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Abstract

We applied perspectives on landscape ecology to propose a spatially explicit
model, termed the DARCs (deployment of artificial reef communities) model,
to address problems associated with configuring artificial reefs. The
deployment of most artificial reefs involves configurations based on engineers'
judgments, and the spatial and financial constraints of the system. These
designs are often merely plausible and not necessarily optimal. The DARCs
model tries to integrate ecological and engineering aspects to replace subjective
deployment. The core of this model is based on the ecological concept that
species diversity and biomass will increase with increasing habitat complexity.
Here, we apply the fractal dimension (FD) to assess the habitat complexity.
Moreover, we present a solving algorithm for achieving the maximal fractal
dimension under a fixed budget. As regards ecolological applications, the
proposed model to a case study was performed by considering the dispersal
dynamics for a specific conservation policy, and creates an artificial habitat
with several-small strategy in marine environment as well. In finally, we
applied the lacunarity index as a complementary index, to characterize different
spatial patterns that have the same FD value. Indeed, this study not only
provide referenced guidelines for ecological engineers in deploying artificial
reef programs, but also allow ecologists to explore some of the consequences
of the geometrical configuration of environmental variability for species

richness in future studies.

Keywords: artificial reef communities, fractal geometry, lacunarity,

conservation, landscape ecology
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AFE 9 PA i 42 16(Optimization) 2 F i M A AR E 2 BB FEHFL 4
WBE IR 2 7% B & 845 B (Landscape Pattern)3% 3t » 352 B AN EEEE
ATEHRCGer FRIATER)Z EMHE - FE L AT SBEHRKRAEH
PUERGRRZIT T ARRBEZIARBEAFK S BT H
AMATEGHEZEZLEZHRAUABRFTZTRMAE—RA - Hotx
EMEXEXREMNG BN AGRAEWRARESRT > H T -

1.1 FAF

AR A &2 R 95 % (e.g. Abelson, 2006) » 333 5% (Coral Reefs) & 48 B
Z B F % B 4 % & #(Tropical Nearshore Ecosystems)$f A #5824 77 LA 4%
HBEZZARER - AMBNALYAEER E R H T # Natural
Disturbances) > t# % E 2 3 3 K 3% & £ % § & (Abundance) &% % #k
Diversity) y m ¥ BB kP LR T Eb HHAREAMAHTHF(F2A
Richmond, 1993; Grigg, 1994; Hughes, 1994; Hinrichsen, 1997; Abelson,
2006) - %ﬁ%iﬁ*&iﬂ&iﬁﬁ')ﬁiﬁi&i&fﬁ ARBABKAPEE  FREZ—FFRALEE
# #% # (Bohnsack, 1990; Bohnsack et al., 1991; Seaman and Sprague, 1991;
Seaman, 1996; Collins and Jensen, 1999; Spieler et al., 2001) - A738 AT &5
(Artificial Reefs, ffi#5 ARs)¥5 )2 R A KA T LY BAR T B2
LR BREE  RUEESEF LAY —BRE - BRRRESGA S #T
Z o RRARAT SRAMME > CEARIRREBFELAMZRESN | I
T TEM AT R R % U %2 F » 44 Rounsefell (1972)
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Bohnsack & Sutherland (1985) ~ Bohnsack (1990) ~ Ambrose & Swarbrick
(1989) ~  Bohnsack et al. (1991)& Collins et al.(1991) = gk $h iy #4454 £ 45
WES R RRCEBEMEK  BETREBRE EONTEBAZ
ARREFUETRZEMEHE > REEFEEMZHLE BEA - B
&%%ﬁaé#%%%#%%’@ﬁ%m%ﬁﬁaz&A’éﬂﬁ@%
BABIRTER  RBEINEBBRAAL S5 BLUGERLE TR
ZHRF > RBEHAEEME

=]

