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Studies on the Merlucciid Fishes

Tadashi INADA*

Abstract

The so-called hakes or merlucciids, belonging to the genus Merluccius (family
Merlucciidae), are anacanthine (Paracanthopterygian) fishes provided with one soft anal
and two soft dorsal fins. Hakes are widely distributed in the world, inhabiting the
continental shelf and slope, and are an important resource in the world fisheries.

The external and internal meristic and morphometric characters of all the hake
species in the world are examined and compared in this study. Consequently, twelve full
species are recognized by the characters of : number of gill-rakers, number of vertebrae
and ribs, number of oblique rows of scales below lateral line canal, number of fin rays
and morphometric characters such as head length, upper jaw length, diameter of eye
and length of pectoral fin. Although the morphological differences of the external
characters between some species are minor, it is recognizable by statistical analysis that
these species have already diverged at the species level. The genus Merluccius and its
twelve species are herein described in detail.

Fourteen internal characters, especially the skeletal system, are compared to
clarify the differences between species, taking infraspecific variations into consideration.
Some characters such as the shape of the interorbital foramen, hyomandibcular, cleithrum
and postcleithrum show a few differences between some species, but other characters do
not show any effective differences between these species because of their wide range of
variations. Each of the characters is described in detail.

The distribution, biology and fishery for these twelve species are reviewed and
additional data obtained by the author are included. Through the activities of Japanese
vessels, the distributions of some species, especially those of the Southern Hemisphere,
are clarified. Information on the biology of some species is still poor because of the
lack of a fishery. On the other hand the bioiogy of some species of the Northern
Hemisphere is well understood because they have been extensively studied. The sizes
of standing stocks or potential yields of some species have also been studied.

The history of the taxonomy of merlucciids is briefly noted. The external and
internal morphological characteristics found in each species are compared and summerized.
A diagnostic key for twelve distinct species is presented. Geogrophical divergence of
merlucciids through the history is also discussed based on some aspects appearing in
some morphological characters in order to explain the present-day distributions of the
twelve species.

Received Aug. 15, 1981. Contribution No.214 from the Far Seas Fisheries Research Laboratory.
* Japan Marine Fishery Resource Research Center, Kioicho 3-27, Chiyodaku, Tokyo 102, Japan.
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4 Tadashi INADA
Introduction

A great deal of work on the taxonomy, anatomy and biology of merlucciids has
been done since LiNNAEUs (1758) first described the European hake.

The first actual taxonomic revision appeared in 1937, published by NORMAN in
the Discovery Report. In the report he clarified the confused synonymy of seven known
species and indicated the differentiating characters between them. Following the basic
system laid down by him, SveETovipov (1948) presented a more detailed anatomical work
and examined the systematic status of these seven species. Since then, some contribu-
tions, especially reports of new species, have been made by ichthyologists, and finally
fifteen nominal species were described in the world, excluding the early synonyms. Of
these investigations, GINSBURG (1954) studied the taxonomy of eight species, including
two new American species, and FRANcA (1962) studied the taxonomy of eastern Atlantic
representatives and treated them all as subspecies of Merluccius meriuccius. Many
problems still remain unsolved, especially with regard to the definition of species, and
a detailed revision of all species of Merluccius has been very much needed.

Data on internal morphology were first given by SveTovipov (1948), especially
for the axial skeleton. Later, some ichthyologists studied the osteology of several species
(Muns, 1967 ; Roso, 1976 ; D la Hoz and ARrenNas, 1976; and others), and some chara-
cters for systematic studies (MARSHALL, [966 ; MARSHALL and COHEN, 1973). But a
detailed comparative anatomy for all species is still lacking and is highly desired for a
complete understandings of merlucciid fishes.

Studies on distribution, biology and fisheries have been reported by many authors,
especially HART (1948), who reviewed well these general studies. Extensive studies
have been completed on the European hake by Hickring (1927, 1930, 1933), on the
Argentine hake by HArT (1946), and on the Pacific hake by AHLsTROM and COUNTS
(1955). More numerous studies have been published recently by many fisheries biologists
on various species and on various aspects in connection with the development of the
fisheries and their managements (CLAy and CrAy, 1979). Recently, excellent and modern
summeries of the hake fishery literature were made by GrinoLs and TiLiman (1970)
and BoeremA (1977). However, some species still require additional investigation of
their biology. It seems necessary to again review the status of all the species in the
world.

In the present work the author attempts to clarify the above-mentioned problems.
This study is composed of four parts. In the first part the genus and species of
Merluccius are described and brief remarks on each species are presented. The internal
morphology, especially comparative osteology considering the infraspecific variations for
each character, is investigated in the second part. The third part contains reviews of
the biological features of all species, including a brief summary of their distributions and

fisheries. In the final part, the author discusses the taxonomy of these species with
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diagnostic key and the geographical divergence through the history suggesting the
present-day distributions of merlucciids.
This paper consists of a part of studies on the demersal fish resources in the Far

Seas Fisheries Research Laboratory.

I. Materials and methods

The methodology employed in this study has been a basic, trad't’-.ronal procedure
for each part. In the section on the description of genus and species, a total of 569
specimens (ranging 96.3-809.0mm SL.) was measured for proportions and a total of 1404
specimens (ranging 96.3-1136.0 mm SL.) was examined for meristic characters. The
specimens of Merluccius albidus and M. merluccius smiridus were obtained for examina-
tion from the U.S. National Museum (USNM) and the other specimens were examined
at the Far Seas Fisheries Research Laboratory of Japan (FSFL). The data for each
specimen are noted by species in the section on the description of species.

Counts and measurements were taken from formalin fixed materials for the
following 28 measured characters and 10 meristic ones in accordance with the method
of Husss and LAGLER (1947), except for certain modificat’ons which are ind'cated in
Fig. 1. The meristic characters examined were : first dorsal fin rays, second dorsal fin
rays, anal fin rays, pectoral fin rays (including uppermost short ray), pe'vic fin rays,
branchiostegal rays, oblique rows of scales below lateral line canal, gill-rakers on the first
arch (separating upper and lower limbs and excluding tubercles), vertebrae including ter-
minal vertebra (separating abdominal and caudal), and ribs on the cervical vertebrae (see:
glossary). Vertebrae and ribs were counted mainly from fresh materials by dissection
and some were counted from radiographs. Statistical calculations of F-tests on variances
and t-tests on means between two populations were conducted according to standard
procedures. For the study of comparative anatomy, at least two specimens of each
species were fixed in formalin and dissected and stained with alizarin red for examination
of sutures. Several fresh specimens.of some species were examined for infraspecific
variations of internal morphol'ogy. The nomenclature for skull bones mainly followed
previous studies on gadoids. Descriptions of distribution, biology and fisheries are mainly
based on published papers and on data collected by Japanese vessels, especially from the

Southern Hemisphere.
II. Description of genus and species with remarks

The genus Merluccius was first proposed by RAFINESQUE (1810a) for the species
Merluccius smiridus (= M. merluccius), and many generic names have been used for
species now placed in Merluccius (FowLErR, 1936 ; SveTovipov, 1948 ; NORMAN, 1966 ;
WHITLEY, 1968). JoRDAN and GILBERT (1882) fixed the name Merluccius by designating
Gadus merluccius LINNAEUS as the type species. MAURIN (1968 a and b) used the spelling

Merlucius, because the original meaning for the name is derived from sea pike (Maris
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lucius) ; however, his use is incorrect.

A total of fifteen species has been recognized, excluding the early synonyms of
M. merluccius and other species (Table 1). Recent studies revealed that M. magnoculus
is a junior synonym of M. al/bidus (KARNELLA, 1973) and M. polylepis is a junior synonym

of M. australis (INADA, 1981). In this study, the author tentatively treats M. cadenati

20

22

28

Fig. 1. Topography of measurements for merlucciids. 1. standard length (from tip of upper
jaw to end of terminal vertebra; 2. body depth (greatest) ; 3. head length (excluded
opercular membrane) ; 4. snout length (from tip of upper jaw to anterior margin of
orbit) ; 5. diameter of eye; 6. diameter of orbit; 7. interorbital width (defined by
bony ridge) ; 8. suborbital width (least width from lower margin of orbit to upper
jaw) ; 9. upper jaw length ; 10. lower jaw length (from tip of lower jaw to end of
retroarticular bone) ; 11. caudal peduncle depth (least depth) ; 12. length of longest
first dorsal fin ray ; 13. length of longest second dorsal fin ray (anterior lobe) ; 14.
length of longest second dorsal fin ray (posterior lobe) ; 15. length of pectoral fin
(from upper base to tip) ; 16. length of pelvic fin (from outer base to tip) ; 17. length
of longest anal fin ray (anterior lobe) ; 18. length of longest anal fin ray (posterior
lobe) ; 19. length of first dorsal fin base; 20. length of second dorsal fin base ;
21. space between first dorsal and second dorsal fins (from posterior end of first
dorsal fin to second dorsal fin origin) ; 22. length of anal fin base ; 23. length
from tip of snout to first dorsal fin origin; 24. length from tip of snout to second
dorsal fin origin; 25. length from tip of snout to pectoral fin insertion ; 26. length
from tip of snout to pelvic fin insertion ; 27. length from tip of snout to anal fin

origin ; 28, length from pelvic fin insertion to anal fin origin.
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as a junior synonym of M. polli, and recognizes twelve species, which have wide geogra-
phical distributions and wide depth ranges, and which show minor morphological differ-

ences in various characters.

Table 1. List of the fifteen nominal species of Merluccius,

excluding the early synoyms

Scientific name English name Original description
M. merluccius European hake Gadus merluccius LINNAEUS, 1758
M. bilinearis Silver hake Stomodon bilinearis MITCHILL, 1814
M. albidus Offshore hake Gadus albidus MITCHILL, 1818
M. gayi Chilean hake Merlus giay GUICHENOT, 1848
M. productus Pacific hake Merlangus productus AYRES, 1855
M. capensis Shallow-water Cape hake  Merluccius capensis CASTELNAU, 1861
M. australis New Zealand hake Gadus australis HuTTON, 1872
M. angustimanus Panama hake Merluccius angustimanus GARMAN, 1899
M. hubbsi Argentine hake Merluccius hubbsi MARINI, 1933
M. polli Benguela hake Merluccius polli CADENAT, 1950
M. senegalensis Senegalese hake Merluccius senegalensis CADENAT, 1950
M. polylepis Patagonian hake Merluccius polylepis GINSBURG, 1954
M. magnoculus Gulf hake Merluccius magnoculus GINSBURG, 1954
M. paradoxus Deep-water Cape hake Merluccius capensis paradoxus FRANCA, 1960
M. cadenati Mauritanian hake Merluccius cadenati DOUTRE, 1960

Genus Merluccius RAFINESQUE

Merluccius RAFINESQUE, 1810, Caratt. Gen. Spec. Sicil. : 25 (type: Merluccius smividus
RAFINESQUE) .

Onus RAFINESQUE, 1810, Ind Ittiol. sicil.:12 (type: Onus riali RAFINESQUE).

Meriangus RAFINESQUE, 1810, 7bid.: 67 (type: Gadus merluccius LINNAEUS).

Stomodon MitcHiLL, 1814, Trans. Lit. Phil. Soc., 1: 7 (type: Stomodon bilinearis
MITCHILL) .

Hydronus MINDING, 1832, Naturg. Fische : 83 (type : Hydronus marlucius MINDING).

Merlus GuicHENOT, 1848, in GAy, Hist. fisica polit. Chile, Zool., 2: 328 (type : Merlus
gayi GUICHENOT).

Merlucius GRoONoOw, 1854, ed. GrAY, Cat. Fish.: 129 (type: Merluccius lanatus GRONOW) .

Homalopomus GIRARD, 1856, Proc. Acad. Nat. Sci. Philad.: 132 (type : Homalopomus
trowbridgii GIRARD).

Epicopus GUNTHER, 1860, Cat. fish. Brit. Mus., 2: 232, 248 (type: Merlus gayi
GUICHENOT) .

Trachinoides BORODIN, 1934, Bull. Vanderbilt mar. Mus., 1 (4): 120 (type: Trachinoides
maroccanus BORODIN) .

Huttonichthys WHITLEY, 1937, Mem. Queensland Mus., 11 (2): 122 (type: Gadus australis
HutTON).
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First dorsal fin rays I, 7-12; second dorsal fin rays 34-45; anal fin rays 35-46 ;
pectoral fin rays 12-18; pelvic fin rays 7; branchiostegal rays 7; number of oblique
raws of scales below lateral line canal 101-171; number of gill-rakers on first arch
1-7+7-19=8-25; number of vertebrae 21-29+25-31=48-58 ; number of ribs on cervical
vertebrae 3-4.

Body depth (greatest) in percent of standard length 13,0-21,0 ; head length
24,4-33.5; caudal peduncle depth 3.3-5.8; length of longest first dorsal fin ray 9. 6-15.5;
length of longest second dorsal fin ray (anterior lobe) 6.0-9.6; length of longest
second dorsal fin ray (posterior lobe) 8.6-12.7; length of pectoral fin 14,1-24,2; length
of pelvic fin 10.4-20.6; length of longest anal fin ray (anterior lobe) 6.3-10.4; length
of longest anal fin ray (posterior lobe) 7.8-12.0; length of first dorsal fin base 8.4-13.5;
length of second dorsal fin base 41.1-50.2; space between first dorsal and second dorsal
fins 1.3-5.3; length of anal fin base 36.7-48.9; length from tip of snout to first dorsal
fin origin 27.5-34.9; length from tip of snout to second dorsal fin origin 39.2-47.8;
length from tip of snout to pectoral fin insertion 23.6-33.3 ; length from tip of snout
to pelvic fin insertion 21.2-30.4 ; length from tip of snout to anal fin origin 41,3-52.2;
length from pelvic fin insertion to anal fin origin 18.2-27.6. Snout length in percent
of head length 27.8-39.0; diameter of eye 11.6-22.9; diameter of orbit 13.8-27.7;
interorbital width 20.8-31.0; suborbital width 3.6-9.7; upper jaw length 43.7-55.9;
lower jaw length 56.0-69.6.

Body elongate, somewhat compressed, deepest at origin of first dorsal, its depth
0.4-0.8 times length of head; dorsal contour almost straight behind origin of first dorsal;
ventral contour almost straight behind anus. Caudal peduncle narrow in depth, strongly
compressed, about 1/3-1/4 depth of body. Head large, slender, about 1/3-1/4 length of
body; upper profile almost straight or little concave above eye; dorsal surface of head
flat. Mucous canals on head developed, but not pored. Interorbital broad, little ele-
vated, its width 1.0-2.4 times diameter of eye. Snout long and depressed; its length
1.3-3.2 times of diameter of eye; its tip broad and rounded. Eye large to notably large,
0.2-0.5 times length of upper jaw. Nostrils small, a little in advance of anterior upper
margin of eye; anterior nostril rounded in shape without tube; posterior one crescent in
shape with a short flap anteriorly, situated close behind anterior one. Mouth moderately
large and oblique; maxillary reaching below middle of eye or behind it, almost half
length of head; lower jaw a little longer than upper jaw, projecting forward slightly
before tip of upper jaw. No barbel on chin. Teeth on jaws well developed, sharp, in
two irregular rows; outer teeth fixed, widely or moderately spaced; inner teeth larger
and depressible to inner side; teeth on jaws larger at anterior part, considerably smaller
at their posterior end; vomer with a biserial rows of smaller teeth, inner enlarged and
depressible inward; no teeth on palatine and tongue. Opercle subtriangular in outline;
its posterior part flexible, marging almost imperceptibly with soft membranous border,

without spines. Gill opening rather wide; gill membranes united under anterior part of
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eye. Pseudobranchiae absent. Gill-rakers well developed; varying in shape and number
by species. Scales deciduous, cycloid, thin and small; dorsal surface of head scaled,
except anterior tip of snout; opercle scaled; maxillary, preorbital and suborbital regions
scaleless ; cheek, preopercle and interopercle scaled only on their upper parts; ventral
surface of head scaleless; scales on head smaller than those on body; those on anterior
part of head very minute; caudal, pectoral and pelvic fins scaled at their fleshy bases;
dorsal and anal fins scaleless. Lateral line almost straight or slightly curved anteriorly,
beginning directly behind upper angle of gill opening and running almost parallel with
dorsum above midline of body. Two dorsal and one anal fins; first dorsa! fin roughly
triangular in shape; its second or third ray longest; origin of first dorsal fin slightly
behind level of pectoral fin insertion; second dorsal and anal fins with a deep notch in
rear part; rays in anterior lobe rather widely spaced; those in posterior lobe somewhat
crowded; origin of anal fin beginning at same level or slightly behind origin of second
dorsal fin; its shape similar to that of second dorsal fin. Pectoral fin rather long and
narrow, high in position, its relative length becoming smaller with growth. Pelvic fin
well developed, inserting at a moderate distance in advance of pectoral fin. Caudal fin
usually truncate, becoming a little concave with growth; those of some species convex
in young stages. Rays of fins segmented and branched including first ray of anal fin;
first ray of first dorsal fin unsegmented and spiny.

Colour of body usually silvery when alive, darker dorsally, whitish ventrally; that
of some species more blackish or almost black with white margined caudal fin; iris gold,
pupil blue-black; inner wall of gill chamber and peritoneum dusky grey, light brown,

solid black or dark silvery stippled and spotted with black.

1. Merluccius merlucciius (LINNAEUS): European hake (Fig. 2)

Fig. 2. Merluccius merluccius (LINNAEUS, 1758), FSFL DI1235, SL 467.8mm

Merluccius merluccius (LINNAEUS, 1758)
Gadus merluccius LINNAEUS, 1758, Syst. Nat., ed. X : 254 (type locality: ‘Habitat in
Oceano’).
Gadus ruber LAcepEDE, 1803, Hist. nat. Poiss., 5: 671, 673 (Ecosse, Fécamp, Dieppe,
Boulogne).
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Merluccius smiridus RAFINESQUE, 1810, Caratt. Gen. Spec. Sicil.: 25 (Sicilia).
Onus riali RAFINESQUE, 1810, Ind. Ittiol. sicil.: 12 (Sicilia).
Merlucius esculentus Risso, 1826, Hist. nat. Eur. mérid, 3 : 220 (Nice).

Merluccius vulgaris FLEMING, 1828, Hist. Brit. Anim.
and Ireland).

Hidrouns marlucius MINDING, 1832, Natug. Fische: 84 (Nordsee, Mittelmeer).

Merlucius sinuatus SWAINSON, 1838, Nat. Hist. Fishes, 1:

Merlucius ambiguus Lows, 1840, Proc. zool. Soc. London, 8: 37 (Madeira).

Meylucius lanatus GrRoNow, 1854,

neo’).

Merluccius argentatus GONTHER, 1862, Cat. fish., Brit. Mus., 4 :

ed. GrRAY, Cat. Fish.: 130 (‘Mari Gallico,

346 (Iceland).

Meyrluccius linnei MALM, 1877, Goteb. Bohusl. Fauna: 489 (Goteborg, Vinga).

Onus guttatus CoLLETT, 1890, Bull. Soc. Zool. Fr, 15

: 105 (Fayal, Azores).

