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Hong Kong is located on the northern edge 
of the South China Sea and is connected to the 
East China Sea via the Taiwan Strait (Fig. 1).  The 
climate of Hong Kong is subtropical.  The seas 
around Hong Kong are strongly influenced by 
ocean currents driven by 2 monsoon winds.  In 
winter, the northeastern monsoon drives cold water 
masses from the East China Sea into the northern 
part of the South China Sea via the Taiwan Strait.  
Water temperatures remain moderate, ranging 
15-22°C, as the Kuroshio Current carries warm 
waters from the Pacific Ocean into the South 
China Sea via the Luzon Strait (Hu et al. 2000).  
During the southwestern monsoon period in 
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summer, the Kuroshio intrusion is restricted by 
northeasterly flowing ocean currents (Hu et al. 
2000).  The influence of ocean currents on plankton 
communities in the coastal seas of southern China 
is shown by the seasonal occurrence of Calanus 
sinicus Brodsky, 1962 which is carried from its 
population centers in the Yellow Sea and East 
China Sea into the South China Sea during winter 
(Hwang and Wong 2005).

Mirs Bay and Tolo Harbour are large inlets on 
the east coast of Hong Kong (Fig. 1).  Flanked by 
China on the north and east and by Hong Kong on 
the west, Mirs Bay is exposed to ocean currents 
from the South China Sea from the south.  Tolo 
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Harbour, an almost land-locked and poorly flushed 
bay, opens into Mirs Bay via a narrow channel.  
The average water depth decreases from ~20 
m in Mirs Bay to < 10 m in the inner part of Tolo 
Harbour.  Both Mirs Bay and Tolo Harbour are 
marine in character, with little variation in salinity 
except after heavy rains.  Tolo Harbour has a 
long history of eutrophication.  Water samples 
collected between 2003 and 2005 showed average 
chlorophyll a concentrations of 5.75 μg/L in Tolo 
Harbor and 1.34 μg/L in Mirs Bay (Liu and Wong, 
2006).  High algal biomass and poor mixing lead 
to frequent development of hypoxia in the bottom 
of Tolo Harbour, particularly in summer when the 
water column is thermally stratified (Morton 1989).  
The mesozooplankton community of Tolo Harbour 
is dominated by smaller-sized copepods mainly of 
the genera Oithona and Paracalanus (Wong et al. 
1993).  Information on mesozooplankton in Mirs 
Bay is sparse.

Chaetognaths occur in almost all marine 
habitats including estuaries, open oceans, tidal 
pools, polar waters, marine caves, coastal 
lagoons, and the deep sea (Bone et al. 1991).  
In the world's oceans, chaetognaths constitute 
5%-15% of the zooplankton biomass and are one 
of the main predators of copepods (Pearre 1980, 
Longhurst 1985).  The distribution of chaetognath 
species has been used as an indicator of water 
masses (Bieri 1959, Alvariño 1965, Pierrot-
Bults and Nair 1991).  In the subtropical coastal 
waters of Hong Kong, chaetognaths often form 
an important component of the mesozooplankton 
(Chen 1982).  A 2-yr study of chaetognaths in Tolo 
Harbour and Mirs Bay was carried out between 
July 2003 and July 2005 (Tse et al. 2007).  In 
total, 20 species were recorded, including 6 
species from the genus Aidanosagitta, 4 species 
from the genus Zonosagitta, 3 species from the 
genus Ferosagitta, and 1 species each from the 
genera Serratosagitta, Decipisagitta, Flaccisagitta, 
Krohnitta, Mesosagitta, Pterosagitta, and Sagitta.  
Tolo Harbour contains a higher density but a lower 
species diversity of chaetognaths than Mirs Bay.  
The three most abundant species, Fla. enflata 
(Grassi, 1881), A. neglecta (Aida, 1897), and A. 
delicata (Tokioka 1939), comprised almost 90% 
of all the chaetognaths collected in the study.  All 
other species were uncommon and collectively 
made up only about 10% of the chaetognath 
communities.

