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This research was conducted from early spring through late summer near the coastlines of
Chengkung and Sinlan Harbor. Three seasonal investigations were done to monitor seaweed attachment
and abundance on the wave breakers or shaped concrete blocks in March, May and August. Twenty two
species of seaweeds in total were found, among them, the green alga genus Ulva was the most abundant
species in the first seasonal investigation, whereas the coverage rate of the red alga Amphiroa dilatata
was more than 25%, presenting the absolute abundant species in the investigation areas. However, no
absolute abundant species (the coverage rate more than 25%) was found in August during the third
investigation.

The seaweed composition on the detached breakwater in Chengkung showed a close similarity to
that on the seawalls nearby (New Harbor), whereas the species found on the submerged breakwater in
Cheng-Kung are similar to that found in the sub tidal zone of Sinlan Harbor. This might be a result
showing that Kuroshio Current influences the marine algal composition in two harbors. On the other
hand, the seaweed species appearing on the exposed wave-breakers in Sinlan Harbor showed low
similarity to that of the other places. This might be due to the breakwater in Sinlan were placed at
higher tidal areas and having been exposed to sunlight.

When comparing the species richness and abundance of the seaweeds appearing on the artificial
concrete stones from the investigation sites in southern, northeastern and eastern Taiwan, the species
richness and abundance of seaweed were much higher in the second season of the investigations (May)
However, the seaweed richness was largely decreased in all the investigation sites.

The construction method of the eco-engineering to increase the seaweed ecological function
and growth on the breakwater in Cheng-Kung will be to increase the number of wave dissipating
concrete blocks, suitable water depth and surface areas (ca. 12 m?m) for the red alga Amphiroa
dilatata. On the other hand, the construction method of the eco-engineering to increase the
seaweed ecological function and growth on the breakwater in Sinlan Harbor will be to increase suitable
water depth and surface areas (ca. 12 m?/m) for the green alga Ulva fasciata.

This research can both uphold and sustain the environmental. It has not only considered the coast
safety, but also its effect on walkway and ecology. The results can provide government institutes and
consultants, including Ministry of Transportation and Communications, harbor bureaus, the Water
Resource Agency, consultant incorporations et al., with references for the design of ecological coastal
structures to protect the coastal environments.
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2.3 pREH

AR E R BB et L2 A LR B A RIS
AP AEZ 3 RGE R E AT AT SRR A
¥ /?‘*%/?J"\#’—»/“% ‘%\EE- E:l ’*I%P‘#Bfaé i,;‘l""‘ S I}]J:‘?lﬁ'y Ll‘ﬁ'&o
231 § %

AEHRT2Z F kY L F R ARG (AR HE
N23°05'57" » E121°21'55") » s f 42 £ 8 (1971~2000 & ) F % i3t
dod 2-2 9T 0 B FEIR A B4 P iE 2B 1T 2007 £ £ 7 % 2008 £ 1~4 7
2 F e FAArE 23 97F 0 WP 4o T
1. # &

d APkl L& E{Z Fe Seztdod 2-2 7 0 T 3EF R 1
7232281 CH B > 172 i»2. 188CHE ™M ; ¥ 24 3 PlizxbiTE
(2007 # % 2008 # 1~4 1 ) 2% T35 8 » B F 1L 70 >
202°C » d £ HpAB% vk 3 > B P 5 2008 £ 2 7 (2 17.8C @ e
£ B AR 14 0 A 2 R 1E 2 2007 £ F % St 0 4o] 2-9 T o
2. % ¢

d s #pligzbE P& TIBERE 5 21984mmo 2 9 * 2. 351.6mm
g ETO%R pEcs 174p > 20 T I~I8 p 2+ ¥ %
5 AP EE R EITE (2007 F %2 2008 & 1~4 % ) &% 22007
£ 87 i»z 635.6mmEF ~7 ? i»2 0.5mm B % ;2007 & F 7 p o
2 166p > 1292 (22 2l P&F>m 7PixE1lp o

