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Ecological observations on Sargassum thunbergii
cultivated in ponds during autumn and winter
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ABSTRACT High-density pond culture leads to water quality deterioration and wastewater
discharge, which may result in pollution of pond and even coastal waters, and affect the sustain-
able development of pond culture. Domestic and foreign scholars generally believe that large-
scale seaweeds cultivation is one of the effective ways to absorb and utilize nutrients and relieve
the eutrophication. Sargassum thunbergii can rapidly absorb harmful substances in seawater,
such as arsenic,zinc and cadmium, as well as NH, -N,NO;-N, P, etc. Therefore, it is suitable
to cultivate this algae in cofferdam or artificial reef pond in co-culture with sea cucumber or aba-
lone. S. thunbergi cultivation during spring and summer have been widely reported, however,

culture during autumn and winter is still very limited. To investigate the growth characteristics
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of S. thunbergi in different stages and the impact of environmental factors, such as tempera-
ture, light intensity, salinity or pH, on both one year old (1-y algae) and two years old (2-y al-
gae) seedlings, S. thunbergi were cultivated at different depths in pond from October 2010 to
March 2011. Morphological observation was done and growth rate was determined on the sea-
weed. It was found that: 1)best growth was achieved at water-depths of 40~60cm, followed by
that of 80~100cm, and the slowest growth was found at 0~20 cm;2) no receptacle was seen
during the experiment, and 2-y algae set forth some 1~2 cm secondary branches, while 1-y al-
gae did not; 1-y algae produced air sac in mid-November, while 2-y algae did the same at the be-
ginning of the experiment; from mid-December, air sac began to decay and rot off, when water
temperature was below 0°C and pond was frozen in mid-January of the next year, most air sac
fell off and the thalli began to rot with shortened length, thin frond, decreased fresh weight and
black brown body;as water temperature gradually rose in late February, S. thunbergii began to
grow, with increasing length and weight; some thalli produced air sac gradually in early March;
3) during this experiment, 2-y algae grew better than 1-y algae, showing greater length and
weight, It was found that factor S, which is the ratio of fresh weight to length of a single algae,
was also greater in 2-y algae than 1-y algae.

KEY WORDS Sargassum thunbergii Environment factors Air sac Receptacle

Secondary branch

BB ¥ Sargassum thunbergii (Mert.) O. Kuntze SEJEWHEIT. A FH . EMEH SREMN . SREER,
S AU IRV T A A A I U Aty P T i, 7R TR R I AR B R N R B R O A R U R DL A i
(Phillips 19953 J5k 38 4% 2006), R HEMAEFMAE. R T AT RGP b A E 2 A7 (4% 5%
2009) , 12— F o A1 B B2 e AR B A R . LR AR A (B VT AR IR O 2 AR o B IR AR K BT W . T T
AR T 0 A S AR MRS BRI TR Z 07 OB 1R 19945 KRBT A 1995 il 4K B 55
1997 ) F4E 2000 BLE PG4 2002; 82045 200548 % 8% 2005),

VT AR | BB A TR [ 7K 5 Bl 1) TG e 0 3R B R IEE B AR YT R R 18 S 00 = % B M B 5 .
BOKBUT R I 8 SRl 00 5 53 80 il TR A M % O U 2 A R K 7 R A R ] AT i
F4) T R B o ol 5 Y Vi PG 0 e A B L T M Y ER ) . R T R AT YE IR K B AR BEAN O R R B T ) SR
ALK BT R SRR R RARGRRE (. AN 20083 Ahn eral.  1998). T REMAEYR S
AR WO A T B R RS AR R BRI AR A TR IR — D 22 0 R B A R R O A M S
2006 ; S iF—4  2010),

AXMEBHEA AMENERKEHOAITFZIE(FELESE 2009 /MBS 2007 F4M5% 2006) .10
XFHFK AR AR CERE AR . it B U B A TR AR ORI B T R T RS S R L il
AT HMIE TR 08 250 T ARG VBRI O, Sy Bl BBk A 271 Tt I DR A 5% B %