Information on the seasonal and spatial 
d istr ibut ion of  chaetognaths is crucial  for 

understanding the dynamics of marine plankton.  
In this study, the Bray-Curtis similarity coefficient 
and a clustering strategy (Souissi et al. 2001, 
Dur et al. 2007) were used to examine data on 
the spatial and seasonal patterns of chaetognath 
species assemblages in Tolo Harbour and Mirs 
Bay.  The 2 marine inlets were chosen to represent 
2 coastal environments with distinctly different 
hydrographical and ecological characteristics.  
Indicator species, based on the value of the 
indicator index proposed by Dufrêne and Legendre 
(1997), were used to identify the spatial and 
seasonal patterns of specific groups.  The results 
of this study will provide information on habitat 
requirements for chaetognath species in the 
subtropical coastal seas of southern China.

MATERIALS AND METHODS

Zooplankton sampling

Zooplankton samples were collected monthly 
from July 2003 to July 2005 at 6 sampling stations 
in eastern Hong Kong (Fig. 1).  S1 (22°26'725"N, 
114°14'566"E) and S2 (22°28'539"N, 114°18' 
034"E) were located inside Tolo Harbour.  S3 (22°
29'468"N, 114°21'588"E) was in the inner part of 
Mirs Bay, near the mouth of Tolo Harbour.  S4 (22°
26'670"N, 114°26'920"E), S5 (22°17'560"N, 114°26' 
920"E), and S6 (22°13'000"N, 114°26'920"E) were 
located in Mirs Bay.  Average water depths at S1, 
S2, S3, S4, S5, and S6 were 13, 20, 21, 22, 26, 
and 30 m, respectively.  Zooplankton samples were 
collected at each station by making 2 vertical hauls 
from 2 m above the bottom to the surface with a 
conical plankton net (with a mouth diameter of 50 
cm and a mesh size of 125 μm).  All samples were 
preserved in 5% formaldehyde until processing.  
Immediately after zooplankton sampling, the 
surface temperature and salinity at each station 
were measured using a Hydrolab water quality 
monitoring system (Hydrolab Corporation, USA).  
In the laboratory, chaetognaths were sorted and 
identified to species level according to Zhang and 
Chen (1983) and Bieri (1991).  Only adults which 
contained developing or mature reproductive 
organs were identified to species level.  Juveniles 
with no visible reproductive organs could not be 
identified to species and were not included in 
our analysis.  At least 25% of each sample was 
analyzed.
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Statistical analysis

For statist ical treatment, a matrix was 
constructed using species as variables and 
samples (stations and dates) as objects.  A double 
square-root transformation of the original data of 
species abundances was applied before computing 
a similarity coefficient between samples.  Then, 
a hierarchical classification of samples was 
performed using the Bray-Curt is simi lar i ty 
coefficient and clustering strategy of flexible 
links (Souissi et al. 2001, Dur et al. 2007).  The 
advantage of using dendrograms is that different 
“resolutions”can be obtained from the dataset 
depending on the choice of cutoff levels (i.e., the 
1st cutoff level produces 2 groups and each group 
is further separated into 2 clusters to give 4 groups, 
and so on).  For the present analysis, 3 cutoff 
levels respectively giving 2, 4, and 8 clusters were 
retained and analyzed.  In order to characterize 
species assemblages for each individual group 
and across all cutoff levels, indicator species were 
calculated from an indicator value index (IndVal) 
proposed by Dufrêne and Legendre (1997).  This 
index is obtained by multiplying 2 independent 
pieces of information: specificity (measure of 

affiliation) and fidelity (measure of occurrence) of 
a species for a group.  Species with a high IndVal 
characterize a group.  For the present study, only 
species having an indicator value greater than 
the arbitrary threshold level of 25% were retained 
in the assemblage.  Different steps of the cluster 
analysis and the graphical representation were 
programmed using Matlab Software (vers. 7.0.1; 
The MathWorks, Inc., USA).

RESULTS

Hydrography

Both surface temperature and salinity showed 
a distinct seasonality (Fig. 2).  Four seasons 
including spring (Mar.-May), summer (June-Aug.), 
autumn (Sept.-Nov.), and winter (Dec.-Feb.) 
could be identified.  The mean temperatures were     
21.8°C in spring, 29.4°C in summer, 27.3°C in 
autumn, and 18.1°C in winter.  The mean salinity 
levels were 33.2‰ in spring, 30.0‰ in summer, 
31.0‰ in autumn, and 34.3‰ in winter.  Salinity 
was lowest during the rainy season in summer.

