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ABSTRACT

Scientists remain uncertain about numerous aspects of
hydrothermal vent (HV) ecology, including the reproductive
biology of their biota, as well as their recruitment and dis-
persal during larval stages (meroplankton) in the plankton
above the HV sites. We studied the meroplankton from a
shalow HV site off the northeastern coast of Taiwan, in the
northwest Pacific Ocean. Our findings potentially explain
how fauna endemic to HVs persist at specific HV sites. With
the exception of some damaged Cnidaria and Ctenophora, the
plankton net catches were in good condition and sufficient for
identification.

INTRODUCTION

Other than their trophic advantage being closer to the pe-
lagic primary producer level in the euphotic zone of the water
column [1, 9, 23], drifting organisms show effective dispersal
and recolonisation of areas that have been disturbed by biotic
and abiotic agents[2, 29]. Stray members of epiplankton can
be found here aswell astheir dormant stages[11, 21]. Pelagic
drift makes an effective genetic exchange between geographi-
caly disunct populations of bottom-living invertebrates fea-
sible [8], which is specifically relevant for larvae of otherwise
benthic macrofauna. It is assumed that the distribution and
abundance of benthic populations are influenced by larval
recruitment processes (e.g., [45]). The vast mgjority of these
larvae, as well as other developmental instars (e.g., gametes,
zygotes, juveniles, adults of invertebrates, or their vegetative
parts) may colonize their prospective benthic habitats by
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Fig. 1. HV Site A — collection site of meroplanktonic larvae throughout
the water column (0 to 14 m depth) at Gueishandao.

actively swimming and/ or passively drifting in the pelagic
zone as meroplankton [11, 52, 53]. Hence, determining the
sources of benthic recruitment variability is partially a prob-
lem relating to zooplankton ecology [10]. Specifically, demer-
saly drifting stages following disturbance events are critical
for the provision of propagules for recruitment processes|[12].
Since the discovery of deep-sea hydrothermal vents (HVs)
in 1977, over 400 new species have been encountered in these
environments throughout the world’s oceans [18]. HVs are
characterized by various extreme physicochemical conditions,
such as high temperature, high sulfide and metal content, high
carbon dioxide levels, low oxygen levels, and low pH [40, 44].
Biological communities associated with the vents exhibit
behavioral, physiological, morphological, and reproductive
adaptations[4, 6, 46, 48]. HV habitats are characterized by the
spatially and temporally variable input of hydrothermal fluids
[3]. Although specific vent fauna have adapted to these habi-
tats, the extreme conditions are lethal to other organisms.
Gueishandao (Turtle Island) islocated at atectonic junction
of the fault system extension of Taiwan and the southern rift-
ing end of the Okinawa Trough [24, 49]. A cluster of more
than 50 HV s at water depths ranging between 10 and 80 m off
the eastern tip of Gueishandao emits hydrothermal fluids
and vol canic gases such asHSOs- (Fig. 1). TheHV discharges
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Fig. 2. Seasonal variations of meroplankton larvaein the watercolumn at Kueishantao at HV Site A at three depth layers. Crab zoea 1 (a); crab zoea
2 (b); crab zoea 3 (c); crab zoea 4 (d); Megalopa (e); Polychaeta trochophora (f); Polychaeta juvenile (g); Bivalvia veliger (h); Ctenophora cy-
dippe (i); Echinoidea echinopluteus (j); Asteroidea bipinnaria (k); Ophiuroidea ophiopluteus (I); Bryozoa cyphonautes (m); Porifera paren-
chymula (n); and Anthozoa planula (0) recorded at the HV site during each sampling from November 2007 to September 2008.

are sulfur-rich and highly acidic (1.75 to 4.60 pH). They The gases comprise a similar composition to that of low-
commonly have high numbers of sulfur rock formationsat the  temperature fumaroles worldwide; that is, with high CO, and
chimney outlets [39] and elevated temperatures up to 116°C.  H,S but low SO, and HCI contents of a mantle source region
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without significant crust contamination [3, 51]. How and to
what extent HV effluents and gases affect the plankton of
overlaying waters has not been investigated. [27] mentioned
that the vent plumes were lethal to zooplankton, although they
provided a scavenging opportunity for specific vent crabs that
feed on dead zooplankton.

