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Summary

Vibrio is ubiquitously distributed in marine environ-
ments and is the most extensively characterized group
within Gammaproteobacteria. Studies have investigated
Vibrio spp. worldwide, but mostly focused on patho-
genic vibrios and based on cultivation methods. Here,
using a combination of molecular and culturing
methods, we investigated the dynamics of the total and
active Vibrio spp. throughout the Changjiang estuary
in China. The total Vibrio abundance was higher in
summer (~6.59 x 10° copies mI™") than in winter
(~1.85 x 10° copies mI~") and increased from freshwa-
ter to saltwater (e.g. 8.04 x 10" t0 9.39 x 10° copies mlI™"
in summer). The ratio of active to total Vibrio (Va/Vt)
revealed a high activity of vibrios, with remarkable differ-
ences between freshwater and saltwater (p < 0.05).
Based on the community compositions of the cul-
turable, total and active Vibrio, Vibrio atlanticus and
Vibrio owensii were the dominant and active species in
winter and summer, respectively. The distribution of
Vibrio was governed by the effects of diverse environ-
mental factors, such as temperature, salinity, pH,
dissolved oxygen and SiO;2~. Our study clearly demon-
strates the spatiotemporal dynamics of total and active
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Vibrio spp. and lays a foundation for fully understanding
the ecological roles of marine Vibrio.

Introduction

Vibrio species are Gram-negative bacteria that belong to
Gammaproteobacteria and comprise more than 120 spe-
cies (Table S1). Several well-known Vibrio spp. are path-
ogenic to human and marine animals, e.g. Vibrio
cholerae, Vibrio parahaemolyticus, Vibrio vulnificus, Vib-
rio anguillarum and Vibrio harveyi (Daniels and
Shafaie, 2000; Farmer et al., 2005; Zhang et al., 2020;
Phillips and Satchell, 2017; Hickey and Lee, 2018). How-
ever, most Vibrio species are saprophytes (Table S1)
(Takemura et al., 2014; Zhang et al., 2018). The common
characteristics of the genus Vibrio are halophilic nature,
fast growth and broad metabolic activity with the capabil-
ity in production of various extracellular enzymes
(Asplund et al., 2011; Zhang et al., 2018). In addition,
most Vibrio species are motile by means of polar flagella
and grow very fast with much shorter generation-times
(Farmer et al., 2005; Zhang et al., 2018).

In general, Vibrio species have comparatively low
abundance within the natural microbial community. Nev-
ertheless, they are considered to play important roles in
the marine carbon cycle, especially in marginal seas and
estuarine ecosystems (Takemura et al., 2014; Vezzulli
et al., 2016; Zhang et al., 2018). Vibrio spp. have flexible
physiology and relatively short generation time, allowing
them to rapidly increase in number and become dominant
during phytoplankton (e.g. diatom and Phaeocystis) and
micronutrient (e.g. iron) ‘bloom’ events (Baffone
et al., 2006; Westrich et al., 2016; Zhang et al., 2018).
For example, explosive Vibrio blooms have been
observed at a temperate coastal site off Plymouth
(UK) (Gilbert et al., 2012) and in the Caribbean Sea and
subtropical Atlantic Ocean (Westrich et al., 2016). Such a
rapid growth of Vibrio spp. may be achieved by their
capacity to consume a wide range of marine organic mat-
ter, including chitin, alginate and agar derived from
marine algae and animals, which may exert large impacts
on the marine carbon cycling (Farmer et al., 2005;
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Takemura et al., 2014; Zhang et al., 2018). Consistently,
Vibrio species are intimately linked to the transformation
of organic and inorganic nutrients and are involved in
both the uptake and remineralization of carbon, nitrogen
and phosphorus compounds (Urdaci et al., 1988;
Takemura et al., 2014; Kopprio et al., 2016; Jesser and
Noble, 2018).