1 #H5RFE

1.1 356 B i) % 3 a0

2010 4F 10 H ~2011 4F 3 A AR T 5 B w Je 1 A2 W) B 8047 PR m1 L 2547 1 BUR o b I Bk & Z k1 ik
56 AR A SRR 8 (1 AR B AR D I AR R PR B B T A [ 8 AR A i O I 7 I i RO B0 A G BB Y
S [R] I S BL 2 B 1A R AR I B0 2R R BE AT T X A



513 W1 LGS - BUR 3 b Bk & B I A 25 s 153

1.2 {5 s sl

TR Y0 Tt VERE RS P — A 3.3 hm® B 2 3% b AR N 50 s . W R O R VPR L e Yk
(10%~20 %) = (80% ~90 %) b YEWFAKEREE 29. 1~31.pH 7. 7~8. 2 W IEAKE 1. 5~2.5 m,

TG B O N TS AR B BUR SR T8 (1 AR D AN TR B B R0 1 AR BRUR 3 P (AR D .

RIS PVC B K 6m. 98 2m (9 H FIEHELL 6 A, Ui A 77 5 H R 20 £F 4 2 25 7 4231 4 it
Wi 45 B — H A2 2 em /N LPVC BN HEKAD «

1.3 K®WHE

1.3.1 @HHam

TG P B B v P O D K b e e [ I R T A Y 2 e ORI O 26 S K SRR 2 R
H G S FAT 403 B T ok L B AR I 2 R B IR A 1 S Rk
1.3.2 K&t
1.3.2.1 FE® 1AW AN ARKZ R T

PRI % B W T 20 e B ] R RS T i 4 A1) [ B PVC MO H FIBHESE | 1 AR HE i HEE 3
A PIAE B HESL 3 4>, Wit 5w b U7 1) U P AR TR 4 B A PR 43 00 FH 2R 0 A Y 4R e TR IR DU AR
BN HE K AR R I TR T VR 18 BT 48 b SR S 38 o R Y R T A A L A I 1 AR AR
B3NP NP E TR ML K IR 0~20 em JKJE . 40~60 cm K JEH 80~100 em KJZE .
1.3.2.2 RURBEE LAFEW AR AKX ik ge

T A WS RO 1A B L PRAR B AR A ) 9 AR R 1L SR A - S = BRLBR B RO 0 R (o) /BEAR
SR Cem) I HE T 2 A 1 AT FIPAE B AR A AR KRB S 2 57 ik ] 40~60 em K2 4K
(1) B AR R ST 42

e HH BT I R H S8 D7 WK 2% ol B B OR 1 IR
1.3.3 MEZEMNF

T 30 0 [ 3 240 UL 8 1 57 B o o AR A R i IR A R B L S O s R R AR AR A R L

HRHE R AR Sl 56 15 7 B 10 d it 1 o B2 3 e AR PR K R e AR a0, I o 07 sk - A K B2 AR K i
A5 25 BEAILR T 30 B 5RURE B AR , 4o ) 0 et TG g 1A 1R K T 9 AR i OBk o Ao 8 08 9 1 AR B A T R D A i
TR BOF- A AE Ty bk A W B, B R I 2t % 3 )2 /TR ARt I RS )2 /KT B 10 d g 30 000 < b % 5 32
pH R IEECHE M4 H 08 2 00,12 2 00 F1 15 & 00 B, 3 A~ [R) B 18] 25 0 42 %4 48 114 7 4 1

L4 it

F A I 28 25 SRR R B BRUE 2 (n=3) s 7 22 08 CANOV A) Fil -4 56 38 17 48 11 18 35 P 0 7 » LU
P<0. 054F 22 7 14 . 5 P K.

2 HRESH

2.1 REZEISEHARFEKENERKBELR

R 1IN T SRR A TR SRR 1 AR R IR R AR R e B . 3R 1 i Bs 2 B . 40~60 em
K2 B A KR JEBE R R e K IR A L OO 80~100 em JKJZAE KA U B . 0~20 em /K JZ B2
WA KR SR B R i B G K 18 (P<T0. 05) . WS & I, 8 A 3o 0 400 T el e s AR AR Kt AR B 4T
R A 73K 340~60 em H1 80~100 em K ZAE R RESRT 11 H A rin A K 4. 12 A a) B IT IR 13
A AR 1 LA KRR R 0°C LUTT I % K AR 2= B kB4 L it SR o U3 B R A i
7 o [ I LR o o A T 4 i BB R B P B R AR 4 R A R R R A G RRm A, 2 AT



