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2019 4F 3 H 55, BERErPIRgi B SR E Y,
EHEMNT SR, WRR—FFHMES . F—3X
B EARAT . PR AR AH R B SR, O 3
5 2 RBEIERM T LRSS, Hi's 1~54, H
A ORI GRS -1, 2-1, 3-1, 4-1, 5-
1, XFR AT L2 R SE IR S5 o 1-2, 2-2, 3-2,
4-2, 5-2, XFRAIKIEARIK i R 1-3, 2-3, 3-3,
4-3, 5-3, EEAFHCRELIA 2R EEE | ORI
AR ARIR . RIS FRER KT 2R B B Ak
B A = AT
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1.3 HSEMES 2

KR ] 7 pH #iZE , ¥ K%K
IR WS 543K 77 ) A 4 B, 2R 1Ay KRR P e
BRI R, R AN BRI B (TN),
K B R &R 43 6 6 B I /2 A (TP). 5 IR (UK
JE SR ER o IE L) (HI 897-2017) il
FEM 2% a (Chla) &, KL 0.45 pum JE I
g, JEMEZ 10 mL 90% PN ER 4°C REYGAEHL 12 h
J& (B4 h 5 1IR), HORMIE 750, 664, 647,
630 nm¥ K T IMSEREE, SRIFTTA Chla 5 &

JRIEE T AR RZAEN E RIET
P EE R 77 ML 76 2 N R SR BT, 78 20 T IS g
WARJG, BAREFREL 20.0 g i T @ BH4Eh, 2pa%
S| 7500 A R A ) s 2R A R R EA T AR T R
FH A S o AR B ml R PRl & B D o IR
AT R E R B E i BUAT £ 2.0 g T8
B, SR P B T BOK i 39, BRSO A NH,
MRS, FERRERRTE R, SRIE T
TR . YR AR T R M I
e FRER0.05 g BB A 0 0 - AE 55 e 42 B
R TR R RS, IS FHARBAT L .

22 4R 3 AR A A VR AR S B2
10 g, FHE LB, HAF-30 C, B 250 mL 7K
e, 045 pm JE RIS, KEUEE T30 °C ¥
17, HS5RE—EMT K HIXE FlEEHE
Y 2R A BN A IEF T DNA $REEU 5 2 2 1k
K (B B8R, BIE [ 5] %) . A23SrVF1:
GGACARAAAGACCCTATG,A23SrVF2:CARAAA
GACCCTATGMAGCT 1 X3 [1] 5] 4 A23SrVR1:
AGATCAGCCTGTTATCC, A23SrVR2: TCAGCC
TGTTATCCCTAG). i i & 22 MR 1) 24,
i, BIJK4E (Spirogyra) MINIE#E (Cladophora).

14 BRI

K 1 Excel 2010 BF 2547 5088 (9 41 20 kb B
F SPSS 22.0 8k {4 47 PR K 5 2 0. P<0.05
INHA BFEER,

2 4R

X EE 5 A1 22 AR EEE R JC IR B L B, 4
1 TCL RIS R 24 1500 kg/hm?® 1924 43 K 4T T
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B, HRFERIEAREIAK, A 2R
MIARTFIRCR 1) A2, BT BRI
2y 150 kg/hm’ (9 i%E (B 64T T 3%, HARRED
FEARAATR], AN IR A0 2 22 R 35 0 A 2 5 ) 391 Db
VRS IEO IR e, 2R 22RO S SRS T A TR
(3.75 kg/hm®), (HZZREEIFEA G20 B E=H,
To22 R s YER MNAMES I AP R B, 43,

IR 38 R 2 225 kg/hm? AT (8 HEAT T3 0,
AT 2R BESE ARG IS, HAR S R A . 41
4, LARBEIEIAT T A A s Of HoAE
EIK BRI T & SR K , 1A 22K 3 5 95 5 pof
(6] Fb o 22 R T 20d, ELBCA IR KSS i, H
RERAEAHF . 415 v, A IO RBEIE A BARAE Y
AT

