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Preface

“The Living Species and Their Illustrations in China's Seas” comprises 10 volumes in two parts.

Part I, entitled “ The Living Species in China's Seas” , reports more than 28 000 species in two volumes.

Part II, entitled “An Illustrated Guide to Species in China's Seas” , comprises 8 volumes and publishes
morphological diagrams and plates covering 18 000 species.

Part I is the in-depth continuation of “Marine Species and Their Distribution in China's Seas” (first published
in 1994), its English edition and the revised and improved edition published in 2008. The total number of species
reported has increased to more than 28 000, with the original Chinese name, scientific name, authority, geographical
distribution and references provided for each species. Also in this version, the date of first description and the English
common name adopted by the United Nations Food and Agricultural Organisation are reported, together with a plate
number for cross-referencing with part II.

Part II presents colour plates and line drawings of the morphological and selected ecological habit at illustrations
of 18 000 species, with a total of 25 000 species. Twenty-eight hundred illustrations describe organisms from prokaryotic
kingdom to animal kingdom. To facilitate identification and taxonomic research, distinguishing features including
colouration and morphology of each species are highlighted, while consideration is also given to overall presentation
and economy of space. Separate page and plate numbering as well as indices to scientific name of genus and Chinese
names of species are provided in each of the eight volumes to aid searches.

This comprehensive book is comprehensive and has high scientific and practical values. All marine species recorded
from China's Seas by the national and international literature since the 19th century have been incorporated, while
effort is made to remove fossil species. Taxonomic arrangement follows the popular five-kingdom approach; Taxonomic
units adopted below kingdom or phylum are the result of considered decisions based on the views of the respective
authorities, with particular reference to the issues of continuity and stability of nomenclature. This book strives to
be a valuable asset to species identification and taxonomy, ecological research, as well as personnel involved in
environmental protection, foreign trade and quarantine work.

This comprehensive and well-illustrated treatise is not only the first one in China, but also a rare effort internationally.
While there exist pictorial guides and checklists for the major groups, this collation of published and unpublished
checklists and morphological diagrams of the various groups is an embodiment of innovation.

This treatise also crystallizes the collective effort of national and overseas experts, bearing the fruit of many years
of in-depth research by the coordinating unit as well as the collaboration of many national and international experts.
This effort is reflected by the 112-member editorial team, which includes experts from the mainland, Taiwan, Hong
Kong, as well as Britain and Australia.

The publication of this book will further enhance research on the marine biodiversity of China and promote the

progress of science and technology in this field.

Professor Tang Qi-sheng
19¢h July 2010
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Introduction

“The Living Species and Their Illustrations in China's Seas™ including two parts is the achievement of the “Chinese
Offshore Investigation and Assessment”. This effort is reflected by 112 contributors from 44 organizations participated,
which includes experts from the mainland, Taiwan, Hong Kong, as well as Britain and Australia. Part I, entitled “The
Living Species in China's Seas”, comprises 2 volumes. Part II, entitled “An Illustrated Guide to Species in China's
Seas”, comprises 8 volumes. “The Living Species and Their Illustrations in China's Seas” is also an expanded
continuation of “Marine Species and Their Distributions in China's Seas” ( first published in 1994, English version
in 2001, revised and expanded version in 2008). This compendium embodies comprehensiveness, as well as scientific
rigor and application values.

In“An Illustrated Guide to Species in China's Seas”, morphological illustration forms the main description of each
species, but complementary ecological and biological natural history illustrations are also provided for selected species.
Both black and white as well as colour diagrams are included, with the common goal of high practical and aesthetic
quality. Apart from a reliance on biochemical (DNA, RNA, allozymes, etc.) traits as the main approach to classifying
and identifying prokaryotic kingdom (thus only a limited number of illustrations for this kingdom), taxa above family
in the other four Kingdoms are all illustrated with morphological diagrams. Effort was made to ensure diagrams
are available for species-poor, commercially important, or pest taxa. Colour plates and illustrations showing distinguishing
taxonomic features are included in the same diagrams for selected species.

