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  Abstract          The structure of intestinal microbiota of black rockfi sh  Sebastes   schlegelii  in fi ve early 
development stages were determined in high throughput sequencing with Illumina MiSeq PE300 system. 
The relationship between intestinal microbial community and the environmental (including culture water and 
feed) microbiota and the abundance variation trends of core microbiota were investigated, based on which 
the source of some core microbiota was analyzed in this study. The results show that Proteobacteria and 
Firmicutes are the most dominant phyla in guts. At the genus level, there are obvious diff erences between the 
artifi cial breeding fi sh and wild adults in the intestinal microfl ora structure. The compositions of dominant 
genera are similar, although the structure of intestinal microbiota gradually changes with the growth of 
larvae and juveniles. The core microbiota including  Bacillus ,  Acinetobacter ,  Pseudomonas ,  Lactobacillus , 
 Lactococcus ,  Glaciecola ,  Vibrio ,  Pseudoalteromonas ,  Acidovorax , and  Aliivibrio  were determined in the 
analysis of dominant and shared species. Compared with the water, the eff ect of feed microbiota on the 
structure of the gut microbial community is more obvious. Moreover, the trends of  Bacillus ,  Acinetobacter , 
 Pseudomonas ,  Lactobacillus ,  Lactococcus , and  Glaciecola  were opposite to  Vibrio  and  Pseudoalteromonas  
in the gut. The correlation analysis suggested that  Acidovorax ,  Glaciecola ,  Pseudomonas ,  Lactobacillus , 
and  Acinetobacter  might transited from mainly the parents and/or came from the fertilization process. The 
relative results may provide a theoretical reference for selecting the native probiotics, and supply the basic 
data for artifi cially regulating the intestinal microbiota with probiotic during early developmental stage of 
black rockfi sh. 

  Keyword : core microbiota; correlation analysis; intestinal microbiota; larva and juvenile; microbiota 
structure;  Sebastes   schlegelii   

 1 INTRODUCTION 

 The intestinal tract of animal is a very complex 
ecological system, in which a diversiform and 
dynamical microbial community was included. The 
composition and activity of this microfl ora were 
closely related to the genetic information, lifestyle, 
nutrient supply, and external environment of the host 
(Li et al., 2012; Nicholson et al., 2012). Microbes 
adhere to the specifi c sites in the gut of host and live 
on it. However, they could accomplish many 
physiological functions for the host (Forsythe and 
Bienenstock, 2010; Pérez et al., 2010; Karasov et al., 
2011), such as nutrition and immunity, to prevent 

pathogenic bacteria from settlement, to balance the 
energy and keep the normal mucosal immunity, and 
so on (Gallo and Nakatsuji, 2011; Kim et al., 2013; Ye 
et al., 2014). Moreover, the co-action between gut 
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microbiota and animal endocrine system can aff ect 
the host behavior and physiological activity (Gacias 
et al., 2016; Ntranos and Casaccia, 2018). 

 In recent years, with the development of 
microbiology and molecular ecology, the composition 
and structural characteristics of the intestinal microbial 
community for animals attract much more attention of 
researchers in the world. More and more studies are 
reported on gut microfl ora (Ghanbari et al., 2015; 
Dawood and Koshio, 2016; Zhao et al., 2016; Jiang et 
al., 2019). Many types of factors aff ect the successful 
colonization of microbes in the fi sh gut. Reports have 
pointed out that the fi sh could infl uence the intestinal 
microfl ora composition of themselves. In addition, 
nutritional conditions, diff erent physiological phases, 
feeding habits of host, and environmental factors can 
aff ect the adhesion of microbes in intestine (Horne and 
Baxendale, 1983; Ringø et al., 2003; Tanaka et al., 
2009; Kelly, 2010; Sanchez et al., 2012; Sullam et al., 
2012; Banerjee and Ray, 2017). Consequently, it is 
impossible that external microfl ora can successfully 
colonize on the intestinal tract of the host and play the 
physiological functions (Chung et al., 2012; Ferreira 
and Veldhoen, 2012). 

