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, , 100 uL
; MPN ,
, 1 mL 10 mL s
1.1 28°C ,2d
2014 7 , 74 :
(5GZ) (SL) 7d
, ; 14 d ,
1700 m?, 1.5 m, , ,  MPN
> , 30 cm;
2
20 cm 7~9.2 g/ ; 7 23 ,
7.7~9 g/ SGz-1" 7 28 ,
pH , 1 29 ,
, SGz-2" :
5 , SL- 2 7 29
, .5 , SL- 1
, , 8 11
4 ( 2.1
) 4 4
COD , 6 , 1
( . SGz-1* , SGz-2*
) ; : SL- 2 ,
, SL- 1
7 28 7 29 ,
1.2 7 28
1.2.1 2.1.1 1
pH YSI 550A(YSI , , SGZ-1*
) 1.31x10%~8.50x10° CFU/mL, 7 23
GB/T 12763.4-2007: (COD) .8 11 , 7 28
, - , 1.68x10* CFU/mL; SGZ-2*
, 6.65x10°~4.26x10* CFU/mL, 7 28
GB17378.5- ,8 11
2007: , , SL- 2
- 1.37x10*~1.43x10° CFU/mL; SL- 1

1.2.2 6.40x10°~4.60x10* CFU/mL 7
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29 ,8 11 , SGz-2" 6.85x10°~7.25x10* CFU/mL, 8
1 ,8 11
2.1.2 1 , , ,
, ,  SL- 2 1.06%10°~5.8x10* CFU/mL;
SGZ-1* SL- 1 3.85x10%~1.81x
1.54x10°~3.08x10° CFU/mL, SGz-2* 10* CFU/mL, 7 29 , 8 11
1.19x10°~2.40x10° CFU/mL; , ,
7 29 ,8 11 SL- 2 2.1.4 1
5.50x10%~4.98x10* CFU/mL, ,
SL- 1 2x10°~2.55x10* CFU/mL, sGz-1* ,
, 1.70x10*~2.57x10° CFU/mL; sGz-2"
, , 1.35%10°~4.80x10° CFU/mL
, , 7 29
2.1.3 1 , ,8 11 , SL- 2 30~
, 1.69x10* CFU/mL, SL- 1 45~5.20x
SGz-1" 1.28x10°~1.30x10* CFU/mL, 10’ CFU/mL, ,
8 11 ,8 1 ;

Fz1 KEDHAFHETL

Tab. 1

Bacterium population changes in water

heterotrophic bacteria vibrio

nitrifying bacteria sulphuring bacteria

date gGz-1* SGZ-2* SL- 2 SL-

1 SGZ-1* SGz-2¥ SL- 2SL-

1 SGz-1* SGZ-2* SL- 2SL- 1 SGZ-1* SGz-2*SL- 2SL- 1

7-23 850000 10500 11000 1200 1540 1380 700
7-28 16800 42600 143000 46000 1580
8-01 16200 18900 12200 1080 3080 2400 5650

8-11 13100 6650 1370 640 2685 1290 550

1190 49800 25500

1400 15000 1500 600 240 4800 891 333

1830 2480 58000 18100 2575 210 16900 5200
1280 72500 3500 830 170 185 1125 65

13000 685 1065 385 1180 135 30 45

: SGZ-1%, SGz-2*
(SL)

(SGZ)

;SL- 2,SL- 1

Note: SGZ-1* and SGZ-2* represent the diseased pond and the non-diseased pond in Shaogezhuang community in Hongdao, Qingdao,

Shandong Province; SL- 2 and SL-

Shandong Province.