: 195 (southern coast of England

319, fig. 73 (Mediterranean).

Mediterra-

Trachinoides maroccanus BoropIN, 1934, Bull. Vanderbilt mar. Mus., 1 (4): 120, pl.II
(figs.2-3) (Casablanca).
Materials examined: (Table 2)
Table 2. Data of specimens of Merluccius merluccius used in this study
Merluccius meriuccius merluccius
Sampling position Depth
Catalogue No. (FSFL) Date Lat. (N) Long.(W) (m)
D1140, D1202, D1205, D1206, D1208, D1216, D1219, Apr. 26, 1969 45°03’ 02°24/ 120
D1234-D1236, D1240-D1242, D1246, D1253, D1263,
D1274-D1276, D1278, D1280, D1283-D1285, D1290,
D1808, D1853, D1854, D1859
T261 Aug. 27, 1972 53°28.5" 13°16.0’ 173
P730, P731, P733, P734, PT778, P779, P1785 Jan. 7, 1972 25°28.3" 16°04.5’ 532
Q779, Q780, QT785, Q798 Dec. 7, 1974 25°31’ 15°507 201
Other specimens examined for counting of meristic characters :
Number of specimens Date Sampling position Depth
not catalogued Lat. (N) Long.(W) (m)
20 Dec. 7, 1974 25°20° 16°03’ 239
18 Dec. 8, 1974 25°42’ 15°24/ 260
3 May 17, 1974 21°32’ 17°35" 404
1 Nov. 9, 1974 21°46’ 17°32" 104
1 Feb. 24, 1975 20°56’ 17°22! 102
Mevrluccius merluccius smiridus
Sampling position  Depth
Catalogue No. (USNM) Date Lot (1\?) Lona. (W1 Ctom
206553 (9 specimens) Sept. 22, 1971 Tunis fish market
219331 (2 specimens) Mar. 30, 1967 37°03’ 10°28.5" 5
219332 (6 specimens) Dec. 7, 1966 36°45’ 10°367 —
219333 (3 specimens) July 12, 1967 37°03.5" 10°16’ 28-38
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Description:

First dorsal fin rays I, 7-10 (average I, 8.7); second dorsal fin rays 36-40 (38.4);
anal fin rays 36-40 (38.0); pectoral fin rays 13-15 (13.8); pelvic fin rays 7; branchiostegal
rays 7; number of oblique row of scales 127-156 (141.2); number of gill-rakers on first
arch 1-3(1.8) +7-9 (7.9) = 8-11 (9.7); number of vertebrae 23-25 (24.6) + 25-29 (26.4) =
49-54 (51.1); number of ribs 3-4 (4.0).

Body depth (greatest) in percent of standard length 13.6-17.9 (15.7); head length
25.1-30.5 (27.3); caudal peduncle depth 3.4-5.1 (4.5); length of longest first dorsal fin
ray 10.3-13.1 (11.9); length of longest second dorsal fin ray (anterior lobe) 6.6-8.6
(7.8); length of longest second dorsal fin ray (posterior lobe) 8.8-11.0 (9.8); length of
pectoral fin 14.1-18.7 (16.3); length of pelvic fin 14.0-19.1 (16.1); length of longest
anal fin ray (anterior lobe) 6.5-8.8 (7.7); length of longest anal fin ray (posterior lobe)
8.2-10.6 (9.2); length of first dorsal fin base 8.4-10.5 (9.6); length of second dorsal fin
base 46.0-50.2 (48.3); space between first dorsal and second dorsal fins 1.5-3.8 (2.7);
length of anal fin base 44.2-48.8 (46.9); tip of snout to first dorsal fin origin 27.5-31.4
(29.6); tip of snout to second dorsal fin origin 39.4-43.4 (41.6); tip of snout to pector-
al fin insertion 25.1-29.7 (27.3); tip of snout to pelvic fin insertion 21.5-26.1 (24.1);
tip of snout to anal fin origin 41.3-47.9 (44.8); length between pelvic fin insertion and
anal fin origin 18.2-25.0 (22.5). Snout length in percent of head length 30.2-34.5
(32.6); diameter of eye 13.6-19.4 (16.9); diameter of orbit 16.0-21.0 (18.9); interorbital
width 21.5-28.4 (25.8); suborbital width 6.2-8.5 (7.2); upper jaw length 47.8-53.5
(51.7); lower jaw length 62.2-65.7 (63.9).

1. 1. Merluccius merluccius meriuccius (LINNAEUS)

Merluccius merluccius merluccius (LINNAEUS, 1758)
Gadus merluccius LINNAEUS, 1758, Syst. Nat., ed. X : 254 (type locality: ‘Habitat in
Oceano’).
Merluccius merluccius atlanticus CADENAT, 1950, Congr. péche. pécher. Un. frang. d’outre

Mer: 128 (eastern Atlantic) / LETaconNoux, 1953, Cons. Int. Explor. Mer. : 1-5

(description) / DOUTRE, 1960, Rev. Trav. Inst. Scient. Tech. Peche, 24 (4) : 514
(description).

Merlucius merlucius merlucius MAURIN, 1968, Theses 1’Univ.
Africa).

Nancy : 13 (north-west

Description:

First dorsal fin rays I, 8-10 (I, 8.7) ; second dorsal fin rays 36-40 (38.5) ; anal fin
rays 36-40 (38.3) ; pectoral fin rays 13-15 (13.9) ; pelvic fin rays 7; branchiostegal rays
7; number of oblique rows of scales 127-156 (141.5) ; number of gill-rakers on first arch
1-3 A.H+7-9 (7.9)=8-11 (9.8) ; number of vertebrae 23-25 (24.7) + 25-28 (26.1) =49-
52 (50.8); number of ribs 4.

Body depth in percent of standard length 15.0-17.9 (16.5); head length 25.1-27.5
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(26.6) ; caudal peduncle depth 4.2-5.1 (4.6) ; length of longest first dorsal fin ray
10.3-12.9 (11.7); length of longest second dorsal fin ray (anterior lobe) 6.6-8.6 (7.7);
length of longest second dorsal fin ray (posterior lobe) 8.8-11.0 (9.8) ; length of pec-
toral fin 14.1-18.7 (16.3) ; length of pelvic fin 14.0-17.8 (15.5) ; length of longest anal
fin ray (anterior lobe) 6.5-8.5 (7.6) ; length of longest anal fin ray (posterior lobe)
8.2-10.2 (9.1) ; length of first dorsal fin base 8.4-10.3 (9.5) ; length of second dorsal
fin base 47.2-50.2 (48.6) ; space between first dorsal and second dorsal fins 2.1-3.8
(2.9); length of anal fin base 45.4-48.8 (47.2) ; tip of snout to first dorsal fin origin
27.5-30.1 (29.2); tip of snout to second dorsal fin origin 39.4-42.9 (41.3); tip of snout
to pectoral fin insertion 25.1-28.8 (26.8); tip of snout to pelvic fin insertion 21.5-26.1
(24.0) ; tip of snout to anal fin origin 41.3-46.6 (44.6) ; length between pelvic fin
insertion to anal fin origin 20.3-24.5 (22.5). Snout length in percent of head length
30.2-34.5 (32.8); diameter of eye 13.6-18.8 (16.5); diameter of orbit 16.0-20.7 (18.6);
interorbital width 24.1-28.4 (26.2) ; suborbital width 6.2-8.5 (7.3) ; upper jaw length
47.8-53.2 (51.4); lower jaw length 62.5-65.7 (64.0).

1. 2. Merluccius merluccius smiridus RAFINESQUE

Merluccius merluccius smiridus RAFINESQUE, 1810
Merluccius smiridus RAFINESQUE, 1810, Caratt. Gen. Spec. Sicil.: 25 (type locality:
Sicilia).
Merluccius merluccius mediterraneus CADENAT, 1950, Congr. péche. pécher. Un. franc.
d’outre Mer: 128 (Mediterranean) / LETaAconNoUX, 1953, Cons. Int. Explor. Mer.:
1-5 (description) / DouTrE, 1960, Rev. Trav. Inst. Scient. Tech. Peche, 24 (4) :
514 (description).

Merlucius merlucius mediterraneus MAURIN, 1968, Theses 1I’Univ. Nancy:13 (north Africa).

Description:

First dorsal fin rays I, 7-10 (I, 8.7) ; second dorsal fin rays 36-40 (38.2) ; anal fin
rays 36-40 (37.3); pectoral fin rays 13-15 (13.5) ; pelvic fin rays 7; branchiostegal rays
7; number of oblique rows of scales 133-143 (138.2); number of gill-rakers on first arch
1-2 (1.7)+7-8 (7.8)=8-10 (9.4); number of vertebrae 23-25 (24.6) +26-29 (27.2) =51-54
(51.7) ; number of ribs 3-4 (4.0).

Body depth in percent of standard length 13.6-17.6 (14.9); head length 27.5-30.5
(28.8) ; caudal peduncle depth 3.4-5.0 (4.3) ; length of longest first dorsal fin ray
10.8-13.1 (12.4) ; length of longest second dorsal fin ray (anterior lobe) 6.8-8.6 (7.9) ;
length of longest second dorsal fin ray (posterior lobe) 8.8-10.9 (9.9); length of pectoral
fin 14.7-17.6 (16.3) ; length of pelvic fin 15.0-19.1 (17.4) ; length of longest anal fin
ray (anterior lobe) 6.9-8.8 (8.0); length of longest anal fin ray (posterior lobe) 8.5-10.6
(9.5) ; length of first dorsal fin base 8.8-10.5 (9.7) ; length of second dorsal fin base
46.0-50.0 (47.8); space between first dorsal and second dorsal fins 1.5-3.0 (2.3); length
of anal fin base 44.2-48.3 (46.5); tip of snout to first dorsal fin origin 29.3-31.4 (30.3);
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tip of snout to second dorsal fin origin 41,1-43.4 (42.2) ; tip of snout to pectoral fin
insertion 27.0-29.7 (28.3) ; tip of snout to pelvic fin insertion 22,0-25.6 (24.2) ; tip of
snout to anal fin origin 43.0-47.9 (45.2); length between pelvic fin insertion to anal fin
origin 18.2-25.0 (22.5). Snout length in percent of head length 30.7-33.6 (32.1);
diameter of eye 16.0-19.4 (17.7); diameter of orbit 17.6-21.0 (19.5); interorbital width
21.5-27.0 (25.0); suborbital width 6.5-7.8 (7.1) ; upper jaw length 50.6-53.5 (52.1) ;
lower jaw length 62.2-64.9 (63.8).

Remarks:

The body of this species is rather slender compared with other species. This
species has numerous scales, fewer fin rays and fewer gill-rakers, and has comparatively
longer pectoral and pelvic fins. The colour of body is silvery whitish. Tip of pectoral
fin reaches to the level of anal fin origin in young fish (below 200 mm SL.) but not in
adults. Caudal margin is usualy truncate but is a little convex in larger fish.

This species was first described by LiNNAEUs (1758) under the name of Gadus
merluccius.  This species has also been described by various names (FOwLER, 1936;
NORMAN, 1937 ; Svetovipov, 1948, 1973a; SorLimMAN, 1973). This species was sometimes
confused with Stomodon bilinearis (=M. bilinearis) and M. albidus of the northwestern
Atlantic (GUNTHER, 1862). JorDAN and EVERMANN (1917) designated Gadus merluccius
LINNAEUS as type species of the genus Merluccius RAFINESQUE. Two populations, from
the north-eastern Atlantic and from the Mediterranean have been separated by some
authors. CADENAT (1950) treated these populations as two distinct subspecies of M.
merluccius: M. merluccius atlanticus for the Atlantic population and M. merluccius medi-
terraneus for the Mediterranean one. His diagnosis for these subspecies was as follows:
length of pectoral fin is longer than that of pelvic fin, its length is about equal of 2/3
head length, mean value of total vertebrae is 51 in Atlantic subspecies. On the other
hand, length of pectoral fin is almost the same with that of pelvic fin, its length is
about equal of half length of head, mean value of vertebrae is 52 in Mediterranean
subspecies. LeETAcoNnNoux (1953) noted the following characters for these subspecies:
DI=10.01, DII=38.82, Vert.=51, G.R.=9.88 for M. merluccius atlanticus; and DI=9,52,
DII=38.49, Vert.=52.04, G.R.=10.5 for M. merluccius mediterraneus. DOUTRE (1960)
cited the study of CADENAT (1950) and accepted these two subspecies. Franca (1962)
and CaBo (1965; 1966) considered all the merluciids of Europe and Africa to be sub-
species of M. merluccius. MAURIN (1968a and b) cited the difference of number of vertebrae
between these two subspecies and used the name Merlucius merlucius merlucius for
the Atlantic subspecies in place of Merluccius merluccius atlanticus. According to the
International Code of Zoological Nomenclature, the Mediterranean population must take
the earliest available name for a species or subspecies described from the Mediterranean.
M. smiridus RAFINESQUE, 1810 is the earliest available name for species or for subspecies
of Merluccius in the Mediterranean. The Mediterranean subspecies therefore must be

Merluccius merluccius smiridus RAFINESQUE, 1810. It is not correct to use the name M.
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merluccius meditervaneus for the Mediterranean subspecies, and the name M. merluccius
atlanticus for the Atlantic subspecies.

In this study, these two subspecies are separated by the number of total vertebrae.
Subspecies M. merluccius merluccius has a range of 49-52 and mean value of 50.8. On
the other hand, M. merluccius smirvidus has a range of 51-54 and mean value of 51.7.
The difference between the ranges and mean values for the two subspecies are highly
significant statistically (Table 3). The range and mean value of relative length of
pectoral fin to head length of both subspecies are as follows: range 1.48-1.93 (mean 1.65)
for the subspecies M. merluccius merluccius, range 1.63-1.95 (mean 1.76) for M. meriu-
ccius smiridus. This does not show a clear difference between these subspecies (Fig. 3).
The relative lengths of pectoral and pelvic fins differ with growth. Pectoral fin length
is shorter than pelvic fin length in young individual (until about 300 mm SL.), but in
the adult, pectoral fin length is longer than pelvic fin length in both subspecies. As a
result, the criteria that CADENAT (1950) noted for separating these two subspecies are
not suitable except for number of vertebrae.

This species differs clearly from a most a.l other species in the total number of

gill-rakers except for M. poili, M. albidus and M. australis. This species also differs
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Fig. 3. Companisons between M. merluccius and M. australis
on the relationship of standard length to pelvic fin length
(upper) and between M. merluccius merluccius and
M. merluccius smiridus on the relationship of head
length to pectoral fin length (lower).



Studies on the Merlucciid Fishes

15

Table 3. Results of the statistical analyses between two populations on the various meristic
counts using the methods of F-tests on variances and t-test on means. The table
shows the cases that are detected the significant differences.

population character ?Sgerggrgf Mean variance F t

M. m. merluccius total number of 45 50.76 0.586 1.05 4,635

M. m. smiridus vertebrae 18 51.74 0.649 ’ .

M. merluccius total number of 64 51.05 0.795 1.07 39.76%*

M. australis vertebrae 179 55.92 0.691 : :

M. merluccius number of anal 57 37.97 1.020 1.33 97 40%*

M. australis fin rays 176 43.23 1.800 ' :

M. merluccius total number of 64 51.05 0.795 1.04 33.05%*

M. polli vertebrae 157 55.27 0.734 s )

M. merluccius number of Ist. 59 9.68 0.322 1.10 17. 40%*

M. albidus dorsal fin rays 43 11.73 0.389 ) '

M. senegalensis total number of 209 14.71 0.822 1.54%  63.21%*

M. paradoxus gill-rakers 51 24.70 1.935 ) '

M. senegalensis total number of 209 14.71 0.822

M. productus gill-rakers 08 20.04 1.130 1.17 40.60*

M. senegalensis number of abdom- 178 26.47 0.385 1.02 23.26%*

M. hubbsi inal vertebrae 48 24.14 0.375 ' i

M. senegalensis number of anal 34 38.37 0.530 1.84%  21.70%

M. australis fin rays 176 43.23 1.800 . .

M. senegalensis total number of 178 53.66 0.707

M. capensis vertebrae 30 50.87 0.916 1.14 16.71%*

Mauritanian population*** total number of 181 10.43 0.412 1.03 6.76%%

Angola population*** gill-rakers 55 9.77 0.400 ) '

Mauritanian population*** total number of 121 55.48 0.533 1.24 6.14%*

Angola population*** vertebrae 35 54.58 0.821 ) '

M. capensis total number of 30 50.87 0.916

M. bilinearis vertebrae 19 55.05 0.155 5.90%*  18.48*

M. capensis total number of 30 50.87 0.916

M. australis vertebrae 179 55.92  0.691 15 30.51

M. capensis total number of 44 18.00 L TOT 1.30 18. 68%*

M. hubbsi gill-rakers 11 14.04 1.025 S '

M. capensis total number of 44 18.00 1.727

M. australis gill-rakers 209 13.06 0.858 1.42 29.95%

M. paradoxus total number of 51 24.70 1.935 1.23 *k

M. bilinearis gill-rakers 41 17.48  1.280 1t 21.16

M. bilinearis total number of 19 55.05 0.155

M. gayi vertebrae 114 51.00  0.912  o-87TF 18.64%

M. bilinearis total number of 19 55.05 0.155

M. hubbsi vertebrae 92 5105 .4zl 65 26.46%

M. bilinearis total number of 41 17.48 1.280

M. hubbsi gill-rakers 77 14.04 1025 L2 17.02%

M. productus total number of 19 53.55 0.263 1.86 11.63%

M. gayi vertebrae 114 51.00 0.912 ) -6

M. angustimanus total number of 43 17.05 0.806

M. gayi gill-rakers 116 20.83  1.341  1.66%  17.52%*

M. angustimanus total number of 43 17.05 0.649

M. hulgbsi gill-rakers 77 14.02 1.025 1.58 16.90%*

M. g. gayi total number of 93 51..27 0.563 *k

M. g. peruanus vertebrae 20 49.81 0.762 1.16 7.79

M. g. gayi total number of 79 2113 1.756 1.15 3.70%*

M. g. peruanus gill-rakers 36 20.19 1.324 ) )

M. hubbsi total number of 92 51.04 0.421

M. polli vertebrae 157 55.27  0.734  1:32  40.93**

M. hubbsi total number of 71 14.04 1.025

M. polli gill-rakers 222 lo  p.dgy  LA6T 36,15

*

Significant at 5% level

** Significant at 1% level

*** population of M. poll;
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from M. bilinearis and M. albidus in the number of oblique rows of scales. The differ-
ences in the tota! number of vertebrae and the number of anal fin rays between this
species and M. australis show highly statistical significant differences (Table 3). This
species also differs from M. australis in the relative length of the pelvic fin (Fig. 3).
The difference in the total number of vertebrae between this species and M. polli, and
the difference in the number of Ist dorsal fin rays between this species and M. albidus
show highly statistical significant differences (Table 3).

