‘n Slewte! vir die identifisering van dié otolicte word ook
verskaf.

Introduction

In September 1981 the BIOMASS Working Party on Bird
Ecelogy passed a recommendation to the Group of Special-
ists on Southern Qcean Lcosystems and their Living Re-
sources “that the BIOMASS Working Party on Fish Ecology
he asked to arrange for the production of a handbook for
the identification of remains of Antarctic and sub-Antarclic
fish™ -—-. Tt was stressed that such a handbook should. in pag-
ticulur, include & guide to the identification of otoliths, The
rationale behind this request wis “to improve the under-
standing of the role of Antarctic and sub-Antarctic seabirds.
marine mammals and fish as predators on fish in these re-
gions” ——{Anon. [981). At the meeting of the BIOMASS
Working Party on Fish Ecology in Hamburg during the IV
Congress of Curopean [chihvologists. in September 19820 it
wirs decided 1o initiate this project.

An understanding of the predator - prey interrelationships
upon which the toodweb of the region can be modelled
could provide valuable information towards the ultimate ra-
tional management of the ecosystem. Recent investigations
have indicated that the foodweb of the Southern (cean. in
fact. appears to be more complex than originally surmized
{S.Z. El-Saved pers. comm.). The identification of the prey
of piscivorous predators should. however, be viewed only as
a first step in the quantitative assessment of the role plaved
by predators in the ccosystem. As a second and ultimartely
more important step the transter of energy between trophic
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levels needs to be quantified. For this purpose the calorific
content of prey species is of paramount importance {(Hecht
& Caoper 1986). and greater emphasis will have to be given
to such investigations in future.

For the purpose of this investigation the Southern Ocean
is defined as the sea area south of a line joining the follow-
ing meridians: 30 85; M 8. 30 E: 4535, 30 E; 435, 80 E: 55 5.
BOE, 558, ISO0E: 608, 150 E; 60 §, 50 W: 50 8, 30 W: 50 5
(Fig. 1). However, as several Southern Gcean marine preda-
tors often frequent the coasts of Tierra del Fuego, Tasma-
nia, the southern Istand of New Zealand and soeme of the is-
lands lving north of the convergence (e.g. Gough Island),
the oioliths of some species ohuwined from these regions
have also been included into this guide.

Otoliths show a high level of species specificity and hence
have for a long time been used 1o achieve varied objectives
(Hecht 1977a, 1978). Others like Koken (1884), Weiler
(1942, 1938}, Fitch (1966, 19673, Nolf (1969, 1970}, Gaemers
(1071, 1981, 1984}, Schwarzhans {1976, 1980}, Noif & Steur-
bant {1983). (1o mention but a few of their studies) have
used fossil oteliths to reconstruct the fish faunas of several
regions from the carly to the late Cenozaic Era. Moreover.
as otaliths are conservative structures which show distinet
plesionworphic and apomorphic characters. Fiteh & Craig
(1964). Weiler {1968). Greenwood (19703, Karrer (1971),
Fitch & DBarker (1972}, Schwarzhans {19720 1978, 1981).
Gaeners (1978, Nolf {1978, 1979). Nolf & Tavern (1974).
Heeht & Flecht (1978). Hecht (1982). Heemstra & Uecht
{19%6). and others. have been able to commenl on the evo-
hutlonary history and the systematic position of several
groups. Otoliths have also been used to distinguish between
closely related species (Schmidt 1969, Post & Hecht 1977,
Pust & Quere 1YR1), and o separate stocks of commercially
important species (Botha 1971, Messich 19720 Price 1978,
Payne 1985}

The chemical composition and crystallineg structure of oto-
liths. discussed by Irie (1955) and Degens et al (1969). makes
them remarkably more tesistunt o attrition by digestive
fluids than fish bone and hence are often the only remaing of
fishes found in the stomachs or faccal pellets of their preda-
tors {Esiuzo 1963, Martini 1964, Fitch & Brownell 1968, Pin-
kus er af 1971, Cooper er ol 1984, La Cock er of 1984, Smale
& Bruton 19833, Morcover. the size of u prey species can
also be ealeutated from the size of their otoliths. This has ob-
vious advantages for detailed feeding studies, particuturly as
regards more detailed investigations on energy trapsfer be-
tween trophic levels.

This guide to the otoliths of the Southern Ocean [lishes is
the first study which describes exclusively the otoliths of the
fish from a specific zoogeographic region. I is regarded as a
contribution to the ichthyology, and in particular, to the
study of predator-prey inlerrelationships of the region.
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Material and methods

All the material described and illustrated in this guide was
collected and made available by colleagues at the following
mstitutions; the British Antarctic Survey (BAS), the Alired
Wegener Institut fiir Marine und Pelarforschung, Bremerha-
ven (AW, the Scuth African Museum, Cape Town
{SAM]}, the Port Elizabeth Musewm (PEM), the JLB Smith
Institute of [chthyology, Grahamstown (RUSI), the
Rijksmuseum van Geologie en  Mineralogie, Gent
(RMGM), the Bundesforschungsanstalt fiir Fischerei, Ham-
burg (BAF), the Zoologisches Institul und Museum, Univer-
sitit Hamburg (ZIMH), the Morski Instytut Rybacki. Po-
land (MIRP), the Institut Royal des Sciences Naturelles de
Belgigue., Brussels (IRSNB). the Muséum National o His-
toire Naturelle Paris (MNIINP). the College of Marine
Studies of the University of Delaware (CMSUD). the De-
partment of Ecology & Behavioural Biology ol the Univer-
sity of Minnesota (DEBBUM). the Instituto Antartica Ar-
gentino ([AA}, the National Institute of Polar Research.
Tokye (NIPRT). the Department of Science and Technol-
ogy, Antarctic Division, Tasmania (DSTADT), and the De-
partment of Physiology and Biophysics of the University of
Ilinois {DPBUI).

A representative sample of otoliths of each species is
housed in the otolith collection of the Department of Ich-
‘thyology and Fisheries Science, Rhodes University, Gra-

Figure 1 Map of the Southern Ocean.

hamstown (DIFS). The otoliths are curated in a dry state in
numbered gelatin capsules and all the material is catalogued
on a computer database, In the descriptive section of this
guide the DIFS otolith catalogue numbers for cach spemes
are presented.

Most of the otoliths that were examined for the prepara-
tion of this guide showed poor relief on their medial sides.
Ft order to emphasize the fine structure on the medial side,
thereby facilitating description and illustration, they werc
coated with a layer of ammonium chloride (Hecht 1977b).
As otoliths which are removed from the stomachs of their
predators have been subjected to a greater or lesser degree
of attrilion, it is strongly recommended that they be treated
in a similar fashion prior to any attempt at identification.
Moreover, stomuach contents of predators should preferubly
be examined in a fresh state. Fixation of the material in for-
malin, particularly unbuffered formalin, results in further
corrosion {McMahon & Tash 1979) which effectively negates
any pussibility of their being identified.

All the otoliths were meuasured for length to the nearest
(.01 mm using vernier callipers. These data together with
fish length were subjected to regression analyses. The equa-
tion of best fit is presented for each species for which an ad-
equate size range was availuble. When uan adeguate size
runge was not available the mean Otolith Length:Fish
Length ratio was calculated and presented, together with the
standard deviution of the mean and the range. Otolith length
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is the greatest distance belween the anterior-most tip of the
rostrum and the posterior-most edge of the posterior margin
(cf. Fig. 2).
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Figure 2 Schematic diagram of the medial side of a lel sagittal oto-
lith showing the main diagnostic features used in the descriplions
and in {he key. The sulcus acusticus comprising the ostiom (Q) and
the cauda (C}, the anterior collicutum {AC), the posterior collicu-
lum {PC]), the collum (Co), the crista superior {CS), the crista infe-
rior (C1}. the rostrum (R}, the antirostrzm (AR), the excisura ostii
{EQ), the dorsal area {DA), the veatral area {(VA), the ventral
groove (VG), the dorsal margin (DM), the posterior margin {PM),
the ventral margin (VM) and the anterior margin {AM).

Wherever possihle a size range of otoliths from each spe-
cies 1Is illustrated to show intraspecific variation as well as
their ontogeny. All illustrations were made using a stereo
microscope and camera lucida.

A recent checklist of the ichthyofauna of the Scuthera
Ocean by Gon (1985) showed that there are some 193 os-
teichthyean fishes in the region. In this guide the otoliths of
120 species {94 from Gon's checklist and 26 which might
possibly occur in the area or be taken by Southern Ocean
predators) are described and Hlustrated. A list of these spe-
cies is presented in the species index.

In arder to facilitate the identification of the otoliths a key
has been developed. This together with instructions for its
use is presented at the end of the guide. While the key may
be useful for the identification of some species to the genus
or species level, it will in most cases only be useful to the
level of the family, Even if otoliths can be keyed out il is
nevertheless recommended that the otolith be cross checked
with the illustrations and the descriptions.