2.2

2.2.1 2

, SGz-1*

7.40x10°~3.30x10° CFU/mL, 7 23 ,

8 1 : SGz-2* 7.20x10°~

6.80x10* CFU/mL, 7 28 , 8 1

, SL-

2 4.50%10%~2.13x10° CFU/mL,

, SL- 1

1 represent the diseased pond and the non-diseased pond in Suliu community in Hongdao, Qingdao,

7x10°~1.66x10* CFU/mL,

2.2.2 2 , 4

SGz-1*
0~10° CFU/mL; sGz-2"
1.60x10° CFU/mL,
; SL- 2

5.50x10°~1.85x10* CFU/mL,
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7 29 8 11 SL- 1 ,
SL- 1 1.0x10*~2.3x10° CFU/mL, 2.2.5
7 29 , 8 1 , 2 ,
2.2.3 2 , SGz-1"
SGz-1* SGz-2" 3.60~1.10x10* CFU/mL, SGz-2"
SGz-1* 2.90%10°~ 3~1.10x10* CFU/mL SL-
1.09x10” CFU/mL, 7 28 2 2~1.10x10* CFU/mL, 8 11
: SGz-2" 8 1 , SL- 1
2.50x10°~7.60x10° CFU/mL, 7 23 30~4.30x10*CFU/mL, 8 1
, , ,8 11 ,
SL- 2 1.16x10*~5x10* CFU/mL, 7 SL- 2
29 ,8 1 , SL- 1 226
6x10°~3.70x10° CFU/mL, 7 29 2 4
, 8 1 SGz-1 7.50%10°~1.10x10° CFU/mL,
2.2.4 2 , 7 28 7 23
SGZ-1 : SGz-2" 4.30%
2~1.88x10°CFU/mL, 7 28 10*~4.60x10° CFU/mL, 7 23 7 28
, 8 1 ; 8 11 , 7 28
SGz-2* 4~3x10° CFU /mL, SL- 2
7 23, 8 1 4.30x10*~1.10x10° CFU/mL;
, SL- SL- 1 3x10°~1.10x10° CFU/mL,
2 , , ,

F2 MRYPHEEHETL
Tab.2 Bacterium population changes in sediment

heterotrophic bacteria vibrio nitrifying bacteria
date  sGz-1* sGz-2* SL- 2 SL- 1 sSGz-1* sGz-2* SL- 2 SL- 1 SGZ-1* sGz-2* SL- 2 SL- 1
7-23 330000 11600 4870 10000 0 1400 750 500 15800 760000 20000 7000
7-28 44000 68000 45000 12700 900 1600 18500 2300 10900000 5700 46000 37000
8-01 7400 7200 213000 7000 1000 100 1900 100 2900 2500 11600 6000
8-11 13450 16200 143000 16650 50 650 550 350 11000 6600 50000 8250
sulphuring bacteria sulphurate-reducing bacteria nitrate-reducing bacteria

date SGz-1* SsGz-2* SL- 2 SL- 1 SGz-1* SGz-2* SL- 2 SL- 1 SGz-1* sGz-2* SL- 2 SL- 1

7-23 100 300000 400 500 43 15 10 28 7500 460000 55000 5700
7-28 18850 7200 40500 1900 3.6 7.4 92 36 1100000 460000 11000 31000
8-01 2 4 250 3000 15 3 2 430 64000 120000 93000 64000
8-11 3 150 300 100 11000 11000 11000 30 9200 43000 43000 3000
: SGZ-1%, SGz-2* (SGZ) ;SL- 2,SL- 1

(SL) .

Note: SGZ-1* and SGZ-2* represent the diseased pond and the non-diseased pond in Shaogezhuang community in Hongdao, Qingdao, Shan-
dong Province; SL- 2 and SL- 1 represent the diseased pond and the non-diseased pond in Suliu community in Hongdao, Qingdao,

Shandong Province.



