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  Abstract                The species richness of benthic   harpacticoid copepod fauna in Jiaozhou Bay, Qingdao, on the 
southern coast of Shandong Peninsula, has not been comprehensively studied. We present a preliminary 
inventory of species for this region based on material found in nine sediment samples collected from 2011 
to 2012. Our list includes 15 species belonging to 15 genera in 9 families, the most speciose family was the 
Miraciidae Dana, 1846 (seven species); all other families were represented by single species only. Sediment 
characteristics and depth are determined to be important environmental determinants of harpacticoid 
distribution in this region. We briefl y detail the known distributions of species and provide a key to facilitate 
their identifi cation. Both harpacticoid species richness and the species/genus ratio in Jiaozhou Bay are lower 
than in Bohai Gulf and Gwangyang Bay. The poor knowledge of the distribution of benthic harpacticoids, in 
addition to low sampling eff ort in Jiaozhou Bay, likely contribute to low species richness. 
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 1 INTRODUCTION 

 Harpacticoid copepods are a highly diverse group, 
comprising over 4 300 described species (Wells, 
2007). They are primarily marine, are particularly 
abundant in soft sediments and on macroalgae (Huys 
et al., 1996), and are known from muds to sands from 
the intertidal zone to the deepest oceanic ooze (Huys 
and Boxshall, 1991). Despite their small size, 
harpacticoids play important roles in marine 
ecosystems (Willen, 2000; Mu et al., 2001). They are 
highly nutritious and provide food for many fi sh, 
shrimp and benthic bivalves (Huys and Boxshall, 
1991; Lee et al., 2012). Harpacticoids are also good 
indicators of the marine sedimentary environment, 
which have a potential value using as a monitor of 
environmental quality (Ahnert and Schriever, 2001; 
Araújo-Castro et al., 2009). 

 Jiaozhou Bay is a semi-enclosed bay located on the 
southern coast of Shandong Peninsula, near Qingdao 
City, in the western part of the Yellow Sea. Expansion 
in mariculture and industry, has aff ected marine 
ecosystems in this region. Global warming, sea level 
rising, melting of ice sheets, and extreme weather 

events are important aspects of climate change 
(Scavia et al., 2002; Zeppilli et al., 2015), which have 
signifi cant impacts on marine ecosystem and can 
aff ect biodiversity and community structure of marine 
organisms (Harley et al., 2006). 

 With the exception of the Bohai Gulf, the 
harpacticoid fauna of the Chinese marine environment 
is less well known than its freshwater fauna, as few 
investigations have been undertaken (Gee and Mu, 
2000; Mu and Gee, 2000; Mu et al., 2001; Mu and 
Huys, 2002, 2004; Huys and Mu, 2008). Though 
meiofaunal ecology and the free-living benthic 
harpacticoid fauna of Jiaozhou Bay have been studied 
(Zhang et al., 2001; Yang et al., 2009; Zhang, 2009), 
the marine harpacticoid fauna of this region remains 
poorly known (Ma and Li, 2011). In this paper we 
present additional data on the marine benthic 
harpacticoid fauna of Jiaozhou Bay, an inventory of 
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taxa, a key to assist in species identifi cation, and a 
brief synopsis of taxon distributions.  

 2 MATERIAL AND METHOD 

 2.1 Harpacticoid sampling and identifi cation 

 Sediment box-core (0.05 m 2 ) samples were taken 
at nine stations in Jiaozhou Bay from 2011 to 2012. 
Stations A3, A5, B2, C1, C2, C3 and C4 were located 
inside the bay; station D3 was located in the mouth of 
the bay; stations D6 and D7 were located outside the 
bay (Fig.1; Table 1). Subsamples were collected by 
acrylic corers (surface area: 14 cm 2 ) for quantitative 
analysis of harpacticoid abundance, and surface 
sediments were collected for sediment grain-size 
analysis. Samples were fi xed in buff ered formalin 
solution, washed through 45 μm-mesh sieves, then 
centrifuged with colloidal silica (Ludox TM-50) as 
the fl otation mesium. The proportion between 
sediment and fl otation mesium is 1:3. Specimens 

