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A B S T R A C T   

In order to assess the overall progress of our long-term selective breeding program and quantify the effects of 
inbreeding on production traits in selected line of Pacific oyster Crassostrea gigas, we systematic analyzed the 
growth, survival and yield of selected, inbreeding and wild populations for 440 days in northern China. During 
the larval stage, selected line exhibited high superiority in both survival rate and shell height. Compared with 
wild population, the shell height and survival rate of selected line increased by 19.10% and 57.15% at day 20, 
respectively. Meanwhile, the shell height and individual weight of the selected line were significantly higher than 
wild population at whole grow-out stage. Notably, the cumulative survival rate of selected line increased by 
71.35% compared with wild population at harvest. Additionally, the final yield of selected line increased by 
157.98% compared with wild population and it would be of great benefits to oyster industry. In this study, the 
effects of inbreeding on shell height were not significant (P > 0.05) at whole larvae stage, ranged from − 0.68% 
to − 5.01%. On the contrary, there were significant inbreeding depression (− 5.14% to − 22.46%) on larvae 
survival and the estimated coefficient were − 2.06% to − 8.98% per 10% increase of inbreeding coefficient of F. 
During grow-out stage, inbreeding depression on survival were not significant (P > 0.05), ranged from − 0.83% 
to − 5.04%. On the contrary, there were significant (P < 0.05) inbreeding depression on growth traits and tend to 
increase with age. The estimated inbreeding depression coefficient of individual weight ranged from − 1.54% to 
− 5.91% per 10% increase of inbreeding coefficient of F, which was higher than the estimate obtained for shell 
height (− 0.64% to − 5.52%). For yield, the estimated inbreeding depression coefficient was − 8.37% per 10% 
increase of inbreeding coefficient of F (P < 0.05). The above results indicate that substantial genetic progress 
was achieved in our selective breeding program, and it is necessary to maintain pedigree records to avoid the 
harmful effects of inbreeding depression.   

1. Introduction 

The Pacific oyster, Crassostrea gigas, is considered as one of the most 
important commercial oyster species all over the world, supporting the 
development of worldwide shellfish industry (Ruesink et al., 2005). 
Since the goal of oyster farming industry is to meet growing world de-
mand, it is necessary to significantly increase production. Worldwide 
oyster production is largely based on un-improved populations, which 
may limit profitability and productivity due to the unrealized potential 
for genetic improvement (De Melo et al., 2016). In order to develop the 
oyster industry, it is necessary to establish a selective breeding program 
to improve seed quality and meet the growing spat demand from farmers 
and commercial enterprises. 

Selective breeding has proven to be a simple but effective method to 
increase the important economic traits of oysters, even after only a few 
generations of selection (Gjedrem and Rye, 2018). The hatchery-based 
seed production to support oyster culture has promoted breeding pro-
grams seeking to develop genetically improved lines with superior 
production performance (Rawson and Feindel, 2012). In fact, some of 
selective breeding programs focused on the improvement of economi-
cally important traits of oysters have been initiated in different parts of 
world, and have obtained encouraging results (Kube et al., 2018; 
Dégremont et al., 2010a; Dégremont et al., 2015; Li et al., 2011; Lang-
don et al., 2003; De Melo et al., 2016). Undoubtedly, genetic improve-
ment in these production traits would be beneficial for oyster culture 
and farmers. 
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In northern China, the production of C. gigas has often been limited 
by summer massive mortalities and a short growing season. To improve 
the increasing valuable Pacific oyster industry in China, a selective 
breeding of C. gigas was initiated in 2007 (Li et al., 2011). After nine 
generations of mass selection, remarkable genetic gains for growth rate 
were achieved in the selected line (Zhang et al., 2019). Recently, sum-
mer mortality events were commonly observed in oyster farms and often 
result in high mortality. Therefore, selection for summer survival was 
incorporated into our selective breeding program in 2019, and good 
genetic progress for summer survival has been achieved through two 
generations of family selection (Chi et al., 2022). Our goal is to breed a 
new variety with good growth performance and high survival rate in 
northern China. Understanding the overall progress is critical for long- 
term selective breeding program. Wild individuals are supposed to be 
unaffected by artificial selection, which makes wild population an ideal 
control for assessing the genetic progress in selective breeding programs 
(Li et al., 2018). 

