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Numerical dynamics of bacterioplankton in
shrimp cultural enclosure ecosystems "

Liu Guocai™ ™ Li Deshang Dong Shuanglin  Lu Jing Chen Zhacho
{Fisheries College, Ocean Universuy of Qindao, Qingdac 266003)

Abstract Numerical dynamics of bacterioplankton in 5 shrimp cultural enclosure ecosystems were studied. The
results were that the number of bacterioplankton fluctuated between 0.41 X 108 ml ™ and 10.63 X 10° m] ™! with
an average of (4.29+2.44) » 10° mi™!, and increased gradually with the lapse of cultural time. Bacterioptank-
ton exhibited an obvious diurnal numerical fluctuation. Bacterioplankton numbers were correlated positively with
water temperature, total chemical oxygen demand { TCOD) and dissolved oxygen demand (DCOD), but was not

correlated significantly with particulate oxygen demand(PCOD), zooplankton and phytoplankton biomasses.

Key words

Study on bacterioplankton in shrimp pond can
not only perfect the theory of nutrient structure in its
ecosystems, but also provide the theoretical basis of
microbial ecology for water management in shrimp
culture.

There have been several reports on the study of
numerical dynamics of bacterioplankton in shrimp
ponds!* %), hut many of them still used the methods

(21 and common IICTOSCOpY count'*!

of alga culture
which can hardly give precise results!®!, and more-
aver, bring difficulties to the comparisons among the

bacterioplankton numbers. We used AODC method 7,
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which was widely used abroad, to count bacterio-
plankton in shrimp cultural enclosure ecosystems in
this study conducted in the shrimp farm of Huanghai
Fisheries Group Corporation in Shandong province in
1997.

1 Materials and methods

1.1 Experimental enclosures

The enclosures are 5 m X 5 m land — based ones
with a height of 1.5 m { water depth 1.0 m), and are
made of plastic — coated polyethylene woven cloth
with a frame composed of wood and bamboo poles. In
its center, a 90 W water stirrer is fixed to keep the
water in dynamics.

The study used 5 enclosures (El ~ 5). The
stocking density of shrimp in each enclosure was 7.2
ind/m™%. The feed was placed in 2 feed dishes which
were {ixed in the 2 diagonal ends, each enclosure fed
4 times a day. Chicken manure was put into all enclo-
sures about 1 month before tBe stocking of the cul-
tured animals to grow feed organisms. Chemical fer-

tilizer was applied according to water transparency,
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chl — a concentration and nutrient level in the enclo-
sures.

1.2 Numerical dynamics of bacterioplankton
1.2.1
dle water layer(0.5 m} were gathered and preserved
with formaldehyde{2% v/v final volume).

AODC method!™

was used to count bacterioplankton. Water samples

Water sampling Water samples from mid-

1.2.2 Bacterioplankton bhiomass

were stained with 0. 01% acridine orange{ AO)for 3
min, then filtrated through a 0.2 pm pore nuclepore
filter under the pressure below (.03 Mpa. The filters
were soaped in 0.2% Irgalan black with 2% acetic
acid for 24 h to eliminate self — fluorescence. The fil-
ter was put on a slide, and a drop of particle — free
water was added, glass lidded, immersion otl added
with lower fluorescence, then at least 10 fields and
200 bacterioplankton were counted for each sample
under flucrescence microscopy
1.3 Diurnal fluctuation of bacterioplankton
Diurnal variation of bacterioplankton were mea-
sured in the 3 enclosures on Aug. 7~8 1997. Water

Table 1 Dynamics of bacterioplankton in the experimental enclosures

samples from the vpper{0.2 m} and lower (0.8 m)
waterlayers ( water depth 1.0 m) were taken at 6;
00,12:00,18:00,0. 00 and again at 600, and then
fixed with formaldehyde (2% v/v} final volume).
Bacterioplankton biomaes were caculated.
1.4 Nuomerical dynamics of hacterioplankton and
main water factors

COD was measured by oxidarion method of Basic
KMnQy. Dissclved organic matter was separated by
filtering water satnples through 0. 45 pm pore milli-
pore filters.

Phytoplankton and zooplankton were counted by
common microscopy. The volume of the species was
measured and the biomass was calculated assuming

plankton gravity ratio to be 1.
2 Resuits

2.1 Numerical dynamics of bacterioplankton
Numerical dynamics of bacterioplankton in each

enclosure is shown in table 1.

