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Fig. 1 Bottom trawl survey stations for fishery resources in the

adjacent waters of the Changshan Islands
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Fig. 2 Seasonal variation of community weighted mean index (CWM) of fish community in the adjacent waters of the Changshan Islands
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Fig. 4 Spatial distribution of functional diversity indices of fish community in the adjacent waters of the Changshan Islands
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Table 2 Spearman rank correlation coefficients between func-

tional diversity indices and environmental factors in the adjacent

waters of the Changshan Islands
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Table A1 List of fish species and their functional traits in the adjacent waters of the Changshan Islands

Fhk MR SEEE B A DRI ORI OAR/N R A KR S BRI B IR
F%ith Argyrosomus argentatus ~ SM T De B TE PE &g M 2 0.31 25 435 3.9
BEWS Konosirus punctatus SM T Pe He  Mmfi PE LN H 2 03 36 32 3
BiF R il 5 £ Lo T De B b ivA AE LN L 9 — 50 43 4
Acanthogobius ommaturus
BEE Raja kenojei SM T De B-N JEm@m DAE %N L 3 — 56 40 4.1
35 8 Cynoglossus semilaevis — SM T De B L PE %N M 5 0.26 51 61.1 3.7
U8R Pampus punctatissimus LM  WW De p Ui fir PE BN H 2 0.43 18 25.8 3.2
R ER Thryssa kammalensis — SM T Pe P R PE N M 2 0.56 32 15 3.2
PN SM T De B DA PE /N M 5 — 29 39.1 3.5
Cynoglossus macrolepidotus
Kp Lt Hexagrammos otakii  SM CT De P-B  ifu AE /N M 2 0.35 34 57 3.8
Fkt® Gadus macrocephalus SM CT De N oA DE BN L 2 0.2 50 119 45
K54 Protosalanx chinensis SM T De P-B L PE g H 7 0.56 14 17 3
MR Trichiurus lepturus SM WW De N Ui iz PE BR L 8 0.11 57 234 3.9
FAYE R Minous monodactylus Lo WW De B A7 PE N M 2 — 10 12 4.1
J1%¢ Coilia ectenes SM T Pe P DA PE x M 2 0.35 33 41 3.7
gk Callionymus sagitta Lo T De B Vi {3z PE /N H 3 0.52 30 18 2.9
JEWILTE B Cynoglossus joyneri  SM T De B Tz PE /N M 5 0.2 40 24 43
i B SM CT De B Y37 DAE N M 5 0.25 49 45 3.6
Pseudopleuronectes yokohamae
Z W4l Sillago sihama SM  WW  De B Ufu PE /N H 2 0.8 24 31 34
U5 IR Enedrias fangi SM CT De P-B difu o rhag H 8 0.76 30 30 4.6
YE# Callionymus beniteguri Lo T De B Yiig {37 PE /N H 3 0.52 27 16 3.3
B IRBE Cleisthenes herzensteini  SM CT De B-N  ifu PE g L 5 0.22 50 47 42
Wy Er il Sebastiscus marmoratus SM T De B Y37 PE 4§ M 2 0.3 33 36.2 3.7
¥ ZF 8 Paralichthys olivaceus SM T De N ¥l PE &g M 5 0.24 60 103 49
MR Acanthopagrus schlegelii SM T De B';\I' UL PE LN M 2 0.28 37 50 32
¥ Liopsetta obscurus SM CT De B b PE g M 5 0.28 61 50 3.3
ARG Collichthys niveatus  SM T De B wfu PE s H 2 0.42 15 15 3.7
A Lophius litulon SM T De N (S IVA PAE K L 3 0.23 78 150 45
Ui Nibea albiflora SM  WW De B U PE B H 2 0.4 23 40 4
WY Setipinna tenuifilis SM WW Pe P DA PE x H 2 0.32 29 22 32
BRI Seriola lalandi LM T Pe N ¥if PE BoR L 1 0.32 69 250 42
7 [R4RE Enchelyopus gilli SM CT De B Tz o rhag L 8 — 64 30 35
Wk MgEE R Collichthys lucidus — SM T De P-B Jifi PE BN H 2 0.42 17 17 35

