J. Kor. Fish. Soc. 37(1), 33-43

NETWRKE 0| 3¢gt

Bt X| 2}

z

o=l

I

u

§H4=A), 37(1), 33-43, 2004

2o M EHA 2

TEDCE
z 5
MBS YA AT ME

Carbon Budget and Network Analysis of
a Surf Zone Ecosystem by NETWRK

Yun Ho KANG
Aquaculture Research Center, Yosu National University, Yeosu 550-749, Korea

A carbon budget model was constructed and analyzed for the Bangjukpo surf zone ecosystem in southern
Korea by using the NETWRK. The model consists of 11 living and 1 non-living groups. Using boxes
and arrows, a topological map was created to depict biomasses of each group and exchange rates between
them. The system includes primary producers of phytoplankton and benthic algae, primary consumers of
particle feeding zooplankton, carnivorous zooplankton, meiobenthos, malacostracans and bivalves, and top
consumers of detrivorous, omnivorous, carnivorous and piscivorous fishes. The surf zone ecosystem was

analyzed by means of network analysis, showing total system throughput of 574 ng yr,
capacity of 1,876 ng yr , ascendancy value of 768 ng yr

development
Finn cycling index of 4. 4% and internal

relative ascendancy of 27%. These results were compared Wlth similar data from other systems.
Keywords: Carbon budget, Surf zone, Ecosystem, Network analysis, NETWRK
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e A AWl & (ecosystem ecology or network ecology)< Al
(system)E A E-HIAPE T4 L4 (compartment or group)Z
B3, ol TAIEAY AyA] £ B4 3EE F
AstH, o2 UWESY &4 (network analysis)S E3l A<
54& olsist= Zolet @ < Stk (Dodson et al., 2000).
AE 793k 1EH 1EDY dUA &5 vkae) SR
2 3¥5 = Ho|grg o motd 4= Q. U EY 4
g 743 2§ H-HHA #AE FYsta AY
tefst AR FEssls Aolth Ho|gRHA vE
T 3 2 B Thekg U A8

£ AT AR HEIe degs dFA E4E
o $x)sh= Zsligto =AM 1998 3R E 200030 2H F
7 A7t oo I uk ATk (MOMAF, 2001). o
ECOPATHE °]-8-3 A ZZHdFo] o]Fo] A n} Ao}
(Kang, 2003). 9RHE o2 afj¥lo] digt AeA A1 19506
) o]F o]Fx) 7] AlAsIH oY e 3 o= Q1%
#Z9 o3 wiol ol Hla] A7 Wol o] Fol]
] U} (McLachlan, 1983; Brown and McLachlan, 1990).
ool = amphipods, isopods, mysids$} 2 A A B-HA
4571 4813 3 A& (tumover rate)©] ETT B H
B} T}k (McDermott, 1983; Reise, 1985). s ot A A F-=

*Corresponding author: ykang@yosu.ac.kr

33

FABE AUt H o DAY ol
A 7l ouA sEelM Fa el 7] =t
Lancey, 1989; Edgar and Shaw, 1995). E3§, JHJ}EH% o3t
ojf o] widFo g du] AMGHY, F8 oFe FEERA
ES F2Z Y AAMA o]Folt} (Brown and McLachlan,
1990). °]& olF ¢ Hol= WF- =4 B 7HE &

3 AFE peracarid crustacean©] ™ ol HlmA F RS} o] F
7ol =go] ®rhil aF]Th (Takahashi et al. 1999). ¥ A
A WEHE HUAAE AFAHeR AT o) f= 3
N Aol sl we A7t B oleE 2 9y
35 AEAE7E LA gol F5H0] glo] 2¥HHo] &
o]&}7] W F-o)t} (Song, 2002; Suh and Koo, 1997; Yu et al.,
2002a; Yu et al., 2002b).

B Are HSE NHAE gotsta Al S4E 9F
2o g2 A5ty s th2# e WeS Xt 3A,
WEE Ao AuAS Holgg 753 o8 T AE
TAste thdg AE-RAE I2EY AAE B oA
58 5o AEUAES HelaknA sk A, WED H4
& 4B, ol B3 ATadY ANEAT 7)5el) B
ZAVeknA skl WESY &4 theat 2] input-output
analysis, Lindmann trophic analysis, biogeochemical cycling
analysis 12| global system analysis®] Y] 7}X]& A"}
4 A3}= total system throughput, development capacity,