686 23
2.3 24.47~31.00,
2.3.1 ,7 28 : SGz-1"  24.47,
3 , 26, ,
25.94~28.24°C 7 28 26,
; 26.06~28.90,
26.12~28.49°C,8 1 ,
3 ,
3 WHpMNEKRKEUERFEN
Tab. 3 Physical-chemical index changes in water during spot detection
temperature temperature
date SGZ-1* SGz-1* SGz-2* SGz-2* SI- 2 SL- 2 SL- 1 SL- 1
surface bottom surface bottom surface bottom surface bottom
7-23 28.23 28.24 28.18 28.21 27.33 27.41 27.39 27.5
7-28 26.21 26.34 26.32 26.50 26.30 26.19 26.56 26.53
8-1 27.51 27.45 27.91 27.67 28.24 27.88 28.49 26.50
8-11 25.97 25.94 26.15 25.97 26.70 26.20 27.09 26.09
salinity salinity
date SGz-1* SGz-1* SGz-2* SGz-2* SI- 2 SL- 2 SL- 1 SL- 1
surface bottom surface bottom surface bottom surface bottom
7-23 31 31 30.84 30.92 28.71 29 28.84 28.92
7-28 24.44 24.5 25.79 26.41 26.49 26.51 26.09 26.63
8-1 24.36 24.69 25.86 26.07 26.61 26.63 26.97 27.25
8-11 25.57 26.04 26.09 26.12 28.64 28.9 29.13 29.13
dissolved oxygen dissolved oxygen
date SGz-1* SGz-1* SGz-2* SGz-2* SI- 2 SL- 2 SL- 1 SL- 1
surface bottom surface bottom surface bottom surface bottom
7-23 3.45 3.34 4.58 4.32 8.52 8.92 8.54 8.71
7-28 5.53 4.61 9.06 7.41 9.22 8.84 10.11 10.86
8-1 6.52 5.93 6.54 6.77 4.95 5 7.54 2.67
8-11 4.50 3.37 5.67 5.56 6.03 4.87 10.9 8.14
pH pH
date SGZ-1" SGZ-1* SGZ-2" SGZ-2" SI- 2 SL- 2 SL- 1 SL- 1
surface bottom surface bottom surface bottom surface bottom
7-23 8.44 8.44 8.34 8.34 8.54 8.46 8.44 8.39
7-28 8.27 8.19 8.53 8.38 8.77 8.73 8.93 8.78
8-1 8.57 8.65 8.57 8.62 8.58 8.62 8.86 8.52
8-11 8.21 8.10 8.33 8.30 8.09 7.99 8.45 8.30
: SGZ-1%, sGz-2* (SGZ) ;SL- 2,SL- 1

(SL)

Note: SGZ-1% and SGZ-2" rep
Shandong Province; SL-

Shandong Province.

2 and SL-

resent the diseased pond and the non-diseased pond in Shaogezhuang community in Hongdao, Qingdao,
1 represent the diseased pond and the non-diseased pond in Suliu community in Hongdao, Qingdao,
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3 , 14.65~51.97 ng/L;
3.37~9.06, , SL- 2
7 28 4.61, 0.98~30.92 pg/L, SL 1 5.33~7.25 ug/L
: NO;-N 4
2.67~10.90 , 8 1 1 , , SGz-1*
7 29 188.70~550.20 pg/L, 8 1
pH 3 , , 8 11 ; sGz-2"
pH 8.04~8.75, 105.60~386.90 pg/L, 8 1
SGZ-1* SGZ-2%, 7 , 7 23
28 pH ,8 1, , ,
pH , 8.6 , 8 7 29 ,8 1 , SL-
11 pH , pH 2
> ) pH NH4-N 4
: pH SGz-1* 13.63~48.97 pg/L, 8
7.99~8.93, pH , 1 , 8 11
SL- 1 SL- 2,7 29 pH SGz-2" 5.79~66.84 ng/L,
7 28 7 23
2.3.2 NO,-N SL- 2 3.59~42.03 ng/L,
4 NO,-N 7 29 8 11
SGz-1* SL- 1 8.40~45.71 pg/L,
SGZ-2%, SGZ-1" 15.23~109.16 pg/L, 8 1 7 29
7 28 79.56 pg/L, SGz-2"
Fd4 TWEMNEKFEELRFETN
Tab. 4 Physical-chemical index changes in water during laboratory detection
NO,-N NO;-N
date SGz-1* SGz-2* SL- 2 SL- SGz-1* SGz-2* SL- 2 SL- 1
7.23 15.23 17.23 6.22 8.05 262.51 386.94 70.05 18.16
7.28 79.56 14.65 7.22 10.85 281.14 195.92 220.34 27.07
8.1 62.46 31.9 0.98 5.33 188.76 105.62 13.19 0.55
8.11 109.16 51.97 30.92 7.25 550.23 191.16 142.55 10.05
NH,-N COoD
date SGZ-1* SGZz-2* SL- 2 SL- SGz-1* SGz-2* SL- 2 SL- 1
7.23 25.03 66.84 20.11 31.13 2.62 2.87 2.50 4.01
7.28 16.10 5.79 3.59 45.71 2.54 1.73 3.80 3.15
8.1 13.63 12.32 6.14 8.40 4.69 2.74 4.20 5.49
8.11 48.97 49.32 42.03 34.19 2.62 3.19 1.98 3.03
: SGZ-1%, SGz-2* (SGZ) ;SL-  2,SL- 1