3.k

S FPliE k2 hoiR 3R H 2007 £ 2. TR #EIE <o
A 2.1~6.1m/s =+ o 4cB 2.10 Fror 5 23T 8 0 vt bk iE
31.41m/s » JEE % 7] 2007 & 8 " 2_ Frtasg 7]l e b “T R E > vk 2-4

BT o
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# 2-2 = PlEEg %At 4 (1971~2000 & )

7R #F2CO o g PERAE | EAp ik
vy Tio5 8 %5 R B F R (mm) (%) (p)
17 18.8 21.9 16.3 7.2 77 16
2 19.1 22.2 16. 7 73.4 79 16
3 21.0 24.1 18. 4 75. 3 81 15
4 23.2 26.5 20.5 96. 4 83 15
5 25. 2 28. 6 22.5 189. 8 84 18
6 27.1 30.4 24.3 204. 7 85 13
77 28.1 31.7 25. 1 251. 1 82 9
g 27.8 31.4 24.8 325.9 82 12
9 » 26. 8 30. 3 23.9 351. 6 81 15
10 25. 0 28.3 22.4 336. 8 78 16
11 22.5 25.5 20. 0 136. 6 77 15
12 19.9 23.0 17.6 79.6 75 14
&3 23. 7 27.0 21.0 2198.4 80 174

FTAL IR P & F % & ek (http// www.cwb.gov.tw/)

F 2-3 A PlrEF oAzt (2007 & 2 2008 & 1~4 7 )

ag | ®BERCCO A g }(&*) ﬁi @g ?; ;;
@) | 5 2| wa [ his | @ | 0| Gt | Go | G | () | )
1 [ 19.5 | 27.7|12.2| 73.5 9.4 40.0 68 1016.5 13 2.5

2 121.2|28.6 |14.6| 25.3 10. 2 20.0 68 1013.0 5 90.4

3 | 21.8 | 31.5 | 14.7| 26.7 10.0 10.0 73 1010. 8 18 91.0

4 | 22.8|31.7]16.4| 39.7 11.2 210.0 73 1009. 8 14 61.3

5 125.733.1|19.7| 135.1 12.0 170.0 4 1005.6 17 136. 3

96 6 | 27.8 | 33.8 | 23.5 | 165.1 9.8 180.0 8 1002. 6 14 184. 3

T 129.2|35.5|24.8 0.5 9.1 180. 0 4 1002. 5 1 293.6

8 | 27.4|34.3|23.2| 635.6 31.4 180.0 79 1000. 4 19 128.4

9 126.9|32.0(22.0 529.9 10.4 20.0 8 1002.4 21 116.6

10 | 25.5 | 38.5(20.0 | 193.9 20. 6 210.0 71 1007. 7 16 102. 6

11 | 22.5|27.8|16.6 | 448.0 15. 2 20.0 69 1011. 6 18 86. 1

12 120.9 | 26.6 |13.7| 29.2 9.7 40.0 70 1013.3 10 81.3

1 [19.6 | 27.6|12.6 | 43.8 10.1 20.0 7 1014.9 18 27.8

97 2 | 17.8 |25.4|12.5| 143.0 10.1 10.0 79 1015.2 19 23.3

3 120.3(27.9|14.7| 72.6 9.1 30.0 72 1011.9 18 68. 6

4 123.3]31.7]16.1| 238.5 9.8 180.0 79 1008.5 13 66. 7

FAL KR P & F % & % sb(http/www.cwb.gov.tw/) » A FF § FIT

R AR AR AT RN 2 10 44T 0k @
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REThEEIR st BlaeTer Bk

44.0
41.0
35.0
35.0
320
280
26.0
230
200
170
140
11.0

g.0

a0

M
T |

il
—_ _==uilill

___mmil

1 1 1 1 1 1 1 1 1 1 1 1 ’
2007 200752 200703 2007/ 20075 200708 20077 200708 20078 200740 2007011 200712