A

=

ascendancy, system overhead, Finn cycling index 5] 7 %3

FAZ AFET Holg753 UESY 4 YA
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NETWRK IVE ©]43+9t}h (Ulanowicz, 1987). wlx 2o g
HEY Mo Aage & Al 4% nugdc
Mz o Uy

HAFKRA

HEIE dehdT B4 (34°3739N, 127°4744'E)ell $1A13H
o} el oS 190 m, AANE 1:48, A=) AgE
ok 130m °|t} (Fig. 1). 3iH19] & hftoz FAH
Rew BHA7E FxEo] Ut st Feje wuiAE
3 AFdis AHEREH v e FeE 2ok TEHFHE
2 F2 AR FAHo] ot Zak= thRA] 2972 emelH
HFs 4L 180.8 cm]Th (OHA, 1993). 19993 2€ oA
20001 12€ Alole) FEHE £ ThRA] 72-2617C, IHRA|
7.5-284C BWHE EHT (Song, 2002). THF9} ThZA] &2
F2AE A8 F4lo] &L uule A4S F HAFE
Aog Qe GRS 7hEA] 258-33.7 psuo| B FFA
16.2-32.4 psu B9 o2 YEVGT) (Song, 2002). THES}
YZA Q5= 0.1-123 psuel HU@L A8 4=
A3 Ao FotE Rt AFAFOZ AqrE o] 919
27t Y s vlER = < 8.7 km’olt oY)
A4 (http://www kma.gokn)oll WEW -3 20003 off

2023 mmo| Q.1 o] F 0% 6EFE 9¥ Aloldl A=EHY
o} 714ZA8 1€ 28717 BFo| $-Astz U A
71t E E&F o) At FH5L 0794 mis B Aew

Ve T

MEHH =

E dFoMes WHEE oS NETWRK IV T8 &
o]-g3le] FRAENA EEE F53 k. NETWRK= A9
geFst 54 2 Ae#E AFES ARIEE el A
B =2 a3elt). 23] 0|23 ZA} AibEH) gk Al
22 J8-2 Ulanowicz (1986), Kay et al. (1989) 1|1l
Ulanowicz and Kay (1991)°l 2J3} Folz o}l 23 o) xujatA
212 dubE Q] oA R] A o]t

C=P+R+E

9 AellM ce AHFE F2 4% P A, RE T
EE vjZ o)t} (Crisp, 1971). RE §E9] BE oCmiyr's
Zrerh MEEe 23td B2 2 A 235 gn -4
Hog wlde e ot A& (exudation)S FF3IT} (Baird and
Ulanowicz, 1989). &3], 4t 1Ixte] A& £E447]
A0 9 FFASR LA AT} (Valicla, 1984). A= A
ARE FASH AE TS 15CZ FYHE 4L &

au?
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Fig. 1. Map showing study area of the Bangjukpo surf zone ecosystem.
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He &7 3L o)FTh /MEsHATh dat B o3P
2 29 AnRte] HolZA AREHAY HJEER HEH A
EL AL ol&Esle AR YL AEEHAE 9%
FTUAAAFE LAY H 3F] o AP HT
HHAEL HHEEHA 3] AHAY HHEZ o] F 3l
FFAA olEHT g weh gy oA AHAFS A4
AA G (P MHE, Aol 3 FFE P.Be} PR HIE ©&
3led A2t Hnt B AAFe s dde ng'2% Zr=t)
E AT BE #FL d HEgho R Ebete] ALR-Eof
AR E 1A Fsch

2 dAgside) AAE 2] 289 Holw dEY o
TFREY 2FE TSk T8 AESH 1§ UA, PB,
C/B Hl= Table 13} ZT}. Phytoplankton- chlorophyll a2} AJ4k
& BZAE (Song, 2002)S A4 T4] (Parsons et al., 1984)%
o] &3l etheko Z AEEA T} chl-a to carbon=25:1; carbon
to dry weight (DW)=1:2.5; DW to wet weight (WW)=1:5. A4
ZF5 Ulva pertusa®} Codium fragileZ TS, YA Fe
A BZ319 3, P/B and ¢/B H1E Odum and Odum (1955)-&
A& IR T FS AFe] 20%3 78
T} (Parsons et al., 1984; Baird and Ulanowicz, 1989). & &L
AaraFel 25% (Valiela, 1984, Baird and Ulanowicz, 1989;
Jorgensen et al., 1991), A2 A2} 9.6% (Jorgensen
et al, 199D)E 7HE3AL o]EL HHEE o|FHE e
AT Qa2 o) o]&L Folxelst SNlAFE st
o Agatere] oF 57 743 TH (Heymans and Baird, 1996).
Zooplankton A FS ind/m’ VY2 BEZH AT (Soh,
unpubl. data)S ZAZZF (OS], 1986; Uye, 1982)0.E o]S T}
A% (Parsons et al, 1984) 2.2 W&3} AHg-3tA . P8}
CB ¥le 20, A5z R gl Ead AsE J8sl9)
o} (Schwinghamer et al., 1986; Riddle et al., 1990; Chavez et
al., 1993). Meiobenthos™= amphipods, harpacticoid copepods,
cumaceans 2 2 A ATE Amphipod) A FL 3 FAE o