®1 FEHENERERRFCR

Tab.1 Records of important management operations in the ponds investigated

EF  management

415 el SRR

dinat occurence of T YRV KR HoAth 22 TR AE
groups coordinate filamentous algae .. Sg rce pond cleaning  use of drug against environment other differential
w U and drying filamentous algae  regulating operations
1 31°36'49"N119°37'11"E H AH I ¥ ¥ ¥ ¥
¥ AN ERIIESE, VI ¥ ¥ ¥
BEAKAERIEK
2 31°44'16"N119°31'40"E f ME EEREE 7 7 AT AP AR, 2
JE B R AAREE,
3.75 kg/hm’ % BR 4R
F 2N
¥ HHTF R x x x
3 31°39'52"N119°27'49"E A HHTE 7 I x x
¥ HHTF 7 x x x
4 31°48'38"N119°31'5"E =1 HME R 7 7 7
¥ HHTF bR Gl x HAKNE T
B ALK
5 31°42'42"N119°30'48"E f LG T 7 7 7
¥ AR - x ¥ ¥

A5 b K AR B IR vk BT LU AR 2 IR
411, 43 R4l 5 I AT R E pH H B =
T IC 22 4R 3 FK IR (P<0.05), 24H 2 45 220K i
IR Z B T B 2 25 % (P>0.05), 447
2R B R TR R EEE (P<0.05), X TN
i, 42 ML 4 f R W = T IO R
FEFKIR(P<0.05), #H 1 FIZH 5 K2R B R E S
TH 2R (P<0.05), 21 3 W =4 8%
ZF (P>0.05), XMF TP, 411, 43, 44
HZH 5 UL A 22K BT . o2z R SEFKIR 2
6] 157 TG i 35 25 5 (P<0.05), 1V 4H 2 Y JC 220K 3 o
3 T 2R EESE RN KR (P<0.05), X T Chla
i, A1, 2. 43R4 45X DU o 2R
WY 3 = T 2R (P<0.05),

SHH 2R BN Y ] R RS &R
9.58~23.57 mg/kg, “V-#4K (15.7243.60) mg/kg; 5
2 TG 22 MR IE B A= Wy T A R PR R O 9.63~
15.40 mg/kg, “F¥IH (13.22+1.97) mg/kg; 5 4HK
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PRI A v] R A & i 3.85~20.13 mg/kg,
¥R (9.47£2.97) mg/kg (K1 1), 5 41H 220k 3 3%
BIn] R A S s I 22 R B E = 2.50 mg/kg. 4l
1 Hof 2R s T 22 R IR SOoK IR Z 18] A ]
FHAMR S EICEEZES (P>0.05), 412, 43+,
A LR YRS T R Z WA Y] MR R S
B LR FEER (P>0.05), H-HEHYREHTK
WA o] R FHPER & = (P<0.05), 414, H#
ARSI A W mT R PR RS 0 T e 22 R
(P<0.05), T JG 22K 8 3 & 3 5 F /KR (P<0.05),
W5, A 2REEYE S T2 RS Z R A Rl R
R & =GR E 257 (P>0.05), 1MJCLREEE
3= KR (P<0.05)

52 A 22K I 0 A W e) R P e
36.32~103.65 mg/kg, V3K (72.26+10.57) mg/kg.
5 2H TG 22 IR BEYE 9 A= W mT R FE PR /2O 29.55~
70.32 mg/kg, F¥IH (50.33£12.62) mg/kg. 541K
U504 A= 1y ] M) P W % N 4.55~122.20 mg/kg,
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*2 AREIMIERKIRKLFIER
Tab.2 Water chemical indexes of different ponds and

water sources

HLRHEYE oL

£zt 417  filamentous no filamentous KR
indicators groups algae occurred algae occurred water source
pond pond
pH 1 9.87+0.19° 7.73£0.01°  7.10£0.06°
2 7.60+0.03"  7.65+0.11°  7.96+0.07*
3 9.69+0.61° 8.61+0.47° 7.76+0.05°
4 7.77+0.06° 8.04+0.05° 7.64+0.02¢
5 9.06+0.51° 7.91+0.01° 8.10+0.13°
TN/(mg/L) 1 0.163+0.060"  0.325£0.016" 0.204+0.039"
2 0.693+0.045"  0.392+0.026" 0.371+0.022°
3 0.149+0.034  0.205+0.036  0.140+0.025
4 0.630+£0.032"  0.486+0.031° 0.367+0.044°
5 0.144£0.014°  0.321+0.012° 0.364+0.008"
TP/(mg/L) 1 0.008+0.000  0.016+0.010  0.004+0.003

