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Ecological niche of dominant species of fish assemblages in Laizhou Bay, China
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Abstract; Laizhou Bay, an estuary of the Yellow River, is one of the three most important bays of the Bohai Sea, China. It
is characterized by a high level of primary productivity and is one of the most important spawning and feeding grounds for
most fish species in the Yellow Sea and Bohai Sea. After decades of overfishing, the dominant species of the fish assemblage
have been altered. Ecological niche describes how an organism or population responds to the distribution of resources.
Therefore, studies on ecological niches are extremely important to clarify the ecological dynamics of different species and the
mechanism of interspecific coexistence and competition, as they are a fundamental tool for the conservation and assessment
of fish stocks, as well as for the analysis of the ecosystem as a whole. Data were obtained from a bottom trawl survey
conducted in Laizhou Bay (119°05'—120°00'E, 37°12'—37°40'N) in 2011. The most dominant species that contributed

to 97.2% of biomass and 98.4% of abundance were used for the hierarchical cluster analysis, non-metric multidimensional
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scaling (NMDS) , principal component analysis (PCA) , and spatio-temporal niche analysis. Tissue samples were collected
from the 12 most dominant species recorded in the trawl-survey catches. 8" C and 8" N stable-isotope analyses were
performed to assess the trophic niche. A total of 49 fishes were collected. The assemblage density of dominant species was
low in the summer and winter and high in the spring and autumn. The mean crowding of the dominant species was low in the
spring and winter, and high in the summer and autumn. The results of the hierarchical cluster analysis based on the
Euclidean distance showed a similarity with the results of the ecological dominance analysis. The PCA showed that
Sardinella zunasi was one of the species that mostly affected the first axis, and Thryssa kammalensis mostly affected the
second axis. Callionymus beniteguri had the highest value of tempo-spatial niche width, followed by Platycephalus indicus ,
Tridentiger barbatus, and Cynoglossus joyneri. Significant overlap of spatio-temporal niche occurred between the seven
groups : Pennahia argentata vs. Setipinna taty (0.798), S. taty vs. Johnius belangerii (0.793) , C. joyneri vs. J. belangerii
(0.771) , Chaeturichthys stigmatias vs. J. belangerii (0.770) , Konosirus punctatus vs. Scomberomorus niphonius (0.763) ,
and K. punctatus vs. C. joyneri (0.625). Konosirus punctatus had the highest 8" C. range (CR = 9.2), and J. belangerii
had the highest 8N range (NR = 7.1). The total area (TA) of the trophic niche of S. zunasi and K. punctatus were the
highest, both being larger than 20. Johnius belangerii had the lowest TA (1.38) ; however, it had a significant overlap with
other species, such as C. stigmatias, C. joyneri, and P. argentata. The results showed a similar trend with cluster analysis,
NMDS, and PCA ; however, the trend was different with the tempo-spatial niche analysis. The non-migration species, which
lives throughout year in the bay, with lower assemblage densities had a higher value of spatio-temporal niche width. The
seasonal migratory species had a lower tempo-spatial niche width because of the low temporal niche width. The high spatio-
temporal niche overlap between the most dominant species found in this study also reflected a high degree of homogeneity of
fish assemblies in the Laizhou Bay. Competition owing to niche overlap was not the decisive factor that formed the
community structure of nekton in the Laizhou Bay. The community structures might be most affected by anthropogenic

activities.

Key Words : spatio-temporal niche; trophic niche; niche width; niche overlap
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Table 1 Dominant species and its gathering strength in different seasons in Laizhou Bay
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Fig.2 The hierarchical cluster dendrogram of fish species base on the Euclid distance( Data was transformed by log(x+1))
S1. H#/ND Tt Sardinella zunasi; S2 . $EMHE Konosirus punctatus; S3: 77 JEUFFE 40 Chaeturichthys stigmatias; S4 ;75 58 Thryssa kammalensis ;
S5 . BE R HINIF FE . Acanthogobius ommaturus ; S6 : Ak Callionymus beniteguri; ST W 1. 8% Scomberomorus niphonius; S8 ; FEW) £1.75 8 Cynoglossus
joyneri; S9.fifi Platycephalus indicus; S10. 4R Ui Pennahia argentata; S11 Bflll Setipinna taty; S12: K2 [k Johnius belengerii
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Fig.3 PCA ordination of fish abundance in Laizhou Bay
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R ATLIEH B2 A AL 0 E S kA AR 0 R0 R TG Y &8 (0.798 ) AR Gl £f 0 B ( Setipinna taty)
(0.798) WA 7 QY 4k #.(0.793) 565 W) 2175 5 ( Cynoglossus joyneri) FI1EZ FG Y ki 1. (0.771) | F & MR 5§ £ Al
S FR 4t £6.(0.770 ) | BEA M HE A5 S8 (0.763 ) AL BRE G M) 2178 8851 (0.625 ) Z [H], FAt P 2 i) iiof 23 A 250 F
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Table 2 Niche width and IRI value of main fish species in the Laizhou Bay

