
Introduction
Leptocephali are the remarkably transparent and exclu-

sively marine larvae of eels and their close relatives that

grow to large sizes (Smith 1989, Miller and Tsukamoto

2004, Miller 2009). They live in the ocean surface layer after

being born at a range of distances from coastal areas depend-

ing on the family or species of eel (Miller 2009). In offshore

areas of the open ocean they live in the surface layer and

some species vertically migrate to deeper depths in the upper

few hundred meters during the day (Castonguay and Mc-

Cleave 1987). However, other than observations of higher

abundances at the edges of continental shelf areas (Miller et

al. 2002) or near large shallow banks (Miller and McCleave

2007), their near-shore habitat use patterns or behavioral

characteristics are not known (Miller 2009). This is mostly

due to their strong ability to avoid small plankton nets or

most nets fished during the day (Castonguay and McCleave

1987, Miller and McCleave 1994, Miller et al. 2006).

Studies on the spatial and temporal patterns of recruit-

ment of fish larvae at some tropical locations around the

world have collected leptocephali moving inshore to coral

reef areas or shallow habitats using crest nets or channel nets

to sample tidal currents (Dufour and Galzin 1993, Thorrold

et al. 1994a, b, Doherty and McIlwain 1996, Dufour et al.

1996, McIlwain 2003, Nolan and Danilowicz 2008), but

these leptocephali have not been directly studied, except by

Harnden et al. (1999). Other studies on the species composi-

tion or settlement patterns of fish larvae using light traps

have also reported the collection of a few leptocephali (e.g.

Hendriks et al. 2001, Wilson 2003, Sponaugle et al. 2005,

Carassou et al. 2009), but like most studies using nets, these

studies have only identified leptocephali to the family level,

with no information about their size or developmental stages

being provided.

In coastal areas of Japan and Korea, Conger myriaster

or Muraenesox cinereus leptocephali have been collected in

large set nets and boat-seines used by fishermen to collect

clupeoid fish larvae (Mochioka et al. 1993, Otake et al. 1997,

Lee and Byun 1996). Some of these leptocephali are meta-

morphosing and others are not, but will do so quickly if

transferred to aquaria (Mochioka et al. 1993). Late-stage and

metamorphosing leptocephali of Conger oceanicus have also

been collected in estuarine habitats of the US east coast (Bell

et al. 2003).

These various observations indicate that large-size and

often metamorphosing leptocephali reside in or enter shallow

water as they prepare to recruit to the coastal habitats where
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they live as juvenile eels. However, in areas without strong

tidal currents or appropriate locations for setting nets, light

traps could be alternative ways to collect leptocephali if they

effectively sample this type of fish larvae.

The present study describes the leptocephali collected

during the light trap studies of Nakamura et al. (2009a, b) at

Ishigaki Island (Fig. 1). This area has well developed fring-

ing coral reefs (Fig. 2) due to the influence of the warm

Kuroshio Current that flows northward just to the west of the

Ryukyu Islands, despite the island being located at a high lat-

itude. Ishigaki Island has a rich fauna of coral reef fishes

(Lecchini et al. 2003, Shibuno et al. 2008), although the an-

guilliform fish community there has not been studied. One

study did examine the process of metamorphosis in lepto-

cephali of the ladyfish, Elops hawaiensis (Elopidae, Elopi-

formes), that were collected in the lower reaches of the

Nagura River of Ishigaki Island (Sato and Yasuda 1980). The

present study reports on the leptocephali collected in light

traps at Ishigaki Island and evaluates the question of whether

light traps may collect representative samples of leptocephali

residing or entering clear water tropical marine habitats such

as those of the southern Ryukyu Island chain.

Materials and Methods

Research on the spatial variability and habitat associa-
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Fig. 1. Map showing the location of Ishigaki Island of the southern Ryukyu Island chain of Japan, and the two study areas (Tomino and
Itona reefs) in relation to depth contours around the island. Light trap locations where leptocephali are shown (black circles), and light
trap deployment locations where no leptocephali were collected are shown (white circles) in the right panel. The stations were lepto-
cephali were collected at the Itona site are labeled (see Fig. 2). Thick dashed line (left and right panels) shows the outer edge of the reef
areas.