The goal of selective breeding programs is to maximize superior 
performances, which may lead to inbreeding. In fact, a small degree of 
inbreeding is often inevitable in order to balance the need for maximum 
selection intensity with the need to retain a sufficient potential parent 
(Falconer and Mackay, 1996). Inbreeding tends to affect traits related to 
reproductive fitness and environment adaptability, resulting in a 
reduction in the average phenotypic value of these traits, a phenomenon 
known as inbreeding depression (Lynch and Walsh, 1998). Inbreeding 
depression of oyster has been well documented in the progeny of self- 
fertilization and full-sib mattings (Beattie et al., 1987; Bierne et al., 
1998; Mallet and Haley, 1983; Evans et al., 2004; Fang et al., 2021; 
Launey and Hedgecock, 2001). However, the effects of inbreeding on 
production traits in selected C. gigas population at different grow-out 
stages remain uncertain. Acceptable inbreeding rate may vary from 
different selective breeding programs (Pante et al., 2001). For selective 
breeding programs of oysters to be successful and economically viable, it 
is necessary to quantify the impact of inbreeding and incorporate this 
information into the design of the breeding programs. 

In the present study we report the comparative growth, survival and 
yield performance of selected, inbreeding and wild populations for 440 

days in northern China. The purposes of this study were: 1) to evaluate 
the gross progress of our selective breeding program; 2) to quantify the 
effects of inbreeding on production traits in selective C. gigas line. 

2. Material and method 

2.1. Experiments oysters 

We have developed two fast-growing strains of C. gigas through over 
eight generations of mass selection. Fig. 1 shows the pedigrees of the 
families used. In 2019, a base population (G1) was established using the 
two fast-growing strains, according to Chi et al. (2021) to produce a total 
of 49 families. Subsequently, families with high summer survival were 
pair-spawned to create the G2 families. In this study, a selected line (SL) 
was established by crossing of unrelated individuals of the G2 family (F 
= 0). Full-sibling (brother-sister) crosses were used to generate 
inbreeding line (IL) using the 12 G2 families (F = 0.25). The selected line 
and inbreeding line consisted of 12 full-sib families, respectively. In 
addition, 12 families of wild control population (WP) were established 
by crossing one female and one male using wild individuals collected 
from Rongcheng as parents (Fig. 2). 

2.2. Family construction and offspring culture 

Larval rearing was conducted according to the standard operating 
procedure described by Chi et al. (2022). The hatched larvae of each 
family were reared individually in a 100-L bucket using filtered 
seawater. D-larvae were fed enough Isochrysis galbana before the umbo 
stage, after which the larvae were fed enough algae diet of I. galbana and 
Platymonas sp. according to the larvae density. The seawater tempera-
ture of each family is 23– 25 ◦C and the salinity is 30– 32 psu. When 30% 
or more of the pediveliger larvae appears eyespots, the scallop shells 
were placed in bucket to provide a substrate for eyed larvae to set. When 
all attachments were complete, each family was tagged and transferred 
to an outdoor nursery pond for temporary rearing. 

The fertilization rate was defined as the ratio of fertilized eggs to 
total eggs, hatching rate was measured as the proportion of D-shaped 

Fig. 1. Pedigrees of families used in this study.  
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larvae to total zygotes (24 h of insemination). The larval shell height (30 
individuals) was measured by Image-ProPlus image analysis software 
6.0 on day 1, 5, 10, 15 and 20 according to Xu et al. (2019). Larvae 
survival was defined as the ratio of live larvae at the sampling day to that 
of D-larvae stage. 