£3td TEHT (Yu, 2001): DW=a BLb; DWE 1153, BLE
A%, o} b= Aot AE 3 5% % (Ricciardi and
Bourgel, 1998)2.2 &gt & ohA] gAdo 2 HF et
t}. Amphipod®] A4S F517) Y3 size-frequency S ©]
23} p/BYlE AT (Yu, 2001). Harpacticoid copepods@}
cumaceans®] A A HL ind/m*e] =7k (Seon, 2001; Suh and
Koo, 1997)& B4 # APAE o] &3l FFHFOZ
34tk (0SJ, 1986): Log WW=a+bLogL; WWe 5% %, a9}t
b= A, L& Aot ol & thA] g4 E HFSHTh
Meiobenthos] P/BS} C/B¥)E Chavez et al. (1993)F 18311
t}. Malacostracat= shrimps, crabs, mysidsZ T4 %™ P/BS}
C/BR]E Chavez et al. (1993)2} Polovina (1984)% <1-&3tsich.
FAA) 22 Han (unpubl. data)S ©]&3}3ct p/B HlE
von Bertalanffy growth function® @Hd 2o ZA3=
3P4 (Pauly, 1980y ©]8-3t] TaAo). A=) ¢l&
739~ Froese et al. (cited in Froese et al., 2002)%] ZH4<
ALY B84l fEAlse e AIAFelg
AxR o] AHFFLL 175Co|th. A2AF Agr) gle
™ Froese and Binohlan (2000)7} #AjA}3 Z P A& o] &5}
7 4 Aok AAAE 2 HUAAL FANEZRE 138}
@t} o159 ¢/BH]= Palomares and Pauly (1999)2] FE2AS
AMESle e Al g, "ol R, A, AF, g
Ax=gul AFE AR Hol|FRe AEEL, 24, 4,
F2 082 FARHY FaHol FTH L JUATAZRH
A3 HY. 78] Yel= FishBase (Froese and Pauly, 2003)2
FE A58 F34oh
HHEL HHES FHA A4 2 &L F71ES
25 Xt EAAEE A21 2Y 3 FAE 2439
th HAEL HMAET o Fol Mt AtH oz o] &F
7] W&ol %% 5cem Zolol A AFHSHT (Lin et al, 1999).
Holz gL AEIFE o|Fe T8 T Y WEE 4o

=
2 573t (Table 2). A2 57, B3 A gk

Table 1. Main species of functional groups and input parameters for the Bangjukpo surf zone ecosystem

Group Main species Biomass (gC m?)  P/B (yr'") C/B (yr'")

1 Phytoplankton Diatom, dinoflagellates 0.470 393.330 -

2 Benthic algae Ulva pertusa, Codium fragile 1.714 12.500 -

3 Particle feeding zooplankton Hervivorous copepoda, cirriped larvae, 0.199 18.000 93.000
polychate larvae

4 Carnivorous zooplankton Copepoda, chaetognath 0.132 18.000 90.000

5 Meiobenthos Amphipoda, harpacticoid copepods, 0.190 10.000 50.000
cummaceans

6 Bivalve Ruditapes philippinarum 0.131 2.600 16.115

7 Malacostraca Shrimp, crab, mysidae 0.051 4102 21.070

8 Detrivorous fish Trachinocephalus myops 0.005 1.590 9.600

9 Omnivorous fish Mugil cephalus, Limanda yohohamae 0.019 1.600 5.510

10 Carnivorous fish Takifu nipholes, Enedrias nebulosus, gobidae, 0.138 1.800 5.320
Paraplagusia japonica

11 Piscivorous fihs Platycephalus indicus 0.010 0.530 3.400

12 Detritus 398.600 - -
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Table 2. Diet composition matrix of functional groups in the Bangjukpo surf zone ecosystem