= S SeEh re i e i

B sEsi

TIRE

B SERR

20070 200702 200703 2007/ (20076 |200708 (200707 (20070 (20078 |2007M0/ 2007412007012

B EamE8 275 286 35| s 331 338 354 43| ;e 3w0) 98| 264

O FHEEiE 1945 M2 28 224 28 2ra 293 274 270 255 225 209

B EESS 122 147 147 164 197 235 248 234 222 200 03| 138

FA KR P & F %R B sb(http/www.cwb.gov.tw/)

B 2-9 = #pzkF B LB (2007 &)

BSECS R

s RS et SN

REThE R R et 67 e Bl

I 1 1 I 1 1 1 I I 1 I I
20071 200752 200773 20074 200765 200704 20077 2007/ 200748 200740 2007041 2007012
R

B &xEE

e

W FEE

20070 |200752 200773 20074 (200768 |200705 (200707 (20070 (200778 |2007M0 200741200742

W & EE 94| 102 98 111| 14 9.8 90| 34 9.8 208 HE 9.4

O &~HERE 00 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0

W 5% 43 35 3.2 32 26 23 21 36 33 52 6.1 40

ALK R & F %k gk (http//www.cwb.gov.tw/)

W 2-10 = # plxkh i# 53-8 (2007 & )
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232 # %
1@
FE 0 EF R KBNS AR A P R R P R

(N23°0520" » E121°22'36")2_ i i

RIF o 4o 2-11 4o o

; 5 Bl .
AEThE R AT E(1 276 Bl . BEEE
08 [ “‘—1._1’_:2 o FEELTE
]
04 —_— —= T Tt
_ —+ T
E oo ——
_._.—-—-—"' _."-h--._H T ;
! —_— -+ T
= 04
- L S S .
0f —t—— | —— FH{EET
i %ﬂﬁ;w——*‘——q
R E—— e - TR
2&3&2 _ 20074 2007 Fom 200715 2007H0 20072
B TSGR - - BEEH
20074 |2007/2 |2007/3 (2007/4 |2007& |2007% (20077 |2007/% (200779 |200740|200741 200712
W FE =i 0.8 0.6 03 na 0.8 0.8 na 0.3 05 10 11 05
W =ET i EiEl 07 0E 07 06 0E 07 oy 0s 0.8 07 0.:s 0B
O FEmibi 03 0.3 0.4 0.3 0.4 0.4 04 06 05 04 04 03
W g 02| 02 01 02 02 01 04 0.o ool -o1 0.1 02
O i 07| w8 -0Ff 07 07 06 0B 08 05 08 08 07
B s | 1ol -2 09| 0| 40| -0/ -0 039 08| -0f -08f -0
D B S B B 1 B A3 a3 a2 a4 A0 -4 A2 A3 3

FAL kAP & F %k b (http/www.cwb.gov.tw/)

B 2-11 & 24 3p| =k 2007 & B = 5035 )

3. FRr AR
AT URRIEE S Y A F R AR E R AR s
2o R sk (A LS B G R w2 g

N23°07'48" » E121°25'14") -

2

500 2 % 5 okiE 38m

S R sk 2 AR 1993~2003 & L AFTE 0 dok 2-4 ¥
TP ABRITAG FRABTERDLG BN AR FE A
o LEF BT BB AT 5 05~1.0m > 4p ¥ T A28 6sec
HHE40.7%; F FHEABOERF2ZAF 5 1L.0~2.0m - ApHEF W ATE
6sec %’ X1k 70.89% o
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# 2-4 =FH AR AFHHHE LT E (1993 & ~2003 & )
P SR

