95384 4510 ¥
2016 4F 10 H

Haiyang Xuebao

S ¢

Vol. 38. No. 10
October 2016

i SRR A A R B A L T 4 D K v
issn. 0253-4193. 2016. 10. 011

AR S PERIT ST ). ¥ 24 4R . 2016, 38(10) : 105

112, doi: 10. 3969/j.

Shi Chao, Liang Zhenlin, Mei Junxue, et al. Effects on algal density of substrate roughness and sediment[ J]. Haiyang Xuebao,2016,38

(10):105—112, doi:10. 3969/j. issn. 0253-4193. 2016. 10. 011

W SRR 2 o S R R RO K R 5

WAL AR A AR

Lo AR 2 OEUEE) EFE22BE - IR L 264209)

BE: BEAMEFEXAHREE SR THASTEAE TN MRE.CETWF SN E. E2ERY
WEEZEEMAZEMEEMEZN W, RRZARME LR, KAXURAMIE A 7 A R1E A
BEMEE. EETEREXPEERRTHAF AR LK, AU R & 2L @R AT 4 F i %
FEWRE. FRET.ZEE RARE AT R FERAXAMNER. AT ANEN LR E.EHLEF
T EMAAEN AT EAEE RN EEZMLR. AEEFENYHATEE. AT
WEHE.ER A LM TR EMER K EMX. ERRET RN EELEFTE. ARG MERAMX
MM S EBRREFZETEENATAL. AXERE T ER . KEERMCHEE L 3 M TR
SWERHRENEETENY W EREXA. AR FEEEE. URENHREIERXEE
B R v . T A A S MR A ol R R KR 22 A

KPR AR ER TR R
P E &S :9917.3 MERARERRD A

1 515

BT W A SR TR AR L Bl JLAR N ek
FORFINL AR T R R . AR [ M= AR
P35t 2 A1 B R 8iE  2007—2015 AR A L O 284 i it
40 Pl AR A L A AL, HE . 2 BT 5 4 7R
AR 19 S A 5 R FRER AR 8 D T » 5 T B A 382 1 45 4 19
BEREARA . BB T A T I E S
B TR AR 9 A SR 5+ 32 207 A2 W7 75 43t (bio-
fouling) 75 11 . AFFTUE W - 410" 19 3% 17 5 A T 76 35 £
TR o EUR AT R R AR A Al e 3R
THT 14 L RS R R 5 SR HA M SR R IR A TR
o BEREBLAE K 5 45 FBUR P 22 A2 R 1

1019
%L ]

Y 5m HE:2016-03-07; 81T HH#A:2016-07-29,

XEHE:0253-4193(2016)10-0105-08

BEE TCAR B 1T 7 13 S5 e 4 T ML B2 1) [ B, X T
B RO S L B Z PR RE . it — 2P
PR PR THT 5 9 % S A AF DA L AR SR e e
5 Sy PR L6 b LS L3 R T AR . B ik
BN I T8 7E 1 2R R T I S 4 b R
BRI 8, X 4 Fh s & 245 3 (Polysi phonia ur-
ceolata) | & il J¢ (Urospora penicilli formis) | 35 M 3
(Punctaria lati folia) 4§ % (Chaetomor pha antenni-
na) s PHCA T 2H & 25 A0 0] i i 4 B i 2 i . 55
b RAREE T 1T (Laminaria japonica ) {E = N Fl 1
AR Iy B R A DA B B SRR 7 OG
Fo IR SRR Oy N I R ) 2 T RS A BT R I
(SIS

EE T EZK A RP 2R G 00 H O\ AR wORURE JE 15 1 3 B 5 ORI 56 2R LB 7S L 31272703)
VEF B v HE A (1989—) - 20 WAL SC T A BTS2 07 il AR AR €l it v B 7% . E-mail: starble@126. com
* BIRVERE MR R BT 5007 W 1 B AL W2 M SR A2 2524 . E-mail: mefjunxue@sdu. edu. en



106

Bk 38 %

2 MRS INE

2.1 w8

Ry YT TR S RS A0 M2 D A5 R 20 BE L LU R AN
[] AR B2 A 5 100 1 45 Aok k), G s A TR BE -
S5, A R JO bt KRS R A R R T 5 R W, B i RUTE
. 5 o R0 30 38 3 T e —  TR) Bl » 220 9 R TR — 3K
TR, 5 ok R B 3 AR B i 2 W R . TR Y
RIS IEALT o A [ B RILAK 191 % 8 e A — B, [T A
(i) B A ) o AT AR Ay v 35 B o 5 o DA A () #EL A 2
R BEREE .

