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Table 1 Biochemical composition of experimental fishes and feed organisms

M K% B/ % (DW) B/ % ERE/ % BE W/ % Far % B/ (W)

Species Water Total nitrogen  Total carbon Protein Lipid Ash Energy value
HM P mgjor 68.1+1.2 8.2+03 48 9+21 51.3+1.9 29.4+2.8 15.6+1.4 24.14£1.4
B 5. macrocephalus  67.7£1.0  8.3%0.2 49.412.5 51.9+£1.3 25.7+£2.2 13.9+0.9 24.6%1.9
B S fuscescens 68.1+1.8 9.7+0.6 50.2+2.4 60,437 23.2+4.2 13.4+2.1 24.341.4
T A. personatus 69.8 9.2 47.7 57.3 16.8 12.5 22.2
PETRERIAE 1 T curvirostris 79.7 9.6 38.3 59.9 1.4 23.8 1%.0
JRTRERIOF 2 T curvirostris 81.2 1.2 41.3 69.8 3.1 16.2 204

Hokga e, EMeEk RN, Jﬁﬂiﬁ%ﬂ]‘ | 3k, BMEEGHF 2 Z3LHA . Experimental fish with twtal body, except A . personatus
without head and viscers, T. curvirostris | without head and T. curvirostris 2 without head and shell; LR fa W EF R AR LR A FHIE, B

A, BT Ei. On the basis of dry weight except water content.
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Fig.2 Relation of the fishes' SGR or Eg with ration
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Tahle 2 Effect of different feed organisms on SGR and Eg of expermental fishes

SGR/ % Eg/%
ME ReH
Item Species Efif I TR 3 oF e | Jji Es L
A personatus T. curvirastris A persomaius T. curvirostris
16.7£0.32 1.17+0.28 21,232, 4.51+3.
B P. major 23+2.65 14.51+3.21
d.f. =8, 0.01<P<0.05 d.I.=8 P<O.M
0.49+0.17 0.29+0.13 13.261+3.72 6.37+1.61
ﬁgi B S macrocephalus
Wet weight d.f.=8, G.01<P<0.05 d.f.=8, 0.05>P>0.01
1.56+90.37 0.98£0.29 26012+2.82 IB.31+3.42
BAER S, fuscescens
d.f.=10, 0.01<P<0.05 d.f.=10, 0.05>P>0.01
16.7+90.32 1.17+0.28 26.30+2.93 28.92+6.56
W P. major
d.f. =8, 0.01<P<0.05 d.{.=8, FP>0.05
0.49%0.17 0.98+0.29 14.42+4.05 12.78+3.24
i BW 5. macrocephalus
Energy value di. =8, 0.01<P<0.05 d.t.=8, P>0.05
1.56+0.37 0.98+£0.29 34.051£4.53 38.86+£7.28
B S fuscescens -
d.{. =10, 0.0l<P<0.05 d.f.=10, P>0.05
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Effect of ration and feed species on growth and
ecological conversion efficiency of 3 species of sea fishes

SUN Yao, ZHANG Bo, CHEN Chao, TANG Qi-sheng
( Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China}

Abstract: Using flowing — water simulating experiment in lahoratory, the experiment was conducted with 3
species of fishes which were Pagrosomus major, Sparus macrocephalus and Sebastodes fuscescens. The results
show that their specific growth rates (SGR) increase with the rise of temperature or ration ( FL ), and the quan-
titive relationship between them can be described as SGR = m+InFL — n; the ecological conversion efficiency
(Eg) decreases gradually after increasing to a peak value with the rise of temperature or ration, and their quanti-
tive relationship can be described as E,= —a+ FL?+ b+ FL + ¢. According to the formula above, the mainte-
nance rations and optimum ration can be calculated that the maintenance ration of S. fuscescens was the lowest
among the 3 fishes. Different feed can affect their growth that when using Amwmodyies personatus as feed the
SGR of the 3 fishes are higher than using Trachypenaeus curvirostris. But the Eg has no significant difference
between the 3 when using energy value (kJ+g ') as calculated basis.