2 0.010+0.002°  0.025+0.008"  0.006+0.000°
3 0.008+0.000  0.039+0.030  0.047+0.045
4 0.026£0.015  0.029+0.005  0.016+0.007
5 0.007+0.005  0.016+0.012  0.021+0.017
Chla/(mg/m’) 1 2.693+0.959" 15.825+1.132°* 11.615+2.639"
2 11.851£0.676" 24.666£1.600° 12.293+4.341°
3 3.149+1.100° 10.85120.178" 15.43142.570°
4 4.945+0.867° 17.835+4.339" 25.227+9.214°

5 1.405+£1.008"  1.883+0.223" 10.596+6.143"

R FEATAR 7 RACR 25 .35 (P<0.05).
Notes: different letters in the same row in the table represent significant
differences (P<0.05).

41k (51.13+31.89) mg/kg (K1 2). 5 2H A 22435
T 725 A m R Pl B i B e 22 IR = 21.93
mg/kgo 1, AALREEYE . TR EEYE BOK IR
Z [ A=Yy nl A R 200 W E 22 % (P>0.05),
2 3, HLARBEYES T RETE Z M A
Vel R MR & 2 B E 22 5 (P>0.05), H#
15 2 T KR (P<0.05), #H 4 Fi4H 5 Hha 2200k
PEYE A W] PR R 2 B TR R e
(P<0.05), T Jo 22 IR 5 % 5 K I8 Z (8] G i 2% 2 =
(P>0.05).

KT — S HER A S L RER LN KR,
Xof 45 th 3 2 K R 1) D e A 40 el R P R B A T
0T ( 3). HEIATAL, A 228 e A P nT )
FHPEE B LAE M 0.170~0.301, 34 0.230+0.058.
TG 22 AR w8 5 Ve 2R W v] A v A EL (R
0.217~0.410, V-5 0.290+0.059, 7K J5 i e 4 Wy
AR LU R 0.139~0.916, ZR{RlEEEA,
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Fig. 1 Bioavailable nitrogen content of
sediment samples from 5 groups of ponds

In the figure, different letters in the same group represent significant dif-

ferences (P<0.05); the same below.
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Fig. 2 Bioavailable phosphorus content of

sediment samples from S groups of ponds

SFH550.369+0.08 ., TG 22 R i 3 I 8 1 AE 4 n] R
FHPE R HAH AR 22 R B 0.060, 734h, A4
R IE 0 JC 22 IR B 1 A 1 n] R R L it 46
JEFAARLL, TG 22 R 0 e A mI R RO
FLAEAE 5 A rh ¥ TA 2oR B, A 1~5 5000
0.071. 0.047. 0.025. 0.116. 0.039, XN A%
ARSI 1Y 2B W ] A1) R LU AR 23 301 2 34.98%
27.65%. 8.31%. 39.46%. 21.20%, V34 26.32%.

AP, A AR R 1) 2B
Pyl anlsl 4 GKAK) FiE 5 (O98) . Hrh e KA
FHJREYR H RGN 3] 5 ASKEGR &, 4351k Spirogyra
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I% ;5 Lo L™ K water sources irogyra_sp. M1843, 11Kl & % J& , A Clado-
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= Wk 4R A E 800 OTUs IR REBE (.

Ez 05 (KA 4 SPGB, SEE T K R

#Ha J& OTUs 7 25 41K A b 23 A5 19 1§ 5L (] 6)0 1 5

0 . . . . . 20 1SS KRR, ARG I B 9 A FEAS A K 4R s

1 2 3 4 5 OTUs, 4 MHEAANIERE OTUs, HAH7Ed 1.

