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Abstract

Genetic  parameters  and response to  selection were  estimated for  harvest  body weight  in  turbot.  The data
consisted of 10 952 individuals of 508 full-sib families from three generations (G0, G1, and G2). The heritability
estimates for G0, G1, and G2 were 0.11±0.08, 0.18±0.09, and 0.17±0.07, respectively. Over three generations, the
heritability estimate was 0.19±0.04. Maternal and common environmental effects were 0.10±0.04, 0.14±0.04, and
0.13±0.03 within each generation and 0.12±0.01 across generations. The selection differential in growth was 18.24
g in G0 and 21.19 g in G1 corresponding to an average of 19.72 g per generation. The genetic gains were also
calculated, they were 22.06 g in G1 and 11.93 g in G2, corresponding to 6.36% and 3.52% body weight. The total
genetic gain after two generations was 10.10% body weight, which indicated that the selective breeding program
for the body weight trait in turbot was successful.
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1  Introduction
Turbot (Scophthalmus maximus, Linnaeus, 1758) is a marine

fish distributed on the Atlantic coasts of Europe, including the
Baltic Sea, Black Sea, and Mediterranean Sea (Blanquer et al.,
1992; Lei and Liu, 1995). With the advantages of fast growth, high
cold resistance, rich taste, and good nutrition, turbot is the most
widely cultured commercial flatfish globally. Since its introduc-
tion into China from Britain as juvenile by the Yellow Sea Fisher-
ies Research Institute in 1992, turbot aquaculture has developed
into an important industry with an annual production of 56 300 t
in 2013 (National Technology Research and Development Cen-
ter of Flatfish Culture Industry, 2014). To promote the develop-
ment of the turbot aquaculture industry and increase turbot pro-
duction, there is a major effort in genetic improvement programs
aimed at body weight traits to breed fast-growing varieties, be-
cause the commercial value of a turbot depends primarily on its
body weight.

Selective breeding is a basic approach for genetic improve-
ment that can offer the opportunity of continuous genetic gain;
any gain in a core breeding group can be multiplied and ex-
pressed in millions of progeny (Lind et al., 2012). Selective breed-
ing has been conducted for many aquatic species to improve the
body weight trait (O’Flynn et al., 1999; Bentsen et al., 2012; Luan
et al., 2012; Sui et al., 2015). In China, turbot breeding began

more than a decade ago and two cross varieties, Danfa Turbot
(Registration No. GS-02-001-2010) and Duobao No.1 (Registra-
tion No. GS-02-001-2014), have been ratified by the National Cer-
tification Committee for Aquatic Varieties of China. However,
there have been no reports, to date, on genetic gains for any traits
in either turbot or the newly selected turbot varieties.

A selective breeding program based on best linear unbiased
prediction (BLUP) to improve harvest body weight for cultured
turbot carried out by the Yellow Sea Fisheries Research Institute
was initiated in 2006. The selective breeding program for turbot
has now been underway for over ten years and phenotypic data
for harvest body weight has been obtained for two selective gen-
erations (G1 and G2). Here, the heritability for harvest body
weight was estimated based on within and across generation
datasets using the restricted maximum likelihood (REML) meth-
od; the response to selection after two generation selection was
calculated in the form of selection differential and genetic gains.
The results provide a reference point with directive significance
for further turbot selection breeding work.

2  Materials and methods

2.1  The environment
The breeding program was performed at the Genetic Breed-  
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ing Center of Seawater Flatfish (36°40′24″N, 121°09′00″E), Yellow
Sea Fisheries Research Institute, Haiyang City, Shandong
Province, China. The progenies were cultured in two farms: one
in the Genetic Breeding Center of Seawater Flatfish and the other
one (36°54′14.10″N, 121°48′37″E) in Rushan City, Shandong
Province, China.

2.2  Production of base generation (G0)
The base turbot generation (G0) was bred by introduced pop-

ulations from five countries (Denmark, France, Spain, Britain,
and Chile), all of which were introduced as about 5 cm long ju-
venile in 2003 and 2004. Healthy individuals that fed well and ex-
hibited normal morphology were chosen as the brood stock. The
brood stock were reared in 5 m×5 m×0.6 m (L×W×H) ponds at a
density of 2–3 kg/m2. Three months before breeding, illumina-
tion and water temperature in the culture ponds were controlled
to stimulate gonad development. Illumination intensity on the
water was 200–600 lx and the time increased gradually from 8 h to
10 h per day. Water temperature increased from 8°C to 14°C. The
pond water was exchanged by continuous running water.