RiF G SR 1.l B JE e LA S 1 JEURE 2R Mt
P4k AR FRJE Jp (NYLON 66), FLHF2r R 5 FfRLAS .
TERE4 A 2 mm, 3 mm.4 mm.5 mm.8 mm,{ 54
K 10 em.15 em 20 em. 25 em. 35 cm, HLES F2 B L
g AL i AR L % T (M1 RE B PR AL partition (] FR
par. )N . HOHLBE BE 43 B BR R R 75 par. /em’ | 43
par. /cm® .28 par. /em® ., 18 par. /em® .11 par. /em® , L
TG TG AR RRLRS 2 € 0 par. /em?® V1A
SEFIPRBE (0. 420, 03) mm (& 1), Kl K, 40k #l
BB o B [FREURE B 1 LA Bl AL [ o AR s 9
EHAE 1 0 ) B o A A B v i AR (L B T
A5 I B 2 (&L 2)

R E SRR 23 B v g v, o6, T 2R TP Ak
P R F G (PMMA) L $8 25. 4 mm, £ 76. 2 mm, J& 1
~1.2 mm, Wyg sy ERIZ#H K 0.5 mm, 1.0
mm, 1.5 mm, 2.0 mm @ IE J5 JB& /N4, 2 1 R
(0. 11840 012)mm,, HKLRE BE LA B J7 JHDOK Hh (19 4%
ORI 3 I 6 I R HLRS 2 D 400 4% /em® (100 4%/
em’ (44 4% /em® (25 4% /em’® [0 K&/ em® BT R OR LR
FHRE B2 B R (& 3) . 5w I3 R P i 4T L 4 A [ A R
JE B0 52 ) R BEATL K P [86] 5 7 85 25 S8} 0 ) AT
BRCHS AR B v B A A B 55 (& 4, 181 5.6
G S B AP RCR .

TURRA) < T Y8 PG ik B ) Lk JRR 1 1L 3 ) 7
(37°32'18. 27"N,122°3'17. 34"E) ,

2.2 7k
2.2.1 WIX AR T A 0 A0 B A AR B
LA 56 2

WO JE BT AR o 4 1AL 3

CL) T T8« DB T JRR 5 L 8 i) 17 42 B 2 31 0 Y
gD AEF /N A IZ [T S 2Ll 10 C L H 1 ke TR
TRAZEAT 10 L g oK iy BB b iR 15°C 588 3

B1 e i B S0

Fig. 1 Side view of one nylon substrate

Bl 2 T E JE i B ik 1 S e B o A Tt T L

Fig. 2 Top view of nylon substrate fixed on a basket

IR AR (-
Fig. 3 PMMA substrate

TR TR S S Ji 45 B 2 A 450 A R AR IR 0 8 90 U AR 3
BEHHE B3 dJRHU .

(DFEPe Keig P22 121 C R KA 2 he PR K
FR i A= SR T AN U8 20 1) A L 8 38 T OB 2 BT
HH L

()L - Fe 8 SRR 1 BT IR L 0 1) 7 il
TEZENEFR 6 DA . AT IG IR A TR IR 1 ik
BEMFE TR S CE TR 10 Lo uk v K i 28
T SRS R e R A E Y E b R e L 2 BT
TR R KR 15°C



10 39 it 45 - B S RURE B2 26 IR 3R 5 1 0 2 9 M S AR F 5

107

s
i
LU

i
HHH

it
FHETT
AT

liifiinti

3 He
et
-5y
v
aeihmas ]
‘
!
)
]
-
FiE ;
e

’

