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ABSTRACT

Paired tows of the Isaacs Kidd Midwater Trawl (IKMT), namely oblique tow and
step tow were used to determine which type of tow can be used to most efficiently
sample assemblages of leptocephali. Two tows in the Sulawes: Sea were made at the
same approximate location on 3 October 2002. Both tows collected very similar assem-
blages of leptocephali, despite minor differences in the length frequencies of some taxa.
The assemblages collected by both tows were remarkably simular, suggesting that the
amount of fishing effort of both types of tows was sufficient to adequately the sample
abundant taxa of leptocephali. The collection of a few rare taxa such as Anguilla or
Nettastomatidae in one or the other of the tows however, leaves the question of whether
there are specific depth layers at which some taxa are more abundant, unanswered. But
i general, the resulis of this experiment on towing styles shows that either type of towing
technique may be sufficient to adequatcly sample the species assemblage of common
species of leptocephali in any particular area. Future research should use depth-specific
sampling gear to determine if there are taxa specific depth layers in the Indonesian Seas
and other areas.

ABSTRAK

Dua cara tarikan jaring Isaccs Kidd Midwater Trawl (IKMT), yaitu tarikan secara obelik
(obligue tow} dan tarikan seperti anak tangga (step tow) telah dilakukan untuk menentukan
tipe tarikan mana yang paling efektif dalam melakukan pengambilan sample sekumpulan
leptocephali. Kedua tarikan tersebut dilakukan di Laut Sulawesi pada lokasi yang sama
pada tanggal 3 Oktober 2002. Kedua tipe tarikan ini mengholesksi sekumpulan lepio-
cephali yang relatif sama, kecuali sedikit berbeda dalam frekuenst panjang pada beberapa
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faxa. Kemiripan dart kumpulan leptocephali yang dikoleksi dengan 2 cara tarikan di
aras menunjukkan bahwa kedua cara tartkan jaring il cukup dapat digunakan wuntuk
mengkoleksi kelimpahan taxa leptocephall.  Koleksi raxa yang jarang didapat, seperti
Angeuilia (sidat}) dan famili Nettastomatidae dalam safah satu tartkan meninggalkan
pertanyaan vang belum dapat dijawab, yakni apakah ada lapisan kedalamanan spesifik
vang mesunfulkan bahwa swatie taxa lebih melimpah 7. Namun hasil ekperimen ini
menunjukian bahwa kedua cara tarikan cwkup dapat mengkoleksi kumpulan leptocephali
vang wmwm dijumpai pada seluruh peraivan. Pada penelitian di masa mendatang perlu
digunakan alat khusus yvang dapat mendeteksi kedalaman jaring pada saat jaring
dioperasikan yntuk menentukan apakah ada waxa yang spesifik memikiki kepadatan di

kedalaman tertemtu di perairan Indonesia.

Keywords: Leptocephali, Isaacs Kidd Midwater Trawl (IKMT), sampling techniques,
species assemblage, Indonesians Seas.

INTRODUCTION

The Indonesian Seas are unique in many ways due to their unusual geography
of islands and deep ocean basins that have a high biodiversity of marine organisms,
However, to study the overall seasonal and regional abundance and diversity of or-
ganisms that inhabit the pelagic environment of this unique region it is necessary to
conduct large-scale sampling surveys that encompass many different arcas during the
same research cruise and to standardize the sampling effort among cruises conducted
during different seasons. This places great constraints on the amount of sampling
effort in each individual area, and therefore determining the most efficient samphng
techniques for the target species of each survey is of critical importance,

We have conducted two such relatively large-scale sampling surveys to collect
the larvae of cels, or leptocephali, and other planktonic organisms, such as fish lar-
vae, phyto-and zooplankion, in the Indonesian Seas that surround the largest island
in the heart of the central the Indonesian archipelago, Sulawesi Island. During these
cruises, an intense pressure for efficiency of sampling and conservation of ship time
led us to conduct a carefully controlled experiment to atiempt to determine the best
lowing methad for collecting leptocephali. In the case of these cruises, the need for
covering many areas is a result of the lack of knowledge about the spawning location
of the tropical catadromous eels of the genus 4nguilla that inhabit many of the fresh-
water habitats of Indonesia and the surrounding arcas (JESPERSEN 1942, ARAl et
al. 2001, SUGEHA er al. 2001) and a similar lack of knowledge about the regional
biodiversity of the more diverse types of marine ecls and other manne organisms.
Therefore, as many areas as possible need to be sampled to locate potential

SPawnIng areas.
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Leptocephali are morphologically quite different from most other fish larvae
and have a laterally compressed virtually transparent body (CASTLE 1984; SMITH
1989a), and it has been found that both in the Pacific (KAJTHARA er al. 1988§;
OTAKE et al. 1998) and Atlantic (CASTONGUAY & MCCLEAVE 1987) both
Anguilla and other families of leptocephali are most abundant in the upper 200 m
and are collected in greatest numbers in the upper 100 m at night. This enables
fishing effort for leptocephali to be concentrated in the upper layer of the ocean,
although the depth distribution of leptocephali in the Indonesian Seas has not been
documented.