Fig. 1.  Map of Hong Kong showing the locations of sampling stations in Tolo Harbour (S1, S2, and S3) and Mirs Bay (S4, S5, and S6).
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Hierarchical classification and chaetognath 
assemblages

Chaetognath assemblages in the coastal 
water of eastern Hong Kong were identified using 
3 cutoff levels of the dendrogram (Fig. 3).  The 
1st cutoff level generated 2 groups (I and II).  The 
2nd cutoff level further split each of the 1st cutoff 
level groups into 2 clusters, producing 4 groups 
(Ia, Ib, IIa, and IIb).  The 3rd cutoff level produced 
8 groups (Iai, Iaii, Ibi, Ibii, IIai, IIaii, IIbi, and IIbii) by 
splitting each of the 2nd cutoff level groups into 2 
clusters.

Groups, identified from the dendrogram 
(Fig. 3), were further examined for spatial and 
seasonal patterns (Fig. 4).  Group I consists mainly 
of samples collected from Mirs Bay in spring 
and winter, while group II is largely made up of 
samples taken from Tolo Harbour in summer and 
early autumn.  Group Ia is mainly represented by 
samples taken in spring and winter from the inner 
part of Mirs Bay.  In contrast, group Ib is primarily 
made up of samples collected year round from 
the outer part of Mirs Bay.  Group IIa consists 
mainly of samples collected in summer and early 
autumn from Tolo Harbour.  In comparison, group 
IIb contains only samples taken from Tolo Harbour 
at different times of the year.  Group Iai consists 
mainly of samples collected in spring and winter.  
Group Iaii includes samples collected at different 
times of the year.  Group Ibi includes many 
samples collected in spring and early summer from 
both Tolo Harbour and the outer part of Mirs Bay.  
In contrast, group Ibii includes only samples taken 

from Mirs Bay.  Group IIai is mainly represented 
by samples taken from Tolo Harbour; Group IIaii, 
on the other hand, is dominated by samples 
taken from the inner part of Mirs Bay.  Group IIai 
consists mainly of samples collected in summer 
and autumn, while group IIaii includes samples 
collected at different times of the year.  Groups IIbi 
and IIbii are made up mainly of samples collected 
in Tolo Harbour and the inner part of Mirs Bay.  
Group IIbi includes only samples collected in 
summer and autumn, while group IIbii includes 
samples taken year round.

Indicator species

Indicator species of the different groups 
are listed in table 1.  The 1st cutoff level did not 
provide sufficient resolution to identify indicator 
species specific to groups I or II.  For example, 
Flaccisagitta enflata is an indicator species for both 
groups I and II.  Sufficient resolution was obtained 
in groups Ia and Ib, which were generated by the 
2nd cutoff level.  However, in groups IIa and IIb, 
Fla. enflata and A. delicata, were indicator species 
of both groups.  Therefore, a 3rd cutoff level was 
required to produce groups IIai, IIaii, IIbi, and IIbii, 
which contained specific indicator species.

DISCUSSION

C h a e t o g n a t h s  a r e  p r e d o m i n a n t l y 
holoplanktonic invertebrates and are well known 
as useful indicators of water movements (Bieri 

Fig. 2.  Monthly variations in surface (at 0.5 m deep) water temperature and salinity in Tolo Harbour and Mirs Bay.  Each point 
represents the mean (± SD) of 6 sampling stations (S1, S2, S3, S4, S5, and S6).
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1959, Alvariño 1965, Pierrot-Bults and Nair 1991).  
Different species of chaetognaths have different 
distribution patterns.  Two major patterns, belt-
shaped and non-belt-shaped, have been used 

to describe the geographical distributions of 
chaetognath species (Pierrot-Bults and Nair 1991).  
Species with belt-shaped patterns are distributed 
circum-globally and can be further divided into 4 
groups: wide ranges (± 70°N to ± 65°S), warm-
water I (± 40°N to ± 40°S), warm-water II (± 30°N 
to ± 30°S), and cold water (> 40°N and > 40°S).
Species with non-belt-shaped patterns are 
associated with specific water masses and may 
include oceanic and neritic groups.