Key words: Pagrosomus major s Sparus macrocephalus; Sebastodes fuscescens; specific growth rate; growth ef-

ficiency; ration; food species
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The geographical characteristics and fish species diversity
in the Laizhou Bay and Yellow River estuary

CHEN Da-gang', SHEN Wei-quan®, LIU Qun', JIAO Yan', ZENG Xiao-gi', REN Yi-ping®
(1. College of Fisheries, Ocean University of Qingdao, Qingdzo 266003, China;
2. College of Marine Geoscience, Ocean University of Qingdao, Qingdao 266003, China)

Abstract: This paper analyzed the history, topography and sedimentary characteristics of the Laizhou Bay and

Yellow River estuary, and their relationships with fish species diversity. This region has a relatively short geo-

logical history of about 10 000 years, which determines a low level of fish species diversity. There are 96 fish

species belonging to 46 families, of which the temporal and spatial distributions are closely related to the topog-

raphy and sedimentary in this region. The sharp decrease of fresh water discharge from the Yellow River recent

years threatens the fishery resources, fish species diversity and ecosystem in the Yellow and Bokai Sea.

Key words: Laizhou Bay; Yellow River estuary; geography: fish species diversity

CLC number: 5922, 92

There have been publications on geographical forma-
tion, Toarine sediments, hydrological characteristics ete
and fishery rescurces in the Bohal Seal!*!. But there was
little study on the geographical characteristics of the
Laizhou Bay and Yellow River estvary, particularly their
relationships with fish species diversity. The purpose of
this investigation is to explore the relationships and pro-
vide some hasic data for the sustainable development and

the fishery resources.
1 History

The laizhou Bay lies at the south of the Bohai
Sea, which is between the Yellow River estuary and
Timu Island {Fig. 1). The width from east to west is
96 km, and the length of shoreline is 319 km, and its

Received date; 2000-06-19

Foundation item: Supported by the National Natural Science Foundation
of China (3963260}

Biography ; CHEN Da-gang {1937 - ), Professor of isheries ecology in
Ocean University of Qingdao. E— mail: dg{@public. qd.sd.cn

Document cede: A

area is 6 966 km®. Its location is about 118°50° ~
120°20°F, 37°08 ' ~38°05'N.

The laizhou Bay is one of the three big bays in
the Bchai Sea. The modern Bohai Sea was immersed
about & 000 years ago — Holocene Epocht®!. By the
time when the water level raised, the seawater broke
through the east barrier and filled in the Bohai Sea
delta, Then the present Bohai Sea came into being.
The Laizhou Bay was also formed at the same time.
Its area and shape were slightly changed due to the
effects of transgression, sedimentation and hydrodyn
amic power of seawater. The present Laizhou Bay is
becoming smaller and shallower because of the sedi-
mentation from the Yellow River and the other rivers
along the coast.

The formation of the modern Yellow River delia
In 1855 the Yellow River
changed its route to the Laizhou Bay, and therefore, the
Yellow River delta formed with an area of about 5 400

km?, which is one of the least stable deltas in the world.

took place very recently.
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2  Geologieal characteristics

2.1 Characteristics of geology and physiography
ug

Bohai Sea

Laizhou Bay

- 12¢°
Silty sand
Clayey sand

Mmium];ag;u

E Sandy sift E Coarse sand E Sandy clay
JR — Jiaohe River; LZB — Laizhou Bay; LZ5M = Laizhou Shallow Bank
S8I - Sanshan Island; WEI — Weihe River; XQR — Xizoqing River; XY
— Xiaying; YJG - Yangjiaogou; YR - Yellow River; ZMR — Zimai Riv-
er; DLZ - Dinclongzui. The same in Fig. 2.