2.3. Field deployment and monitoring 

In May 2021, families from each population were transported and 
cultivated in Rongcheng, Shandong province of China. 120 oysters from 
each family were placed into three replicate lantern nets. During grow- 
out stage, 30 oysters were randomly selected from each family on day 
110, 220, 330 and 440 to record growth-related parameters. Cumulative 
survival rate was calculated based on the number of surviving oysters 
from one lantern net at each sampling date. At day 440, all live oysters 
were weighed to determine yield. The shell height and individual weight 
were measured with a vernier calipers (accurate to 0.01 mm) and 
electronic scales (accurate to 0.01 g), respectively. 

2.4. Data analysis 

All data were expressed as mean ± standard deviation and were 
analyzed with one-way analysis of variance followed by multiple com-
parison Tukey test using SPSS 22.0 software. Differences were consid-
ered statistically significant if P < 0.05. 

The incremental survival rate was evaluated as follows (Qin et al., 
2020): 

It+1(%) = (Nt+1/Nt)× 100  

where It+1 is the incremental survival rate at time t + 1; Nt is the number 
of surviving oysters at time t; Nt+1 is the number of surviving oysters at 
time t + 1; t + 1 was the next measurement time point of t. 

The inbreeding depression coefficient was evaluated as follows (Keys 
et al., 2004): 

IDC(%) =
1 − (Winbred/W)

(F − Finbred)
× 100  

where Winbred and W represent the mean value of inbreeding line and the 
selected line, respectively. Finbred and F represent the inbreeding co-
efficients of inbreeding line and the selected line. 

The superiority of selected line was calculated as follows: 

S(%) =
Xs − Xw

XW
× 100  

where Xs is the mean value of the selected line, Xw is the mean value of 
the wild population. 

3. Results 

3.1. Growth and survival at larvae stage 

The difference of initial shell height of the three populations was not 
significant (P > 0.05) (Fig. 3A). With the extension of culture period, the 
shell height of the three populations increased gradually. The shell 
height of wild population was lower than those of the other two pop-
ulations at larval stage, with the order of WP < IL < SL. From day 5, the 
shell height of the selected line was significantly higher than wild 
populations (P < 0.05). However, no significant difference was observed 
in shell height between selected line and inbreeding line throughout the 
larvae stage (P > 0.05). Compared to the wild population, the shell 
height of the selected line was increased by 0.28%–19.10% at larvae 
stage (Table 1). 

The survival traits of three populations are shown in Fig. 3B. The 
fertilization and hatching rates of the selected line were slightly higher 
than those of the two other populations, but no significant difference 
was observed among three populations (P > 0.05). From day 10, the 
selected line was significantly higher than two other populations in 

Fig. 2. Map of the planting site in Rongcheng, Shandong province of China.  
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survival (P < 0.05), with the order of SL > IL > WP. From day 5 to 15, 
there was no significant difference between that of inbreeding line and 
wild population (P > 0.05). On day 20, the inbreeding line was signif-
icantly higher than wild population (P < 0.05). Notably, the survival 
rate of selected line was significantly higher than wild population 
throughout the larvae stage (P < 0.05). Compared to the wild popula-
tion, the survival of the selected line was increased by 2.04%–57.15% at 
larvae stage (Table 1). 

3.2. Growth, survival and yield at grow-out stage 

The selected and inbreeding lines exhibited excellent performance 
than wild population during whole grow-out stage (P < 0.05) (Fig. 4). 
High mortality of C. gigas was observed during the summer months (day 
110 and day 440), with few deaths in other months. Interestingly, the 
incremental survival rate of the three populations at day 110 (first 
summer) was higher than these populations at day 440 (second summer) 
(Fig. 4A). At harvest, the cumulative survival rate of wild population 
was only 32.99%, while the other two populations was higher than 50% 
(Fig. 4B). It is noteworthy that the cumulative survival rate of the 
selected line increased by 71.35% at harvest (440 days in the field) 
compared to the wild population (Table 2). 