154

wwool #

2

il

J

5 34 4

W A 14 32 8 11 7 o PR R AT R B B G L B IR K R A K. &= 3 A B A R B 4y
WA R 50~20 em K JZ AR R B BUR B BE D BRA TR AR I AU RS IR AE 0 A

=)

R

(LSS

%1 REH | FERSFHRARARAABTRALRIR
Table 1  Growth of one year old S. thunbergii at different depths in autumn and winter
K2 TR O BB i BEARP K BBk AT iR
Water depth HEICA-F) Water Illumination :rt"';[g pH Algae average Single algae average wet

(cm) Date(m-d) temperature(°C) intensity(1x) Salinity length (cm) weight (g)
10-10 21.6 21 000 29.5 8.1 3.294+1.05 0.3040.12
10-20 16. 6 20 000 30.1 8 5.08+£1.78 0.4740.17
10-30 20 19 500 30.2 7.9 6.5+2.53 0.6340. 28
11-10 13. 19 000 30.5 7.8 7.25+1.96 0.7140.31
11-20 6 18 000 30. 8 7.7 8.642.43 0.88+0. 33
12-03 5.5 18 500 31 7.7 8.4742.24 0.8640.23
12-14 3.6 17 000 30.3 7.9 7.4%+2.05 0.7540. 29
0~20 12-25 1.2 17 500 29.1 8 6.56+1.59 0.6540. 25
01-07 —0.8 5 000 29.4 8.2 6.42+2. 04 0.63+0. 25
01-19 —0.5 4 000 29.5 8 6.28+1.99 0.6040. 26
01-30 0.5 4 000 29.8 7.8 6.32+1.66 0.6340. 20
02-12 1.5 5 000 29.3 7.9 6.4+1.83 0.6240.18
02-24 2.5 19 000 28.5 8 6.5+1.73 0.6440. 20
03-04 5 20 000 29.5 8 6.68+2.12 0.6940. 28
03-16 6.8 22 000 30.1 8.2 7.53+2.62 0.77+0. 30
10-10 21.4 7 000 29.5 8.1 3.3%1.05 0.3040.12
10-20 16.6 6 000 30.1 8 8.2+2.41 0.8040. 29
10-30 19.8 5 500 30. 2 7.9 12+2.76 1.274+0.41
11-10 13.6 6 000 30.5 7.8 14.9+3.17 1.734+0.51
11-20 6.2 5000 30.8 7.7 18.5+4.01 2.0740.59
12-03 5.9 5 500 31 7.7 19.244.04 2.3040.65
12-14 3.9 4 500 30. 3 7.9 1644, 22 1.7240.53
40~60 12-25 1.5 5 000 29.1 8 13.5+3.78 1.4140.52
01-07 —0.5 1 500 29.4 8.2 13.8+4.17 1.37+£0.56
01-19 —0.3 1200 29.5 8 12.9+3.31 1.26+0. 36
01-30 0.7 1 000 29.8 7.8 12.543.48 1.2340.42
02-12 1.7 1500 29.3 7.9 12.8+3.74 1.3240.53
02-24 2.8 4500 28.5 8 13.31£4.06 1.40£0.59
03-04 5.2 5 500 29.5 8 14.14+3.25 1.51+£0.45
03-16 6.9 6 000 30.1 8.2 15.343.54 1.6540.58
10-10 21 3 500 29.5 8.1 3.3+1.05 0.3040.12
10-20 16.8 3 000 30.1 8 7.1£2.21 0.7040. 19
10-30 19.5 3 000 30.2 7.9 10.442.65 1.11£0.41
11-10 13.9 2 600 30.5 7.8 13.14£3.07 1.46+0.45
11-20 6.8 2 400 30. 8 7.7 16.443.72 1.8240.70
12-03 6.2 2 500 31 7.7 16.3+3.98 1.7340. 64
12-14 4.1 2 300 30.3 7.9 13.9+3.78 1.4440.43
80~100 12-25 1.8 2 000 29.1 8 11.8+4.13 1.2140.50
01-07 0 800 29.4 8.2 11.743.95 1.1640.52
01-19 0.2 700 29.5 8 10.94+2.94 1.0740. 32
01-30 1 650 29.8 7.8 10.8+2.87 1.09+0. 30
02-12 1.9 750 29.3 7.9 11.2+3.25 1.16+0.45
02-24 3.5 2 500 28.5 8 1142. 44 1.1840. 42
03-04 5.5 2 800 29.5 8 11.8+3.07 1.2440.45
03-16 7.1 3 000 30.1 8.2 12.9+3.53 1.39+0.53
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Table 2 Growth of two years old S. thunbergii at different depths in autumn and winter