Predator
Prey
3 4 5 6 7 8 9 10 1
1 Phytoplankton 0.48 0.40 0.32 0.10 0.05
2 Benthic algae 0.10 0.23 0.10
3  Particle Feeding zooplankton 0.10 0.10 0.10 0.05 0.08 0.05
4  Carnivorous zooplankton 0.1 0.20 0.05 0.25 0.05
5 Bivalve 0.30 0.30
& Meiobenthos 0.20 0.08 0.25 0.57 0.09
7 Malacostraca 0.20 0.26 0.14
8  Detrivorous fish
9  Omnivorous fish
10  Carnivorous fish 0.70
11 Piscivorous fish
12 Detritus 0.52 0.40 0.24 0.20 0.40 0.92 0.17 0.07 0.07
Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
92.43
. 39.26 3
184.87 8.87 Particle
—| Phytoplankton .61 Feeding
Zooplankton 0.004 9
0.47 0.20 003 [
3.88 0.01 mm\jorous
1.2 Fish
-~ = 0.03
36.97 0.006 o
002
14.73 f Y A 1
P 119 0.08 0.04 .
4.75 Carmvorous 0.0: Carnlt‘\i';)l:ous
. kton
21.43 | Benthic algae L.19 P §
= ] 475 013 F 0.14
1.714 - 2.49 0.37
712 L L
=n 0.34
129 0.0
0.23 0.003 u
0.21 6
101.94 0.28 0.005 Piscivorous
/]\ nex | Bivalve [ o002 Fish
0.51
120.21 Detritus 021 0.13 0.01
0.41 0.32 . -l
398.6 = 0.05 0.02
137 0.05 | Malacostraca
1.90 0.22
1.90 5 043 0.05
0.95 -
1.9 Meiobenthos . C P
2.85 L
0.19 0.65
E
0.004 R
0.04 De;_n;i};orous ——p to Detritus
s ——> Export
0.005 002
0.03

Fig. 2. Energy flow diagram of the Bangjukpo surf zone ecosystem, w1th blomass (B) in ng

(P), respiration (R), egestion (E) and flows between groups in gCm’ yr .

consumption (C), production
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HEEE REsY 25 H3ly 10] F=E gt} (MacDonald
and Green, 1983). A =29] Ho]lZ4-2 amphipods (Yu et
al., 2002b), harpacticoids$} cumaceans (Riddle et al., 1990;
Schwinghamer et al., 1986) 2. 25-E] T3} t}. Malacostracas
Lin et al.(1999)% Bowman et al. (2000)% <18-3}4th
Detrivorous fish2] 7-%- Horinouchi and Sano (2000), Huh and
Kwak (1997, 1998, 1999), Kimura et al. (1987), Masuda et al.
(1984), Yamahira et al. (1996)& <183} Th Omnivorous fish
9] 7§- Pisarevskaya and Aksenova (1991), Shuozeng and
Jiming (1993)& 183t} &3], carnivorous fishe} pisci-
vorous fish®] 7% Nasir (2000)9} B A Gol| A B2 A
Ve FFDAN BuE ARE UESAT (Huh and
Kwak, 1997, 1998, 1999, 2002).

A AN G- EPEE FHHY o] S o]&3ted ol
g UIES o] 7153t eE 3tk £ A7 A 8" 23
9] gAFA = Fig. 201 AAIsFHT)

A= 54

WY Ao #9524 (nputouput analysis), &
=g+ Y434 (Lindmann trophic analysis), A 2] 3} &85 4
(biogeochemical cycle analysis) L8] 3L FA} &3] 2 (global
system analysis)®] £ZE T (Ulanowicz, 1987). U — =30
He FE2ERH AFZ UL 3= L Z (Field et al,
1989) Ale] F+2& FYsh=dl f-&shH Al tit A3-0H
IS ¢ F AEE =FEd (Hannon, 1973). AU AEE
(Throughput) 1&& FH3le UA 9] FFO 2 A o]
AT 25-& Mdst & 4 A} (Szyrmer and Ulanowicz,
1987). & 7] Al4= (Total Contribution Coefficients)= Z1E (i)
7b Aiske FAUA F HH & 1t BEE T
HFHOR OF (HE olFdte AUA Y EEolth 55
A= (Total Dependency Coefficients)= TCCS| Y=ol 1&F
(GyF avlEhe F44% F 25 ()7 AAse &l
NETWRK 9] 3523 IMPACTSE ©] &8} JUHFF (tro-
phic impacts)®} ¥ 2 (beneficial predation)S A2+ 4=
Ak ZAA7E M4 AR D44 BAAE O wol X
A v A2k xR FoE F U (Ulanowicz
and Puccia, 1990).