FRL  ARBERSEBRIA T RSB BRI AT gty
HRRMEOTX > AENZALSBEAEELARENAL g2 2
 (Baien, 2001) - 3% O'Leary et al. (2001)i82% > AT &M% 1,48
hk(Site) ~ £ (Composition) & 3k 7] (Arrangement) % =378 ; AR B E ¥
% %% (e.g. Bohnack and Sutherland, 1985)38 2% 3k % 44 Bl AT Bk &
ﬁ&zi@’%meQmUﬁﬂ’Alﬁ%Zﬁﬁ%T@%&%ﬁﬁﬁ
I B AT QB2 A B(O4FEIH T 28R & AR A2 %A
TERRZME > FEmMAEEELE - REHF LS > B4 AL
BAEZESENRMMERBRE -

MEAL SBRZENBFHATE B TRELENIRE R MEB L
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BEVE > REFEERBHRAL - ERNAEAHTRALSHEZ @5 L -
BAKCAESMENR > FAARKZER  EONA L BT ; &
SPEAL BBEZIEE R E A R AE G IitiE) 0 R 3%
ALR M MR LARHBARE L2 BE > BRI STEE
% AAT & a(Module)z 33t $4|(ko & 1.1 A75]) - "REAT Gk

% 38 B 25 %4 Mathews (1985) ~ Heaps et al.(1997) ~ Kennish et al.(2002) % -
> AAMZ A X 4o Lok et al, (1998) ~ Seaman and Sprague (1991) * O'Leary e al. (2001) % -
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4 D.EHRRS P #RE 4 F @ http://www.twpat.com/webpat/) * 2007
2).& '} Z %3t 9 Btk 4F Baien(2001)$ A T S8 2 3% 3 AT AT Z 58

1.2 A SHHMEE B

BB AT SBZHE@FFDRFAHET AR RE 254 >
M ERITZERZHRK  BAGERE —H2 - TECBLRATEHESAR
(Manageability)Z 7 3k % F o RighofT » LA A X - M E RIGREEH -
B2 T BERAIA N G RRBEEAS BB  RAREA
MEZHBRFMBALERAZE  ERBAFSRAEIRLLES
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(Landscape Ecology) 2 S A F 3 » AR ZHE A EHNE M2 HE 44
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B AR AR IR A RE IR R T AT LEZHZ
(Deployment) » B R4 4 8 2 KA KR A5 S BB B0 B4R 1435 1 »
A R (Complexity)$f &2 R X TR —F 2 W4 E - AAAAL ¥
RABHBTT o AR EAT » KBS R %Y E M3 Bohnsack and
Sutherland, 1985; Abelson and Shlesinger , 2002) 5 tt4} » 43 & 8438 28 & ~
BW - HRERB FE4 &85 %E £ H M (Carr and Hixon, 1995) ;
Ogawa(1982)TF § 5t » MBS Z BB ERE » B AU EERS - 2
LR RBARBTH LA ERERS A MBHZLERRAY
TG Bk RBEERELALK)ZS ERSREAERESLF -

E 7 B r 3 e 2 Ak w48 # B (Habitat Complexity) » #2 4% Baien (2001)
WA R R4 AT R @ (Module) R § % A T & A B (Artificial reef
communities) i 2 %X % 4% i (Interactions) A7 2 ®  # & 3% % £ 3 (Shulman,
1984; Helvey and Smith, 1985; Gorham and Alevizon, 1989; Hixon and Beets
1989; Bohnsack, 1990; Charbonnel ef al., 2002; Sherman ez al.,2002) % &

HBRA-YEEMBRLEEEE o R RS A & — 5 2 7
REZMEBRNSHERE A2 %3 FOREPEL B HMAERE); By
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* Milon et al. (2000) # 3%, - AL SBRZEHBEERARMAMZI NG CRAELZT ERES
Cost-benefit 447 - 448 — 3 B 3080 PEMERBHEL T FHZ EHIE > 8 R mAZ
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HEZ o A 6.5 H B .48 2 ¥ (Module Complexity) & 2 B # 3% 2 (Spatial Complexity) % &
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