Fig. 2. Aerial photograph of the Itona reef study area looking to
the south, showing the locations where leptocephali were col-
lected in light traps.



tions of coral reef fish larvae was carried out at Ishigaki Is-

land of the southern Ryukyu Islands Japan using light traps

(Nakamura et al. 2009a, b). The southwestern end of Ishigaki

Island is adjacent to the Sekisei Lagoon (the only well devel-

oped barrier reefs in Japan) that extends across to the eastern

side of Iriomote Island (distance 20 km). The present study

analyzes the catches of leptocephali during deployments of

light traps in two areas (Tomino and Itona reefs) along the

northwestern shoreline of Ishigaki Island from 2006 to 2008

(Fig. 1).

The coral reef habitats at Itona reef extend out up to

about 300 m from shore and include shallow coral rubble

areas closest to shore, then branching coral areas (1–3 m at

low tide), and tabular corals along the outer reef margin (Fig.

2) at depths of 5–15 m at low tide (Nakamura et al. 2009a).

Inshore of the coral reef habitats are seagrass beds, which ex-

tend 30–100 m from shore. The reef flat on Tomino reef

(0.5–1 m at low tide, 2–3 m at high tide) is characterized by

coral rubble and reef rocks. Outside of the coral habitats at

these two sampling areas was a sandy sea bottom extending

offshore (ca. 15–20 m deep).

Light traps were deployed at 14 different locations

within each of the four different types of habitats during the

study, in the two areas that were separated by 3 kilometers

(Fig. 1). The type of light trap used in these studies is shown

in detail by Nakamura et al. (2009b) and is shown in Fig. 3

while being deployed on the outer reef margin in front of tab-

ular corals at the Itona reef site. Each rectangular shaped

light trap had one 15 mm wide funnel opening on each side

of the 520 mm tall, and 330 mm wide, Perspex chamber con-

taining a 6 W fluorescent lamp (National BF-8951). The top

of the traps, which were protected by a stainless steel frame

on all sides, were attached to a buoy at the surface resulting

in the 4 entrance openings of the traps being within the upper

1 m of the water column (Fig. 3). The collection bag (1 mm

mesh) at the bottom of the traps permitted substantial water

movement into and out of the traps (Nakamura et al. 2009b).

The light traps were deployed at 1800 hours and retrieved the

following morning at 0900 hours, at various periods of all

lunar phases.

The light traps were deployed at one or both of the two

sites at various times during late spring and summer during 3

different years. In 2006 they were deployed at Itona reef on

26 July, and 2, 16, 25 August using 2 light traps anchored on

the 4 main habitats (tabular corals, branching corals, coral

rubble and seagrass beds) and separated from one another by

at least 50 m (8 light traps each night). On 22 August 2006,

larvae were removed from the traps every 3 h from 19:00 to

07:00 at the seagrass bed and branching coral area using one

light trap in each area. In 2007 traps were deployed weekly

from 10 May to 26 September (21 times) using 3 light traps

anchored on the reef slopes (tabular coral areas) at Itona reef

(Fig. 1). In 2008, traps were deployed weekly from 14 April

to 16 June (11 times), using 4 light traps anchored on the reef

slopes at Itona and Tomino reefs (8 light traps each day), re-

spectively. Water temperature at Ishigaki Island in April was

�25°C and in August was �29°C.

Immediately after collection, all fish larvae were pre-

served on ice. Leptocephali samples were sorted from the

other fish larvae in the laboratory and were then either frozen

or preserved in ethanol. They were later identified to the low-

est possible taxonomic categories following Tabeta and Mo-

chioka (1988) and Miller and Tsukamoto (2004), and their

total lengths (TL) were measured to the nearest 0.1 mm. The

total number of myomeres (TM) and other meristic and mor-

phological features such as pigmentation were examined to

separate different species. Photographs of the gut contents of

the Muraenesox cinereus leptocephalus were taken using a

Nikon SMZ-800 dissecting scope and a Sony DSC-W300

digital camera.