PEl 4 TR MV 5 g B A 1 TR T % B A R T
[RUN

Fig. 4 Top view of PMMA substrate fixed on a
basket

K5 5 ) MEE B E i B 4 2R
Fig.5 Laminaria Japonica sporelings on PMMA

substrate

6 JE e i b Al A AR

Fig. 6 Laminaria Japonica sporelings on nylon

substrate

(D73 [ K B LA L i K BR.3 d e
W

2013 4F 12 F 1 H¥ b FRATi 4 I ESE 1 h )y
15 3 g s M X (37°33'21. 46"N ,122°7'6. 13"E) ,
MEEF IR b (0 K b i 3 BA IR AR B
B % FEBE B 1 /K R 1H 50 em, RJZKIR 5C, i L

HBE 3T 2014 4E 4 J1 15 H 45 I, ik %2 K iR
1C,

R AL IR 3 A/ IE L BEAS /MHE & T LA & 24 AR
W IR 12 Fs
2.2.2 FEWNANLEFEWY S MG SRR E

2014 4F 8 H 10 H T 1L AR g it L 42 1A 7
WE N BRI R AL B RE S 160 £ W Gl
PR rf 15~20 A7 3l 46 I o F R A e g
B 55 L B GE A Je e AL B 5 7 7 (9 /NE 36 A L5
KRS . B S B EEFOEIREREE 30~80 pmol -
photons/( m* « ) Z [A] , i /KR EIE 7~9C, HZ 10
A 12 HEGe ik 4h i .
2.2.3 FWNANLEF WA 4N TE B IR X% R 5 B

MR T 1 6 &R

2014 4F 10 7 12 H 45 bR g 15 i o W) B 58
T U T X1 2 55 B SR U IX R (37°29715. 19N, 122°8
54.56"E) . /KI5 40~50 em, 2 J2KIE 18 C,
2.2.4 SERGT

H4 B B IR K B L B R 45 Rl oRLAR (9 FL A T
NBEA R IR K AR KR 13~15°C . &FLAF T
HEIMBERE K E /38 2 mmX5.0 cm,3 mm X 3. 3
cm,4 mmX2.5 ecm,5 mmX2.0 cm,8 mmX1.25 cm,
BPIBCHA TR AR 1 em?® o 4530 32 g BB IO 48 /N Ry
1T emX1 em, BRTAGAR 1 em? . 4R MAS I 9 A% R =
BN WSSOI E A R 2R SR T 0.5 mm 4
Bk, AR WS G 2040571, F1 S TXL—400,
PR I8 T 15 B0 B A Excel 2007 /£ &, % ] SPSS
20. 0 #47 ANOVA 4347,

3 mEiR
3.1 FAREHESBRE 4 FiEHYEHEY

E RN

EHHRCE 105 d )5, 20025 n), it & 5%
[RSEEANER IR R VRSN A= R Pl L b R4 NI C NS
0.1~3.0 mm, JjoME DA IR %, L BCE R
A AGHTEFN .

iR 7, HHF ANOVA ZEitg5i R iR, &
T e 0 DG T T b 1) B 8 3 28/ T 5 MR T, L 25
PR . p<<0. 05, AMUEEEEZ W) UL, 248 e 22 e 1k
B . p=0. 000, HALKE JEBOR A i B . A2
JFE f0 35 T 5 AR I B AN [RDREL RS J32 1 B i -
EZRATE . p=0.379>>0.05,



108 B 38 %
60 fé 60
v u RA% z A
S 40 o WER Z 40 .
g » BB AN
£ 30 = 30
Z = S % s Rkl
% 20 - T
fT 10 % 10
g sl geifl | JIHAL & 0 N
-0t » -10+ ?

HEUKE B / par. - cm™

B 7 4 Fhife SR B R S AN R HLRE T 6 &R
Fig. 7 Density of five species of seaweeds on

substrates with different roughness

3.2 BRRMEELENRRYIARAEREEX 4 #igE

HEBE N

A P AR 3 B[R IO A B 5 1 400 L 1 8~
11, WHEZE ANOVA 3t 45 28 s 0 248 3 fL R
J3E ) A S 2 ORS00 280 AN A8 B AN
N A LR B AN AN B TR O B 3
P 38 BLAE FHAS S 355 0P B 5 g, LR 3 5 TR K
VAN 5825, T 3 5 E A P S 5 o s LR S8
AN UUR 50 RN 5 58 AR 3