were preserved in 75% ethanol. Harpacticoids were 
dissected in lactic acid, mounted on slides using 
lactophenol as a mounting medium for further 
examination. The slides were sealed with clear nail 
varnish. Observations were done using an Olympus 
BH-2 phase contrast microscope and a Zeiss Axioskop 
equipped with phase contrast microscope. Vouchers 
of species are deposited in the Marine Biological 
Museum of Chinese Academy of Sciences 
(MBMCAS), in the Institute of Oceanology, Chinese 
Academy of Sciences, Qingdao, China (IOCAS). 

 Abbreviations used in the text are: exp-1(-2-3), the 
fi rst (second, third) segment of the exopod; enp-1(-2-
3), the fi rst (second, third) segment of the endopod; 
benp, baseoendopod of P5; P1–P6, swimming legs 
1–6. 

 2.2 Sediment characteristics 

 Grain-size analysis was determined by laser 
particle-size analysis, with sediments were divided 
into four fractions: medium sand (500–250 μm), fi ne 
sand (250–63 μm), fi ne silt (63–4 μm), and clay 
(4–1 μm) (Zhang et al., 2013). 

 2.3 Data analysis 

 Redundancy analysis (RDA) was used to correlate 
environmental variables and species distribution, the 
maximum gradient length of axes in detrended 
correspondence analysis (DCA) was 2.467 SD < 3 SD. 
In addition, the species/genera ratio was also used to 
analyze local faunistic complexes. The relationship 
between this index and species richness has been 
previously described for the harpacticoid fauna of the 
seas of Russia (Chertoprud and Garlitska, 2007). The 
fauna similarity was evaluated using Hacker-Dice 
index ( H ) for the qualitative data, which was used by 
Chertoprud et al. (2009). 

 Table 1 Station coordinates, sediment grain-size characteristics, depth and harpacticoid abundance in Jiaozhou Bay 

 Station  A3  A5  B2  C1  C3  C4  D3  D6  D7 

 Coordinates (E, N) 
 120º15.00′  120º19.83′  120º11.17′  120º10.83′  120º15.00′  120º17.50′  120º14.00′  120º21.50′  120º25.50′ 

 36º09.50′  36º09.33′  36º08.00′  36º05.50′  36º06.00′  36º06.00′  36º02.17′  36º00.33′N  35º59.00′ 

 Clay (4–1 μm)  0.283 3  0.323 4  0.142 4  0.264 6  0.222 9  0.199 5  0.185 4  0.199 1  0.073 5 

 Fine silt (63–4 μm)  0.712  0.675 9  0.590 2  0.683 5  0.695 6  0.677 1  0.669 8  0.728  0.374 2 

 Fine sand (250–63 μm)  0.004 7  0.000 7  0.267 4  0.051 9  0.081 5  0.123 4  0.144 8  0.072 9  0.359 3 

 Medium sand (500–250 μm)  0  0  0  0  0  0  0  0  0.193 

 Depth (m)  3.9  6.2  3.4  4.7  15.6  4.2  6.3  26.2  16.4 

 Harpacticoid abundance (ind./cm 2 )  6.82  4.81  6.00  5.08  3.85  8.35  7.99  3.36  1.54 
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 Fig.1 Jiaozhou Bay sampling stations 
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  H ( x ,  y )= a /[ a +min( b ,  c )], 
 where  a  is the number of shared characteristics for the 
subjects  x  and  y ; and  b ,  c  are the number of unique 
characteristics. 

 3 RESULT 

 3.1 Harpacticoid abundance and species richness 

 Harpacticoid abundance (mean 5.31 ind./cm 2 ) was 
greatest at station C4 (8.35 ind./cm 2 ) and least at 
station D7 (1.54 ind./cm 2 ) (Table 1). Within-bay mean 
abundance (stations A3, A5, B2, C1, C3, C4, D3) was 
6.13 ind./cm 2 , slightly higher than outside the bay 
(stations D6, D7), 2.45 ind./cm 2 . 