This species is closely related to the African species (M. senegalensis, M. polli
and M. capensis) in the combination of several meristic and morphometric characters on
one hand, and is also re'ated to M. albidus by some characters such as the number of
gill-rakers and oblique rows of scales on the other hand. This species is also close to

M. australis in the slender body shape and smaller scales and fewer gill-rakers.

2. Merluccius senegalensis CADENAT: Senegalese hake (Fig. 4)

Fig. 4. Merluccius senegalensis CADENAT, 1950, FSFL EIQ12, SL 434.0mm

Merluccius senegalensis CADENAT, 1950

Merluccius senegalensis CADENAT, 1950, Congr. péche. pécher. Un. frang. d’outre Mer :
129 (type locality: Dakar).

Merluccius merluccius senegalensis : FRANCA, 1962, Mem. Junta Inv. Ultram., 2 (36): 25
(taxonomy).

Merlucius senegalensis MAURIN, 1965, Rapp. Com. Int. Explor. Sci. Medit., 18 (2): 216
(north-west Africa).

Merlucius merluccius senegalensis CaBo, 1965, Publ. Tec. Junta Estud. Pesca, 4: 18
(Cape Cantin to Cape Roxo).

Materials examined: (Table 4)

Description:

First dorsal fin rays I, 9-10 (average I, 9.5); second dorsal fin ray 38-41 (39.8);
anal fin rays 37-40 (38.4); pectoral fin rays 14-16 (14.8); pelvic fin rays 7; branchio-
stegal rays 7; number of oblique rows of scales 124-155 (137.6); number of gill-rakers
on first arch 2-4 (3.4) +10-14 (11.4)=13-18 (14.7); number of vertebrae 25-28 (26.5) +
25-29 (27.2) =51-56 (53.7); number of ribs 4.
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Table 4. Data of specimens of Merluccius senegalensis used in this study

Catalogue No. (FSFL) Date e Bosifion, i
D1193 Mar. 9, 1969 172247 19°567 =
EI038 Mar. 6, 1969 19°457 17°157 =
Ei(ﬁ%, EI0OLL, EI0L6, EIN40, EIl45, EIl46. Dec. 15, 1971 19°40.77  17°04.0’ 113
EI012, EI104, EI018, EI020, EI022, EI023, Dec. 14, 1971 18°29.5"  16°37.7/ 310
EI029, EIl41, EI149
N828 Dec. 14, 1971 18°21.67  16°31.3" 158
N604, N608, N666 Dec. 16, 1971 20°38.17  17°42.0" 215
EI015, EI0OL7, EI021, EI026, EI028, EI033, Dec. 11, 1971 17°16.9"  16°44.6’ 360
EI035, EI037
EC065 Mar. 13, 1975 20°13/ 17°317 54
M216 Mar. 15, 1975 20°14/ 17°297 48
EI142, EI144 Mar. 15, 1975 20°17/ 1728’ 50
ED206 Mar. 12, 1975 20°167 17°31" 59
Other specimens examined for counting of meristic characters:
Number of specimens Date Sampling position Depth
not catalogued Lat. (N) Long.(W) (m)

20 Nov. 10, 1974 21°14/ 172357 314

20 Nov. 24, 1974 20°28" 17°357 87

20 Dec. 31, 1974 21°037 17°367 290

20 May 21, 1974 20°50” 17°28" —

20 Mar. 2, 1975 21°08” 17°377 280

20 Mar. 9, 1975 20°257 172317 60

19 Feb. 24, 1975 20°567 172227 102

18 Dec. 30, 1974 20°58” 17237/ 283

9 Nov. 9, 1974 21°467 17223¢ 104

7 May 17, 1975 2°32¢ 17°357 404

2 Dec. 8, 1974 25°427 15°24" 260

2 Dec. 25, 1974 22°157 17°047 62

Body depth in percent of standard length 16.8-20.2 (18.3); head length 24,9-27.7
(26.5) ; caudal peduncle depth 4.5-5.8 (5.1) ; length of longest first dorsal fin ray
10.6-13.5 (12.5); length of longest second dorsal fin ray (anterior lobe) 6.4-9.0 (7.8);
length of longest second dorsal fin ray (posterior lobe) 8.7-11.2 (10.0) ; length of
pectoral fin 16.5-21.3 (18.9) ; length of pelvic fin 13.1-16.9 (15.0) ; length of longest
anal fin ray (anterior lobe) 6.7-9.7 (8.2); length of longest anal fin ray (posterior lobe)
8.5-10.8 (9.6) ; length of first dorsal fin base 9.2-11.4 (10.2) ; length of second dorsal
fin base 44.6-49.6 (47.4) ; space between first dorsal and second dorsal fins 2.0-4.2
(2.9); length of anal fin base 43.6-48.6 (45.9); tip of snout to first dorsal fin origin
27.7-30.4 (29.0); tip of snout to second dorsal fin origin 39.5-43.8 (41.8); tip of snout
to pectoral fin insertion 25.4-28.2 (26.8); tip of snout to pelvic fin insertion 22.3-25.9
(24.5); tip of snout to anal fin origin 43.4-48.6 (45.9) ; length between pelvic fin
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insertion and anal fin origin 20.6-25.7 (22.9). Snout length in percent of head length
30.2-34.1 (32.5); diameter of eye 16.0-18.1 (16.9); diameter of orbit 17.1-20.8 (19.2);
interorbital width 27.0-31.0 (28.6) ; suborbital width 4.9-7.7 (6.1) ; upper jaw length
47.1-50.6 (48.8); lower jaw length 59.5-63.2 (61.2).

Remarks:

This species shows intermediate values in meristic and proportional characters
except for the interorbital width, which is rather great compared with other species.
The tip of the pectoral fin usually reaches the level of the anal fin origin but some-
times does not in larger specimens. The caudal margin is usually truncate, but fish
larger than 400 mm SL. has a concave caudal margin. The colour of body is dark
silvery, blackish dorsally and silvery ventrally.

It was known that a different population was present in Cape Verde which had
more numerous vertebrae than M. merluccius and was called “merlus noirs” (BELLOC,
1937). Svetovipov (1948) cited BELLOC’s observation and noted the possibility of the
presence of some other species. HART (1948) considered that this population was
presumably a local race of M. merluccius. LETAcONNoUx (1950, 1952) studied the
number of gill-rakers of this population which showed a quite different number from
M. merluccius. In 1950, CADENAT described this population as a new species on the
basis of some meristic characters (number of first dorsal fin rays, gill-rakers, vertebrae)
and the blackish colour of the body. Franca (1952) and MauriN (1954b, 1965, 1968a)
studied the morphology of this species, comparing it with M. merluccius and recognized
it as a distinct species M. senegalensis. Franca (1962) and CaBo (1965, 1966) compared
the characters of this species with M. merluccius and considered this species as a
subspecies of M. merluccius.

This species differs from M. merluccius, M. polli and M. albidus in the total
number of gill-rakers, from M. bilinearis and M. albidus in the number of oblique rows
of scales, from M. angustimanus and M. gayi in the number of abdominal vertebrae, and
from M. polli, M. productus and M. angustimanus in the number of ribs. The differrences
in the total number of gill-rakers between this species and M. paradoxus and M.
productus, the difference in the number of abdominal vertebrae between this species and
M. hubbsi, and the difference in the number of anal fin rays between this species and
M. australis show highly statistical significant differences (Table 3).

This species is very similar to M. capensis but the difference in the total number
of vertebrae show highly statistical significant difference (Table 3). The relative
length of head, snout and interorbital width also show clear differences between this
species and M. capensis (Fig. 5).

This species is closely related to eastern Atlantic species (M. capensis and M.
merluccius) on one hand, and also closely related to western Atlantic species (M.

bilinearis and M. albidus) in other characters.
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3. Merluccius polli CADENAT : Benguela hake (Fig. 6)

Fig. 6. Merluccius polli CADENAT, 1950, FSFL EG308, SL 433.0mm

Merluccius polli CADENAT, 1950

Meyluccius polli CADENAT, 1950, Congr. péche. pécher. Un. franc. d’outre Mer : 129
(type locality: Congo).

Merluccius cadenati DOUTRE, 1960, Rev. Trav. Inst. Scient. Tech. Peche, 24 (4) : 517
(Cape Blanco to Cape Roxo).

Merluccius merluccius polli : FRrRANcA, 1962, Mem. Junta Inv. Ultram., 2 (36) : 25
(taxonomy).

Merluccius  merluccius cadenati : FRaNcA, 1962, Mem. Junta Inv. Ultram., 2 (36) @ 25
(taxonomy).

Merlucius merluccius polli Caso, 1965, Publ. Tec. Junta Estud. Pesca, 4 : 20 (Port Gentil
to Benguela).

Merilucius merluccius cadenati CaBo, 1965, Publ. Tec. Junta Estud. Pesca, 4: 18 (Cape
Blanco to Cape Roxo).

Materials examined: (Table 5)

Description:

First dorsal fin rays I, 8-11 (average I, 9.8); second dorsal fin rays 37-41 (38.5);
anal fin rays 36-42 (38.7) ; pectoral fin rays 14-16 (15.1) ; pelvic fin rays 7 ; branchio-
stegal rays 7; number of oblique rows of scales 102-127 (112.0); number of gill-rakers on
first arch 1-3(2.1)+7-9(8.2) =8-12(10.3) ; number of vertebrae 23-28(26.2) +27-31(29.1)
=53-57(55.3); number of ribs 3.

Body depth in percent of standard length 14.8-21.0 (18.0); head length 24.8-28.9
(27.3) ; caudal peduncle depth 4.2-5.3 (4.8); length of longest first dorsal fin ray
10.0-13.1 (11.3); length of longest second dorsal fin ray (anterior lobe) 6.8-9.5 (7.9);
length of longest second dorsal fin ray (posterior lobe) 9.5-11.6 (10.4); length of
pectoral fin 17.7-21.8 (19.6); length of pelvic fin 13.0-16.7 (14.7); length of longest
anal fin ray (anterior lobe) 6.9-9.1 (7.9); length of longest anal fin ray (posterior
lobe) 8.6-10.7 (9.9); length of first dorsal fin base 9.1-12.0 (10.6); length of second
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Table 5. Data of specimens of Merluccius polli used in this study
Mauritanian population
Sampling position Depth
Catalogue No. (FSFL) Date Lat.(N)  Long.(W) (m)
Mggg, M580, M583-M585, M575, M593, M599,  Jan. 21, 1975 05°07" 09°43’ 193
M
Mgg%, M566, M581, M582, M590-M592, M596,  Jan. 22, 1975 05°18” 09°57” 398
M552, M553, M555-M557, M559, M563-M565,  Jan. 24, 1975 05°467 10°327 293
M567, M568, M571, M573, EI030
N222, N219, N334 Jan. 6, 1972 24°49.4"  16°38.2’ 910
EI024, EI027 Dec. 11, 1971 17°16.9"  16°44.6’ 360
S$291 Dec. 19, 1971 21°19.4"  17°28.2’ 132
V717 Dec. 16, 1971 20%32:3°  17°51+3" 490
S240 Dec. 19, 1971 21°21:5"  19°47.2" 729
Q725 Nov. 20, 1974 10°357 17°15’ 339
Other specimens examined for counting of meristic characters :
Number of specimens Date Sampling position Depth
not catalogued Lat.(N) Long.(W) (m)
21 Nov. 20, 1974 10°23” 17°08” 329
20 Jan. 7, 1975 10°48’ 17°217 381
20 Jan. 8, 1975 10°06” 17°09” 458
20 Jan. 21, 1975 05°06" 09°42” 193
20 Jan. 24, 1975 05°467 10°327 293
20 Jan. 23, 1975 05°357 10°16” 320
Angola population
Sampling position Depth
Catalogue No. (FSFL) Date Lat.(S) Long.(E) (m)
EG301-EG303, EG305-EG309, EG320, EG321, Aug. 16, 1977 18°137 11°207 371
EG323, EG324
EG310, EG311l, EG319, EG325-EG328 Aug. 16, 1977 18°217 11°187 388
Eggigs EG333, EG336, EG337, EG339, EG341, June 6, 1977 19°237 11°297 448
EG344, EG345, EG347, EG348 June 6, 1977 19°387 11°447 366

Other specimens examined for counting of meristic characters :

Number of specimens

Sampling position Depth
not catalogued Date

Lat.(S) Long.(E) (m)

4 June 6, 1977 19°23¢ 11°29’ 448
3 June 6, 1977 19°38’ 11°447 366
5 Aug. 16, 1977 18°21" 11°18’ 388

23 Aug. 16, 1977 18°13’ 11°207 3717
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dorsal fin base 43.5-48.3 (46.2); space between first dorsal and second dorsal fins
1.9-3.9 (2.9); length of anal fin base 42.1-47.3 (45.0); tip of snout to first dorsal fin
origin 27.5-31.1 (29.3); tip of snout to second dorsal fin origin 39.7-44.8 (42.4); tip of
snout to pectoral fin insertion 25.0-30.4 (27.6); tip of snout to pelvic fin insertion
22.0-27.9 (24.4); tip of snout to anal fin origin 42,9-50.2 (46.3); length between pelvic
fin insertion and anal fin origin 21.6-27.3 (24.2). Snout length in percent of head
length 30.2-35.9 (32.2); diameter of eye 15.0-19.8 (17.2); diameter of orbit 16.4-21.8
(19.1); interorbital width 24.1-28.0 (25.9); suborbital width 5.3-8.5 (6.7); upper jaw
length 45.3-51.3 (48.7); lower jaw length 56.1-62.4 (59.1).

Remarks:

This species has numerous vertebrae, larger scales, fewer gill-rakers, and rather
smaller head and gape. Usually, the tip of pectoral fin reaches origin of anal fin and
the margin of caudal fin is truncate, but in larger individuals the pectoral fin does not
reach the anal fin origin, and the caudal margin is sometimes concave. This species is
characterized by its blackish body colour and by the white margined caudal fin, especially
in larger fish. In young fish smaller than 300 mm SL., the colour of body is blackish
grey or brown.

This species was first described by CADENAT (1950) from off the mouth of the
Congo River (6°S). Following his description this species has fewer scales on longitudi-
nal line (about 100), more vertebrae (about 53) and fewer gill-rakers, which show clear
differences from M. merluccius, M. senegalensis and M. capensis. CADENAT (1952),
Franca (1952) and LeTacoNNoux (1953) compared some characters of this species with
those of M. merluccius and M. senegalensis. FRANCA (1952) also compared some characters
of M. polli and M. capensis in specimens from Angola. PorrL (1953) described this
species in detail from specimens caught off Port Gentil (0°) to Tigres (18°S). FRANCA
(1956a and b) discussed the distribution of this species. DoUTRE (1960) described a new
species, Meyluccius cadenati from off Mauritania and Senegal and noted that the body
colour of M. cadenati was blackish in fish larger than 35cm and had more vertebrae (mean
55.55) compared with M. polli (53-54) and always five cervical vertebrae. FrRaANcA (1962)
and CaBo (1965, 1966) considered merlucciids from Europe and Africa as subspecies of M.
merluccius and recognized M. polli and M. cadenati are the distinct subspecies. MAURIN
(1965, 1968a and b) noted the species M. cadenati in his study on the merlucciids of the
north and north-west Africa. WirLLiams (1968) showed that M. polli and the unidentified
M. spp. were taken throughout the survey areas from the Gambia border (13°N) to the
Congo (6°S), but he did not show any characters of these species. MAURIN (1968b),
Jones (1974) and Quero (personal communication) suggested that M. cadenati might be
the same species as M. polli.

The materials that the author used in this study are composed of specimens

combined from Mauritania-Liberia and southern Angola. Careful examination of these



Studies on the Merlucciid Fishes 23

specimens from the two localities failed to show any differences in meristic characters
examined (Table 6). Specimens from both localities have the same number of vertebrae
(53-57) and cervical vertebrae (5). Small differences can be seen in some proportional
characters between specimens from the two localities, but these differences are not so
large as to indicate specific divergence (Fig. 7). Statistical examinations in the total
number of gill-rakers and the total number of vertebrae between both populations show
small differences, which may indicate the subspecific divergence (Table 3). Differences
of body depth in percent of standard length for these specimens are due to the gonad

condition, i.e. the specimens from southern Angola have ripe gonads (Table 7). Com-
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parison of these data with those of PorL (1953) as is shown in Table 7 shows differences
in some proportional characters, but I believe that these are caused by geographical
variation or a different method of measuring. Finally, specimens from Mauritania-Liberia
and southern Angola belong to the same species and agree well with descriptions of
M. polli by CADENAT (1950) and M. cadenati by DouTrRe (1960). In this study the
author considers that these specimens are M. polli and tentatively consider M. cadenati
as a junior synonym of M. polli until a careful comparison can be made of the type
specimens and the unidentified species described by WiILLIAMS (1968).

This species is closely related to M. paradoxus in having numerous vertebrae, and
both species inhabit rather deep waters. This species is also closely related to M.
bilinearis and M. albidus in having larger scales, and with M. albidus and M. merluccius

in having fewer gill-rakers.

Table 6. Comparisons of body colour and 8§ meristic characters of M. polli collected
in various locations from Mauritania to southern Angola. Numeral in

parentheses shows mean value.

Present Present CADENAT PoLL DOUTRE
Source of data author author (1950)  (1953) (1960)
Locality l\ﬁ%girtgma southern Angola Congo ng%i)é lsvgllérgi;f nia,
No. of specimens 162 65 2 56 559#D
Standard length
(mm) 179—550 366—521 236,325  96—370 =
blackish brownish ;
i .~ blackish
Body colour (over 30 cm), blackish — sometimes
young brownish blackish (over 35 cm)
1st dorsal fin rays  9-12 (10.4) 10-12(11.1) 10 10 7-12(10.6)
2nd dorsal finrays  37-40(38.2) 37-41(38.7) 38,39 37 36-41(38.7)
Anal fin rays 36-40(38.3) 37-42(39.0) 36,37 38 —
Pectoral fin rays 15-16(15.6) 14-16(14.8) — = —

Lateral line scales  102-127(111.7)*2 104-123(112.5)*® 98,105 ca. 110 ca. 100

. 1=3C2. l)+7 9(8.3) 1-3(2.0)+7-9(7.8) = +7-8 Y
Gilll-rakers —9-12(10.5) —3-11(0.8) 2+8=10 —9-10 =9-12(10.4)

2.8)+27-3]
25-28(26.)+21-31  24-21(25.D+27-31  _ o
Veihias (20.1)=53°57(55.5) (28.9)=53-57(54.6) >3 (B Q=525

Cervical vertebrae 5% 5 = = 5

Note : *1) for counting the number of gill-rakers.
*2) oblique rows of scales below the lateral line canal.

*3) based on one specimen.
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Table 7.

indicates mean value of each character.
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Comparison of 9 proportional characters of M. pol/i from Mauritania-Liberia

and southern Angola, and of data by PoLL (1953). Numeral in parentheses

Locality

Mauritania-Liberia southern Angola

(Present author)

(Present author)

Congo-Angola
(PoLL, 1953)

Body depth in % of SL

Head length in % of SL
Diameter of eye in % of HL
Interorbital width in % of HL

Times of diameter of eye in snout
length

Times of interorbital width in snout
length

Times of diameter of eye in inter-
orbital width

Times of pectoral fin length in head
length

Times of pelvic fin length in pectoral
fin length

14.8-18.3 (16.6)
24.8-28.9 (27.4)
16.2-19.8 (17.7)
24.1-27.5 (25.6)

1.6- 2.0 (1.8
Ial- 13 (1a2)
1.3-1.6 (1.5)
0.65-0.75 (0.70)

0.69-0.87 (0.79)

18.3-21.0 (19.4)
26.2-28.8 (27.2)
15.0-18.2 (16.5)
25.0-28.0 (26.4)

1.8- 2.3 (2.0)
162~ 1:3 (13D
1.5- 1.8 (l:6)
0.68-0.78 (0.75)

0.65-0.75 (0.70)

14.3-20.0
28.2-29.9
20.0-25.6
20.0-25.6

L2146
1.3- 1.5
0.9- 1.2

ca. 0.67
ca. 0.75

or smaller

4, Merluccius capensis CASTELNAU : Shallow-water Cape hake (Fig. 8)

Fig. 8.