It is unknown how crabs become dispersed and recolonize
their fluctuating habitats of newly developed HV sites, or
how they persist in their generally isolated habitats. Dispersal
and recruitment at HV sites remain generally popular topics
for the supply-side ecology at HVs [34, 42]. Although pri-
mary dispersal stages might be pelagic larvae, adults may
also have evolved recognition systems to HV signaling cues.
However, these cues remain elusive because of difficulties
conducting experiments at deep-water HV sites. Specifically,
it has not been shown whether invertebrates from HV regions
use various environmental cuestolocate their vent habitat [34,
50]. The HVs at Gueishandao provide a unique opportunity
for an experimental approach to the supply-side ecology of
vent fauna because of their shallow water location.

The objective of this study was to evaluate specific sup-
ply-side ecology aspects of macrofaunalarvae by reporting on
the vertical and seasonal distribution of meroplanktonic larvae
in the area of a shallow HV at Gueishandao.

I1. MATERIAL AND METHODS

1. Invertebrate Meroplankton Collection, I dentification,
and Enumer ation

We collected seasonal drift assemblages between Novem-
ber 16, 2007 and March 12, 2008, and again from May 27,
2008 to September 21, 2008 from surface waters (up to 1 m),
midwater (6 m), and above ground (14 m) at an HV site (Site
A) at Gueishandao (Turtle Island, Fig. 1). The plankton sam-
ples predominantly comprised copepods were fixed in 4%
buffered formalin. We subsequently identified and counted
meroplanktonic larvae in the laboratory.

2. DataAnalyses

To elucidate the variations of invertebrate larvae at Site A,
we employed the Paleontological Statistics software package
to analyze the invertebrate larvae community of each sample
[19]. Among the 12 samples taken, we applied the Bray-
Curtis method to evaluate the relative similarities in compo-
sition for the 15 dominant invertebrate larvae groups. The
meroplanktonic larvae characteristics of each cluster were
further identified using the Indicator Value Index (Indval)
proposed by [14]. To estimate the invertebrate larvae diversity
of each sample, we applied the Shannon-Wiener diversity
index, Pielou’s evennessindex, and Margalef’srichnessindex.

I11.RESULTS

1. Taxon Composition of Meroplankton at HV Site A
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Fig. 3. Abundance of meroplankton larvae, number of meroplankton
larvae group (a); indices of richness (b); evenness (c); and diver-
sity (d) during sampling from November 2007 to September 2008.

From the 12 samples, we identified 15 meroplankton larvae
in the water column at Gueishandao from 3 depths at HV Site
A. The abundance of meroplankton larvae in each sample is
shownin Fig. 2. Therelative abundance (RA) and occurrence
ratio (OR) of each meroplankton larvae group varied by the
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Fig. 4. Percentages of seven highly abundant meroplankton larvae groups (RA > 5%) which wereidentified at each sample of the sampling cruise from

November 2007 to September 2008.

month the samples were obtained. The results show that
among all samples, the RA of crab zoea 3 was highest (16.82%),
followed by crab zoea 2 (12.62%), megalopa (11.68%), crab
zoea 1 (11.21%), and crab zoea 4 (9.35%). The highest OR
of meroplankton larvae was crab zoea 1 and crab zoea 2
(66.67%), followed by crab zoea 3, crab zoea 4, polychaeta
trochophora, and anthozoa planula (58.33%).