=L
o SEVR4L
m fifdadl

LM E S /ind- cm™

Sro 11 18 28 43 75
HELRE B / par. - cm™

B8 IR[RIHLRE B LA B B % 5 R R U AR
LIPS
Fig. 8 Chaetomorpha antennina density on NYLON

substrates of with different roughness and sediment

A
astied
B fil:

R ASEFRE S / ind - cm™

HEUAE B / par. - cm™

B9 AR HLRE BE L2 £ 3 40 % B2 5 A Rl AR
L/PSEN
Fig. 9 Urospora penicilli formis density on NYLON

substrates with different roughness and sediment

HELAE B / par. - cm™

10 AR RS b 224 30 4y v 5 5 AN R DL AR W Y
KER
Fig. 10 Polysiphonia urceolata density on NYLON

substrates with different roughness and sediment

=
aSLiEd
B ik

FUMBER S / ind - em?

LS B / par. - cm™

BT R EPHLRS B b i v gl i
LIPS
Fig. 11 Punctaria lati folia density on NYLON

JE 5 ARRPIR

substrates with different roughness and sediment

3.3 TELRAMEEHEE

HENF

Giitah R AnE 12 Fr R .4 P e 0 2 R 25
SRR S BEAEOGUT I b A N T AR R
i, H2E S B, p=0.000, X RBAEMEZEE,
25 MRS BE 19 52 ) 22 S PR W] R, p = 0. 000 {H & 1 B
PN, SRR S R B, p=0. 107>
0. 05,

EXt 4 iR EME

E u R
b [T ESHA
P & Atk
ﬁ 2R
= €
® 5L 0 25 444 100 400

MRS RS/ par. - cm?

P12 4 i S 40052 B2 55 M BERDRE AR BE I OC R
Fig. 12 Density of five species of seaweeds on PMMA

substrates with different roughness



10 81 e 845 . B 3 RS B 45 PR 2K 5 00 o 28 YRR DG P 5T 109
3.4 WML LMY bR AR AT 4 TG s
p kA E=Tog ToEA 5 ¢l o % 4L
RIS 3 R0 OR SR T I A B 13 g, " A
~16, WHZE ANOVA 4745 5 57 % 20 3 L 2, iR
W T % L B % L 7 48 T AR R % 0
s PR B R A KR 5 LR : ol
L

VNS R E RN R (S RTE

o1 6_
£ st
2 oal =L
2 3l o ks
Z 0
®o

3L

HLUKE R / par. - cm?

& 13 R FPHLRS B b e B4l i % 5 R IR AR
K A
Fig. 13 Urospora penicilli formis density on PMMA

substrates with different roughness and sediment

o H4
LY A
SHLYELH

WGBS /ind- cm

HEURE E / par. - cm?

Bl 14 AS[AHLRE B 100 B A
PSS
Fig. 14  Chaetomor pha antennina density on PMMA

HARRTRY

substrates with different roughness and sediment

&
et o 2[4l
E B e
= | A
£ anlim
= 144{ JlO 400
S
H
bty :
0.8 BLRE R / par. - cm?
& 15 AN [APHDRS BE B 245 B4 i % B 5 AR DU Y

PSS
Fig. 15 Polysi phonia urceolata density on PMMA

substrates with different roughness and sediment

HLKE R/ par. - cm?

16 AS[RDFRE BE b 340 i 2 B 5 AN R0
WX R
Fig. 16  Punctaria lati folia density on PMMA

substrates with different roughness and sediment

3.5 ERAIRESHOESMERMLENXER

WA 17,18 Jros . Je e B 2 5 - i 1 v i 2 %
JIE 15 B RS S22 TE AH DG RS B K B 2 % 2
K p=0. 000 V. 57 7 B 25 - 110 45 1 BT 5 2 5 L 4%
HLKEE Z 18] 22 5 AN B3, p=>0. 05,

E o WIGRHTE % &
S 3000 I

2 2500 TSR G
& 2000 s TRI6R G
5 }%8 o FHRARSG
% 500 8 R332 KRG
£ 500 0 11 18 28 43 75

2

B JE / par. - cm™?
U AR ik iy A P

Fig. 17 Sporeling density of Laminaria Japonica on

LT

NYLON substrates with different roughness

E = WA 2
g 700 5 TSR A
m 500 I T s FilI6R)E
N N N N N W »
oo L] e
= VNN N Y [eTERRE
2 O0 &L L L LN
E -100 =0 11 16 25 44 100 400

HLUKE R/ par. - cm?