The base generation (G0) was established in 2006 and 2007
using hybridization between populations and artificial insemina-
tion. Lively individuals, which had no trauma and body weight of
more than 1 kg, could be selected as parent fish. Full- and half-
sib families were produced via an unbalanced nested mating
design by randomly mating selected males and females from dif-
ferent populations. The numbers of turbot from different popula-
tions used to produce the base generation (G0) are show in
Table 1, and the numbers of family in each hybridized combina-
tion were shown in Table 2.

Fertilized eggs were incubated in mini flow water at 13.5–15°C
until hatching (~3–5 d). All of the families were then reared sep-
arately in fiberglass-reinforced plastic tanks (0.5 m3) at a density

of thirty thousand larvae (~50 mL fertilized eggs). The temperat-
ure of the larvae culture was maintained at 16–20°C. Salinity was
25–30 and dissolved oxygen was maintained at 4.9–8.0 mg/L. The
rearing procedure was kept as consistent as possible for the dif-
ferent families. At the 35th and 70th days after hatching, 1 000 lar-
vae and 400 juvenile fish per family were selected randomly and
reared in new fiberglass-reinforced plastic tanks (0.5 m3). At the
3rd months after hatching, 80 individuals with a greater body
weight than the mean from each family were selected randomly,
weighed, and marked with a VIE tag. The fish were then rando-
mly distributed into either one or several 5 m×5 m×0.6 m (L×W×
H) test ponds in two farms. The VIE tag was updated once every
three months. Approximately 15 months post-hatching, all of the
surviving individuals were landed, toweled dry and measured
harvest body weight using electronic scale in turn. The progenies
were genetically evaluated for the harvest body weight trait.

2.3  Production of selection generation (G1 and G2)
The subsequent generations (G1 and G2) were established by

family and within-family selection strategy. From G0 to G2, all
the full-sib families were ranked according their average family
breeding values and about 40 families with high average family
breeding values were selected as the parents of the next genera-
tion. Selected brood individuals were injected with passive integ-
rated transponder (PIT) markers to distinguish them. Full- and
half-sib families in G1 and G2 were produced via an unbalanced
nested mating design by mating selected males and females from
different families. Families with high average family breeding val-
ues were mated first and the candidate parents with higher
breeding values were mated first. Brood individuals was mated rando-
mly and inbreeding coefficient was maintained at <1%. Rearing
and tagging of families in G1 and G2 were the same as G0.

2.4  Data analysis
Because we used PIT markers and VIE tags, a complete pedi-

gree containing all phenotypically measured individuals was
available and used in this study. The mixed model should in-
clude all effects that potentially played a role on the harvest body
weight. The fixed effects considered in this study were year and
farm. Each effect contains different factors that impact growth.
The year effect contained annual breeding environment factors
(e.g., water temperature and quality) and breeding operation.
The farm effect contained raising environment, management
level, stocking density, etc. A factor at different levels may have
different effects on another factor, so their interaction was also
included. The animal model was used to estimate the variance
component using REML method with ASREML software
(Gilmour et al., 2009) as follows:

yij km = ¹+ ai + F j + Yk + F j £ Yk + A i (F j £ Yk) + dm + eij km;

where yijkm is the phenotypic observation for harvest body
weight, μ is the overall mean, ai is the random additive genetic ef-
fect of animal i, Fj is the fixed effect of farm j (two levels), Yk is the
fixed effect of year (seven levels), Fj×Yk is the interaction between
farm and year, Ai (Fj×Yk) is a linear covariate nested within the in-
teraction between year and farm, dm is the random maternal and
common environmental effects on full-sib m, and eijkm is the ran-
dom error term.