Fig. 4 shows the seasonal variations of meroplankton larvae
abundance, number of groups, and the richness, evenness, and
diversity indices over the sampling period. The varied abun-
dance and group composition of meroplankton larvae among
al samples are shown in Fig. 3(a). Only the surface water
sample collected in November 2007 did not contain any mero-
plankton larva. Among the remaining 11 samples, the abun-
dance of meroplankton larvee ranged from 0.63 (surface
sample — March 2008) to 14.46 individuas m? (midwater
sample — September 2008). The number of the meroplankton
larvae group in each sample ranged between 1 (surface sample—
Mar/2008) and 14 station™ (midwater sample — May 2008 and
September 2008). The indices of richness, evenness, and di-

versity showed high variation between samples. Because the
record of theidentified meroplankton larvae group waslessthan
2 for the March 2008 surface sample, the richness, evenness,
and diversity indices could not be calculated. Among the re-
maining 10 samples, the richness index ranged from 2.02
(aboveground sample — November 2007) to 6.3 (surface sam-
ple — September 2008) (Fig. 3(b)). The evenness index of
each sample ranged between 0.81 (aboveground sample — No-
vember 2007) and 0.98 (midwater sample — November 2007)
(Fig. 3(c)). The Shannon-Wiener diversity index ranged from
1.31 (aboveground sample — November 2007) to 2.43 (midwa
ter sample — September 2008) (Fig. 3(d)).

2. Seasonality Succession, Distribution and Composition
at Three Depths

The seasonal succession patterns of meroplankton com-
positions recorded at the 3 depth layers are clear. Fig. 4
shows the proportions of dominance, meroplankton larvae
composition and distribution for each sample. This figure
also provides the dynamic composition of meroplankton for
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Fig. 5. Dendrogram showing the similarities between stations measured
using the Bray-Curtis distance measurement for meroplankton
larvae composition. Recorded during sampling from November
2007 to September 2008.

RA values greater than 5% of the total abundance. The RA
data indicate that Gueishandao endemic crab larvae (Xeno-
grapsus testudinatus; i.e., zoea 1, zoea 2, zoea 3, zoea 4, and
megalopa) comprise the dominant organism in the waters at
this HV site. Furthermore, the crab larvae were distributed
widely over the 3 depths.

Among the 3 discussed depths strata, anthozoa planula
and crab larvae were dominant in surface samples (Fig. 4(a)).
In the sample obtained in March 2008, only the surface
sample contained anthozoa planulae. In addition, high pro-
portions of megalopa (Fig. 4(b)) and polychaeta trochophora
(Fig. 4(c)) occurred in the midwater and aboveground sam-
ples, respectively.

3. Meroplankton L arvae Community Structures

The Bray-Curtis analysis of meroplankton larval assem-
blages shows various larval community structures (Fig. 5).
Table 1 demonstrates zooplankton meroplankton larvae with
index values (IndVal) greater than 5% for each group. At the
highest level, a single sample (surface — Nov/2007) without
any identified meroplankton larvae was allocated into Group
I-B (Fig. 5). The remaining 11 samples were separated into
Group I-A. The second hierarchical level distinguished sam-
ples by abundance. The samples comprising Group-11 A con-
tains 5 samples characterized by low abundance (0.67 = 0.90
individuals m*, mean + SD). The dominant meroplankton in
Group |1-A are crab zoea 1 (5.63%), crab zoea 1 (6.25%), and
anthozoa planula (34.38%), indicating that the majority of
surface samples had a low abundance. Group 11-B comprised
6 samples with high abundance (3.81 + 9.02 individuals m),
and was dominated by the following 7 meroplankton larvae:
crab zoea 1 (9.62%), crab zoea 2 (12.09%), crab zoea 3
(19.23%), crab zoea 4 (8.24%), megalopa (10.53%), poly-

Table 1. Indicator meroplankton larvae and index values
(%) for each cluster identified using the Bray-
Curtiscluster analysis method (Fig. 5).

Merozooplankton Group
1A 1B

crab zoea 1 5.63 9.62
crab zoea 2 6.25 12.09
crab zoea 3 19.23
crab zoea 4 824
Megalopa 10.53
Polychaeta trochophora 5.04
Bivalviaveliger 5.49
Anthozoa planula 34.38

Cumulative contribution (%) 46.25 70.24

chaeta trochophora (5.04%), and Bivalvia veliger (5.49%)
(Table ).