 Fifteen species in 15 genera and nine families were 
found (Table 2). The most speciose family, the 
Miraciidae (seven species), was also the most 
frequently encountered, with six species occurring at 
all stations (Table 2). Neither  Typhlamphiascus  nor 
 Amphiascus  and none of Zosimeidae, Cletodidae, 
Ameiridae, Ectinosomatidae nor Tisbidae could be 
identifi ed to species level given both sexes were not 
represented in samples. Each of the Canuellidae, 
Longipediidae, and Pseudotachidiidae were 
represented by single species. The species/genus ratio 
was low (1.0). The highest number of species was 
found at station A3 (14), close to Hongdao (inner 
bay), and the least (9) was found at station D3.  

 We fi rst report  Itostenhelia   polyhymnia , a species 

formerly known from muds in Gwangyang Bay, 
South Korea (Karanovic and Kim, 2014), from 
Chinese waters. All of  Scottolana   bulbifera , 
 Longipedia   kikuchii ,  Sinamphiascus   dominatus , 
 Bulbamphiascus   plumosus ,  Onychostenhelia  
 bispinosa ,  Danielssenia   typica  had been previously 
reported from Bohai Gulf (Mu, 2000). 

 3.2 Sediment characteristics 

 The sediment was sort into medium sand (500–
250 μm), fi ne sand (250–63 μm), fi ne silt (63–4 μm), 
and clay (4–1 μm). Textural types were observed in 
Jiaozhou Bay with four textural grades of medium 
sand, fi ne sand, fi ne silt and clay mixture (Fig.2, 
Table 1). Medium sand occurred only at station D7, 
where it comprised 19.3% of the total sediment. The 
highest proportion of fi ne sand was also found at 
station D7 (35.93%), whereas the lowest was found at 
A5 (0.07%). The highest proportion of fi ne silt was 
found at station D6 (72.8%), the lowest at D7 
(37.42%). The highest proportion of clay occurred at 
station D6 (32.34%), while the lowest occurred at 
station D7 (7.35%). 

 3.3 Relationship between harpacticoids and 
environmental variables 

 Redundancy analysis (RDA) was used to determine 
the extent to which depth and sediment characteristics 
aff ected the harpacticoid distribution (Table 3). All 

 Table 2 Harpacticoid species from Jiaozhou Bay, Shandong Peninsula 

 Family  Species  A3  A5  B2  C1  C3  C4  D3  D6  D7 

 Zosimeidae   Z  osime  sp.  P  P  P  P  P  P  P  P  P 

 Canuellidae   Scottolana   bulbifera  (Chislenko, 1971)  P  P  P  P  P  P  P  P  P 

 Cletodidae   Enhydrosoma  sp.  P  P  P  P  P  P  P  P  P 

 Ameiridae   Ameira  sp.  A  A  P  P  P  P  P  P  A 

 Ectinosomatidae   Halectinosoma  sp.  P  P  P  P  P  P  P  P  P 

 Longipediidae   Longipedia   kikuchii  Itô, 1980  P  P  P  P  P  P  P  A   P 

 Miraciidae   Sinamphiascus   dominatus  Mu and Gee, 2000  P  A   P  P  P  P  A  P  P 

 Miraciidae   Bulb  amphiascus   plumosus  Mu and Gee, 2000  P  P  P  P  P  P  P  P  P 

 Miraciidae   Wellstenhelia   qingdaoensis  (Ma and Li, 2011)  P  P  P  P  P  P  P  P  P 

 Miraciidae   Itostenhelia   polyhymnia  Karanovic and Kim, 2014  P  A  P  A  A  A  A  A  A 

 Miraciidae   Onychostenhelia   bispinosa  Huys and Mu, 2008  P  P  P  A  A  A  A  A  A 