 Fish is the most diverse group of vertebrates on 
earth, and they live in water, which caused much more 
environmental factors could aff ect their gut microbial 
community (Tanaka et al., 2009; Kelly, 2010; Sullam 
et al., 2012; Banerjee and Ray, 2017; Jiang et al., 
2019). Therefore, the fi sh gut microbiota is more 
dynamic compared with the terrestrial animal. In 
China, black rockfi sh ( Sebastes   schlegelii ) is one of 
the key commercial aquaculture fi sh. There are several 
factors that restrict larvae growth, such as cannibalism, 
bacteriosis, and so on (Kitani et al., 2008; Liu et al., 
2016). The stable supply of larvae with high quality is 
the primary assurance for the healthy and sustained 
development of this industry. At present, the study on 
the physiological health of black rockfi sh larvae is 
relatively few, whereas the systematic research of 
larval intestinal physiology during the developmental 
stage is rare. Under these circumstances, the research 
and application of indigenous probiotics for black 
rockfi sh will be severely restricted. 

 In this study, we researched the composition and 
main infl uential factors of microfl ora, the abundance 
variation trend and resource of some core microbiota 
in black rockfi sh larval and juvenile intestine during 
the developmental stage. Based on this, the 
characteristics of the microfl ora structure in the gut 
were ascertained, and the process of intestinal 

microfl ora succession in the phase of breeding was 
revealed. Meantime, we analyzed the relativity of 
microbial community between larvae and external 
environment including water and feed. Our fi ndings 
may provide basic data for exploring indigenous 
probiotics, which can improve the digestive and 
absorptive capacity and the immunity of black 
rockfi sh. 

 2 MATERIAL AND METHOD 
 2.1 The breeding management for   larvae and 
juveniles 

 The breeding experiment was performed in a black 
rockfi sh hatchery located in Qingdao, Shandong 
Province, China. All larvae were hatched from the 
same batch fertilized eggs and distributed in nursery 
ponds (5.0 m×5.0 m×1.0 m). Experimental fi sh from 
three random ponds were classifi ed as parallel groups. 
The breeding management strategy was as follow: 
[NH 4  + -N] was lower than 0.1 mg/L, the temperature 
was 18–20°C, salinity was 30, dissolved oxygen was 
higher than 5 mg/L. 

 On day 3 after hatching (DAH), black rockfi sh 
larvae started the fi rst feeding food-rotifer 
( Branchionus   plicatilis ). On 3–15 DAH, larvae were 
fed on rotifer, 12–45 DAH were brine shrimp ( Artemia  
 sinica ); and formulated feed was gradually added 
after 40 days. The breeding process was strictly 
according to the practices employed in the black 
rockfi sh larval breeding hatchery. 

 2.2 Samples collection and process 

 All intestine, water, and feed samples were 
collected on 1 DAH, 9 DAH, 20 DAH, 54 DAH, and 
95 DAH, except for the feed sample on 1 DAH. The 
process of samples referred to Jiang et al. (2019). 

 The sampling regime for intestine was: on 1 DAH 
and 9 DAH, 50 morphologically normal larvae from 
each pond were randomly collected, 30 larvae on 
20 DAH, 10 juveniles on 54 DAH and 5 juveniles on 
95 DAH. All selected fi sh were starved for 12 h and 
washed three times with sterile seawater for 20 min 
each time. After the narcotization using MS-222 
(Fluka, USA) and wiping with 75% alcohol, the 
larvae and juveniles were dissected strictly according 
to the regulations from local government and the 
Institutional Animal Care & Use Committee (IACUC) 
of Yellow Sea Fisheries Research Institute, Chinese 
Academy of Fishery Sciences. Under the sterile 
condition, the intestine was taken out, the content in 
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the intestine was removed and the intestine was 
washed with sterile saline. Then, the intestines were 
stored in liquid nitrogen, respectively. The entire 
larva on 1 DAH was retained because the 
diff erentiation of gut was not obvious. All intestinal 
samples were marked with G1, G9, G20, G54, and 
G95 for larvae or juveniles guts on 1 DAH, 9 DAH, 
20 DAH, 54 DAH, and 95 DAH, respectively. While 
G1.1, G1.2, and G1.3 represented three replicates on 
1 DAH, and the same marking method was used for 
the other samples. 