A large number of journal articles and other published works from national and international sources have been
consulted, including published volumes of “ Fauna Sinaca” and Flora “ Algarum Marinarum Sinicarum” , and
specialised treatises.

Chinese and English introductions summarising the evolutionary position, major morphological features and
economic value precede the illustrated guide for every kingdom, phylum and class, and selected order for all major
taxa. Tables display the number of species, plate and page numbers for each plate to assist browsing and searching
by the reader. All references cited in the guide are listed to acknowledge the innovation effort of all authors. The 8-
volume guide is arranged from the low to high taxa according to the five-kingdom classification scheme. Independent
plate numbers, page numbers, scientific name of genus and Chinese names of species are provided in each volume.
Colour and black and white diagrams are arranged in mixed order in each volume. Searches for individual species
can be made using the index to each volume, or the plate numbers provided with taxa descriptions in the part I .
Relevant primary literature can be found in the reference list for species identification.

This illustrated guide owes its existence to the plates and illustrations drawn and photographed by many authors,
to whom gratitude is acknowledged. Comments on any shortcomings and errors due to the editor-in-chief's lack of
knowledge or historical constraints in imaging technology would be appreciated.

Editors-in-Chief
Xiamen, October 2010
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T3 R FRY: FIVE KINGDOMS

RBEMATE, FRAKFHELA L, AEHFRAFE, tEhitiTo%, 258 5bREHF270

AFEY,
19694,

XEAELF

KE#MAFL(R.H. Whittaker)Z£ { Science ) %

BREAT ZRAMAMBER S XEZ% (A)
E—ZAMBE@BHIZOEHN, ARl ENMFTAKRERY. MEBRLBBEEAREA Y

( prokaryotes )

BAZREH A B4z £ (eukaryotes ) o

cELRERT (AMREHLAFNEL) |

RAZEMN A —ANF, BpRAZEHR Kingdom Monera,

A4 BREmIOG 2 ), e tmitthE AR EEMR Kingdom Protista; $ i A MARBEEHRE I A

A # F Kingdom Fungi. #4157 Kingdom Plantae
Margulis L. Schwartz (1982) IR T 2 % %: #EEBLA T K LR 44 (Five kingdoms )
BAZEDTIAT], REEHF2AN, REAFSAN, HAFANT, HHR324001,
EEZZH, AR, ZRPORsLEL, ERZE, AXKAE

R

ERYEF LR E ELHRI0F,

4 Kingdom Animalia, R25HF,

BRI1%

%, ¥@EFE (Vin) Az—R; XAKRELNMTS AR EHMFR(Protozoa )Fo & E R (Chromista).,
20#ZI0FAR K, C.R. Woese A M#ITI6S /18S RNAMAZHFERR A, BB T ZBH £ Z% ( Three

domains theory ) : ZB# 4 ( Bacteria ) .

£ 5| R Ae R A E M T o = AN, R

@A B (Archaea ) o AAZIK (Eukaryota), ZRABA LA BERELERKN

TRBITAAL, AP ERTIIHAR KGR —F @ ARG oL hit 281,
RTFELHMUFRPIXRFIGHE, ARTHERAZR X Rt @A LS @A RERZLEMT.

MTATHEANTENT, EEZI LA XLEFRENL

NRAUATHIRNEH T, WAFY T, MELSTLEMNETFRTHFT

, REAF. AEHoLJTABEARMEF I ZHFHS,

XE B,

(2 TFAMALSRA1735FESH, ASF IR, 6B TaBNETRALR, BESRULERBZLT
. H.F. R. H. W. E. T C.R. ;

Carl Linnaeus| E. Haeckel | E. Chatton Copeland Whitkaker | Taich et al. | Cabier—Seithl Wosee et TaiBNET
1735 1866 1937 1956 1969 1977 1981 1990 ¥ A
=% =% —%A w R ED S =5 ~I =8 +5F

AmE R 4 ; i
Btk | Bk R | Bk 2 R R e
Aok |EAEAMR + @i + & B + H I
= R DS —

Faapp FEEBR RER | .. | AER

KR HHR Az E @R AER AER ’ LA
AT 4R A F AL T AT

R Zh4n i 4 5 i Zh4h Zh -

According to the morphology and different levels of physiological functions, various techniques and methods

have been used to classify living organisms. Until now, more than 2.7 million species have been found in the world.

