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图2 钦州湾藻华海域各环境要素变化趋势(30
 

min/组)

Fig.2 Variation
 

trend
 

of
 

environmental
 

factors
 

in
 

algal
 

bloom
 

area
 

of
 

Qinzhou
 

Bay
 

(30
 

min/group)
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2.2 各环境要素的相关性分析

  对藻华过程前后(8月16日00:00-27日23:30
期间)GX11号海洋生态浮标的576组数据(采样频

率30
 

min/组)的监测环境要素进行相关性分析,结
果见表2。

表2 钦州湾藻华海域各监测环境要素的相关性分析(n=576)

Table
 

2 Correlation
 

analysis
 

of
 

monitoring
 

environmental
 

factors
 

in
 

algal
 

bloom
 

area
 

of
 

Qinzhou
 

Bay
 

(n=576)

环境要素
Environmental

 

factors
风速

Wind
 

speed

气温
Air

 

temperature

水温
Water

 

temperature

盐度
Salinity

溶解氧
DO

pH值
pH

 

value
叶绿素a

Chlorophyll
 

a

风速
Wind

 

speed 1

气温
Air

 

temperature -0.104** 1

水温
Water

 

temperature 0.061** 0.443** 1

盐度
Salinity 0.302** -0.036 -0.013 1

溶解氧
DO -0.161** 0.458** 0.396** 0.134** 1

pH值
pH

 

value 0.011 0.242** -0.150** 0.450** 0.736** 1

叶绿素a
Chlorophyll

 

a -0.228** 0.288** 0.102* 0.094* 0.814** 0.702** 1

注:**表示在0.01的水平上显著相关,*表示在0.05的水平上显著相关

Note:**
 

means
 

significant
 

correlation
 

at
 

the
 

level
 

of
 

0.01,*
 

means
 

significant
 

correlation
 

at
 

the
 

level
 

of
 

0.05

  表2结果表明,本次藻华过程前后,水质因子中

的叶绿素a、pH值、溶解氧三者之间均具有显著的正

相关关系,三者具有联动的波动规律,而叶绿素a含

量是赤潮生物密度的重要表征参数。白天时段光照

较强,浮游植物暴发性增殖,其光合作用吸收二氧化

碳、释放氧气,使得海水中溶解氧含量升高,而光合作

用消耗下二氧化碳浓度降低,导致海水中碳酸氢根减

少,使得海水的pH值升高,浮游植物密度增大使得

叶绿素a含量升高;夜晚时段浮游植物以暗反应为

主,吸收氧气释放二氧化碳,从而导致海水溶解氧含

量和pH值降低。风速与叶绿素a在0.01的水平上

显著负相关:风速较小时,表层海水较稳定,藻类易于

聚集和快速增殖,造成叶绿素a含量升高;风速增大

时可使海水环境波动增大,促进藻类扩散和藻华消

退。这与相关研究报道[1315]一致。有研究[9,11,16,17]

表明,藻华或赤潮的暴发与叶绿素a、pH 值、溶解氧

显著相关。因此,在生态预警监测中,一旦出现叶绿

素a、pH值、溶解氧监测值迅速升高,甚至超出正常

范围,且出现联动的强烈波动时,应预警赤潮发生的

可能。

3 讨论

  研究表明,赤潮或藻华暴发过程中溶解氧、pH

值、叶绿素a等环境要素值会出现异常变化。在浮游

植物暴发增殖前期,由于生物量的增多和光合作用的

释放,白天时段表层海水中溶解氧含量会显著升高。
本研究中,在线监测数据也表明表层海水中溶解氧含

量显著升高,但本次藻华过程未出现溶解氧含量迅速

下降的现象,可能是因为本次藻华过程暴发中期浮游

植物密度未达到赤潮生物密度阈值。溶解氧含量的

迅速下降需要浮游植物密度达到较大值(例如超过赤

潮阈值),当浮游植物大量消耗溶解氧时才会导致表

层海水中溶解氧含量迅速下降,进而使大量海洋生物

因缺氧而死亡,这也是赤潮的主要危害之一。pH值

的显著升高主要受浮游植物暴发增殖的影响。水中

游离氧含量增多并与H+ 离子结合成为水分子,同时

浮游植物消耗了大量的碳酸氢根离子作为光合作用

的碳源转换为含碳化合物,从而导致水中酸度下降、

pH值升高[18]。自然界中浮游植物叶绿素以叶绿素

a占绝大多数[16]。有害藻类暴发性繁殖引起的藻华

现象中,藻类的聚集和增殖会导致叶绿素显著升高,
因此叶绿素a的异常波动可作为赤潮暴发的重要依

据[19]。相关研究表明,赤潮发生时叶绿素a含量通

常超过10.0
 

μg/L,并将此浓度作为藻华暴发的依

据[4,5,8,9,11,21]。本次钦州湾藻华过程中同样出现了叶

绿素a含量大于10.0
 

μg/L的现象,但细胞浓度却没
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有达到赤潮的标准。这可能是暴发增殖的藻类不同,
导致叶绿素a达到预警值而藻类细胞浓度未达赤潮