10° m] !

date 05-3006-0606-1006-16 06— 20 06 - 2806 -2907-14 D720 07 -2407-2208-0508 - 11 D8 - 15 08 — 17 D8 — 24 08 - 25

El 0.41 1.81 1.76 2.54 3.87 4.64 3.14 5.10
E2  1.36 1.40 1.13 3.46 2.53 5.17 3.57 6.43
E3 0.9 1.55 1.08 2.57 1.87 5.62 6.09 9.23
B4 0.42 0.87 1.5 2.07 2.52 4.57 9.8% 10.63
ES 0.72 215 2.13 4.44 315 7.16 7.63 9.53

3.31 3.97 492 581 5.8 6.87 550 8.59 9.14
4.26 7.37 6,22 2,81 3.32 3.99 338 321 3.29
748 917 943 417 426 3.42 3,51 510 6.38
8.13 2.32 270 4.61 4,51 4.24 411 277 13.15
7.10 4,10 560 3.15 3,22 4.24 4.24 519 536

The number of bacterioplankton fluctuated be-
tween .41 X 10 and 10.63 x 10° ml ™! with an aver-
age of (4.29+2.44) X 10° ml ! in 5 enclosures, and
increased gradually with the lapse of culture time.
2.2 Diurnal variation of bacterioplankton

Diurnal variation of bacterioplankton are shown
in table 2.

The number of bacterioplankton fluctuated no-
ticeably within a day; their deviation coefficients var-
ied from 0.49 to 0. 88(upper waterlayer} and 0.47 1o
0.74 (lower waterlayer). The large deviation coeffi-
cients indicated that the prodection and consumption
rates of bacterioplankton in shrimp cultural enclosures

was high.

Table 2 Diurnal varlation of bactertoplankton numbers in the

experimental enclosures on Aug. 78, 1997

10° ml !
simpling place time devi.at:aon
6:0012:00 18:0 0:00 6:00 coefficient
El  upper watetlayer 0.73 1.78 3.11 3.46 3.90 0.50
lower waterlayer 3.80 0.43 4,26 1.47 2.48 0. 64
E2  upper waterlayer 4.68 1.99 1.64 2,35 1.39 0.55
lower watetlayer 4.16 1.23 1.68 (.49 1.72 0 M
E3  upper waterlayer 5.57 0.83 2.56 0.65 1.70 .88
lower waterlayer 4.12 1.15 2.20 0.67 2.07 D.65
E4  upper waterlayer 0.72 1.56 2.15 0.62 1.47 449
lower waterlayer 1.79 1.19 1.78 0.20 1 100 0 41
E5 upper waterlayer 1.99 0.87 2.25 0.43 0.71 0 65
lower waterlayer 0.60 0.56 1_.57 0,28 1.57 0.67
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2.3

bacterioplankton and main water factors

Correlation between numerical dynamics of

Water temperature, COD and plankton biomass in

each enclosure are shown in tables 3 and 4.

1

Table 3 Variations of COD In the experimental enclosures gL~
date El E2 E3 E4 ES
TCOD PCOD DCOD TCOD PCOb DCOD  TCOD PCOD DCOD  TCOD PCOD DCOD  TCOD PCOD DCOD
05-30 4.83 1.00 3.83 4.82 0.92 3.90 $.27 1.44 383 5.27 1.68 3.39 4.8% 1.05 3.80
06-10 5.40  1.37 4.03 4.95 0.98 3.97 5.03  0.99 4.04 520 t.16 5.04 5.43  1.43  4.00
06-20 6.23 1.0 522 5.71  1.3%3  4.38 560 0.83 4.77 5.52  1.40 4.12 5.8 1.17 4.68
06-29 6.25 1.16 5.09 6.07 1.37 4.70 $.42 0.83 4.39 5.9 1.63 4.32 563 0.8% 4.4
07-14 6.22 0.81 35.41 5.52 0.B% 4.63 5.14 0.8 4.29 5.64 1.23 4.4 5.61 i.09 4.52
07-24 6.18 1.25 4.93 5.57T 1.05 4.52 5.26 1.05 4,21 5.67 1.08 4.59 4.98 0.69 4.29
08—-05 5.4% 1.04 4.45 5.47 0.94 4.53 573 0.95 4.78 5.19 0.64 4.55 4.93 0.52 4.4
08-15 5.85 1.00 4.85 5.54 0.7 4.79 5.50 G.69. 4.8 5.19 0.46 4.73 518 0.77 4.4
08-25 6.1% 1.50 4.69 5.74 1,26 4.4B 512 0.92 4,20 503 073 4.30 4.76 0.40 4.36
TCOD Total COTY; PCOD: Particulete COD; DCOD; Dissolved COD. .
Tahle 4 Fluctuations of plankton bjomass in the experimental enclosures mg*L™!
El E2 E3 E4 ES
dacevemp. /T B PB 7B PB B PB 8 PR B
a5-30 21.5 - - - - 20. 18 2.73 11.493 2.51 - -
06-10 23.5 5.65 1.43 8.50 0.86 4.57 0.72 7.44 0.41 6.85 0.64
06-20 25.0 360 2.45 4.30 1.7¢ 4.29 0.95 10.43 1.28 4.12 0.61
D6 — 29 269 2.63 2.69 7.44 2.08 2.53 0.83 2.7 1.01 1.46 2.96
07 -14 28.3 4,12 2.16 15.37 1.21 6.52 0.74 B.17 0.29 in 0.66
07-24 0.9 5.67 0.66 7.05 0.87 7.67 1.24 10. 10 0.52 15.68 0.25
08-05  28.7 5.00 1.16 4.73 0.12 4.91 0.03 1.97 2,52 1.99 2.93
08-15 29.9 12.87 1.70 4.18 2.66 5.15 0.41 5.87 2.38 0.73 1.94
0B — 25 29.5 4.21 1.29 7.65 2.07 1.60 1.11 4,09 .89 0.70 1.16

