A
HIf

Journal of National Fisheries University 70 (1) 1-9 (2021)

WP BERPTFEO 70y b ABRERSICRITTR

BRIEAR, mdEA T, BTERELIEE R AHR T,
WIsFIs°, FIHEKR—, ZHHA

Effects of submarine groundwater discharge on the benthic
macrofaunal community on the Nakatsu tidal flat, Japan
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Abstract : To clarify the effects of intertidal groundwater discharge on macrofaunal community structures of
tidal flats, the species richness, abundance and biomass of macrobenthos at the groundwater-seepage area
were assessed quantitatively, measuring environmental conditions including sediment temperature, median
diameter, ORP and ignition loss, and salinity, water temperature and nutrient concentration of pore water at
four sites (Nakatsu River mouth, Sanbyakuken, Higashihama, Oshinden) on the Nakatsu tidal flat, Oita
prefecture, Japan, at low tides in June and July, 2019. A total of 1,233 individuals, belonging to 51 macrobenthic
species (37 families) were collected. Mean species richness and biomass were significantly greatest at
Higashihama, whereas mean abundance was greatest at the Nakatsu River mouth. Lower species richness,
abundance and biomass were recorded at Sanbyakuken. At Higashihama, infaunal species such as the bivalve
Glauconome angulata and polychaete Ceratonereis erythraeensis were dominant in the lower salinity and higher
nutrient environments. A canonical correspondence analysis showed a positive correlation between nutrients
and dominant bivalve abundance. The overall results suggested that intertidal groundwater influences the
macrofaunal community structure, providing low salinity and nutrient-rich conditions, which contribute to the

high productivity and diversity of marine organisms on tidal flats.
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Fig. 2. Mean median diameter, ignition loss, oxidation-reduction potential (ORP), mud
temperature, salinity, and water temperature at each site on the Nakatsu tidal flat. Bars
show standard deviation. NR, Nakatsu River mouth; SA, Sanbyakuken; HI, Higashihama;

OS, Oshinden.

Table 1. Results of one-way ANOVAs testing differences in physical environments
among sites on the Nakatsu tidal flat

df MS F P Tukey-Kramer test
Median diameter (mm) 3 59.874 2.486 0.110
Ignition loss (%) 3 0.170 4.024 0.034* HI>SA
ORP (mV) 3 71117.757  7.453 0.004* OS>SA=HI
Temperature (°C) 3 3.252 5.820 0.011* HI>NR
Water temperature (°C) 3 32.662 24.120  0.000* HI>NR=0OS>SA
Salt content (%o) 3 59.874 2.486 0.110
PO«-P (mg/L) 3 0.126 4.893 0.019* HI>SA
NO:-N (mg/L) 3 0.000 1.391 0.293
NO:-N (mg/L) 3 0.025 2.812 0.085
NH.-N (mg/L) 3 0.050 2.363 0.122

NR, Nakatsu River Mouth; SA, Sanbyakuken; HI, Higashihama; OS, Oshinden. *, P<0.05
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Table 2. Mean abundance of macrobenthos collected at each site on the Nakatsu tidal flat
Site
Phylum Family Species (Acronym) NR SA HI 0S
Mollusca Lottiidae Patelloida pymaea 0.50
Patelloida conulus 0.50
Pyramidellidae Pyramidellidae sp. 0.25
Nassariidae Hima festiva 0.25 0.50 0.50
Batillariidae Batillaria multiformis (Bmul) 13.25 0.50
Batillaria attramentaria 3.75
Batillaria zonalis 0.25
Batillaria sp. 1.50
Potamididae Cerithidea cingulata 2.00
Cerithidea djadjariensis 2.50
Assimineidae Assiminea sp. 0.25
Iravadiidae Nozeba ziczac 0.75
Amphibolidae Lactiformis takii 3.25
Mytilidae Arcuatula senhousia (Asen) 19.00 1.75
Arcidae Arcidae sp. 0.25
Ostreidae Ostreidae sp. 0.25
Glauconomidae Glauconome angulata (Gang) 2.50
Mactridae Mactra veneriformis 0.25
Tellinidae Macoma sectior 0.25
Macoma incongrua 0.25
Moerella rutila (Mrut) 1.00 0.25 1.00
Serratina diaphana 0.25
Veneridae Cyclina sinensis 1.00
Ruditapes philippinarum 0.25
Laternulidae Laternula anatina 2.25 0.25
Laternula marilina (Lmar) 7.00 1.50
Laternula sp. (Late) 0.50
Annelida Nereididae Ceratonereis erythraeensis (Cery) 10.00 8.25 1.50 3.25
Glyceridae Glycera macintoshi (Gmac) 0.25 0.50 0.50 1.75
Capitellidae Capitella teleta 4.00
Pectinariidae Lagis bocki 1.00 0.25 0.50
Polychaeta spp.
Nemertea Nemertea sp. (Neme) 7.00 11.00 42.00
Sipuncula Sipunculidae Sipunculus sp. 1.50 0.50