K2 K Ot B ik B2 BACEI K BBk BRI
Water depth HACA-H) Water Illumination ‘,%’;E'f pH Algae average Single algae average
(cm) Date(m-d) temperature(°C) intensity(1x) Salinity length (cm) wet weight (g)
10-10 21.6 21 000 29.5 8.1 12.2+3.12 1.3340.49
10-20 16.6 20 000 30.1 8 13.0+3.32 1.4540.69
10-30 20 19 500 30.2 7.9 14.044.59 1.6040. 49
11-10 13.5 19 000 30.5 7.8 14.6+6.01 1.704+0. 84
11-20 6 18 000 30.8 7.7 16.5+5.12 1.9040. 84
12-03 5.5 18 500 31 7.7 14.9+4.03 1.8140. 65
12-14 3.6 17 000 30. 3 7.9 12.14+2.71 1.5040. 47
0~20 12-25 1.2 17500 29.1 8 10.1+2.98 1.214+0. 44
01-07 —0.8 5 000 29.4 8.2 8.97+2.28 1.0940. 38
01-19 —0.5 4 000 29.5 8 8.07+2.03 1.0040. 32
01-30 0.5 4 000 29.8 7.8 8.02+2.53 0.9540. 45
02-12 1.5 5 000 29.3 7.9 8.52+2.47 1.0240. 35
02-24 2.5 19 000 28.5 8 9.0x£2.44 1.10%0.55
03-04 5 20 000 29.5 8 10. 042,57 1.2140.45
03-16 6.8 22 000 30.1 8.2 11.4+3.41 1.354+0.62
10-10 21.4 7 000 29.5 8.1 12.24+3.12 1.3340.49
10-20 16. 6 6 000 30.1 8 15.1+4. 11 1.79+0. 60
10-30 19.8 5500 30. 2 7.9 19.1+4.50 2.30+£0.65
11-10 13.6 6 000 30.5 7.8 22.47+5.61 2.88+0.82
11-20 6.2 5 000 30.8 7.7 25.847.53 3.50E1. 44
12-03 5.9 5 500 31 7.7 23.4+6.87 3.20£1.15
12-14 3.9 4 500 30. 3 7.9 19.9+5.78 2.6040.98
40~60 12-25 1.5 5000 29.1 8 18.3%+4.99 2.154+0. 81
01-07 —0.5 1500 29.4 8.2 17.544.70 1.914+0.67
01-19 —0.3 1200 29.5 8 17.1+4. 46 1.804+0.73
01-30 0.7 1 000 29.8 7.8 16.9+3. 80 1.90+0. 60
02-12 1.7 1500 29.3 7.9 17.045.05 2.03£0.78
02-24 2.8 4 500 28.5 8 18.1+4.74 2.2140.90
03-04 5.2 5 500 29.5 8 20.5+5.29 2.51+£0.81
03-16 6.9 6 000 30.1 8.2 21.5+4.71 2.80=+0.89
10-10 21 3500 29.5 8.1 12.243.12 1.3340.49
10-20 16. 8 3000 30. 1 8 14.043.37 1.6040. 45
10-30 19.5 3 000 30. 2 7.9 15.9+4. 21 1.7940.53
11-10 13.9 2 600 30.5 7.8 18.144.53 2.09+0.67
11-20 6.8 2 400 30.8 7.7 20.5+5.28 2.60£0.92
12-03 6.2 2 500 31 7.7 20.14£5.92 2.50+0.91
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K2 KR B i i BEAROF B IR K PR RO B
HIA-H)D T o .
Water depth Water Tllumination . pH Algae average Single algae average
Date(m-d) o . . Salinity .
(cm) temperature(°C) intensity(1x) length (cm) wet weight (g)
12-14 4.1 2 300 30.3 7.9 18.144.72 2.10+0. 62
80~100 12-25 1.8 2 000 29.1 8 17.045.57 2.01+0.92
01-07 0 800 29.4 8.2 16.145.48 1.8540.72
01-19 0.2 700 29.5 8 14.94+4.61 1.754+0.79
01-30 1 650 29.8 7.8 15.044. 29 1.714+0.72
02-12 1.9 750 29.3 7.9 15.844.71 1.7540.71
02-24 3.5 2 500 28.5 8 16.444. 80 1.8440.68
03-04 5.5 2 800 29.5 8 16.9+5.37 1.9940.72
03-16 7.1 3 000 30.1 8.2 18.045. 27 2.20+0.72

