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Intertidal zone of the Nanji Islands is a niche for dominant species of the

macrobenthic community
Tang Yanbin, Liao Yibo, Shou Lu, Zeng Jiangning“, Gao Aigen, Chen Quanzhen

Laboratory of Marine Ecosystem and Biogeochemistry, Second Institute of Oceanography, State Oceanic Administration, Hangzhou 310012, China

Abstract: Since 1917, when Grinnell proposed that niche breadth is the minimum unit of a population, the theory of
ecological niches has persisted as one of the core ideas in the study of community composition and function, the
relationships among various species, biodiversity, community, and population evolution. Ecologists use the term “ecological
niche” to describe how organisms respond to, and in turn alter, the distribution of their resources and competitors. The
metrics of niche overlap, breadth, and position play a central role in our understanding of an organismal community. The
Nanji Archipelago Marine Nature Reserve is located in the southeast region of Zhejiang Province, China. It is a marine
ecosystem reserve, aimed at protecting marine biodiversity. Specifically, the shellfish, algae, and the natural environment
are the main targets for protection. To examine the characteristics of the macrobenthic community as well as the interactions
between the macrobenthic species in the rocky intertidal zone of the Nanji Islands, organism assemblages in 4 sections of the
Nanji Islands were investigated between May 2012 and February 2013. During the 10 months of research, 354 species were
found, most of which were molluscs, annelids, and arthropods. In addition, dominance coefficient analysis identified 18
dominant species belonging to 3 different phyla, 5 classes, and 12 families. Every tidal zone in each season was treated as a

resource state, and 12 such resource states were selected for further ecological niche analysis. Indices of the niche breadth,
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niche overlap, and niche proportional similarity were calculated based on the abundance of the dominant species. The values
of the niche breadth indices for Modiolus comptus , Septifer virgatus, and Nereis heterocirrata were the highest ( greater than
0.9), while those of Euraphia withersi and Fistulobalanus albicostatus were the lowest (lower than 0.5). The values of for
the niche overlap index of the macrobenthic community in the Nanji Islands were low. In contrast, the values of its niche
proportional similarity were relatively high. The species with broad niche breadth were found to have high niche overlap
index values and niche proportional similarity. According to the results of the Bray-Curtis similarity analysis and non-metric
multidimensional scaling analysis ( NMDS), there was no significant difference in community composition among the
different areas in the Nanji Islands. There was only one weak distinguishing feature within community that divided the
community into two groups, one group comprising of species living in the high tidal zone and the upper level of the middle
tidal zone, and the other comprising species living in the low tidal zone and the lower level of the middle tidal zone. Thus,
we can speculate that the different distribution patterns of the benthic species in the intertidal zones were caused by various
factors involved in their environmental adaptability and migration capability. Our results also indicate that the differential
environmental adaptability and migration capability of the macrobenthic species may lead to differences in their niche
breadth. Since each species assumes its own position in the intertidal zone, the pressure due to inter-specific competition is

reduced to some extent, possibly explaining why the niche overlap indices in the Nanji Islands were relatively low.

Key Words: Intertidal zone; macrobenthos; dominant species; niche; inter-specific competition
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Table 1 The dominant species of macrobenthos in intertidal zone of Nanji Islands

Il £} 28 il P Ui
Phylum Class Family Specie Dominance No.
#9171 Annelida %2 B4 Polychaeta > #F} Nereidae VLA Nereis heterocirrata 0.025 S1
TS B Serpulidae T AL Spirobranchus maldivensis 0.023 S2
BAKFY)1T Mollusca 15 FE 2K Gastropoda AEME V1 B} Nacellidae B (HI) Cellana toreuma 0.023 S3
L EFIZE} Trochidae il Y& Umbonium costatum 0.021 S4
TEIRF] Littorinidae SRR Littorina balteata 0.021 S5
W74 Lamellibranchia Z AP} Erycinidae TR YOS Lasaea nipponica 0.063 S6
TG D&} Mytilidae AR Lithophaga curta 0.025 S7
RIS Modiolus comptus 0.025 S8
SREBRIG DL Septifer virgatus 0.119 S9
RSP Arthropoda  *HUE 20 Maxillopoda /INEEFFF}F Chthamalidae rhAE/NERE Chthamalus sinensis 0.179 S10
H &M Euraphia withersi 0.084 S11
K BEAEF} Tetraclitidae 55 e Tetraclita squamosa squamosa 0.051 S12
H AL A Tetraclita japonica 0.032 S13
A F} Balanidae LUBEAE Amphibalanus amphitrite 0.029 S14
FH BEAE Fistulobalanus albicostatus 0.021 S15
K H 40 Malacostraca IR H AR EFf Gammaridea 0.101 S16
HEHITFARL Ampithoidae PEEAITJE A E R Amphithoe sp. 0.048 S17
JKEF} Sphaeromatidae Jis 15 ¥ JEE /K L Dynoides dentisinus 0.021 S18
SRR LA b R T 845 e A A H AR A ik A A 20
A= A TE BERRAL S FE BEAEI/INT 0.8, Kb S Al
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Fig. 2 Bray-Curtis similarity analysis of macrobenthic dominant

