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Tab.1 Twenty eight common fish species in the Yellow Sea and the Bohai Sea

Chinese name

Latin name

Chinese name

Latin name

Sardinella zunasi

Larimichthys polyactis

fits Konosirus punctatus Pagrosomus major
figt Engraulis japonicus Sparus macrocephalus
i Thryssa kammalensis Parargyrops edita
Setipinna taty Pampus argenteus
Saurida elongate Chaeturichthys stigmatias
Gadus macrocephalus fihy Sebastes schlegelii
Lateolabrax maculatus iy Sebastiscus marmoratus
Apogonichthys lineatus fiff Platycephalus indicus
i Sillago sihama Paralichthys olivaceus
Johnius belengerii Cleisthenes herzensteini
Argyrosomus argentatus Eopsetta grigorjewi
il Miichthys miiuy Cynoglossus semilaevis
Larimichthys crocea Cynoglossus lighti
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1
Cycloid scale of Chaeturichthys stigmatias
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Fig. 2 Ctenoid scale of Platycephalus indicus
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Morphological characters of scales in some common fish from the
Yellow and Bohai Seas

HUANG Jiansheng'" 2, SUN Yao?, TANG Qisheng’

1. College of Ocean and Earth Sciences, Xiamen University, Xiamen 361005, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

Abstract: Previous fish population studies were mainly based on short historical catch records. However, the short
time-scale of such records and the almost complete overlap in time between the records and large-scale fishery exploita-
tion are of limited use when assessing long-term variations in fish populations and distinguishing the relative impor-
tance between natural and anthropogenic factors. Therefore, it is essential to develop long-term time series of fish
stocks beginning when human impacts were minimal to understand the causes of variability in fish stocks (natural
and/or anthropogenic). Well-preserved fish scales from sediment records are useful indicators for revealing the history
of fish population dynamics over the last few centuries. Fish scale fossils discovered in sediment are primarily identi-
fied by comparison with fresh fish material collected in the same area. Therefore, developing a fish-scale database is
useful for identifying species from fish-scale fossils and reconstructing the population using a sedimentary-scale record
analysis. The morphological structure of fish scales is stable and contains species-specific characters. These morpho-
logical characters can be used to identify species from sedimentary records. Twenty-eight common fish species in the
Yellow and Bohai Seas were chosen as study objects, and the morphological characters of their scales were described
and compared. Distinguishable scale characteristics of different orders, families, and genera include: (1) overall scale
shape; (2) appearance and manifestation of circuli; (3) position of the focus; (4) number and manifestation of radii;
(5) appearance of the anterior, posterior, and lateral fields of the scale; (6) appearance and position of the lateral-line
canal; and (7) appearance and number of ctenii. The results show that scales with a poorly defined focus and a trans-
verse or wavy radii pattern were uniquely in Clupeiformes; the number and manifestation of radii were regarded as
identifying features of different genera in Clupeiformes. Because of the intertwined patterns of the radii and ridges,
dense small blocky shapes on the scale surface were unique in the scales of Gadiformes. Scales of Myctophiformes had
a relatively small number (2—4) of radii and large arcs in the posterior field. A rectangular and oval shape with a nearly
right angle in the anterior field was the most common character among scales in Perciformes and Scorpaeniformes, ex-
cept in Chaeturichthys stigmatias and Pampus argenteus; the distribution of ctenii and the shape of the lateral-line canal
were identifying features of different genera in Perciformes and Scorpaeniformes. An oblong shape with dense radii in
the anterior field was a unique character in the scales of Pleuronectiformes. Distinguishable characters, including over-
all scale shape, distribution of ctenii, and the shape of the lateral-line canal, were found in different genera of Pleu-
ronectiformes. However, these families and genera are usually distinguished by combinations of the characters men-
tioned above. This study provides basic information on identifying species for a scale sedimentary record analysis based
on fish-scale morphology. This type of analysis is expected to improve the veracity of species identification and reli-
ability of scale sedimentary record analysis by collecting fish scales of more species, quantifying scale morphological
characters among close relatives, and studying the geographic variations of scales in inter-species. When combined with
other biogeochemistry and productivity proxies, a scale sedimentary record analysis can be compared with changes in
ocean productivity and help illuminate factors driving changes in ocean productivity, which is the ultimate goal of our
ongoing work.

Key words: Yellow Sea; Bohai Sea; scale; sedimentary record; morphological characters
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Plate I

la: dorsal fin scale of Sardinella zunasi; 1b: belly scale of S. zunasi; 1c: tail scale of S. zunasi; 2a: dorsal fin scale of K. punctatus; 2b:

belly scale of K. punctatus; 2c: tail scale of K. punctatus; 3a: dorsal fin scale of E. japonicus; 3b: belly scale of E. japonicus; 3c: tail

scale of E. japonicus; 4a: dorsal fin scale of 7. kammalensis; 4b: belly scale of T. kammalensis; 4c: tail scale of T. kammalensis;
Sa: dorsal fin scale of S. zaty; 5b: belly scale of S. faty; 5c: tail scale of S. taty.
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Plate 11
la: dorsal fin scale of Gadus macrocephalus; 1b: belly scale of G. macrocephalus; 1c: tail scale of G. macrocephalus.

