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Xiaodaohe River, southwest of the Yellow River Estuary

ZUO Tao"* ™, ZHANG Beiye'”, WANG Jun'?, ZUO Ming*, WANG Andong’

1 Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

2 Marine Ecology and Environmental Science Laboratory, Pilot National Laboratory for Marine Science and Technology ( Qingdao) , Qingdao 266237, China
3 College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

4 Marine Development Research Institute, Dongying 257091, China

5 Shandong Yellow River Delta National Nature Reserve Management Committee, Dongying 257091, China

Abstract: Oyster reefs are among the most valuable and vulnerable marine habitats worldwide in terms of ecosystem
services. More interests in restoring coastal habitats of high importance have developed substantially in many regions.

However, basic information on the structure and distribution characteristics of oyster populations in natural oyster reefs along
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the Chinese mainland coasts is still limited, even though it is crucial for establishing ecological reference baselines for
evaluating oyster reef restoration. In recent years, a natural live oyster reef has been discovered in the intertidal zone near
the mouth of the Xiaodaohe River, southwest of the Yellow River Estuary. As the oyster reef has been commercially
harvested on a large scale, it is necessary and urgent to carry out effective conservation and restoration efforts. By surveying
the exposed oyster reef in November 2021, this study investigated the species composition, age structure, and growth
characteristics of the oyster populations on the reef. Based on morphological and molecular analyses, two oyster species were
identified, including the Jinjiang oyster Crassostrea ariakensis and Pacifica oyster Crassostrea gigas. Only 6.1%—6.7% of
the oysters sampled were dead oysters. The density and biomass of live oysters were (2811+778) ind./m” and (21.97+
30.43) kg/m’, respectively. Of the two species, C. ariakensis had higher density and biomass, accounting for 55.7% and
76.4% of the total live oyster density and biomass, respectively. In addition, the annual growth line on the shell cross-
section indicated that the ages of oyster C. ariakensis ranged from O+ to 4+ years, and those of C. gigas ranged from 0+ to
2+ years. Mean values of shell height, length, and inflation of C. ariakensis were relatively higher than those of C. gigas at
the same age. Both oyster species were dominated (>80% in number) by young individuals of 0+ years old, with shell
heights between 30—40 mm and shell masses less than 5 g. They also exhibited similar negative allometric growth patterns
due to their individual linearly fitted model coefficients for shell mass and height <3. The ratios of individuals’ shell height/
length and shell height/ inflation reflected differences in shell expansion between the two oyster species at different ages.
According to the fitted von Bertalanffy ( VB) population growth models of the two species, the estimated asymptotic shell
height (SH__) and inflection growth age (t_) for C. ariakensis were 286 cm and 5.47 years, respectively, with an

max »
asymptotic shell mass (W, ) of 812 g, the SH, and ¢, for C. gigas were 173 cm and 2.56 years, respectively, with a W,
of 129 g. The test of covariance revealed that the distributions of fitted VB growth curves in the two species were significantly
different ( P<0.001). Therefore, it can be inferred that the oyster populations in the natural oyster reef were characterized
by high density, young age, and low mortality, implying that the natural oyster reef was relatively rich in oyster resources.
The present oyster populations could provide potential capacity for reef expansion and restoration near the mouth of the
Xiaodaohe River, southwest of the Yellow River Estuary. Owing to its higher shell mass and growth, the oyster species
C. ariakensis may hold greater importance than C. gigas in shaping and nurturing the natural oyster reef. An in-situ

conservation, restoration, and long-term (the cycle >3 years) monitoring program is recommended for this oyster reef and

oyster population.

Key Words: Crassostrea ariakensis ; Crassostrea gigas ;population structure ;oyster reef ;the Yellow River Estuary
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Fig.1 Geographic location and exposed view of the oyster reef
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Fig.2 Photograph of a representative resilium radial cross section from a 3+ a Crassostrea ariakensis and the sketch showing the annual

growth lines
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COCan222r Crassostrea angulata AGTTACCAAACCCCCCAATTATCAG(C)G 222
COCgi269r Crassostrea gigas TCGAGGAAATTGCATGTCTGCTACA(T) A 269
COChk387r Crassostrea hongkongensis GGAGTAAGTGGATAAGGGTGGATAG 387
COCsi546r Crassostrea sikamea AAGTAACCTTAATAGATCAGGGAAC(A)C 546
COreverse All TAAACTTCAGGGTGACCAAAAAATCA 697
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River Estuary
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Table 2 Average values of morphological parameters of oyster shells in age classes

ity FeltiE FTi ek FEIE
Wb AR B k
Species Age/a Shell mass/g Shell height/mm Shell length/mm Shell inflation/mm
VT4 WG Crassostrea ariakensis 0+ 3.4+3.1 38+10 22+7 10+3
1+ 17.8+8.3 66+20 48+8 144
2+ 41.6+12.2 93x15 4506 18+3
3+ 94.1+£48.9 127+£25 63+14 27+9
4+ 138.3£55.9 135£21 67£10 318
KA C.gigas 0+ 2.6+2.5 34+10 174 11£3
1+ 10.3£2.1 5712 28+7 165
2+ 12.3£2.8 777 28+5 165
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Fig.6 Average shell height:shell inflation ratios ( with standard error) in relation to average shell height: shell length ratios ( with standard

error) along the age for Crassostrea ariakensis and C.gigas
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Table 3 Results of the linear model fitted between log-transformed shell mass and morphological parameters for Crassostrea ariakensis and

C.gigas
AT w75 7 2581 P
Variable Regression equation P value of covariance analysis

) VT AW AT} FEES o

) * Crassostrea ariakensis C.gigas Slope Intercept

U I . In(y)=2.73In(x)-8.86 In(y)=2.05In(x)-6.40 "

Fo 5 & Shell mass 1= Shell height R2=0.88 n=189 R = 0.74, n=142 <0.001 0.89
IR In(y) =2.48In(x)-6.57 In(y) =2.36In(x)-5.91 e
7t 1< Shell length R2=0.85. n=189 R2=0.72, n=142 0.136 <0.001
. . . In(y) =2.47In(x)-4.51 In(y) =2.00In(x)-3.85 g
7255 Shell infl : 001"
et Shell inflation R2=0.80, n=189 R2=0.65, n=142 0.083 <0.001
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Table 4 Growth parameters of oyster Crassostrea ariakensis and C.gigas

S8 plRAR W ] AR

Parameter Crassostrea ariakensis C.gigas

WL Asymptotic shell height(SH,, )/mm 286+43 174 + 83

H: K R B Growth constant(k)/ (mm/ a) 0.152+0.034 0.193+0.143

PR Hypothetical age at length zero(t,)/a -1.183+0.086 -1.516+0.294

AT FEZR L Coefficient of determination( R?) 0.725 0.465

% 22377 Residual mean square 313.2 157.1

WL 7S BT Asymptotic shell mass( W, ) /g 812.0 129.0

IR AR Maximum age (¢, )/a 20 15.5

HE KA AR Age of inflection point for growth ty)/a 5.47 2.56

H K525 Shell height at t,,/mm 181 38
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