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SUMMARY

A Low Trophic Position of Japanese Eel Larvae
Indicates Feeding on Marine Snow
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What eel larvae feed on in the surface layer of the ocean has remained mys-
terious. Gut contents and bulk nitrogen stable isotope studies suggested that
these unusual larvae, called leptocephali, feed at a low level in the oceanic
food web, whereas other types of evidence have suggested small zooplank-
ton are eaten. In this study, we determined the nitrogen isotopic composition
of amino acids of both natural larvae and laboratory-reared larvae of the
Japanese eel to estimate the trophic position (TP) of leptocephali. We
observed a mean TP of 2.4 for natural leptocephali, which is consistent
with feeding on particulate organic matter (POM) such as marine snow
and discarded appendicularian houses containing bacteria, protozoans
and other biological materials. The nitrogen isotope enrichment values of
the reared larvae confirm that the primary food source of natural larvae is
consistent only with POM. This shows that leptocephali feed on readily
available particulate material originating from various sources closely
linked to ocean primary production and that leptocephali are a previously
unrecognized part of oceanic POM cycling.
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BACKGROUND

Leptocephali are the larvae of anguillid eels (Figure 1), and marine eels and their close relatives,
which are a phylogenetically distinct group of fishes (Inoue et al., 2011). The bodies of
leptocephali are highly transparent and they grow to large sizes, but historically no food could be
seen in their thin guts. This led to the hypothesis that maybe these larvae did not feed through
the mouth, but absorbed dissolved organic nutrients through their thin skin instead. Eventually
materials that were determined to be components of particulate organic matter (POM) or marine
snow, which is widely present in the ocean (Alldredge and Silver, 1988), were microscopically
observed in the guts of eel larvae (Otake et al., 1993, Mochioka and Iwamizu, 1996) and were
more clearly photographed recently (Miller et al., 2012a). Bulk stable Nitrogen isotope studies
on leptocephali suggested they feed on low trophic level materials within the marine food web
(Otake et al., 1993; Miyazaki et al., 2011), but the isotopic fractionation values were not known
for this type of larvae. In addition, ciliates were observed in their guts (Govoni, 2010), and a
recent DNA barcoding study found a variety of DNA sequences of marine organisms in the guts
of small European eel leptocephali, Anguilla angulla, collected in the Sargasso Sea including
those of gelatinous zooplankton (Riemann et al., 2010), many of which are predators on other
zooplankton. In addition DNA sequences of fungi were found recently in the guts of Japanese
eel leptocephali (Terahara et al., 2011). These various types of information made it unclear how
leptocephali obtain their nutrition in the ocean environments where they live worldwide.

Figure. 1. Photographs of leptocephali of freshwater eels of the genus Anguilla, showing the head of a
giant mottled eel larva, Anguilla marmorata, from the western North Pacific (upper left) and artificially
cultured Japanese eel larvae, Anguilla japonica, in the laboratory (bottom and right, courtesy of Y.
Yamada, IRAGO Institute), which are like those used in this study to validate the trophic difference
between the larvae and their food source. Red and blue colors are light-reflections in the bottom left photo.
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FINDINGSOF THE STUDY

Our study used the new technique of amino acid 5'°N isotope analysis (McClelland and Montoya,
2002; Chikaraishi et al., 2007, 2009; and other studies) to solve the problem of what leptocephali
feed on. We used both natural larvae caught near their spawning area and two groups of
artificially spawned and reared larvae of the Japanese eel, which is a freshwater eel in East Asia
that spawns offshore in the western North Pacific (Tsukamoto et al., 2011), and its larvae have
been reared in the laboratory recently (Tanaka et al., 2001). Our objective was to estimate the
trophic position of natural leptocephali within the oceanic food web using amino acid isotopes of
natural and cultured larvae to validate the food source of natural leptocephali.