At all periods, the selected line grew faster than the other two pop-
ulations followed the order of SL > IL > WP (Fig. 5). From day 110 to 
day 440, the shell height and individual weight of selected line were 
significantly higher than wild population (P < 0.05), though not always 
significantly higher than inbreeding line. Form day 220 to 440, shell 
height and individual weight were significantly higher (P < 0.05) in the 
selected line than in the inbreeding line. The yield of selected line were 
significantly higher than that of inbreeding line and wild population at 
harvest (P < 0.05) (Fig. 6). Notably, the yield of inbreeding line varied 
considerably between families, with yields ranging from 1788 g to 6773 
g. 

3.3. Inbreeding depression 

In this study, there were no significant inbreeding depression of 
fertilization and hatching rate (P > 0.05). Notably, significant 
inbreeding depression for larvae survival was found from day 10 to day 
20 (P < 0.05), with the inbreeding depression ranged was from 
− 10.61% to − 22.46%. And the estimated inbreeding depression coef-
ficient per 10% increase of inbreeding coefficient of F ranged from 
− 2.06% to − 8.98% (Table 3). Additionally, inbreeding depression of 
survival tended to increase with age during the larval stage. Interest-
ingly, no significant inbreeding depression of shell height was found 
throughout the larvae stage (− 0.68% to − 5.01%) (P > 0.05). 

The grow-out survival of the selected line was not significantly 
higher than that of the inbreeding line (P > 0.05). The inbreeding 
depression for survival ranged from − 0.83% to − 5.04% at different 
grow-out stages, and the estimated inbreeding depression coefficient for 
survival ranged from − 0.33% to − 2.02% per 10% increase of inbreeding 
coefficient of F (Table 4). The estimated inbreeding depression coeffi-
cient of shell height and individual weight was from − 0.64% to − 5.52% 
and − 1.54% to − 5.91% per 10% increase of inbreeding coefficient of F, 
respectively. At day 110 and day 220, shell height and individual weight 
of the selected line was not significantly different from inbreeding line 
(P > 0.05). However, at days 330 and 440, there were significant 
inbreeding depression (P < 0.05) of shell height and individual weight 
in inbreeding line. Overall, inbreeding depression for growth traits 
tended to increase with age. Notably, the estimated inbreeding depres-
sion coefficient for yield at harvest was − 8.37% per 10% increase of 
inbreeding coefficient of F. 

4. Discussion 

4.1. Effect of selective breeding on production traits 

Like in most aquaculture genetic improvement programs, growth 
performance is the important trait in C. gigas selective breeding pro-
grams. In this study, regardless of larvae or grow-out stage, the selected 
line significantly grew faster than the wild population. Compared with 
wild population, the shell height of the selected line increased by 
46.69% at harvest, showing that the effect of selective breeding of 
C. gigas was obvious. Moreover, the individual weight of the selected line 
was also higher than that of wild population at harvest, suggesting that 
individual weight got a positive correlation response when selection for 

Fig. 3. Shell height (mm) (Fig. A) and survival traits (%) (Fig. B) for selected line, inbreeding line and wild population at larvae stage. Different superscript letters at 
the same time indicate significant difference (P < 0.05). 

Table 1 
The observed performance superiority of the selected line over the wild popu-
lation of the C. gigas at larvae stage.  