Otolith morphology and terminology

A fairly standardized terminology already exists to describe
otoliths {Schwarzhans 1978, Hecht 1978 and Gaemers 1984).
No new terms have been introduced into this lext, although
some are used in a slightly different connotation than orig-
inally conceived. For this reason and in order for the user to
be able to make full use of the guide and the key, all the
terms have been redefined and itlustrated. The anatomy of
the inner ear of fishes and the position of the three otoliths
{the sagitta, asteriscus and the lapilins) situated in their laby-
rinthing chambers (the sacculus, lagena and utriculus respec-
tively) of the semicireular canals, on either side of the neura-
cranium. have been adequately described in ichthyological
textbooks such as Lapler er af {1977) and Bond (1979). All
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the material described in this guide are sagittal otoliths as
these are the most specific of the three.

The medial or inner surface of the sagittal otoliths is well
sculptured in relation to the lateral side. The latter is gen-
erally devoid of any relief and hence of diagnostic features.
In general, the variation in the definition of the sculptures
on the medial side are of particular diagnostic value for the
tower taxa at the genus and species level, while the geomet-
ric shape of the otolith is of greater importance for the de-
limitation of higher tuxa at the family and order level. Ex-
ceptions to this general rule do, however. occur but these
are pointed out as and where necessary.

The following series of schematic diagrams have been in-
cluded 1o illustrate the various terms vsed in the descriptive
seclion of this guide and in the key. Figure 2 illustrates the
main diagnostic features of otoliths. Three features were not
included. These are the pseudo-rostrum, the pseudo-antiros-
trum and the pseudo-excisura ostii. These structures. if pres-
ent, are essentially the same as the rostrum, antirostrum and
excisura ostii except that they are found on the posterior end
of the otolith. Figure 3 illustrates the types of otolith shape.
Figure 4 illustrates the types of sulcus acusticus openings.
Figure 5 illustrates the various sulcus acusticus and coiliculi
types, and Figure 6 itlustrates the different types of marginal
sculpture. It is not uncommon that parts of the margin are
sculptured in different ways, which necessitates the division
of the murgin into several distinctly circumscribed regions,
viz.

(1) the dorsal margin — between the proximal end of the
antirostrum and the postero-dorsal corner,

(i1) the posterior margin — between the postero-dersal cor-
ner and the postero-ventral corner of the otolith,

{iii) the ventral margin — between the postero-ventral cor-
ner.and the proximal end of the rostrum,

(iv} the anterior margin — comprising the margin of the ros-
trumi, the antirostrum and the excisura ostii (should the
margins of the latter three structures differ in seulpture
then they are described separately). fn wrder to make
full use of the guide and the key it is essential w0 become
fully familiarized with all the terms and the comext in
which they are used.

Throughout the descriptive section of this guide the oto-
liths of the various species hiave been described in a particu-
lar sequence for reasons of standardization and ease of refer-
ence, viz. geomelric shape. sculpture and shape of the
margins. the opening of the sulcus acusticus. the definition
of the ostium and the cavda (which determines (he sulcal
type). the definition of the collum, the development and
definition of the collicudi. the development, sculpture and
definition of the cristae superior and inferior, the devel-
opment and shape of the dorsal and ventral areas, the size,
shape and definition of the rostrum, aniirostrum and the ex-
cistira ostil.

Otolith descriptions

I this guide the orders and families are arranged according
to Nelson's (1984) phylogenetic sequence. The species
within the various families are arranged in alphabetical
order, The scale bars below the illustrations are 1| mm in
length. In the legends to the plates the length of the fish
from which the otoliths were removed is given. These are
either given as Total Length (TL), Standard Length {SL) or
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Figure 3 Schematic diagrams of the various types of otolith shape. a — discoid, b - square. ¢ — oval. d - friangular. ¢ — ovate, { - obovate, g -
pyriform. h — fusiform, i - rectangular, j — greater in heght than in length. k - hour-glass shape. The sulcus acusticus and the colliculiare
hatched lor orientation purposes.
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Figure 4 Schematic diagrams of the diflerent types of suleus acusticus openings: 8 - medial (sulcus acusticus dues not open onto unterjor and
posterior margin), b - ostial {(sulcus acusticus opens only onto anlerior margin). ¢ ~ ostio-caudal {suleus acusticus opens onto anterior and
posterior margtns), d — caudai {sulcus acusticus apens only ontw posterior margin}, The sulcus acusticus and the colliculi are hatched for
orientation purposes.
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Figure 5 Schematic diagrams of the different sulcus acusticus and colliculi {hatched) types: a & b — homosulcoid sulcus acusticus (not differ-
entiated into oslium and cauda) and homamorph colliculi (equal in size and shape), ¢ & d — heterosuleoid sulcus acusticus (distinctly recog-
nizable ostium and cauda) and heteromorph colliculi (different in size and shape), e ~ homosuleoid sulcus acusticus, homemorph calliculi
with pseudo-colliculum.
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Figure 6 Schematic diagrams of otoliths showing the different types o marginal sculpture:  — dorsal and posterior margins entire and ven-
tral margin sinuate, b — dorsal and posterior margins crenate and ventral margin entire, ¢ - dorsal and posterior margins dentate and ventral
margin entire, d — dorsaf and posterior margins Tobed and ventral margin serrate. The sulcus acusticus and the colliculi (hatched) are in-
chuded for orientation.
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PLATE 2

Figure ¥ Bathiviauns glacialis v - 78V mm, b = 710 mon. o — 105 mmo d - 7 mm, o — 156 mm SL: Figure [0 Batfiyfagus sp. a— 75 mm, b — K3
mm. ¢ 95 mm, d - LS pein, e — 170 mm. (= 170 mun - ENO nm S0 Figuee 1 Noavenda sp. [U3 mm 51
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together with the exfremely elongate and distally acutely
pointed rostrum. There is a significant difference in the size
of ihe rostra of the various species, which can be used in
order to distinguish between them. The values presented be-
low are mean percentage rostrum length in total otolith
length, the standard deviation of the mean and the range —

Bathylagus aniarcticus 33,57 £ 6,3 ¢ (Range 25,0429 %)

Buathylagus etryops 40,6 %
Beahiylagus glacialis 415 % {Range 33,3 -48.4 5%}

Batliylagus sp 46,3 £ 6,1 % (Range 33,3524 %)

Nansenia sp.
{Plate 2, Figure 11}

MATERIAL Description based on a photograph provided
by R.Copgan of the BAS. Specimen reference no. BAS
850690, identified by O. Gon. Catch locality: South
Georgia. The specimen from which the otoliths were re-
moved measured 103 mm SL.

BESCRIPTION

Otolith clongate ovate and sagitate in shape. Posterior mar-
gin, dorsal and ventral margin entire to slightly irregalar.
Dorsal and ventral margin of rostrum dentate. Suleus acusti-
cus heterosuleoid and ostial. Cawmda long and narrow. Os-
tium of approximately equal length to cauda bul broader.
Collum distinetly constricted. Crista superior broad and
bold. Crista inferior also broad and bold below entire sulcus
acusticus, Distinct ventral groove present. Rostrum not as
peinted as in Bathvlagus species, comprising ¢. 40 S of total
otolith length, proximally broad and distally slender but
rounded. Antirostrum absent. Excisura ostii present with
wide angle.

DIAGNOSTIC FEATURES

The elongate and sagitate shape. the elongate sulcus acusti-
cus with a distinctly constricted collum in association with
the large proximally broad and distally slender but rounded
rostrum.

Note: The geometric shape of the otolith and the shape of
the rostrum of Nansernia is markedly different from those of
the Barhivlagus species.

MORPHOMETRY
OL : SL Ratio
1:24.4

GRDER AULOPIFORMIS
SLEBORDER AULOPOIDL)

FAMILY Scopelurchidae

SPECIES Benthalbella elongata {(Norman. 1937)
{Plate 3. Figure 12)

MATERIAL Description based on the otoliths of one
specimen of [86 mm TL. DIFS otolith catalogue number :
1742, Cateh locality : off Mawson. Antarctica. Collected by
0. Gon of the RUSIL.
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DESCRIPTION

Otolith generally oval except for lunate antenior margin.
Medio-laterally extremely thin. Medially flat with poor re-
lief, Iaterally slightly convex. Margin lobed. except for ante-
rior margin which is entire. Sulcus acusticus ostizl, homosul-
coid and reniform. Caunda directed dorsally and larger than
ostium. Except for slight constriction of collum, difficult to
distinguish between ostium and cauda. Crista superior V-
shaped with wide angle. Crista inferior broader than crista
superior. Dorsal and ventral areas absent. Anteriorly the
atolith is distinctly lunate, Rostrum and asatirostrum of near
equal size. Rostrum more rounded than antirostrum distally.
Excisura ostii lunate.

DIAGNOSTIC FEATURES

Lunate anterior margin with reniform sulcus acusticus and
dorsally directed cauda.

MORPHOMETRY
0L : T1, Ratio
1 66.67

SPECIES Benthulbelia macropinna Bussing & Bussing, 1966
(Plate 3, Figure 13)

MATERIAI. Description based on the otoliths of one
specimen of unknown length and the illustration by Schwarz-
hans (1978).