V. DISCUSSION

Previous studies emphasized the ecological role of pelagic
larvae for bottom-living invertebrates [43], and assumed an
inverse correlation between planktotrophic larvae and depth as
well as toward the polar regions — whereas there is enhanced
direct development and brood care along these gradients.
Numerous subsequent studies (e.g., [16, 36-38]) amended this
assumption. Lecithotrophic larvae, as well as other ontoge-
netic stages with direct development, have been shown to
potentially occur as meroplankton in the water column [17,
31]. Effective dispersal may enhance the recolonization
potential of disturbed bottom-living areas, which generaly
influences succession speed and direction, as well as benthic
community attributes. Therefore, restricted dispersal capa-
bilities should become a key factor for evolution and zo-
ogeographic distribution patterns. Dispersal and recruit-
ment remain an eminent topic of investigation, particularly for
invertebrates from HV sites considering their fragmented and
otherwise isolated occurrence [34, 41].

Few macrofauna species have been identified at the
Gueishandao HV site discussed in this study —among them, X.
testudinatus Ng, Huang & Ho, 2000 (Crustacea: Decapoda:
Brachyura: Grapsidae) described by [35] in a volume edited
by [25]. Megalopa stages were identified and juvenile crabs
in the fissures and crevices of 3 sulfur aggregates that
weighed 38.27 kg. HV studies have resulted in the discovery
of numerous new species of crabs [33]. In areview of HV
decapods, [32] listed 125 species belonging to 33 families.
We studied X. testudinatus that was discovered by Takeda
and Kurata in 1977 as the third species of the genus Xeno-
grapsus (Bythograeidae) from shallow water HV s off the east
coast of Taiwan.

Low abundances of the crabs at the discussed HV sites
of Gueishandao during winter may indicate that individuals
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translocate into deeper waters and return to shallower sites
during summer. Reproduction is interrupted only during
winter for approximately 4 months (unpubl. data). In labora-
tory studies, we successfully reared the megalopa larvae
through metamorphosis and several juvenile stages [22].
Laboratory observations of the behavior of pelagic larval zoea
and benthic megalopa stages of X. testudinatus indicate that
they tend to stay near the bottom, even when swimming. The
field distribution of larvae clearly indicates that zoea and
megal opa stages are distributed throughout the water column
(Fig. 2). Furthermore, there is a positive correlation between
abundance and depth, with the highest densities recorded at
the sea bottom. When juvenile or adult vent crabs collected
from the HV outlet of a shallow water HV site off Gueishan-
dao were released approximately 10 m from the gas bubble-
and flume-emitting outlet, they returned immediately to the
outlet, indicating an attraction to currently unknown HV site
conditions (unpubl. observations).

Previous research on the behavior of megalopa stages in-
dicated that these larvae swim actively over a range of tem-
peratures (2 to 25°C) near the vents. It is unknown whether
these crabs exhibit migratory behavior caused by factors other
than the attraction of food [26].

Previous studies have examined the reproductive biology
[47] and behavior of larval stage crabs [47] at several HV
sites. In addition, [22] reported that HV chimneys provide
structurally complex habitats for larval and juvenile X.
testudinatus crabs. These microhabitats comprise cavities
that have at |east partially been created by the juvenile crabs
themselves. Settlement of larvae to habitats with adequate
protection, food, and temperature is critical for the survival
of individual crabs during early development stages. Set-
tlement on unprotected sea bottom exposes young crabs to
predation and dislocation caused by ocean currents. The
spatial heterogeneity of sulfur aggregates may, therefore,
provide a crucial habitat.

Effective dispersal becomes particularly critical when the
sea bottom is disturbed, devastated, or even defaunated,
providing the recruitment for the recovery of bottom com-
munities. The particular disturbance could be biotic (e.g.,
predation or bioturbation) or abiotic (e.g., HV effluents,
sediment suspension, translocation caused by storms, cur-
rents, or tides, as well as anoxia, salinity, or temperature
change). Regarding other plankton above HVs, it remains
unclear to what extent meroplankton is affected by toxic
HV effluents [7, 13], which also applies to invertebrate lar-
vae that provide meroplankton at HV sites[5, 20, 28]. Major
holoplankton taxa were represented by the coelenterates
hydrozoa and scyphozoa, and further unidentified taxa
were observed irregularly during sample collection. When
considering recolonization processes that are also caused
by various disturbances, scales of time and space where
disturbance events occur are crucial. Water-column drift,
however, is restricted to the reproductive periods and larval
release of relevant macrofauna [30].