A= 734342 Lindmann (1942)°) AAISE o <ol o gt
Mdol A VIEY S AT NETWRKOIA frEY
FHl= B o] JUddA X E FIA BF Hg
o2 AT} (Ulanowicz and Kay, 1991). ka2 o] Ax
= HolAlZ o} Lindman Spineo.E EHEY 4= Ut} (Field
et al., 1989). Lindman Spine2 WU E & Ealste] {519
FE UE FEHR Holdolgka & & 9l 2 g A4S
A dig A V=g ZHFT (Field et al,
1989). %% & & (trophic efficiency)S FUF & < SAE
ol HE HE¥9 8otk

A B2 VIEY WAsle e Wi <&

)
tlio

7173 F2 Aoz BERen A#sste Aot (Ducklow
et al, 1989). TF-2 ol T FoNA LA EF F2 X
7} & 7} o] g 1ES T3 tAl dede afe=z
Eolee AL vt 437} oA ¢3S AEA 7%
oA wl-¢ F83 HAo|t) £ o MY EAHT F=A
2] (path lengthyE 53t LA ST e £33 T&8E5T7T
e zejx, 7 AL =d A FHIL &S o|F=
¥ Ne] 5§ FolA 7P &2 AE HYn (weak arc)T
Aolsle], 5YF FHokuE TR} £B2FL M2
(nexus)2t I3t} (Ulanowicz, 1999). ez el= & ol
A EES AT T 2ASE 715 Ik BT A )

¢

terst Z71E 2 A 2ellA fte] dulukg A=A
4 4 Qlom wake] thek AlY] WS Hrlet ASE
T Utk 8o B AL 45T Ao 2 EAolg &
4= 9121 (Odum, 1969), E2& Ao 3] Y3 A Ul
frAE = A 2dAEole & F vk 9 SEAE
(cycle path)7} FIAH A, AR AETFHOE AME 7}
¢ e E FAE= S £3FAHE 8lo] vHEE 4 9t
m2ba A= A-3 43 FH2 A glolE w7t
2 #8g 4 Yrh. A27) Jd "l UEYNA Y dyx=
LHHE AeqEE S et 39, FAVREE
(Total system throughput, )22 £HEEE HPHS-E A
3 AFEEE HolAl H3 48 Finn Cycling Index
(FCDE 2A "o} (Ulanowicz, 1987). Al ¢l B84
®3317] A8 Bad P22 (Average Path Length)S ©--3-3}
7o) AAEY S APL =(T-2)/Z; Z& 950l Zo|t}.

Ao 2 AL o] Fe A 71A] 4 o] A
Al2gle] BEo hAEE o qhasl], Al2E A BAd
&) ZAEE 7158 2=tk FAYR|EE (Total system
throughput)2 A& FA sl 2152 B9l & oyA 9
o2 A9 Z7|E NAIgTh A4 (ascendency)S Hi
HEHRE A 7oA AR A fejE o)
t} (Ulanowicz and Norden, 1990). T+ 3+ &9 o4 x]2] 9%
E b, 2 QY ATE YR o]FE Ao it EEAe
HAAsAHE Dol o3 #4422 4 Aok

+
oo

£y
n

I= 3 £ log
zzz,]rl ;lfkak

9 HolA 7k oA = AAAEE S Fholehd, = jmi
H 258 (1) 2otk
T

i
fij

;Z; Ty

g o5 9]dUATL iE TH3E FEolth
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gl FAFAEE (NDE F8tE AAFE F3HA ok

r= i:§= T

Auf P HEY S BAYEE AA|c) ¥HA-8-FF (deve-
lopment capacity)2 A4 2] Hojgto 2 UEYo] &dHE
T U= 7HsE AR, g3 o] Fojztk: C=H T,

= A JEZIARAN TSH Zo] ALtdETh

H = ;10,- log @;

A:C ME Al AT EA L) i3 TN B E9) 9T
S A 721 gheloh Al AE vlad w) H-Ed g

ot (Field et al., 1989). &3 -&%F7 Aujde] A& eH3=a}
o) eI =E 7|gR]) £33 wdo] A BAY 4 e
582 wgd 3t} (Ulanowicz, 1986). A9 AMAE Z7HA)7)
7] 93iA eHElE E& dERIE AAIE = Ut oY,