Merluccius capensis CASTELNAU, 1861,

Merluccius capensis CASTELNAU, 1861

FSFL S769, SL 445.0mm

Merluccius capensis CASTELNAU, 1861, Mém. poiss. Afr. austr.: 68 (type locality: South

Africa).

Merluccius capensis capensis: FRANCA, 1960, Mem. Junta Inv. Ultram., 2 (18): 3 (Bahia Farta

to southernmost Africa).
Merluccius merluccius capensis:

(taxonomy).

Franca, 1962,

Mem. Junta Inv.

Ultram.,

2 (36) : 25

Merlucius merluccius capensis CAaBo, 1965, Publ. Tec. Junta Estud. Pesca, 4: 20 (Bahia Farta

to Cape).

Materials examined: (Table §)
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Table 8. Data of specimens of Merluccius capensis used in this study

Sampling position Depth
Catalogue No. (FSFL) Date Lat.(S)  Long.(E) (m)

N883, S602, S605, S608, S610, S614, S619, Nov. 21, 1971 35°06.3"  19°25.8’ 160
S626, S652, S655, S657, V688

M876, N861, S620, S623, S625, S632, S633, Nov. 21, 1971 35°00.07  19°32.9’ 140
S635, S638

S769-S772, ST74, ST778, ST79 June 10, 1976 35°18.0"  20°58.0’ 83
S300, S329 Nov. 21, 1971 35°33.7 19°20.07 227
B1749 Aug. 14, 1968 26°10.07  13°50.0” —

Other specimens examined for counting of meristic characters :

Number of specimens Date Sampling position Depth
not catalogued Lat.(S) Long.(E) (m)
15 Oct. 21, 1977 18°34.07  11°25.07 244
13 Nov. 21, 1971 35°07.77  19°28.87 160
Description:

First dorsal fin rays I, 9-11 (average I, 10.1) ; second dorsal fin rays 38-43 (40.0);
anal fin rays 37-41 (39.5) ; pectoral fin rays 14-16 (14.6) ; pelvic fin rays 7; branchio-
stegal rays 7; number of oblique rows of scales 132-149 (140.8); number of gill-rakers on
first arch 3-6 (4.6) +11-15 (13.4) =15-20 (18.0); number of vertebrae 23-26 (24.4) +24-28
(26.5) =49-53 (50.9); number of ribs 4.

Body depth in percent of standard length 14.7-19.9 (17.9); head length 27.3-30.2
(28.6); caudal peduncle depth 4.7-5.7 (5.2); length of longest first dorsal fin ray
11.6-14.4 (12.8); length of longest second dorsal fin ray (anterior lobe) 6.2-8.8 (7.5);
length of longest second dorsal fin ray (posterior lobe) 8.9-10.9 (9.8) ; length of
pectoral fin 17.2-19.9 (18.9) ; length of pelvic fin 14.2-17.1 (15.5) ; length of
longest anal fin ray (anterior lobe) 6.7-9.2 (8.1) ; length of longest anal fin ray
(posterior lobe) 8.6-11.6 (9.5); length of first dorsal fin base 9.6-12.6 (10.8); length
of second dorsal fin base 44.5-47.8 (46.1); space between first dorsal and second dorsal
fins 1.8-3.8 (2.7); length of anal fin base 41.6-47.7 (45.2); tip of snout to first dorsal
fin origin 29.7-31.9 (30.7); tip of snout to second dorsal fin origin 42.4-45.5 (43.8);
tip of snout to pectoral fin insertion 27.4-30.2 (28.8); tip of snout to pelvic fin
insertion 23.8-29.0 (26.4); tip of snout to anal fin origin 42.7-49.6 (46.7); length
between pelvic fin insertion and anal fin origin 18.5-24.8 (22.5). Snout length in
percent of head length 31.9-36.5 (34.1); diameter of eye 14.9-22.7 (17.3); diameter of
orbit 17.0-24.6 (19.2); interorbital width 24.1-28.6 (26.2); suborbital width 5.7-8.9
(7.2); upper jaw length 48.2-54.7 (51.7); lower jaw length 62.1-67.4 (64.8).

Remarks:
This species has fewer vertebrae, smaller scales and more numerous gill-rakers

than almost other merlucciids. The body proportions of this species show rather inter-
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mediate values among the merlucciids. The tip of the pectoral fin usually reaches the
origin of the anal fin. The posterior margin of caudal fin is truncate or slightly
concave. The colour of body is silvery, somewhat brownish dorsally and whitish ventrally.

This species was first described by CASTELNAU (1861), but sometimes has been
regarded as a subspecies of M. merluccius by many authors (FrRaNca, 1962 ; Caso, 1965,
1966; vaN Eck, 1969). REeGAN (1903), BARNARD (1925), NormanN (1937), SVETOVIDOV
(1948) and Quero (1973) recognized M. capensis as a full species.
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This species differs from M. merluccius, M. polli and M. albidus in the total
number of gill-rakers, from M. polli, M. bilinearis, M. albidus and M. gayi in the
number of oblique rows of scales, from M. polli, M. productus and M. angustimanus in
the number of ribs, from M. paradoxus in the total number of vertebrae and from M.
productus in the number of caudal vertebrae. The differences in the total number of
vertebrae between this species and M. senegalensis, M. bilinearis and M. australis, and
the differences in the total number of gill-rakers between this species and M. hubbsi
and M. australis show highly statistical significant differences (Table 3). The relative
length of head compared to standard length shows differences between this species and
M. angustimanus, and that of pectoral fin to standard length also shows the differences
between this species and M. gay: (Fig. 9).

This species is closely related to M. senegalensis in general characters and to M.
meriuccius and M. hubbsi in some characters, but is quite different from M. polli and
M. paradoxus in many characters, distributions of which are overlapping with this

species in some areas.

5. Merluccius paradoxus FRANCA : Deep-water Cape hake (Fig. 10)

//’;/I//;/ / /4 g
iy,

Fig. 10, Merluccius paradoxus FRANCA, 1960, FSFL S695, SL 437.0mm

Meyrluccius paradoxus FRANCA, 1960

Merluccius capensis paradoxus FRANCA, 1960, Mem. Junta Inv. Ultram., 2 (18) : 4 (type
locality: South-west Africa).

Merluccius merluccius paradoxus: FRANCA, 1962, Mem. Junta Inv. Ultram., 2 (36) : 26
(taxonomy).

Merluccius paradoxus : QUERO, 1973, Rev. Trav. Inst. Péches Mayrit., 37 (1) : 118 (Cape
Frio to East London).

Materials examined: (Table 9)

Description:
First dorsal fin rays I, 9-11 (average I, 9.8) ; second dorsal fin rays 38-42 (39.8);
anal fin rays 38-41 (39.8); pectoral fin rays 14-16 (14.6) ; pelvic fin rays 7; branchio-
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Table 9. Data of specimens of Merluccius paradoxus used in this study

Sampling position Depth
Catalogue No. (FSFL) Date Lat. (S) Long.(E) (m)

53%, S316, S324, S326-S328, S336, S338, Nov. 22, 1971 35°33.7"  19°20.0’ 227
S3

S66l, S671 Nov. 21, 1971 35°17.17  19°13.1’ 185

N886, S342, S345, S347, S352, S354, S624, Nov. 22, 1971 35°36.4"  19°00.8’ 540
S$690, S691, S694, S695, S698, S699, S686

A1336 Jan. 13, 1971 26°00.2"  13°40.9’ 440
S640, S647, S673, S658 Nov. 22, 1971 35°41.5"  18°52.9’ 980
L 144 June 19, 1977 33°07.7"  44°05.0" 780

Other specimens examined for counting of meristic characters :

Number of specimens Sampling position Depth

not catalogued Date Lat.(S) Long.(E) (m)
23 Dec. 28, 1977 24°327 132267 490
5 June 19, 1977 33°07.07  44°05.0" 780

stegal rays 7; number of oblique rows of scales 121-143 (130.4); number of gill-rakers
on first arch 4-7 (5.6) +13-18 (14.9) =18-23 (20.4); number of vertebrae 26-28 (27.0) +
28-30 (28.9) =54-58 (55.9); number of ribs 4.

Body depth in percent of standard length 15.7-20.5 (18.2); head length 26.0-28.6
(27.3); caudal peduncle depth 4.2-5.4 (4.8); length of longest first dorsal fin ray
11.8-15.0 (13.3); length of longest second dorsal fin ray (anterior lobe) 6.7-9.1 (7.9);
length of longest second dorsal fin ray (posterior lobe) 9.6-11.9 (10.6);. length of
pectoral fin 19.1-23.6 (21.2); length of pelvic fin 12.9-16.3 (14.8); length of longest
anal fin ray (anterior lobe) 7.5-9.1 (8.2); length of longest anal fin ray (posterior
lobe) 9.0-10.7 (9.9); length of first dorsal fin base 9.0-11.6 (10.7); length of second
dorsal fin base 45.0-48.2 (46.8); space between first dorsal and second dorsal fins
1.8-3.6 (2.8); length of anal fin base 44.0-48.5 (46.1); tip of snout to first dorsal fin
origin 28.4-31.1 (29.8); tip of snout to second dorsal fin origin 40.8-45.1 (42.9); tip of
snout to pectoral fin insertion 26.0-30.3 (27.8); tip of snout to pelvic fin insertion
23.0-27.0 (25.3); tip of snout to anal fin origin 43.4-48.0 (45.8); length between pelvic
fin insertion and anal fin origin 19.9-23.9 (22.0). Snout length in percent of head
length 30.6-35.3 (32.8); diameter of eye 16.8-21.5 (19.1); diameter of orbit 18.7-24.1
(21.5); interorbital width 22.5-28.0 (25.0); suborbital width 5.2-8.9 (6.8); upper jaw
length 46.0-51.6 (48.2); lower jaw length 57.8-64.7 (60.6).

Remarks:

This species has numerous vertebrae and gill-rakers, longer pectoral fin and rather
smaller gape. The tip of pectoral fin reaches or extends beyond the origin of anal fin.
The colour of body is dark brownish dorsally and silvery whitish ventrally.

FrRANcA (1954) recognized two forms of M. capensis in the Cape region, and he



30 Tadashi INADA

(FRANCA, 1960b) first described M. paradoxus as a subspecies, M. capensis paradoxus.
Later, FrRancAa (1962) refered M. paradoxus as a subspecies of M. merluccius and called
it as M. merluccius paradoxus, which has been used by several authors (CaBo, 1965,
1966 ; vaN Eck, 1969). Quero (1973) treated the subspecies as a distinct species, M.
paradoxus.

This species differs from M. capensis, M. angustimanus, M. gayi and M. hubbsi in
the total number of vertebrae, from M. productus in the number of abdominal vertebrae,
from M. polli, M. productus and M. angustimanus in the number of ribs, from M. merluccius,
M. polli, M. albidus, M. hubbsi and M. australis in the total number of gill-rakers and
from M. bilinearis in the number of oblique rows of scales. The differences in the total
number of gill-rakers between this species and M. senegalensis and M. bilinearis show
highly statistical significant differences (Table 3). This species is clearly different from
M. bilinearis in the relative length of upper jaw to head length (Fig. 11).

This species is closely related to M. polli and M. australis by the numerous
vertebrae and general apperance, and these three species live in rather deep-waters for
merlucciids. Close relationship between species from South Africa, southern South
America, and even New Zealand can ba seen in some other demersal fishes such as
Macruronus spp. and Genypterus spp.. This may also suggest close realtionships between
M. paradoxus and M. australis.
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Fig. 11. Comparison between M. paradoxus and M. bilinearis

on the relationship of head length to upper jaw length.



6. Merluccius bilinearis (MitcHILL) : Silver hake (Fig. 12)
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Fig. 12, Merluccius bilinearis (MITCHILL, 1814),

Merluccius bilinearis (MitcuiLL, 1814)

FSFL B2368, SL 420.0mm

Stomodon bilinearis MitcuiLr, 1814, Trans. Lit. Phil. Soc., 1: T (type locality: New York).
Merluccius vulgaris (nec FLEMING 1828) : GUNTHER, 1862, Cat. fish. Brit. Mus., 4 : 344

(bibliography).

Merluccius bilinearis: GILL,

1863,

North America from Virginia northwards).

Materials examined: (Table 10)

Table 10, Data of specimens of Merluccius bilinearis used in this study

Proc. Acad. Nat. Sci. Philad.: 247 (coasts of eastern

Catalogue No. (FSFL) Date %;‘tnl(f’ll\}glg Iﬁ‘fétgi_o(%> D&Plt)h
b1414, bl4l6, b1418, b1481, b 1483, b1484, Nov. 9, 1969 43°37.07  59°45.0"  206-216
d0752, d0755
d 0758, d0811, d0820, d0853-d0856, Feb. 17, 1970 40°08.8"  68°48.5"  151-178
d 0858-d 0860, d0882, d0883, d0890
B%g%, B2363, B2365, B2366, B2368, B2652, Feb. 11, 1970 40°05.5"  70°27.07  167-192
B
A1990 May 23, 1967 37°04.0"  74°46.0" —
D1864 Nov. 14, 1969 42°42.5"  66°55.0" 196
Other specimens examined for counting of meristic characters :

Number of specimens Date Sampling position Depth
not catalogued Lat.(N) Long.(W) (m)

5 Feb. 18, 1970 43°50.0"  64°18.5’ 170

3 Nov. 9, 1969 43°37.07  59°45.0"  206-216

2 Feb. 11, 1970 40°05.57  70°27.07  167-192

2 July 15, 1970 42°307 67°00” —

Description:

First dorsal fin rays I, 10-12 (average I, 11.3); second dorsal fin rays 37-42 (39.5);
anal fin rays 37-42 (39.9) ; pectoral fin rays 13-16 (14.6) ; pelvic fin rays 7 ; branchio-
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stegal rays 7; number of oblique rows of scales 101-110 (105.8) ; number of gill-rakers
on first arch 3-5 (4.1) +12-15 (13.3) =16-20 (17.5); number of vertebrae 26-29 (27.3) +
27-29 (27.8) =53-57 (55.1); number of ribs 4.

Body depth in percent of standard length 15.0-18.5 (16.5); head length 24.4-27.4
(25.8); caudal peduncle depth 3.9-5.0 (4.5); length of longest first dorsal fin ray 11.3-14.4
(12.9); length of longest second dorsal fin ray (anterior lobe) 6.5-8.4 (7.5); length of
longest second dorsal fin ray (posterior lobe) 8.6-11.6 (10.1); length of pectoral fin
18.1-22.8 (20.3); length of pelvic fin 14.0-18.5 (16.2); length of longest anal fin ray
(anterior lobe) 6.7-9.7 (8.3); length of longest anal fin ray (posterior lobe) 8.0-11.3
(9.4); length of first dorsal fin base 10.7-12.9 (12.1); length of second dorsal fin base
44.,4-47.4 (46.0); space between first dorsal and second dorsal fins 2,3-4.1 (3.2); length
of anal fin base 44.5-48.9 (46.6); tip of snout to first dorsal fin origin 27.5-29.7(29.0);
tip of snout to second dorsal fin origin 41.5-45.0 (44.0); tip of snout to pectoral fin
insertion 23.6-27.8 (26.2); tip of snout to pelvic fin insertion 22.9-26.6 (24.8); tip of
snout to anal fin origin 42.3-48.8 (45.9); length between pelvic fin insertion and anal
fin origin 19.5-25.8 (23.0). Snout length in percent of head length 31.2-35.1 (33.3);
diameter of eye 14.7-21.1 (17.2); diameter of orbit 16.4-23.8 (19.5); interorbital width
24.0-29.8 (26.5); suborbital width 6.7-9.7 (8.0); upper jaw length 50.0-54.4 (52.2);
lower jaw length 61.6-67.9 (64.8).

Remarks:
This species has small head, rather longer pectoral and pelvic fins, larger gape and

numerous gill-rakers. The scales of this species are larger and the number of oblique
rows of scales is less. In young fish, the tip of pectoral fin reaches or extends over the
level of the anal fin origin, but the relative length of pectoral fin becomes smaller by
growth. The shape of the caudal margin also changes by growth, i.e., smaller fish has
truncated caudal margin and larger fish has slightly concave one. The colour of body
is usually silvery white.

This species was first described by MitcHILL (1814) as Stomodon bilinearis. Later,
GiLL (1863) refered it to the genus Merluccius. This species was regarded as identical
with the European hake (M. merluccius) by GUNTHER (1862). Although the general
appearance of the two species is very similar, this species is easily distinguished from
the European hake by the greater number of first dorsal fin rays, and by the larger size
of the scales (GoopEg, 1884).

This species differs from M. merluccius, M. senegalensis, M. capensis, M. paradoxus,
M. productus, M. angustimanus, M. hubbsi and M. australis in the number of oblique rows
of scales, from M. merluccius, M. polli, M. albidus and M. australis in the total number
of gill-rakers, from M. angustimanus in the total number of vertebrae, from M. productus
and M. gayi in the number of abdominal vertebrae, and from M. polli, M. productus and
M. angustimanus in the number of ribs.

The differences in the total number of vertebrae between this species and M.



Studies on the Merlucciid Fishes 33

capensis, M. gayi and M. hubbsi, and the differences in the total number of gill-rakers
between this species and M. paradoxus and M. hubbsi show highly statistical significant
differences (Table 3). This species is also different from M. senegalensis in the relative
length of upper jaw to head length and from M. capensis in the relative length of head
to standard length (Fig. 13).

This species is closely related to M. senegalensis and M. merluccius in general
characters and also with three species from the Pacific Ocean in the number of gill-rakers.
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7. Merluccius albidus (MitcHILL) : Offshore hake (Fig. 14)

Fig. 14, Merluccius albidus (MiTCHILL, 1818), FSFL EGY978, SL 332.0mm

Merluccius albidus (MiTcHILL, 1818)

Gadus albidus MitcuiLy, 1818, J. Acad. Nat. Sci. Philad., 1: 409 (type locality : New
York).

Meyluccius albidus: DE KAy, 1842, N.H. New York, 3 : 280 (Sandy Hook).

Meyrluccius vulgaris (nec FLEMING, 1828) : GUNTHER, 1862, Cat. fish. Brit. Mus., 4: 344
(bibliography).

Merluccius bilinearis (nec MITCHILL, 1814) : NORMAN, 1937, Discovery Rept., 16 : 47
(bibliography).

Meyluccius magnoculus GINSBURG, 1954, Fish. Bull., 96(56) : 194 (off Pensacola, Florida).

