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The effect of sediment structure on the diversity of benthic marine animals in Japan
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Summary: Ecological data were obtained from a wide area of Japan, including the industrialized port of Nagoya. Using generalized
linear models for family presence/absence and generalized linear mixed models for the number of families by class, we found that
the key explanatory variables associated with changes in biodiversity were water content, TOC, and the proportion of silt/clay.

We consistently found that water content was the best predictor of species (family) richness for a range of taxonomic groups.
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The aim of this study was to find independent of sediment structure.

Materials and Methods
Data

the ecological evidence of effects Data sets: Data sets include data from all coastal areas of Japan, obtained between July and

of sediment quality and structure on the diversity of benthic animals in September, 2002, by the Ministry of Land, Infrastructure, and Transport (MLIT), and from Nagoya

Port, obtained in August, 2008, by the regional bureau of MLIT and PARI. The numbers of data in
whole Japan area and the Nagoya Port are 66 and 22, respectively (Figure 2).

marine areas.
Background: Marine sediments that have high contaminant loads have

already been known to contain toxicants o marine animals (sediment Sampling methods for benthic animals and sediments: Samplings were performed using an

Ekman-Birge bottom sampler (0.0675 m?) and the Smith-MclIntyre bottom sampler (0.1452 or

quality), which are present in sediment particles and pore waters.
Sediment structure, i.e. the hardness of sediment relates also to the activity
of benthic animals (Sassa and Watabe, 2008). Although sediment quality

Pore water 0.4840 m?) in depths from 0.5 m to 35.7 m, with no replication. The number of samples obtained

in a sampling area 0.4840 m> was 1. (We do not know the reason why the sample was obtained by different arca.)

and structures are independent of each other (Figure 1), they have correlations. The relationships between Sedi t data: Sedi TOC, grain size (% <75 pm defined as silt+clay), water

sediment quality and structure make it difficult to find evidence of sediment toxicity to benthic animals in content, and heavy metals.

the natural environments.

Focus: This study focused on finding the statistical evidence of effects of sediment quality and structure on e
benthic animals, and on discussing how can we assess the quality of marine sediment in natural environment. a 0km Hokkaido
Sediment structures: Water content is an indicator of sediment structure. It is defined as the ratio of water ‘ ]
mass (m,) to particle mass (m,), which are easy to measure as the following:
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Statistical models @

Model 1: The number of present families in classes (Polychacta, Malacostraca, Bivalvia, and Gastropoda) at each site b = A | e R

Lat, N (degree)

were analysed using the generalised linear mixed model (GLMM), with explanatory variables and a Poisson error

distribution with log function (Figure 3a). The analyses were performed by R using the glmmML function.
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Model 2: The presence or absence of families was analysed using the generalised linear model (GLM), with explanatory

#
R
B

variables and a binomial error distribution with logistic function (Figure 3b). The analyses were performed by R using

Number of families.

the glm function.
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Commons in Models 1 and 2: Models for all combinations in explanatory variables, which were Nagoya effects (Nagoya),

latitude (Lat), water depth (Depth), sediment temperature (S.temp), sampling arca (Sampling), and sediment characteristics s
were analysed. Sediment characteristics were chosen from TOC, Silt+Clay (Silt and Clay), or WC (Water content). Heavy

(Presence)
metals were not included in these models. The data obtained by 0.4840 m? in sampling area as considered as random = ———

effects in Model 1 and excluded from Model 2 to avoid the bias. Models that had a high variance inflation factor (VIF), 08 Negative ™

Figure 3. () The generalised lincar
mixed model (GLMM) for the number
of present families of classes at each site
and (b) generalised linear model (GLM)
for the presence or absence of families.
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greater than 2.0, were excluded from candidate models. VIFs were calculated by using the vif function in the ‘car’ package.
Explanatory variables: Sampling area was transformed by loge(sampling area/0.1452 m?)). TOC and WC were

Probabilty

TOC (%)

log-transformed from raw data. See relationships between variables (Figure 4). Variables except sampling area were

standardized for analyses. s (avsence)
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Figure 4. Relationships between explanatory
variables. Red and blue circles are data obtained
from Japan and the Nagoya Port investigations, respectively.

Model selection: The models of smallest Akaike Information Criteria (AIC) in candidate models were chosen as the best
models.

Silt+Clay (%)

Table 2. The best models for the presence or absence in families.