I Fine sand

Fig.1 Geographical location, topography and sedimentary of
the Laizhou Bay and Yellow River estuary

The geological structure of the Laizhou Bay is
complex. The famous Yanlu Rupture runs through
the Bay' s middle. The coastal geology and physio-
graphy is divided into eastern and western parts with
the boundary at Hutouya. The eastern part is ascend-
ing area and the beach is composed of sand and gravel
overlying on rocky bed. The sea cliffs are well devel-
oped in Shihuzui, Sanshan Island, and Hutouya. The
inter-tidal zone is narrow, mainly with fine sand.
The 5 m and 10 m isobaths are clese to the coast, ex-
cept that the 5 m contour near Diaolongzui extends
northwest and forms the Laizhou Shallow Bank,
which is made up of silt and sand that came from the
rivers flowing inte the Laizhou Bay. Laizhou Shallow
Bank plays an important role in forming the Sanshan
Island fishing ground. The western part belongs to
sink area, and the shore is made up of silty sand and
silt. The inter-tidal zone is getting broader slowly;
the water channel system is getting more complex,
When extending westward further, its coastal sedi-

ment changes from sandy silt to silt graduvally due w

the Yellow River discharge. There comes a large
amount of silt and sand of about 1 hillion tons per
year from the Yellow River. This influences the de-
velopment of the physiography and the underwater
delta, i. e. the silty coast and underwater sheli.
2.2 Sediment characteristics and distribution
From east to west, the sediment changes gradu-
ally(Fig.1). In the eastern Laizhou Bay, the sedi-
ment mainly consists of less-coarse sand and fine
sand. In the southern Laizhou Bay, the sediment is
mainly sandy silt and silty sand. In north of Zimai
River, the recently formed Yellow River delta has
gradually more clayey sand. At both sides of the Yel-
low River estuary, there is a semi-suspended sandy
clay area, which is a special port of refuge for the
fishing vessels working in the area. From south to
north, the sediment becomes thinner gradually, and
the sediments deposit well. All these determine the
distribution of fish species in the Laizhou Bay.

3 Hydrology

Laizhou Bay lies within the temperate-zone, and
belongs to monscon climate. The combined effects of
land climate, diluted water of the Yellow River and
cold-water mass of the Yellow Sea dominate the in-
trinsic hydrolagical characteristics in this region.

3.1 Temperature and salinity

Temperature and salinity play the key role in fish
metabolism and fish distribution. An example of
monthly variations of water temperature and salinity
in the Laizhou Bay is shown in Table 1, showing that
temperature and salinity vary distinctively between
seasons. For example, in the eastern Laizhou Bay
(Jincheng), the maximum difference of annual water
temperature was as high as 28.97 . Similarly, salini-
ty changes seasonally due to evaporations and precipi-
tation. This is especially distinctive in the Yellow
River estuary. Because of the fresh water discharge
from the Yellow River, in summer and autumn the
salinity declines sharply {in September 24. 56 and Oc-
tober 18. 62); in winter and spring it is relatively
high. In some estuaries, such as the Zimai River es-

tuary, the salinity is only 3.
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Table | Monthly variations of temperature and salinity in the Laizhov Bay (Jincheng)
Jan Fel Mar Apr Way Jum Jul Aup Sep Oet Nov Dec
Tempetature/ T -0.5 -09 3.0 11.2 17.5 22.8 27.6 28.0 23.2 16.8 10.7 2.5
Salinity 31.35 31,59 30.90 30.24 30.31 30.94 30.76 29.65 30.48 31.36 31.75 31.82

From early January 1o the end of February, sea
ice appears widely in the mid-west of the Laizhou Bay
and the shallow waters of the Yellow River estvary.
Its boundary can extend 5~ 20 km intc the sea, with
narrow ice band in the east and wide band in the
west. Its thickness is less than 20 em in the east, and
30 cm in the Yellow River estuary. The drift ice range

is so wide that it covers the whole area (Fig.2)[%.

38

mem Sertled ice range in ordinary year
™ Flowing ice range in ordinary year
£ Circulation in the [ aizhou Bay

Fig.2 Sea ice and circulation in the Laizhou Bay and Yellow
River estuary )

The above means that only cold temperate, tem-
perate and eurythermal species can live in the area all
year round. The warm-temperate and warm water
species appear here only seasonally[3] .