Results and Discussion

The deployments of light traps at various times and

places within the two study sites at Ishigaki Island between

April and August during three different years (N�141 total

trap deployments for one night of fishing equivalents) col-
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Fig. 3. Underwater photograph of the light trap used in the
present study attached to a surface buoy that is connected to a
line attached to a bottom anchor, at an outer reef edge sampling
site at the Itona reef site.



lected a total of 7 leptocephali. All of these were collected in

traps deployed at the Itona reef site, and mostly in the outer

reef edge traps. These leptocephali were collected from sev-

eral days after full moon to just after new moon (Table 1).

Muraenid leptocephali were collected in traps deployed at

sites S2, S4 and S5, an ophichthid at S3, and the 2 Muraene-

sox cinereus leptocephali were caught together at S1 (Table 1,

Fig. 1, 2).

One or possibly 2 species of moray eel leptocephali

(37.0–79.4 mm TL) with very similar morphological features

of pigmentation and dorsal fin position were collected at 3 of

the outer sites (Fig. 2) with 2 being collected on separate

dates in both 2007 and 2008 (Table 1). These 4 muraenid lep-

tocephali (family Muraenidae) were of the subfamily Mu-

raeninae and had begun the process of metamorphosis, based

on their absence of teeth and thickening of their head (Miller

and Tsukamoto 2004; Miller 2009). A 62.8 mm TL metamor-

phosing ophichthid leptocephalus (snake eels, family

Ophichthidae) was also caught at one of the outer reef trap

sites in 2007. This specimen and the muraenid leptocephali

were at an early stage of metamorphosis before the body

starts to become rounded and pigmented (see Tawa and Mo-

chioka 2009). The leptocephali of these two families can not

yet be identified to species level in the Indo-Pacific however,

due to the large number of species with overlapping morpho-

logical and meristic characters and the general lack of simi-

larity between the larvae and adults of eels (Miller and

Tsukamoto 2004, 2006).

In contrast to the other specimens collected, 2 pre-meta-

morphosing leptocephali identified as Muraenesox cinereus

of the family Muraenesocidae (pike congers) were collected

at one of the trap sites (S1) located inshore of the outer reef

edge in 2006 (Fig. 2). This site was over the edge of branch-

ing Acropora corals at a depth of about 2 m (Nakamura et al.

2009a). These two leptocephali were of a similar size (75.5,

81.0 mm TL), and had extensive gut contents (Fig. 4), indi-

cating that they had likely been feeding at the time of cap-

ture. They were collected in the trap from 22:00 to 01:00.

Based on the apparently rapid evacuation rates of lepto-

cephali after feeding (Mochioka et al. 1993), they had likely
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Table 1. Collection data and morphological characteristics of leptocephali collected by light traps at Ishigaki Island, showing their total
length (TL, mm), total number of myomeres (TM), developmental stage (meta�metamorphosing), and the lunar period when they were
collected (NM�new moon, TQ�third quarter).

Study site Collection date Lunar TL TM Species/taxon Stage

Itona reef-S1 22 Aug 2006 NM 81.0 151 Muraenesox cinereus Non-meta
Itona reef-S1 22 Aug 2006 NM 75.5 148 Muraenesox cinereus Non-meta
Itona reef-S2 18 May 2007 NM 68.3 115 Muraeninae Meta
Itona reef-S3 5 June 2007 TQ 62.8 159 Ophichthinae Meta
Itona reef-S4 15 June 2007 NM 53.8 118 Muraeninae Meta
Itona reef-S5 6 May 2008 NM 37.0 113 Muraeninae Meta
Itona reef-S4 29 May 2008 TQ 79.4 127 Muraeninae Meta

Fig. 4. Photographs of the gut contents inside the intestine of a
75.5 mm Muraenesox cinereus leptocephalus collected within the
reef area of the Itona reef site. (A) shows the intestine region just
behind the kidney and last vertical blood vessel (with a 1 mm hori-
zontal background grid), (B) is an enlargement of the left side of
the image of the intestine shown in (A), and (C) is of the right side.



been feeding shortly before entering the trap, or possibly

while within the trap, if they entered it soon after it was de-

ployed. The other leptocephali collected during this study did

not have food material evident in their guts, because meta-

morphosing leptocephali do not feed, since their gut is in the

process of moving forward (Otake 2003).