In 1969, an American ecologist R. H. Whittaker published an article: New concepts of kingdoms of organisins.

Evolutionary relations are better represented by new classifications than by the traditional two kingdoms in Science

to introduce his five — kingdom system which is now widely accepted.

This system classifies all the living organisms into two main groups according to the structure of the nucleus in a

cell. Those organisms of which the nucleus lacks a nuclear membrane are prokaryotes whereas those with a nuclear

membrane are eukaryotes. All prokaryotes are belonged to a single Kingdom: Kingdom Monera. For eukaryotes, single—



celled organisms are grouped under Kingdom Protista. Multicellular organisms are classified into Kingdom Fungi,
Kingdom Plantae and Kingdom Animalia according to their modes of nutrition.

In 1982, Margulis and Schwartz published the five kingdom system with all the phyla illustrated. There are 16
phyla under Kingdom Monera, 27 phyla under Kingdom Protista, 5 phyla under Kingdom Fungi, 9 phyla under
Kingdom Plantae and 32 phyla under Kingdom Animalia.

The five — kingdom system was proposed 40) years ago. Before that, two—kingdom, three—kingdom, and four—
kingdom systems had been proposed. Other systems have been proposed after the five—kingdom system. These include
the six—kingdom system which classifies vira as a separate kingdom. Another system has further divided Kingdom
Protista into Kingdom Protozoa and Kingdom Chromista.

At the end of 1970's, based on the nucleotide sequence of 16S/18S rRNA of microorganisms, C. R. Woese
proposed the Three Domains Theory and classified living organisms into Domains Bacteria, Archaea and Eukaryota.
The main difference between the five—kingdom system and Three Domains theory is the division of Kingdom Monera
into two domains. A lot of changes also occurred in Kingdom, Phylum, and hierarchies below. With the advancement
of techniques in molecular biology for researches on species classification, the hierarchy of biological classification and
study of species will be a step further towards the natural classification and evolutionary pathway.

Owing to the progress of taxonomy and the limited knowledge of Chief Editor, this atlas adopts the five—kingdom
system and places Archaea and Bacteria in the Kingdom Monera. For classification hierarchies including Phylum and
below, advices from experts from relevant fields have been sorted. The name lists and illustrations are arranged from

lower to higher organisms.
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AR Kingdom MONERA

BrAtmRtmiets, Rizmlmits, AR mAiE, @BF PEASEK,. tEAhfF
REE, RREFTALYALE, AWM. +H. X&HA. 8%, REERGERERESEE. AT
A MFHITDNA, RNARIF, BEIELAERETE, '

fnHl (Bacteria): K $HAEmif, MR M LB I AFMmMI LY, MR R, KA.
Feika, MARXRBANTRAERS . HERK, SARS QL. AHMRRHS AHE (bacillus).
HH (coccus)Fo 2R A8 H (spirilla) s B IR A X4 K AR A F& (photoautotroph) , KAk F #& (photoheterotroph) ., 4448 A
7% (chemoautotroph)#24L A& & 7= ( chemoheterotroph), ##F Ml 2 TR, RBRMfohtimik L, Z4AA5%
G ETEERE, RARKFHRAKARER, FHRAITERAAA, TLRELZHBEFREETEEM,

% H (Archaea): 19774 ZRX— A MEBE, 19965F Woeses #IE16s/18s IRNA £ A F 7], A2 G A=
3 (Domain), 8 # 3 (Bacteria) . & B 3 (Archaea)fe AAZ I (Eukaryota), & H 4BAEIE 1 F1Mm B P A 1k 4 14
WERD AR, TRRREETHRRIR, EFFFPOILFALRE, RRGEFimian L2840,
EFETEAEREAMENION, SHEFHRREFAETEZENL,

A& H (Actinomycetes): LKA KF BT HANFZRIANE, BERZH ISR, 2FEAN
i+ G A EMmte LR, LpRRERALLSAF, TEESRE4, EH0EARREET T, 470
%M EA A, B EH Sreptomyces ) FEMBEE S,

B miarRAMMA, ESBERBEOE, CERAEABRMRLER T, AMATRAK, hEan
wtékFa, "t RERAT FES, LA FFTEEEZA (phycocyanin ) B4R FE ( phycourobilin ) Feffasr
# (phycoerythrobilin) .