The distribution of the random effects a, d, and e were as-
sumed to be normal, with means of zero. The variance-covari-
ance matrix was as follows:

Table 1.     Number of turbot from different introduced popula-
tions used to produce the base population

Population type Numbers for sires Numbers for dams

Denmark   8 34

France 21   6

Britain   9 19

Spain 21   0

Chile   8   8

Table 2.   Number of families used to produce the base popula-
tion from each cross combination

Cross combinations (♂×♀) Number of families
Denmark×Britain     4

Denmark×Chile     3

France×Denmark   32

France×Britain   15

France×Chile     5

Spain×Denmark   15

Spain×France     2

Spain×Britain     5

Spain×Chile     4

Britain×Denmark   12

Chile×Britain     5

Chile×Denmark   10

Total 112
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Total phenotypic variance ( ) was calculated as the sum of

the additive genetic variance ( ), the maternal and common en-

vironmental effects variance ( ), and the error variance ( ).

The heritability (h2) was computed as , and maternal and

common environment effects (c2) as . All of the calcula-

tions were carried out in ASREML software (Gilmour et al., 2009).
The z-score was used to test whether the heritability signific-

antly varied from zero:

z =
h2

se
;

where h2 is the estimates of heritability, and se is the standard er-
rors of heritability.

The selection differential for growth was estimated for each
generation by comparing the mean estimated breeding value of
the brooders that actually produced progeny and the mean of all
of the fish before the brooders were selected. Estimated breeding
values were calculated based on phenotype information avail-
able at the time of selection. The genetic gain in each generation
was also calculated by comparing the mean estimated breeding
value of the current and previous generation. The cumulative ge-
netic gain after two selections was expressed as a percentage
based on the following formula:

Pc =

nY
i

(1+ Pi)¡ 1;

where Pc is the cumulative genetic gain (%), Pi is the genetic gain
(%) for the ith generation, and i is the number of the selection
generation (i=1, 2).

3  Results

3.1  Descriptive statistics
The main statistical results of data set are shown in Table 3

and Table 4. The least square means of harvest body weight in
Rushan farm were larger than Haiyang in 2009 and 2011 and pro-
genies in the other years were only cultured in one farm. In total,
508 full-sib turbot families were constructed from 2006 to 2014.

There were no and very few mature female fish in 2008 and 2012,
respectively, therefore, no families were produced in either year.
Because the selected parent individuals develop at different
rates, each generation contained families in either two or three
years. The number of full-sib families for each year ranged from
54 to 97. Because some parent individuals were mated with more
than one partner, there were also some maternal half-sib famil-
ies and paternal half-sib families in each year. The data set con-
sisted of 10 952 individuals in total. The average number of indi-
viduals in each full-sib family ranged from 12.63 to 31.14 in dif-
ferent years.

3.2  Genetic analysis
The variance components, heritability, and maternal and

common environmental effects are listed in Table 5. Four herit-
ability (h2) estimators for the harvest body weight were obtained.
Heritability within G0 (0.11±0.08) was lower than that within G1,
G2, and across generations. The other estimates were very simil-
ar, 0.18±0.09 within G1, 0.17±0.07 within G2, and 0.19±0.04
across generations. The heritability estimate for body weight in
G0 was not significantly different from zero and in G1 and G2
were significantly different from zero. The heritability estimate
across generations was very significantly different from zero. Ma-
ternal and common environmental effects (c2) within and across
generations closely corresponded to heritability. The heritability
and maternal and common environmental effects standard er-
rors across generations were smaller than those within genera-

Table 3.   The least square means of harvest body weight in two
farms by each year

Year Farm
Number of
individuals

Least squares
mean/g

2006 Haiyang 1 307 328.18

Rushan * –

2007 Haiyang 1 775 274.27

Rushan * –

2009 Haiyang     234 294.29

Rushan     761 337.36

2010 Haiyang * –

Rushan     682 323.52

2011 Haiyang 1 305 336.86

Rushan 1 018 361.23

2013 Haiyang 1 946 332.42

Rushan * –

2014 Haiyang * –

Rushan 1 924 347.35

          Note: The asterisk (*) indicates turbot were not cultured in the
farm.

Table 4.   Number of sire, dam, families, individuals, average number of individuals per family, and least squares mean in each year
and generation

Generation Year Sire Dam
Full-sib
families

Sire half-sub
families

Dam half-sub
families

Number of
individuals

Average number of
individuals per family

Least squares
mean/g

G0 2006   32   33   55   19   14 1 307 23.76 299.250 5

2007   46   33   57   14   10 1 775 31.14

G1 2009   46   37   71   17   18     995 14.01 347.070 6

2010   44   26   54     9   12     682 12.63

2011   75   49   95   18   27 2 323 24.45

G2 2013   53   35   79   17   17 1 946 24.63 338.891 4

2014   80   52   97   13   29 1 924 19.84

Total 376 265 508 107 127 10 952   21.56
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tions.