3.2 Water current and water mass
The Bohai Sea branch of the

Yellow Sea warm current turns southward into the

3.2.1 Water current

Laizhou Bay and mixed with the low salinity silty wa-
ter in the Yellow River estuary. The water current
then flows out of the eastern Laizhou Bay. This forms
the stable anti-clockwise circulation {Fig. 2). There
are 2 types of tidal current in the Laizhou Bay. In

west of Diaolongzui, the tide is regular semidiurnal,

and in the east the tide is irregular semidiurnal. The
direction of the tide is mainly scuthward or northward
and is bi-directional current. Residual current, espe-
cially the tide residual current, relates to marine sedi-
mentation, substance transportation, as well as larvae
and prey orgamism abundance. The total tidal residual
current in this area is dominated by M, tide residual
currentt’!. There is a strong offshore tide outside the
old Yellow River estuary. The direction of its residual

tide in the Laizhou Bay is basically southward or

% BehaiSa northward, but there is also a tendency to form an an-
‘1 ti-clockwise circulation. This may be one of the im-
\ ‘,‘ I aizhou Bay s\@*-‘ﬁ - portant reasons why the juvenile fish born in the
i A Pl Laizhou Bay can stay there for a long period.
EY

3.2.2 Water mass Water mass in the Laizhou Bay
generally belongs to those in the Yellow and Bohai
Sea, which can be divided into Pohai Sea water mass
and Bohai Sea coastal water mass. The former is a de-
naturalized section of Yellow Sea water mass, which
extends into the central part of the Bohai Sea. It is the
habitat of cold-temperate fishes in summer and win-
tering ground of endemic fishes in the Bohai Sea. The
latter dominates the Yellow River estuary and almost
the whole Laizhou Bay. The area dominated by this
watet mass is the spawning and feeding grounds of the

commercially important fishes in the Yellow and Bohai

" Sea.

4 Characteristics of fish species diversity

The fishes in this area almost represent the fish
species in the Bohai Sea, with the total number of 96
species. In compariéon with the total number of 326
species in the Yellow and Bohai Seal®!, it confirms
that the Bohai Sea is poor in fish species diversity! 1.

Table 2 shows the investigation results since
19805 that there are 46 families, 96 fish species in this

area.
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Table 2 Fish species and distribution in the Laizhou Bay and Yellow River estuary
i Temperature adaptation Distribution type Distribution area
No. Species - -
WWS WTS CTs MS EnS EsS ELE MLE YRE
1 Mustelus manazo N N +
2 Triakis scollium vy N + +
3 Raja porosa N N + + + +
4 Daswatis laevigatus N f +
b Ilisha elongata s v + + +
6  Clupea pallasi < Ny ®
7 Harengula zunasi N N + + + + +
8 Sardinops melanosticia N Ny (O]
9 Clupanodon punctarus Vi o ot + o+ + + +
10  Engraulis japonicus N i +
11 Sewtengraulis Kammalensis N vy N + + + 4 +
12 5. mystur \/ N N + +
13 Setipinna githerti N Ny NJ ++ + 4+ + 4 +
14 Coilia mystus N N + + +
15 O ectenes < N +
16  Neosalanr anderssoni - N + + + 4+
17 Protesalanx hyalocranius Ny N * +
18 Salanr acuticeps i N + +
1% Salunr arickensis i N + +
20 Sawrida elongata < < + +
21 Anguilla japonice N \f + +
22 Muraenesar cinereus Ny Nj +
23 Astroconger myriaster N i +
24 Tylosurus ancstomells A N + + + +
25 Hyporamphus sejori N N + o+ +
26 H.intermedius N N + +
27 Swyngnathus acus - N + 4+ -
28 Hippocampus japonicus N N +
29  Sphyraena pinguis N N
30  Liza haematochelia N N + + + + + 4+ +
31 Mugil cophalus N Ny +
31 Laieolabrax japonicus N N 4+ 4o+ 4o+
33 Apogon lineatus N N + + +
34 Sillago sthama N f +
35 Atropus atropus N N
36 Seriola aurcovittaia N N +
37 Nemipterus virgatus Ny N ©
38 Hapulogenys mucronatus N Ny +
39 Coltichthys niveatus N N + + ¥
40 . fragilis N N + + + + +
41  Psewdoscicena polyactis N Ni + + + ++
42 Miichthy miiuy N Ni +
43 Argvrosomus argemtalus J J + + +
44 Nibea albiflora N N + + + + +
45 Johnius belengerii N o + + + + +
A6 Sparas macrocephalus N N + + +
47 Pagrosomtus major N N + +
48  Ditrema temmincki Vi -
49  Enedrias nebulosus N N + + +
50 Zoarces elomgatus N N + + +
51 Ammodyies persomatus N N ++ +
{Be continued)
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{Continuing table 2)}