The 20 species of chaetognaths recorded in 
the subtropical coastal waters of Hong Kong (Tse 
et al. 2007) can be classified into both belt-shaped 
and non-belt-shaped patterns using information 
on species ranges provided by Pierrot-Bults and 
Nair (1991).  The belt-shaped warm-water I group 
includes P. draco (Krohn, 1853), D. decipiens 
(Fowler, 1905), Fla. enflata, M. minima (Grassi, 
1881), Sag. bipunctata Quoy and Gaimard, 1828, 
and Ser. pacifica (Tokioka, 1940).  Krohnitta 
pacifica (Aida, 1897) is considered a belt-shaped 
warm-water II species, but its presence in the 
Yellow Sea (Du et al. 2003) and Sea of Japan 
(Johnson and Terazaki 2003, Nagai et al. 2006) 
suggests that it may also be classified as a warm-
water I species.  The non-belt-shaped neritic Indo-
Pacific group includes A. bedfordii (Doncaster 
1903), A. crassa (Tokioka, 1938), A. delicata, 
A. johorensis (Pathansali and Tokioka, 1963), 
A. neglecta, Z. bedoti (Beraneck, 1895), and Z. 
pulchra (Doncaster, 1902).  The non-belt-shaped 
oceanic Indo-Pacific group includes A. neglecta 
(Aida, 1897), Fer. ferox (Doncaster, 1903), and 
Fer. robusta (Doncaster, 1903).  Ferosagitta 
tokiokai (Alvariño, 1967), Z. bruuni (Beraneck, 
1895), and Z. nagae are known to exist in the 
neritic regions of the South China Sea (Alvariño 
1967, Zhang and Chen 1983).  However, Fer. 
tokiokai and Z. nagae (Alvariño 1967) are also 
known to occur in the East China Sea and South 
China Sea, while Z. nagae has been reported from 
the Bohai Sea, Yellow Sea, East China Sea, and 
South China Sea (Du et al. 2003).  Little is known 
about the distributions of Fer. tokiokai, Z. bruuni, 
and Z. nagae in other oceans, so it is possible that 
these species occur only in the Pacific Ocean.

Chaetognath species identi f ied in this 
study were separated into 2 main groups by the 
clustering analysis.  Group I consists of species 
which occur mainly in Mirs Bay throughout the 
entire year.  These species tend to be most 
common in winter and spring and are likely to be 
non-indigenous species, which are carried into the 
seas around Hong Kong by ocean currents.  Group 

Fig. 3.  Dendrogram from the cluster analysis performed on 
a Bray-Curtis similarity matrix using the strategy of flexible 
links.  Twenty species of chaetognaths were recorded from 
monthly samples collected at 6 stations from July 2003 to July 
2005.  Assemblage groups were identified at various levels of 
resolution.  The 1st level generated groups I and II; the 2nd 
level generated groups Ia, Ib, IIa, and IIb; and the 3rd level 
generated groups Iai, Iaii, Ibi, Ibii, IIai, IIaii, IIbi, and IIbii.
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II consists of species which live mainly inside 
Tolo Harbour and are most common in spring and 
summer.  Groups I and II could be further divided 
into subgroups which provided higher resolution 
for characterizing the spatial and seasonal 

occurrences of specific species assemblages.
Zonosagitta nagae, the only indicator species 

of group Ia, was most common in the inner parts of 
Mirs Bay.  Zonosagitta nagae is widely distributed 
along the Chinese coast (Alvariño 1967, Zhang 

Fig. 4.  Spatial and seasonal variations in the number of samples for chaetognath assemblage groups identified at various levels of 
resolution in the dendrogram.  The 1st level generated groups I and II; the 2nd level generated groups Ia, Ib, IIa, and IIb; and the 3rd 
level generated groups Iai, Iaii, Ibi, Ibii, IIai, IIaii, IIbi, and IIbii.  S1, S2, and S3 are located in Tolo Harbour, while S4, S5, and S6 are 
located in Mirs Bay.  The study period from July 2003 to July 2005 was separated into spring, summer, autumn, and winter.
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and Chen 1983, Du et al. 2003).  The geographical 
distribution pattern of Z. nagae suggests that it 
can live in habitats used by warm-water I species
(± 40°N to ± 40°S).  Zonosagitta nagae is a 
dominant species in Suruga Bay, central Japan 
(Itoh et al. 2006).  Along the Chinese coast, Z. 
nagae is a dominant species only in the East 
China Sea (Du et al. 2003).  The prevalence of 
this species in both Tolo Harbour and Mirs Bay 
throughout the entire year suggests that it is 
probably a year-round indigenous species.