Hs(m) 0.5 | 1.0 | 1.b | 2.0 | 2.5 | 3.0 | 3.5 | 4.0 | 4.5 »oar
<0.5 >5.0 | 7
Ts(sec lﬂo 1]5 zﬂo 2]5 3ﬂ0 3]5 4]0 4ﬂ5 5}0 (%)
2~3 0.0 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 ] 0.0]0.01]0.01]20.0 0.0 0.0
3~4 0.0 0.0 | 0.0 ] 0.0 ] 0.0 | 0.0 ] 0.0]0.01]0.0]0.0 0.0 0.1
4~5 0.3 3.2 | 1.2 1 0.0 ] 0.0 [0.01]0.07]007]0.07]0.0 0.0 4.7
5~6 2.8 8.4 2.3 10.21]001]00]00]007]0.0]0.0 0.0 14.1
6~7 6.2 15,0 1.6 | 1.0 | 0.1 [ 0.0 | 0.0 | 0.0 | 0.0 | 0.0 0.0 23.6
7~8 5.7 |11.4 | 3.7 | 6.4 | 0.3 [ 0.2 ]0.1]0.11]0.0]0¢0.0 0.0 22.4
8~9 3.5 8.1 12463 ]05]01]01]0.1]0.01]0.0 0.0 16.4
9~10 1.1 3.5 | 1.7 ] 1.6 | 0.3 [0.2]0.2]0.1]0.0710.0 0.0 7.6
> 10 0.6 2.6 | 2.5 | 1.3 | 1.1 | 0.8]0.5]0.3]0.21]0.2 0.2 11.2
£24(%)| 20.2 | 52.4|15.4(16.9| 2.4 | 1.3 | 1.0] 0.6 | 0.2 0.2 0.3 100.0
L FRRA G
Hs(m) 0.5 | 1.O | 1.b | 2.0 | 2.5 | 3.0 | 3.5 | 4.0 | 4.5 »oar
<0.5 >5.0 | 7o
Ts(sec lﬂo 1}5 zﬂo 2}5 3ﬂ0 3}5 4}0 4ﬂ5 5]0 (%)
2~3 0.0 0.0 1] 0.0 [ 0.0 ] 0.0 | 0.0 {0.0]0.01]0.0]0.0 0.0 0.0
3~4 0.0 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 ] 0.07]0.01]0.01]20.0 0.0 0.0
4~5 0.2 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 ] 0.0]0.01]0.01]20.0 0.0 0.0
5~6 0.2 0.3 1 0.6 0.1 1] 0.0/]001]007]001]0.0]0.0 0.0 1.0
6~7 0.2 4.2 | 8.8 | 1.7 ] 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 0.0 15.0
7~8 0.0 7.1 121.8]12.7| 1.5 | 0.1 ]0.0(0.01]0.01]0.0 0.0 43. 2
8§~9 0.0 2.0 | 8.1 (12.6] 6.0 [ 1.1 0.1 0.0 0.01]0.0 0.0 29.7
9~10 0.0 0.4 ] 1.3 122 |23 ]1.0]03]01]00]020.0 0.0 7.6
> 10 0.0 0.5 107109 ]07/]04]02]01]0.0]0.0 0.0 3.5
£3 (%) | 0.2 14.5(41.2130.2110.5| 2.6 | 0.6 | 0.1 | 0.0 | 0.0 0.0 100.0
TEPLL G
Hs(m) 0.5 | 1.O | 1.b | 2.0 | 2.5 | 3.0 | 3.5 | 4.0 | 4.5 »oar
<0.5 >5.0 | 7o
Ts(sec lﬂo 1}5 zﬂo 2}5 3ﬂ0 3}5 4}0 4ﬂ5 5]0 (%)
2~3 0.0 0.0 ] 0.0 | 0.0 ] 0.0 | 0.0 [ 0.0]0.01]0.0]0.0 0.0 0.0
3~4 0.0 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 ] 0.01]0.01]0.01]0.0 0.0 0.1
4~5 0.1 1.4 1 0.3 ] 0.0 | 0.07]0.07]0.07]0.01]0.0]0.0 0.0 1.9
5~6 0.8 3.5 | 1.2 1 0.2 ] 0.0 0000007007/ 0.0 0.0 5.7
6~7 1.7 9.6 | 6.1 1.0 | 0.1 | 0.0]0.0/]0.01]0.01]0.0 0.0 18.5
7~8 1.6 |11.5]13.5] 6.4 | 0.6 | 0.1 ]0.0]0.0]0.0]0.0 0.0 34.0
8§~9 1.0 2.8 1 6.6 | 6.3 ] 3006101007007/ 0.0 0.0 23.4
9~10 0.4 1.9 (1.9 | 1.6 | 1.6 [ 0.7 ]0.2]0.01]0.01]0.0 0.0 8.3
>10 0.2 1.5 1.7 | 1.3 | 1.1 | 1.0 0.6 {0.3]0.1]0.1 0.1 8.1
£:-(%)| 5.8 |35.231.3[16.9| 6.7 |2.40.9]0.41]0.2]0.1 0.1 ]100.0
FH KRR AR RAEE BRG] 0 LA IVEEF L AT 2005 ¢
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241 B HFP
AETREDAD F I ARORT KRR B RDBEA G
REG A (=REF) % AuitheT
LKk f
TRBEF T AR TARAD 3 RE B R KA
AR BE FF  HRDB LHERD  BRBZERI2Z KRR
VR fRSHEY I FL AR RT L ERE
2.k B R
"5/\7\ PE»7J{/;§- A ‘QJ/EIJ—E:7}{%;64 ~ 7}(6 ﬁ!‘&ﬁ 7]{}%/%_” E{"Jopﬁ)i o
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R e S e S E A Sk LA
EEFAAFT - FAI0e s 2 L KF) ﬁ;—tﬁjf-?ﬁ/\"ii’f
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2423 4 3
Lok R e irl = i