EFR (F44H 1982, § 24 1962, 1983 ) ¥4k a3 3% 11 (Phylum Cyanophycophyta), 4 %4
W, BiEtmie, BARUARS mBLRN, 2aFRS, AKE, BAERRAEIL, AiFi, BAE. MEe, £
EFFAEFLEFAN, BEI60B15002F, 95408, PRBTIRFIZ0EF, wRFKE (Synechococcus) .
¥ 3 (Oscillatoria) . R &3 (Trichodesmium) . $83% 3 (Spirulina) F# 4R % W, THEARY, e EKRKPH R
F#RAKRE, XX BFEATFMBLEFZAGTREZ—,

wEMFRIEE (blue algae; blue—green algae ) 2X#R A ¥ 48 # (Cyanobacterium) (F k& 2002, # # 5
2004, &4 E 2006), 19794 & It4 3K FE (Synechococcus), & L JLF B B il F e ik B A e FF A&
XA E— AL, ARMEEEFEZEREEEZA (phycobiliprotein ) , IREasAneEaka

( phycoerythrin, PE) e i .64 #E & & (phycocyanin, PC) , WA KRFREALA. 2TRFE, BHAA
RTFEAE, AAR@ES 2 TENZBRARALAA, EXAREEERAL, LES TINEG, LAKIKTEIS
cells/mL, B 4Fi& B £103 cells/mL KEAK, AR TR LIKE (Prochlorococcus) 0 i e Fe B AL = A
BT ARA .

JB. 4% 3% 11 (Prochlorophyta) #= i ¥ JB 4k 3 3 (Prochlorococcus marinus): § 2% . A AAF (1985)
L AERBEARTHERAMME, GHFDIMAEGELELARAMREE, ZEt@lb, K&, ®ER
F . H428—12Mm, 4ot FaBkb, &AAEREE (phycopilin) o BFRERER1992F 4 EXE L AR
MERBEHLEAREY, EAR—A AL EE=CHE &% (divinylchlorophylla, b) , T EAHH4R
B RK, EBFALERTRITRRMASER, EoR ThiG40° R RFEREDLLEKI,
Mt Aodb H R RAR £, RET 0 EEAEFEREREN, TRALGERAPZEGEAA, LEF
BK, @G EEFFERNAR, ERRAE AREH T, T THKIAE35.8%—79.8%.



Kingdom Monera are cellular organisms which contain nuclear materials but without nuclear membrane. Cytoplasm
does not contain mitochondria, chloroplast and Golgi body. Reproduction is through mitosis. This Kingdom includes
bacteria, archaea, actinomycetes, blue—green algae, prochlorophytes and Prochlorococcus. Taxonomy of this group
will subject to big changes after molecular techniques such as DNA and RNA sequencing are employed.

BACTERIA: Most of them are unicellular with simple structure and can live independently. The nucleus
does not have the nuclear membrane and histone. Bacteria is the group which is the most diverse, abundant and widely
distributed in the kingdom. According to body shape, they can be classified as bacillus, coccus or spirilla. Based on
mode of nutrition, some are photoautotrophs, others include photoheterotrophs, chemoautotrophs and chemoheterotrophs.
Marine bacteria are distributed in the water column, sediments or plant and animal bodies. They are major decomposers
in the ecosystem and pathogens in aquaculture. Planktonic bacteria are basically heterotrophic and assume an important

role in the recycling of essential biological resources.

AR CHAEA: They were first discovered in 1977. Based on the gene sequence of 16s/18s rRNA, Woeses classified
life into three domains including Bacteria, Archaea and Eukaryota in 1996. The cells of archaea are commonly smaller
than 1w m and the cell membrane contains a specific chemical. Archaea not only survive in extreme environments,
but occur almost everywhere in the ocean. They are the major component of deep sea planktonic cells and occupy

the total moneran biomass by 40%. They assume an important role in the cycling of carbon and nitrogen in the ocean.