Aidanosagitta bedfordii and K. pacifica were 
indicator species of group Ib.  Both species occur 
year-round but are most common in the outer 
reaches of Mirs Bay.  Aidanosagitta bedfordii is a 
neritic Indo-Pacific species (Pierrot-Bults and Nair 
1991), which also occurs in the East China Sea 
and South China Sea (Du et al. 2003).  Krohnitta 
pacifica has a circum-global distribution between 
30°N and 30°S (Pierrot-Bults and Nair 1991).  Its 
range along the Chinese coast extends from the 
South China Sea in the south to the Yellow Sea 
in the north (Du et al. 2003).  The prevalence of 
A. bedfordii and K. pacifica in Mirs Bay suggests 
that they are dispersed in near-shore areas by 
ocean currents and might not be well adapted to 
the shallow and poorly flushed waters of the semi-
enclosed Tolo Harbour.

Aidanosagitta neglecta, the only indicator 
species of group IIai, was more common in 
Tolo Harbour than in Mirs Bay.  Seasonally, the 
occurrence of this species was restricted to 
summer and autumn.  Aidanosagitta neglecta is a 
neritic Indo-Pacific species (Pierrot-Bults and Nair 

1991).  From the Yellow Sea and the Sea of Japan 
in the north, the range of this species extends to 
the East China Sea and South China Sea (Du et al. 
2003, Johnson and Terazaki 2003).  Aidanosagitta 
neglecta is the 2nd most abundant chaetognath 
species in the coastal waters of eastern Hong 
Kong (Tse et al. 2007).  The spatial and seasonal 
distribution patterns of this species suggest that 
it is an indigenous species capable of reaching 
high densities in the eutrophic, and occasionally 
hypoxic, shallow waters of Tolo Harbour in summer 
and autumn.

Aidanosagitta crassa, A. johorensis, and A. 
regularis were the indicator species of group IIaii.  
These species have a year-round occurrence in 
both Tolo Harbour and Mirs Bay.  Aidanosagitta 
crassa and A. johorensis are considered to be 
neritic Indo-Pacific species, while A. regularis 
is regarded as an oceanic Indo-Pacific species 
(Pierrot-Bults and Nair 1991).   However, the 
presence of A. regularis in the coastal waters 
of Hong Kong suggests that this species is not 
restricted to oceanic conditions.  Aidanosagitta 
crassa is well adapted to cold-water environments 
(Du et al. 2003).  It occurs in Tokioba Bay, 
Japan (Nagasawa 1985) and is the dominant 
chaetognath species in the Bohai Sea and Yellow 
Sea (Du et al. 2003).  Aidanosagitta regularis is 
found in the Yellow Sea, East China Sea, South 
China Sea, and seas around Japan (Du et al. 
2003, Johnson and Terazaki 2003).  In contrast, 
A. johorensis is restricted to warmer waters of 
the East China Sea and South China Sea (Du et 
al. 2003).  Aidanosagitta crassa, A. johorensis, 

Group n Indicator species (Indicator value, %)

I 90 Aidanosagitta bedfordii (25.4), Flaccisagitta enflata (36.3), Zonosagitta nagae (55.7)
II 60 Aidanosagitta crassa (25), Aidanosagitta delicata (74.1), Aidanosagitta neglecta (55.7),  

Aidanosagitta regularis (29.5), Flaccisagitta enflata (54.8)

Ia 61 Zonosagitta nagae (60.8)
Ib 29 Aidanosagitta bedfordii (29.6), Krohnitta pacifica (26.3)
IIa 43 Aidanosagitta crassa (28.9), Aidanosagitta delicata (33.6), Aidanosagitta neglecta (70.2), 