23 REEZEISH. MEENEFTREERIIE

3O EE 1 AR AR B 40~60 em K JRBK A R A2 KX IR B . b 3R 3 BudlE 0 b s IR
BEPIAE B AR RS DU EE 1 AF v I 4 JFG [R] — R SO0 00 5 ) 98 AP 29 A A B RR B R IR T B 1 AR R (P
0.05) 5 U #EMIAE 1T S (B[ S= Hbk B MCF B8 8 (o) /B A R Cem) TR T 1 AR L 280 1 56 WL 58 K 3 4L
B 73 A e B i ARG Ao B G A D DR U2 DR Ayl OB TR A L T AR R A 38 O R TIOR3 AR EE
AR R B AT AR W) A o BB 2 I IR A AR L 1 AR R .

*3 RERZEIEH.AEEMNEFTHRIE 40~60 cm KEEKIER

Table 3 Growth of one year old and two years old S. thunbergii at 40~60cm depths in autumn and winter

KZE H#CA-H) AR R K BRI T BRI (2) /
Water depth(cm) Date(m-d) Algae average length (cm) Single algae average wet weight (g) HARSE BA K (em)

10-10 3.3+1.05 0.30+0.12 0.091

10-20 8.242.41 0.80+0. 29 0.098

10-30 12+2.76 1.2740.41 0.106

11-10 14.943.17 1.734+0.51 0.116

11-20 18.54+4.01 2.07+0.59 0.112

12-03 19.244.04 2.30%0. 65 0.120

40 ~ 60 12-14 16+4. 22 1.7240.53 0.108
QD) 12-25 13.54+3.78 1.4140.52 0. 104
(One year 01-07 13.8+4.17 1.37+0.56 0.099
old seeding) 01-19 12.943.31 1.2640. 36 0.098
01-30 12.54+3.48 1.2340.42 0.098

02-12 12.843.74 1.3240.53 0.103

02-24 13.3+4.06 1.4040.59 0.105

03-04 14.1£3.25 1.5140.45 0. 107

03-16 15.343.54 1.654+0.58 0.108

10-10 12.243.12 1.3340.49 0.109

10-20 15.14+4.11 1.7940. 60 0.119

10-30 19.1+4.50 2.3040.65 0.120

11-10 22.4+5,61 2.88+0.82 0.129

40 ~ 60 11-20 25.8+7.53 3.50+1.44 0.136
(PIAEHD 12-03 23.446.87 3.20£1.15 0.137
(Two years 12-14 19.9+5.78 2.6040.98 0.131
old seeding) 12-25 18.344.99 2.15+0. 81 0.117
01-07 17.54+4.70 1.9140.67 0.109

01-19 17.1+4. 46 1.8040.73 0.105

01-30 16.943. 80 1.9040. 60 0.112

02-12 17.045. 05 2.03+0.78 0.119

02-24 18.144.74 2.214£0.90 0.122

03-04 20.545.29 2.51%0.81 0.122

03-16 21.5+4.71 2.80+0. 89 0.130
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1 14EHCH I 2012-11-20) 2 PIAEHCH . 2010-11-20)
Fig.1 One-year old algae (Date: 2010-11-20) Fig. 2 Tworyear old algae (Date: 2010-11-20)

K3 B3 H I 2010-11-20) B4 @ (H#:2011-01-1D)
Fig.3 Air sac (Date: 2010-11-20) Fig.4 Overwintering (Date: 2011-01-11)
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