 In addition, three wild black rockfi sh adults (body 
weight was 205±32 g) were collected from Yellow 
sea around the hatchery location where the breeding 
experiment was conducted and marked with G-W1, 
G-W2, and G-W3, respectively. The process of wild 
adult samples is the same to those for the larvae and 
juveniles samples. 

 Water samples: at each sampling point, 10 L water 
was collected from each pond and fi ltrated with a 
0.22-μm membrane. Membranes were stored in liquid 
nitrogen and used to extract total DNA of microbes. 
Water samples were labeled with W1, W9, W20, 
W54, and W95, respectively. 

 Feed samples: rotifer and brine shrimp were 
sampled on 9 DAH and 20 DAH, respectively. Rotifer 
or brine shrimp was used to feed larvae and a juvenile 
after nutrient enrichment. The formulated feed 
(Haitong, Weifang Santong Group, China) sampled 
on 54 DAH and 95 DAH. The live feed was fi ltered 
and washed with the sterile condition; about 5 grams 
of rotifer and brine shrimp were sampled and then 
stored in liquid nitrogen for DNA extraction. The 
samples were labeled with F9, F20, F54, and F95, 
which represented the feed used on 9 DAH, 20 DAH, 
54 DAH, and 95 DAH, respectively.  

 2.3 Total DNA extraction and sequencing  

 The larval and juvenile samples of each replicate at 
each sampling point were each stirred and 
homogenized. Three equal-weight homogenates from 
three breeding ponds as parallel groups and extracted 
total DNA for microbes using the QIAamp DNA mini 
kit (QIAGEN, Germany) according to the 
manufacturer’s instructions. Membranes were cut 
into pieces and extracted total DNA for microbes in 
water samples using E.Z.N.A. ®  Soil DNA Kit (Soil 
DNA Kit D5625, Omega Biotek, USA). All feed 
samples in equal weight were extracted total DNA for 
microbes with the QIAamp DNA mini kit.  

 The V3 and V4 regions of 16S rDNA were 

amplifi cation through a polymerase chain reaction, 
and the primer was: 343F (5′-TACGGRAGGCA-
GCAG-3′) and 798R (3′- AGGGTATCTAATCCT-5′) 
(Nossa et al., 2010). After the amplifi ed, DNA was 
confi rmed with agarose gel electrophoresis, and high 
throughput sequencing was conducted with an 
Illumina MiSeq PE300 system. 

 2.4 Data processing and analysis 

 Raw data were split with Trimmomatic (v 0.35) 
(Bolger et al., 2014), spliced with Flash (v 1.2.11) 
(Reyon et al., 2012), removed the chimera with 
Uchime (v. 4.2) (Edgar et al., 2011), and so forth after 
obtaining from high throughput sequencing. We get 
the total eff ective tags of all samples, which were 
clustered using Vsearch (v 2.4.2) (Rognes et al., 
2016). Several eff ective tags were clustered into one 
operational taxonomic unit (OTU) while their shared 
sequencing identity was higher than 97%. 
Representative sequences of OTUs were selected and 
annotated in species using RDP Classifi er (v. 2.2) 
(Wang et al., 2007) and Silva database (v. 123) (Quast 
et al., 2013). Data for all samples were homogenized 
basing on the standard for the sample with the least 
data. Alpha and beta diversity analyses were 
performed based on this homogenization process. 

 The analysis of variance (ANOVA) of microfl ora 
structure for samples was carried out using SPSS 17.0 
software (IBM, USA). The signifi cant level was set at 
 P <0.05 and the data was expressed as means±standard 
error. 

 3 RESULT 

 The barcode and primer sequences were removed, 
and the unqualifi ed tags and chimera sequences were 
cleaned for the raw data obtained from 42 samples 
using the Illumina MiSeq PE300 system. Thus, the 
eff ective tags were obtained for use in the subsequent 
analysis. Each sample had an average of 25 766 
eff ective tags.  