(SL) .

Note: SGZ-1* and SGZ-2" represent the diseased pond and the non-diseased pond in Shaogezhuang community in Hongdao, Qingdao, Shan-

dong Province; SL- 2 and SL-

Shandong Province.

1 represent the diseased pond and the non-diseased pond in Suliu community in Hongdao, Qingdao,
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COD 4 SL- 2
COD , 7 28 8 41~119 mg/g, 8 1 ,
1 ,sGz-1" SGz-2* SGZ-2%, 729 SI- 1
7 28 8 11 44~176 mg/g, 8 11
, , 7 29
, 8 11 SL- 2
8 1 , 75~150 mg/g
2.4 5
5 : SGz-1* 0.81%~1.36%;
, sGz-2" 0.65%~1.20%
, , , SL-
7 28 7 23 2 SL- 1,SL- 2
, , 1.29%~1.4%, SL- 1
8 1 8 11 1.06%~1.26%
, , pH 5 ,
7 29 8 11 SGz-1"  sGz-2" pH 7 28
5 , 3
SGz-1" 172.5~221.10 mg/g, pH ,
; SGz-2" 22~90.3 mg/g, , pH

x5 MEARYPELSHEL

Tab. 5 Physical-chemical index changes in sediment

redox potential sulfide organic carbon pH
date §Gz-1* SGz-2* SL- 2 SL- 1 SGZ-1" SGz-2" SL- 2 SL- 1 SGZ-1" SGz-2* SL- 2SL- 1 SGZ-1SGZ-2"SL- 2SL- 1
723 -29.28 -20 -46 -40 221.1 64.46 52.68 5555 136 0.65 1.3 1.16 746 735 8 8.3

7-28 -160.20-161.60 -56.10 —132.90 220.20 90.35 41.35 4444 1.04 0.78 1.40 1.14 973 9.78 796 898
8-01 -55.20 -42.80 -84.20 -53.50 211.37 64.74 119.77 151.75 0.81 0.68 1.33 126 796 7.74 844 792
8-11 -29.62 -38.1 -36.17 -29.6 172.51 2190 87.79 176.12 0.95 1.20 1.29 1.06 749 7.65 7.61 750

: 8GZ-1%, 8Gz-2* (SGZ) ;SL- 2,SL- 1
(SL) .
Note: SGZ-1* and SGZ-2* represent the diseased pond and the non-diseased pond in Shaogezhuang community in Hongdao, Qingdao, Shan-
dong Province; SL- 2 and SL- 1 represent the diseased pond and the non-diseased pond in Suliu community in Hongdao, Qingdao,
Shandong Province.