BG4 7 8 Takifugu pseudommus — SM T De BN i DAE /N M 2 0.24 36 35 3.4
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it N, Syngnathus acus Lo T De P DA o /N M 7 — 32 50 3.3
FARMBE Plewronichthys cornutus  SM T De B Wi PE BN L 5 0.23 50 275 3.4
545-tily Sebastes hubbsi Lo T De B v ¢} B M 2 0.21 38 15.6 3.5
fLEE Raja porosa SM CT De BN JEWE DAE /N L 3 0.26 49 57 4
W AT T LM T Pe N b PE R M 1 0.53 34 113 4.8
Scomberomorus niphonius
W [R5 Decapterus maruadsi SM T Pe P DA PE /N H 1 0.31 17 25 34
NLLl AR Lo T De B v AE I M 4 0.7 29 17.4 33
Amblychaeturichthys hexanema
Lkt T i iy SM WwW De B b iva DAE /N M 2 0.28 36 36 3.4
Thamnaconus modestus
¥ AR A Lo T De B Vi {3z AE /N M 4 0.45 38 28.2 4
Chaeturichthys stigmatias
e Miichthys miiuy SM T De N Ui {37 PE BR M 2 0.3 37 70 44
Sz B i £ Johnius belengeri SM WW De B AL PE BN H 2 0.53 25 30 3.7
e RATEFpEf Amoya pflaumii Lo WW  De B I AE B H 10 - 16 12 3.1
FH/NDT 1 Sardinella zunasi SM T Pe P EGDA PE LGN H 2 0.5 23 18 3.4
F A8 Chirolophis japonicus — SM CT De P-B difu 0o BN L 8 - 68 55 3.6
kALl Hemitripterus villosus Lo CT De B-N diifi PE PN L 2 0.17 52 35 43
i8¢ Kareius bicoloratus SM CT De B DA PE /N L 5 0.18 46 30 4.1
52 [CHE Raja pulchra SM T De B-N JEm DAE UN L 3 0.26 61 23.6 43
WAVLE Trachidermus fasciatus SM T De B-N v DAE *K H 2 — 16 14 3
fity Scomber japonicus LM  WW Pe N ¥fi PE R M 1 0.53 31 64 42
VG-l Sebastes thompsoni SM T De B il 0 BU L 2 0.21 55 30 3.7
¢ Engraulis japonicus SM T Pe P TE PE X H 2 0.79 10 18 3.6
FLECH#s Callionymus valenciennei Lo T De B St oL PE 7 H 3 0.52 18 10 32
BTN Lo T De B A AE BR H 4 — 23 11 3.3
Tridentiger trigonocephalus
U4 K8 Apogon lineatus SM  WW De B Wi PAE LN H 2 0.5 30 9 3.7
MBWit8 Liparis maculatus SM CT De BN Imfi DAE LN M 9 0.31 51 47 3.9
/N5 # Eupleurogrammus muticus — SM WW De B Ui iz PE BR H 8 - 29 87 4.4
/N Larimichthys polyactis SM T De B-N YL PE g M 2 0.45 32 40 3.7
INRAFLUR R £ Lo WW De B b ivA AE N M 2 — 30 18 3.7
Ctenotrypauchen microcephalus
/NREEEE LD Chelidonichthys kumu — SM—— WW De B MM PE s M 9 0.4 29 60 3.8
R 8 Conger myriaster SM T De BN i PE BX L 4 0.15 58 100 4.8
VFECF-Ail Sebastes schlegelii Lo CT De B-N Iifi e} BN M 2 0.21 68 65 47
S Microstomus achne SM CT De B Vi {3z PE g L 5 0.1 67 71.5 3.4
fif Platycephalus indicus SM  WW De B-N difi PE rhag M 3 0.5 37 100 4
AT Sphyraena pinguis SM WW Pe N Yiig {37 PE /N H 6 0.4 31 50 5
EHith Ammodytes personatus SM CT De P Y37 DAE x H 7 0.6 26 15 3.3
zWit Enedrias nebulosus SM CT De B DA o 4§ H 8 0.7 22 30 32




24 WPE2ER 4546

g3k Al
LUES TSR SR WIS b DANE fEpZ O R/N RE D) R AR R eSS RRIRK E M

KA Tanakius kitaharae SM CT De B DA PE /N M 5 0.3 32 50 35
K433 Enchelyopus elongatus SM CT De B T 0 BN M 8 - 39 30 3.4
Kt Saurida elongata SM T De N ity {37 PE N H 6 0.17 23 50 4.8
KLLUR 2l Cryptocentrus filifer Lo WwW De B Ui {37 AE BN H 2 - 25 13.2 3.4
HRERE B Thryssa mystax SM  WW Pe P T PE PN H 2 0.56 23 19 3.6
RS LR Lo T De B 1A AE /N M 2 — 27 19.2 3.8

Ctenotrypauchen chinensis
BIEURFEAA Tridentiger barbatus Lo T De B v AE /N H 4 — 14 10.4 3.4
Y1941 Trachurus japonicus LM T Pe P Uity oL PE BN M 1 0.3 57 50 34
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Seasonal and spatial changes in functional diversity of fish communities in
the adjacent waters of the Changshan Islands

3 3

Zou Jianyu', Liu Shude®, Zhang Chongliang"**, Xue Ying"*?, Ji Yupeng"®, Xu Binduo"*?

(1. Fisheries College, Ocean University of China, Qingdao 266003, China; 2. Laboratory for Marine Fisheries Science and Food Produc-
tion Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China; 3. Field Observation and
Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003, China; 4. General Station of Fishery Devel-

opment and Resources Conservation of Shandong Province, Yantai 264003, China)

Abstract: In order to identify the functional diversity of the adjacent waters of the Changshan Islands in the eco-
tone between the Yellow Sea and the Bohai Sea, based on the quarterly survey of fish biological resources and en-
vironment factors from October 2016 to August 2017, combined with 13 functional traits such as feeding habit,
trophic level, migration type, thermophily, resilience and fish eggs type, the spatio-temporal pattern of functional
diversity and its relationship with environmental factors were studied by using community weighted mean index
(CWM), functional diversity index and Spearman rank correlation analysis. The results showed that the dominant
species of fish community in spring and winter were depressiform, warm temperate and demersal species with the
characteristics of anterior or upper mouth, low growth coefficient, high vulnerability, low resilience and non-migra-
tion or short distance migration. The dominant species in summer and autumn showed more functional traits, such
as long distance migration, pelagic, fusiform and compressiform. FRic in summer and autumn was significantly
higher than that in spring and winter, FEve was the highest in spring, and FDiv was the lowest in autumn and was
significantly lower than other seasons. FEve in spring and season and FDiv in spring and autumn showed a trend of
high in the west and low in the east, while FRic in summer and winter and FEve in autumn showed a trend of high in
the east and low in the west. There was a certain correlation between environmental factors and functional diversity
index. As an ecotone between the Yellow Sea and the Bohai Sea, the functional traits of the dominant species and
functional diversity show seasonal variations made by the fish migration, and the spatial pattern of functional di-
versity shows complexity and heterogeneity made by environment changing in the adjacent waters of the Chang-

shan Islands.

Key words: fish community; functional diversity; spatio-temporal pattern; adjacent waters of the Changshan Islands
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