111
la: ; 1b: ; le: ; 1d:
Plate III
la: dorsal fin scale of Saurida elongata; 1b: belly scale of S. elongata; 1c: tail scale of S. elongata; 1d: lateral line scale of S. elongata.
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Plate IV

la: dorsal fin scale of Lateolabrax maculatus; 1b: belly scale of L. maculatus; 1c: tail scale of L. maculatus; 1d: lateral line scale of L. maculatus;

2a: dorsal fin scale of Apogonichthys lineatus; 2b: belly scale of A. lineatus; 2c: tail scale of A. lineatus; 2d: lateral line scale of A. lineatus; 3a:

dorsal fin scale of Sillago sihama; 3b: belly scale of S. sihama; 3c: tail scale of S. sihama; 3d: lateral line scale of S. sihama; 4a: dorsal fin scale

of Johnius belengerii; 4b: belly scale of J. belengerii; 4c: tail scale of J. belengerii; 4d: lateral line scale of J. belengerii; 5a: dorsal fin scale of

Argyrosomus argentatus; 5b: belly scale of A. argentatus; 5c: tail scale of A. argentatus; 5d: lateral line scale of A. argentatus; 6a: dorsal fin scale

of Miichthys miiuy; 6b: belly scale of M. miiuy; 6c: tail scale of M. miiuy; 6d: lateral line scale of M. miiuy; 7a: dorsal fin scale of Larimichthys
crocea; Tb: belly scale of L. crocea; Tc: tail scale of L. crocea; 7d: lateral line scale of L. crocea.
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Plate V
la: dorsal fin scale of Larimichthys polyactis; 1b: belly scale of L. polyactis; 1c: tail scale of L. polyactis; 1d: lateral line scale of
L. polyactis; 2a: dorsal fin scale of Pagrosomus major; 2b: belly scale of P. major; 2c: tail scale of P. major; 2d: lateral line scale of P.
major; 3a: dorsal fin scale of Sparus macrocephalus; 3b: belly scale of S. macrocephalus; 3c: tail scale of S. macrocephalus; 3d:
lateral line scale of S. macrocephalus; 4a: dorsal fin scale of Parargyrops edita; 4b: belly scale of P. edita; 4c: tail scale of P. edita;
4d: lateral line scale of Pampus edita; 5a: dorsal fin scale of Pampus argenteus; 5b: belly scale of P. argenteus; 5c: tail scale of P.
argenteus; 5d: lateral line scale of P. argenteus; 6a: dorsal fin scale of Chaeturichthys stigmatias; 6b: belly scale of C. stigmatias;
6¢: tail scale of C. stigmatias.
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Plate VI

la: dorsal fin scale of Sebastes schlegeli; 1b: belly scale of S. schlegeli; 1c: tail scale of S. schlegeli; 1d: lateral line scale of S.

schlegeli; 2a: dorsal fin scale of Sebastiscus marmoratus; 2b: belly scale of S. marmoratus; 2c: tail scale of S. marmoratus; 2d: lateral

line scale of S. marmoratus; 3a: dorsal fin scale of Platycephalus indicus; 3b: belly scale of P. indicus; 3c: tail scale of P. indicus;
3d: lateral line scale of P. indicus.
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Plate VII

;s le:

la: dorsal fin scale in ocular side of Paralichthys olivaceus; 1b: dorsal fin scale in blind side of P.olivaceus; 1c: belly scale in ocular
side of P. olivaceus; 1d: belly scale in blind side of P. olivaceus; 1e: tail scale in ocular side of P. olivaceus; 1f: tail scale in blind side
of P. olivaceus; 1g: lateral line scale of P. olivaceus; 2a: dorsal fin scale in ocular side of Cleisthenes herzensteini; 2b: dorsal fin scale
in blind side of C. herzensteini; 2c: belly scale in ocular side of C. herzensteini; 2d: belly scale in blind side of C. herzensteini; 2e: tail
scale in ocular side of C. herzensteini; 2f: tail scale in blind side of C. herzensteini; 2g: lateral line scale of C. herzensteini; 3a: dorsal
fin scale in ocular side of Eopsetta grigorjewi; 3b: dorsal fin scale in blind side of E. grigorjewi; 3c: belly scale in ocular side of E. grigor-
Jjewi; 3d: belly scale in blind side of E. grigorjewi; 3e: tail scale in ocular side of E. grigorjewi; 3f: tail scale in blind side of E.

grigorjewi; 3g: lateral line scale of E. grigorjewi.
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Plate VIII

la: dorsal fin scale in ocular side of Cynoglossus semilaevis; 1b: dorsal fin scale in blind side of C. semilaevis; 1c: belly scale in

ocular side of C. semilaevis; 1d: belly scale in blind side of C. semilaevis; le: tail scale in ocular side of C. semilaevis; 1f: tail scale in

blind side of C. semilaevis; 1g: lateral line scale of C. semilaevis; 2a: dorsal fin scale in ocular side of C. lighti; 2b: dorsal fin scale in

blind side of C. lighti; 2c: belly scale in ocular side of C. lighti; 2d: belly scale in blind side of C. lighti; 2e: tail scale in ocular side of C.
lighti; 2f: tail scale in blind side of C. lighti; 2g: lateral line scale of C. lighti.