Traits Day 1 Day 5 Day 10 Day 15 Day 20 

Shell height (mm) 0.28 11.48 13.06 17.05 19.10 
Survival rate (%) – 2.04 14.78 19.11 57.15  
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shell height was performed. Similarly, in European oyster Ostrea edulis, 
Toro and Newkirk (1990) found a high genetic correlation (> 0.90) 
between body weight and shell height in a strain selected for body 
weight. Individual weight is a commercially important characteristic 
because oysters are graded by weight and those that weigh more achieve 
the best prices (O’Connor et al., 2019). The above results clearly showed 
that our selective breeding program has greatly improved the growth 
traits of oysters. Other researchers have also obtained promising results 
of improved growth traits in different oyster species. For instance, in 
Sydney rock oysters (Saccostrea commercialis), Nell et al. (1996, 1999) 
found that live weight increased by 4% and 18% in mass-selected oyster 

after one and two generations of selection, respectively, compared to 
wild controls. Another study that used family selection to improve 
harvest whole weight in Portuguese oyster (Crassostrea angulata), ach-
ieved a significant direct response by 17.4% after three generations (Vu 
et al., 2020). In the mass selected Iwagaki oyster (Crassostrea nippona), 
11.07%–12.46% genetic gain for body weight were observed after three 
successive generations of selection (Hu et al., 2022). 

Previous studies have showed that it is possible to improve the sur-
vival rate in oyster through selective breeding (Lipovsky and Chew, 
1972; Hershberger et al., 1984; Dégremont et al., 2010a; Dove et al., 
2013). In our study, the survival rate of the selected line was signifi-
cantly higher than wild population in both larvae and growth-out stage. 
The cumulative survival rate of the selected line increased by 71.35% at 
harvest compared to the wild population, showing that the genetic 
improvement of survival was successful. In this study, high oyster 
mortality occurred primarily in summer, suggesting that mass mortality 
in summer remains a major challenge for C. gigas in China. Therefore, 
farmers could use selected oysters that resistance to the summer mor-
tality to increase survival rate and thus increase the output of oysters. In 
addition, the selected line had high incremental survival rate in the first 
and second summers, which suggested that the superior genetic-based 

Fig. 4. Incremental survival rate (%) (A) and cumulative survival rate (%) (B) for selected line, inbreeding line and wild population at different grow-out stages. 
Different superscript letters at the same time indicate significant difference (P < 0.05). 

Table 2 
The observed performance superiority of the selected line over the wild popu-
lation of the C. gigas at different grow-out stages.  

Traits Day 110 Day 220 Day 330 Day 440 

Shell height (mm) 31.24 39.55 36.29 46.69 
Individual weight (g) 56.60 41.21 48.66 46.43 
Survival rate (%) 37.32 53.85 63.87 71.35 
Yield (g) – – – 157.98  

Fig. 5. Shell height (mm) (A) and individual weight (g) (B) for selected line, inbreeding line and wild population at different grow-out stages. Different superscript 
letters at the same time indicate significant difference (P < 0.05). 
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traits can survive into the second summer. It should be noted that the 
oyster mortality was higher in the first summer than in the second 
summer. For wild population, the low survival rate of oysters recorded 
in the first summer may lead to the elimination of sensitive oysters from 
this population. This result is in agreement with a study conducted in 
2001–2003 in France, in which the surviving susceptible oysters of 
summer massive mortality outbreak had higher survival rate and per-
formed as well as resistant oysters in the following summer (Dégremont 
et al., 2010b). Some studies have also reported that younger oysters are 
more susceptible to summer mortality than older oysters because of their 
higher metabolic demand (Maurer et al., 1986; Brown and Hartwick, 
1988; Azéma et al., 2017; Hick et al., 2018). 

Oyster farmers are most interested in yield, which is a composite 
characteristic determined by survival and growth (Blum, 1988). On the 
west coast of the USA, MBP using family selection to improve individual 
weight, which has obtained 10–20% gains per generation for yield in 

different environments (Langdon et al., 2003). In France, Dégremont 
et al. (2010a) found that selection to improve summer survival would 
automatically increase yield of juvenile C. gigas. Our selective breeding 
program initially focused on shell height before incorporating selection 
for summer survival. Encouragingly, simultaneous improvements in 
both survival rate and growth traits has achieved in our selective 
breeding program. The cumulative survival rate of selected line 
(56.53%) were approximately two times of that of wild population 
(32.99%) at harvest. In addition, faster growth of the selected line 
throughout the whole grow-out stage was an important cause of yield 
differences. As expected, yield of the selected line increased by about 
160% compared to wild population, which will be of great benefit to 
farmers. The great yield advantage of the selected line indicate great 
potential to oyster farming industry. 