[ 18 Mgy v 2 B 5 W s g R MRS R B 1 G R
Fig. 18 Sporeling density of Laminaria Japonica on
PMMA substrates with different roughness

3.6 ENANIEEBFHHEBRERMERES
MiEEAEERNXR
WE W NFE R B b i IR Je e I 2 ik T
BRI B 5 8 RIS A 95 i i k. Bl



110

Bk 38 %

F I FRIA) f0 2 K, 4 Ak e s b, H A TP AE LA Y
Toti . T 8 d Jo (%) TR B % B A MUK B2 22 [A] 22 57
B3, p<<0.05; T Tl 24 RZJG&HZIA RN
WF . p>0.05, T8 d.16 d.24 d F1 32 d 4 4B a]
Z 8] T 1 22 1) 28 S 8 W 3 . p=>0. 05,

TR Z G WS ) b R SR IR
8 d ZJa DA A D i B S T 16
d H U5 B A B G B b AR T v 1
3.7 WHMEMEARERENEER

F T PR R T 174 TR R B A AR AN ] o PR ik R
RE RO TG B 0L . R385 4 BT il B . = DI B
AR T TR P (B] Y 25 5 2 L p<<0. 01, F-3{H
4350k 855 A/ e’ Bl 247 Bk / e LR TF W58 7

4 i

4.1 BFHMEZESHMEEHAKEE

TR A LA MR L RE S B gy, angR e
W s AT SO HLHEE L an2r e, 20 B AL
FhbE Y, 2% 3 ) WF B J8 (Enteromorpha) Fl £ 26 &
(Ulva) 72 i W01 T 408 TR 5 » X3 28 8 2 1 1 1Y) B 110
MR Z . WA BN, & 5L B Ay M &
HE R M T 255 W0 36 i sl AL 1 RO RS . 9
H 10 TR LT R AEAR, 67 A 1/ e
SRR AR R AR AR — R M B
F o LA B O L B SR e B
T B A B A SRR B2 1 OC &R, Granhag 50 L 1R
T ) IS TR AT B 2 B A6 B L S T MR S T A
T YRGB 3, O B AL 4R BE T SRR KR w193
JIF o DT 3 2 16— 56 9 B 5 kT e M xR
W B Y 21 0 1 i A A B YA R S L i
B2 T (VLR A ) 50 s e R T I A, T L R R 3
JIE AR
4.2 BEZTESWMEEMERE

UL F AR B B B o AN ) 95 2 DL ] — T ot 35
TEA R IE T BT 8 A 22 . B E S
B AL 2 1 56 RAR S 2%  (H R T3 AR BB A8 L 25 1 —
BERL A
4.2.1 OG5 RS

JCVE VIRl A 3 5 0 1 2R T AH LE A A R ) BT
HERERMT LA T LA, — 2 N R
TR A S8 22 0 L B 2 DR DA T R Sy vt 1Y [
A SR T O B TR 3 I [ . DRt REDRE T
FoR G T A S 2 R R s AR K

4.2.2  [RAE SRS B2 L5 10 8 R A I A G

TELA B A RS b B TS R R AT i TE
JeJE R oA RS B 5 8 R AR A OGO &R L HAB Y
PIR BRI CME:. JERATREA LUR LA, B,
TR N Y A B R Cself-thinning) , A8 42 252
b TR B GA B — E FRBE I AARTR] Y TE A 3 3L
T ANARSET . 55 KON . B SR AERERE T
B ) T A B A T AR H 2K ety
IR B AR R BV R T AREOR Y B AR 2 Y it
M . 50 = S pms B A0, AR AR WL s 2 3l
Y FF v R e AR R EE Corophium Sinensis , AR
KILBOK 2 1 em, 582 REBICE A A 134 . DA T
3 Tl A0 T U1 A SR8 0T e Az L DT S W] T KL R B8 A
B ] 1 B A AL
4.3 RRYBIRE