ACKNOWLEDGMENTS

We appreciate the financial support received from the
Center of Excellence for the Marine Bioenvironment and
Biotechnology, National Taiwan Ocean University. We are
also grateful for the financial support received from the Na-
tional Science Council of Taiwan, ROC (Grant No. NSC 94-
2611-M-019-010, NSC 95-2923-B-019-001-MY 2, NSC 96-
2611-M-019-006, NSC 97-2611-M-019-004, NSC 99-2611-
M-019-009, and NSC 100-2611-M-019-010). This study
was supported by the National Research Foundation of
South Korea (NRF) by the Collaboration Project (2012-
R1A2A2A02012617). Thisresearch was a part of the project
titted “Development of Korea Operational Oceanographic
System (KOOS)” and “Long-term change of structure and
function in marine ecosystems of Korea” funded by the Min-
istry of Oceans and Fisheries, Korea. The authors acknowl-
edge the long-term assistance from the captain and crew of
Ocean Research Vessel 11, Taiwan, and al the samples ob-
tained by laboratory members, technicians, and graduate
students. We thank the technicians from J.-S. Hwang's labo-
ratory for their contribution to the field sampling program.

REFERENCES

1. Almeda, R., Messmer, A. M., Sampedro, N., and Gossdlin, L. A,
“Feeding rates and abundance of marine invertebrate planktonic larvae
under harmful algal bloom conditions off Vancouver Island,” Harmful
Algae, Vol. 10, pp. 194-206 (2011).

2. Botsford, L. W., Moloney, C. L., Hastings, A., Largier, J. L., Powell, T. M.,
Higgins, K., and Quinn, J. F, “The influence of spatially and temporally
varying oceanographic conditions on meroplanktonic metapopulations,”
Deep Sea Research |1, Topical studies in Oceanography, Vol. 41, No. 1,
pp. 107-145 (1994).

3. Chen,C. T.A., Wang, B. J,, Huang, J. F,, Lou, J. Y., Kuo, E W,, Tu, Y. Y.,
and Tsai, H. S,, “Investigation into extremely acidic hydrothermal fluids
off Kueishantao islet, Taiwan,” Acta Oceanica Snica, Vol. 24, pp. 125
133 (2005).

4. Childress, J. J. and Fisher, C. R., “The biology of hydrothermal vent
animals: physiology, biochemistry, and autotrophic symbioses,” Ocean
Marine Biology Annual Reviews, Vol. 30, pp. 337-441 (1992).

5. Cosson, R. P. and Vivier, J. P, “Interactions of metallic elements and
organismswithin hydrothermal vents,” CahiersBiologie Marine, Vol. 38,
pp. 43-50 (1997).

6. Dahlhoff, E. J.,, O'Brien, G N., Somero, O., and Vetter, R. D., “Tem-
perature effects on mitochondria from hydrothermal vent invertebrates:
evidence for adaptation to elevated and variable habitat temperatures,”
Physiologique Zoology, Vol. 64, pp. 1490-1508 (1991).

7. Dahms, H. U., Hagiwara, A., and Lee, J. S., “Ecotoxicology, ecophysi-
ology, and mechanistic studies with rotifers,” Aquatic Toxicology, Vol.
101, pp. 1-12 (2011).

8. Dahms, H. U., Harder, T., and Qian, P. Y., “Effect of meiofauna on mac-
rofauna recruitment: settlement inhibition of the polychaete Hydroides
elegans by the harpacticoid copepod Tisbe japonica,” Journal of Ex-
perimental Marine Biology Ecology, Vol. 311, pp. 47-61 (2004).

9. Dahms, H. U., Harder, T., and Qian, P. Y., “Selective attraction and re-
productive performance of a harpacticoid copepod in a response to
biofilms,” Journal of Experimental Marine Biology Ecology, Vol. 341,
pp. 228-238 (2006).