The occurrence and distribution of Vibrio spp. in natural
environments has been well investigated either by cultur-
ing methods (Hsieh et al., 2007; Hsieh et al., 2008;
Kopprio et al., 2016; Zhang et al., 2018) or by molecular
methods at the DNA level using Vibrio-specific 16S rRNA
gene primers (Vezzulli et al., 2009; Siboni et al., 2016).
However, the DNA-based studies cannot discern vibrios
that are active, dead, or in a viable but non-culturable
(VBNC) state (i.e. dormant) (Miskin et al., 1999; Eiler
et al., 2006). As active microbes usually contain a higher
number of ribosomes than quiescent cells, analysis of
sequences derived from RNA may provide information on
the active community (Nomura et al., 1984; Giriffiths
et al., 2000; Nogales et al., 2001; Sessitsch et al., 2002;
Liu et al., 2019). Previous reports have revealed that the
total and active bacterial communities exhibited contra-
sting ecological distributions driven by different environ-
mental factors (Miskin et al., 1999; Nogales et al., 2001;
Zhang et al., 2014). However, the ecology of active Vibrio
in natural environments is limited. With the aim of better
constraining the ecological role of Vibrio, it is of great
value to explore the distribution pattern of the active Vib-
rio (Va) and compare it to that of the total Vibrio (V).

Estuaries are dynamic environments where freshwater
meets seawater, thereby creating gradients of various
environmental factors, including salinity, temperature, dis-
solved oxygen (DO), chlorophyll a (Chl a), inorganic/
organic nutrients, as well as toxic chemicals. In addition,
estuaries normally contain a high amount of organic mat-
ter due to river runoff and suffer from physical disruptions
caused by human intervention and storm events (Elliott
and McLusky, 2002). These environmental characteris-
tics shape the unique estuarine microbial communities
that are distinct from the adjacent coastal communities
and make estuaries particularly suitable for the study of
ecological pattern of microorganisms. With a high level of
eutrophication and diverse environmental niches
(Nixon, 1995; De Jonge et al., 2002; Fricke et al., 2016;
Kopprio et al., 2016), many copiotrophic bacteria, such
as Vibrio spp., are abundant in estuarine ecosystems
(Vezzulli et al., 2016; Jesser and Noble, 2018).

Indeed, vibrios were found to be abundant in estuaries
(Vezzulli et al., 2016). In the Sydney Harbour estuary, several
human pathogens (i.e. V. vulnificus and V. parahaemolyticus)
were particularly abundant in summer, and their abundance
and community composition displayed clear spatiotemporal
heterogeneity in response to temperature and salinity (Siboni
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et al., 2016). In two Patagonia estuaries, Argentina, the distri-
bution of pathogenic Vibrio species (i.e. V. cholerae,
V. wulnificus and V. parahaemolyticus) was linked to eutrophi-
cation and enriched by high concentrations of ammonium,
salinity and organic nutrients (Kopprio et al., 2016). In the
Neuse River Estuary, USA, the abundance of cultivable Vibrio
spp. in surface waters increased downstream, and were posi-
tively correlated with the phytoplankton population and salinity
(Hsieh et al., 2007). These previous studies on Vibrio, how-
ever, mainly focused on pathogenic vibrios (Zhang
et al., 2018) and most of them were based on culturing (Hsieh
etal.,2007; Hsieh et al., 2008; Kopprio et al., 2016) rather than
molecular methods (Siboni et al., 2016). Further studies are
necessary to unravel the dynamics of Vibrio spp. in estuarine
ecosystems and to explore their activities.

The Changjiang (Yangtze) estuary is located offshore
from the mouth of the Changjiang River in China, which
is the longest river in Asia (Feng et al., 2009; Ye
et al., 2016). Many industrial and urban centres are
located in the watersheds of the Changjiang River, espe-
cially along its lower reaches and estuary. Thus, emis-
sion of industrial and domestic waste has led to the high
nutrient inputs to the estuary (Chai et al., 2006), which
results in frequent occurrence of noxious algal outbreaks
(Han et al., 2003; Zhou et al., 2003). The complex nature
of the Changjiang estuary makes it an ideal area to
examine the microbial ecology, and an increasing num-
ber of studies have been conducted along the
Changjiang estuary (Chai et al., 2006; Feng et al., 2009;
Nie et al., 2009; Li et al., 2012; Hou et al., 2013; Hu
et al., 2014; Ye et al., 2016). Nevertheless, little is known
about the ecology of Vibrio communities throughout the
estuary. We hypothesize that the total and active Vibrio
exhibit clear seasonal and spatial dynamics in the
Changjiang estuary and are affected by diverse environ-
mental factors (e.g. temperature and salinity). In this
study, we investigated the dynamics and environmental
drivers of the total and active Vibrio spp. along the
Changjiang estuary through four research cruises
between 2016 and 2017. A combination of culturing,
quantitative polymerase chain reaction (qPCR), amplicon
sequencing and statistical methods were implemented to
study the Vibrio community structure and relate it to a
range of environmental variables.