DESCRIPTION

Otolith generally rectangular except for deep excisura ostii,
Medio-laterally extremely thin. Medially flat with poor re-
liel, laterally flat to slightly convex. Margin entire to slightly
lobed. Suleus acusticus ostial and near homosulcoid. Ostium
and cauda can only be distinguished from each other by me-
dian notch in crista inferior. Entire sulcus acusticus directed
dorsally. Crista superjor relatively broad but not high. Crista
inferior more ridge-like with distinct notch in mid-medial re-
zion. Restrum and antirestrum of near equal size, except
that rostrum is near poinled distally and antivostrum is more
rounded distally. FExeisura ostii extremely deep with acute
angle.

DIAGNOSTIC FEATURES
Near rectangular shape except for deep excisura ostii wud
the dorsalty directed sulcus acusticus.

SUBORDER ALEPISAUROIDE!

FAMILY Paralepididae

SPECIES Lestidiops simifis (Ege, 1933)
{Plate 3. Figure 14)

MATERIAL Description based on the formalin corroded
otoliths of two specimens of unknown length. The materiat
was made available to the author by Ch. Karrer of the
ZIMI L. Catch locality unknown.
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PLATE 3

Figure 12 Benthathella elongata 186 mim TL; Figure 13 Benthalbella macrapinna — length unkanovwn; Figure 14 Lestidiops similis - length un-
known; Figure E5 Macroparaiepis macrogeneion — length unknown; Figure 16 Netoflepis coatsi a — 161 mm., b - 195 mm, ¢ — 238 mm, d - 287
mm TL; Figure 17 Notofepis rissoi length unknown,
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DESCRIPTION

Geometric shape of otolith extremely similar to Macropara-
lopis macrogeneion. Ventral margin entive. Dorsal margin si-
nuate 1o crenate. Posterior margin cither bifid or blunt. An-
terior portion of rostrum curved dovsally and not bifid like
in M. macrogencion. In all other respects identical to those
of M. mucrogeneion.

INTRASPECIFIC VARIATION

Neglinible.

DIAGNOSTIC FEATURES

The ¢longate shape. the bifid posterior margin and the dar-
sally curved rostrum.

SPECIES Muacroparalepis inacrogencion Post, 1973
(Plate 3. Figure [5)

MATERIAL Description based on the otoliths of two
specimens of unknown length. Material made available to
the author by Ch. Karrer of the ZIMH. Catch loeality un-
known,

DESCRIPTION

Otolith elongate und generally squared ofl anteriorly and
posteriorly. Ventral margin generally entire to lightly irrepu-
lar. Dorsal margin sinuate to crenate. Sulcus acusticus and
associated structures cannot be distinguished due to poor
preservation of the specimens. Rostrum with anterior con-
striction and bifid. comprising ¢. 45 % of total otolith length,
Posterior margin also bifid. Ventral lobes of the bifid ante-
rior and posterior margins are directed ventrally. Antires-
trum small and rounded distally. Excisara ostii with 90 de-
grec angle.

INTRASPECIFIC VARIATION

Negligible for the two available sets of otoliths.

DIAGNOSTIC FEATURES
The elongate shape and the bifid anterior and posterior mar-
ming.

SPECIES Notolepis couisi Dollo. 1908
[Plate 3. Figure 16)

MATERIAL  Description based on the otoliths of 11 speci-
mens ranging from 140 — 287 mm TL. DIFS otolith caa-
logue numbers: 1200, 1298, 1313, 1361, 1377, 1395, 1440,
L1 1744 - 1746, Catch ocality: off Mawson. Antarctica
and South Georgia. Collected v (0, Gon of the RUISTE and
the BAS.

DESCRIPTION

Otolith oval to rectangular. except for raised dorsal margin.
Medially flat with poor relief. laterally slghtly comvex to
flat. Otatith thin and fragile. Antero- and postero-ventrul
corners turped down. Margin gencrally entire to faintly
lobed. Suteus acusticus poorly defined, ostivl and heterosu)-
coid. Ostivm absent, eauda prominent with well developed
eolliculum. Cristae generally fused in region antertor to
cauda. Crista inferior knob-like. Distinct dorsat groove pres-
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ent over caudal section. Rostrum prominent. rounded dis-
tally and turned down. Antirostrum small and rounded dis-
fally. Exeisura ostii with variable angle.

INTRASPECIFIC VARIATION
Neghgible.

DIAGNOSTIC FEATURES

The oval o rectangular shape. the fused eristae anterior to
the cauda, the raised dorsal margin, the down turned antero-
and postero-ventral corners, the absence of the ostium and
the prominent cauda and posterior colliculum.

ONTOGENY

Negligible.

MORPHOMETRY
OL / TL Relationship
TL = 55.85 OL "™ mm

n =% Std Err st = 0,137; Coeff Det = 0.93: Corr Coeff =
(0,6

Mass / TL Relationship
Mass = 2 87x10 "TL* g

n = & Std Err Est = 0,257; Coeff Det = 0,99 Corr Caeff =
.99

OL / Fish Mass Relationship
Mass = 0,153 OL ¥ g

n = h; 5td Err Est = 0,211: Coeff Det = 0,99: Corr Coefl =
1.0

SPECIES Notolepis rissoi (Bonaparte. 184t)
{Plate 3, Figure 17)

MATERIAL Description based on the otoliths of 45 speii-
mens of unknown but near equal length. Specimens were on
brief loan 1o the author from the ZIMIE Catch focality of
the material unknown.

DESCRIPTION

O lith elongate with distinetly elevuted mid-dorsal section.
Anterior and posterior ends rounded 1o squared-oft (some-
times slightly turned down). Dorsal margin entire except for
sguared off mid-dorsal section. Ventral margin entire to
gently crenale. Sulens acusticus poorly detined, ostio-caudal
and heterosulenid. Colliendi heteromorph. Antervior collicu-
lum prominent and large, although not very high. Posterior
colliculum minute. Crista superior ahsent, Crista inferior
poorly defined to absent. Rostrum large wnd rounded to
squared-oft distally. Anfirostrum and exeisura ostii absent.

INTRASPECIFIC YARIATION
MNeglivible,

DIAGNOSTIC FEATURES

The elongate shape, and the vaised. squared-off mid-dorsal
section of the dorsal margin.
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Fork Length (FL). QOtolith length (OL) is the distance be-
tween the anterior tip of the rostrum and the posterior mar-

gin.

ORDER SALMONIFORMES
SUBCRDER ARGENTINOIDEIL

FAMILY Bathylagidae

SPECIES Bathylagus aniareticus Gilinther, 1878
{Piate 1, Figure 7}

MATERIAL Description based on the otoliths of six speci-
mens ranging from 63 - 140 mm SL. Catch locality: off
Mawson, Antarctica. DIFS otolith catalogue numbers: 2021
—2026. Collected by O. Gon of the RUSIL.

DESCRIPTION

Otolith ovate, rounded posteriorly and extremely pointed
anteriorly and medio-laterally thin. Medially flat with poor
reliet, laterally slightly convex. Ventral margin of rostrum
serrate, remainder of ventral margin entire. Antero-docsal
margin sinuate to labed (sometimes dentate). Sulcus acusti-
cus ostial to ostio-pseudecaudal and homosulcoid. Colliculi
poorly defined and heteromorph. Ostium only present on
dorsal face of rostrum. Crisla supertor distinct and ridge-
like. Crista inferior also ridge-like but poorly developed.
Rostrum distinctly elongate, prominent and peinted distally.
Rostrum measures 33,57 £ 6,31 %% (Range 25 - 42 86) in to-
tal otolith length. Antirostrum usually absent, i present then
minute and rounded distally. Exeisura estii usually absent, if
present with wide angle.

INTRASPECIFIC YARIATION

The antirostrum is either present or absent and the sculpture
of the antero-dorsal margin varies from sinuate, denlate to
lobed.

MORPHOMETRY

O1L. : 8L Ratio

4495

n = 6: 5td Dev = 5.29: Range 37.50 - 49.09

SPECIES Bat/nvlagus enrvops Goode & Bean, 1895
{Plate 1. Figure 8)

MATERIAL Description based on the otoliths of one
specimen of unknown length, made available to the author
on loan (rom the TRSNB otelith collection of D. Noif. Catch
locality unknown.

DESCRIPTION

The otoliths of this species are identical. In all respects. 10
those of Bathviagns antarcticis. except for the size of the
rostrum which in this species measures 40,6 % in total oto-
lith length.

SPECIES Bathvlugus glacialis Regan, 1913
{Plate 2. Figure 9}

MATERIAL Description based on the otoliths of 10 speci-
mens ranging from 71 - 136 mm SL. Catch locality: South
Georgia. DIFS otolith catalogne numbers: 2004 — 2013. Col-
lected by A.W. North of the BAS.

DESCRIPTION

The otoliths of this species are also similar to those of B.
artarcticus, except for the significant difference in rostrum
size.

INTRASPECIFIC YARIATION

The antirostrum is either present or absent and the sculpture
of the antero-dorsal margin varies from sinuate to dentate to
lobed.

ONTOGENY

In fish < 95 mm SL the sulcus acusticus s ostinl, whereafter
it becomes ostio-pseudocaudal.