AR BRI RRITERERE R K2 &P RHEF BIFIFR
(Ocean seven 304 CTD)Yz & Bk 2 /K E ~
A AT B2 R #r & (Niskin)fk kA k4% - -1 fdk & R (HACH
3§ B 3+ (Model 2100P HACH/U.S.A) A %
- A - A T

model 44701-00)
B R B LRA
(NIEA W102.50A) = T 4e 12 (575 AJT » 30 57 2 P *
BITFCE A7 * jndr il » 247 R (FIA)F fe » £ £ & - (HITACHI
Spectrophotometer U-3000) > B
o RAEPFH* LR (CRIOKD)ILIF &

S

pmol s'm?> Brfda it £ 2B iE

dB® L &

411 % ¥+ Bl (Control chart) 2

# (QA/QC)in 42 »

TEF B

PR T R* MRS

IpFix 1 F,

LA R
Blok P kPR3 0 HEH A
o A ATR A 7 B AR
g FEA AT ‘/,l“ Ser T F o~ K
Balit 22 Rl g s 20 & APRESTES S
A A TR S

BERpGHEEFRBERK T KT KRR

EIRIES J\%‘U{nz B 37> E R 2 Edrdk 250w A it R Ao
F2-5 ACRCRERPIE R 2 447 2 8 kI
T iR 3E P N e >k kP
il R NIEA W217.51A
AR EFIREZ NIEA W447.20C
ik bk A T iEiE NIEA W424.51A
AR it s NIEA W219.52C
] L IR R I NIEA W421.54C
%% #eps % NIEA W437.51C
A e %1 3 RIS SBE RPN L BES NIEA W436.50C
LA EA IS e AR L E NIEA W436.50C
B gk NIEA W443.51C
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(1) k&
T R FeRl 2 ¢ 2RI fe Rl 2 2 (NIEA W217.51A) > #@ *
B B F4F K (Ocean seven 304 CTD)IH-Bl 2> ¥ F % T~ 177K

N
e ©

Q)RR
oY BARKR S EET B2 (NIEA W447.20C) » 2 = i# 441
PR BE AR KR BTRR) P
° F % @ R (Practical salinity scale) » & * J§ %/ F4F & IR FH P T
(Oceanseven 304 CTD) > 5+ R % Z ~ 17T B AR T 42

(3)f& 4% A& (pH)
=7 A 1 %ﬁ:* Ve & Ap Hcip) T2 -7 &2 (NIEA W424.51A) > & =
EGAY RBTEE 2L T E Bk et > AT
B AR @ E T R R A (pH) & T 2 o S IRHHR KRS
= % ¥ A B B % (HACH model 44701-00) i#] pH &