 The sequencing results showed that the G1 larvae 
possess the most OTU numbers and bacteria groups at 
phylum, class and other levels, while the G54 
juveniles have the most bacteria groups at family and 
genus levels (Table S1).  

 3.1 Diversity and taxonomic composition of 
microfl ora in the intestine 

 Throughout the whole early life stage of black 
rockfi sh, the Chao 1 value initially decreased and then 
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increased, but there was a sharp decline after the G54 
stage (Fig.1). The highest Chao 1 value (310.3) was 
obtained on 1 DAH, whereas no signifi cant diff erences 
were detected in all samples ( P >0.05). The highest 
Shannon index was also observed in G1 larvae (4.1), 
and showed a descending trend ( P >0.05) through the 
experimental period (Fig.1).  

 The top-ten phyla in each intestinal sample are 
shown in Fig.S1. The dominant phylum was 
Proteobacteria, and the relative abundance for each 
sample was 72.17%–92.08% (mean=80.64%), 
following by the Firmicutes with the abundance was 
5.96%–20.73%. Likewise, the wild fi sh intestine was 
also numerically dominated by Proteobacteria. However, 
Firmicutes, Cyanobacteria, and Tenericutes were also 
the important phyla groups in the wild fi sh intestine.  

 The ten most abundant OTUs within the diff erent 
samples were determined to understand further the 
important bacteria at the genus level (Fig.2a). 
 Acinetobacter  was the most abundant, accounting for 
36.10% of the total. The lowest abundance was 
26.19% while the larvae were fed on rotifer, and the 
abundance of  Acinetobacter  reached the highest value 
(45.28%) when the juveniles were fed with formulated 
feed on 54 DAH.  Brevibacillus ,  Massilia , and 
 Sphingomonas  were also the dominant genera in black 
rockfi sh larval and juvenile guts. The abundance of 
these three genera was 13.76%, 9.81%, and 3.17% 
before the fi rst feeding, respectively. However, their 
abundances all declined from 9 to 95 DAH.  Vibrio  
became the dominant species after the fi rst feeding, 
and the highest abundance (12.41%) appeared on 9 
DAH. Compared with the artifi cial breeding larvae 
and juveniles,  Acinetobacter ,  Mycoplasma , 
 Photobacterium ,  Weissella ,  Aliivibrio , and 
 Sphingomonas  were the dominant genera in wild fi sh 
guts. The samples distributed around the larvae on 1 
DAH except for some replicates on 9, 20, and 95 DAH 
(Fig.2b). Likewise, distributions of microfl ora in the 
gut were gradually changed in diff erent feed stage.  

 The shared species at the genus level in fi sh gut 
samples are presented in Fig.3. After the fi rst feeding, 
the numbers of shared genera among larval and 
juvenile intestines on 9 to 95 DAH was 34 while 32 
shared genera among the total species in all larval 
samples. Analyzing the top-ten genera of each sample 
and this shared microfl ora, we got the main microfl ora 
for healthy larval guts including  Propionibacterium , 
 Lactobacillus ,  Bacillus ,  Vibrio ,  Acinetobacter , 
 Brevibacillus ,  Sphingomonas ,  Massilia , 
 Stenotrophomonas ,  Rhizobium ,  Sphingorhabdus , 

 Cupriavidus ,  Pseudoalteromonas , and  Limnobacter . 
Abundances of genera in Fig.4a & b presented the 
trend of increased initially and then decreased along 
with the growth of larvae except that on 1 DAH, while 
trends of  Vibrio  and another main genus was similar 
to “V” and reversed “N” in Fig.4c & d, respectively. 
However, at the whole scale, abundances of 
 Propionibacterium ,  Lactobacillus ,  Acinetobacter , 
and  Vibrio  in larval guts on 9 DAH were lower than 
those on 95 DAH, and the others showed the opposite 
order according to the abundances. 