10. Dahms, H. U. and Hwang, J. S., “Underwater optics as a tool in Ocean-
ography,” Journal of Marine Science and Technology, Vol. 18, No. 1, pp.



11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

H.-U. Dahms et al.: Larval Distribution at Gueishandao 73

112-121 (2010).

Dahms, H. U, Li, X., Zhang, G, and Qian, P. Y., “Resting stages of
Tortanus forcipatus (Crustacea, Calanoida) in sediments of Victoria
Harbor, Hong Kong,” Estuarine Coastal and Shelf Science, Vol. 67, pp.
562-568 (2006b).

Dahms, H. U. and Qian, P. Y., “Exposure of biofilms to meiofaunal
copepods affects the larval settlement of Hydroides elegans (Poly-
chaeta),” Marine Ecology Progress Series, Vol. 297, pp. 203-214 (2005).
Dahms, H. U., Wu, C. H., and Hwang, J. S, “Behavioral monitoring of
pollution in the plankton,” Journal of Ocean and Underwater Technology,
Val. 20, No. 3, pp. 57-62 (2010).

Dufrene, M. and Legendre, P, Species assemblages and indicator spe-
cies: the need for a flexible asymmetrical approach. Ecological Mon-
graphs, Vol. 67, No. 3, pp. 345-366 (1997).

Epifanio, C. E., Perovich, G, Dittel, A. |, and Cary, S. C., “Development
and behavior of megalopa larvae and juveniles of the hydrothermal vent
crab Bythograea thermydron,” Marine Ecology Progress Series, Vol. 185,
pp. 147-154 (1999).

Ferrari, F. D. and Dahms, H. U., “Postembryonic development of the
Copepoda,” Crustaceana Monographs, Vol. 8, pp. 1-232 (2007).

Ferrari, F. D., Fornshell, J.,, Vagelli, A. A., Ivanenko, V. N., and Dahms,
H. U., “Early postembryonic development of marine chelicerates and crusta:
ceanswith anauplius,” Crustaceana, Vol. 84, No. 7, pp. 869-893 (2011).
Grassle, J. F, “The ecology of deep-sea hydrothermal vent communities,”
Advancesin Marine Biology, Vol. 23, pp. 301-362 (1986).

Hammer, O., Harper, D. A. T., and Ryan, P. D., “PAST: Paeontological
statistics software package fro education and data analysis,” Palaeon-
tologia Electronica, Vol. 4, No. 1, 4: 9pp. (2001).

His, E., Beiras, R., and Seaman, M. N. L., “The assessment of marine
pollution — bioassays with bivalve embryos and larvae,” in: Southward,
A.J, Tyler, P. A., and Young, C. M. (Eds.), Advances in Marine Biology,
Academic Press, San Diego, pp. 1-178 (1999).

Huang, C., Uye, S,, and Onbé, T., “Geographic distribution, seasonal life
cycle, biomass and production of aplanktonic copepod Calanussinicusin
the Inland Sea of Japan and its neighbouring Pacific Ocean,” Journal of
Plankton Research, Vol. 15, No. 1, pp. 1229-1246 (1993).

Hwang, J. S, Dahms, H. U., and Alekseev, V., “Nove nursery habitat of
hydrothermal vent crabs?’ Crustaceana, Vol. 81, No. 3, pp. 375-380 (2008).
Hwang, J. S., Dahms, H. U., and Dur, D., “Applications of underwater
video surveys for oceanography,” Journal of Ocean and Underwater
Technology, Vol. 16, No. 2, pp. 46-48 (2006).

Hwang, J. S. and Lee, C. S., “The mystery of underwater world for
tourism of Turtle Island, Taiwan: 1-103,” Northeast Coast National Sce-
nic Area Administration, Tourism Bureau, The Ministry of Transportation,
and Communication, Taiwan (2003). (in Chinese)

Hwang, J. S., Wang, C. H., and Chan, T. Y. (Eds.), “Proceedings of the
international symposium on marine biology in Taiwan - Crustacean and
zooplankton taxonomy, ecology and living resources, 26-27 May, 1998,
Taiwan,” National Taiwan Museum Special Publication Series, Vol. 10,
pp. 1-199 (2000).

