
 1 

Supplementary Information 

 

1. On Kueishan Island. Until 1997, Kueishan Island was under strict military control, the area 

around it being used as a live-firing area, and there was no civilian access. Although the local 

fishermen have long reported there was volcanic activity in the area and the smell of sulphur 

was often strong, no scientific explorations were possible. Although many earlier studies have 

discussed the geological origin of the island and associated areas1-3, they were not aware of the 

presence of hydrothermal vents there. In 1997, the island was degazetted as a live-firing zone 

and scientists started to enter the area to examine the island’s biodiversity. Only then was the 

extent of the shallow water hydrothermal vents established4,5. However, it was not until 1999 

that the island became freely accessible to scientists. The narrow, 200m-wide Kueishan island-

shelf drops off abruptly to 50m (Fig. 1A) and the vents are located on the eastern edge with 

80% of them at 8-20m. At any one time, there can be up to nine large smokers between 2 m 

and 6 m high (Fig. 2B-D), with numerous small vents at other depths, all spewing sulphur-rich 

plumes with emergent temperatures of up to 65-112°C and a low pH of 1.9-4.6 (present data) 

although a temperature of 116°C and pH of 1.75 have been reported6. The extensive bubbling 

is the result of gas discharges consisting mainly of CO2, N2, O2, SO2 and H2S6.  

 

In situ observations using SCUBA in Kueishan are seriously hampered by the toxic 

environment and severe acoustic disturbance caused by the intense bubbling. In addition, the 

area is subjected to strong currents with the vent discharges often making the waters too murky 

to work in. There is also active seismic activity, with tremors and frequent undersea landslides. 

As the vents are nearshore, landslides from the adjacent cliffs pose a danger. Observations by 

SCUBA can only be conducted under optimal conditions between April and September during 

the hour-long day time slack water period.  

 

Coincidentally, the discovery of the first specimens of the hydrothermal crab Xenograpsus 

testudinatus was from the shores of Ilan, near Kueishan in fishing nets in 19917, without any 

indication of their hydrothermal affinities. Only subsequent enquiries established its natural 

habitat7,8. 
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2. General notes on Xenograpsus biology and population estimates. Studies over the last 

four years have shown that X. testudinatus inhabits sulphur-rich rubble crevices at the base of 

the vents. The crabs are usually found tightly packed in their hundreds in small crevices. The 

suggestion that the crabs have a high-thermal tolerance9 is not borne out here as the present 

waters have temperatures of 16-25°C, the high temperatures of the plumes dissipating rapidly 

in the surrounding cooler water. In the aquaria, they die rapidly in temperatures approaching 

35-40°C and survive best between 20-24°C. Aquarium populations have been continuously 

maintained for over four years under such conditions, with some individuals already four years 

old, and others spawning annually and the larvae metamorphosing into juveniles10.  

 

Xenograpsus crabs have only been collected from volcanically active sulphur rich vents with 

substantial bubbling thus far. Xenograpsus novaeinsularis has been collected from a depth of 

120m, whereas X. testudinatus has been collected in deeper waters immediately off Kueishan 

Island at depths of 100-200m (T.-Y. Chan, personal communication). The deeper waters, 

however, are still well within the mesopelagic zone and the plankton loads there provide 

sufficient food for the crabs. Although no equivalent population study has been conducted at 

these depths, our available data suggests they are scarcer than in the shallower waters, 

suggesting plankton availability may be a limiting factor. 

 

To ascertain the crab population, sampling was conducted in the area next to the vents. This 

was done by wrapping a 0.25m2 area of surface and subsurface rubble with a net and bringing 

it onshore. The rubble was broken up and the crabs were counted (megalops excluded). The 

data suggest that the entire vent area (ca. 200 x 500m) has a population of some 3.6 million 

crabs, a remarkably high density. Even then, this is likely to be an underestimate as this was 

based on the collectable rubble only, with the larger masses harboring visibly higher densities. 

In such areas, the crabs are highly concentrated, completely filling up all available crevices. 

Interestingly, X. testudinatus is a placid species. Specimens will not fight even when crowded 

in an aquarium and are non-aggressive even when handled by humans. 

 

3. Supplementary Movie. The video clip gives an overview of the Kueishan vent system and 

the unusual swarming behaviour of Xenograpsus crabs at slack tide. The following 

commentary is attached: 
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Time Start Time End Remarks 

0:00:00  0:00:15 View of Kueishan Island from the north.  Kueishan Island is also called the 
‘Turtle Hill Island’ because the island is shaped like a turtle from lateral 
view.  