PB: Phytoplankton biomass; ZB:Zooplankton biomass.

Bacterioplankton biomasses were positively cor-
related with water temperature(r =0.398 7, n =
45), TOCOD(r=10.309 3, n =45) and DCOD (r =
(.294 8, n =45}, but were not significantly corre-
lated with PDOC (r = 0. 035 7, n =45), phyto-
plankton (r = — 0. 1819, n = 42) and zooplankton
biomasses(r = — 0. 136 0, n =42).

3 Discussion

3.1 Numerical dynamics of bacte'rioplankton

Baéterioplankton numbers fluctuated significant-
ly in the 5 enclosures during the study period. The
fluctuation was related to water temperature, plank-
ton, detritus and inorganic nutrient, and was assumed
to be the result of multiple effects of physical, chemi-
cal and biological factors.

Compared with natural waterhodies { salt and

fresh), shrimp ponds are small ecosystems with large
community bicmass and high concentration of organic
matter, which make the interaction among physical,
chemical and biological factors in shrimp ponds so-
phisticated and varied frequently. As bacteria are typ-
ical substrate-limited organisms'® with high surface/
volume ratio and high reproduction rate, they reacted
quickly to the frequent variation of the physical,
chemical and biological factors and showed larger fluc-
tuation. Numerical dynamics of bacterioplankton in
this study was consistent with those in natural water-
body (bacterioplankton numbers could increase sever-
al times as many within a few days) reported by
Gude®.

Bacterioplankton fluctuated between 0., 40 X 108
and 10.63 X 10° ml ™" in the 5 enclosures during the

enltural period, which is consistent with the results

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn



http://www.fineprint.com.cn

2 4 NEA% TR EERES R RS ENS 77

once reported as (8. 30~ 25.70) x 10° ml~ !, (0.
40~3.60) x 10° ml™ 1) and (0.36~13.15) x 10
ml B,

There was an obvious diurnal fluctuation of bac-
terioplankton numbers, which indicated that both
bacterioplankton diurnal reproduction and consump-
tion rates were high.

3.2 Relationship hetween numerical dynamics of
bacterioplankton and main water factors

The numbers of micre — organisms is correlated
significantly with water temperature and organic mat-

ter concentration''™, The relationship between bacte-

rioplankton numbers and water temperature, organic

matter concentration in the study was consistent with
the results above, which indicated that with the high
rates of phytoplankton reproduction and artificial feed
and fertilizer pur into the pond, the organic matter
concentration increased, and the high organie matter
conentration and temperature could make bacterio-
plankton grow faster. This increase of bacterioplank-
ton numbers was consistent with the results of sea
water shrimp ponds reported by Guo et al'®), Gao et
al'), Lu et al™ and Liu et al?), and of fresh water
shrimp ponds reported by MacLean et all'2!,

There was not a significant correlation between
bacterioplankton numbers and PCOD because the ra-
tio of bacterioplankton biomass to total particulate or-
ganic matter was low (bacterioplankton carbon was
11.94 percent of total POCY). The fluctuation had
no obvious effect on the variation of total suspending
particulate organic matter.

Bacterioplankton numbers were not correlated
significantly with phytoplankton and zooplankton
biomasses due to the complicated relationship of nutri-

tion among them, and the frequent changes of many

DLiu Guocsi. Memabolism and budget of organic carbon and nu-
merical dynamics and productivity of bacteria in shrimp polycultural pond
ecosystems. Deoctoral dissertation of Ocean University of Qingtlao,
1908 . 56—~ 66

factors affected these processes. The insignificant cor-
relation between bacterioplankton numbers and phy-

toplankton, zooplankton biomasses were also found in

fresh water fish ponds[]3].
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