;ﬂ%g 43 FILL S A 2oRBESE PRI R T HE 3R

R _— HUK4EJE OTUs, FE4l 1. 412 F4l 4 (o 224k 3
& 7 7 p I FHTE 7 N =) N
| SORARERFREDVAREREL  shwmsr s vaokas otus. w41 koki
ig. ioavailable ratios of sediment samples from 45 I - 2
5 aroups of ponds A KB T 0BG HUR AR OTUs, 1
2 2 M 5 KBRS 1A B4R JE OTUSs.
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E4 5HEBIESKE OTUs AL E
LARERE: 2MNERERE: 3RNATHE: 4RER: SERILERE (FEE): 6/ EE: 7TERER: SREE: 9MTEE: 10548
R VKGE: 128088 BAVNERER; 4808E: 1SARRERE; 16.UGHE; 17808 18.A8EE; 19EEE;
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JBs 28IRIUAT B 29. R BEEE; 30.NIEEE.

Fig. 4 Heatmap of OTUs in water samples from 5 groups of ponds

1. unclassified; 2. Nannochloropsis; 3. Prosthecobacter; 4. Cryptomonas; 5. Candidatus Xiphinematobacter; 6. Plagioselmis; 7. Pavlova; 8. Chlamydo-
monas; 9. Flavobacterium; 10. Colacium; 11. Spirogyra; 12. Chlorogonium; 13. Parachlorella; 14. Chrysochromulina; 15. Koliella; 16. Tetrabaena; 17.
Falcomonas; 18. Mallomonas; 19. Trachydiscus; 20. Thalassiosira; 21. Durinskia; 22. Synechococcus; 23. Limnohabitans; 24. Scenedesmus; 25. Teleau-

lax; 26. Candidatus Hodgkinia; 27. Mychonastes; 28. Mariprofundus; 29. Choricystis; 30. Cladophora.
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H¥r)s): 198RE)E: 2044)8;: 21857088, 22 K88 238508, 24 )8 25 REREE: 268458 27 MR 28R

PRI 29.MIBHER: 30 K4)E .

Fig. 5 Heatmap of OTUs in sediment samples from 5 groups of ponds

1. unclassified; 2. Pedosphaera; 3. Nannochloropsis; 4. Prosthecobacter; 5. Cyanobium; 6. Scenedesmus; 1. Cyclotella; 8. Synechococcus; 9. Micro-

cystis; 10. Parachlorella; 11. Vaucheria; 12. Monodopsis; 13. Opitutus; 14. Trachydiscus; 15. Candidatus_Xiphinematobacter; 16. Sphaerospermopsis;

17. Chlorobaculum; 18. Durinskia; 19. Discoplastis; 20. Broussonetia; 21. Lepocinclis; 22. Chlamydomonas; 23. Thalassiosira; 24. Euglena; 25. Chtho-

niobacter; 26. Calothrix; 27. Phacus; 28. Euglenaria; 29. Cladophora; 30. Spirogyra.

PGS B, SEit T KSR E RN E
J& OTUs 7E 4% 41 Jig ¥ Hh 43 A WA &L (8 7). 7E 5
15 AYe s, JERI R T 12 45 K4 R B
NIE#E OTUs, 9 MRINE] 77K 48 )% OTUS,
9 MHREINE] T I HEJE OTUs, 5 414 22K %
e rh A ) TN R e JE 5K 48 OTUs, 40 2.
20 4 FIZH 5 TC 22 R B PR I 3] M 6 88 e sl ok 4
J& OTUs, 54/KIIRTEH, BReL S A, Hapad
R ) T NI E R oK 4R & OTUS.