Results
Environmental conditions

The environmental parameters measured during the
study period are summarized in Table 1. All samples
were divided into two groups: summer (collected in July
2016 and July 2017) and winter (collected in March 2016
and March 2017). The water temperature, DO, Chl a and
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was 513 bp. The read numbers in each sample were lim-
ited to 8443 after rarefaction. All sequences were clus-
tered into 40 OTUs at a 97% sequence similarity cut-off.
The rarefaction curves of all stations reached an asymp-
tote (Table S4), and the Good’s coverage values ranged
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from 99.91% to 100% across samples, indicating that the
sequences generated from these samples represented
most of the Vibrio diversity at the studied sites. The phy-
logenetic distance, Chao | (a measure of richness), even-
ness and Shannon (including both richness and
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Fig. 1. Spatiotemporal dynamics of significantly varied environmental parameters among different seasons and sites. S, summer; W, winter. Wf,
freshwater in winter; Wt, transitional sites in winter; Ws, saltwater in winter; Sf, freshwater in summer; St, transitional sites in summer; Ss, saltwa-
ter in summer. *, p < 0.05; **, p < 0.01. [Color figure can be viewed at wileyonlinelibrary.com]

© 2020 The Authors. Environmental Microbiology published by Society for Applied Microbiology and John Wiley & Sons Ltd.,
Environmental Microbiology, 22, 4438—4455


http://wileyonlinelibrary.com

4442 X. Wang et al.

A B
= e
L L
€ €
w
3 6 s .
Q. 8. -
8 o
8 5 g,
o a
& 4 T § . T
-8 T 34 o
£ g
> 34 ° “>_ .
‘S 0 . )
0] Q 24
2 24 2 1 \
o ()
o 'g .
s S 4]
s ] I ©
(0] (0]
~ = l
= 0 T T T T = 0 T T T T T T
Jul. 2016 Jul. 2017 Mar. 2016 Mar. 2017 5 > 3 > 5
35@ ‘g\@ \Q'é& Q\'bw “o\‘@ @\7"@
SN > NS BN > X
o' _o(\ o_;b %ev -o“\ %’b
< & <& ES
a <&
C D
_ i
€ 99 € 7.5
3 3
a 8704
8 ° 8
g 865 v T
S 7 5 I
5 =L 1 o0
g 6- 3 "
o Q 55 - . I
@] 5 - [e] .
-— -— 50_
5 S 1
()] [0]
2 44 . Q 45+ 1
g 3
2 5 4.0 .
S =} B *
o 39 o
© ©
2 2 354
F oo ’ ' r r = 0.0 T T T T T
Jul. 2016 Jul. 2017 Mar. 2016 Mar. 2017 5 > 5 5 > 5
& & & F 5® &
oS > A S > N
& & P & N P
< & < &
& &
,\\ ;\&

Fig. 2. Total Vibrio and bacteria abundance (log copies mi~") in different periods (A, B) and different areas (C, D). Vermilion boxplots denoted
summer samples, and blue boxplots denoted winter samples. Freshwater, salinities < 1 ppt; transitional sites, 1 ppt < salinities < 30 ppt; and salt-
water, salinities > 30 ppt. [Color figure can be viewed at wileyonlinelibrary.com]

evenness) indices were calculated, and all of these indi-
ces showed higher values in summer than in winter
(Wilcoxon’s test, p < 0.01; Fig. S2). No significant differ-
ences in alpha diversity were found between saltwater
and transitional sites.

A comparison of Vibrio community composition between
different samples was performed with principal component
analysis (PCA) at the OTU level. Both spatial and seasonal
shifts in the Vibrio assemblages were observed (Fig. 3A). A
clear separation of samples from different seasons (summer