 Therefore, the microfl ora structures in guts 
gradually changed with the growth of black rockfi sh 
larvae. However, the dominant genera, such as 
 Acinetobacter ,  Vibrio ,  Brevibacillus ,  Massilia , 
 Stenotrophomonas ,  Pseudoalteromonas , 
 Sphingomonas ,  Bacillus ,  Lactobacillus , etc., always 
colonized in the intestines. The composition of major 
species existed in larval and juvenile intestines was 
obviously diff erent from that in wild ones. 

 3.2 The relativity between intestinal microbiota 
and environmental microbiota 

 Through the comparison,  Acidovorax  and  Aliivibrio  
were the shared species in larval intestines on 9 to 95 
DAH, but not included 1 DAH (Table S2). We found 
 Acidovorax  existed in all intestinal samples except 
one replicate on day 1, and one feed sample on 20 
DAH and all feed samples on 95 DAH. There were no 
one water samples contained  Acidovorax  (Table S3).  

 The shared species among three replicates of 
diff erent types of samples and inter-group on each 
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collecting day at the genus level are presented in 
Fig.5a. Averaged numbers of the shared genus in guts, 
water, and feed were 63.6, 80.2, and 148.5. The 
minimum value of shared species in feed samples was 
higher than the maximum value in intestines or water. 
Based on these, averaged numbers of shared genus 
between guts and water, guts and feed were 20 and 
33.25, while 9–19 (mean=15) shared genera among 
these three samples on each sampling day. Additionally, 
these shared species between guts and water, guts and 
feed on each sampling day are shown in Table S4. 
Based on these results, we found that the shared 
species among all larval samples (32) were higher 
than those in the feed (22) or water (22) (Fig.5b). 
However, there were only four shared species among 
these three types of samples that are consisted of 
 Bacillus ,  Lactococcus ,  Pseudoalteromonas , and  Vibrio  
(Table 1). Compared with these 4 shared genera, the 
specifi c and shared species between guts and feed 
were  Lactobacillus ,  Acinetobacter , and  Pseudomonas , 
while only  Glaciecola  between guts and water. 
Moreover,  Lactococcus  and  Glaciecola  were the main 
genera in feed and water while  Pseudomonas  only 
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dominant in the feed. Abundances of the other fi ve 
shared species were all top-ten in larval intestines 
according to relative abundance (Figs.2a, S2).  

 The unweighted pair group method with arithmetic 
mean (UPGMA) based on weighted UniFrac distances 
showed that the microbial community structure of G9 
and G95 are all closed to those of F9 and F95 (Fig. 6). 
However, the microbiota composition of W20, W54, 
F20, and F54 could infl uence that of G20 and G54. 

 Therefore,  Acidovorax ,  Aliivibrio ,  Bacillus , 
 Lactococcus ,  Pseudoalteromonas ,  Vibrio , 
 Lactobacillus ,  Acinetobacter ,  Pseudomonas  and 
 Glaciecola  were the core genera of this study during 
the larval developmental stage. Compared with 
breeding water, microbiota structure in feed was more 
similar to that in larval and juvenile guts. 
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 3.3 Core microbiota 

 Relative abundances of  Acidovorax  and  Aliivibrio  
in all samples are shown in Table 2. Changes of 
abundances for  Acidovorax  in larval intestines were 
not obvious, and percentages of  Acidovorax  in feed 
samples were rather low. The changes in abundances 
for  Aliivibrio  in intestines showed the increasing 
trend as a whole.  Aliivibrio  became the top-ten genus 
in guts on 20 DAH (20.405%) and 95 DAH (8.468%) 
in Fig.2a. Abundances of  Aliivibrio  in water and feed 
samples presented irregular changes and were lower 
than 0.3%.  