We made paired tows with the IKMT that were started at the same locationto
test the hypothesis that a slow steadily retrieved oblique tow would collect about the
same assemblage of a step tow that has greater fishing effort at several different depth
layers when the retrieval ofthe wire was stopped. This type of step tow typically a
takes longer time than the oblique tow when fished to the same maximum depth, so
our objective was to determine if a slightly shorter duration oblique tow was as effi-
cient as the longer duration step tows for sampling the assemblage of leptocephali at
each location.

MATERIALS AND METHODS

Leptocephali were collected on 3 October 2002 during the BJ-02-4 cruise of
the R/V Baruna Jaya VII of the Research Center for Oceanography of the Indone-
sian Institute of Seiences. During this cruise, sampling occurred at 34 stations in the
waters around Sulawesi Island in areas including the Java Sea, Makassar Strait,
Sulawesi Sea, Maluku Sea, and Tomini Bay and the location of the station used in
this study is shown in Figure 1. Sampling for leptocephali at each station was done
with the large pelagic trawl, the Isaacs Kidd Midwater Traw] (IKMT) that has a net
opening of 8.7 m? and 1 mm mesh size (Figure 2). All sampling during this cruise
occurred at night time (except for two stations in Tomini Bay) and for this particular
experiment, anight time [IKMT oblique tow to an approximate depth of 171 m (based
on wire angle measurements) was compared to a step tow to an approximate depth
of211 m. The step tow was towed horizontally for 6 min at five depths at 450, 360,
230, 180, 90 m of wire out, which was designed to correspond to fishing depths of
around 30, 60, 90, 120 and 150 m. Leptocephali were identified to the lowesl
possible level using TABETA and MOCHIOKA (1988); and BOHLKE (1989).
However, the leptocephali of the family Muraenidae are very difficult to separate into
different species (SMITH 1989b), so the minimum estimated number of species was
given for both tows, but is not an exact value, The two anguillid leptocephali will
require identification using mtDNA analysis as described by AOY AMA et al. (1999)
due to the overlapping morphological characters of most tropical anguillid lepto-
cephali.
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Figure 1. Map showing the location and Station H where the
experiment to test the effectiveness ol the two types
of towing styles took place and also showing the loca-
tions of the other IKMT tows made during the cruise.

RESULTS AND DISCUSSION

A total of 167 leptocephali of 10 families of anguilliform eels and two lepio-
cephali of the elopiform family Megalopidae were collected in the two tows at Sta-
tion H, with both tows collecting approximately the same assemblage of leptocephali
(Table 1). Leptocephali of the anguilliform families Nemichthyidae, Murasnidae,
Sermivomeridae, and Congridae were the most abundant in both tows, and nine of the
11 families had leptocephali that were caught in both tows, which suggested that both
of the types of fishing strate gies were effective ut collecting a representative sample of
the most abundant taxa at a particular location. Forexample, similar collections were
made of the mesopelagic eel leptocephali, V. scolopaceous, and Serrivomer, and of
moray eelleptocephali of the family Muraenidae, and no more than two individuals of
any of the taxa in Table 2 were collected in only one of the tows.

Most of the leptocephali of the various taxa also had similar size ranges, with
relatively small numbers of either smaller or largerindividuals being collected in one
or the other of the two tows (Figure 3 and 4). The modes of the length frequencies of
the two most abundant taxa, Muraenidae and Nemichthys scolopaceous, were rela-
tively similar, and the total lengths were not significantly different for the leptocephali
of the Muraenidae (p = 0.3), Nemichthyidae (p = 0.5), or Serrivomeridae
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Table 1. Times, locations and basic characteristics of the two types of tows compared
during this study at Station H in the southern Sulawesi Sea on 3 October 2002,

Towing | Start | End | Dura- Start End Ship | Meters| Tow
Type time | time | tion location location | Speed of |volume
(knts) | wire | {(m’)

[RMT- | 19:33 | 2057 | L2 1959.936°N 1956.931"N | 35 S00 42,008

Obligue 123922 248°E | 123924334
IKMT- | 21:39 | 2253 | 1114 1959.702'N 1956.930°N | 35 500 46,139
Step 123022 278°F | 123924.087°E

However, there were some minor differences between the sizes of the lepto-
cephali and the taxonomic compositions of the calches of both tows. Although there
were no statistical differences in total lengths of the abundant taxa, and the sample
sizes were too low to test for the others, some basic differences in the lengths of some
individuals were observed (Figure 3 and 4). For example, three larger congrids
were collected in the step tow, along with smaller chlopsids and ophichthids, and four
smaller serrivomerid leptocephali were collected in the oblique tow. Itis unclear
though, if these differences were due to the sampling techmgue or lo random chance
differences in occurrences of the various sizes of leptocephali. Other differences
between the two lows included the presence of two leptocephali of the slope family
Nettastomattidae in the oblique tow, and two leptocephali of the catadromous eels of
the genus Anguilla in the step tow. Therefore it is critical to determine if this
difference i1s due to sampling technique or some other possible factor such as
differential depth distributions of some species or size classes.