Jeng, M. S, Clark, P. F, and Ng, P. K. L., “Thefirst zoea, megalopa, and
first crab stage of the hydrothermal vent crab Xenograpsus testudinatus
(Decapoda: Brachyura: Grapsoidea) and the systematic implications for
the Varunidae,” Journal of Crustacean Biology, Vol. 24, No. 1, pp. 188-
212 (2004).

Jeng, M. S,, Ng, N. K., and Ng, P. K. L., “Feeding behaviour: Hydro-
thermal vent crabs feast on sea ‘snow’,” Nature, Vol. 432 (Dec. 23/30),
p. 969 (2004).

Khripunoff, A., Vangriesheim, A., Crassous, P, Segonzac, M., Lafon, V.,
and Waren, A., “Temporal variation of currents, particulate flux and or-
ganism supply at two deep-sea hydrothermal fields of the Azores Triple
Junction,” Deep-Sea Research |, pp. 532-551 (2008).

Lewin, R., “Supply-side ecology,” Science, Vol. 234, pp. 25-27 (1987).
Lutz, R. A. and Kennish, M. J., “Ecology of deep-sea hydrothermal vent
communities: a review,” Review of Geophysics, Vol. 31, pp. 211-242
(1993).

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

45.

46.

47.

49.

51.

Martel, A. and Chia, F. S., “Drifting and dispersal of small bivalves and
gastropods with direct development,” Journal of Experimental Marine
Biology and Ecology, Vol. 150, pp. 131-147 (1991).

Martin, J. W. and Haney, T. A., “Decapod crustaceans from hydrothermal
vents and cold seeps: areview through 2005,” Zoological Journal of the
Linnean Society, Vol. 145, pp. 445-522 (2005).

McClay, C., “New crabs from hydrothermal vents of the Kermadec Ridge
submarine volcanoes, New Zealand: Gandalfus gen. nov. (Bythograei-
dae) and Xenograpsus (Varunidae) (Decapoda: Brachyura),” Zootaxa,
Vol. 1524, pp. 1-22 (2007).

. Mullineaux, L. S., Mills, S. W., Sweetman, A. K., Beaudreau, A. H.,

Metaxas, A., and Hunt, H. L., “Vertical, lateral and temporal structure
in larval distributions at hydrothermal vents,” Marine Ecology Progress
Series, Vol. 293, pp. 1-16 (2005).

Ng, N. K., Huang, J.-F,, and Ho, P-H., “Description of a new species of
hydrothermal crab, Xenograpsus testudinatus (Crustacea: Decapoda:
Brachyura: Grapsidae) from Taiwan,” National Taiwan Museum Special
Publication Series, Vol. 10, pp. 191-199 (2000).

Pineda, J., Porri, F., Starczak, V., and Blythe, J., “Causes of decoupling
between larval supply and settlement and consequences for understanding
recruitment and population connectivity,” Journal of Experimental Ma-
rine Biology and Ecology, Vol. 392, pp. 9-21 (2010).

Qian, P. Y. and Dahms, H. U., “Larval ecology of the Annelida, in: Rouse,
G and Pleijel, F. (Eds.), Vol. 4: Reproductive Biology and Phylogeny
of Annelida, Science Publishers, Enfield, NH, pp. 179-232 (2006).

Qian, P Y. and Dahms, H. U., “A triangle model: Environmental changes
affect biofilms that affect larval settlement,” Springer Series on Biofilms,
Vol. 19, pp. 315-328 (2008).

Robigou, V., Delaney, J. R., and Stakes, D. S., “Large massive sulfide
deposits in a newly discovered active hydrothermal system, the High-
Rise Field, Endeavour Segment, Juan de Fuca Ridge,” Geophysical Re-
search Letters, Vol. 20, pp. 1887-1890 (1993).