3.3  Response to selection
The average estimated breeding value of all individuals and

brooders in each generation are listed in Table 6. The growth se-
lection differential was 18.24 g in G0 and 21.19 g in G1 corres-
ponding to an average of 19.72 g per generation. The genetic
gains were also obtained, they were 22.06 g in G1 and 11.93 g in
G2, corresponding to 6.36% and 3.52% body weight. The cumu-
lative genetic gain after two generations was 10.10% body weight.

4  Discussion

4.1  Genetic analysis
In this study, sex was not included in the mixed effect model

analysis, because it is difficult to determine turbot gender mor-
phologically at 15 months old and, moreover, dissecting to ob-
serve the gonad inevitably results in the death of the individual.
Furthermore, Lyu et al. (2016) reported that variance analysis re-
vealed no significant fixed effects of sex on harvest body weight.
Wang et al. (2014) also obtained similar results, although female
turbot had a growth advantage compared with males the differ-
ence was not significant in the early stage.

Heritability estimates for body weight within and across gen-
erations were all low to medium in 15 month-old turbot, based
on the following categorization: low (0.05–0.15), medium
(0.20–0.40), high (0.45–0.60), and very high (>0.65) (Cardellino
and Rovira, 1987). There is a limited number of publications re-
garding the genetic parameters for body weight traits in turbot.
Most previous estimates for body weight of adult turbot were me-
dium to high (Gjerde et al., 1997; Ma et al., 2008; Lyu et al., 2016).
Although genetic parameter estimates are only applicable to spe-
cific populations and environments, different populations, envir-
onmental conditions, and statistical models all result in different
estimators (Gall et al., 1993); the heritability estimated in this
study was lower than previous reports, which suggests that our
heritability values may be underestimates. The most likely reas-
on is that the sum of fixed environment effects was underestim-
ated and phenotypic variance was overestimated because some
possible subsistent fixed effect of pond was ignored. Further-
more, selecting individuals 3 months post-hatching may have
resulted in a slight bias in the heritability estimate, because it
might increase resemblance in family members. The heritability
values for harvest body weight remained stable across genera-

tions, which suggested the potential for continued genetic im-
provement through selective turbot breeding in China.

A set of relatively large maternal and common environmental
effects was estimated in this study. They were 0.10±0.04, 0.14±
0.04, and 0.13±0.03 in G0, G1, and G2, respectively, and 0.12±0.01
across generations, which were similar to the heritability estim-
ate values. Several studies have shown that maternal effects are
high during early growth but have no obvious effect on adult fish
(Liu et al., 2011; Furutsuka-Uozumi and Tabata, 1999; Shimada et
al., 2007); therefore, these relatively large maternal and common
environmental effects were likely the result of rearing full-sib
families separately before they had reached a suitable size for
tagging. Although the number of fish in each fiberglass-rein-
forced plastic tank was homogenized twice, at 35 and 70 days
after hatching, the large variation in death rate in different famil-
ies was associated with a large variation in breeding density,
which resulted in a pronounced environmental effect. These res-
ults suggested better synchronized breeding and standardized
family production is required.

Notably, the standard error of heritability across generations
were much smaller than those within generations and the herit-
ability estimate for body weight in G0 was not significantly differ-
ent from zero. These indicate that a larger dataset (larger num-
bers of individuals, families, as well as generations) is necessary
to accurately estimate genetic parameters.

4.2  Response to selection
In this study, we found a substantial selection response for

growth. The selection differential calculated was 18.24 and 21.19
in G0 and G1, respectively. As a consequence of selection differ-
ential, the genetic gains were 22.06 and 11.93, corresponding to
6.36% and 3.52% body weight in subsequent generations. The
small difference between selection differential and genetic gain
may have been because the parents selected produced different
amounts of progeny. Moreover random genetic drift was also a
possible reason (Falconer and Mackay, 1996). The least squares
mean of harvest body weight of G1 was 347.07 g, much larger
than that of G0 (299.25 g). The above results indicate that the se-
lection of G0 was successful. However, the actual phenotypic
changes in G2 seemed incompatible with average breeding value
changes. The most likely explanation was that the environment
in G1 was far better than in G2. The changes in the phenotypic
value might have been the result of a combined effect of selec-
tion differential and environmental changes. Therefore, the actu-