°]

o]z @ 5Fo g BILAS AVE BT owF=g
F7kel 7B eHEEE AS MBS Fe AFEE

wkgdich, Reaks JEAulA  (internal capacity and
internal ascendency)S A&7} Aujd-& WB X2 upE
o] AMEE Ao 2 A YR wEThY ghrolt) 4:C HlE
AQ BAFHE R 5 U= ol (Field et al., 1989).
A:CHIZE o’ AVt 2 A E AT A oud
wo] WA A9 AVt ReEe AFS Atk & 4 3ok
ESH UEATIT gol M2 AT dig Ao He
aca & 4 Ao} (Baird et al., 1991). S92 (connectance)
32§ & TEIETEA FU4 (overall connectance )2 RE
2] 28-8-4} (exogenous transfer)-& E g8l Wi, RIE52E
(inter-compartmental connectance)> WA E (endogenous
exchange) THS X &strt Ho|w A (food web connectance)
2 HAAES A Y22 F o] S2olFd Hgdn
dEde 1 Bof AAY 2L s ZHA "ok

2% % 18

Input-output analysis
NUAEE AEY HEX HNAHAE T8 e
£ 2 phytoplankton (185 gCm?yr")#} detritus (119 gCm™ yr’)
7} 74 8% Ao 2 Yeldth 39 2 & benthic algae,
particle feeding zooplankton, camivorous zooplankton,
meiobenthos 24 21.4-9.5 gCm7yr'e] ¥ Weoll A vrebgcl
2 GA| 2 bivalve, malacostraca, carnivorous fish, omni-
vorous fish, detrivorous fish ZL2] I piscivorous fish®] &A=
ZQ 4ol H7rE U (Table 3). F71A S0l 2514, Phy-
toplankton®] FEA4H3F 5 9%+ particle feeding zooplankton,
5%+ camnivorous zooplankton, 28] 1l 53%% detritus= ©]5H
T} (Table 4). Benthic algae®] FA4HF F 6% particle feeding
zooplankton, 9% carnivorous zooplankton, 8%+= meiobenthos

ol
Ho

ol

Table 3. Throughputs (ng'zyr'l) for each group in the
Bangjukpo surf zone ecosystem

Group Throughputs
1 Phytoplankton 185.00
2 Benthic algae 21.40
3 Particle Feeding zooplankton 18.50
4 Carnivorous zooplankton 11.90
5 Meiobenthos 9.50
6 Bivalve 212
7 Malacostraca 1.08
8 Detrivorous fish 0.05
9 Omnivorous fish 0.10
10 Carnivorous fish 0.73
11 Piscivorous fihs 0.03
12 Detritus 118.00

383 72%< detritusZ ©]FE T} (Table 4).

NETWRKS] 3} 23 IMPACTSS ©]&3}od A4Hsk At
97kA] 5o HYx o] QlE AL eI (1) phyto-
planktong ¥A3l= meiobenthos, (2) particle feeding zoo-
plankton-g ¥ 2}&}= malacostraca, (3) carnivorous zooplankton
S ¥ 23 malacostraca, (4) phytoplanktonS X8}
omnivorous fish, (5) particle feeding zooplanktonS X4 3}=
omnivorous fish, (6) particle feeding zooplanktonS ¥ 2s}=
carnivorous fish, (7) carnivorous zooplanktong 3X4|8}l=
carnivorous fish, (8) meiobenthos® 341 5}+= piscivorous fish

2283 (9) malacostracas ¥EAS}= piscivorous fish.

Lindman trophic analysis

Lindman % %314 A 3+= Lindman 188 & (Table 5)°l
AA AL FHAAN P& FUAAE €& 1FS AT
(Ulanowicz, 1999). ¥ A8 A7} 49 TAARI o727
9 FEGYIA = 407019 2 ohSE A FEA 338
2 Yehtt} (Table 6). A3 < 9] Lindman Spine (Fig. 3)<
87 F-Eo 2 T Baltic 1} Chesapeake T Hule= o
W Kromme 7R U= 2t} (Baird et al., 1991; Heymans,
1992). Fig. 3o T@AA AMHE-E 36.9 gCm?yr! & 6.3
ng'zyr"lﬂ-o] MAAZ o] o] JUEE (trophic effici-
ency) 17.2%7} H Atk Gt o] dAtolA dFEEL
32%2 A Ems (60%), Ythan (46.9%), Swartkops (41%) 8}~
He M= Ztow, XAPEFE HBE S 02 AT
Z238 4 9t} (Baird and Ulanowicz, 1993). =3+ B Hudd
E2 10.2%Z 4] southern Benguela 8592 12.1% 4=
2o} dukAQl Hd gk 10%9%= FARE Aoz vEhRth
(Pauly and Christensen, 1993). Fig. 3¢l|A] 4 YeAl= EnjsA}
Z FUas&2 A Yo RS2 EASY
Biogeochemical cycle analysis