Natural and laboratory reared leptocephali were analyzed for their nitrogen isotopic
composition of phenylalanine (8'°Npy) and glutamic acid (8"°Ngu) to estimate their trophic
position, because these two amino acid have been found to be the most useful for this analysis.
The two diets of the artificially reared larvae were also analyzed, but their diets include shark
egg yolks from high trophic levels (Figure 2). The trophic position of each specimen was
calculated using the established formula (Chikaraishi et al., 2009): Trophic Position = (8" Ng, —
8" Nphe — 3.4)/7.6 + 1. For comparison, specimens of other marine organisms were also analyzed,
and some values from the literature were included (Figure 3).

These analyses in relation to the other organisms that were also examined clearly showed
that the trophic position of natural leptocephali was very low in the marine food web, at a level
of 2.4 (Figure 2, 3). This indicated that the food of leptocephali must be between levels 1 and 2,
which would be between primary producers and primary consumers. This level is only
consistent with leptocephali feeding on marine snow.
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Figure. 2. The trophic positions of natural Japanese eel leptocephali, and cultured leptocephali and their
artificial diets, in relation to the approximate trophic levels of other general types of marine organisms in
the oceanic food web. Modified from Miller et al. (2012b, Biology Letters).
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Figure 3. Plot of the nitrogen isotopic compositions of phenylalanine (3'°Np) and glutamic acid
(8" Ngn) of the specimens of this study and the estimated trophic position of the food of natural
leptocephali (brown circle) in relation to the trophic levels (diagonal lines) that are determined by the
8" Nphe and 8'°Ngy, values. TL = trophic level. Modified from Miller et al. (2012b, Biology Letters).

SIGNIFICANCE OF THE STUDY

The trophic position of 2.4 that we determined for natural Japanese eel indicates that leptocephali
feed on particulate organic matter such as marine snow. Marine snow consists of the frequently
discarded larvacean (appendicularian) houses, bacteria, protozoans, other colonizing small
organisms, carbohydrates and other biological materials (Figure 4; Alldredge and Silver, 1988).
Production of marine snow is closely linked to primary production in the ocean, so feeding on
this type of material has a variety of important implications because most fish larvae feed on
zooplankton.

The validation that marine snow is the primary food of leptocephali is especially
significant because the Japanese eel is an important food species in Japan and other parts of East
Asia, and there are intensive efforts to raise the larvae in the laboratory to establish aquaculture
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procedures for leptocephali to produce seedling glass eels for aquaculture. If successful this
would take pressure off the wild eel populations whose glass eels are captured to use in
aquaculture. Efforts are also underway to rear eel larvae of other species now in Europe, the US,
S. Korea, and New Zealand. Knowing what the natural food of leptocephali is may be able to
aid efforts to find a successful food to feed these larvae that are presently being fed with food
containing shark egg yolks; which somehow attracts the larvae to eat it, but is not a natural food
with good performance for growth and survival. These efforts have succeeded to produce glass
eels, but still not at the industrial scale that is urgently needed when the Japanese eel population
is drastically declining recently.
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Figure 4. An overview of the sources of material that aggregates into marine snow modified from
Alldredge and Silver (1988). One component consists of discarded larvacean (appendicularian)
houses (red circle), which are frequently abandoned when their filters clog, and these houses may
be specifically targeted as food by leptocephali along with marine snow in general.

There is also great interest in anguillid eels in Europe and the rest of the world now
because of the drastic declines worldwide. One possible aspect of the declines is that changes in
productivity in the ocean may have been caused by climatic changes or ocean-atmosphere
regime shifts (Miller et al., 2009), which could affect the composition or availability of marine
snow. Understanding the diet of these unusual larvae may be important to know what is causing
the global declines in anguillid eels.

Leptocephali of the almost 800 species of marine and freshwater eels worldwide appear
to be more widely present and abundant than generally realized, so a new awareness that these
larvae are eating marine snow has implications for better understanding particulate matter
cycling in the ocean and the global ocean carbon cycle, because all leptocephali eventually
recruit to other environments ranging from freshwater to the deep-sea (Miller, 2009). Future
research will provide more information about the feeding ecology of these remarkable larvae to
better understand their role in marine ecosystems.
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