52 Callionymus kitaharae N Ni + + +
53 Trichiurus haumela N v + o+ t+t +
54 T. muticus i J + o+
55  Pneumatophorus japonicus Ny Ni

Sb  Scomberomarus niphowia N J + + + ¥
57 Stromatesides argenteus N} N + +
58  Tridemtiger obscurus J N +
59  T.trigonocephalus N N + + +
60 Tricenopogon barbatus N - + +
61  Luciogobius guttetus N N

62 Chaenogobins annularis N N v

63  Cryptocentrus filifer N < +

64  Cienogobius pflaumi N S ¥+

65  Aboma lactipes - Ny + +

66 Synechogobius hasta N Ny + 4 4

67  S.ommaturus Ny N + b+ b+
68  Chacturichthys stigmatias ) N + 4 ¥+
69 . herunema N - ¥ ¥+ + o+ o+
70 Apocryptedon madurensis ~ J +

T Oduntambiyopus rubicundus N J o+
72 Ctenotrypauchen microcephalus V' -/ ++
T3 Periophthalmus Cantonensis N ~f + + + +
T4 Sebastocles fuscescens - < +

75 Chelidonichthys kumiu Ny N +

76 Hexagrarimos olukii N - + +

77 Platwephalus indicus -f N t + + +
M Liparis tanakae N o 4+ ¥

79 Parafichthys olivaceus N S +

80  Cleisthenes herzensteini N N

81  Plewrunichthys cornutus - N + + + +
82 Pwudopleuronectes yoakohamae N Ni + + +

83 Platichthys bicoloratus N N +

84  Zebrias zebra N Ny + + +
85  Cynoglossus semilaemis S N + + + 4+
86 O fighti N J + I
87 C.abbreviatus NN J + + + +
88  Triacanthus brevirostris N J + +

89  Cantherines modestus v J +

9} Fugu ramthopreres W N + +

91  F.wermicularis N J r + +
92  F. niphobles N < + +

93 F. flavidus N J + -
94 F.ocellatus N N +

95 F. psewdommus Ni N + + +
96  Lophius litulon Ni N + ¥

Note: "® "showing the rare species appearing occasionally in this area WWS,; warm water species; WTS; warm temperate speciess CTS: cold

ter.nperature species; MT; migrating species; FnS: endemic species; FaS5; estuary species; FELB: easiern Laizhon Bay; MLB: mid Laizhou Bay;

YRE: Yellow River estuary

4.1 Systematic classification

The fishes in Table 2 almost covers the main fami-
lies, genus and common fishes in the Yellow and Bohai
Sea. There is no endemic fish species in this area.
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4.2 Temperature adaptation types

