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Synopsis

The purpose of this study is to develop an integrated platform to predict and evaluate coastal benthic
ecology-geoenvironmental dynamics based on a new cross-disciplinary research field called Ecological
Geotechnics, and to apply the developed integrated platform to fields such as tidal flat and sandy beach. The
principal findings and conclusions obtained through integrated studies of field observations/surveys, laboratory
experiments, and numerical analyses are as follows.

1) We developed an ecohabitat chart showing a complex interrelationship of the linkage between the habitat
geophysical environments and diverse biological activities of diverse macroinfauna inhabiting tidal flats and
sandy beaches. The ecohabitat chart showed that there is a close relationship between species diversity and
geoenvironmental dynamics. Such species diversity-geoenvironmental dynamics relationship was found to be
consistent in nature with the field evidence from two habitat restoration projects. 2) The distributions of
amphipod and isopod species inhabiting the surficial sediments of sandy beach were associated with common
geoenvironment for each species in all sandy beaches, despite different tidal range and its variations. The
tide-induced variations in suction was responsible for the cross-shore distribution changes of those benthic
species studied. 3) The variations in the developed suction consistently and quantitatively accounted for the
changes in benthic species distribution, associated with the event-induced morphological changes in sandy
beaches and tidal flat. 4) The developed integrated platform consistently predicted the distribution changes of
diverse benthic species, associated with storm- and typhoon-induced morphological changes in tidal flats and
sandy beaches, and demonstrated its effectiveness in a comprehensive manner.

These findings are expected to facilitate the prediction and evaluation of benthic species responses to
geoenvironmental changes in coastal ecosystems, for conservation, restoration and management of tidal flats and

sandy beaches.

Key Words: Tidal flat, sandy beach, biological diversity, suction, geoenvironmental dynamics, benthic

species distributions, restored habitat
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W) 2016459 H (Tl Iifiii) [IZEfE L, A~ FMEDB
HIFAAE, A N MC K D /NEA R A~ D E
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FHROIEAEYDOLERBEORETIE, I /) Y=
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Model Predictor variables* delta-AIC ~ Rank
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>/ Hurdle GLMM  Site Suction, Date 0 1
Vaztp Hurdle GLMM  Site, Date Suction, Date 0.5 2
Hurdle GLMM  Site, Suction Suction, Date 3.5 3
Hurdle GLMM  Site, Suction, Date Suction, Date 3.9 4
Hurdle GLM Site Suction 25.3 5
Null 139.9 37
B XA RS Ordinary GLM  Site, Suction 0 1
AU LY Ordinary GLM  Site, Distance 11.9 2
Ordinary GLM  Site, Slope 12.4 3
Hurdle GLM Site Distance 14.3 4
Hurdle GLMM  Site, Distance, Date Distance, Date 15.9 5
Null 42.1 33
v A FHoNv Hurdle GLMM  Site, Suction Suction, Date 0 1
B AT DB Hurdle GLMM  Site, Suction, Date Suction, Date 0.3 2
Hurdle GLMM  Site Suction, Date 25.0 3
Hurdle GLMM  Site, Date Suction, Date 25.6 4
Hurdle GLM Site, Suction Suction 52.7 5
Null 655.2 37
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WCEENTND. Aft(Date) IEMERZEKE LTEENL TV, BENuDETMIITTOAEERTND.

- 47 -



JESE - fere GG - TR BEK - A BREE

£R-43 arHrFIT—DFI Y Vaxt i AAFTHRY LAVOMEKEE, RO RT—hOe AT~ hEATDHER

BIZxT 2/ AICEZ R TET IVO/RT A —X —fH

T/ Y YVaxy

EARXTHRY LY

b AN FE AT ORI

First (binomial) step

fixed factors

intercept 1.95%** - -0.88
Suction 5.38%*** - 2.97%%*
Suction2 3.46%** - 4.10%**
random factor
Date (variance) 1.34 - 0.88
Second (count) step
fixed factors
intercept -14.90 -1.33%%* 0.49
Site (Maze) -2.88%** -1.67*** 0.54%**
Suction - 0.95%** -3.72%**
Suction2 - -0.66** -2.63%*
random factor
Date (variance) - - -
theta of negative binomial 6.73x10° - 0.95
residual df 453 456 901

% p < 0.01; *** p < 0.001
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3 Site + Height + Height"2 64.7 18.3 379.2
4 Site + Slope + Slope”2 70.5 124 428.3
Hurdle GLM
5 Site, Distance + Distance”2 99.7 14.3 594.8
6 Site + Distance + Distance”2, Distance + Distance”2 96.2 17.9 577.2
7 Site, Suction + Suction”2 253 27.2 77.7
8 Site + Suction + Suction”2, Suction + Suction”2 28.8 26.1 52.7
9 Site, Height + Height"2 69.2 43.7 462.4
10 Site + Height + Height"2, Height + Height"2 66.0 453 480.9
11 Site, Slope + Slope”2 107.5 26.1 551.6
12 Site + Slope + Slope”2, Slope + Slope”2 88.7 29 537.4
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13 Site + (1|Date), Distance + Distance”2 100.2 16.3 595.4
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Site + Distance + Distance”2 + (1|Date), Distance +
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Distance”2 + (1|Date)
19 Site + (1|Date), Suction + Suction”2 25.8 29.2 78.3
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27 Site + (1|Date), Height + Height"2 + (1|Date) 44.4 28.5 255.8
28 Site + Height + Height"2 + (1|Date), Height +
66.9 473 444
Height"2
29 Site + Height + Height"2, Height + Height"2 +
40.7 28 240.7
(1|Date)
30 Site + Height + Height"2 + (1|Date), Height +
41.7 30 236.8
Height*2 + (1|Date)
31 Site + (1|Date), Slope + Slope”2 108.0 28.1 552.2
32 Site, Slope + Slope”2 + (1|Date) 101.3 222 252.7
33 Site + (1|Date), Slope + Slope”2 + (1|Date) 101.8 242 2533
34 Site + Slope + Slope”2 + (1|Date), Slope + Slope”2 90.7 31 536.6
35 Site + Slope + Slope”2, Slope + Slope”2 + (1|Date) 82.4 25.1 238.5
36 Site + Slope + Slope”2 + (1|Date), Slope + Slope”2 +
84.4 27.1 237.7
(1|Date)
37 Null (intercept only) 139.9 42.1 655.2
Distribution Negative binomial Poisson Negative binomial
Number of observations 460 460 910
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