MORPHOMETRY
OL / SL Relationship
SL = 2945 OL "™ mm

n = 9; Std Err Est = 7.95x10 *; Coeff Det = ,94: Corr Co-
eff = 0,97

Mass / SL Relationship
Mass = 2, 1uxl0 7 SL ™ e

n = 10; 8td Err BEst = (0,123: Coeff Det = (.99: Corr Coeff
= (1,49

SPECIES Bathylagus sp.
(Plate 2, Figure 1()

MATERIAL Description based on the otoliths of 3} speci-
mens ranging from 75 — 170 mm SL. Catch iocality: South
Georgia. DIFS otolith catalogne numbers: 1218 - 1222, 1258
— 1260 1314 - 1317, 1320 - 1324, 1326 - 1332, 1732 - 1737,
Collected by the BAS.

DESCRIPTION

The otoliths of this species are identical, in all respects, to
those of Bathylugus antarciicus and B. glacialis except for
the size of the rostrum. which in this case is larger. Mean
rostrum length in total otolith length = 46.26 = 6.09 %
(Range 33.33 - 532.3¥),

MORPHOMETRY
OL / SL Relationship
SL = 26.85 GL """mm

n = 26: S5td Lrr Est = 00,1117 Coeff Det = (3,91 Corr Coclf
=095

GENERAL DIAGNQOSTIC FEATURES AND ROSTRUM
SIZE OF BATHYLAGUS SPECIES

No diagnostic features have been presented for the individ-
ual Bathylagus species as they ave all extremely similar in
shape and are difficult to differentiate on the structure of the
eatures on the medial face alone. The general diagnostic
features can, however. be summarized as follows: The dis-
tinctly ovate shape with the cleasly rounded posterior margin
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PLATE L

Figure 7 Bathylagus antarcticus a — 63 mm, b~ 85 mm, ¢ ~ 97 mm, d — 108 mm, e - 128 mm, [ — 156 mm, g — 140 mm SL; Figure 8§ Bathyia-
gus euryops - length unknown.
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PLATE 4

Figure I8 Paralepis coregonoides length unknown: Figure 19 Anotopterus pharao longth unknown.

SPECIES Paralepis coreganaides Risso. [820
{Plate 4, Figure 1§)

MATERIAL Description based on the otoliths of 38 speci-
mens of unknown but near equal tength. Material was on
brict loan o the author from the ZIMH. Catch locality of
the material unknown.

DESCRIPTION

Otolith elongate with distinetly raised, squared-off mid-dor-
sal section, Dorsally the raised mmd-section is faintly V-
shaped. Anterior and posterior ends rounded and distinetly
trned down, Medial face with poor relief, Dorsal margin
entire. except for squarcd-off raised porlion. Ventral margin
entire. Suleus acusticus poorly defined, ostio-caudal and het-
erosulcoid. Colliculi heteromorph. Anterior collicutum large
and prominently raised. Posterior colliculum smaller than
anterior colliculum. but well defined. (This is the best fea-
ture with which to distinguish between the otoliths of Neto-
lepis rissel and P coregonoides). Crista superior absent
Crista inferior poorly defined (o absent. Rosiram large.
rounded and curved ventrally. Antivostrum and excisura ostii
ubsent.

INTRASPECIFIC VARIATION
Negligible.

PIAGNOSTIC FEATURIS
The elongate shape. the raised. squared-off. slightly V-

shaped mid-dorsal section of the dorsal margin, the well de-
fined posterior colliculum and the turmed down antero- and
pastero-ventral corners.

FAMILY Anotopteridae

SPECIES Anectopterus pharac Zugmayer, 1911
{Plate 4, Figure 19)

MATERIAL Description based on the otoliths of one
speciment of unknown length made available to the author
from the IRSNB otolith collection of D. Nolf. Catch locality
unknown.

DESCRIPTION

Ototith sguare to near discold. Margin entire. Mcdially lat
with poor reliet. lateraily weakly convex. Sulews acusticus
ostio-caudat and  homosulcoid. Cellum  indistinguishable.
Both anterior and posterior colliculum well developed and
prominent. Crista superior poorly developed. Dorsal area
present. Crista inferior better developed than crista supe-
rior. Yentrat areg absent. Rostrom short, broad and rounded
chstally. Amtirosirum and excisura ostit absent.

DIAGNOSTIC FEATURES

The square to near discoid shape. the entire margin and the
homomarpi: and prominent colliculi.
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ORDER MYCTOPHIFORMES
FAMILY Myctophidae

SPECIES Ceratoscopelus townsendi (Eigenmann &
Eigenmann, 1889)
{Plate 5, Figure 20)

MATERIAL Description based on the otoliths of three
specimens of unknown length and the illustration presented
by Schwarzhans (1978).

DESCRIPTION

Otolith generally ovate. Medially flat with poor relief.
laterally slightly convex. Margin generally enatire, except for
notch in posterior margin und two or three lobes on dorsal
margin. Sulcus acusticus ostial and heterosuleoid. Collum
ventrally distinctly constricted. Ostium and cauda well differ-
entiated. Colliculi near homomerph, although anterior colli-
culum slightly larger than posterior colliculum. Distinct
pseudo-colliculum present below posterior colliculum. Crista
superior poorly developed, anterior portion slightly better
developed than posterior section. Crista inferior broad. Dis-
tinct ventral groove present. Dorsal area slightly V-shaped
but shallow. Rostrum prominent and large, proximally
broad, tapering to rounded distal end, comprising ¢. 33 % of
total otolith length. Antirostrum small and rounded distally.
Excisura ostii with acute angie.

INTRASPECIFIC YARIATION
Negligible.

DIAGNOSTIC FEATURES

The ovate shape, the notch in the posterior margin and the
lobes of the mid-dorsal margin, the homomorph colliculi and
the presence of the pseudo-collicuium in association with the
large rostrum.

SPECIES Ceratoscopelus warmingii {Liitken, 1892)
{Plate 5, Fipure 21)

MATERIAL Description based on the study by Hecht &
Hecht (1978). Catch locality : South African east coast. Col-
lected by G.J.B. Ross of the PEM.

DESCRIPTION

Otolith ovate. Margin generally entire to slightly crenate.
Suleus acusticus ostial and homosulcoid. Cellum not con-
stricted, Anterior and pesterior colliculi well developed and
typically myctophiform. Both cristae poorly developed to
absent. Restrum short, proximally broad and distally
rounded. Antirostrum absent, Excisura ostii with wide angle.

DIAGNOSTIC FEATURES

The ovate shape, the ostial and homosulcoid sulcus acusticus
and the typically myctophiferm colliculi.

MORPHOMETRY
OL : SL Ratio
1,200

S. Afr. T. Nav. Antarkt., Dee! 17, No. 1, 1987

SPECIES Efectrona antarctica {Giinther, 1878)
{Plate 5, Figure 22)

MATERIAL Description based on the otoliths of 26 speci-
mens ranging from 38 — 100 mm SL. Catch locality : South
Georgia and off Mawson, Antarctica. DIFS otolith catalo-
gue numbers; 821, 822, 1193 — 1203, 1215, 1226 - 1237. Col-
iected by the BAS, O. Gon of the RUSI and P.A. Hulley of
the SAM.

DESCRIPTION

Otolith dorso-ventrally reniform. Anterior margin slightly
concave, Ventral half of otolith slightly bulbous. Medially
flat. laterally convex. Margin entire. Sulcus acustieus homo-
sulcoid and ostial. Anterier and posterior colliculi generally
homemorph. Pseudo-colliculum  generally present below
posterior colliculum. Both cristae poorly developed, Ros-
trum and antirestrum poorly developed and rounded dis-
tally. Excisurca ostii present with wide angle.

INTRASPECIFIC VARIATION
Negligible.

DIAGNOSTIC FEATURES

The dorso-ventrat reniform-like geometric shape, the homo-
morph colliculi in association with the pseudo-colliculum be-
low the posterior colliculum and the homosuleoid sulcus
acusticus.

MORPHOMETRY
OL / SL Relationship
SL = 31,42 OL """ mm

n = 19; Std Err Est = 7,76x107%; Coeff Det = (3,92; Corr Co-
eff = 0,96

Mass / S1. Relationship
Mass = 1,08x107SL*" g

n = 19; 5td Err Est = 0,237; Coeff Det = (,94; Corr Cocff
= (3,07

OL / Fish Mass Relationship
Mass = 0,358 OL **" g

n = 26; 5td Erir Est = 0,172; Coeff Det = 0,97; Corr Coeff
= .98

SPECIES Electrona carisbergi (Tuning, 1932)
{Plate 5, Figure 23}

MATERIAL Description based on the otoliths of 24 speci-
mens ranging from 69 - 105 mm TL. DIFS otolith catalogue
numbers: 823, 1250, [253 - 1360, 1362. 1363, 1378 — 1382,
1386 — 1391. Catch locality: South Georgia. Collected by the
BAS.