'A% Code 2 Species Nt Ns Nsp IRT W/ % N/%
S1 T8/ N T f Sardinella zunasi 0.45 2.36 1.06 3302 23.0 35.7
S2 BEE Konosirus punctatus 0.27 2.78 0.75 2768 32.8 15.4
S3 FRAFFE A Chaeturichthys stigmatias 0.72 2.86 2.05 2352 14.0 14.1
S4 TREMEME Thryssa kammalensis 0.33 1.12 0.37 1841 75 24.6
S5 BEFEHIUR B2 41 Acanthogobius ommaturus 0.67 2.62 1.76 835 6.8 2.8
S6 4edf Callionymus beniteguri 1.29 3.33 4.29 233 1.3 1.6
S7 W5 5 Ty Scomberomorus niphonius 0.58 1.85 1.07 182 6.3 0.3
S8 ST 5 Cynoglossus joyneri 0.79 3.28 2.59 162 1.4 0.7
S9 i Platycephalus indicus 0.85 3.41 2.89 122 1.7 0.2
S10 M4t 48 Pennahia argentata 0.08 2.37 0.18 58 1.0 0.9
S11 B Setipinna taty 0.62 1.63 1.00 41 1.1 1.7
S12 Sz M I8 Johnius belengerii 0.36 2.11 0.76 40 0.5 0.6

Nt . B 8] Az 25467 temporal niche; Ns: %% ] 4= 254 spatial niche; Nsp: it 2% A S temporal-spatial niche ; IRI; X EE P FE X index of relative
importance ; W% . FEEES percent of weight; N% : BEE percent of number
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Table 3 Temporal niche overlap and spatial niche overlap of major species

ik A5 E S Niche overlap
Species s1 s2 s3 S4 s5 S6 s7 S8 9 S10 si1 s12
st 0.434 0268 0377 0.147 0380  0.246 0454 0.8 0202 0.137  0.218
s2 0.225 0576 0.360. 0306 0534  0.764  0.634  0.537 0395  0.248  0.406
s3 0.569  0.929 0.071 0397 0370 0487 0797 0497 0436  0.157  0.561
s4 0.992  0.107  0.465 0.070  0.656  0.140  0.180  0.159  0.133  0.042  0.057
S5 0.227 0987 0922 0.110 0.421 0192 0345  0.650 0257  0.029  0.153
S6 0.285  0.568 = 0.591  0.246  0.631 0.306 0466  0.657 0320  0.109  0.238
87 0.167 0.998  0.906  0.047 0985  0.553 0521 0332 0243 0.135  0.209
S8 0.350.  0.987 0965  0.238 0981  0.658  0.977 0.575 0715 0514  0.779
$9 0.598 0911 0995 0501 0902  0.645  0.885  0.959 0.528 0270 0.439
S10 0.175 0999 0909  0.055 0985  0.554 1000  0.978  0.889 0.861 0.800
S11 0.531  0.945 0999 0425 0934 058 0924 0975 0992  0.927 0.835
S12 0.242  1.000 0935  0.124 0987  0.581 0997  0.990 0919  0.997  0.950
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BT R TR T W 5 A R ] debi i PR e — | /Ny b T o R A 2 B T AR, B 20, Bz
PG ffi fra fe /N, AX 1-38(55 5).

4 50 T s RS RS 0.6 BRSNS FRA SN A, B AT LA 4R 4 10 5 Ry EG 4
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BIRES M ERRN, TR AE AL A, 2 A 7E A T, B S A A A i BV, A A
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Table 4 Spatio-temporal niche overlap of major species

[IES A 25 AL FE B AE Spatio-temporal niche overlap
Species S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

S1 0.098 0.153 0.374 0.033 0.108 0.041 0.159 0.111 0.035 0.073 0.053
S2 0.535 0.039 0.302 0.303 0.762 0.625 0.489 0.395 0.235 0.406
S3 0.033 0.366 0.219 0.441 0.769 0.495 0.397 0.157 0.525
S4 0.008 0.161 0.007 0.043 0.080 0.007 0.018 0.007
S5 0.265 0.189 0.338 0.586 0.253 0.027 0.151
S6 0.169 0.307 0.424 0.177 0.064 0.138
S7 0.509 0.294 0.243 0.124 0.209
S8 0.551 0.699 0.501 0.771
S9 0.469 0.268 0.403
S10 0.798 0.798
S11 0.793

x5 FMEEZEMERESMK

Table 5 Trophic niche of major species in Laizhou Bay

{E1 Code F2K Species l58'5N {EAZ R 138‘3C T AL R AR
3N range (NR) 3" C range ( CR) Total area (TA)

Sl HEY DT 1 Sardinella zunasi 7.1 4.5 20.01
S2 BEEE Konosirus punctatus 5.4 9.2 27.74
S3 X JRBUF R Chaeturichthys stigmatias 5.5 3.9 12.30
S4 IR HE Thryssa kammalensis 3.5 4.2 8.07
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Fig.4 Trophic niches of fishes in Laizhou Bay
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