Materials examined: (Table 11)

Table 11, Data of specimens of Merluccius albidus used in this study

Catalogue No. Date %a;rtn%l\};lg Ei(,)jggl?(nW) ]()leifl})l
EJ201(FSFL), 206201(USNM) July 26, 1969 35°47.3"  74°49.6"  125-200
EJ200(FSFL), 208234(USNM) Nov. 18, 1968 15°45’ 80°457 360
EJ202(FSFL), 208203(USNM) Sept. 9, 1964 11°307 60°46" 200-240
EJ203(FSFL), 208167(2 specimens, USNM) Feb. 27, 1964 27°52.5"  92°29’ 150
EJ204, EJ205(FSFL), 208216(USNM) Aug. 18, 1970 24°32’ 83°36" 205
EJ206(FSFL), 205237(3 specimens, USNM) Nov. 22, 1968 12°247 82°247 335
EJ207(FSFL), 206206(2 specimens, USNM) Aug. 8, 1970 24°287 86°267 190
EJ208(FSFL), 207153(USNM) June 10, 1970 19°32/ 93°46" 600
EJ230(FSFL), 208235(USNM) Nov. 20, 1968 14°017 81°507 265
EG971-EG973, EG979(FSFL) Nov. 26, 1965 24°27° 83°32’ 196-221
EGY977, EG978(FSFL) Apr. 10, 1964 23°197 97°16’ 225
208166(2 specimens, USNM) Oct. 23, 1962 29°11.57  88°11.5’ 150
205243(USNM) June 2, 1962 12°237 82°297 200
33032(USNM) Off Cape Charles, Virginia
190356(USNM) June 19, 1960 29°43" 80°12’ 165
208182(USNM) Nov. 20, 1968 14°247 81°48’ 215
208174, 208183(USNM) Nov. 20, 1968 13°587 81°53’ 220
208223(USNM) Nov. 22, 1963 24°28’ 83°33" 210
155728(2 specimens, USNM) Feb. 7, 1940 32°097 79°027 100-175
208215(USNM) June 5, 1962 14°23’ 81°457 250
205235(USNM) May 11, 1969 7°35¢ 53°29/ 360
208169(USNM) May 24, 1964 10°247 75°507 65

206199(USNM) June 3, 1965 18°05.5"  67°21.5’ 12
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Description:

First dorsal fin rays I, 10-12 (average I,10.7); second dorsal fin rays 35-39 (37.3);
anal fin rays 35-41 (37.4); pectoral fin rays 12-16 (14.2); pelvic fin rays 7; branchio-
stegal rays 7; number of oblique rows of scales 104-119 (111.3) ; number of gill-rakers
on first arch 1-3(1.9)+7-9(8.0)=8-11(9.8) ; number of vertebrae 23-26 (24.4)+27-30
(28.6) =51-55(53.0); number of ribs 4.

Body depth in percent of standard length 13.0-16.4 (14.8); head length 26.8-31.7
(29.5) ; caudal peduncle depth 3.5-4.6 (4.1) ; length of longest first dorsal fin ray
12.0-15.0 (13.0); length of longest second dorsal fin ray (anterior lobe) 6.5-9.2 (8.0);
length of longest second dorsal fin ray (posterior lobe) 8.8-11.8 (10.3); length of
pectoral fin 16.9-22.3 (18.8); length of pelvic fin 13.8-20.6 (16.2); length of longest
anal fin ray (anterior lobe) 7.1-9.5 (8.3) ; length of longest anal fin ray (posterior
lobe) 8.7-11.0 (9.6); length of first dorsal fin base 9.5-13.1 (11.0); length of second
dorsal fin base 41.9-47.3 (44.3); space between first dorsal and second dorsal fins 1.3-2.6
(1.9); length of anal fin base 39.5-45.8 (42.5); tip of snout to first dorsal fin origin
29.7-33.6 (31.5); tip of snout to second dorsal fin origin 42,2-46.5 (44.1); tip of snout
to pectoral fin insertion 28.1-31.6 (29.8); tip of snout to pelvic fin insertion 23.1-30.4
(26.8); tip of snout to anal fin origin 44.6-52.0 (48.2); length between pelvic fin
insertion and anal fin origin 19.9-26.3 (23.2). Snout length in percent of head length
31.0-37.2 (33.3); diameter of eye 15.4-22.9 (19.2); diameter of orbit 17.1-27.7 (21.5);
interorbital width 20.8-26.5 (24.5); suborbital width 5.7-7.9 (6.8); upper jaw length
48.5-55.2 (51.9); lower jaw length 61.9-69.6 (65.8).

Remarks:

This species has less slender body than the other species and has larger head,
eye and gape, rather larger pelvic fin and narrow interorbital width. It also has numerous
vertebrae, fewer gill-rakers and fin rays, rather larger scales and fewer oblique rows of
scales. The length of the pectoral fin is variable. The tendency is that the smaller fish
has relatively longer pectoral fin (reaches or extends over the anal fin origin) and the
larger one has shorter pectoral fin (does not reach the anal fin origin). The caudal
margin is truncate in smaller fish and concave in larger fish. The colour of body is
usually silvery white.

This species was first described by MitcHILL (1818) as Gadus albidus. Later, DE
KAy (1842) referred this species to the genus Merluccius. GUNTHER (1862) included this
species in the synonymy of Merluccius vulgaris (= M. merluccius). This species has
been treated as the synonym of Meyluccius bilinearis by many authors until GINSBURG
(1954) recognized it as a distinct species. KARNELLA (1973) showed that Mexluccius
magnoculus, which was described as a new species by GINSBURG (1954), is a junior
synonym of M. albidus.

This species differs from all of the other species except for M. merluccius, M.
polli and M. australis in the total number of gill-rakers and from M. merluccius, M.
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senegalensis, M. capensis, M. productus and M. australis in the number of oblique rows
of scales. The differences of the number of first dorsal fin rays and total vertebrae
between this species and M. meyluccius are very large. Moreover, some proportional
characters such as the relative length of the pectoral fin, anal fin base and snout tip to
the first dorsal fin origin show considerable differences between this species and M.
merluccius. Though it is difficult to separate this species from M. polli by meristic
characters, this species differs from M. polli by some proportional characters such as
relative length of the upper jaw, anal fin base and snout tip to the first dorsal fin
origin (Fig. 15). Moreover, this species differs from M. poll/i in the silvery colour of

the body.

This species is closely related to M. merluccius and M. polli in having fewer gill-rakers.
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Fig. 15. Comparison between M. albidus and M. polli on the relationship
of head length to upper jaw length.

8. Merluccius productus (AyrEes) : Pacific hake (Fig. 16)

Fig. 16. Merluccius productus (AYRES, 1855), FSFL D1954, SL 496.0mm
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Merluccius productus (AyYReS, 1855)

Merlangus productus AYres, 1855, Proc. Cal. Acad. Nat. Sci., 1 : 64 (type locality : San
Francisco) .

Homalopomus trowbridgii GIRARD, 1856, Proc. Acad. Nat. Sci. Philad. : 132 (Astoria,
Oregon).

Gadus productus: GUNTHER, 1862, Cat. fish. Brit. Mus., 4: 338 (coast of California).

Merluccius productus: GiLL, 1863, Proc. Acad. Nat. Sci. Philad. : 247 (bibliography).

Materials examined: (Table 12)

Table 12, Data of specimens of Merluccius productus used in this study

Catalogue No. (FSFL) Date Sam e gttty Ty
B1851, D1954-D1958, D1993 June 16, 1967 47°31.07  124°58.0’ —
D2101-D2104, D2106, D2108, D2110, Sept. 3, 1970 44°22.07 124°46.0° 175
D2113-D2115, D2117, D2118
D2131-D2140, D2142 Sept. 2, 1970 43°53.07 124°51.07 294
%/113&71, U801, U808, U8ll, EI0L3, EI025, EI036, Oct. 29, 1974 32°49.7" 119°20.07 362
M372, Q143, Q148, U604, U617, U619 Oct. 17, 1974 41°18.2" 124°26.0" 172
M767, EI004, EI006, EI008 Oct. 17, 1974 40°53.0"  124°34.07 570

Other specimens examined for counting of meristic characters :

Number of specimens Date Sampling position Depth
not catalogued Lat.(N) Long.(W) (m)
13 Sept. 3, 1970 44°22.0"  124°46.0’ 175
9 Oct. 17, 1974 40°53.07  124°34.0’ 570
1 June 16, 1967 47°31.07 124°58.0’ =
1 Sept. 2, 1970 43°53.07  124°51.07 294

Description:

First dorsal fin rays I, 9-12 (average I, 10.3); second dorsal fin rays 39-44 (40.9);
anal fin rays 39-44 (41.1); pectoral fin rays 14-17 (15.6); pelvic fin rays 7; branchio-
stegal rays 7; number of oblique rows of scales 125-144 (132.6); number of gill-rakers on
first arch 3-6 (4.4) +14-17(15.6) =18-23(20.1); number of vertebrae 23-25(23.9) +29-31
(29.7) =53-54 (53.5); number of ribs 3.

Body depth in percent of standard length 14.7-18.2 (16.5); head length 24.,7-28.9
(26.3) ; caudal peduncle depth 3.3-4.4(3.9) ; length of longest first dorsal fin ray
9.6-12.9 (11.4); length of longest second dorsal fin ray (anterior lobe) 6.1-8.3 (7.2);
length of longest second dorsal fin ray (posterior lobe) 8.8-11.0 (9.6); length of pectoral
fin 17.4-21.9 (20.2); length of pelvic fin 10.4-13.9 (12.1); length of longest anal fin
ray (anterior lobe) 6.9-8.9 (8.0); length of longest anal fin ray (posterior lobe) 7.9-10.2
(9.2); length of first dorsal fin base 8.7-11.9 (10.8); length of second dorsal fin base
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44.4-48.8 (46.8); space between first dorsal and second dorsal fins 1.9-3.7 (2.9); length
of anal fin base 42.4-47.2 (44.8); tip of snout to first dorsal fin origin 27.9-32.1 (29.2);
tip of snout to second dorsal fin origin 39.2-45.5 (42.3); tip of snout to pectoral fin
insertion 24.6-29.0 (26.8); tip of snout to pelvic fin insertion 23.0-27.5 (24.8); tip
of snout to anal fin origin 42.7-48.3 (45.6); length between pelvic fin insertion and anal
fin origin 18.9-25.2 (22.0). Snout length in percent of head length 31.1-35.4 (33.5);
diameter of eye 12.7-20.0 (16.3); diameter of orbit 16.1-22.6 (19.0); interorbital width
24.0-28.8 (26.4) ; suborbital width 4.9-8.9 (7.2); upper jaw length 45.8-50.9 (48.0);
lower jaw length 59.2-63.8 (61.3).

Remarks:

This species has numerous gill-rakers and fin-rays, and has smaller head, shorter
pelvic fin and medium sized snout, eye and gape. The tip of the pectoral fin usually
reaches or extends beyond the level of the anal fin origin. Caudal margin is concave.
The longer pectoral and concaved caudal margin are characteristic of three Pacific
species, M. productus, M. angustimanus and M. gayi.

This species was first described by AvRes (1855) from San Francisco as Merlangus
productus. At almost the same time, GIRARD (1856) reported the species from off
Oregon under the name Homalopomus trowbyridgii. Later, GUNTHER (1862) referred
Meylangus productus to the genus Gadus, and GiLL (1863) referred this species to the
genus Merluccius.

This species differs from M. merluccius, M. polli, M. albidus, M. hubbsi and M.
australis in the total number of gill-rakers, from M. bilinearis and M. albidus in the
number of oblique rows of scales, from M. angustimanus in the total number of vertebrae,
from M. capensis in the number of caudal vertebrae, from M. paradoxus and M. bilinearis
in the number of abdominal vertebrae, and from M. senegalensis, M. capensis, M.
paradoxus and M. bilinearis in the number of ribs. The difference in the total number
of vertebrae between this species and M. gay/ shows a highly statistical significant
difference (Table 3). The relative length of the pelvic fin shows the difference between
this species and M. gayi (Fig. 17). The difference in the total number of gill-rakers
between this species and M. senegalensis shows a highly statistical significant difference
(Table 3). The relative length of the caudal peduncle depth to standard length shows
quite difference between this species and M. senegalensis (Fig. 17).

This species is very closely related to M. angustimanus and M. gay: in the number
of gill-rakers and the size of scales, and the number of difference between caudal
vertebrae and abdominal vertebrae (Fig. 18). These three Pacific species have rather
numerous gill-rakers, larger scales and numerous abdominal vertebrae compared with
other merlucciids. These are also closely related to the north western Atlantic species,

M. bilinearis and M albidus in some characters.
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9,  Merluccius angustimanus GARMAN : Panama hake (Fig. 19)

Fig. 19. Merluccius angustimanus GARMAN, 1899, FSFL EI048, SL 200.5mm

Merluccius angustimanus GARMAN, 1899

Merluccius angustimanus GARMAN, 1899, Mem. Mus. Comp Zool., 24 : 183, pl. 41 (fig.1)
(type locality: Gulf of Panama).
Merluccius gayi (nec GUICHENOT, 1848) : NORMAN, 1937, Discovery Rept., 14: 48 (bibli-
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ography) .
Meyrluccius angusticeps : HILDEBRAND, 1946, Bull. U. S. Nat. Mus., (189) : 159 (Peru,

misspelling?) .

Materials examined: (Table 13)

Table 13. Data of specimens of Merluccius angustimanus used in this study

Sampling position Depth

Catalogue No. (FSFL) Date Lat.(N)_ Long.(W) ()

EI412, EI413, EI421, EI424 Nov. 1, 1974 26°15.3" 113°38.8" 102
EI040, EI042, EI043, EI044, EI056, EI058 Nov. 2, 1974 25°22:27 113°00:2" 125
EI450-EI1454, EI459, EI490, EI492 Nov. 2, 1974 25°31. 47 112°51..7¢ 212
EI019, EI045-EI049, EI282, EI284, EI455, Nov. 3, 1974 24°31.0° 112°30.3" 465

EI464, EI475, EI489

Other specimens examined for counting of meristic characters :

Number of specimens Sampling position Depth

not catalogued Date Lat.(N) Long.(W) (m)
11 Nov. 1, 1974 26°15.37 113°38.87 102
4 Nov. 2, 1974 25°31:4 112°51.7° 212

Description:

First dorsal fin rays I, 9-12 (average I, 9.8); second dorsal fin rays 36-40 (37.6) ;
anal fin rays 36-39(37.3); pectoral fin rays 14-17(16.0); pelvic fin rays 7; branchiostegal
rays 7; number of oblique rows of scales 121-134 (124.8); number of gill-rakers on first
arch 3-5(4,0) +12-14(13.1) =16-18(17.1); number of vertebrae 21-23(22.6) +27-29(27.8)
=49-52(50.4) ; number of ribs 3.

Body depth in percent of standard length 16.0-17.9 (16.9); head length 30.1-33.5
(31.9); caudal peduncle depth 3.6-4.7 (3.9) ; length of longest first dorsal fin ray
10.8-14.6 (13.1); length of longest second dorsal fin ray (anterior lobe) 7.1-8.8 (7.9);
length of longest second dorsal fin ray (posterior lobe) 9.5-12.3 (10.9); length of
pectoral fin 20.3-24.2 (22.2); length of pelvic fin 13.1-15.8 (14.3); length of longest
anal fin ray (anterior lobe) 7.4-10.1 (9.1); length of longest anal fin ray (posterior
lobe) 9.3-11.4 (10.2); length of first dorsal fin base 9.5-12.1 (10.8) ; length of second
dorsal fin base 41.1-44.4 (42.8); space between first dorsal and second dorsal fins 1.4-3.2
(2.6) ; length of anal fin base 36.7-41.8 (39.6) ; tip of snout to first dorsal fin origin
31.1-34.9 (33.0) ; tip of snout to second dorsal fin origin 43.1-47.4 (45.8) ; tip of
snout to pectoral fin insertion 30.4-33.3 (31.7) ; tip of snout to pelvic fin insertion
25.2-29.8 (27.4); tip of snout to anal fin origin 47.4-52.2 (49.8); length between
pelvic fin insertion and anal fin origin 20.6-26.3 (23.8). Snout length in percent of head
length 27,.8-32.7 (30.2); diameter of eye 16.0-21.2 (18.8); diameter of orbit 19.7-24.6
(21.7); interorbital width 25,4-29,4 (27.0); suborbital width 3.6-6.6 (5.0); upper jaw
length 44,4-48.5 (46.8); lower jaw length 56.0-61.7 (58.8).
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Remarks:

This species is relatively smaller body with a maximum recorded length of 322mm
SL. Characteristics of this species are fewer vertebrae, more numerous gill-rakers, larger
head and eye, shorter snout and smaller gape. The pectoral fin is longer and its tip
always reaches to or extends beyond the level of the anal fin origin. The caudal
margin is truncate or concave.

This species was first described by GARMAN (1899) based on specimens from the
Gulf of Panama. He described this species in detail but did not compare it with other
species. NORMAN (1937) referred this species to the synonymy of M. gayi, with reserva-
tions. HILDEBRAND (1946) cited this species as M. angusticeps by mistake in his catalogue
of the shore fishes of Peru. Later, GINsBURG (1954) examined specimens from off the
southern part of California and noted that this population is a distinct species because
the differences in some characters from M. gayi and M. productus seem to be of species
magnitude. On the other hand, BErRRY (1965) proposed that all eastern Pacific hakes from
Alaska to southern Chile were represented by two species. He concluded that M.
polylepis from southern Chile was a valid species and the other four foms, M. productus,
M. angustimanus, M. gayi gayi and M. gayi peruanus, were a single species, M. gayi.
He postulated that the meristic and morphometric characters which have been used to
separate the last four merely reflected environmentally induced differences which varied
clinally over the geographic range. TESTAVERDE and ARTUNGUAGE (1974) reported the
occurence of this species from off the Pacific coast of Colombia. These specimens have
values of modal range (and mean value) of 13-17 (15.7) for total gill-raker counts,
whereas those of M. productus, M. gayi gayi and M. gayi peruanus are 17-22 (20.5),
17-23 (20.1) and 18-25 (21.0) respectively. Recently, VRoomMAaN and Paroma (1976)
reported on the Dwarf hake off the coast of Baja California and noted that this small
hake is so significantly different from M. productus that it might be a separate species.
Dwarf hake differs from GARMAN's description of M. angustimanus in two ways. (1) Dwarf
hake has about 135 lateral line scales compared to 110 for M. angustimanus, (2) M.
angustimanus pectoral fins reach to the 5th anal ray or beyond but Dwarf hake pectorals
seldom reach that far and frequently do not even reach to the anal fin origin. More-
over, Dwarf hake matures at age one or two but M. angustimanus from the Gulf of
California matures at age 3. M. angustimanus reaches a slightly larger maximum size
and also lives about two years longer. Dwarf hake has a slightly shorter length from
snout to tip of pectoral fin and shorter pectoral fin lengths and much shorter
length from snout to anal fin origin. M. angustmanus has smaller eye diameter.
Dwarf hake has significantly more vertebrae, anal fin rays, second dorsal rays, and
gill-rakers on the first gill arch than M. angustimanus. The best meristic character to
separate the two is the number of vertebrae, with a mean of 47,02 for M. angustimanus
and 50,52 for Dwarf hake (VROOMAN, personal communication). I consider the Dwarf

hake to be a local population or race of M. angustimanus and treat it tentatively as
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the same species until a comparative examination can be made on specimens from Baja
California to the Gulf of Panama.