and winter) was observed along the first axis (ANOSIM,
p < 0.01), and spatial heterogeneity displayed within both
the summer and winter samples (ANOSIM, p <0.01).
Redundancy analysis (RDA) showed that the Vibrio com-
munities were influenced by various environmental factors,
including temperature, pH, DO, Chl a, NO,~, SiO5>~ as well
as latitude and longitude (p < 0.05; Fig. 3B). Temperature
was the main factor separating the summer and winter
populations, and salinity may explain the spatial changes
from freshwater to saltwater.
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To identify specific taxa that contributed to the observed
spatiotemporal dynamics of Vibrio communities (Fig. 4),
representative sequences of each OTU were compared
against the EzBioCloud database to determine their taxo-
nomic identities. AlImost all sequences (99.66%) belonged
to the Vibrionaceae family, and 94.44% were assigned to
the Vibrio genus. The dominant OTUs, i.e. OTU 26 was
most similar to Vibrio atlanticus, OTU 35 to Vibrio
caribbeanicus and OTU 8 to Vibrio campbellii. These
three OTUs made up 84.12% of all sequences.
V. atlanticus (OTU 26) was the dominant group in winter,
whereas V. caribbeanicus (OTU 35) and V. campbellii
(OTU 8) were abundant in summer (Fig. S3). The summer
and winter samples clearly differed in Vibrio community
components at the species level, and 68.18% of the spe-
cies were shown to be distinctly distributed across these
two seasons (Fig. S3). However, no significant differences
were found between the saltwater and transitional areas in
either summer or winter.

The abundance and community structure of active
Vibrio spp.

One major aim of this study was to investigate the active
Vibrio diversity and their spatiotemporal dynamics. RNA
based quantification analysis showed that the abundance
of active Vibrio was consistent in different seasons, unlike
the scenario seen for total Vibrio. In contrast, a clear spa-
tial variance was observed, with an overall lower abun-
dance in freshwater sites than others. Specifically, there
were significant differences between saltwater, freshwater
and transitional sites in winter (p < 0.01), whereas no simi-
lar variations were recorded in summer. An analysis of the
ratio of the active: total Vibrio abundance (Va/Vt) showed
that the copy number of vibrionic 16S rRNA was higher
than that of 16S rDNA (Va/Vt; Table S5), indicating a high
Vibrio activity in this region. Nevertheless, the culturable
vibrios only accounted for 0.12%—6.26% of the active or
total Vibrio (Vc/Va and Vc/Vt), suggesting a large number
of species are yet to be cultured (Table S5). Although the
mean values of active Vibrio abundance were 7.68 x 10°
and 9.93 x 10* copiesml™", no significant differences
were recorded between saltwater and transitional sites in
summer (Table S5). Predictably, vibrios in transitional sites
and saltwater areas exhibited high activities, and the low-
est Vibrio spp. activity was found in freshwater sites in win-
ter (CE2SW and CE2BW) (Fig. 5). In addition, the total
bacterial activities showed a tendency similar to that of
Vibrio.

High-throughput sequencing of the cDNA libraries gen-
erated 31 080-62 249 reads across all samples. Twenty-
nine thousand two hundred and three reads were left for
each sample after rarefaction, yielding a total of
156 OTUs. The Good’s coverage values were >99.9%
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across samples, indicating that sequences generated
from these samples could represent most of the active
Vibrio in the studied sites. All the samples were divided
into three groups based on the ACE index differences
(p =0.05, Student’s t test), including Wf, Ws and
Ss. Similar to the total community, clear variations in the
active Vibrio community between summer and winter
samples were observed (Fig. 3C, p < 0.05). In addition,
the samples collected from different salinities in winter
were separated by the second axis (Fig. 3C). RNA-based
RDA was used to identify key environmental factors that
governed the active vibrios; similar results as the DNA-
based RDA were obtained. The summer samples,
despite from different salinity ranges, showed a close
clustering relationship and were distinct from those col-
lected in winter due to the high temperature (Fig. 3D).
The distinction of the Vibrio components in winter were
mainly divided by salinity and nutrient concentrations
(e.g. NO,~, SiO5%~ and PO,®7; Fig. 3D).

The dominant OTUs in the RNA libraries were OTU
97, 30 and 10. They made up 59.82% of all sequences
and were most similar to V. atlanticus, V. caribbeanicus
and Vibrio owensii, respectively. The community compo-
sitions of active Vibrio spp. varied among the Wf, Wt, Ws,
St and Ss groups (Fig. 4B). V. atlanticus OTU 97 was the
dominant group of Ws, whereas V. caribbeanicus
OTU 30 and V. owensii OTU 10 were abundant in sum-
mer (Fig. 4B). Regarding the transitional samples,
i.e. CE7TSW and CE7BW in winter and CE15SS and
CE17SS in summer, the dominant groups varied among
each site, such as Vibrio hippocampi at CE7TBW and
V. owensii at CE15SS (Fig. 4B). Interestingly, no Vibrio
species were dominant in the Wf group.