(COR I 3
oKV H R KRS 2§ A2 (NIEA W219.52C) » B3 2 % 4
%iﬂﬁw,w@¢ﬁfﬂﬁﬁﬁ&&%%ﬁfﬁ ¥k R A btk

2R PR FR R AT kRR A F O BFRTGR -

& * B B 3 (Model 2100P HACH/U.S.A) ?' AT R R I
(nepholometric principle) B T -k %8 2§ & o 4 3 4 2 & b+ 9
Img/L 2z RFHHER 5 INTU -

(5)% 3 (DO)
i * 73§ 3+(YSI model52 DO meter) I3 B 2 i3 § &2 fckk » 5+ F
BREVURIORE -BEFTHAMFEART E > THRLKRFF G
HrIRIFLAI

(6)% % (NHs-N)
oKV §§ 2B x A 452 g i (NIEA W437.51C) » 3 =
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E -7 3 & F NARHES 2 R RIE O~ S d L » & 47 (Flow injection
analysis, FIA) i 5L *> %7k (Carrier) ¥ i F iR ~ 3 #75 % ~ dg 1t
fadh ~ =0 & Badh 307 0 27 A B A (Berthelot) # fﬁ.&fi 2 ‘}?Eﬁ;g
% vk B 2. $xfs 4 F (Indophenol dye)e ¢t 2 ik 2_ B & 3R ~ TRV i
4 § it 40 (Nitroprusside) i ¢ { 4v 3 7] » W iRE S P %i‘r"?:“iﬁt{» 630
nm f B R H RS BT TR kY 24 F (NH; -NJEAR - #3R
FHEFREBrRERT > ks A REFIA)E L LR

‘ﬂ o

(HITACHI Spectrophotometer U-3000)ip] ¥ % % 7 &

()R i B
% 4R o de L~ & 4772 (NIEA W436.50C) 0 i& * 4§ 3% :I—?»—/E}J’ﬁj’;; L
BRATAKRBAR L  c BRFFEFRRErIHRT > L
~ k& 47 ik (FIA) #5 fie » k& & & 3+ (HITACHI Spectrophotometer

U-3000):p] <5 fs Bk & o

@)L A e
B4R R d i~ £ 472 (NIEA W436.50C) ) LT A a8 5 % /0%
2 S R*&F‘J IQ/PJ T2 o BIRLHE R J\Jﬁ:%‘?’:‘a%‘a_t s LR Es i
47 R (FIA)E fe» £ RFRl 2T RAKR -

(O)prpe B

Bk ook PO RER W o2 R d Lo~ A5 E — b ¢ 2 (NIEA
W443.51C) » #—-k ¥ & Bips B & 4p fs 42 (Ammonium molybdate)
% F1% fadh 47 (Antimony potassium tartrate) A fi& 4 i% 2 T F = 4

Ed o BF N EFAAEA F P %% (Ascorbic acid solution)# & A

Y- Fd 3R AP ,%gd £ 7] 880 nm LM 2 xRk {E > 1L
Bk PRI E 3 c BRFEE KRBy IHRT O U
A o3 R(FIA) e~ kL R Pl 2B B ER -

(10) & &
#- & 3+ (CR10KD - Campbell Scientific Inc.)?c ¥ **3f T3~ B2 -k
ER BRIk kB > =5 pmols' m”
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AAFEALE

AR ANZEZABAIEE T R A1 BB (R AR
RPJE2 A Ger i~ BEH - ER (NERBRESF ARG
7)) 2 AMFATEAFAS RFHL L 4 a1z kY o
THEFASBEALACZONATERRCIEFAL O PTFIERF
F'&ﬁ:» Wi e BT @ ﬁﬂ—"‘%u/—?—@"jz 35 o

AAFRZAFEESHES AR P L5 25 RF 2R
o s R HEFAR  REEORIFE RR RIS RS GRS
TUHE A REEA YRR EYRE > B RS ASEY 2
AEEA G E A R RR .

APl 2 A ERMAEEEREFOHAAA G TAALE R
BT R S R AR AT
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