DESCRIPTION

Otolith discoid in shape although the ventral margin tends to
be triangular. Dorsal margin entire to gently lobed. Ventral
margin generally entire. Medially flat with poor relief,
laterally slightly convex. Suleus acusiicus homosuleoid and
ostial, Collum not constricted. Colliculi heteromorph. Ante-
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PLATE S

Figure 20 Ceratoscopelus townsendi — length unknown: Figure 21 Ceraroscopelus warmingif 34 mm SL; Figure 22 Electrona antarctica a — 58
mm, b— 65 mm. ¢— 72 mm, d- 87 mm, ¢ ~ 100} mm SL: Figure 23 Elecirona carlybergi a - 90 mm. b - 88 mm. ¢ — 99 mm, d - 105 mm TL..
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rior colliculumn double, posterior coiliculum single. Delicate
crenate ridge situated ventrally in carda below posterior col-
liculum. Both cristae superior and inferior present but
poorly developed. Dorsal area present. Rostrum and antiros-
trum of equal size and rounded distally, Excisura ostii pres-
enl with acute angle.

INTRASPECIFIC VARIATION

Negligible

DIAGNOSTIC FEATURES

The gencrally discoid shape, the slightly triangutar ventral
margin. the near equally sized rostrum and antirostrum, the
double anterior colliculum. the single posterior colliculum
and the crenate caudal ridge below the posterior celliculum.

MORPHOMETRY

OL : TL Ratio

1:29.13

n = 24; Std Dev = 1,01; Range 27,00 - 30,75

SPECIES Electrona subaspera {Giinther. 1864)
(Plate 6, Figure 24)

MATERIAL Description based on the illustration by
Schwarzhans (1980). Fish {ength unknown. Catch locality:
Southern Ocean.

DESCRIPTION

Otolith generally discoid., Medially flat, laterally slightly con-
vex, Wargin entire to lobed postero-dorsally. Sulcus acusti-
cus near homosulcoid and ostial. Cellum slightly constricted
ventrally, Ostium approximately twice the size of cauda, Colli-
culi homo- to heteromorph (similar shape, but ditferent in
size). Anterior colliculum approximately twice the sjze of
posterivr colticulum. Psendo-colliculum present below poste-
rior colliculum. Crista superior poorly developed but never-
theless slightly ridge-like. Crista inferior broad but not well
developed. Rostrum proximally broad, short and pointed
distally, comprising ¢. 19 < of total otolith length. Antiros-
trum short, broad and rounded distally, Excisura ostii deep
with acute angle.

DIAGNOSTIC FEATURES

The discoid shape, the near homosuleoid sulcus acusticus,
the typically myctophiform colliculi, the large anterior colli-
culum in comparison to lhe posterior colliculum, the pointed
rostrum and the rounded antirostrum.

SPECIES Gynmnoscopefus braneri (Léunberg, 1905}
{Plate 6. Figure 23}

MATERIAL Description based on the otoliths of 26 speci-
mens ranging from 40.5 — 120 mm SL. DIFS otolith cata-
logne numbers: 818, 819, 1210 — 1214, 1292 — 1297, 1300 —
1311, 1334, Catch tocality: South Georgia. Collected by the
BAS.

DESCRIPTION

Otolith generally discoid, except for rostral projections. Me-
dially flat with poor relicf. laterally strongly convex, Margin

5. Afr, T. Nav. Antarkt., Deel 17, No. 1, 1987

generally entire. Sulcus acusticus pstial and homosulcoid.
Ostium and cauda nearly indistinguishable. Colitm not con-
stricted. Colliculi near homomorph and well developed.
Crista superior ridge-iike and well developed over ostial scc-
tion of sulcus acusticus. Crista inferior broad and bold par-
ticnlarly below collum. Rostrum short, broad proximally and
pointed distally. Antirostrum small and rounded distally to
absent. Excisura ostii with wide angle.

INTRASPECIFIC YARIATION
Negligible.

DIAGNOSTIC FEATURES

The diseoid shape. the ostial and homaosuleoid sulcus acusti-
cus, the entire margin and the near homomorph and typi-
cally myclophiform colliculi.

ONTOGENY
With an increase in fish size the general geometric skape of

the otoliths changes from generally more dorso-ventrally
oval to discoid.

MORPHOMETRY
OL / SL Relationship
SL = 44 84 OL "* mm

n = 10: Std Err Est = 9 31x10 * Coelf Dt = 0,94, Corr Co-
eft = .97

Mass / SL Relatienship

Mass = 4,39x10° % SL *F g

n = 9 Std Err Est = 0,281 Coeft Det = 0.93: Corr Coeft =
.96

SPECIES Gymunoscopelus fraseri (Fraser-Brunner, 1931)
(Plate 6, Figure 20)

MATERIAL Description based on the otoliths of four
specimens ranging from 57 — 77 mm SL. Catch locality un-
known, Material made available to the author from the
SAM coliection of P.A. Hulley.

DESCRIPTHON

Otolith ovale to oval. Pesterior margin blunt, Doersal margin
straight. Ventral margin slightly bulbous. Medialiy flat,
laterally slightly concave. Margin entire excepl for some
(usually three) slight lobes on Lhe posterior margin. Suleus
acnsticus ostial and homosulcoid, Ostiom and eapda distin-
guishable from cach other by shightly constricted collum. Os-
tum approximately twice the size of canda. Bolh anterior
and posterior colliculi present but heteromorph. anterior col-
liculum approximately twice the size of the posterior cotlicu-
lum. Both cristae superior and inferior present, bat poorly
defined., Rostrum prominent, proximally broad but pointed
thistalty, comprisiag c. 17 %% of total otelith length. Antires-
trum also prominent although only half the size of rostrum
and rounded distally. Exeisura ostii small with angle of ¢, 90
degrees.

INTRASPECIFIC YVARIATION
Negligible.
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PLATE 6

Figure 24 Llecirona subnspera — length unknown: Figure 1§ Gymnoscopefus brawerf a - 405 mm SL, b - 72 mm TL. ¢ - 74 mm SL. d - 118
mm SL, ¢ — 139 ynm SL; Figure 26 Gywinoscopelus fraseri a — 57 mm, b - 77 mm SL.
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DIAGNOSTIC FEATURES

The ovate to oval shape, the straight dorsal margin. the as-
sociated bulbous ventral margin, the ostial and homosulcoid
sulcus acusticus and the large heteromorph collicudi.

MORPHOMETRY

OL : SL Ratin

1:20.98

n = 4: Range 20,31 - 21,50

SPECIES Gyawmioscopelus nicholsi (Gilbert. 1911)
(Plate 7, Figure 27)

MATERIAL Description based on the otoliths of 30 speci-
mens ranging from 127 - 184 mm TL. Catch locality: South
Shetland, South Georgia and Elephant Tslands, DIFS otolith
catalogue numbers: 120 - 138, 816, 817, 1314, 1333, 13686,
1437 — 1439, 1747 ~ 1749, Collected by the BAS and by Y.
Naito of the NIPRT.

DESCRIPTION

Otolith ovate, rounded pesteriorly, pointed anteriorly. Me-
dially flat with poor relief, laterally slightly concave. Dorsal
margin nearly straight and entire, Ventral margin bulbous
and coarsely dentate. Posterior margin with some (usually
three) slight lobes (similar to G. fraser’). Sulcus acusticus
slightly heterosulcoid and ostial. Ostivm and canda poorly
distinguishable from each other. Colliculi heteromorph, an-
terior collicuhun approximately twice the size of posterior
colliculum. Crista superior ridge-like and only clearly de-
finéd over anterior portion of ostium. Crista inferior only
cleatly defined below anterior porlion of cauda. Rostrem
prominent. proximally broad and pointed distally, compris-
ing . 23 % of total otolith length. Antivestrum approxima-
tely half the size of rostrum ancd rouncled to pointed distally.
Excisura ostii deep with acute angle.

INTRASPECIFIC VARIATION
Neghgible.

DIAGNOSTIC FEATURES

The virtually straight and entire dorsal margin, the dentate
and bulbous ventral maurgin. The otoliths of (5. fruserf and
G. nicholsi are extremely similar in their general geometric
shape. They are, however. easily distinguishable from each
other by the sculpture of the margins, particularly as regupds
the ventral margin,

MORPHOMUITRY

OL ! TL Retationship

TL = 2157 OL " mm

n = 25 Std Eor Bst = 707510 7 Coeff Det = U.65: Corr Co-
oft = {181

Mass / TL Relationship
Mass = 12310 "TL " g

n = 26: 5td Err Est = 7 93x 10 *: Coelf et = 0.90; Corr Co-
elt = (1.9
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SPLECIES Gymnoscopelus opisthopterus
Fraser-Brunner, 1949
{Plate 7. Figure 28)

MATERIAL Description based on the otoliths of ejght
specimens ranging from 80 — 1538 mm SL. Catch locality: 73°
260 5, 227 04" W. DIFS otolith catalogue numbers: 198t -
1987. Collected by the AWT,

PESCRIPTION
Nete: The otoliths were removed from formalin fixed

material and some were severcly corroded.

Otelith dorso-ventrally longer than antero-posteriorly. Me-
dially flat with poor relief. laterally slightly convex. Margin
entive. Sulcus acusticus ostial and homosulcoid. Ostium and
cauda distinguishable from each other by slightly constricted
collum. Colliculi well developed and near homomorph with
psendo-colliculum below posterior colliculum. Crista supe-
rier present but poorly developed over entire sulcus acusti-
cus. Crista inferior slightly more prominent than crista supe-
riov. Distinct  veniral groove preseni. Rostrum  and
antirostrum usually absent, if present, then rounded distally.
Excisura ostii, if present, with wide angle.