 Miraciidae   Typhlamphiascus  sp.  P  A  A  A  A  P  A  A  A 

 Miraciidae   A  mphiascus  sp.  P  P  P  P  P  P  A  P  A 

 Pseudotachidiidae   Danielssenia   typica  Boeck, 1873  P  P  A  P  P  P  P  P  P 

 Tisbidae   Tisbe  sp.  P  A  P  A  P  A  A  A  P 

 For station distribution see Fig.1. P: presence; A: absence. 
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canonical axes explained approximately 39.5% 
variance of species data, and 100% variance of 
species-environment relation, among which the 
cumulative explanation of the fi rst two axes reached 
36.2% of species data and 91.8% of species-
environment relation. The eigenvalues of the fi rst two 

canonical axes were higher than the other axes, 
indicating these two axes to the most explanatory. For 
species-environment relation, the fi rst and second 
axes explained approximately 51.3% and 40.5% of 
variation, respectively. On the whole, the fi rst two 
canonical axes explained the relationship between 
species and the environmental variables well. The 
biplot of the overall species distribution and 
environmental variables (Fig.3) reveals the 
proportions of fi ne silt and clay have positive 
correlation with the distributions of most species, 
especially the species  Zosime  sp. Depth and the 
proportion of medium sand was negatively correlated 
with species distribution, except the species 
 Enhydrosoma  sp. and  A  mphiascus  sp. 

 4 DISCUSSION  

 4.1 Analysis of species richness 

 RDA reveals harpacticoid distribution throughout 
Jiaozhou Bay to be primarily aff ected by certain 
sedimentary characteristics and depth, with the 
proportion of fi ne silt and clay in sediment being 
critical variables. The proportions of fi ne silt and clay 
were marginally greater inside the bay than outside it, 
and the proportions of fi ne and medium sands were 
marginally lower within the bay. The water was a 
little deeper inside the bay than outside it. Harpacticoid 
species richness within the bay was marginally greater 
than that outside of it.  

 4.2 Comparative analysis with other coastal region 

 Mean harpacticoid abundance (5.31 ind./cm 2 )   was 
slightly higher than reported from this region 
(3.54 ind./cm 2 ) by Zhang et al. (2001), but considerably 
lower than Bohai Gulf (6.63 ind./cm 2 ) (Mu et al., 
2001). More is known of the benthic harpacticoid 
fauna of Bohai Gulf than elsewhere in Chinese seas. 
The number of harpacticoid species from Jiaozhou 
Bay is comparatively lower than Bohai Gulf, though 
this could be an artefact of the limited sampling eff ort. 

 Table 3 Summary of redundancy analysis ordination 

   Axis 1  Axis 2  Axis 3  Axis 4 

 Eigenvalues  0.203  0.160  0.022  0.011 

 Species-environment correlations  0.788  0.823  0.349  0.448 

 Cumulative percentage 
variance of species data  20.3  36.2  38.4  39.5 

 Cumulative percentage variance 
of species-environment relation  51.3  91.8  97.3  100.0 

-1.0 1.0

-1
.0

1
.0

Zosi

ScBu

Enhy

Amei
Hale

LoKiSiDo

BuPl

WeQi

ItPo
OnBi

Ty ph

Amph

DaTy Tisb

Clay

Fine silt

Fine sand

Medium sand

Depth

Axis  1

A
x
is

 2

 Fig.3 RDA ordination biplot of species distribution and 
environmental variables in Jiao zhou Bay 
 Species codes:  Zosi :  Zosime  sp.;  ScBu :  Scottolana   bulbifera ;  Enhy : 
 Enhydrosoma  sp.;  Amei :  Ameira  sp.;  Hale :  Halectinosoma  sp.; 
 LoKi :  Longipedia   kikuchii ;  SiDo :  Sinamphiascus   dominatus ;  BuPl : 
 Bulbamphiascus   plumosus ;  WeQi :  Wellstenhelia   qingdaoensis ; 
 ItPo :  Itostenhelia   polyhymnia ;  OnBi :  Onychostenhelia   bispinosa ; 
 Typh :  Typhlamphiascus  sp.;  Amph :  Amphiascus  sp.;  DaTy : 
 Danielssenia  typica;  Tisb :  Tisbe  sp. 