TEM & F R A TR 5 AR AR e 28
FIRM A BRI AT 2250 . )8 Je b BEdexs B4
BT BE E A R ZE W 5 ) b BE TR R A R A
Ao HA 5% B 5 TURRY) Z 8] JoAH e
4.4 MHEESTRYHNZEER

X P DR 2 0] s 9 5 ) 58 LA T 5 B Ak S
MR BEE DG . e e b WA 6 R0 i 8 0 4 T
Fe e ) B R R 2 E B
B,

LA _E Y I Afr R T o B A 2 T 0] 967 5 % J3E ) A
M ZVFZ R, B T ORDEE B Sb TR W) F T
GRMEAG W —EEMH. mHX 3 FERES
Tt BRSO 2 ARl Y . 35 AR B i A2 )
FRPEA G, N, 228 e 0 | R 6 i | Aol =5 35 A0 e - 35
AR Xk R85 TR 1 ) R ERAT X1 . 4% Tl i 9 1Y
[ 45 F A A [m) L anial e b i 22 48 B R JR B A
R 35 ] 5 i 22 MR 00 S, £ 20 5 Tty [ A s IBORRDIR L 8
T TR JUAOREL 2 5 T v 3 T 8 B R . 9 o T
rh A R R 1 Sl R v Y I B A SRR

FARIEE K P AR b — AR A e v UKL | B0 40
BB O SE R R DU . DO A AETE— B R
TR A S AR R 0 T BRI A A
PRI A0 A P 523X S5 ) A] B 7E £ Bt
AW WA RER A T T R A R R AR . X
BeR T T — 2 AT ST

AW FELE R IE B . S Wy i £ A R ik 6 T
PEAEBERE AR R AR O R X AT RR R A e A
R K Jr i) E S ST PR



10 39 it 45 - B S RURE B2 26 IR 3R 5 1 0 2 9 M S AR F 5 111

S E WK

(1]

2]

(3]

(4]

(5]

(6]

7]

(8]

(9]