Table 5.   Variance components, heritability, and maternal and common environmental effects on harvest body weight within and
across generations

Generation ¾2
p ¾2

a ¾2
c ¾2

e h2±se c2±se

G0 21 725.00 2 442.73 2 171.65 17 100.90 0.11±0.08     0.10±0.04

G1 14 690.42 2 789.38 2 209.84 10 291.20 0.18±0.09*   0.14±0.04

G2   7 054.70 1 182.06     935.41   4 937.14 0.17±0.07*   0.13±0.03

Across-generation 17 156.17 3 289.37 2 099.40 11 767.40 0.19±0.04** 0.12±0.01

              Note: The asterisk (*) indicates estimate is significantly different from zero (P<0.05) and the double-asterisk (**) estimate is very
significantly different from zero (P<0.01).

Table 6.   Average estimated breeding value, average estimated breeding value of brooders, selection differential, and genetic gain in
each generation

Generation
Average estimated breeding

value of all individuals/g
Average estimated breeding

value of brooders/g
Selection

differential/g
Genetic gain/g Genetic gain/%

G0 –0.82 17.42 18.24 – –

G1 21.24 42.43 21.19 22.06 6.36

G2 33.17 – – 11.93 3.52
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al phenotypic change should only correspond to the expected re-
sponse to selection when the environmental effects on the par-
ental and progeny generations are identical (Gall et al., 1993).

After two generation selection, both average estimated breed-
ing and phenotypic values were improved, which indicated that
the BLUP selective breeding program for the body weight trait in
turbot was successful. Nonetheless, the average genetic gains in
this study were relatively small (<10% in one generation), com-
pared with earlier reports on other aquatic species (Charo-Karisa
et al., 2006; Liu et al., 2014; Luan et al., 2012; Maluwa and Gjerde,
2007; Rezk et al., 2009; Thodesen et al., 2012). Gjedrem (2000)
also reported that genetic gain in growth per generation for
aquatic animal species ranged from 10% to 20%. The main reas-
on for low genetic gain in this study is that the proportion of tur-
bot with well-developed gonads was low, which resulted in a low
selection intensity.

In this study, the number of full-sib families for each year had
a large variation, ranging from 54 to 97, and also there were signi-
ficant difference among least square means of harvest body
weight by each year. These results suggested aquaculture envir-
onment and management situations were far from the best con-
dition, especially in gonad development process. Number of cul-
tivated families was restricted by a low proportion of turbot with
well-developed gonads (especially in female). A sufficient num-
ber of full-sib families form the basis of increasing selection in-
tensity and avoiding inbreeding, which results in phenotypic de-
pression (Thodesen et al., 2005).

References
Bentsen H B, Gjerde B, Nguyen N H, et al. 2012. Genetic improve-

ment of farmed tilapias: genetic parameters for body weight at
harvest in Nile tilapia (Oreochromis niloticus) during five gener-
ations of testing in multiple environments. Aquaculture,
338–341: 56–65

Blanquer A, Alayse J P, Berrada-Rkhami O, et al. 1992. Allozyme vari-
ation in turbot (Psetta maxima) and brill (Scophthalmus rhom-
bus) (Osteichthyes, Pleuronectoformes, Scophthalmidae)
throughout their range in europe. Journal of Fish Biology, 41(5):
725–736

Cardellino R, Rovira J. 1987. Mejoramiento Genético Animal. Buenos
Aires, Argentina: Hemisferio Sur

Charo-Karisa H, Komen H, Rezk M A, et al. 2006. Heritability estim-
ates and response to selection for growth of nile tilapia (Oreo-
chromis niloticus) in low-input earthen ponds. Aquaculture,
261(2): 479–486

Falconer D S, Mackay T F C. 1996. Introduction to Quantitative Ge-
netics. 4th ed. Longman Group Limited, Harlow, Essex, UK:
Pearson

Furutsuka-Uozumi K, Tabata K. 1999. Estimation of the heritability of
quantitative traits in fry and juvenile hirame, Paralichthys oli-
vaceus. Aquaculture Science, 47(1): 49–54

Gall G A E, Bakar Y B, Famula T. 1993. Estimating genetic change
from selection. Aquaculture, 111(1–4): 75–88