Aidanosagitta regularis (40.2), Flaccisagitta enflata (25.8)
IIb 17 Aidanosagitta delicata (47.4), Flaccisagitta enflata (25)

IIai 23 Aidanosagitta neglecta (72.7)
IIaii 20 Aidanosagitta crassa (58.3), Aidanosagitta johorensis (38.5), Aidanosagitta regularis (79.8)
IIbi 7 Aidanosagitta delicata (46)
IIbii 10 Flaccisagitta enflata (34.7)

Table 1.  Indicator species for assemblages generated by the cluster analysis.  For each 
species, the indicator value and the number of samples (n) from which it was determined are 
presented
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and A. regularis are able to live in a wide range 
of temperatures.  Indeed, all 3 species can be 
found in the coastal waters of eastern Hong Kong 
throughout the year.

Aidanosagitta delicata was the indicator 
species of group IIbi.  It occurred only in Tolo 
Harbour in summer and autumn.  Aidanosagitta 
delicata is a neritic Indo-Pacific species (Pierrot-
Bults and Nair 1991), which is found in both the 
East China Sea and South China Sea (Du et al. 
2003).  Tokioka (1979) considered A. delicata to 
be a neritic species which usually occurs in bays, 
inlets, and lagoons.  Other studies (Chen 1982, 
Tse et al. 2007) revealed that A. delicata is one 
of the most abundant chaetognath species in 
the coastal waters of Hong Kong.  In the coastal 
waters of eastern Hong Kong, A. delicata appears 
to be an indigenous species which is found only 
in the eutrophic waters of Tolo Harbour during 
summer and autumn.

Flaccisagitta enflata was the indicator species 
of group IIbii, as well as groups I and II.  It occurred 
throughout the year in both Tolo Harbour and Mirs 
Bay.  Flaccisagitta enflata has a circum-global 
distribution between 40°N and 40°S (Pierrot-Bults 
and Nair 1991).  Along the Chinese coast, this 
species occurs in the Bohai Sea and Yellow Sea, 
and is considered to be the dominant chaetognath 
species in the East China Sea and South China 
Sea (Du et al. 2003).  Flaccisagitta enflata is 
usually the dominant species in regions where it 
occurs (Durό et al. 1994, Terazaki 1996, Øresland 
2000, Batistić 2003).  It is the most abundant 
species in Hong Kong waters (Chen 1982, 
Tse et al. 2007).  Although group IIbii was only 
represented by samples collected in Tolo Harbour, 
it must be noted that Fla. enflata is abundant in the 
entire study area.

Other chaetognath species including P. 
draco, D. decipiens, Fer. ferox, Fer. robusta, 
Fer. tokiokai, M. minima, Sag. bipunctata, Ser. 
pacifica, Z. bedoti, Z. bruuni, and Z. pulchra were 
not considered to be indicator species.  In the 
subtropical coastal waters of Hong Kong, these 
species occur infrequently and in low densities 
(Tse et al. 2007).  Pterosagitta draco, D. decipiens, 
M. minima, Sag. bipunctata, and Ser. pacifica 
are circum-globally distributed between 40°N 
and 40°S (Pierrot-Bults and Nair 1991).  All 5 
species occur in the Sea of Japan (Johnson and 
Terazaki 2003).  Pterosagitta draco has been 
reported from the Central Equatorial Pacific 
(Terazaki 1996), Mediterranean Sea (Duró and 
Saiz 2000), and Caribbean Sea (Hernández et 

al. 2005).  Decipisagitta decipiens is found in the 
North Atlantic (Cheney 1985), Mediterranean Sea 
(Durό and Saiz 2000, Kehayias 2003), Adriatic 
Sea (Batistić et al. 2003), and Caribbean Sea 
(Hernández et al. 2005).  Mesosagitta minima is 
found in the Adriatic Sea (Batistić et al. 2003), 
Aegean Sea (Kehayias et al. 2005), Mejillones Bay 
of northern Chile (Giesecke and González 2004), 
and the Mediterranean Sea (Durό and Saiz 2000, 
Kehayias 2003).  Serratosagitta pacifica is found 
in Mejillones Bay of northern Chile (Giesecke 
González 2004).  Ferosagitta ferox, Fer. robusta, 
Z. bedoti, and Z. pulchra are common in Indo-
Pacific regions (Pierrot-Bults and Nair 1991).  
Ferosagitta  tokiokai and Z. bruuni are found in 
the South China Sea (Alvariño 1967).  All these 
species are common in the coastal seas of China 
(Du et al. 2003).  Pterosagitta draco, M. minima, 
and Ser. pacifica are considered to be dominant in 
the South China Sea (Du et al. 2003).  The scarcity 
of these species in Tolo Harbour (Tse et al. 2007) 
suggests that they are carried into the coastal 
waters of Hong Kong by ocean currents from the 
South China Sea.