DIAGNOSTIC FEATURES

The generally dorso-ventrally oval to rectangular shape, the
typical myctophiform sulcus acusticus with prominent ante-
rior aind posterior colliculi.

MORPHOMETRY
OL. : 81 Ratio
1:65.32

11 = 8 Std Dev = 9.73; Range 49,1t} - 75,61

Mass / SL Relationship

Mass = 1.05x10 *SL ¥ g

n = §; S5td Err Est = 9,U8x10 % Coeff Det = 1,98: Corr Co-
elf = 0.99

SPECIES Gyvmmoscopelus piabitiy (Whitlev, 1931)
{Plate 7. Figure 29}

MATERIAL  Description based an the iliustration pres-
ented by Schwurzhans {1980}, Catch locality: South West
Atlantic. Fish length unknown.

DESCRIPTION

Otolith vval. Dorsal margin entire. ventral margin slightby
serrate. Posterior margin with distinet notch. Suleus acusti-
cus homosubeoid and ostial. Ostiem approxinuely (hree
times length of cauda. Collum slightly constricted ventraity,
Colliculi heteromorph. Aaterior colliculum approximualely
three times length of posterior collicubum. Pseudo-colliculum
distinctly present below posterior colliculum, Crista superior
poorly developed. Crista inferfor broad but also poorly de-
veloped. Dorsal area @llantoid in shape but rather obscure.
Rostrum short, broad and rounded distally, comprising ¢, 16
‘o of totul otolith length. Antirestrum approximately quarter
size of rostrum and pointed distally, Excisura ostii well de-
vetoped with acute angle.
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PLATE 7

Figure 2¥ Gymunoscopelus nicholsi o — 149 mm, b - 127 mm. ¢ - 1536 mm. d - 184 mm. ¢ ~ 80 mm TL: Figure 28 Gymnoscopelus opisthopte-
rus — length unknown: ¥igure 29 Gymnoscopelies piabilis - length unknown: Figure 30 Kreffrichkthivs anderssoni a = 32 mm, b— 71 mm, ¢ - 71
mm, d = 82 mun TL.



20

DIAGNOSTIC FEATURES

The oval shape with the small but distinet notch in the poste-
rior margin, the smooth dorsal margin and the dentate ven-
tral margin. the homosulcoid sulcus acusticus, the large ante-
rior and small posterior colliculum and the distally pointed
antirostrum,

SPECIES Krefftichthys anderssoni (Ldnnberg, 1905}
{Plate 7, Figure 30)

MATERIAL Description based on the otoliths of 21 speci-
mens ranging from 33 — 66 mm TL. Catch locality: South
Georgia. DIFS otolith catalogue numbers: 806, 807, 1205 -
1208, 1243 — 1247, 1255, 1256, 1262, 1284 — (287, 1342, 1348
— 13352, Collected by the BAS and P. A, Hulley of the SAM.

DESCRIPTION

Otelith discoid to sub-quadrate. Medially flat, laterally
slightly convex. Margin entire. Sulcus acusticus oslial and
eterosulecid. Ostium and cauda continuous but collum high
and constricted. Cauda penerally larger than ostium. Collj-
culi heteromorph. Distinct pscude-colliculum present in
cauda below posterior colliculum. Cristae superior and infe-
rior poorly developed. Ventral area sometimes present, Ros.
trum and antirestrum rounded anteriorly. Excisura ostii
present with wide angle ¢. 160 degrees.

INTRASPECIFIC VARIATION
Negligible.

DIAGNOSTIC FEATURES

The discoid te sub-guadrate shape. the ostial and heterosul-
coid sulcus acusticus. the distinctive myctophiform colliculi
plus the presence of a pscudo-colliculum in the cauda.

MORPHOMETRY

OL : TL Ratio

1:42.55

n =22, 5td Dev = 3,94; Range 30,48 — 47,80

SPECIES Lampanychihus achirus Andriyashev, 1962,
{Plate 8, Figure 31}

MATERIAL  Description based on the otoliths of two
specimens of 147 and 160 mm TL. Catch locality: South
Georgia, DIFS otolith catalogue numbers: 1319, 1383, Cal-
lected by the BAS.

DESCRIPTION

Otolith dorso-ventrally rectangular, Medially flat with poor
reficl. laterally strongly convex. Margin entive. Sulcus acus-
ticus situated mid-mcedially, homosuleoid and ostial. Collical:
hetero- to homoemorph. Crista superior absent. Crista infe-
rior present but pootly defined. Rostrum. antirostrum and
excisura ostii absent. Frominent ventral area present.

DIAGNOSTIC FEATURLES

Dorso-ventral rectangular shape with the mid-medially sity-
ated ostial and homosulcoid sulcus acusticus.

5. Afr. T. Nav. Antarkt., Deel 17, Np, 1, 1987

MORPHOMETRY

OL : TL Ratio

1:82,88

n = 2; Range 82.47 - 83,29

SPECIES Lobianchia gemeliari (Cocco, 1838)
{Plate 8. Figure 32}

MATERIAL Description based on the otoliths of two
specimens of 26 and 58 mm SL made available to the author
on loan from the ZIMH. and the illustration by Schwarzhans
{1978).

DESCRIPTION

Otolith ovate. Medially flat with poor relief, laterally slightly
convex. Dorsal and posterior wmargins entire. Ventral margin
slightly serrate. Sulvus acusticus ostial and near homosul-
coid. Coltum with slight ventral notch. Ostinm ¢. twice the
size of cauda. Coelliculi heteromorph. but well developed.
Anterior colliculum ¢, {wice the size of pesterior colliculum.
Psenedo-collicutum present below posterior colliculum. Crista
superior somewhat ridpe-like but poorly developed. Crista
inferior broad and wide below cauda and half of ostium.
Dorsal area large but shallow. Rostruin short. broad proxi-
mally and near pointed distally. Antirostrum small and
pointed distally. Excisura ostii small with extremely acute
angle,

DIAGNOSTIC FEATURES

The ovate shape. the eniire dorsal and posterior margins.
the serrate ventral margin, the presence of a psendo-collicu-
lum and the short but distally pointed rostrum and antiros-
teun.

SPECIES Noroscopelus resplendens (Richardson, 1845)
{Plate 8, Figure 33)

MATERIAL Description based on the otoliths of five
specimens ranging from 20 - 67mm SL made available to the
author from the ZIMH | and the illustration by Schwarzhans
{1980). Catch lacality unknown.

DESCRIPTION

Orolith oval. Medially flai with poor relief, laterally slightly
convex., Dorsal margin entire. Posterior margin sinuate.
Ventral margin slightly serrate. Sulcus acosticus ostial and
homosuleoid. Ostium approximately four times length of
cauda. Collum with slight ventral constriction. Colliculi het-
eromorph. Anterior colliculum ¢. four times size of posterior
colliculum. Crista superior ridge-like but poorly developed.
Distinct pseuds-collicutum present below posterior collicu-
funi. Crista inferior broad but alse poorly developed. Dorsal
area present but shallow and elongate. Rosteam short ang
blunt distally. comprising ¢. 10 “+ of total otolith length. An-
tirostrum minute and pointed distally. Excisura ostit shallow
with near rectangular angle.

DIAGNOSTIC FEATURES

The oval shape, the ostial and homosulcoid suleus acusticus.
the entire dorsal margin, the slightly serrate ventral margin.
the sinuate posterior margin, the extremely short and dis-
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PLATE 8§

Figure 31 Lampanychihus echirus o — 147 mem, b - 160 mm TL: Figare 32 Lobignchia gemieliard - length unknown: Figure 33 Motoscopeiuns
resplendeny - length unknown: Figure 34 Proromycrophum bolini a - b mm, b - 43 mm. ¢ - 353 mm TL; Figure 35 [rowmyciophian chorio-
don 16 mm SL., Figare 36 Protomyctophum normant 70 mm SL: Figure 37 Protomycropluom tenisoni a - 43 mm, b - 55 mm TL.
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tally blunt rostrum and the distinct colliculi of which the an-
tertor colliculurn is upproximately four limes the size of the
posterior colliculum.

SPECIES Protomyctophum bolini (Fraser-Brunmer, 1949)
(Plate 8, Figure 34}

MATERIAL Description based on the otoliths of 23 speci-
mens ranging from 46 — 70 mm TL. Catch locality: South
Georgia. DIFS otolith catalogue numbers: 820, 1204. 1248,
1249, 1251, 1257, 1299, 1335, 1337 — 1341, 1343 — 1347,
1353, 1364, 1365, 1369 — 1372. Collected by the BAS.

DESCRIPTION

Otolith dorso-ventrally oval. Medially flat with poor relief,
laterally convex. Margin entire. usually with characteristic
indentation in posterior margin. Sulcus acusticus ostial and
homosulcoid, Ostinm and cauda only distinguishable by po-
sition of colliculi. Colliculi poorly defined and heteromorph.
Pseudo-colliculum present below pesterior colliculum. Crista
superior absent. Crista inferier poorly devetoped. Dorsat
and ventral areas absent, Rostrum short and blunt distally.
Antirostrum usually absen(. Excisura ostii shallow with wide
angle.