 Relative abundances of another 8 shared species in 
inter-group were presented in Fig.7. In intestinal 
samples,  Bacillus ,  Acinetobacter  and  Pseudomonas  
were dominant genera with higher abundance. Trends 
of these three species were close along with the 
growth of larvae and juveniles, and similar with 
 Lactobacillus ,  Lactococcus , and  Glaciecola , but 
obviously opposite to  Vibrio  and  Pseudoalteromonas  
(Fig.7a). However, abundances of  Bacillus , 
 Lactobacillus ,  Lactococcus , and  Vibrio  increased 
initially and then decreased,  Acinetobacter  and 
 Pseudomonas  presented the increasing trend in 
diff erent kinds of feed samples (Fig.7b).  Bacillus , 
 Lactobacillus ,  Lactococcus ,  Pseudoalteromonas , 
 Acinetobacter , and  Pseudomonas  presented the 
descending trend in water samples during the 
developmental stage of black rockfi sh larvae and 
juveniles (Fig.7c). 

 4 DISCUSSION 

 Proteobacteria with the highest abundance and 
Firmicutes are the two dominant phyla in normal 
larval guts during the whole developmental stage in 
this study. The same results were obtained in rainbow 
trout and turbot larvae and juveniles, but in the genus 
level, there are some diff erences (Desai et al., 2012; 
Jiang et al., 2019). This disparity is caused by the 
diff erences of species, dietary habits, living 
environment, and the functions of microbiota 
(Banerjee and Ray, 2017). After the analysis of shared 
and dominant genera, we get the major microfl ora 
always living in larval guts. Abundances of almost 
major microfl ora were decreased from new hatched 
larval stage to rotifer feed stage. In later developmental 
stage for black rockfi sh, this microfl ora presented 
increased initially and then decreased trend. These 
might be caused by the increasing uniformity of 
microbiota with the feeding and growth. However, 
 Vibrio  showed the opposite trend, which was co-
eff ected by microbiota in feed and breeding water. 
Relative studies suggested environmental and 
ecological factors could infl uence the gut bacterial 
communities of fi sh (Tanaka et al., 2009; Kelly, 2010; 
Sullam et al., 2012; Shabat et al., 2016; Zhang et al., 
2016; Banerjee and Ray, 2017; Jiang et al., 2019).  

 Analyzing the common genus among all samples, 
we obtained the core microbiota at the genus level for 
this study, including  Acidovorax ,  Aliivibrio ,  Bacillus , 
 Acinetobacter ,  Pseudomonas ,  Lactobacillus , 
 Lactococcus ,  Glaciecola ,  Vibrio , and 
 Pseudoalteromonas . In these shared species of all 
samples in each stage,  Aliivibrio ,  Bacillus , 
 Acinetobacter ,  Lactobacillus ,  Vibrio , and 
 Pseudoalteromonas  were the top-ten microbiota 
according to the relative abundances in larval intestines. 
Additionally, we noted that  Acidovorax  existed in guts 
on 1 DAH, while the larvae did not possess the feeding 
behavior and few feed samples, which suggested that 
genus  Acidovorax  came from the parents of black 
rockfi sh larvae and/or fertilization process and could 
always colonize in gut, though the abundances were 
lower than 0.1%.  Glaciecola  and  Pseudomonas  were 
also investigated in larval samples on 1 DAH and the 
water samples, inferring these two genera from the 
parents of black rockfi sh larvae and/or fertilization 
process. Meanwhile, the dominant genera  Lactobacillus  
and  Acinetobacter  were the two shared species among 
all intestinal samples, which suggested that they mainly 
came from the parents of black rockfi sh larvae and/or 

 Table 2 The relative abundances of  Acidovorax  and 
 Aliivibrio    in all groups ( n =3) 

 Group   Acidovorax  (%)   Aliivibrio  (%) 