0

10

20

30

40

50

60

70

80

90

100

A3

G
ra

in
-s

iz
e 

co
m

p
o
si

ti
o
n
 (

%
)

A5 B2 C1

Survey station

C3 C4 D3 D6 D7

Clay (1–4 µm) Fine silt (4–63 µm)

Fine sand (63–250 µm) Medium sand (250–500 µm)

 Fig.2 Grain-size composition at survey stations in Jiaozhou 
Bay 



1131No.5 MA and LI: Benthic harpacticoid copepods from Jiaozhou Bay

Of the 15 genera in Jiaozhou Bay, 12 are known also 
from the Bohai Gulf. Though the genera  Wellstenhelia  
and  Itostenhelia  were recently separated from 
 Delavalia  by Karanovic and Kim (2014), and species 
were divided between the three, all  Delavalia  taxa 
from Bohai Gulf were identifi ed as  Delavalia  spp. As 
we have been unable to examine that material earlier 
reported from Bohai Gulf, we cannot determine 
whether the genera  Wellstenhelia  and  Itostenhelia  
occurred there. Six species (40% of species found in 
Jiaozhou Bay) were also recorded from Bohai Gulf 
( Bulbamphiascus   plumosus ,  Danielssenia   typica , 
 Longipedia   kikuchii ,  Onychostenhelia   bispinosa , 
 Sinamphiascus   dominatus  and  Scottolana   bulbifera ). 
The fauna similarity of Jiaozhou Bay and Bohai Gulf 
is 0.4 (the Hacker-Dice index). Four species (26.7% 
of species found in Jiaozhou Bay) were also recorded 
from Gwangyang Bay, South Korea ( Itostenhelia  
 polyhymnia ,  Onychostenhelia   bispinosa ,  Scottolana  
 bulbifera ,  Wellstenhelia   qingdaoensis ) (Lee et al., 
2012; Karanovic and Kim, 2014). The fauna similarity 
of Jiaozhou Bay and Gwangyang Bay is also 0.4 (the 
Hacker-Dice index). The species/genus ratio in 
Jiaozhou Bay (1.0) was lower than Bohai Gulf (1.925, 
77 species, 40 genera) and Gwangyang Bay (1.429, 
10 species, 7 genera). This ratio is aff ected both by the 
biodiversity and the level of species knowledge for 
each region (Chertoprud and Garlitska, 2007). 

 4.3 Species distributions and sediment preferences 

 All Jiaozhou Bay species have Indo-West Pacifi c 
distributions (Lang, 1948; Wells, 1980; Huys and 
Gee, 1993; Mu et al., 2001; Dvoretsky and Dvoretsky, 
2010; Lee et al., 2012; Karanovic and Kim, 2014), as 
follows: 

  Scottolana   bulbifera . China: Bohai Gulf, Jiaozhou 
Bay, South China Sea; Russia: Possjet Bay in the East 
Sea; South Korea: Kwangyang Bay; mud and sandy 
mud sediments.  

  Longipedia   kikuchii . China: Bohai Gulf, Jiaozhou 
Bay; Japan: Amakusa; Singapore; India: Andaman 
and Nicobar Islands, Bay of Bengal, Porto Novo, 
Tamil Nadu; mud and sandy mud sediments.  

  Sinamphiascus   dominatus . China: Bohai Gulf, 
Jiaozhou Bay; South Korea; subtidal muddy sediment.  

  Bulbamphiascus   plumosus . China: Bohai Gulf, 
Jiaozhou Bay; subtidal muddy sediment.  

  Wellstenhelia   qingdaoensis . China: Jiaozhou Bay; 
South Korea: Gwangyang Bay; mud and sandy mud 
sediments.  

  Itostenhelia   polyhymnia . China: Jiaozhou Bay; 

South Korea: Gwangyang Bay; mud and sandy mud 
sediments.  