= - Number of
Class Order Family srosem gtes_ lercept Negoya et Deplh  Stemp Semping) TOC  SiCly WC |
Polychata _ Euricida Donileidas 5 a9 275 £ \

Eunicidao 4 sz 257
Lumbrinerca 5 om 115 ]
X . I Phyiodocda Gheardao 5oz T4 o
Sediment characteristics: Models for the Table 1. The best models for the number of present families of classes (Polychaeta, Goniadidae 2% 108 049 ! 08l
- ) Malacostraca, Bivalvia, and Gastropoda). esrcas s S — - —]
number of families present that included WC Cass Nl ecopt Negoya  Lat | Deplh  Stemp Samping] TOC SiCay WG | Nardoon T - 227| 415'
were chosen as the best model in all classes ~ Policheea B 18 0% o9 1 o3 Pllargac 4033 114 O — !
Nalacostraca 4 00 065 Poynoides oo 2w oz | oy
ks e Bivlv 23 os 015 034 igatonicao RN
(Table 1). In the analyses for presence or Gameopere O S ' ——— __m' s Sy oL S —
b in families. the ch del Sabeligse 727 15 040 103 134
absence in families, the chosen 37 models Shionida Crisshopieral ) i i 1
. I . . e . Nagaonidao 3 04 | |
(families) in all (59 families) included the variables of sediment characteristics (Table 2). The effects of sediment S ii‘;?‘;:im 2 om  om __  om T A%
characteristics in the most of models (31/37) were negative. The number of models that included TOC and Silt+Clay Fpshgortes T ST oo
. . . . . Pectiaric 5 A 1 01 ]
were 3 and 11, respectively. Models that included WC (23 models) were in the majority, although WC had high Stomaspidss 5 165 051 | |
Terabolidae 74z A 052
correlations with TOC and Silt+Clay (Figure 4). These results mean that sediment characteristics are important for L O L ==
presence or absence of the most families and species diversity in benthic animals, and that water content would be e Y e : — ‘_w:
. o N o Orbnicae 6 279 1350 2404 +.571
the representative characteristic of sediment for species diversity. We suggest that the effects of water content Paraonicae 4 260 -t6s7 L 1
. o : ) s X Walcostraca Amphipoda  Ampelscidas T4 a1 055 " S
(sediment structure) on the benthic animals in marine areas may make it difficult to find the effects of sediment [Caprences T —
B . Corophidae 6 300 ! o0
quality due to masking. schyroceridse 4 a0 | 078
. . " . . . Neliidse 7 am o 2% 067 " |
Latitude and sediment temperature: Positive effects of latitude and negative effects of sediment temperature on Qe P 107 . ——
the number of families were found in Polychaeta, Bivalvia, and Gastropoda (Table 1). The positive effects of Decapoda e TR . T 75 )
. . . e . Penaeidac 4 a6 00 22 ! 110 |
latitude and negative effects of sediment temperature on the number of families in the classes mean that the species Pinnotherdat 4 4 152
Varuridao 4 25 e 2403 095
s . A : 58 Stomaiopoda  Saquilica 5 e 216
diversity is higher in the northern or colder area of Japan. However, some families have the opposite (positive) S Stldee e T T 1
effects of sediment temperature in Polychaeta (Table 2). Lucinoida oot p——T — !
. s s . . yasiridae_ 4 -4.60. 185 1 )
Depth: Water depth was related to the presence in 10 families positively and 1 family negatively (Table 2) but not Mytioda Mytidae YT 063
Solemyoida Solemyidae 4 -3.14 18.33 2391" 1.45 i
to the number of families in all classes (Table 1). Neneroda P ] ?g_‘:g: ”3:
A . . . . L . Nactidao 25 13 13 sl
Sampling area: Sampling area is a parameter of sampling effort, which strongly relates the possibility that a family Tetiidas 5 os ; ]
Veneridae a7 047
can be found. The theory of probability shows that sampling area has to have positive effects. However, we can see  Gestoposa  Coghaia e Phiiie RN P N ) ) 1 1
. . L . . Gescidn ? szl ]
negative effects in some families (Table 2). We have to discuss the causes in a future study. Ra— I - T '
ol 7T a0 1®

Acknowledgements: We thank MLIT, Y Nakamura, and R Naito for data offering. We also thank GE Batley, CSIRO, for valuable comments.