NR, Nakatsu River Mouth; SA, Sanbyakuken; HI, Higashihama; OS, Oshinden
Acronyms for top 15 species in parentheses used in Figure 5
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Table 2. Continued
Site
Phylum Family Species (Acronym) NR SA HI OS
Dogielinotidae Dogielinotidae sp. (Dogi ) 2.50 1.25 0.25 4.25
Aoridae Grandidierella japonica (Gjap) 21.00 5.25 1.50 4.00
Hyalidae Ptilohyale barbicornis 0.25
Anthuridae Cyathura muromiensis 0.25
Sphaeromatidae Gnorimosphaeroma spp. (Gnor) 16.00 0.50
Diastylidae Diastylidae sp. (Dias ) 23.00 15.25 9.25 0.50
Caprellidae Caprella scaura 0.25
Alpheidae Alpheus brevicristatus 0.25
Laomediidae Laomedia astacina 0.25
Callianassidae Nihonotrypaea japonica 0.25 0.25
Nihonotrypaea harmandi 0.25
Nihonotrypaea petaluna 0.25
Nihonotrypaea sp. 0.25
Diogenidae Clibanarius longitarsus 0.25
Paguridae Pagurus minutus (Pmin) 7.50 1.50 1.50 0.50
Pagurus sp. 4.25
Leucosiidae Pyrhila pisum 0.75 0.25
Varuninae Hemigrapsus sanguineus 0.25
Hemigrapsus takanoi 0.50 0.25 0.25 0.50
Varuninae sp. 0.50 0.25
Decapoda sp. 0.25 0.25
Macrophthalminae Macrophthalmus abbreviatus 0.25 0.50 0.25
Macrophthalmus japonicus (Mjap) 1.25 2.75 12.50
Macrophthalmus banzai 0.50
Total species richness 21 13 27 29
Total abundance 477 164 281 311
Total biomass (mg) 11.67 5.97 138.44 51.67
NR, Nakatsu River Mouth; SA, Sanbyakuken; HI, Higashihama; OS, Oshinden
Acronyms for top 15 species in parentheses used in Figure 5
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Fig. 4. Mean species richness, abundance and biomass of macrobenthos per quadrat (0.09 m? n = 4) at each site

on the Nakatsu tidal flat. Bars show standard deviation. NR, Nakatsu River mouth; SA, Sanbyakuken; HI,
Higashihama; OS, Oshinden.

Table 3. Results of one-way ANOV As testing differences in species
richness, abundance and biomass of macrobenthos among
sites on the Nakatsu tidal flat

df MS F P Tukey-Kramer test
Species 3 0.058 5.545 0.013* HI>SA
Abundance 3 0.180 3.452 0.051
Biomass 3 0.967 7.383 0.005* HI>NR=SA

NR, Nakatsu River Mouth; SA, Sanbyakuken; HI, Higashihama; OS, Oshinden.
* P<0.05
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