 F9  0  0.260±0.020 5 

 F20  0.008±0.007 8  0.005±0.002 9 

 F54  0  0.027±0.014 2 

 F95  0.006±0.001 7  0.002±0.001 1 

 G1  0.021±0.012 1  0.005±0.005 2 

 G9  0.021±0.008 3  0.691±0.517 4 

 G20  0.016±0.009 1  20.405±18.100 5 

 G54  0.052±0.017 4  0.070±0.032 9 

 G95  0.016±0.002 7  8.468±3.434 6 

 W1  0  0.046±0.018 3 

 W9  0  0.013±0.006 0 

 W20  0  0.062±0.031 3 

 W54  0  0.003±0.003 0 

 W95  0  0.097±0.094 6 
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 Fig.7 The trends of abundances of shared genera on each sampling day 
 a. in black rockfi sh intestines; b. in various feed samples; c. in breeding water. 
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fertilization process and could successfully and 
persistently colonize in larval gut. Moreover, 
 Lactobacillus  and  Acinetobacter  presented in all feed 
samples, illustrating that feed was the main eff ective 
factor in abundance after the fi rst feeding. It is likely 
that feed was the major element infl uencing abundances 
of  Acinetobacter ,  Pseudomonas ,  Lactobacillus  and 
 Bacillus  via the characteristics of changes in relative 
abundances (Fig.7). The variation trend of abundances 
of  Glaciecola  was similar to that in feed, but with 
higher abundances in water, suggesting feed and water 
could co-aff ect the existence of this shared genus in 
gut. Additionally, the diff erences of dominant species 
in guts between the artifi cial breeding larvae and the 
wild ones implied that the living environment could 
obviously aff ect the microfl ora structure in black 
rockfi sh guts. These illustrated that feed and water 
could infl uence the dynamic balance of intestinal 
microbiota. The relative results will point out the 
direction for us in the subsequent research. The 
previous study indicated that nutritional components 
and types of feed could aff ect the microbial community 
in fi sh larval guts (Banerjee and Ray, 2017; Li et al., 
2017b), but it is impossible that microbiota in live feed 
could obviously change larval gut microfl ora structure 
(Bakke et al., 2013). These diff erent results might relate 
to the type of fi sh, physiological characters and their 
living environment (Tanaka et al., 2009; Kelly, 2010; 
Sullam et al., 2012; Shabat et al., 2016; Zhang et al., 
2016; Banerjee and Ray, 2017; Jiang et al., 2019).  

 Some strains belonging to  Acidovorax  are the 
dangerous bacteria for plants (Adhikari et al., 2017; 
Yan et al., 2017), but rarely present as the dominant 
species and no reports point the pathogenicity in 
aquatic animals (Desai et al., 2012; Chun et al., 2017). 
Some  Glaciecola  strains have been reported to 
produce lipopolysaccharide (LPS) and other bioactive 
compounds (Baik et al., 2006; Qian and Xu, 2007), 
which are seen as an eff ective stimulant for the 
immune system in various fi sh (Swain et al., 2008). 
Chen et al. (2010) indicated that LPS extracted from 
 Glaciecola   polaris , a nonpathogenic strain, could 
improve the innate immunity of  Lateolabrax  
 japonicas . Therefore, the genera  Glaciecola  and 
 Acidovorax  colonized in larval and juvenile guts 
might be treated as nonpathogenic bacteria. 

 Certainly, many benefi cial species always adhered 
on the larval guts and participated in maintaining the 
balance of intestinal microbiota through competition 
for nutrients, product inhibition, and some other 
interactions.  Bacillus ,  Lactobacillus  and  Lactococcus  

are usually regarded as the probiotics in aquaculture 
(Urdaci et al., 2004; Ziaei-Nejad et al., 2006; 
Chantharasophon et al., 2011; Pérez-Sánchez et al., 
2014). Some  Bacillus  could eff ectively regulate the 
microfl ora structures of  B .  plicatilis  and  A .  sinica  
(Jiang et al., 2018). Richards et al. (2017) isolated 
three pigmented  Pseudoalteromonas  strains from 
seawater, which could inhibit the growth of marine 
pathogens and even kill them, including  Vibrio  
 vulnifi cus ,  Vibrio   parahaemolyticus ,  Vibrio   cholerae , 
 Photobacterium   damselae , and  Shewanella   algae , 
through the secretion of proteolytic enzymes having 
antimicrobial properties. Leyton et al. (2017) pointed 
 Pseudoalteromonas  sp. as a probiotic introducing 
through living feed (rotifers and  Artemia  sp.) could 
increase the larval survival rate of  Seriola   lalandi . 
However, few strains belonging to  Pseudoalteromonas  
could cause  Montipora  white syndrome in  Montipora  
 capitata  (Beurmann et al., 2017).  