3 iR

AN A B, PR 22 AR T B A R K
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Fig. 6 Number of Cladophora and Spirogyra OTUs in

sediment samples from 5 groups of ponds
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Fig.7 Number of Cladophora and spirogyra OUTs in

sediment samples from 5 groups of ponds
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FHEY, P, BORR b 8 EE LT oA T e
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P et 5t R o S A FEEE A, i H AR
1 TR AR = B A, Rl L AT U R i A
FREERMAL, R, EARREAE TR, 1ERFE
FAAI I RS 3R U BRI, H A el R R R
BRI EAR, R R s, SE A Y]
FIHPEE U LUARE 0.23, 3 TC22 R EK 26.32%.
X4 G AP WFAE R, P TR X W gt 3 A T 1
AR, 57.53~85.31 mg/kg, AU A,
A 2R 0 A T R R A A RO 15.72
mg/kg, I, JRETe A AR P ml A 1 20w LS
CFEbR T R R S &, ST 7EFRAM
EE KA A PR e 2 A K B e A2 B, AR,
DU R 8 . K4 A 32 B Rl 1) 220k g D) ELA AR
SR BEAF IR R E M BE Ty, AR T AT 1HE TT & AR
FHBEAS B R0 5 1 A AR 38 A9 35 4 0, I A
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Investigation on the key factors of filamentous algae occurrence in
aquaculture ponds

TANG Yongtao >,  WANG Chen "*’, CHENG Yongxu ", SUN Yunfei ',
ZHAO Liangjie’, QIAN Chen', YANG Yingfei’
(1. Key Laboratory of Rice and Fishery Ecology, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China,
2. College of Fisheries, Xinyang Agriculture and Forestry University, Xinyang 464000, China;
3. Shandong Jingming Ocean Science and Technology Co., Ltd., Dongying 257000, China)

Abstract: Filamentous algae, represented by Spirogyra and Cladophora, exist widely in various natural and
aquatic waters, and their overgrowth poses a threat to aquatic environment and cultured animals. In order to
explore the key factors for filamentous algae occurrence, five pairs of ponds with and without filamentous algae in
the same environment and belonging to the same farmers were selected for this study. Their water quality,
bioavailable nitrogen and phosphorus in sediment, as well as filamentous algae propagules were detected and ana-
lyzed. The results showed that there were no significant differences in total nitrogen and phosphorus levels
between ponds with and without filamentous algae (P>0.05), whereas the content of Chlorophyll a in four ponds in
with filamentous algae was significantly higher than that in corresponding ponds without filamentous (P<0.05).
The average bioavailable nitrogen content in the sediment of ponds with filamentous algae was (15.72+3.60)
mg/kg, whereas the average bioavailable nitrogen content in those without filamentous algae was (13.22+1.97)
mg/kg, 2.50 mg/kg lower than that of the former. The average available phosphorus content in the sediment of
ponds with filamentous algae was (72.26£10.57) mg/kg, and that of ponds without filamentous algaec was
(50.33+£12.62) mg/kg, 21.93 mg/kg lower than that of the former. The ratio of available N/P in sediment was below
0.5 in the five pairs, and the ratio of available N/P in ponds without filamentous algae was 26.32% higher than that
in ponds with filamentous algae. Phytoplankton growth could be inhibited in low N/P ratio condition, whereas fila-
mentous algae has strong adaptability to low nitrogen content and N/P ratio environment. Therefore, at the begin-
ning of culturing, the conditions of low nitrogen content and low N/P ratio in the sediment put the phytoplankton at
a disadvantage in the initial niche competition with filamentous algae, and even if the OTUs number of phyto-
plankton detected was larger than that of filamentous algae propagules, it did not make it the dominant species
under the above conditions. In addition, the detection of filamentous algae propagules showed that they were
widely present in water bodies and sediment of ponds with and without filamentous algae , as well as in water
sources, and filamentous algae propagules were detected even in sterilized and sun-exposed ponds. However, the
number of filamentous algae propagants could be reduced by sterilizing and sun-exposing ponds. Therefore, quick-
lime or bleaching powder alone cannot completely eliminate the occurrence of filamentous algae, but can be used
as an auxiliary control measure, whereas controling the interspecific niche competition with the regulation of
bioavailable nitrogen content and the ratio of nitrogen and phosphorus is a promising direction of controlling fila-
mentous algae worth further study. The results of this experimental study have important reference value for the
research and production practice of filamentous algae prevention and control in aquaculture ponds.

Key words: filamentous algae; habitat survey; water quality; available nitrogen and phosphorus; propagules
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