Cultivable Vibrio

As evidence, the temporal and spatial variations in the counts
of cultivable vibrios are shown in Fig. 6. The number of
culturable vibrios accounted for ~0.12%—6.26% of the
total and active Vibrio derived from gPCR (Table S5). The
counts of culturable Vibrio spp. in summer (8.33 x 10°—
5.43 x 10% cfu ml~") were approximately twice as high as
those in winter (1.67 x 10°-2.25 x 102 cfu ml™"; Fig. 6A).
Indeed, except four samples from the transitional sites (CE6S,
CE6B, CE7S and CE7B), the numbers of colony-forming units
(cfu) in most sites (66.67%) were higher in summer than that
in winter in the samples collected from March and July 2016
(Fig. 6B). In addition, the cfu counts showed an increasing
trend from freshwater to saltwater in both summer and winter
(Fig. 6B).

The diversity of isolated Vibrio strains that grew on Vib-
rio-selective thiosulfate-citrate-bile salts-sucrose (TCBS)
medium were analysed (Fig. 4C). Sixteen species were
identified across all samples, and the summer samples
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Fig. 3. Community analysis of Vibrio at the OTU level. A and C, Unweighted PCA plot with PC1 and PC2. B and D, RDA analysis illustrating the
relationship between Vibrio community at the OTU level and top environmental variables. Tem is the abbreviation for temperature, and Sal for

salinity. [Color figure can be viewed at wileyonlinelibrary.com]

showed a higher diversity (12 species) than the winter
samples (5 species). In summer, V. campbellii (26.97%)
was the dominant group, followed by V. harveyi
(15.73%), Vibrio rotiferianus (13.48%), Vibrio fortis
(7.87%) and Vibrio azureus (7.87%). The most abundant
species in winter were V. atlanticus (60.00%), Vibrio
gallaecicus (18.00%), Vibrio hemicentroti (12.00%), Vib-
rio kanaloae (8.00%) and Vibrio hangzhouensis (2.00%).
The dominant species of cultivable vibrios were generally
consistent with those occupying the highest proportion in
the total and active Vibrio (Fig. 4).

The correlation with environmental parameters

Across the entire data set, total Vibrio abundance demon-
strated a positive correlation with salinity (o < 0.01), depth,
pH and NH,* (b < 0.05) and a negative correlation with
NOs~, PO,%~, SiOz~ (p < 0.01), DO and Chl a (p < 0.05).
In summer, positive correlations with salinity, depth and pH
(p < 0.01), and negative correlations with temperature, Chl
a, NO5~, PO,®~ and SiOz2~ (p < 0.01) were recorded. The
relationships in winter were similar to those in summer, but
additionally, Vibrio abundance was positively correlated

© 2020 The Authors. Environmental Microbiology published by Society for Applied Microbiology and John Wiley & Sons Ltd.,

Environmental Microbiology, 22, 4438—-4455


http://wileyonlinelibrary.com

) P

@
t=3

60

Relative abundance (%

40

20

CE7SW

CE9SW
CE10SW
CE10BW
CE11SW
CE11BW
CE12SW
CE12BW
CE13SW
CE13BW
CE15SW
CE15BW
CE17SW
CE17BW

CE8SS

CE9BS
CE10SS

CE10BS
CE11BS

Vibrio spp. in the Changjiang estuary 4445

I vibrio sinaloensis
V. shilonii

I V. neocaledonicus

I . fortis

I V. azureus

[0 V. kanaloae
V. hemicentroti
V. rotiferianus
V. harveyi
V. gallaecicus (OTU3)

Vibrio sp. OTU17

Il Photobacterium alginatilyticum (OTU21)

I vibrionaceae sp. OTU34
Vibrio sp. OTU39
Shewanella baltica (OTU122)
Photobacterium sp. OTU33
V. brasiliensis (OTU28)

I P, phosphoreum (OTU31)
Coamonadaceae sp. OTU50
Tolumonas auensis (OTU68)
Lelliottia amnigena (OTU149)
Other1 (DNA)

CE12BS
CE13SS
CE13BS
CE14BS
CE15SS
CE15BS
CE17SS
CE17BS

Winter

w
o

Relative abundance (%)
Relative abundance (%)