This species differs from M. merluccius, M. polli, M. albidus and M. australis in the
total number of gill-rakers, from M. bilinearis and M. australis in the number of oblique
rows of scales, from M. polli, M. paradoxus, M. bilinearis, M. productus and M. australis
in the total number of vertebrae, from M. senegalensis in the number of abdominal
vertebrae, and from M. senegalensis, M. capensis, M. paradoxus and M. bilinearis in the
number of ribs. The differences in the total number of gill-rakers between this species
and M. gayi and M. hubbsi show highly statistical significant differences (Table 3).
The relative length of head shows the difference between this species and M. hubbsi
(Fig. 20). The total number of gill-rakers shows a geographic clinal change by latitude
among three Pacific species, M. poductus, M. angustimanus and M. gayi. The ranges and
mean values of these species are as follows: M. productus 17-23 (mean 20.2), southern
California population of M. angustimanus 16-18 (17.1), Colombia population of M.
angustimanus 13-17 (15.7), M. gayi peruanus 17-23 (20.2) and M. gayi gayi 18-25 (21.0)
(including data by GinsBURG (1954) and TESTAVERDE and ARTUNGUAGE (1974)). These
numbers increase with latitude clinally (from the equator to the north or south) but
the differences in these numbers between the three species are large enough to
warrant species recognition. This species is also closely related to the Atlantic species,

M. albidus in some characters such as head length and diameter of eye.
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10.  Merluccius gayi (GuicHeNoT): Chilean hake (Fig. 21)

Fig. 21. Merluccius gayi (GUICHENOT, 1848), FSFL MS877, SL 414.0 mm.

Merluccius gayi (GUICHENOT, 1848)

Merlus gayi GuUICHENOT, 1848, in Gay, Hist. fisica polit. Chile, Zool., 2 : 328, pl.8
(fig.2) (type locality: off the coast of Chile).
Merluccius gayi: Kaup, 1858, Arch. Naturg., 24(1): 87 (bibliography).
Epicopus gayi GUNTHER, 1860, Cat. fish. Brit. Mus., 2: 232, 248 (coast of Chile).
Materials examined: (Table 14)
Table 14, Data of specimens of Merluccius gayi used in this study
Merluccius gayi gayi
Sampling position Depth
Catalogue No. (FSFL) Date Lat.(S) ~ Long.(W) (m)
EI001-EI003, EI005, EI007, EC110, ECI11, Jan. 18, 1969 36°41.07  73°21.07 130
ECl115, EC116, ECl44, EC149, EC180, EC18],
EC183, EC185, EC189, EC192, EC195, EC197,
EC198, EK400-EK409
Other specimens examined for counting of meristic characters :
Number of specimens Date Sampling position Depth
not catalogued Lat.(S) Long.(W) (m)
60 Dec. 28, 1977 40°417 75°15’ 173-200
6 May 26, 1979 44°117 74°53’ 210
4 May 28, 1979 44°287 75°207 330
3 May 24, 1979 43°597 75°147 400
2 May 23, 1979 43°54’ 75°137 370
2 May 25, 1979 44°04’ 75°067 357
2 May 25, 1979 44°03’ T4555% 236
1 May 24, 1979 44°077 752157 570
Mevrluccius gayi peruanus
Catalogue No. (FSFL) Date i:;:rf?éi)ng fgzglg%) D(e£§h
EI283, EI286, EI289 Feb. 7, 1973 port of Talara
M877, M881, M882, M885, M892, M896, M897,  Dec. 12, 1968 07°56" 80°067 176

S080-S083, S085, S086, S090, S091, S093,
S095, S096, S098, S099, EJ241-EJ252
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Description:

First dorsal fin rays I, 9-12 (average I, 10.2); second dorsal fin rays 36-42 (38.9);
anal fin rays 36-42 (39.1); pectoral fin rays 15-18 (16.1); pelvic fin rays 7; branchio-
stegal rays 7; number of oblique rows of scales 106-130 (116.5); number of gill-rakers
on first arch 3-6(4.9) +13-19(15.9)=18-25 (20.8); number of vertebrae 21-24 (22.6) +
26-30(28.4) =48-53(51.0); number of ribs 3-4(3.1).

Body depth in percent of standard length 14.2-19.3 (17.5); head length 26.0-32.4
(29.6); caudal peduncle depth 3.5-4.9 (4.2); length of longest first dorsal fin ray
10.0-14.6 (13.0); length of longest second dorsal fin ray (anterior lobe) 7.3-9.6 (8.5);
length of longest second dorsal fin ray (posterior lobe) 9.3-11.9 (10.5); length of
pectoral fin 19.0-23.5 (21.5); length of pelvic fin 12.3-15.5 (14.0); length of longest
anal fin ray (anterior lobe) 8.0-10.4 (9.2); length of longest anal fin ray (posterior
lobe) 8.8-11.1 (10.1); length of first dorsal fin base 9.3-13.5 (11.1); length of second
dorsal fin base 41.8-48.3 (44.5); space between first dorsal and second dorsal fins
1.6-3.8 (2.6); length of anal fin base 38.0-46.3 (41.9); tip of snout to first dorsal fin
origin 29.7-33.9 (31.7); tip of snout to second dorsal fin origin 41.8-47.8 (44.8); tip
of snout to pectoral fin insertion 27.3-32.6 (30.2); tip of snout to pelvic fin insertion
25.3-28.9 (27.2); tip of snout to anal fin origin 43.6-52.1 (48.1); length between pelvic
fin insertion and anal fin origin 19.4-27.1 (22.9). Snout length in percent of head
length 29.3-34.1 (31.6); diameter of eye 14.9-18.9 (16.9); diameter of orbit 16.9-22.0
(19.1); interorbital width 24.3-28.3 (26.7); suborbital width 4.8-8.4 (6.6); upper jaw
length 43.7-50.2 (46.8); lower jaw length 56.5-65.7 (59.8).

10, 1. Merluccius gayi gayi (GUICHENOT)

Merluccius gayi gayi (GUICHENOT, 1848)

Merlus gayi GuicHENOT, 1848, in GAy, Hist. fisica polit. Chile, Zool., 2:328, pl. 8§ (fig.2)
(type locality:off the coast of Chile).
Merluccius gayi gayi: GINSBURG, 1954, Fish. Bull., 96 (56): 202 (off the coast of Chile).

Description:

First dorsal fin rays I, 9-12 (I, 10.1); second dorsal fin rays 37-42 (39.5); anal fin
rays 36-42 (39.9); pectoral fin rays 15-17 (16.0); pelvic fin rays 7; branchiostegal rays
7; number of oblique rows of scales 108-128 (116.3); number of gill-rakers on first arch
3-6(5.0) +15-19(16.2) =19-25(21.1); number of vertebrae 21-24 (22,8) +27-30(28.5) =49~
53(51.3); number of ribs 3-4 (3.1).

Body depth in percent of standard length 16.2-18.4 (17.2); head length 26.0-30.5
(28.5); caudal peduncle depth 3.6-4.4 (4.0); length of longest first dorsal fin ray
11.4-14.1 (13.0); length of longest second dorsal fin ray (anterior lobe) 7.3-9.6 (8.4);
length of longest second dorsal fin ray (posterior lobe) 9.3-11.9 (10.5); length of
pectoral fin 19.0-23.4 (21.3); length of pelvic fin 12.3-15.1 (13.9); length of longest
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anal fin ray (anterior lobe) 8.2-10.4 (9.2); length of longest anal fin ray (posterior
lobe) 8.8-11.1 (9.9); length of first dorsal fin base 9.3-12.0 (10.7); length of second
dorsal fin base 43.9-48.3 (45.8); space between first dorsal and second dorsal fins
1.9-3.7 (2.6); length of anal fin base 41.1-46.3 (43.4); tip of snout to first dorsal fin
origin 29.7-32.7 (30.8); tip of snout to second dorsal fin origin 41.8-45.3 (43.6); tip
of snout to pectoral fin insertion 27.3-30.8 (29.2); tip of snout to pelvic fin insertion
25.3-28.6 (26.6); tip of snout to anal fin origin 43.6-49.5 (46.8); length between
pelvic fin insertion to anal fin origin 19.4-24.1 (21.8). Snout length in percent of head
length 29.3-34.1 (31.7); diameter of eye 15.6-18.9 (17.1); diameter of orbit 17.6-22.0
(19.4); interorbital width 24.,3-28.0 (26.4); suborbital width 5.4-8.4 (6.7); upper jaw
length 43.7-48,5 (46.2); lower jaw length 57.8-63.2 (59.7).

10. 2. Merluccius gayi peruanus GINSBURG
Merluccius gayi peruanus GINSBURG, 1954

Merluccius gayi peruanus GINSBURG, 1954, Fish. Bull., 96 (56): 202 (type locality: Paita,
Peru).

Merluccius gayi © EVERMANN and RADCLIFFE, 1917, Bull. U.S. Nat. Mus., 95 : 158 (Paita
and Callao, Peru).

Description:

First dorsal fin rays I, 9-12 (I, 10.3); second dorsal fin rays 36-40 (37.7); anal fin
rays 36-39 (37.6); pectoral fin rays 15-18 (16.3); pelvic fin rays 7; branchiostegal rays
7; number of oblique rows of scales 106-130 (116.8); number of gill-rakers on first arch
3-5 (4.8) +13-17 (15.4)=18-22 (20.2) ; number of vertebrae 21-23 (22.1) +26-29 (27.8)
=48-51(49.8) ; number of ribs 3.

Body depth in percent of standard length 14.2-19.3 (17.7); head length 28.1-32.4
(30.5) ; caudal peduncle depth 3.5-4.9 (4.4); length of longest first dorsal fin ray
10.0-14.6 (13.0); length of longest second dorsal fin ray (anterior lobe) 7.6-9.3 (8.5);
length of longest second dorsal fin ray (posterior lobe) 9.7-11.8 (10.6); length of
pectoral fin 19.,9-23.5 (21.6); length of pelvic fin 12.3-15.5 (14.1); length of longest
anal fin ray (anterior lobe) 8.0-10.2 (9.2); length of longest anal fin ray (posterior
lobe) 9.2-11.0 (10.1); length of first dorsal fin base 9.7-13.5 (11.5); length of second
dorsal fin base 41.8-45.2 (43.5); space between first dorsal and second dorsal fins 1.6-3.8
(2.6); length of anal fin base 38.0-42.4 (40.6); tip of snout to first_dorsal fin origin
30.3-33.9 (32.4) ; tip of snout to second dorsal fin origin 43.0-47.8 (45.7) ; tip of
snout to pectoral fin insertion 27.6-32.6 (31.0); tip of snout to pelvic fin insertion
25.7-28.9 (27.6); tip of snout to anal fin origin 46.6-52.1 (49.3); length between
pelvic fin insertion to anal fin origin 20.6-27.1 (23.8). Snout length in percent of head
length 29.5-33.0 (31.4); diameter of eye 14.9-18.1 (16.7); diameter of orbit 16.9-21.5
(19.0); interorbital width 25.9-28.3 (27.0); suborbital width 4.8-7.6 (6.4); upper jaw
length 44.6-50.2 (47.4); lower jaw length 56.5-65.7 (59.8).
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Remarks:

Head, snout, eye and gape of this species are of moderate size. This species also
has larger scales, fewer vertebrae and numerous gill-rakers. The caudal margin is
usually concave. Pectoral fin is longer and its tip reaches or extends over the level
of anal fin origin. '

This species was first described by GuUICHENOT (1848) as Merlus gayi. Later, Kaup
(1858) referred the species to Merluccius. This species has been confused with M. hubbsi
for a long time because the southern limit of its distribution has not been known
correctly. NormAN (1937) restricted the distribution to the coasts of Chile and Peru,
and he included M. angustimanus from Panama as a synonym of M. gayi. HILDEBRAND
(1946) described the species in detail and discussed differences with M. productus, M.
hubbsi and M. angustimanus.

GIinsBURG (1954) separated the species into two subspecies. One is named M.
gayi peruanus for the Peruvian population, and the other is named M. gayi gayi for the
Chilean population. According to his description, meristic characters of the two sub-
species are as follows : total number of gill-rakers, 3-6-+14-19=18-25 for M. gayi gayi,
4-6+13-17=117-23 for M. gayi peruauus ; number of dorsal fin rays, 10-13+37-42 for M.
gayi gayi, 11-12+36-40 for M. gayi peruanus; number of anal fin rays, 39-42 for M. gayi
gayi, 36-39 for M. gayi peruanus; number of pectoral fin rays, 15-17 for M. gayi gayi,
15-18 for M. gayi peruanus; number of scales (oblique rows over lateral line), ca. 124-141
for M. gayi gayi, ca. 141 for M. gayi peruanus. He noted that M. gayi gayi had more
numerous second dorsal and anal fin rays, higher gill-raker counts, shorter head and
maxillary than M. gayi peruanus, and that these differences were of the magnitude that
signified subspecies. Some characters of the two populations from Chile and Peru in
this study also show considerable differences in the ranges and mean values. The total
number of vertebrae is 49-53 (mean 51.3) for the Chilean population and 48-51 (49.8)
for the Peruvian population. The total number of gill-rakers is 19-25 (21.1) for the
Chilean population and 18-22 (20.2) for the Peruvian population. The differences in
these characters between the two populations are statistically highly significant (Table
3). The relative length of the head in these populations also shows the differences
(Fig. 22). The distributions of these two populations are almost separated in the area
between southern Peru and northern Chile. The above data suggest that the differences
between the two populations should be recognized at the subspecific level. Within the
subspecies M.gayi gayi, no significant differences were found in meristic characters by
localities or by sex, but in some proportional characters, statistical differences were
found (LEBLE and MARTINEZ, 1974; MARTINEZ and LEIBLE, 1974).

This species differs from M. meyluccius, M. polli, M. albidus, M. hubbsi and M.
australis in the total number of gill-rakers, from M. paradoxus in the total number of
vertebrae, from M. senegalensis and M. bilinearis in the number of abdominal vertebrae

and from M. capensis and M. australis in the number of oblique rows of scales. GINSBURG
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(1954) noted that the differences of M. angustimanus and M. productus from M. gayi in
some characters were comparatively abrupt, and considering its extent, it was properly
treated as a full species. The difference in the total number of gill-rakers between this
species and M. angustimanus, and the difference in the total number of vertebrae
between this species and M. productus show highly statistical significant differences
(Table 3).
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Fig. 22, Comparson between M. gayi gayi and M. gayi peruanus
on the relationship of standard length to head length.

11. Merluccius hubbsi MARINI: Argentine hake (Fig. 23)

Fig. 23. Merluccius hubbsi MARINI, 1933, FSFL ED895, SL 512.0 mm.

Merluccius hubbsi MARINI, 1933
Merluccius hubbsi MARINI, 1933, Rev. Physis, 11: 322, photo., (type locality: coast of the
province of Buenos Aires and Patagonia).

Meyluccius gayi (nec GUICHENOT, 1848): CUNNINGHAM, 1871, Trans. Linn. Soc. London,
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27 : 472 (eastern entrance of the Strait of Magellan).
Merluccius bilinearis (nec MitcHiLL, 1814) : RiBeiro, 1915, Arch. Mus. Nac. : 1-2, fig.,
(North America to Rio de Janeiro).
Merluccius gayi hubbsi : MANN, 1954, Inv. Zool. Chil., 2 (5) : 83 (Patagonia).
Merluccius merluccius hubbsi : ANGELEScU ef al., 1958, Sec. Mar., Buenos Aires : 164

(bibliography).
Materials examined : (Table 15)

Table 15. Data of specimens of Merluccius hubbsi used in this study

Catalogue No. (FSFL) Date iz‘t‘fl(’éi)“g PLOSE‘_’(“W) Dggt)h
ED893, ED894, ED8Y7 Dec. 23, 1969  51°01’  59°40.2’ 116
B1920 Dec. 24, 1969  51°24’  61°18’ 132
ED8% Dec. 27, 1969  48°05.8’ 65°07.5' 104
M425, M431, M432, M433, M435, M440, M441, Jan. 8, 1970  45°15/  65°45° 91
M442, M443, M4dd, M4d5, M447
M429, M434, M438, M439, V860, ED895, ED898  Jan. 13, 1970  50°00°  60°00’ 169
M426, M428, M430, M436, M4d6, M449, V864 Jan. 16, 1970  53°04.5’ 67°53.5’ 40

M875, M884, M895 Jan. 22, 1970 43°467 60°34" 107

Other specimens examined for counting for meristic characters :

Number of specimens

Sampling position Depth

not catalogued Date Lat.(S) Long.(W) (m)
44 Data from HANAMURA (1971)
20 Apr. 27, 1978 51°007 65°09’ 135
19 Apr. 23, 1978 47°007 62°03" 127
12 Aug. 11, 1978 52°29’ 66°32’ 108
8 Apr. 20, 1978 44°58’ 60°02" 208
8 Apr. 23, 1978 46°59’ 60°427 221
5 Apr. 29, 1978 51°00" 62°01" 200
5 Apr. 29, 1978 51°007 64°01’ 144
2 Apr. 26, 1978 49°00" 65°017 115
2 Apr. 30, 1978 50°58” 59°547 133
1 May 1, 1978 48°59’ 63°04" 144
1 Apr. 27, 1978 51°007 65°09’ 135
1 Apr. 29, 1978 51°007 62°58" 169
1 May 6, 1978 53°597 67°027 51
1 Apr. 27, 1978 51°00" 65°09" 135

Description:

First dorsal fin rays I, 9-12 (average I, 10.6); second dorsal fin rays 34-40 (37.5);
anal fin rays 36-41 (38.0); pectoral fin rays 13-16 (14.3); pelvic fin rays 7; branchio-
stegal rays 7; number of oblique rows of scales 120-142 (128.6); number of gill-rakers
on first arch 2-5 (3.5 +9-12 (10.6)=12-16 (14.0); number of vertebrae 23-26 (24.1) +
25-28 (26.8)=50-53 (51.1); number of ribs 3-4 (3.1).
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Body depth in percent of standard length 14.8-18.9 (16.3); head length 24.4-28.0
(26.4); caudal peduncle depth 4.1-5.1 (4.6); length of longest first dorsal fin ray
10.2-15.5 (12.2); length of longest second dorsal fin ray (anterior lobe) 6.1-8.8 (7.3);
length of longest second dorsal fin ray (posterior lobe) 8.8-12.5 (10.3); length of
pectoral fin 15.1-21.2 (17.2); length of pelvic fin 11.3-16.1 (13.5); length of longest
anal fin ray (anterior lobe) 6.3-8.8 (7.6); length of longest anal fin ray (posterior lobe)
7.8-10.7 (9.5); length of first dorsal fin base 10.3-13.0 (12.0); length of second dorsal
fin base 42.0-47.3 (45.1); space between first dorsal and second dorsal fins 1.6-5.3
(2.8); length of anal fin base 42.3-48.6 (45.5); tip of snout to first dorsal fin origin
28.1-31.1 (29.7); tip of snout to second dorsal fin origin 41.8-46.7 (44.2); tip of snout
to pectoral fin insertion 26.0-28.7 (27.1); tip of snout to pelvic fin insertion 21.2-26.5
(24.5); tip of snout to anal fin origin 44.8-48.6 (46.7); length between pelvic fin
insertion to anal fin origin 20.5-27.6 (23.3). Snout length in percent of head length
31.0-35.1 (33.0); diameter of eye 15.5-20.7 (17.6); diameter of orbit 16.8-22.5 (19.4);
interorital width 24.0-28.2 (26.2); suborbital width 6.0-8.2 (7.3); upper jaw length
47.3-52.2 (49.7); lower jaw length 61.1-65.7 (63.3).