Although detailed studies of the geographical 
distributions of chaetognaths exist for only a 
few species, many species are considered to be 
circum-globally distributed with wide climatological 
ranges.  The distributions of chaetognaths are, 
however, known to be influenced by factors such 
as water circulation, temperature, food abundance, 
and inter-/intraspecific competition (Pierrot-
Bults and Nair 1991).  Tolo Harbour is impacted 
by continuous algal blooms during spring and 
summer (Environmental Protection Department 
2004).  Prominent vertical variations in dissolved 
oxygen, with very low levels in the bottom layer, 
are a common feature of Tolo Harbour during the 
summer when thermal stratification of the water 
column prevents effective vertical mixing (Morton 
1989).  Species which can tolerate low oxygen 
concentrations do not have to avoid the hypoxic 
bottom layer (Besiktepe and Unsal 2000).  Less-
tolerant species, on the other hand, must stay in 
the oxygenated surface layer and thus may be 
more exposed to visual predators.  Tolo Harbour 
is an important feeding ground for the larvae 
and juveniles of several species of commercially 
impor tant  f i sh  spec ies  (N ip  e t  a l .  2003) .  
Chaetognath species which cannot tolerate low 
oxygen concentrations probably cannot establish 
viable populations in Tolo Harbour during the 
summer.  Copepods are the most important prey 
for chaetognaths (Pearre 1980, Longhurst 1985).  
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Copepod densities are about 1.5 fold higher 
in Tolo Harbour than in Mirs Bay (C.K. Wong 
unpubl. data).  High food densities within Tolo 
Harbour, therefore, may allow some species to 
establish dense populations.  The semi-enclosed 
topography of Tolo Harbour makes it less likely 
for dense populations to be dispersed by water 
currents.  Thus, various physical and biological 
factors interact with one another and have complex 
influences on the distributions of chaetognaths.

The chaetognath species in Tolo Harbour 
and Mirs Bay can be categorized into those that 
are indigenous to the area and those that are 
non-indigenous.  Indigenous species includes 
Fla. enflata, A. neglecta, A. delicata, A. nagae, 
A. crassa, A. johorensis, and A. regularis.  This 
group can be further divided into 3 subgroups.  
The 1st subgroup includes Fla. enflata, A. crassa, 
A. johorensis, and A. regularis.  These species 
are common in both Tolo Harbour and Mirs Bay.  
The 2nd subgroup consists of A. neglata and A. 
delicata, which are most common in the eutrophic 
waters at the inner part of Tolo Harbour.  The 
third subgroup is represented by A. nagae which 
is most commonly found in the inner part of Mirs 
Bay.  Non-indigenous species include A. bedfordii, 
K. pacifica, P. draco, D. decipiens, Fer. ferox, Fer. 
robusta, Fer. tokiokai, M. minima, Sag. bipunctata, 
Ser. pacifica, Z. bedoti, Z. bruuni, and Z. pulchra.  
These species are rare in Tolo Harbour.  Indeed, 
D. decipiens, Z. bedoti, M. minima, P. draco, Fer. 
robusta, Ser. pacifica, and Z. pulchra are found 
only in the outer reaches of Mirs Bay.

In conclusion, the community structure of 
chaetognaths is influenced by water circulation, 
food abundance, and eutrophication.  Indigenous 
species may occur in the entire study area.  Dense 
populations, however, are found mainly in Tolo 
Harbour and the inner part of Mirs Bay.  Non-
indigenous species exhibit sporadic occurrences 
in the open waters of Mirs Bay.  These species are 
probably carried into the coastal waters of Hong 
Kong by ocean currents from the South China Sea.
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