  Onychostenhelia   bispinosa . China: Bohai Gulf, 
Jiaozhou Bay; South Korea: Gwangyang Bay; 
subtidal muddy sediment.  

  Danielssenia   typica . Europe; Canada; China: 
South China Sea, Yellow Sea (Jiaozhou Bay, Yantai), 
Bohai Gulf; mud and sandy mud sediments. 

 4.4 Key to harpacticoid species in Jiaozhou Bay 
(amended from Huys et al., 1996; Boxshall and 
Halsey, 2004; Wells, 2007): 

 1. P1 coxa with inner spine or seta; antennary exopod 
at least 6-segmented ................................................. 2 

 P1 coxa without inner spine or seta; antennary 
exopod at most 4-segmented .................................... 3 
 2. P2 enp-3 extremely elongated, longer than the total 
length of P2 enp-1 and enp-2; P5 well developed ......
....................................................  Longipedia   kikuchii  

 P2 enp-3 not elongated; P5 vestigial and 
incorporated into somite .............  Scottolana   bulbifera  
 3. P5 exopod fused with baseoendopod ......................
...................................................................  Z  osime  sp. 

 P5 exopod not fused with baseoendopod ............. 4 
 4. Body typically fusiform; maxilla with elongate 
basis and armed with geniculate setae distally on 
endopod; maxilliped stenopodial ................................
...................................................... Halectinosoma   sp. 

  Body variable, not fusiform; maxilla not of this 
form; maxilliped prehensile or subchelate ............... 5 
 5. P1 endopod 2-segmented ..................................... 6 

 P1 endopod 3-segmented ................................... 10 
 6. P2–P4 endopod 2-segmented ............................... 7 

 P2–P4 endopod 3-segmented ............................... 8 
 7. P3 and P4 enp-1 without inner setae .......................
.........................................................  Enhydrosoma  sp. 

 P3 and P4 enp-1 with one inner setae .....................
..........................................  Onychostenhelia   bispinosa  
 8. Mandibular endopod elongated, twisted over 
exopod and with long setae .......................................9 

 Mandibular endopod not elongated ........................
.....................................................  Danielssenia   typica  
 9. P3 and P4 exopods all with 7 setae and spines .......
..............................................  Itostenhelia   polyhymnia  
     P3 and P4 exopods all with 8 setae and spines .......
.........................................  Wellstenhelia   qingdaoensis  
 10. Antennary exopod with 3 segments at most ......11 

   Antennary exopod with 4 segments .......  Tisbe  sp. 
 11. Rostrum large, defi ned at base, reaching to at least 
the distal margin of the fi rst antennulary segment; P2 
endopod male 2-segmented; two egg-sacs ............. 12 
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  Rostrum small; P2 endopod male 3-segmented; 
one egg-sac ...............................................  Ameira  sp. 
 12. P3 enp-3 with 5 setae ........................................ 13 

   P3 enp-3 with 6 setae ...................  A  mphiascus  sp. 
 13. Caudal rami longer than broad .............................
...................................................  Typhlamphiascus  sp. 

    Caudal rami not longer than broad ................... 14 
 14.  P1 endopod non-prehensile, segments almost 
equal in length ...................  Sinamphiascus   dominatus  

   P1 endopod prehensile, enp-1 longer than enp-2 
and enp-3 combined ..........  Bulbamphiascus   plumosus  

 5 CONCLUSION 

 Ours is the fi rst report of marine benthic 
harpacticoid species richness of Jiaozhou Bay, 
relating their distributions to sedimentary variables. 
We report 15 species from the region, and recognize 
species richness to be marginally higher within the 
bay than outside it. We also determine the proportions 
of fi ne silt and clay to positively aff ect the species 
richness and distributions of most harpacticoid 
species, demonstrate the proportion of medium sand 
and depth to negatively correlate with harpacticoid 
species richness and distribution. Finally, we provide 
a brief discussion on the geographic distribution of 
species, their known sedimentary preference, and a 
key to taxa of the region. 
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