Remarks:

This species has rather shorter head and pectoral fin, medium sized snout, eye
and gape, and larger scales. The distal margin of the caudal finis usually truncate, but
that of smaller fish is sometimes convex. The colour of body is silvery white.

This species has been confused with M. gayi and M. bilinearis by many authors.
MarINI (1933) studied the morphological differences of this species and described it as
a distinct species, Merluccius hubbsi. Following his description, the tip of pectoral fin of
this species does not reach the cloaca, whereas that of other species reaches or extends
over the cloaca, and he applied this criterion for the separation of this species from
the other merlucciids. NorRMAN (1937) noted of this character that this species might
be readily distinguished from M. gayi, which had a longer pectoral fin, extending to or
beyond the origin of anal fin. On the other hand, Svitovipov (1948) stated that the
pectoral fin of this species extends slightly beyond the origin of anal fin. On the bases
of this study the relative length of pectoral fin changes with growth. The tip of the
pectoral fin of this species in specimens under 300-400 mm SL. reaches or extends
beyond the level of the anal fin origin, whereas fish over 400 mm SL. it does not reach
there, although the relative length of the pectoral fin of this species is usually shorter
than those of the other merlucciids. Rojo and CaApezzANI (1971) studied the morpho-
metric and meristic characters of this species and showed no significant differences in
them by sex, size and localities. But they did not examine the relative length of the
pectoral fin. SvETovipov (1948) noted that the pelvic fin of this species is much longer
than the pectoral fin, but as far as the specimens that I examined in this study the
length of pectoral fin of this species is always much longer than that of the pelvic fin.

This species differs from M. merluccius, M. paradoxus, M. albidus, M. productus



and M. gayi in the total number of gill-rakers, from M. bilinearis and M. australis in

the number of oblique rows of scales, and from M. paradoxus in the total number of

vertebrae.

The difference in the number of abdominal vertebrae between this species
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and M. senegalensis shows a highly statistical significant difference (Table 3).

interorbital width to head length ratio shows considerable differences between these
The differences in the total number of gill-rakers between this species
and M. capensis and M. angustimanus show highly statistical significant differences

species (Fig. 24).
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(Table 3). The relative length of the head also shows difference between this species
and M. capensis (Fig. 24). The differences in the total number of vertebrae and the
total number of gill-rakers between this species and M. polli and M. bilinearis show
highly statistical significant differences (Table 3).

This species is closely related to the Pacific species, M. angustimanus and M. gayi
on one hand, and to the Atlantic species, M. senegalensis and M. capensis, but is clearly

different from M. australis.

12, Merluccius australis (HutToN): New Zealand hake (Fig. 25)

Fig. 25. Merluccius australis (HurTon, 1872), FSFL EI189, SL 452.0) mm

Meyluccius austyralis (HuTTON, 1872)

Gadus australis HUTTON, 1872, Fish. New Zeal.: 45, pl. 7(Fig. 72) (type locality: Cook
Strait, New Zealand).

Meyluccius gayi (nec GUICHENOT, 1848): GUNTHER, 1880, Rept. Voy. Challenger, 1 (6): 22
(Gray Harbor, Strait of Magellan).

Merluccius australis : NORMAN, 1937, Discovery Rept., 16 : 48 (bibliography).

Merlangius (Huttonichthys) austyalis : WHITLEY, 1937, Mem. Queensland Mus., 11 (2):122
(bibliography) .

Merluccius polylepis GINSBURG, 1954, Fish. Bull., 96 (56) : 195, fig. 2 (Castro, Chile).

Merluccius gayi australis © MANN, 1954, Inv. Zool. Chil., 2 (5): 81 (Subantarctic to
Talcahuano) .

Merluccius gayi hubbsi: (nec MARINI, 1933) MANN, 1954, Inv. Zool. Chil., 2(5): 83 (Cape
Horn to Puerto Montt).

Meyluccius gayi polylepis : ANGELEscU ef al/., 1958, Sec. Mar., Buenos Aires: 155
(bibliography) .

Materials examined: (Table 16)

Description:

First dorsal fin rays I, 9-12 (average I, 10.3); second dorsal fin rays 39-45 (42.3);
anal fin rays 40-46 (43.2); pectoral fin rays 13-16 (14.2); pelvic fin rays 7; branchio-
stegal rays 7; number of oblique rows of scales 144-171 (158.6); number of gill-rakers
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Table 16, Data of specimens of Merluccius australis used in this study

New Zealand population

Catalogue No. (FSFL) Date Ei?gél)ng Iif’s;tg‘?&) D((igt)h
B1257, B2347 July 2, 1968 43°06.8" 176°00.07 390 400
B2342, B2346 July 13, 1968 43°05.07 174°55.5"  380-470
B2343, B2344 July 12, 1968 42°58.07 178°10.5’ 380
B 2345 July 11, 1968 43°54.5" 178°09.5’ 535
EI373, EI378, EI393, EI398 Oct. 28, 1975 41°04.07 170°43.0’ 534
EI1242, EI243, EI245, EI248, EI251, EI381, Nov. 1, 1975 42°05.0”  169°55.0" 956
EI383, EI385, EI388
EI189 Nov. 9, 1975 42°50.5" 177°42.5' 540
EI084 Jan. 2, 1976 51°48.5" 167°16.0’ 715
EI143, EI147, EI280, EI287, EI288 Jan. 12, 1976 52°39.5¢ 172239.07 511
L 944 Sept. 18, 1974 48°06.5" 168°40.5" 512
L 499 Sept. 19, 1974 46°59.0” 169°40.0" 450

EDg99 Nov. 8, 1975 43°06.5" 175°54.5’ 419

Other specimens examined for counting of meristic characters :

Number of specimens Date Sampling position Depth
not catalogued Lat.(S) Long.(E) (m)

15 Dec. 1, 1975 42°05.07  169°55.0’ 956

i Jan. 12, 1976 52°39.07 172°13.5"  509-511

5 Dec. 2, 1975 39°58.5"  169°50.0" 805

4 Dec. 17, 1975 47°32.07 169°09.0"  490-572

4 Jan. 8, 1976 52°43.07 172°54.5’ 526

3 Jan. 11, 1976 52°37.27 172°29.0"  490-520

2 Dec. 23, 1975 43°50.0” 174°21.0"  527-536
Chile-Patagonia population

Catalogue No. (FSFL) Date iz;rf;()éi)ng pfsintfig(.)?W) D(egt)h
EK470, EK473, EK4T4 © May 24, 1979 44°07"  T5°15 570
EK430 May 23, 1979 43°547 75°13" 370
EK475, EK477, EK479 May 25, 1979 44°03” 75°167 445
EK461, EK462, EK466, EK467, EK468 May 26, 1979 44°11" 74°53’ 210
EK460, EK463, EK464, EK469 May 31, 1979 45°087 75°307 340
EK465, EK476 June 1, 1979 45°057 T5°12¢ 305
EK471, EK478 June 1, 1979 45°08" 75°11" 416
EK458, EK472 June 2, 1979 45°167 75°24" 380
EK454, EK455, EK456, EK457 June 3, 1979 45°25° 75°307 425
EK450, EK451, EK452, EK453 June 3, 1979 45°24 75°297 370
Other specimens examined for counting of meristic characters :
Number of specimens Dat Sampling position Depth
not catalogued € ~ Lat.(S)  Long.(W) (m)

20 Dec. 10, 1977 562577 67°51" 362

14 Dec. 6, 1977 56°19’ 69°40” 330

7 June 6, 1979 45°387 752297 215

6 June 5, 1979 45°29’ 75°337 405

5 June 6, 1979 45°357 75°32" 428

5 June 4, 1979 45°25¢ 75°02¢ 117

5 May 31, 1979 45°08’ 75°30° 340

2 May 23, 1979 43°54" 752137 370
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Argentine-Patagonia population

Catalogue No. (FSFL) Date ii’gf{’gyg szg;?élw) D(erggh
B2373, B2374, B2375, B2376, B2377, B2378  Dec. 25, 1969  51°33'  61°52’ 180
V877 Dec. 22, 1969  51°59’  57°47 104
V887 Dec. 24, 1969  51°17"  61°42 188
V896 Dec. 27, 1969  51°29.0’ 63°32.5 -
EJ215, EJ216, EJ218, EJ219, EJ220 Aug. 1, 1978 50°32’  57°56 143
EJ217 Aug. 1, 1978 50°29’  56°59 413
EJ214 July 28, 1978  48°33'  60°32’ 286
EJ209-EJ213, EJ225, EJ227-EJ229 May 19, 1978  51°56’  61°55’ 220
EJ221 May 3, 1978  51°01’  56°04’ 730
EJ222 May 18, 1978 53°00°  60°56’ 444
EJ223 May 18, 1978  52°58’  60°00’ 301
EJ224 May 15, 1978 54°00°  66°02/ 91
EJ226 May 15, 1978 53°55’  64°52/ 118

Other specimens examined for counting of meristic characters :

Number of specimens Date Sampling position Depth

not catalogued Lat.(S) Long.(W) (m)
20 May 18, 1978 52°58" 60°00” 301
19 Data from HANAMURA (1971)
13 Apr. 30, 1978 50°58" 59°547 133
7 May 1, 1978 48°59’ 63°047 144
7 Apr. 27, 1978 51°007 65°09” 135
5 May 3, 1978 50°557 56°51¢ 230
3 May 3, 1978 51°00” 56759 109
2 May 14, 1978 53°56" 63°06" 577
il May 15, 1978 54°00” 66°027 91

on first arch 2-4 (3.0) +8-12 (10.0)=11-15 (13.1); number of vertebrae 24-28 (26.7) +
27-31 (29.3) =53-58 (55.9); number of ribs 3-4 (3.2).

Body depth in percent of standard length 13.9-20.2 (15.8); head length 24.9-28.3
(26.6) ; caudal peduncle depth 3.6-5.0 (4.2); length of longest first dorsal fin ray 9,9-14.9
(11.4); length of longest second dorsal fin ray (anterior lobe) 6.0-8.8 (7.2); length of
longest second dorsal fin ray (posterior lobe) 9.6-12.7 (10.6); length of pectoral fin
16.7-22.5 (18.7); length of pelvic fin 11.0-15.7 (12.4); length of longest anal fin ray
(anterior lobe) 6.9-10.0 (8.2); length of longest anal fin ray (posterior lobe) 8,8-12.0
(9.9); length of first dorsal fin base 8.8-11.6 (10.1); length of second dorsal fin base
43,3-47.5 (45.6); space between first dorsal and second dorsal fins 1.4-4.1 (2.8); length
of anal fin base 41.1-47.0 (44.6); tip of snout to first dorsal fin origin 28.4-31.7 (29.8);
tip of snout to second dorsal fin origin 40.0-45.4 (42.4); tip of snout to pectoral fin
insertion 25.7-29.0 (27.2); tip of snout to pelvic fin insertion 24,4-27.6 (25.7); tip of
snout to anal fin origin 42.9-48.9 (45.8); length between pelvic fin insertion to anal fin
origin 18.9-25.8 (21.4). Snout length in percent of head length 33.2-39.0 (36.1);



Studies on the Merlucciid Fishes 55

diameter of eye 11.6-19.0 (13.8); diameter of orbit 13,8-21.9 (16.0); interorbital width
24,7-30.4 (27.3); suborbital width 5.4-9.6 (7.1); upper jaw length 48.2-55.9 (51.1);
lower jaw length 62.8-68.0 (65.6).

Remarks:

In general appearance this species is more slender than other merlucciids. This
species has shorter head, longer snout, smaller eye, wide gape and rather wide interor-
bital width. The pectoral fin is shorter and its tip reaches or extends beyond the anal
fin origin in smaller fish under 500 mm SL., but in larger fish over 500 mm SL., it does not
reach there. This species has also smaller scales, numerous vertebrae and fin rays. The
distal margin of the caudal fin is usually truncate, but sometimes convex, especially in
smaller fish. The colour of body is usually silvery white but fish living in deep waters
tend to be a little blackish.

This species has two geographic populations. One is from New Zealand and the
other is in southern South America, distributed both off Argentine and Chilean Pata-
gonia through the southern tip of South America. The species was first described by
Hurton (1872) from New Zealand as Gadus australis. GUNTHER (1880) suggested that
the New Zealand species was M. gayi. Later, WAITE (1911) referred to this species
and identified it as Merluccius gay: which had been recorded from Chile. PHILLIPPS
(1927) used this name in his bibliography of New Zealand fishes. The Patagonian
population was first reported by GUNTHER (1880) from the Strait of Magellan and
identified by him as M. gayi. NorMAN (1937) recognized that the populations from
New Zealand and the Strait of Magellan were the same species, M. australis. BUEN
(1954) recognized M. australis from southern Chile. MANN (1954 a and b) listed two sub-
species in southern Chile, M. gayi australis and M. gayi hubbsi. He supposed that the
former distributes from Subantarctic to Talcahuano and the latter is the invader from
Argentine Patagonia which is distributed north to Puert Montt. In 1954, GINSBURG named
the population from the Chilean Patagonia as a new species, Merluccius polylepis on the
bases of differences in the number of second dorsal and anal fin rays from those of New
Zealand species. This name was accepted by BuUeN (1958) and he distinguished M.
polylepis from M. gayi gayi by some meristic characters. ANGELEscU ef a/. (1958) and
CaBo (1965, 1966) regarded this population as M. gayi polylepis. Wysokinskr (1974)
studied on the taxonomic position of the species from the Falkland Islands and Tierra
del Fuego region, and identified it as M. polylepis. Recently, INnabpa (1981) studied
populations from New Zealand and southern South America (Chilean and Argentine
Patagonia) and concluded that two populations were the same species and the name of
M. polylepis should be considered a synonym of M. austyralis.

This species differs from M. paradoxus, M. bilinearis, M. productus, M. angustimanus
and M. gayi in the total number of gill-rakers, from M. polli, M. bilinearis, M. albidus,
M. angustimanus, M. gayi and M. hubbsi in the number of oblique rows of sca'es, and

from M. angustimanus in the total number of vertebrae. The difference in the number
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of anal fin rays between this species and M. senegalensis shows a highly statistical signif-
icant difference (Table 3). The relative length of the upper jaw shows the difference
between these species (Fig. 26). The differences in the total number of vertebrae and
the total number of gill-rakers between this species and M. capensis show highly
statistical significant differences (Table 3). The relative length of pelvic fin between
these species shows considerable differences (Fig. 26). The differences in the total
number of vertebrae and the number of anal fin rays between this species and M.

merluccius show highly statistical significant differences (Table 3).
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Fig. 26. Comparisons between M. australis and M. capensis on the
relationship of standard length to pelvic fin length (upper)
and between M. australis and M. senegalensis on the

relationship of standard length to upper jaw length (lower).

This species is very different from Pacific species and from M. hubbsi in many
characters, but closely related with eastern Atlantic species, especially with M. merluccius,

M. senegalensis and M. capensis in general appearance.
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III. Comparative anatomy

A study on the internal morphology of merlucciid fishes was made by SvVETOVIDOV
(1948) in his revisional work on Gadiformes, in which he examined anatomical features
mainly for comparing the genera of Gadidae. Later, MumnB (1967) described the detailed
anatomy of the cranial osteology in M. bilinearis and compared it with other gadoid
fishes (Gadus, Uyrophysis and Lota), and SoLiMAN (1973) studied the osteology of the five
species from the eastern Atlantic and M. bilinearis. Recently, Roso (1976) studied the
osteology of M. hubbsi. CHANG et al. (1971), and D la Hoz and ARENAs (1976) also
studied the osteology of M. gayi. But there is no study on the comparative anatomy of
all the merlucciid species.

The characteristics of the internal morphology of the genus Merluccius are as
follows: Frontals paired with a large triangular mucous cavity, broadly opened in front
and bordered with crests which diverge from the longitudinal crest of the posterior part
of the supraoccipital. Lateral edges of frontal slightly notched or jagged. Pterotics not
reaching level of posterior edge of basioccipital. Parasphenoid long and straight, widened
in front and forked posteriorly. Head of prevomer protruding in front of mesethmoid.
Hyomandibular elongated vertically with long lower process. Opercle wide, triangular
and deeply concave at posterior edge. Preopercle significantly elongated along vertical
and bent anteriorly at lower ends. All parapophyses expanded laterally, long, wide and
downward curved without ribs. Cervical vertebrae possessing ribs and epipleural bones
except for the first two vertebrae. The first vertebra and its neural spine firmly fused
with the posterior facet of basioccipital and supraoccipital respectively. A foramen for
trigemino-facial nerve on sides of skull. Olfactory bulb situated close to olfactory sac,
lying in olfactory capsule, and olfactory tract composed of a single tract for its main
length. Pyloric caeca absent.

An attempt has been made here to describe the skeleton for all species and to
compare bones to study the differences between species and infraspecific variations. The
following accounts are based on specimens of the 12 species (including 4 subspecies) of
Merluccius, which were actually dissected. Several specimens of several species were

also examined to study infraspecific variation.