Sarradin, P. M., Caprais, J. C., Briand, P, Gaill, F., Shillito, B., and
Desbruyeéres, D., “Chemical and thermal description of the environment
of the genesis hydrothermal vent community (13° N, EPR),” Cahiers de
Biologique Marine, Vol. 39, pp. 159-167 (1998).

Takeda, M. and Kurata, Y., “Crabs of the Ogasawara Islands. IV. A
collection made at the new volcanic island, Nishino-shima-shinto, in
1975,” Bulletin of the National Science Museum, Tokyo (A), Val. 3, No. 2,
pp. 91-111 (1977).

Tarasov, V. G, “Effects of shallow-water hydrothermal venting on bio-
logical communities of coastal marine ecosystems of the Western Pa-
cific,” Advancesin Marine Biology, Vol. 50, pp. 267-421 (2006).

. Thorson, G, “Reproductive and larval ecology of marine bottom inver-

tebrates,” Biological Reviews, Vol. 25, No. 1, pp. 1-45 (1950).

. Tunnicliffe, V., “The biology of hydrothermal vents: ecology and evolu-

tion,” Oceanography and Marine Biology Annual Reviews, Vol. 29, pp.
319-407 (1991).

Underwood, A. J. and Fairweather, P. G, “Supply-side ecology and
benthic marine assemblages,” TREE, Vol. 4, pp. 16-20 (1989).

Van Dover, C. L., “The ecology of deep-sea hydrothermal vents,”
Princeton, University Press, Princeton, NJ (2000).

Van Dover, C. L., Factor, J. R., Williams, A. B., and Berg, C. J. Jr., “Re-
productive patterns of decapod crustaceans from hydrotherma vents,”
Bulletin of the Biological Society of Washington, Vol. 6, pp. 223-228 (1985).

. Van Dover, C. L., German, C. R., Speer, K. G, Parson, L. M., and

Vrijenhoek, R. C., “Evolution and biogeography of deep-sea vent and
seep invertebrates,” Science, Vol. 295, pp. 1253-1257 (2002).

Wang, C., Yang, M. L., Chou, C. P, Chang, Y. T.,and Leg, C. S, “Westward
extension of the Okinawa Trough at its Western end in the northern Taiwan
area Bathymetric and seismological evidence,” Terrestrial, Atmospheric
and Oceanic Science, Val. 11, No. 2, pp. 459-480 (2000).

. Wu, C. H., Dahms, H. U., Buskey, E. J,, Strickler, J. R., and Hwang, J. S.,

“Behaviora interactions of Temora turbinata with potential ciliate prey,”
Zoological Sudies, Vol. 49, No. 2, pp. 157-168 (2010).
Yang, T.F, Lan, T.F, Lee, H. F, Fu, C. C., Chuang, P. C., Lo, C. H., Chen,



74 Journal of Marine Science and Technology, Vol. 22, No. 1 (2014)

C. H., Chen, C. T. A, and Leg, C. S, “Gas compositions and helium Zhou, Z. M., Zeng, G Q., Zhou, K., and Yang, W. X., “Development of
isotopic ratios of fluid samples around Kueishantao, NE offshore Taiwan Germ Cells and Reproductive Biology in the sipunculid Phascolosoma
and itstectonic implications,” Geochemical Journal, Vol. 39, pp. 469-480 esculenta,” Aquaculture Research, Vol. 2008, pp. 1-10 (2008).

(2005). 53. Young, C. M., “Larval ecology of marine invertebrates: a sesquicenten-

52. Ying, X. P,Dahms, H. U., Liu, X. M., Wu, H. X., Zhang, Y. P, Chen, C., nial history,” Ophelia, Vol. 32, pp. 1-48 (1990).



	MARINE INVERTEBRATE LARVAL DISTRIBUTION AT THE HYDROTHERMAL VENT SITE OF GUEISHANDAO
	Recommended Citation

	MARINE INVERTEBRATE LARVAL DISTRIBUTION AT THE HYDROTHERMAL VENT SITE OF GUEISHANDAO
	Acknowledgements

	tmp.1627513563.pdf.XFEwn

