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Hydrogical and Biological Observations in Dokai Bay,
Northern Kyushu-1I

Phytoplankton as a Biological Indicator of Eutrophication

By
Arao TSURUTA and Machiko YAMADA

Number of phytoplankton cells and species, diversity, and occurrence of the
characteristic species were discussed as biological indicators reflecting the eutrophication
(water pollution) on the observation in Dokai Bay, northern Kyushu, from April 1974
to May 1979, According to physico-chemical characters such as transparency, DIN,
DIP, and COD, this bay was classified to the extremely eutrophic area. Biological
indicators, however, showed the bay to be extremely eutrophic during the period of
high temperature, but to be eutrophic during the period of low temperature, Thus,
the biological evaluation of the eutrophication in the bay did not coincide with the
physico-chemical one during the period of low temperature. During the period of
high temperature, the biological indicators agreed with the local change of eutro-
phication in the waters. As a result, the authors consider that these biological charac-
ters of the phytoplankton indicate well the degree of eutrophication of the bay in this
period.
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Sampling stations in Dokai Bay.
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Table 1. Physical and chemical water characteristics (mean values) at three areas (St. 1, 4 and § in
Fig. 1) of Dokai Bay, from April 1974 to March 1979.

Water . Station
b, Period
characteristics St 1 St 4 St.5
Water temperature May-Oct. 23.9 24.7 25.2
(°C) Dec. -Apr. 12.4 13.0 13.1
I May-Oct. 2.2 1.3 0.9
Transparency Dec. -Apr. 2.8 1.8 1.4
Chlorinity May-Oct. 17.8 16.2 13.6
(%) Dec. -Apr. 18.3 16.9 14.9
Inorganic total-N May-Oct. 57.2 267.0 418.0
(ug-at/]) Dec. -Apr. 38.1 194.0 351.0
PO.-P May-Oct, 1.48 5.46 7.51
(ng-at/ ]y Dec. -Apr. 1.66 6.34 12.70
COD May-Oct. 2.23 6.32 9.96
(ppm) Dec. ~Apr. 1.89 4.86 6.50
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Table 2.

B -

Biological indicators (mean values) of the eutrophication at three areas (St. 1, 4 and 5) of

Dokai Bay, from April 1974 to March 1979,

Station
Water :
Y . Period
characteristics St 1 St 4 St 5
Number of the phytoplankton May -Oct. 9.9x10° 5.5x10% 6.5x10%
cells (cells/my) Dec. -Apr. 3.5X10°  2.0X10°  6.3%10?
Number of the phytoplankton May-Oct. 36.5 17.5 18.9
species (A) Dec. -Apr. 39.8 27.4 26.8
Number of the eutrophic May-Oct. 16.9 1.9 0.6
phytoplankton species*! (B) Dec. -Apr. 21.0 10.3 4.3
o May-Oct. 46.3 10.3 3.2
(B)/(A)x100 (%) Dec. -Apr. 52.3 36.4 16.0
Diversity index, d** May-Oct. 4.65 1.65 1.76
Diversity index, H'** May-Oct. 1.03 1.17 1.06
Diversity index, H'N*?* (x10%) May -Oct. 4.51 45.0 31.2
Redundancy, R*? May-Oct. 0.81 0.76 0.77
1 Alter YAMADA, TsURUTA, and YOSHIDA (1980).
*2  Refer to Fig. 2.
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between May and October in five years, 1974~1979.

Diversity index

H'N = -Enilogz—%}

where S

H = ~211{%1og27<,-

ni

number of species,
N total number of individuals,

Rdundancy
R o

ni  number of individuals of the species,

_H'max-H’
~ H'max-H min

Three diversity indices®~7) and redudancy 77 in each station during the period
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Correlation between biological indicators of the eutrophication and physico-chemical water

characteristics in each month from April 1974 to March 1979,

Biological indicator

Number of the

Diversity index

Water Number of the
RS phytoplankton cells , . ;
characteristics (log cells/m/) phytoplankton species a* H™* H'N*
May Dec. 4., May  Dec. o May May May
~Oct.  -Apr, Total -Oct.  -Apr. otal -Oct.  -Oct. -Oct.
Water temperature 5/13 0/11 5/24 3/13 0/9 3722 3/13 1713 0/13
Chlorinity 3/13 2/8 5/21 6/13 2/11  8/24 5/13  0/13  3/13
Inorganic total-N 2/13 0/8 2/21 0/11 1/8 1/19  0/12  0/12  1/12
COD 2/7 1/6 3/13 277 2/6 4/13 3/6 1/6 2/6

(Number of the

S oEne specses> 2/13) (1/12)  (3/25)

Numerator, number of the month which correlation was significant (p < 0.05); denominator,
number of the month which correlation was examined.

*  Refer to Fig, 2.
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Table 4. Correlation between biological indicators of the eutrophication and physico-chemical water
‘characteristics in the middle part of Dokai Bay (St. 4) from April 1974 to March 1979

Biological indicator

Water . ..
e Number of the X Diversity index
characteristics phytoplankton cells N ’tlf)uggle(xgo(;f sth::cies

( og cel S/ml> phytop % d*1 H™ H'N*
Water temperature 0.78 -0.63"* -0,05 0.43 0.53
Chlorinity ~{0.14 0.07 ‘ 0.12 0.14 0.22
Inorganic total-N 0.24 0.01 0.08 —0.27 —0.05
COD 0.50 0.31 —-0.34 0.11 0.19
(Number of the (=0.51)

phytoplankton species .

*1  Refer to Fig. 2.
¥20 p<0.01
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Table 5. Occurrence of the dominant phytoplankton at three areas (St. 1, 4 and 5) of Dokai Bay, from
April 1974 to March 1979,

Station

Species St 1 St 4 St.5

Marine plankton
Skeletonema costatum ***° s - e At At A
Leptocylindrus danicus **

and L. minimus **
Thalassiosira nordenskioldii™*
" T rotula **

T. sp. +

Rhizosolenia fragilissima** +

R. setigeya **

R. stolterfothii ** +

Bacteriastrum elongatum *! +

Chaetoceros curviselus*? +

C. didymus ** + +

C. lauderi +

C. laciniosus ** + + +

C. . sp. - + i+

Eucampia zoodiacus ** +

Asterionella japonica** + +
"
|

+

Thalassionema nitzschioides ** +
Nitzschia seriata **

Criptomonadidae + " » " N N
Olisthodiscus sp. *** + " " " +
Peridinium sp. "
Eutreptiella spp.
and Euglena spp.

Chlamydomonas sp. + + " + " +
Asleromonas sp. + + +

Pseudopedinella sp. + +

Unidentified flagellata + +

Unidentified micro flagellata + w + n + &

+ + + + +

Fresh- and brackish-water plankton
Melosira distans
M. granulata
M. nummuloides
¢ Cyclotella striala R + +
C. striata
var. subsalina

A +
4 t +

Closterium aciculare +
var. subpronum
Scenedesmus spp.

Blue-green algae + + "
Mevrismopedia spp. *

Dominant phytoplankton are defined as the species which have the cells more than 1 % of the
total number of the cells. Marks show the following occurrence frequency : +, 0-25%
4 25—50% ; -, S0-T75% ; w+ 75-100% ;

*1, oligotrophic species ; *2, eutrophic species ; *3, extremely eutrophic species ; M—0, the
periods from May to October ; D~A, December to April.
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