The finding of feeding M. cinereus leptocephali in an in-

shore area of coral reef habitat is an apparently unique obser-

vation, since most catches of leptocephali using plankton

nets have been made offshore or over the outer shelf and

slope (Miller 1995, 2009, Miller et al. 2002, 2006, Miller and

McCleave 2007). Muraenesox leptocephali however, are typi-

cally absent in offshore collections (e.g. Miller et al. 2002,

2006), and therefore they appear to have a very restricted

habitat use pattern of living and feeding near shore or possi-

bly over continental shelves. This collection of Muraenesox

leptocephali while feeding near coral reefs supports the hy-

pothesis that their leptocephali have a very restricted habitat

use pattern compared to other families of leptocephali that

are frequently collected offshore. Ophichthid leptocephali

and those of garden eels (congrid subfamily Heterocongri-

nae) also appear to have retention mechanisms that limit their

offshore distributions (Miller 2009), but not to the extreme

degree that is suggested for Muraenesox larvae.

Many leptocephali can be collected presumably when

they are ready to recruit and enter coral reef and other habi-

tats, such as using set nets and crest nets as mentioned previ-

ously (Thorrold et al. 1994a, b, Dufour et al. 1996, Harnden

et al. 1999, McIlwain 2003, Nolan and Danilowicz 2008).

This is consistent with the collection of the metamorphosing

muraenid and ophichthid leptocephali at the outer edge of the

reef at Ishigaki Island. These leptocephali may have been ap-

proaching the reef as they were metamorphosing in prepara-

tion for transformation into small eels and recruitment into

the benthic habitats around the island. However, since they

would not be feeding during metamorphosis, it raises the

question of why they had entered the light traps.

Light traps are known to be selective in what taxa of lar-

val fish they attract and capture, although the reasons for this

have generally remained unclear (Doherty 1987, Hernandez

and Lindquist 1999, Leis and McCormick 2002). In the case

of leptocephali, which do not feed on the zooplankton that

are attracted into the trap by the light (and thus attract some

types of fish larvae to feed on them), it is even less clear why

some leptocephali occasionally enter light traps. It is possible

that they are attracted to the region near the light where par-

ticulate matter may be more visible, since leptocephali ap-

pear to feed exclusively on particles like marine snow or dis-

carded larvacean (appendicularian) houses (Otake et al.

1993, Mochioka and Iwamizu 1996). If many other fish lar-

vae were attracted into a trap, there could be a visible build-

up of particles such as fecal material in the traps, which

might appear as possible food to a leptocephalus. Or they

may just be curious about the light or the organisms in the

trap.

Regardless of the reason why they enter light traps such

as in the present study, it appears likely that this is not a com-

mon occurrence in light trap studies. In the present study

about 8,617 other fish larvae (excluding Clupeidae) entered

these traps during the sampling in 2006 compared to only 2

leptocephali (Nakamura et al. 2009a), but total larvae in

other years were not enumerated. This low percentage of lep-

tocephali being caught compared to other taxa of fish larvae

is also typical of studies such as those on the Caribbean coast

of Panama where 9 congrid leptocephali (family Congridae)

were collected out of 3,801 total larvae (Wilson 2003). In the

Florida Keys, 24 leptocephali of muraenid and ophichthid

species were among 7,892 total larvae collected in light traps

(Sponaugle et al. 2005). However, many light trap studies

have not reported the presence of any leptocephali in their

larval fish catches (e.g. Thorrold 1992, Choat et al. 1993,

Hernandez and Lindquist 1999, Simpson et al. 2004, D’A-

lessandro et al. 2007).

Researchers also have conducted studies to evaluate the

effectiveness of light traps in relation to other sampling tech-

niques, and some of these studies have collected lepto-

cephali. A comparison of channel nets and light traps on the

Great Bahama Bank showed that leptocephali were collected

by the channel nets, but not the light traps at the same loca-

tions (Anderson et al. 2002). They also found that for fish

larvae in general, light traps were more selective taxonomi-

cally, and less efficient at the high current site; but they were

more efficient than channel nets at the low current site.

Carassou et al. (2009) collected Anguillidae, Congridae, Mu-

raenidae (including juveniles), and Nettastomatidae in two

types of light traps at New Caledonia, with one type (Eco-

cean light trap) catching more than another type (Aquafish

light trap). No leptocephali were collected by plankton net,

underwater seine, or in an artificial reef sampling device

though. In contrast, Brogan (1994) caught “anguilliform lar-

vae” in a small plankton net over reefs, but none were col-

lected in light traps in the Gulf of California. Hendriks et al.