Glossary of osteological terms with their synonyms and the abbreviations

act ! actinost (STARKS, 1901 ; MATSUBARA, 1955; OrkAMURA, 1970; .UyvENO, 1975= pectoral
radial of TomiNAGA, 1968; WEeiTzmMaN, 19745 Roso, 1976). four small dermal ossicles
arranging at the base of the pectoral fin rays.

ang : angular (HARRINGTON, 1955; NORDEN, 1961; WEeiTzmAN, 1974; Uyeno, 1975; Roso,
1976=articular of STArks, 1901 ; GreEGory, 1933; de BEeer, 1937; Berg, 1940 ;
MATSUBARA, 1955; Muuns, 1967 ; TomINAGA, 1968; OxkAMURA, 1970=dermarticular

of GoobricH, 1930=angular-articular of De la Hoz and ARENAS, 1976). a pair of
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dermal bones of the lower jaw which fit into the triangular notch of the dentaries
anteriorly.

basibranchial (Starks, 1901; GoobricH, 1930; GREGORY, 1933; HARRINGTON, 1955;
MATSUBARA, 1955; NORDEN, 1961 ; ToOMINAGA, 1968 ; OkKAMURA, 1970 ; WEITZMAN,
1974 ; UvenNo, 1975 ; Roso, 1976=suprabasal of CHAPMAN, 1941 a and b.). a median
endochondral ossification at the base of the branchial region, to which the hypo-
branchials are attached.

basihyal (HARRINGTON, 1955; TOMINAGA, 1968 ; WErTz™MAN, 1974 ; Uveno, 1975=
glossohyal of STARKS, 1901 ; MATSUBARA, 1955; OkAMURA, 1970). a median endo-
chondral bone situated just in front of the first basibranchial, which is embeded in
the tongue.

basioccipital (All). a median endochondral bone which forms the posterior floor
of the cranium and articulates posteriorly with the first vertebra.

branchiostegal (All). a series of paired, flat, dermal bones which lie below the
interopercular and are attached to the ceratohyal and epihyal.

ceratobranchial (All). a pair of large endochondral bones present in each of the
four paired gill-arches ; each articulates with the epibranchial dorsally and hypo-
branchial ventrally.

centrum (STARKS, 1901; MATSUBARA, 1955; OKAMURA, 1970). a cylindrical bone

of each vertebra surrounding the spinal cord.

cer.v. cervical vertebrae (MAURIN, 1954b; DoUTRE, 1960; FrRANcA, 1962; CHANG et al.,

chy :

cle

cra

den

ecp

1971; SorLiMAN, 1973; LEIBLE and MARTINEZ, 1974). the anterior five or six elements
of the abdominal vertebrae lacking the parapophyses. This term is not correctly
used in fishes, but adopted only for convenience sake in this study.

ceratohyal (All). a pair of long and flat, endochondral bones of the hyoid arch,
each of which bears six branchiostegal rays. They articulate with the hypohyals
and the epihyals.

cleithrum (TOMINAGA, 1968; OkamMura, 1970; WErtzmaN, 1974; UvenNo, 1975; RoJo,
1976=clavicle of STArks, 1901; MATSUBARA, 1955). the largest pair of dermal
bones of the shoulder girdles, to which the scapulas and coracoids attached.

coracoid (ToMINAGA, 1968; Oxamura, 1970; WEertzman, 1974; UyveNo, 1975; Roio,
1976 =hypocoracoid of STARKS, 1901; MATSUBARA, 1955). a pair of thin, Y-shaped
dermal bones, ventral to the scapulas of the pectoral girdles.
dentary (All). a large anterior toothed dermal bone of the lower jaw. It articu-
lates posteriorly with the angular.

ectopterygoid (HARRINGTON, 1955; NORDEN, 1961; TOMINAGA, 1968; WEITZMAN,
1974 ; UyeNo, 1975 ; Roso, 1976 ; DE la Hoz and ARENAS, 1976=pterygoid of
STARKS, 1901 ; GoopricH, 1930 ; GREGORY, 1933; CHAPMAN, 1941 a and b; DINEEN and
STOKELY, 1954 MATSUBARA, 1955; Mumns, 1967; OkaMURA, 1970). a pair of flat

dermal bones which lie on either side of the palate, between the palatines and
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the quadrates.

endopterygoid (HARRINGTON, 1955; ToMINAGA, 1968; UyvEeno, 1975; Roso, 1976=
mesopterygoid of STArks, 1901 ; GoobricH, 1930 ; MATSUBARA, 1955; NORDEN,
1961 ; OxAMURA, 1970 ; WEITZMAN, 1974 = entopterygoid of GREGORY, 1933 ; de
BEER, 1937 ; BErG, 1940 ; Muns, 1967 ; DE la Hoz and ARENAS, 1976). a pair of
thin, triangular, dermal bones which form part of the palate and floor of the
orbits.

epibranchial (All). four pairs of endochondral bones which articulate dorsally with
the upper pharyngeal plates and ventrally with the ceratobranchials.

epihyal (Starks, 1901; Gooprich, 1930; GREGORY, 1933; HARRINGTON, 1955 ;
MATSUBARA, 1955; NORDEN, 1961 ; Muins, 1967 ; ToMINAGA, 1968 ; OkAMURA, 1970 ;
WEeITZMAN, 1974 ; Uveno, 1975; Roso, 1976=posterior ceratohyal of DE la Hoz and
ARENAS, 1976). a pair of triangular endochondral bones of the hyoid arch. They
articulate anteriorly with the ceratohyals, and bear the uppermost branchiostegal
ray.

epiotic (All). a pair of endochondral bones which form in the posterodorsal
surface of the chondrocranium and enclose the posterior semicircular canals.

epipleural (Starks, 1901; Sverovipov, 1948; MATSUBARA, 1955; WEITZMAN, 1974;
UyeNo, 1975). an intermuscular bone attaching to the rib.

epural (MonNopo, 1968; TOMINAGA, 1968; OxamMURA 1970; WEITZMAN, 1974; UYENO,
1975). two small bones constituting the upper part of the caudal skeleton.
lat : lateral ethmoid (BErG, 1940; Svetovipov, 1948; HARRINGTON, 1955; Muus,
1967 ; TOMINAGA, 1968 ; WEITZMAN, 1974 ; UyveENo, 1975; DE la Hoz and ARENAS,
1976 ; Roso, 1976 = prefrontal of StTarks, 1901 ; GoopricH, 1930 ; MATSUBARA,
1955; NORDEN, 1961 ; OkAMURA, 1970=prethmoid of GREGORY, 1933). a pair of
bones in the ethmoid region which are of endochondral origin and separate the
olfactory capsule from the orbit.

exoccipital (STArks, 1901; GoobricH, 1930; GREGORY, 1933; HARRINGTON, 1955;
MATSUBARA, 1955; NORDEN, 1961 ; Muns, 1967 ; ToMINAGA, 1968 ; OkAMURA, 1970;
WEeITz™MAN, 1974 ; UveNo, 1975; DE la Hoz and AReNAs, 1976 ; Roso, 1976=lateral
occipital of BErG, 1940 ; SveTovipov, 1948). a pair of endochondral bones which
form in the posterior wall of the chondrocranium and lie lateral to the foramen
magnum.

frontal (All). a pair of dermal bones which cover most of the dorsal surface of
the cranium.

haemal spine (STARKS, 1901; MATSUBARA, 1955; WEITzZMAN, 1974; UveENno, 1975).
a spinous process projecting to the ventral side of the caudal vertebra.
hyomandibular (All). a pair of complicated-shaped endochondral bones which

suspend the jaw from the cranium.

hyph: hypohyal (GoopricH, 1930; GREGORY, 1933; HARRINGTON, 1955; OKAMURA, 1955;
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NORDEN, 1961 ; Muns, 1967 ; 7T1oMINAGA, 1968 ; WEITzmMAN, 1974 ; UvenNo, 1975;
Roso, 1976=basihyal of STARks, 1901 ; MATSUBARA, 1955=anterior ceratohyal for
lower hypohyal of DE la Hoz and ARenas, 1976). a pair of upper (hyph up) and
lower (hyph lo), cone-shaped, endochondral bones of the hyoid-arch that articulate
with the ceratohyals and meet in a median symphysis.

hypobranchial (All). three pairs of endochondral hones in the first three gill-
arches, articulating dorsally with the ceratobranchials and ventrally with the
basibranchials.

hypural (Starks, 1901; MATSUBARA, 1955; MoNopo, 1968; TOMINAGA, 1968 ;
OkAMURA, 1970 ; WEITZMAN, 1974 ; Uyveno, 1975). a flat fan-shaped bone consti-
tuting the end of the caudal skeleton, fused with the second ural vertebra in
merlucciids.

infraorbital (MATSUBARA, 1955; ToMINAGA, 1968; UveNno, 1975=suborbital series
of STARkS, 1901 ; HARRINGTON, 1955; Muns, 1967 ; OxkamMURA, 1970 ; De la Hoz
and ARENAS, 1976 ; Roso, 1976 =circumorbital of GoobricH, 1930 ; GREGORY, 1933=
postorbital of NorDEN, 1961). These series consist of four pairs of thin, flat dermal
bones which form the posteroventral rims of the orbits.

interhaemal spine (STArks, 1901; MATUBARA, 1955; OKAMURA, 1970=proximal
radial of WEITZMAN, 1974). a pterygiophore supporting the anal fin ray.

intercalar (TOMINAGA, 1968 ; WEITZMAN, 1974 ; Uveno, 1975 = opisthotic of
STarks, 1901 ; GoobricH, 1930; GREGORY, 1933 ; HARRINGTON, 1955; MATSUBARA,
1955 ; NORDEN, 1961; Muns, 1967 ; Svetovipov, 1969 ; Okamura, 1970; DEe la Hoz
and ARENAS, 1976 ; Rojo, 1976). a pair of large fan-shaped endochondral bones on
the ventral side of the cranium, extending over the lateral surface of the sacculith
chamber.

interhyal (All). a pair of small, cylindrical endochondral bones which connect
the epihyals to preopercles.

interopercle (All). a pair of thin, somewhat triangular, dermal bones which
compose the lower part of the opercular apparatus.

interneural spine (STARkS, 1901; MATSUBARA, 1955; UvEeNo, 1975=proximal radial
of WEITZMAN, 1974). a pterygiophore supporting the dorsal fin ray.

lachrymal (HARRINGTON, 1955; UvEeNo, 1975=Ilacrimal of Muus, 1967; DE la Hoz
and ARENAS, 1976 ; Roso, 1976=lacrymal of GoobricH, 1930; GREGORY, 1933 ;
NORDEN, 196]1=preorbital of STARrRks, 1901 ; BEerG, 1940 ; OxAMURA, 1970 = first
suborbital of VLADYKOV, 1954). a pair of large triangular dermal bones which form
the anteroventral rims of the orbits and contain the termini of the infraorbital
sensory canals.
maxillary (All). a pair of dermal bones of the upper jaw which articulate with
the premaxilaries and palatine on their anterior heads.

mentomeckelian (HARRINGTON, 1955; Uveno, 1975= Meckel’s cartilage of GOODRICH,
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1930; GRrEGORY, 1933; NoORDEN, 1961; Muis, 1967; ToMINAGA, 1968; DE la Hoz and
ARENAS, 1976; Roso, 1976). a pair of slender rods of cartilage which extend along
the median surfaces of the endochondral portions of the angulars.
mesethmoid (GoopricH, 1930; de BEeEr, 1937; MATSUBARA, 1955; Muis, 1967;
ToMINAGA, 1968 ; Okamura, 1970 ; De la Hoz and Arenas, 1976 ; Roio, 1976=
ethmoid of STARkS, 1901 ; HARRINGTON, 1955=hypethmoid of BERG, 1940 ; NORDEN,
1961 =dermethmoid of GREGORY, 1933=supraethmoid of UvEeNo, 1975). a median
endochondral ossification which consists of the anterior part of the olfactory
capsules.
metapterygoid (All). a pair of triangular endochondral bones which fit into a
curved area formed by the quadrate, symplectic and hyomandibular bones.

nasal (All). a pair of small spatulate dermal bones which lie on the nasal
capsules of the anterior tips of the frontals.

neural spine (STARkS, 1901; MATSUBARA, 1955; WEITzZMAN, 1974; Uyeno, 1975). a
spinous process projecting to the dorsal side of the vertebra.
opercle (All). a pair of dermal bones which lie at the posterior part of the
skull, situated between the preopercles and subopercles.

pelvic bone (MATSUBARA 1955; OxAMURA, 1970). a pair of V-shaped dermal
bones comprising of the pelvic girdles.

palatine (STArks, 1901; GoobricH, 1930; MATSUBARA, 1955; NORDEN, 1961; Muuis,
1967; ToMmINAGA, 1968; OxamMura, 1970; WEITZMAN, 1974; Uyeno, 1975; DE la Hoz
and ARENAS, 1976 ; Roso, 1976 = autopalatine of GREGORY, 1933 ; HARRINGTON, 1955).
a pair of splint-shaped, endochondral bones which lie along the margins of the
palate, between the pterygoids and the maxillaries.
parapophysis (STARkS, 1901; MATSUBARA, 1955; WEITZMAN, 1974; UvenNo, 1975). a
flattened, curved process projecting laterally from the abdominal vertebra, which
are developed well in merlucciids.
parasphenoid (All). a long, narrow, median dermal bone which forms the floor
of the cranium and extends from the prevomer to the basioccipital.
parhypural (Mon~opo, 1968; Uveno, 1975 = parahypural of WErTzman, 1974). a
small bone situated at the lower part of the caudal skeleton in front of the first
hypural.
parietal (All). a pair of dermal roofing bones which lie at the center of the
posterior part of the cranium on each side.

pharyngeal (Starks, 1901 ; MATSUBARA, 1955; TOMINAGA, 1968; OkAMURA, 1970;
UvenNo, 1975=pharyngobranchial for upper pharyngial and fifth ceratobranchial for
lower pharyngial of HARRINGTON, 1955; DE la Hoz and ARENas, 1976; Roso, 1976
=infrapharyngobranchial for upper pharyngeal and fifth ceratobranchial for lower
pharyngeal of WEITzmAN, 1974). endochondral bones which consist of suspensory

(sp), upper (pha up) and lower (pha lo) parts situated at the entrance of the
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esophagus. Some of these bear fine teeth.
postcleithrum (ToMmINAGA, 1968; Oxamura, 1970; Uyeno, 1975; Roso, 1976 =
postclavicle of STARrks, 1901; MATSUBARA, 1955). a thin, slender bone with a
rounded head which is situated at the inner side of the shoulder girdle.
posttemporal (STARkS, 1901; HARRINGTON, 1955; MATSUBARA, 1955; TOMINAGA,
1968 ; OxamURA, 1970 ; WEITzmAN, 1974 ; Uveno, 1975; Rojo, 1976). a pair of
V-shaped dermal bones situated at the upper part of the pectoral girdle. The

pectoral girdle is suspended from the cranium by this bone.

prem:. premaxillary (All). a pair of curved, tooth-bearing, dermal bones which form

preo

prev .

pro

pte

pto

qua

ret

rib

the anterior margin of the upper jaw.
. preopercle (All). a pair of dermal bones which lie just behind the posterior part
of the suspensorium. Posteriorly they overlie the other opercular bones.
prevomer (HARRINGTON, 1955; TomINAGA, 1968; Uveno, 1975; DEe la Hoz and
ARENAS, 1976 =vomer of STARKS, 1901; GoopricH, 1930; GREGORY, 1933; HARRINGTON,
1955; MATSUBARA, 1955; NorDEN, 1961; Muns, 1967; OxAMURA, 1970; WEITZMAN,
1974; Roso, 1976). a median dermal bone that bears teeth and which lies at the
anterior extremity of the roof of the mouth.

prootic (All). a pair of large endochondral bones forming the lateral surface of
the cranial cavity anterior to the intercalars.

pterosphenoid (HARRINGTON, 1955; NORDEN, 1961; TOMINAGA, 1968; WEITZMAN,
1974 ; UvyeNo, 1975 = alisphenoid of Starks, 1901; GoobricH, 1930; GREGORY,
1933 ; CHAPMAN, 1941 a and b; MATSUBARA, 1955; Muis, 1967; OkaMURrA, 1970; Roio,
1976 =pleurosphenoid of de BEEer, 1937 ; DE la Hoz and AReNAS, 1976). a pair of
endochondral bones which lie anterior to the prootic in the posterior region of the
orbit.

pterotic (STArks, 1901; GoobricH, 1930; GREGORY, 1933; MATSUBARA, 1955;
NORDEN, 1961; Muins, 1967 ; ToMINAGA, 1968 ; OKAMURA, 1970 ; WEITZMAN, 1974;
UYENO,1975; DE la Hoz and ARENAS, 1976; Rojo, 1976 =autopterotic of HARRINGTON,
1955=pterotic-intertemporal of de BEEr, 1937). a pair of endochondral bones which
lie on the posterolateral surface of the cranium.

quadrate (All). a pair of triangular endochondral bones which articulate with
the angulars of the lower jaw and connect the latter with the cranium.

retroarticular (de BEER, 1937; HARRINGTON, 1955; NORDEN, 1961; Muns, 1967 ;
WEITZMAN, 1974 ; Uveno, 1975; DE la Hoz and ARENAS, 1976 ; Rojo, 1976=angular
of StArks, 1901; GoobricH, 1930; GREGORY, 1933; BERG, 1940; MATSUBARA, 1955;
TOMINAGA, 1968 ; OxkaMURA 1970). a pair of small triangular endochondral bones
which are fused to the posterior corners of the angulars.

rib (STARKS, 1901; MATSUBARA, 1955; UYENO, 1975=ventral rib of WEITZMAN, 1974 =
sitting rib (attached pleural) of SveTovipov, 1948). a rod-like short bone attached

to the centrum of the abdominal vertebra (three or four cervical vertebrae except
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for the first two vertebrae).

scap ¢ scapula (ToMINAGA, 1968; OKAMURA, 1970; WEITZMAN, 1974; UyeNo, 1975; Rovo,
1976 =hypercoracoid of STARks, 1901 ; MATSUBARA, 1955). a pair of thin, fan-
shaped dermal bones articulating with the cleithra of the pectoral girdles.

sph © sphenotic (STARkS, 1901; Gooprich, 1930; GREGORY, 1933; MATSUBARA, 1955;
NorpeN, 1961 ; Muins, 1967 ; ToMINAGA, 1968 ; OKAMURA, 1970 ; WEITZMAN, 1974 ;
Uveno, 1975; De la Hoz and ARENAS, 1976; Roso, 1976 = autosphenotic of
HARRINGTON, 1955).  a pair of subconical endochondral bones which project
anterodorsally from the otic region of the cranium.

subop : subopercle (All). a pair of thin, flat dermal bones which lie below the opercules
and cover the branchiostegal rays.

supc . supracleithrum (HARRINGTON, 1955; TOMINAGA, 1968; OKAMURA, 1970; WEITZMAN,
1974; UvenNo, 1975; Roso 1976 =supraclavicle of STARKS, 1901; MATSUBARA 1955). a
pair of small, plate-like short dermal bones situated at the upper part of the
cleithrum of the pectoral girdle.

supo . supraoccipital (All). a median endochondral bone which comprises the postero-

dorsal surface of the cranium. The supraoccipital crest (soc) is of dermal origin.

supt : supratemporal (STARKS, 1901; CHAPMAN, 194]a and b ; HARRINGTON, 1955; MATSU-
BARA, 1955; ToOMINAGA, 1968; UYENO, 1975=escalares of GREGORY, 1933=tabular of
RoJo, 1976). four small dermal ossicles at the uppermost element of each pectoral
girdle, which lie on the posterodorsal surface of the skull.

sym . symplectic (All). a pair of small, short endochondral bones which form part of
the jaw suspension. They act as braces between the quadrates and the hyo-
mandibulars.

urh . urohyal (StArks, 1901; GoobricH, 1930; GREGORY, 1933; HARRINGTON, 1955;
MATSUBARA, 1955 ; NORDEN, 1961 ; Muns, 1967 ; ToMINAGA, 1968 ; OKAMURA, 1970 ;
WEITZMAN, 1974; Uveno, 1975; Roso, 1976=parahyal of DE la Hoz and ARENAs,

1976). a median dermal bone which lies in the muscles below the ceratohyal.

v . vertebra (MATSUBARA, 1955; WEITzmMAN, 1974; UveNo, 1975). elements of the
vertebral column which are abdominal (v abd) and caudal (v cau).
zyg . zygapophysis (STAR