Wf Wt Ws St Ss

Mar. 2016

Uncultured bacterium (OTU129)
Vibrionaceae sp. OTU25

I Rahnella woolbedingensis (OTU59)
Vibrio sp. OTU16

Il P, rosenbergii (OTU30)

I Pseudaeromonas pectinilytica (OTU148)

I P kishitanii (OTU107)

I Uncultured bacterium OTU150
Uncultured bacterium OTU40
V. anguillarum (OTU37)

[ Shigella boydii (OTU103)
V. marisflavi (OTU32)

Il V. pelagius (OTUS)

B0 v. hangzhouensis (OTU19)

B P, leiognathi (OTU36)

I v. mediterranei (OTU1)

I vibrionaceae sp. OTU18

I V. maritimus (OTU5)

[ Kiebsiella granulomatis (OTU143)
Paraphotobacterium marinum (OTU29)

I V. hippocampi (OTU66)
Other2 (RNA)

I V. campbellii (OTU40)
Aeromonas media (OTU145)

I v owensii

[ V. campbellii (OTU8)

W V. caribbeanicus (OTU35)

Il v. atlanticus (OTU26)

Summer

Jul. 2016

Fig. 4. Community component of culturable Vibrio spp., total and active vibrios at the species level which re-annotated by the EzBioCloud data-
base. Sample names are defined by sampling depth and season, e.g. CE7SW is the surface seawater (S) collected in winter (W) at the sta-

tion CE7.

A. Top 22 abundant OTUs of total Vibrio spp. across all samples. Other, the species occupied < 0.1% in total samples.

B. Most abundant 20 OTUs of active Vibrio, representing 67.5% of the total normalized sequences. Wf, freshwater in winter; Wt, transitional sites
in winter; Ws, saltwater in winter; St, transitional sites in summer; Ss, saltwater in summer. Other, the species occupied < 0.5% in total samples.
C. The relative abundance of cultivated Vibrio in different collected periods. [Color figure can be viewed at wileyonlinelibrary.com]

with temperature (p < 0.05) and negatively correlated with
DO and NO,™ (p < 0.01). However, when the groups were
divided based on the salinity gradient, the correlations
between Vibrio abundance and environmental factors
were rare. In addition, total bacterial abundance was posi-
tively correlated with temperature, Chl a, NO,~, NH,4",
NO;~, PO,3™ and SiO3z2~ (p < 0.01), but negatively corre-
lated with salinity, depth, pH and DO (p < 0.01). Total bac-
terial abundance was correlated with only DO (r = 0.555,
p < 0.01) in summer, whereas it was positively correlated
with Chl a and nutrients (p < 0.05) and negatively corre-
lated with salinity (r=—0.282, p < 0.05) in winter.
Spearman’s correlations between the 22 most abundant
Vibrio species and the environmental factors were calcu-
lated (Table 2). In general, the most abundant species

exhibited close correlations with temperature, pH, DO, Chl
a, NO,~, PO,® and SiO52". The relative abundance of
V. atlanticus OTU 26 was positively correlated with pH and
DO (p < 0.01) and negatively correlated with temperature,
Chl a and NO,~, whereas V. caribbeanicus OTU 35 and
V. campbellii OTU 8 exhibited inverse relationships with
these factors. Moreover, V. caribbeanicus OTU 35 was
positively correlated with temperature, salinity and depth,
and V. campbellii OTU 8 showed a positive correlation with
Chla, NO;~ and SiO52~ (Table 2).

The abundance of active Vibrio showed a positive cor-
relation with temperature and salinity (p < 0.05), whereas
it was negatively correlated with DO, Chl a and nutrients
(p < 0.05). Additionally, the analyses between the 20 most
abundant species of active Vibrio and environmental
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parameters are summarized in Table 2. V. atlanticus
OTU 97 was negatively correlated with Chl a, NO3™,
NO,~ and SiOs2~, whereas V. caribbeanicus OTU
30 was negatively correlated with DO, NO3~, NH4* and
SiOs®~ but positively correlated with temperature and
salinity. V. owensii OTU 10 showed a positive correlation
with temperature, whereas it was negatively correlated
with DO and NH,* (Table 2).

Discussion

Vibrio spp. are autochthonous and ubiquitous marine het-
erotrophic bacteria that have been extensively studied,

@ Vibrio spp.
[ Tota