4.2. Inbreeding depression for production traits 

In this study, all populations exhibited high fertilization rates (>
91%), indicating that there was no sperm-egg recognition barrier for 
inbreeding line. Survival is considered a fitness trait and inbreeding 
depression typically affects these types of traits more than growth traits 
(Lynch and Walsh, 1998; Falconer and Mackay, 1996). Inbreeding may 
reduce population fitness by expressing recessive and deleterious alleles 
in homozygous form (Wang et al., 2002; Nakadate et al., 2003). In this 
study, inbreeding had s significant depression (− 5.14% to − 22.46%) on 
survival rate at larvae stage. The possible reason is that oyster carry a 
very high genetic load and mortality due to inbreeding depression lethal 
recessive genes mainly occurs in the early stage (Evans et al., 2004; 
Bierne et al., 1998). Similarly, Longwell and Stiles (1973) reported that 
inbred line (F = 0.25) had significantly inbreeding depression on larval 
survival in Crassostrea virginica. Interestingly, inbreeding had significant 
effects on survival at larvae stag, but had no significant effects on grow- 
out survival. It is consistent with those observed by Evans et al. (2004) 
who found the low depression in survival of inbred families during two 
growing seasons. A possible explanation for low inbreeding depression 
in grow-out survival in this study was that selection for summer survival 
masking the true magnitude of inbreeding depression. If most 

Fig. 6. Harvest yield (g) for selected line, inbreeding line and wild population. 
Different superscript letters indicate significant difference (P < 0.05). 

Table 3 
Inbreeding depression on growth and survival of selected C. gigas at larvae stage.  

Traits Day 1 Day 5 Day 10 Day 15 Day 20 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Shell 
height 
(μm) 

− 0.68 − 0.27 − 5.01 − 2.01 − 3.21 − 1.28 − 4.64 − 1.86 − 1.36 − 0.54 

Survival 
(%) – – − 5.14 − 2.06 − 10.61 − 4.24 − 10.79 − 4.32 − 22.46 − 8.98  

Table 4 
Inbreeding depression on growth, survival and yield of selected C. gigas at different grow-out stages.  

Traits Day 110 Day 220 Day 330 Day 440 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Inbreeding 
depression 

Inbreeding 
depression 
(per 10% 
increase in 
F) 

Shell height (mm) − 1.61 − 0.64 − 6.36 − 2.54 − 9.55 − 3.82 − 13.82 − 5.52 
Individual weight 

(g) − 3.86 − 1.54 − 7.50 − 3.00 − 11.48 − 4.59 − 14.79 − 5.91 

Survival (%) − 0.83 − 0.33 − 2.25 − 0.90 − 1.95 − 0.78 − 5.04 − 2.02 
Yield (g) – – – – – – − 20.91 − 8.37  

Y. Chi et al.                                                                                                                                                                                                                                      
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inbreeding depression is due to deleterious recessive alleles, it is possible 
that direct selection can counteract inbreeding depression by purging 
deleterious alleles from inbreeding populations (Su et al., 1996; Swin-
dell and Bouzat, 2006). In a similar situation, Hörstgen-Schwark (1990) 
found that no different growth performance between inbred line and 
selected line when selected for individual weight of rainbow trout. 
Furthermore, one hypothesis to explain this phenomenon is that when 
oysters from inbreeding line cultured in the field, oysters with 
inbreeding depression lethal recessive alleles may have already died at 
the larvae stage. Therefore, further studies are needed to confirm 
whether purging reduces or eliminates these effects of survival in 
C. gigas. 