Ameng the 96 fishes are 25 warm water species
(26.04%), 61 warm temperate species (63.54%), 10
cold temperate water species {10.42%). There is no real
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cold water species. The warm temperate species, usually
helonging to their Yellow and Bohai Sea population, al-
most dominate the populations in this remion. This area is
the northern boundary of their distribution. Because the
Laizhou Bay and Yellow River estuary are located at south
of 38°N within the warm temperate zone, there is usually
no cold temperate fish species. The distribution of cold
temnperate species, such as fat greenling ( Herpgrammos
otakii }, elongate eel pout ( Zoarces elongatus ), pointhead
plaice ( Clefsthends herzensteini ), is related 1o the distri-
bution of the Yellow Sea cold water mass in this area.
4.3 Migration types

There are 54 migratory species, making up
56.25% of the total species, including the main com-
mercial fish species. There are 35 endemic species,
making up 36.46% . Most of the endemic fishes are of
little commercial value and with small sizes excluding a
few species. There are only 7 species {(7.29% ) con-
fined only in the estuary or estuary-and-river. These
fishes are closely related with the Yellow River wa-
ters, locally famous but with small biomass.
4.4 Distribution

There are 32 species {33.33%) distributing in
the whole bay and 82 species (85.41% ) distributing
in the eastern Laizhou Bay, 49 species(51.04% ) in
the Yellow River estuary. All those in the whole bay
are mainly endemic species. In the eastern Laizhou
Bay, apart from the endemic species, the increased
number of species is migratory species. In the Yellow
River estuary, most of the fishes are eurythermal, eu-
rvhalinous and estuary fish species. Therefore, the
species diversity is low in the Yellow River estuary,
only 60% of which in the eastern Laizhou Bay.

5 Discussions and conclusions

5.1 History and species diversity .

The history of modern Laizhou Bay and Yellow River
estuary is not more than 10 000 years. In such a short de-
veloping period, it is impossible to form highly abundant
fish species. The fish species came here following the open
sea water. Part of those eurythermal and euryhalinous
species settled down gradually, most of which still keep

their intrinsic behavior. The migratory species only appear

seasonally and form fishing seasons once a year. This is
why the Laizhow Bay and Yellow River estuary do not
have their own endemic species.
5.2 Hydrological characteristics biodiversity

It has been stated that the temperature and salin-
ity in this region vary sharply between seasons. For
example the monthly average temperature in summer
can be up to 28, but in some shallow water area of
the Yellow River estuary it can exceed 30T . In win-
ter, the Laizhou Bay has a wide coverage of ice in
shore, and drift ices almost spread all over the area.
Similarly, the salinity in the Yellow River estuary also
changes sharply between flood season and low water
season. This makes it difficuit for the cold temperate
and cold water species to summer, and warm water
and warm temperate species to winter, which restricts
the development of fish species diversity.
5.3 Geological conditions and fish species diversity

The topography of the Laizhou Bay and Yellow River
estuary is complex. In the eastern part, there are rocky/
gravely shores, and with sea cliffs in many places such as
Shihu Rib, Sanshan lsland. The western part is character-
ized by silty sand, and transits into silt when extending to
the Yellow River estuary. Different fishes inhabit in this
topography and sediment accordingly. For example, the
reef fishes of schlegel * s blackrockfish { Sebastodes
fuscescens ) and fat greenling can only be found in the east-
ern and middle Laizhou B."iy. Sandy beaches are ideal for
common asohos { Sillago sihama ), and sandlance ({ Am-
modytes personatus), which do not appear in the Yellow
River estuary because of their hiding-in-sand characteris-
tics. The species like red eel gohy { Odontamblyopus rubi-
curdus) and smallhead goby { Crenotrypauchen micro-
cephalus), which usually inhabit in clayey silt caves, do
not appear in the eastern part. The sediment becomes finer
from shore in the south to the deep water in the north
Laizhou Bay. This helps demersal fish speces to select
their suitable sediments t live.
5.4 [Effect of reduction of Yellow River fresh water
discharge

Fishery productivity in the Laizhou Bay and Yel-
low River estuary depends en the nutrition and organic

matters from the Yellow River. Therefore the reduc-
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tion of fresh water discharge will decrease the primary  ery ecological system in the Yellow and Bohai Sea.

productivity and endanger the fishery resources. Ac-
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