Gilmour A R, Gogel B J, Cullis B R, et al. 2009. ASReml User Guide Re-
lease 3.0. Hemel Hempstead, UK: VSN International Ltd

Gjerde B, Roer J E, Lein I, et al. 1997. Heritability for body weight in
farmed turbot. Aquaculture International, 5(2): 175–178

Gjedrem T. 2000. Genetic improvement of cold-water fish species.
Aquaculture Research, 31(1): 25–33

Lei Qilin, Liu Xinfu. 1995. An primary study on culture of turbot, Sco-
phthalmus maeoticus L. Modern Fisheries Information (in
Chinese), 10(11): 1–3

Lind C E, Ponzoni R W, Nguyen N H, et al. 2012. Selective breeding in
fish and conservation of genetic resources for aquaculture. Re-
production in Domestic Animals, 47(S4): 255–263

Liu Baosuo, Zhang Tianshi, Kong Jie, et al. 2011. Estimation of genet-
ic parameters for growth and upper thermal tolerance traits in
turbot Scophthalmus maximus. Journal of Fisheries of China,
35(11): 1601–1606

Liu Jianyong, Lai Zhifu, Fu Xueli, et al. 2014. Genetic parameters and
selection responses for growth and survival of the small aba-
lone Haliotis diversicolor after four generations of successive
selection. Aquaculture, 436: 58–64

Luan Sheng, Yang Guoliang, Wang Junyi, et al. 2012. Genetic para-
meters and response to selection for harvest body weight of the
giant freshwater prawn Macrobrachium rosenbergii. Aquacul-
ture, 362–363: 88–96

Lyu Ding, Wang Weiji, Luan Sheng, et al. 2016. Estimating genetic
parameters for growth traits with molecular relatedness in tur-
bot (Scophthalmus maximus, Linnaeus). Aquaculture, 468:
149–155

Ma Aijun, Wang Xinan, Yang Zhi, et al. 2008. The growth traits and
their heritability of young turbot (Scophthalmus maximus L.).
Oceanologia et Limnologia Sinica (in Chinese), 39(5): 499–504

Maluwa A O, Gjerde B. 2007. Response to selection for harvest body
weight of Oreochromis shiranus. Aquaculture, 273(1): 33–41

National Technology Research and Development Center of Flatfish
Culture Industry. 2014. Annual Report 2013 of National Tech-
nology System for Flatfish Culture Industry (in Chinese). Qing-
dao: China Ocean University Press

O’Flynn F M, Bailey J K, Friars G W. 1999. Responses to two genera-
tions of index selection in Atlantic salmon (Salmo salar).
Aquaculture, 173(1–4): 143–147

Rezk M A, Ponzoni R W, Khaw H L, et al. 2009. Selective breeding for
increased body weight in a synthetic breed of Egyptian Nile
tilapia, Oreochromis niloticus: Response to selection and genet-
ic parameters. Aquaculture, 293(3–4): 187–194

Shimada Y, Shikano T, Murakami N, et al. 2007. Maternal and genet-
ic effects on individual variation during early development in
Japanese flounder Paralichthys olivaceus. Fisheries Science,
73(2): 244–249

Sui Juan, Luan Sheng, Luo Kun, et al. 2015. Genetic parameters and
response to selection of harvest body weight of the Chinese
shrimp Fenneropenaeus chinensis after five generations of
multi-trait selection. Aquaculture, 542: 134–141

Thodesen J, Hu Honglang, Kong Jie. 2005. Inbreeding and its impact
on aquaculture. Journal of Fisheries of China (in Chinese),
29(6): 849–856

Thodesen J, Rye M, Wang Yuxiang, et al. 2012. Genetic improvement
of tilapias in China: Genetic parameters and selection re-
sponses in growth of Nile tilapia (Oreochromis niloticus) after
six generations of multi-trait selection for growth and fillet
yield. Aquaculture, 322–323: 51–64

Wang Xinan, Ma Aijun, Huang Zhihui, et al. 2014. Developmental dif-
ferences between female and male groups in turbot (Scophthal-
mus maximus) breeding families. Journal of Fisheries of China
(in Chinese), 38(4): 465–470

  LYU Ding et al. Acta Oceanol. Sin., 2018, Vol. 37, No. 6, P. 47–51 51