  Aliivibrio  and  Vibrio  are commonly considered as 
the causative agents of vibriosis in marine aquaculture 
(Hjerde et al., 2008; Karlsen et al., 2014; Muñoz-
Atienza et al., 2014).  V .  alginolyticus ,  V .  harveyi , and 
 V .  parahaemolyticus  are the representative pathogens 
(Alcaide et al., 1999; Zorrilla et al., 2003; Liu et al., 
2004; Austin and Zhang, 2006). Several species in 
genus  Pseudomonas  are known as the pathogenic 
bacteria for eff ect various marine cultured fi sh, such 
as turbot (López-Romalde et al., 2003; Magi et al., 
2009) and cod (Ferguson et al., 2004). Working as a 
grave pathogen for human, genus  Acinetobacter  
gathers more eyes from medical researchers. To date, 
many strains in  Acinetobacter  sp., such as  A .  lwoffi  i , 
 A .  baumannii ,  A .  johnsonii ,  A .  pittii ,  A .  schindleri , 
and  A .  calcoaceticus , have been obtained from 
cultured fi sh around the world, and even become the 
multi-drug resistant fi sh pathogens (Reddy and 
Mastan, 2013; Kozińska et al., 2014; Li et al., 2017a; 
Lynch III et al., 2017; Wong et al., 2017). These four 
harmful genera, especially  Vibrio  and  Acinetobacter , 
with higher abundances always adhere to the normal 
larval and juvenile gut in this study. Moreover, in 
larval and juvenile breeding stage, the immune system 
function of larvae is defective. Once abundances of 
these bacteria are increased to break the balance of 
gut microbiota in some condition, which will cause 
diseases in aquaculture and the infection will be 
quickly extended for the rapid reproduction of 
bacteria, and the loss will not be estimated (Verschuere 
et al., 2000; Macpherson et al., 2012). This may one 
of the reasons that the mortality rate is higher in the 
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larval breeding stage. Applications of antibiotics do 
not eff ectively control the growth and reproduction of 
undesirable microbes, and easily lead to the emergence 
of antibiotic resistance of pathogenic bacteria (Smith 
et al., 1994; Muñoz-Atienza et al., 2014; Jiang et al., 
2018). Consequently, the prevention and control of 
bacteriosis through biological method is gradually 
improvement and prevalent with the increasing 
awareness of food safety of people.  

 In this study, the black rockfi sh larvae and a 
juvenile were all healthy without any diseases 
although the abundances of these pathogenic species 
were higher, which suggested the environmental and/
or quantitative factors could not stimulate the relative 
diseases outbreak, and probiotics must not be absent 
in guts. These all indicated that the intestinal 
microbiota could maintain in a dynamic balance with 
the co-actions of pathogenic bacteria and potential 
probiotics. Meantime, the microbial quality of feed 
and water should be paid with great attention in larval 
breeding and cultured work.  

 5 CONCLUSION 
 The intestinal microfl ora structure was gradually 

changed during the developmental stage of black 
rockfi sh larvae. However, the compositions of 
dominant species were always similar.  Acidovorax , 
 Aliivibrio ,  Bacillus ,  Acinetobacter ,  Pseudomonas , 
 Lactobacillus ,  Lactococcus ,  Glaciecola ,  Vibrio , and 
 Pseudoalteromonas  are the core microbiota in this 
study. Through the relative analysis, we found 
 Acidovorax ,  Glaciecola ,  Pseudomonas ,  Lactobacillus , 
and  Acinetobacter  might come from the parents of 
black rockfi sh larvae and/or fertilization process. 
Moreover, the eff ect of microbiota structure in feed 
on that in the fi sh gut was more obvious. 

 6 DATA AVAILABILITY STATEMENT 
 The datasets generated and analyzed during the 

current study available from the corresponding author 
on reasonable request. 
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