INTRASPECIFIC VARIATION
Negligible,

DIAGNOSTIC FEATURES

The dorso-ventral oval shape, the entire margin, the absence
of the crista superior, the heteromorph colticuli and the
presence of a pseudo-colliculum in association with the
notch in the posterior margin.

MORPHOMETRY
OL / TL Relationship
TL = 2476 OL"" mm

n = 24: Std Err Est = 7,05x107%; Coeff Det = 0,72; Corr Co-
eff = (1,85

SPECIES Protomyctophum choriodon Hulley, 1981
{Plate 8, Figure 35)

MATERIAL Description based on the otoliths of two
specimens of 60 and 76 mm SL made available to the author
by T. Linkowski of the MIRP. Catch locality unknown.

DESCRIPYION

Otolith near discoid in shape, although the ventral margin is
somewhat triangular. Medially and laterally relatively flat.
Margin generally entire, except for ithe ventral margin which
can be slightly irregular. Postecior margin with distinct
notch, Suleus acusticus penerally homosuleoid and ostal.
Ostium and capda not clearly distinguishable from each
other. Collum not consiricted. Celliculi near homomorph
and slender. Psevdo-coiliculum not well developed. Crista
superior poorly developed. Crista inferior relatively broad,
but not prominently develeped. Darsal area absent. Ventral
groove present. Rostrum and antirostrzm broad, near egnal
in size. well developed and rounded distally, comprising c.
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15 € ol total otolith length. Exeisura ostii deep with acute
angle. Pseudo-rostrum, psendo-antirostrom and pseude-cxcei-
sura ostii prominent.

INTRASPECIFIC VARIATION
Negligible.

DIAGNOSTIC FEATURES

The near discoid shape with the slightly triangular ventral
margin, the near equally sized rostrum and anfirostrum, the
homosulcoid sulcus acusticus und the presence of a pseudo-
rostrum, pseudo-antirostrum and pseudo-excisura ostii.

MORPHOMETRY

OL : 8L Ratio

1:31.67

n = 2; Range 30,3 - 33,04

SPECIES Protomyctophum normani (Taning, 1932)
(Plate 8, Figure 36)

MATERIAL Description based on the otoliths of one
specimen of 7) mm 5L made available on loan to the author
by P.A. Hulley of the SAM. Caich locality : South West At-
lantic.

DESCRIPTION

Otolith generally discoid. Medially flat, laterally slightly con-
vex. Margin gencrally entire to gently lobed. Posterior mar-
gin slightly V-shaped. Sulcus acusticus ostial and homosul-
coid. Collum not constricted althongh slightly raised. Ostium
and cauda of approximately equal size. Colliculi homo-
morph. Poorly developed psendo-colliculum present below
postertor colliculum. Crista superior poorly developed to alb-
sent. Crista inferior more prominent than crista superior,
but aiso not well developed. Rostrum and antirestrum of ap-
proximately equal size, proximately and distally broad and
distally rounded. Excisura ostii with acute angle.

DIAGNOSTIC FEATURES

The generally discoid shape and the V-shaped ventral mar-
gin. in association with the typically myctophiform sulcus
wcusticus and colliculi.

MORPHOMETRY
OL : SL. Ratio
i:31.8

SPECIES Protomyctophian tenisoni {Norman, 193{)
{Plate 8, Figure 37)

MATERIAL Description based on the otoliths of 11 speci-
mens ranging from 37 ~ 33 mm TL, made available on loan
to the author by P.A, [Hulley of the SAM. Catch locality :
South West Atlantic Qcean.

DESCRIPTION
Otolith of small fish discoid and becoming dorse-ventrally
oval/rectangular in larger fish, Medially flut, laterally stightly
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convex. Margin generally entire. Sufcus acusticus ostial and
heterosulcoid. Collum slightly constricted. particularly dor-
sally. Ostinm and cauda of approximately equal size. Colli-
cult homomorph, although anterior colliculum slightly larger
than posterior colticulmm. Small pseudo-colliculum present
below posterior colliculum. Both cristae poorly developed.
Rostrum, antirestrum and excisura ostii becoming less well
developed with increase in fish size. Both fostra rounded
distally.

DIAGNOSTIC FEATURES

The typically myctophiform sulcus acusticus with homo-
morph colliculi and in particular the dorsally constricted col-
turn,

INTRASPECIFIC VARIATION
Negligible.

ONTOGENY

The otoliths of fishes <d0 mm SL are discoid whereafter
they become dorso-ventrally oval to rectangular.

MORPHOMETRY

OL : SL Ratio

1:32,7

n = Il; Std Dev of the mean = 3.9

ORDER GADIFORMES
SUBORDER MURAENOLEPIDOIDE]

FAMILY Muraenoiepidae

SPECIES Muraeiolepis marmoratg Giinther, 1880
(Plate 9. Figure 38)

MATERIAL Deseription based on the otoliths of five
specimens rapging rom 200 — 331 mm TL. Catch locality:
Kergueten and Crozet [slands. DIFS otolith calzlogue num-
bers: 331 - 333, Collected by §.-C. Hureau of the MNHNP.

DESCRIPTION

Orolith oval to triangular in shape. Medtal face with poor re-
lief and flat. laterally slightly convex, Margin entire to gently
lohed in some specimens. Sulcus acusticus generally hetero-
sulcoid and pseudoe-ostio~¢caudal. Collum acutelv constricted.
clearly separating ostium from canda. Ostium and cauda of
equal size. Amterior and posterior colivuli present. well de-
fined and homomorph. Crista seperior broad and bold over
entire suleus acustcus. Crista inferior less well defined. al-
though usually prominent below colium. Small fusiform dor-
sal area present. Rostrum prominent and rounded distally.
comprising o 14 % of tutal vtolith length. Antirostrum ap-
proximately half size of rostrum. Excisura ostii shallow tw
deep with variable angle. Pseudo-rostrum. -autirostrimn and
pseudo-excisur: ostii sometimes present.

INTRASPECIFIC VARIATION

Geometric shape s variable, from oval to stightly triangular,
otherwise negligibie.
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DIAGNOSTIC FEATURES

The otoliths of this species and M. microps are both typified
by their characteristic heteromorph gadiform colliculi and
the equally sized ostium and cauda. The otoliths of M. mar-
morata can be distinguished from those of M. microps by the
presence of a clearly defined rostrum. antirostrum and exci-
sitry ostii.

MORPHOMETRY

OL : TL Ratio

t:62.54

n = 5; 8td Dev = 7,97; Range 50,59 - 71,79

SPECIES Muraenolepis microps Lénnberg, 1905
{Platc 9. Figure 39)

MATERIAL  Description based on the otoliths of 52 speci-
mens ranging from 157 ~ 390 mm TL. Catch locality: South
Georgia Island, 60° 28" S, 45° 28" W; 61° 12" §, 536° 1 W
and 707 26" S, 8° 39" W. DIFS otwlith catalogue numbers:
70, 713 - 732, 808, 809, 1159, 1165 - 1167, 1300 — 1502,
15649 — 1576, 1688 — 1701, Coliccted by K.-H. Kock of the
BAF, by the MIRP and the BAS.

DESCRIPTION

Otolith oval to triangular. Medially flat with poor relief,
laterally slightly convex. Margin entire to gently lobed. Sul-
¢us acusticus ostio-caudal and heterosulcoid. Collum acutely
constricted, clearly separating ostium from cauda, QOstium
and cauda of equal size. Colliculi hamomorph and of near
equal size. Crista superior variable in definition. sometimes
CONLINUOUS over entire sulcus acusticus and sometimes split
over ostium and canda. Crista inferior more robust than
crista superior, particularly immediately below the collum.
Darsal area sometimes present and oval in shape. Rostrum
only present in larger specimens and then small and rounded
distally. Antirostrum also only present in larger specimens
and then of equal size as rostrum. Excisura ostii if present
with acute angle. Pseudo-rostrum, -anfirostrum and -exci-
sura estli present in larger specimens.

INTRASPECIFIC VARIATION

Geometric shape variable. oval to triangular, otherwise neg-
ligible except for ontogenetic changes.

DIAGNOSTIC FEATURES

The oval to triangular shape. the typical gadoid suleus ncus-
ticus and colliculi and the broad ridge-like structure below
the crista inferior.

ONTOGENY

‘The geometric shape changes from oval to generally triangu-
lay ip fish = 330 mym TL. Also in fish 350 mm T the rostral
and pseudo-rostral structures start to develop.

MORPHOMETRY
OL / TL Relationship
TL = 28.21 OL'" mm

n = 47: 5td Lrr Est = 0,125 Coeff Det = 0.81; Corr Coetf
=90



24 S. afr. T. Nav. Antarkt., Deel 17, No. 1, 1987

PLATE 9

Figure 38 Muraenolepis ntarmorata a — 200 mm, b — 280 mm, ¢ - 325 mm. d ~ 331 mm TL; Figure 3% Muraenofepis microps a — 188 mm, b -
218 mm, c— 320 mm, d — 336 mm, ¢ - 360 mm TL; Figure 40 Antimora rostraia — length unknown.
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Mass / TL Relationskip
Mass = 8.98x10 " TL** g

n = 37; 8td Err Est = 0,111; Coeff Det = (.98; Corr Coeff
=099

SUBORDER GADOIDEI
FAMILY Mondac

SPECIES Anrfmora rostrata (GOnther, 1878)
{Plate 9, Figure 40)

MATERIAL Description based on the otoliths of 15 speci-
mens of unknown length made available to the author on
loan by Ch. Karrer of the ZIMH. Cateh locality unknown.