WX dud AegACde 129719 8ol e ez
Uelgor, & AeAlA Baid e 2+ Kromme 3
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Table 4. Total contribution coefficients (TCC) matrix (percentage)

Group
Group 3 4 5 6 7 8 9 10 11 12
1 Phytoplankton 9 5 4 1 0 0 0 0 0 53
2 Benthic algae 6 9 8 2 1 0 0 1 0 72
3 P. F. zooplankton 2 8 12 2 1 0 0 1 0 27
4 C. zooplankton 3 1 17 3 1 4] 0 1 0 27
5 Meiobenthos 2 2 1 2 3 0 0 1 0 34
6 Bivalve 3 1 1 0 15 0 0 5 0 25
7 Malacostraca 3 1 1 0 0 0 0 3 1 30
8 Detri. fish 2 2 2 0 0 0 0 17 0 38
9 Omni. fish 4 1 1 0 0 0 0 0 0 28
10 Carni. fish 3 2 2 0 0 0 0 0 3 52
11 Pisci. fish 3 2 1 0 0 0 0 0 0 35
12 Detritus 8 5 4 1 1 0 0 0 0 4
Table 5. Lindman transformation matrix
Group
Group
1 2 3 4 5 6 7 8 9 10 1
1 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 1.00 0.90 0.60 0.69 0.40 0.92 0.27 0.07 0.06
3 0.00 0.00 0.00 0.10 0.38 0.26 0.42 0.05 0.56 0..54 0.16
4 0.00 0.00 0.00 0.00 0.02 0.05 0.16 0.03 0.16 0.33 0.48
5 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.05 0.26
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Table 6. Effective trophic level of each group in the RAoZ Hol =¥ A= ‘_% W) ore AOE

Bangjukpo surf zone ecosystem

Group Effective trophic level
1 Phytoplankton 1.00
2 Benthic algae 1.00
3 Particle Feeding zooplankton 2.00
4 Carnivorous zooplankton 2.10
5 Bivalve 2.42
6 Meiobenthos 2.36
7 Malacostraca 2.80
8 Detrivorous fish 212
9 Omnivorous fish 2.92
10 Carnivorous fish 3.38
11 Piscivorous fihs 4.07
12 Detritus 1.00

o4 997] (Heymans, 1992), ‘Fol= &} 7}2] siul/a) st o A
1877} (Heymans and McLachlan, 1996), 123l Chesapeake
Bay©ll 4] 617 (Baird and Ulanowicz, 1989) Q1 Ao 2 UEl%)
t}. Ulanowicz (1984) AElAl 24& £8Agd vl sl
&3=7)0) Auly Foka ARt wE we A #
Sunele B A9 & ?ILE'Q XA F3lo] A

o} B Aol 24709} 1670 £B-S 2 A2 vERG

\__v._ R

A At (Table 7). RN
£, 19%E 4—F IM 2, T8 T
A Uebth o]g|3 A9E Hof 559 B2 o] & 75

& F-l‘r FUJ

9] &3 dx2oM HAYS= AL & F U}k Swartkops
372} Southern Benguela®l| A 2E <83 Chesapeake THoll
MNe 89 80%7t T - M2 TR

(Baird et al, 1991). ©]¢}+= WHN & Ems 317, 2ES), #HFHLL
(Baird et al, 1991)3} £ AFA G e tiE o] 3ol
4,2,3 293 16— Y2 ZH7] Yehd Aoz Ho}l
weke] vl e ROz AYZAHAch

FCIE Al YoM 2Asle 28 58 3 o8¥3s 589
g2 4¥ZA 44%20 A Z JEPHTE (Table 8). ] 34
Southern Benguela 0.01%%} # 5t 3.2% (Baird et al., 1991)
R} A9 South Carolina®] @453 8% (Asmus et al., 1989),
Northern Benguela 2% % 7.1% (Heymans and Baird, 2000),
Folz )zt /=) 12.8% (Heymans and McLachlan,
199¢) Htle 2 Ao 2 eyt

83 223 Als Holo] A2yt An BI AR At
e EAG zted B A7 APLL 1.61%2A4]
Northern Benguela %< 2.9% (Heymans and Baird, 2000),
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Fig. 3. Trophic aggregation into the Lindman Spine, with the autotrophs merged with the detrital pool (I+D).