ACTINOMYCETES: Gram—positive bacteria which have a filamentous growth pattern and reproduce by
spores. Most of the colonies are radiating form. They are distributed in organically—rich and slightly alkaline soil such
as mangrove mudflat in which 24 species have been reported in China. More than 70% of about ten thousand kinds

of antibiotics are produced by actinomycetes, e.g., streptomycin produced by Streptomyces.

BLUE—GREEN ALGAE (OR BLUE ALGAE): Nuclear material is present in the centre of the cell that is
not enveloped by a nuclear membrane. Pigment is distributed in the protoplasm without forming chloroplast. In addition
to common pigments including chlorophyll a, xanthophyll and carotenoids, blue—green algae also contain phycocyanin,
phycourobilin and phycoerythrobilin.

SEAWEEDS BIOLOGISTS (Lee 1982, Tseng 1962, 1983) have put blue—green algae into a separate Phylum
Cyanophycophyta. This phylum has diversified morphologies which include unicellular, colonial and multicellular
filamentous forms. They are widely distributed and can be waterborne, landborne or airborne. Life styles include
planktonic, sedentary, epiphytic, symbiotic and parasitic. More than 1500 species under 160 genera and 5 orders were
found with more than 130 species of them being recorded in China which includes common ones such as Synechococcus,
Oscillatoria, Trichodesmium, and Spirulina. These groups may serve as food, and form red tides or water blooms in
water bodies. They are a major contributor of carbon cycling and primary production in the oceans.

Recently, microbiologists have renamed blue—green algae as cyanobacteria (Zhou 2002, Yang 2004, Jiao 2006).
Synechococcus discovered in 1979 is a recent research hotspot in the study of marine planktonic microorganisms in
China. This group of algae is unicellular with phycobiliprotein as the major light capturing pigment. This pigment is
divided into the red pigment phycoerythrin (PE) and the blue pigment phycocyanin (PC). The former is more abundant
and commonly found in the oceans and nearshore waters where the latter can also be found. Using flow cytometry
and molecular biology techniques, it was found that cyanobacteria is more commonly found nearshore than offshore.
The concentration can reach to 105 cells/mL in nearshore waters but decrease to 103 cells/mL or lower in offshore

waters. They are a major contributor of carbon cycling and primary production in the oceans after Prochlorococcus.

PROCHLOROPHYTA AND Prochlorococcus marinus: Prochlorophyte was discovered by Tseng et al.

(1985) on seaweeds and sea squirts in the coral reefs of the upper part of the lower intertidal in Hainan as well as in



Guangdong and (Xisha IslandsParacel Islands.) This alga is unicellular and green. The cells are flat with a diameter
of 8 to 12 wm and contain chlorophyll a and b but without phycopilin. Prochlorococcus marinus was named in 1992
and is an ultramicro oxygen—producing autotrophic moneran with unique light pigments divinylchlorophyll a and b
which can capture light under very low irradiance and carry out efficient photosynthesis in the lower end of the euphotic
zone in the ocean. It is distributed from the surface waters to the lower end of the euphotic zone between 400S and
400N. It occurs abundantly in nearshore and offshore waters throughout China such as the South China Sea oceanic
basin and the drainage area of the Kuroshio Current in the East China Sea but is absent in the Bohai Sea, North Yellow
Sea, East China Sea, and the estuary of the South China Sea. Its contribution to carbon is 35.8% to 79.8% among all
the ultramicro autotrophic organisms.
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Microtetraspora

Spirillospora

Synechocystis

Synechococcus
Dactylococcopsis
Gloeothece
Tetrapedia
Merismopedia
Eucapsis
Chroococcus
Gloeocapsa
Microcystis
Aphanocapsa
Coelosphaerium
Gomphosphaeria
Aphanothece
Chamaesiphon
Dermocarpa
Oncobyrsa
Oscillatoria
Phormidium
Lyngbya
Microcoleus
Anabaena
Nostoc

Aulosira
Calothrix
Rivularia
Scytonema
Hapalosiphon
Stigonema