DESCRIPTION

Otolith pyriform. Antero-dorsal margin bulbous and lobed,
Remainder of margin entire. Sulcus acunsticus caudal and
leterosulcoid. No constriction at eollum yet ostium and
cauda distinct. Ostium oval, cauda wider at posterior end.
Celitculi heteromorph, Anterior colliculum raised and nod-
gliferous. Posterfor colliculum ridge-like in cauda. Crista su-
perior poorly developed, starting mid-way over ostium and
ending on postero-dorsal margin. Crista inferior also starting
mid-way below ostium and ending on postero-ventral mar-
gin. Dorsal area oval and shallow, situated midway abave os-
tium and cauda, Distinct rostrum, antirostrum and exeisura
ostii absent. Small pseude-rostrum, -antirostrum and -exci-
sura ostii present.

DIAGNOSTIC FEATURES

Near pyriform shape, the caudatl and heterosuicoid suleus
acusticas and the ridge-like posterior colliculum,

MORPHOMETRY

OL : TL Ratio

:29,93

n = 15; Std Dev = 1,80, Range 26,59 - 32,12

FAMILY Melanonidae

SPECIES Melanonus gracilis Ginther, 1878
(Plate 10, Figure 41)

MATERIAL Description based on the otoliths of one
specimen of 148,5 mm SL made available to the author on
loan from the RMGM ototith collection of P.A.M. Gaem-
ers. Catch locality unknown.

DESCRIPTION

Otolith oval to sub-quadrate. Anterior margin of otolith
ohiique, remainder of otolith near oval. Margin entire ex-
cept for distinct indentation in posterior margin. Medially
flat to slightly convex with relatively poor relief, laterally
weakly convex. Sulens acusticus ostio-caudal and homosul-
coid and altantoid in shape. Collum slightly constricted. Col-
licuti homomorph and well developed. Rostrum short and
pointed distally. Antirestrum absent. Excisnra ostii with
wide angle {near 180 degrees). The projection on the
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obligue anterior margin is an excisural projection, which is
not as well developed as in M. zugmayeri.

DIAGNOSTIC FEATURES
The oval to subquadrate shape with the oblique anterior

margin, the homomorph colliculum, the entite margin in as-
sociation with the excisural projection.

MORPHOMETRY
OL : SL Ratio
1:48.2

SPECIES Melanonus zigrnayeri Norman, 1930
(Plate 10, Fipure 42}

MATERIAL Description based on the otoliths of three
specimens of 186, 219 and 226 mm SL, made available to the
author from the RMGM otolith collection of P.A.M. Gaem-
ers, Catch locality unknown.

DESCRIPTION

Otolith shape changes from dorso-ventrally oval to near tri-
angular in specimens > 226 mm SL. Margin entire with
slight notch in posterior margin. Medially flat to weakly con-
cave with relatively poor relief, laterally weakly convex. Sui-
cus acusticus ostio-kaudal and homosulcoid. Ostium and
cauda separated by slightly constricted collum. Collicali ho-
momorph and well developed. Rostrum prominent and
rounded distally. Antirestrum absent. Excisura ostii with ex-
tremely wide angle (160 — 180 degrees) with prominent exci-
sural projection. The size of the projection iacreases with
fish size.

INTRASPECIFIC VARIATION
Negligibte except for the ontegenetic changes.

DIiAGNOSTIC FEATURES

The dorso-ventrally oval to triangular shape, the homo-
morph colliculi, the entire margin and the distinct excisurat
projection.

ONTOGENY

Shape of otolith changes from dorso-ventrally oval to trian-
gular in fish > 220 mm SL {ventral margin forms the base of

the trianple). The excisural projection also increases with
fish size,

MORPHOMETRY

OL : SL Ratio

1:87,35

n = 3; Range 79,57 - 94,89

FAMILY Gadidac

SPECIES Micromesistius australis Norman, 1937
{Plate 10, Figure 43)

MATERIAL Description based on the otoliths of two
specimens of 420 and 500 mm TL. Catch locality: 54° 33" §,
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PLATE 10

Figure 41 Melanonus gracilis 148.5 mm SL: Figure 42 Melanonus zugmayert 219 mm SL: Figure 43 Micromesistius australis a - 420 mm, b -
SO me TL.
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57° 39" W, DIFS otolith catalogue numbers: 254, 258. Col-
tected by K.-H. Kock of the BAF.

DESCRIPTION

Otelith extremely elongate and oval. Medially slightly con-
vex with relatively poor relief, laterally slightly concave.
Dorsal margin entire. Dorsal margin of rostrum, ventral
margin and posierior margin sinuate, Sulcus acusticns ostial
and homosulcoid extending over entire length of otolith.
Collum indistinct. Celliculi heteromorph, but poorly devel-
oped. Anterior colliculum c. twice size of pesterior collicu-
lum, Crista superior and crista inferor ridge-like above and
below entire sulcus acusticus, but poorly developed. Crista
inferior sinuate anterior of mid-region. Distinct horizontal
ventral groove with prominent sinuate dorsal and ventral
ridges. Dorsal and ventral areas absent. Rostrum large and
rounded distally, comprising ¢. 38 % of total otolith lzngth.
Antirostrum absent. Excisura ostii present with wide angle.

INTRASPECIFIC VARIATION
Negligible

DIAGNOSTIC FEATURES

The elongate oval shape, the homosulcoid sulcus acusticus,
the horizontal ventral groove, with distinctly sinuate dorsal
and ventrat ridges.

MORPHOMETRY

OL : TL Ratio

1:26,85

i = 2; Range 25,93 - 27,78

FAMILY Merlucciidae

SPECIES Macroronus novaezelandiae Waite, 1911
(Plate 11, Figure 44)

MATERIAL Description based on the otoliths of 20 speci-
mens ranging from 650 — 963 mm SL. Catch locality: 41° 43’
S, 144° 25° E. DIFS otolith catalogue numbers: 884 — 903,
Collected by M. A. Wilson of the DSTADT.,

DESCRIPTION

Otolith generally oval. Medially slightly convex, laterally
slightly concave. Dorsal, posterior and antero-ventral mar-
gins sinuate. Ventral margin entire. Characteristic indenta-
tion in dorsal margin mid-way over ostium. Sulcus acusticus
medial and heterosuicoid. Ostium and cauda of near equal
size, separated by raised and constricted collum. Colliculi
hamemorph and well developed. Crista superior ridge-like
over posterior portion of ostiwm, collum and anterior por-
tion of canda. Crista inferior broad but poorly developed to
absent. Rostrom, antirostrum and excisura ostii absent.

INTRASPECIFIC VARIATION
Negligible.

DIAGNOSTIC FEATURES

The oval shape, the medial and homosulcoid sulcus acusticus
with near equal sized ostium and cauda and the homomorph
coliculi.
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MORPHOMETRY

OL : SL Ratio

1:35,08

n = 20; 8td Dev = 1,26; Range 32,81 - 38,99

SUBORDER MACRQUROIDE]
FAMILY Macrouridae

SPECIES Cynomacrurus piriei Dollo, 1909
{Ptate 11, Figure 435)

MATERIAL Description based on the otoliths of four
specimens ranging from 78 — 386 mm SL. Catch locality:
South Georgia. DIFS otolith catalogue numbers: 1216, 1312,
1325, 1367, Collected by the BAS.

DESCRIPTION N

Otolith discoid and small ir relation to fish size. Medially
completely flat with poor relief, laterally strongly convex.
Margin entire. Sulcus acusticus heterosulcoid and medial.
Cristae and colliculi variable. Rostrum, antirostrum and ex-
cisura ostil absent.

INTRASPECIFIC VARIATION

Negligible except for the variability of the colliculi and the
definition of the cristac.

DIAGNOSTIC FEATURES

The discoid geometric shape, the flat medial face, the
strengly convex lateral face and the medial sulcus acusticus,

MORPHOMETRY

OL ; 5L Ratic

1:1221

n = 4; Range 73,58 - 183,37

SPECIES Lionurus filicauda (Giinther, 1878)
(Plate 11, Figure 46)

MATERIAL Description based on the otoliths of one
specimen of unknown length made available to the wathor
on loan from the TRSNB otolith collection of D. Nolf. Catch
tocality 46° 46° 5, 13° E,

DESCRIFTION

Otolith generally oval. Posteriorly more blunt than ante-
riorly. Margin entire. Sulcus acusticus ostio-caudal and het-
eromorph. Ostial section of suicus acusticus directed dor-
sally. Ostium and cauda continuous but distinguishabie from
each other by constricted collum. Colliculi large but hetero-
morph. Crista superior narrow. Crista inferior broad. Ros-
trum, antirostrom and excisura ostii absent.

DIAGNOSTIC FEATURES

The generally oval shupe, the