Table 7. Frequency (%) of cycles per nexus in the Bangjukpo
surf zone ecosystem

Cycles per Number of Number of cycles % of cycles
nexus nexuses per nexus per nexus
1 12 12 9
2 5 10 8
4 6 24 19
6 1 6 5
8 1 8 6
13 1 13 10
16 2 32 25
24 1 24 18
Total 129 100

Table 8 Global attributes of the Bangjukpo surf zone eco-
system

Global attributes

Total systems throughput (T) unit 574.06
Ascendency (A) unit 767.91
Development capacity (C) unit 1,876.40
A:C % 40.92
Finn cycling index % 4.39
Average path length % 1.61
Overhead on imports () unit 99.25
Overhead on exports (¢.) unit 231.08
Dissipative overhead (¢s) unit 253.09
Redundancy (¢) unit 525.07
Internal capacity (C;) unit 722.44
Internal ascendency (Aj) unit 197.37
Ail Ci % 27.32
Overall connectance unit 1.81
Intercompartmental connectance unit 2.18
Food web connectance unit 2.39

unit: ng'zyr'l

Southern Benguela 2.54%9} #| 5t 2.24% (Baird et al., 1991),
dol=Ze]7l9) SR/ wth 2.3% (Heymans and McLachlan,
1996) B o= 221} Kromme 317 1.8% (Baird and Heymans,
1996)9F FAFSIAl VEFSETE

Global system analysis

NETWRK-2 Table 83} 2o} Aof tigh st A A
ok WEE A AeAA FdUAEEL 574 ng
yr'© 2 X northern Benguela &% oX 3,613 gCm™yr!

neE
HE

w oK

(Heymans and Baird, 2000) o]u} ‘do}l&]7}o] w1/ gl el
Al 3,247 gCm™yr' (Heymans and McLachlan, 1996) 2.t} =7
Jebtel A3ai o)A AL 768 gCm yr' o)™ northern
Benguela 859 4,256 gCm™yr' (Heymans and Baird, 2000)%
otz Y7} sful/H i 6,316 gCm yr' (Heymans and Mc-
Lachlan, 1996) Ho} 24 Vet AT oA 83
1876 gCm’yr'o]™ northern Benguela 4% 13,155 gCm™
yr' (Heymans and Baird, 2000)3} ‘FolZ 2] 7}2] sful/) =)o)
9,518 gCm™ yr' (Heymans and McLachlan, 1996) 2.t} &7
vt A A 4:C BlE 41%0]0 Folxe]Fte] s/
stefoll A 45% (Heymans and McLachlan, 1996)$} 5-A18F A3}
£ Hol1 gtk B AFolA o]g, o]F, 5 o3 eHI=
£ 2}7] 99, 231 LB I 253 gcCmPyr'Ql Ao & el B
A7 A 4:C; BlE 27%ZA] northemn Benguela £%59% 43.9%
(Heymans and Baird, 2000)2} Fo} 2] 7} siRl/A gl 40.8%
(Heymans and McLachlan, 1996) B.th= 22 gho|d), B AT

M FAZL 181, WFIFAZAL 218 2L HolwpdA
2 2398 ZE Ao R JEhygu

W Yot YA FANUAEEL 574 gCmyr' 2
=4 gormelstel AUl Holzelst £ 16
17%5 UYestth FAUAEES 748k HE1FL Phy-
toplankton®} detritus”} 7+ 52359, T2 2.2 benthic algae,
particle feeding zooplankton, carnivorous zooplankton, meio-
benthos, bivalve, malac'ostraca, carnivorous fish, omnivorous
fish, detrivorous fish, piscivorous fish &A1 2 H7}E o) fd=
ke A A} At S DAl FYEE0] Ems, Ythan,
Swartkops &F7-oll HI3] &2 0 g Ho}, sfe] AL
& 2R A3 RoT 1eS & 5 ATk F Y
2 &8I ololake] 2uIA} A ke Sjujoll ufz)
A FAIAESL A BT aTH LY FouiAE
gol A7) wj&ol| AujAdat WAL JA| Folze]7te] sinl
(A9} Motz EaHd Hls) 22t 12-18%, 14-20%2]
Ao Z vebyith §HE, AL L olfrE & el
Al dAHAb otk Fggel A FEEHE YrE
Ndct 53, sivlolA #SE FAEH ofANAY F=

T A5E A5 Fre, xRt AXA 52 FE7)
FZ=E U} (Song, 2002). ©1E A3FH AN FFEE GUdgo)
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