标准的现象[8],因此在实际预警工作开展中要密切注

意其他环境要素的异常,并借鉴相关研究[58,2123]的

经验。

4 结论

  (1)气温、水温回升和风速由大减小使得表层海

水环境稳定,有利于藻类的聚集和快速增殖,是藻华

发生的环境诱因。

  (2)水温、盐度、pH值、溶解氧、叶绿素a呈明显

的昼夜变化规律。藻华暴发阶段,pH值、溶解氧、叶
绿素a呈较为同步和规律的昼夜变化,且波动范围明

显比前期较大。pH 值、溶解氧、叶绿素a三者之间

均具有显著的正相关,并具有联动的波动规律。

  (3)钦州湾GX11浮标监测数据表明:当环境条

件出现气温、水温回升,风速减小且在线监测的pH
值、溶解氧、叶绿素a指标值波动范围增大,特别是叶

绿素a达到或接近10.0
 

μg/L时,可对相关海洋部门

开展藻华甚至赤潮可能发生的预警,以便及时布置现

场调查,为海洋防灾减灾提供宝贵的时间。
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Abstract:From
 

August
 

20
 

to
 

23,2018,algal
 

blooms
 

caused
 

by
 

the
 

Akashiwo
 

sanguinea
 

occurred
 

in
 

Qinzhou
 

Bay,Guangxi.In
 

order
 

to
 

explore
 

the
 

role
 

of
 

online
 

monitoring
 

buoys
 

in
 

red
 

tide
 

early
 

warning
 

research,based
 

on
 

the
 

data
 

of
 

Guangxi
 

marine
 

ecological
 

online
 

monitoring
 

buoy
 

GX11
 

located
 

in
 

the
 

algal
 

bloom
 

sea
 

area
 

from
 

August
 

16
 

to
 

27,2018,the
 

variation
 

trends
 

of
 

environmental
 

factors
 

such
 

as
 

wind
 

speed,air
 

tempera-
ture,water

 

temperature,salinity,pH
 

value,dissolved
 

oxygen
 

and
 

chlorophyll
 

before
 

and
 

after
 

the
 

algal
 

bloom
 

were
 

analyzed,and
 

the
 

influence
 

of
 

environmental
 

factors
 

on
 

algae
 

proliferation
 

was
 

discussed.The
 

results
 

showed
 

that
 

the
 

rise
 

of
 

air
 

temperature
 

and
 

water
 

temperature
 

and
 

the
 

great
 

decrease
 

of
 

wind
 

speed
 

were
 

ben-
eficial

 

to
 

the
 

aggregation
 

and
 

proliferation
 

of
 

algae,which
 

were
 

the
 

environmental
 

inducements
 

of
 

algae
 

bloom.During
 

the
 

four
 

days
 

of
 

algal
 

bloom
 

outbreak
 

stage,the
 

highest
 

pH
 

values
 

were
 

8.20,8.49,8.42
 

and
 

8.24,respectively,the
 

highest
 

values
 

of
 

dissolved
 

oxygen
 

were
 

9.01,12.26,11.81,10.22
 

mg/L,and
 

the
 

high-
est

 

values
 

of
 

chlorophyll
 

a
 

were
 

42.2,52.3,25.4,15.6
 

μg/L,respectively,all
 

of
 

which
 

mainly
 

appeared
 

from
 

noon
 

to
 

afternoon
 

and
 

the
 

values
 

were
 

significantly
 

higher
 

than
 

those
 

in
 

the
 

early
 

and
 

regression
 

phases
 

of
 

the
 

algal
 

bloom
 

process.There
 

was
 

a
 

significant
 

positive
 

correlation
 

between
 

pH
 

value,dissolved
 

oxygen
 

and
 

chlorophyll
 

a,and
 

there
 

was
 

a
 

linked
 

diurnal
 

change
 

rule.Combined
 

with
 

meteorological
 

conditions,the
 

early
 

warning
 

of
 

algal
 

blooms
 

for
 

some
 

species
 

of
 

red
 

tide
 

organisms
 

can
 

be
 

carried
 

out
 

when
 

online
 

monitoring
 

shows
 

that
 

the
 

synchronous
 

fluctuation
 

of
 

pH
 

value,dissolved
 

oxygen
 

and
 

chlorophyll
 

a
 

increases,especially
 

when
 

chlorophyll
 

a
 

reaches
 

or
 

approaches
 

10.0
 

μg/L.
Key

 

words:algal
 

bloom,Guangxi,online
 

monitoring,buoy,early
 

warning
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