0:00:15 0:00:18 The hydrothermal vents in the eastern part of the island. The floating sulphur 
particles from the vents can be seen drifting eastwards towards the Pacific 
Ocean.  

0:00:18 0:00:20 The floating sulphur particles, as seen from the boat. The air is filled with a 
strong and very pungent smell of sulphur.  

0:00:20 0:00:25 The waves around the eastern part of the island are choppy, and it is not easy 
to find a suitable point to anchor the boat. Here, the boat is attempting an 
approach from the north. 

0:00:25 0:00:29 Close up of the floating sulphur particles. The density of the particles tends 
to vary with the number of chimneys below the sea and the wave and current 
conditions on the day.  

0:00:29 0:00:33 The boat eventually had to approach from another side. The timing for when 
the divers descend into the sea is important and they try to stay in the water 
for as short a time as possible. The acidic water, strong sulphur 
concentrations, sonic disturbance from the intense bubbling and so on make 
diving extremely unpleasant and uncomfortable. Most divers are only able to 
stay underwater for about half an hour at most. 

0:00:33 0:00:39 The boat is slowly travelling in the direction of the current flow (as indicated 
by the sulphur particles), looking for a suitable site for the divers to go 
down. It is important that they do not dive directly above the vents.  

0:00:39 0:00:42 Preparing to descend with equipment. Specific safety instructions are to look 
out for bubbles, turns of the tide and any other incidents that may endanger 
the divers below. 

0:00:42 0:00:47 The prominent sulphur plumes, as observed during the dive descent. The 
mixture of sulphur particles and gases is clearly evident 

0:00:47 0:00:52 One of the yellow chimneys spewing out a high concentration of sulphur 
particles and hot gases that comprise mainly of CO2, N2, O2 and H2S. 

0:00:52 0:00:56 Close up view of a yellow chimney. The temperature of the water is 112oC 
at the chimney mouth but is cooled rapidly by the surrounding seawater. Just 
a few metres from the plume, the water is only about 16-25oC. 

0:00:56 0:01:04 View of another, larger yellow chimney. 

0:01:04 0:01:11 A particularly large chimney. The chimneys are fragile and unstable, with a 
tendency to crumble when handled. 

0:01:11 0:01:20 Digging out Xenograpsus testudinatus from the crevices near the base of the 
chimney. This is the only genus of brachyuran crab known to be associated 
with shallow-water sulphur-rich hydrothermal vents.  

0:01:20 0:01:35 Attempt to capture the crabs. Crabs removed from the rubble scramble back 
into the crevices immediately on release. Nothing is known about the 
ecology and adaptations of these peculiar crabs.  

0:01:35 0:01:38 Crabs of various sexes and sizes hiding in the crevices. They are known to 
aggregate in huge numbers (average 364 crabs/m2).  
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0:01:38 0:01:40 Close-up of the crabs hiding in the crevices. These crabs are relatively mild-
tempered and can be kept in aquaria even in large numbers. 

0:01:40 0:01:54 Waiting for slack water. The spewing of the chimneys is continuous, and it 
produces a consistent pulsating noise that causes great discomfort to divers. 
As the divers can stay underwater for only a very short time, the in-situ 
study of the crabs is very difficult and time-consuming. 

0:01:54 0:02:09 Once slack water occurs, all the particles in the plume will start to fall down 
vertically, making the entire water column very hazy and cloudy. At this 
point, the crabs swarm out of their crevices onto the sea floor in huge 
numbers; and start frantically foraging for food. They feed rapidly on the 
freshly killed plankton lying on the sea-floor even as more plankton 
continues descending down the water column. The plankton are killed 
almost instantly by the toxic plumes discharged by the vents and, in the 
absence of currents, drift downwards (“marine snow”).  

0:02:09 0:02:27 Swarming of the crabs. They forage only a short distance from their 
crevices, usually within a few metres radius. As the slack water period is 
very short, the crabs have to feed rapidly. Once the tide turns, the marine 
snow is carried away and dispersed by the strong currents. 

0:02:27 0:02:41 Close up of  feeding behaviour. The crabs are generally not very selective 
about their food. They will consume any food particles that are small enough 
to eat. 

0:02:41 0:02:55 As the tide turns, the currents push the sulphur particles away and the water 
column starts to clear. This is when the crabs start moving back into their 
crevices.  

0:02:55 0:03:01 End. 
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