[10]
[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

ZRSeE . N A X U M 9 3 R R 2 S BRI I 5 0 MR SC e AR BT . MRS, 2007, 25(3): 93—102.
Li Guancheng. Influence of artificial fish reef on fishery resources and oceanic ecological environment and research on correlation technique[ J]. Jour-
nal of Marine Sciences, 2007, 25(3): 93—102.
TLHOME, PRAS S, ARIEIE, 28, AR LA A YE R RCR I AL ], DT A2 4R, 2013, 32(3): 418—424.
Jiang Yan’e, Chen Pimao, Lin Zhaojin, et al. Comparison of effectiveness of various artificial reef materials for fish attraction[ J]. Journal of Ap-
plied Oceanography, 2013, 32(3). 418—424.
BRI AE. SR R P R N A X AR S RO A AT LD T g R, 2009,
Chen Yinghua. Analysis of ecological effects of southern Dalajia Island artificial reef area in Daya Bay, Guangdong, China[ D]. Guangzhou: Jinan
University, 2009.
Wilkinson C R. Coral reefs of the world are facing widespread devastation: can we prevent this through sustainable management practices? [C]//
Proceedings of the 7th International Coral Reef Symposium. Guam: University of Guam, 1992, 1. 11—21.
Richmond R H. Coral reefs: present problems and future concerns resulting from anthropogenic disturbance[ J]. American Zoologist, 1993, 33
(6): 524—536.
Perkol-Finkel S, Benayahu Y. The role of differential survival patterns in shaping coral communities on neighboring artificial and natural reefs[ J].
Journal of Experimental Marine Biology and Ecology, 2009, 369(1); 1—7.
K, KM, KRR, L RV AL A ORISR SR TV M S S R TRy R RLT] P EK ™R, 2012, 19(1): 116—125,
Zhang Lei, Zhang Xiumei, Wu Zhongxin, et al. Effect of environment on benthic macro-algal communities of artificial reefs in Lidao, Rongcheng
[J]. Journal of Fishery Sciences of China, 2012, 19(1): 116—125.
VBN, 478, SRR, S RO RS N A i XOR T i B R Y 45 B[], R EDK ™R, 2014, 21(5): 1010—1019.
Liu Guoshan, Tong Fei, Cai Xingyuan, et al. Variation in the macroalgae community structure during summer in the artificial reef zones of
Shuangdao Bay, Weihai, Shandong Province, China[J]. Journal of Fishery Sciences of China, 2014, 21(5): 1010—1019.
WA, AT MR e BT [D]. G . A K%, 2010,
Pan Yongxi. Research on the effects of artificial reef to the biological community[ D]. Yantai: Yantai University, 2010.
Maggs C A, Callow M E. Algal spores| M]//Encyclopedia of Life Sciences. London: Nature Publishing Group, 2002: 1—6.
Callow M E, Callow J A, Ista L. K, et al. Use of self-assembled monolayers of different wettabilities to study surface selection and primary adhe-
sion processes of green algal (Enteromorpha) zoospores[ J]. Applied and Environmental Microbiology. 2000, 66(8): 3249 —3254.
Johnson L E. Enhanced settlement on microtopographical high points by the intertidal red alga Halosaccion glandi forme[]]. Limnology and Oce-
anography. 1994, 39(8): 1893—1902,
Pickett-Heaps ], West J, Wilson S, et al. Time-lapse videomicroscopy of cell (spore) movement in red algae[ J]. European Journal of Phycology,
2001, 36(1). 9—22.
Hoffmann ] P. Wastewater treatment with suspended and nonsuspended algae[ J]. Journal of Phycology, 1998, 34(5). 757—763.
Callow M E, Callow J A, Pickett-Heaps J D, et al. Primary adhesion of Enteromorpha(Chlorophyta, Ulvales) propagules: quantitative settle-
ment studies and video microscopy[J]. Journal of Phycology, 1997, 33: 938—947.
Finlay J A, Callow M E, Schultz M P, et al. Adhesion strength of settled spores of the green alga EnteromorphalJ]. Biofouling: The Journal of
Bioadhesion and Biofilm Research, 2002, 18(4). 251—256.
Granhag . M, Finlay J A, Jonsson P R, et al. Roughness-dependent removal of settled spores of the green alga Ulva (syn. Enteromorpha) ex-
posed to hydrodynamic forces from a water jet[J]. Biofouling: The Journal of Bioadhesion and Biofilm Research, 2004, 20(2);: 117—122.
Callow M E, Callow ] A. Substratum location and zoospore behaviour in the fouling alga Enteromorphal J]. Biofouling: The Journal of Bioadhe-
sion and Biofilm Research, 2000, 15(1/3): 49—56.
JE TR SRR, SE. B HOHDRE B R R ORI X 6 Fhi B T BEE R4 R R e LT, TS TR E R 2014(2): 118—124.
Shi Chao, Zhang Di, Liang Zhenlin, et al. The effect of substrate roughness and sediment on algal spore attaching ability and sporeling density

[J]. Transactions of Oceanology and Limnology, 2014(2): 118—124.



112 e 38 4%

Effects on algal density of substrate roughness and sediment

Shi Chao' , Liang Zhenlin' , Mei Junxue'

(1. Marine College , Shandong University (Weihai) , Weihai 264209, China)

Abstract; It has been proved that there are more algal spores settled on rough surface than on smooth surface.
However, the effect of surface roughness on algal density has not been tested. In this study, two substrate materi-
al NYLON and PMMA were suspended in the sea to get algal propagules attaching and developing. Densities of
four species of seaweeds Polysiphonia urceolata » Urospora penicilli formis, Punctaria latifolia and Chaetomor-
pha antennina were counted on 6 different roughness surfaces. The ANOVA show that there is significantly less
sporelings on smooth surface (without depression) than on any rough surface (with any of six densities of depres-
sion). However, different roughness on substrate surface has no significant impact on seaweed density. In the ex-
periment in a greenhouse with filtered seawater, surface roughness on NYLON substrate significantly impact
sporeling density of Laminaria japonica. However, when the substrate with Laminaria japonica sporelings were
transferred and suspended into the sea for 8 days, most sporelings were removed and the roughness had no signifi-
cant impact on the algal density. The possible effects of zooplankton grazing and hydrodynamic forces in the sea de-
creasing algal adhesion are discussed. 3 types of sediment, sea mud, sterial-sea-mud and diatom were settled on
substrate surface to test the affect on algal density. The results show that the affect of sediment and roughness and
the interaction between them on algal density depends on the algal species and substrate materials.
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