species in intertidal zone of Nanji Islands
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Table 2 Density distributions and niche breadths of macrobenthic dominant species in intertidal zone of Nanji Islands

eFFh HZ= Spring 7% Summer FZ= Autumn A 7% Winter Ui A AL
Dominant - Niche Breadth
Specie H M L H M L H M L H M L Total (B.)
S1 0 215 106 0 43 93 0 49 103 59 115 58 841 0.951
S2 0 9 0 0 49 0 175 167 0 265 146 819 0.824
S3 482 4 0 60 5 0 6 27 0 31 16 0 631 0.868
S4 12 0 0 3 0 9 0 0 588 108 0 720 0.647
S5 59 0 0 195 0 0 59 0 0 456 72 0 841 0.689
S6 0 9 4 166 453 0 263 108 0 1672 982 0 3657 0.861
S7 0 28 254 0 87 38 0 52 66 0 52 41 618 0.897
S8 0 56 300 22 84 315 47 169 207 0 163 750 2113 0.987
S9 9 1369 144 569 1695 445 1284 974 0 794 1170 0 8453 0.981
S10 545 181 0 0 0 0 0 9 0 7384 2461 0 10580 0.643
S11 322 556 0 278 1177 1140 0 6 0 0 0 0 3479 0.751
S12 31 765 189 0 0 0 425 365 25 530 835 0 3165 0.885
S13 9 370 72 0 0 0 209 275 0 692 594 0 2221 0.825
S14 16 0 0 0 0 0 0 7 1250 0 0 0 1273 0.401
S15 0 0 0 0 0 0 0 0 0 0 98 414 512 0.287
S16 0 322 717 0 19 78 0 248 3720 0 469 442 6015 0.876
S17 0 2 11 0 28 106 0 439 824 0 58 75 1543 0.864
S18 0 38 9 0 70 30 0 29 15 0 355 319 865 0.881

Bt Total 1485 3924 1806 1293 3669 2294 2302 2932 6377 12206 7813 2245 48346
H: High tidal zone 58 [X ;M. Middle tidal zone "1i#][X ;L: Low tidal zone KX
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Table 4 Niche proportional similarities of macrobenthic dominant species in intertidal zone of Nanji Islands

PeFFh
Dominant S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  s11 S12 S13  S14  S15  Sl16  S17 S18
Specie

S1

S2 0.712

S3 0.462 0.387

S4 0.221 0.194 0.562

S5 0.221 0.173 0.633 0.824

S6 0.514 0.426 0.679 0.624 0.631

S7 0.856 0.750 0.383 0.119 0.119 0.462

S8 0.802 0.740 0.497 0.238 0.238 0.530 0.817

S9 0.692 0.485 0.699 0.476 0.476 0.778 0.621 0.666

S10 0.425 0.342 0.558 0.739 0.613 0.514 0.286 0.245 0.445

S11 0.407 0.351 0.526 0.243 0.315 0.384 0.406 0.405 0.534 0.358

S12 0.640 0.450 0.590 0.517 0.523 0.651 0.522 0.539 0.682 0.587 0.293

S13 0.566 0.417 0.582 0.570 0.569 0.713 0.448 0.465 0.682 0.641 0.286 0.918

S14 0.213 0.343 0.332 0.143 0.165 0.105 0.245 0.211 0.147 0.247 0.220 0.275 0.215

S15 0.221 0.361 0.108 0.247 0.173 0.183 0.231 0.251 0.117 0.265 0.000 0.165 0.183 0.000

S16 0.813 0.771 0.354 0.131 0.131 0.398 0.859 0.780 0.560 0.316 0.321 0.544 0.470 0.332 0.260

S17 0.760 0.841 0.360 0.114 0.114 0.410 0.801 0.765 0.532 0.229 0.337 0.441 0.390 0.392 0.236 0.835
S18 0.793 0.822 0.368 0.195 0.173 0.520 0.837 0.788 0.623 0.371 0.405 0.526 0.476 0.192 0.384 0.784 0.753
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