(2001) collected some congrid, muraenid, and tarpon lepto-

cephali using a light source and dipnets at the surface along

the Caribbean coast of Panama and also caught 8 congrid and

71 Megalops atlanticus (tarpon, Elopiformes) in light traps.

The congrids were only caught in traps deployed 1.5 m off

the bottom, but the tarpon larvae were caught both near the

bottom and in traps deployed 1.5 m below the surface. In On-

slow Bay, North Carolina, on the US east coast, 2 ophichthid

leptocephali were collected by neuson nets at the surface, but

no leptocephali were collected in two types of light traps

(Hernandez and Lindquist 1999). As noted by Leis and Mc-

Cormick (2002), most studies have found some clear differ-

ences in the types of taxa of fish larvae collected by light

traps and other sampling methods that are likely related to
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the behavioral characteristics of each type of larval fish taxon

(Choat et al. 1993, Brogan 1994, Hickford and Schiel 1999,

Hendriks et al. 2001, Hernandez and Shaw 2003, Carassou et

al. 2009). Current speed can also have an important effect on

catches of larval fishes by light traps (Anderson et al. 2002,

Lindquist and Shaw 2005).

In the specific case of leptocephali, the low percentage

of catches compared to other taxa in tropical light trap stud-

ies, and the likely presence of many leptocephali in the re-

gion where these studies were conducted, suggest that light

traps are not very effective at sampling for leptocephali.

Light trap studies in tropical habitats such as the Great Ba-

hama Bank (Anderson et al. 2002), the coast of Panama

(Wilson 2003), the Florida Keys (Sponaugle et al. 2005), and

the present study at Ishigaki Island were all in areas where

many leptocephali are likely present at least nearby. This

seems likely based on the abundance of leptocephali found

using plankton nets near the Great Bahama Bank, over outer

continental shelves, and in western boundary currents pass-

ing by some of these areas that were sampled with light traps

(Miller 1995, Miller et al. 2002, Miller and McCleave 2007).

In addition, channel nets and crest nets have collected many

leptocephali moving onshore presumably as they are meta-

morphosing and recruiting to shallow habitats (Dufour et al.

1996, McIlwain 2003, Thorrold et al. 1994a, b, Nolan and

Danilowicz 2008). Leptocephali have also been collected

over continental shelves in subtropical areas (Fahay and

Obenchain 1978, Castle and Roberston 1974, Miller et al.

2002).

However, it is unclear if many leptocephali actually re-

side in the water column near coral reef habitats before they

move inshore for recruitment (Miller 2009). For example,

they may be abundant just offshore where they are collected

by plankton nets, but they may not come close to shore

where most light traps are deployed until they are ready to re-

cruit and thus are not feeding and would not be attracted to

light traps for feeding purposes. There is presently not

enough knowledge about the behavior and habitat use pat-

terns of leptocephali to assess this though, because they are

very transparent and hard to see, and there are only a few re-

ported observations of leptocephali in coastal waters or at

deeper depths (Beebe 1934, Miller 2009, Miller et al. 2009,

2010).

The present study however, verifies that a few metamor-

phosing leptocephali are occasionally attracted into light

traps even if they are not feeding. It also showed for the first

time that actively feeding M. cinereus leptocephali were at-

tracted into the traps, and that this particular species uses

near shore coral reef habitats for feeding in some circum-

stances at least. Due to the unique feeding ecology of lepto-

cephali that only feed on particulate material (Otake et al.

1993; Mochioka and Iwamizu 1996), perhaps they would not

be expected to show a strong attraction to light traps for feed-

ing unless there is an obvious build-up of particulate material

in the traps. Although this brief analysis suggests light traps

are likely not effective at sampling leptocephali in areas

where they would possibly be present, more information is

needed about the near-shore presence or absence of lepto-

cephali to know if this is true or not. Behavioral studies on

whether or not leptocephali are attracted to light at night are

also needed to fully understand the ability of light traps to

collect leptocephali.
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