There is some evidence that different taxa of leptocephali may have somewhal
different depth distributions (KAJTHARA er af. 1988; CASTONGUAY &
MCCLEAVE 1987), and if this is true in Lhe Indonesian seas, there could be some
slight effects of the towing techniques on the catches of certain taxa or size classes, as
was possibly observed during this study. '

Although the numbers of leptocephali of these difTerent taxa or size classes in
this study were small enough to be possibly due to random chance cvents, there were
difterent fishing efforts at different depths during the two tows that resulted from the
two towing stvles. The step tow stopped at five depths and towed for six minutes,
but the winch speed between the different steps was faster than during the oblique
tows, resulting in the step tows having greater fishing effort at the depths of the steps,
but slightly less effort at the depths between steps. The possible effects of this can
not be determined without more detailed research on the fine scale depth distribution
of various taxa of leptocephali, bul it could account at least for the slightly higher
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Figure 2. Issac Kidd Midwater Trawl (IKMT net) used in this study.

catch rate observed in the oblique tow if the highest density layer of leptocephali at
this particular location and time was missed by one of the steps. Alternatively, the
shghtly shallower

In conclusion, this comparison of two types of tows made at the same
approximate location found that the same general assemblage was collected in both
tows with the exception of a few leptocephali of two families. This means that this
amount of fishing effort is probably cnough for a useful sample of the leptocephali in
a particular area, and when time is short during a tight cruise schedule, both of these
types of tows could serve o adequately sample the assemblage of relatively
ahundant leptocephali, without requiring a replicate tow. Further research on the
depth distributions of difterent taxa of leptocephali in the Indonesian Seas region will
be needed however, to resolve the questions about the fine scale distribution of
sampling effort between the two types of tows and to determine if certain depth
layers should be targeted to collect anguillid or other species of interest,
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Numbers (N), catch rate (CR) and overall size range of the various taxa of lepto-

Table 2.
cephali collected in the two types of tows compared during this study at Station Hin
the southern Sulawesi Sea on 3 October 2002. (Number in the bracket indicates the
possibility of species number found in one family/ subfamily or genus).
Life history/ Tamn Nin |CRin |Nin |CRin |Total | TLrange
Family KO |IKO |IKS |IKS (mm)
Catadromous
Anguilidae Anguilla 2 43 2
Shallow water
Congridae Ariosoma 5(2) | 125 | 5(2) | 108 10 234197
Conger 2 50 ] 22 3 18.4-29.0
Congrinae 1 2.5 1 22 2 13.5-560
Gnathophis 1 25 3 6.5 4 232647
[iroconger 1 22 1 4.0
(rorgasia 4 100 1 22 - 202-344
Unknown species | 25 | 234
Chlopsidae Chlopsis 4.3 2 183-213
Kaupichthys 2 50 1 22 3 456-52.0
Unknown species 1 2.5 1 411
Muraenmidae Unknown species | 23(3) | 574 |20(5) | 433 4 16.5-61.7
Ophichthidae Neenchelys ] 22 1 242
Myrophinae 1 22 1 75.6
Ophichthinae 3y | 75 |e@ |87 | 7 | 2587
Megalopidae Unknown species | 2 50 1 22 3 214-236
Slope
Nettastomatidae | Nerenchelys | 25 1 572
Saurenchelys | 25 1 41.0
Synappho- Ilyophinae 1 22 1 375
branchidae
Synappho- 1 25 1 26,5
branchinae
Open ocean
Derichthyidae Nessorhamphus 1 22 1 145.0
Nemichthyidae Avocettina l 25 3 6.5 4 101-1489
N.curvirostris 3 y 2 43 5 45.1-66
N scolapaceus 13 [ 324 | M 520 | ¥ 18 4-207
Serrivomeridae Unknown species 5 | 374 2 260 | 7 50-61.5
Total leptocephali 80 87 167
Min.No.of taxa 25 23
Overall catch rate 199.6 1886
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Figure 3. Length frequency distributions the leptocephali of Ariosoma (family
Congridae) of shallow water leptocephali and Nemichthys scolopaceus
(family Nemichthyidae) of open ocean collected in the oblique and
step tow of the IKMT at Station H.
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Figure 4. Length frequency distribution five families of leptocephali collected
in the obligue and step tow of the IKMT at Station H.
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