Many studies have found that inbreeding had significant effects in 
growth traits of C. gigas (Beattie et al., 1987; Hedgecock et al., 1995; 
Langdon et al., 2003; Evans et al., 2004), which is consistent with sig-
nificant nonadditive gene action determining performance characters in 
C. gigas. In this study, the sensitivity of individual weight in C. gigas to 
inbreeding at harvest (5.91% depression for a 10% increase in F) was 
similar to those observed by Evans et al. (2004) who found an average 
phenotypic decrease of 8.8% per 10% increase in F. It is well docu-
mented that the effect of inbreeding on growth traits increases with age 
(Gjerde et al., 1983; Kincaid, 1983; Su et al., 1996). Similarly, 
inbreeding depression coefficient (per 10% increase in F) in growth 
traits showed a clear trend of increasing with age between different 
grow-out stages in this study. This can be attributed to the fact that cubic 
nature of the growth curve amplifying differences in growth rate over 
time (Kincaid, 1983). This is the first report to quantify statistically 
inbreeding depression of different grow stages in C. gigas, which is 
important for selecting breeding strategies to implement effective ge-
netic improvement programs. 

The genetic complexity of yield has been widely reported (Baker, 
1987; Ceccarelli et al., 1991). In this study, a 10% increase in F will 
result in an 8.37% reduction in yield. Our results were slightly lower 
than those observed by Evans et al. (2004) who found that a 12.2% 
depression in harvest yield (570 days in field) for a 10% increase in F in 
adult C. gigas families. Since the inbreeding depression coefficients for 
growth traits showed a clear tendency to increase with age at different 
growth-out stages, the relatively short time (440 days) that the oysters 
spent in the field in this study may have resulted in slightly lower 
inbreeding depression. The effects of inbreeding depression on growth 
and survival rate had a cumulative effect on depression of yield (Evans 
et al., 2004). In the present study, there were significant difference (P < 
0.05) in individual weight between the selected and inbreeding lines of 
C. gigas during growth-out stage, which contributed significantly 
inbreeding depression in yield. Therefore, selective breeding programs 
should carefully manage inbreeding regardless of the trait selected. Our 
results highlight the need to manage inbreeding in conjunction with 
genetic improvement, as inbreeding in oyster can lead to yield reduction 
through inbreeding depression. 

4.3. Application prospect of inbreeding populations for further breeding 

Inbreeding depression and heterosis have been studied in detail for 
dozens of decades in plants and mammals. However, such studies have 
not been conducted enough for aquaculture species (Nakadate et al., 
2003). Heterosis is complementary to the phenomenon of inbreeding 
depression and is thought to be an effect of it (Falconer and Mackay, 
1996). Strong non-additive (heterosis) for growth and survival have 
been reported for crosses among inbred lines of C. gigas, and the heter-
osis for yield is a common phenomenon (Beattie et al., 1987; Hedgecock 
et al., 1995; Bayne et al., 1999; Hedgecock and Davis, 2007). In this 
study, high phenotypic variation for yield was observed among 
inbreeding families, suggesting that there may be potential for exploit-
ing inbreeding and heterosis for line development in the future breeding 
program. Improvement of commercial oyster seed can be achieved 
through a combination of selection among inbred families and 

hybridization of excellent inbred families (Hedgecock and Davis, 2007). 

5. Conclusion 

In summary, the growth, survival and yield of selected, inbreeding 
and wild populations were systematically assessed. The selected line 
exhibited huge superiority of performance traits in both larval and grow- 
out stages. Notably, the yield of selected line increased by 157.98% 
compared with wild population at harvest, which has important appli-
cation value for commercial oyster cultivation. In this study, inbreeding 
significant depressed growth traits and yield in selected line of C. gigas 
during different grow-out stages. Interestingly, grow-out survival was 
not affected by inbreeding, but inbreeding depression had occurred 
before the metamorphosis stage. Therefore, the effects of inbreeding 
must be considered in the design of C. gigas breeding programs to limit 
inbreeding depression of important production traits. 
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