, SGZ-1* SGZ-2*

b

3.1 SGZ-1"

[13]

, SGz-1*
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7. 131, SGZ-1"
, SGz-2", 7 28
[22]
, 18C (23],
[14] [15]
31.5, 27 36
(16-17] 30~33, , SGz-1*
22 , , ,
(LSZ) (SOD) , : NO,-N
25.94~28.24°C, sGz-1" 7 28 ,
24.4 24
(1] , SGZ-1"
1 pH ,
[18-19) 0.1 mg/L, , ,
[16]
SGZ-1*  CcoD 3.2
SGz-2*, coD , SL- 2
[20] [21] 4 SL- 1
SGz-1* 7 , 7 29 ,
28 ,
B ’ 1 COD s ’
, COD 4.98x10* CFU/mL
[19] [25-26]
, SGZ-1* ( ),
7 23 8 11 .29 Deng [
, 7 29 = & 9
, 3
, SGz-2" , 107 cells/L, 2

SGZ-1*
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2]
SL- 2 7 29 8
1
SL- 2
7 29 3.6x10° CFU/mL,
SL- 1 SL- 2 3]
[3,6,25-26]
pH ,
SL- 2COD NO,-N
, SL-  [4]
2 SL- 1
, SL- 2
[5]
4
[6]
, SGZ-1*
, , [7]
SL- 2
8]
e
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Environmental factors causing skin ulcer symdrome occurrence in
pond-cultured Apostichopus japonicus

FEI Yutao"?, LI Qiufen’, ZHANG Yan®, CHENG Yu'?, LI Li’, WANG Xiaohong’

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture; Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

3. Marine Biology Institute of Shandong Province, Qingdao 266001, China

Abstract: The relationships between skin ulcer symdrome occurrence in the sea cucumber, Apostichopus japonicus,
and environmental factors were analyzed by comparing the environmental indices in ponds containing diseased
and non-diseased sea cucumber in two communities of Shaogezhuang (SGZ) and Suliu (SL) in Hongdao, Qingdao,
Shandong Province. Between July 23, before any disease occurred, and August 11, we detected 4 cultivable bacte-
rial groups (heterotrophic bacteria, vibrios, nitrifying bacteria, and sulfurring bacteria) and measured 7 physi-
cal-chemical indices (temperature, pH, salinity, dissolved oxygen, inorganic nitrogen, and chemical oxygen de-
mand) in the pond water and detected 6 bacterial groups (heterotrophic bacteria, vibrios, nitrifying bacteria, sul-
phuring bacteria, sulphurate-reducing bacteria, nitrate-reducing bacteria) and measured four physical-chemical
indices (pH, redox potential, content of sulfide, and organic carbon) in the pond sediments. The number of bacte-
rial groups in the diseased pond SGZ-1" did not differ significantly from those in the non-diseased pond SGZ-2" on
the day that disease occurred, whereas the temperature was higher (25.94°C) and the salinity was lower (24.47).
Furthermore, concentration of the nitrite (79.56 ng/L) in pond water and the sulfide (221.1 mg/g) in the sediment
were higher in the diseased pond SGZ-17, exceeding the tolerance thresholds of the sea cucumber. The number of
vibrio species in the diseased pond SL-S2" of the Suliu community was significantly higher (1.85x10* CFU/mL)
than that in the non-diseased pond SL-N2" on the day that disease occurred, and was also higher than the number
in the diseased pond SGZ-1” in the Shaogezhuang community. The physical-chemical indices in pond SL-S2" was
much better than those in pond SL-N2”. Therefore, we infer that the disease that occurred in the sea cucumbers in
Shaogezhuang was closely related to the large sudden changes in the physical-chemical indices of the water and
poor sediment conditions, whereas the disease in the sea cucumbers in Suliu was closely related to the prolifera-
tion of pathogenic bacteria in the environment. Therefore, the factors associated with disease must be analyzed in
individual outbreaks, be they pathogenic organisms or physical-chemical factors, and the appropriate strategies
used for disease control.

Key words: Apostichopus japonicus; disease; pond-culture environment; physical-chemical indices; cultivable
bacterial group
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