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Abstract

The 2004 MAR-ECO expedition over the northern Mid-Atlantic Ridge aimed, in
part, to describe the overlying pelagic macro- and megafauna and their roles in mid-ocean
ecosystems. The month-long cruise sampled portions of the ridge between Iceland and
the Azores at 36 stations. One of the dominant pelagic fish families along the sampled
segment of the ridge was the family Melamphaidae. Melamphaid species abundance and
biomass data were examined with respect to depth, altitude above the ridge, and local
area (Reykjanes Ridge, Charlie-Gibbs Fracture Zone, Faraday Seamount Zone or
Azorean Zone). Highest species numbers and abundances occurred at depths between
750-1500 m. Some individuals were found above 200 m, setting new minimum depth of
occurrence records for the family. Large-scale shifts in species composition were
observed relative physical oceanographic features; for example, the genus Scopelogadus
shifted from S. beanii dominance north of the Subpolar Front to S. m. mizolepis
southward. Trawls less than 400 m above the bottom depth showed a trend towards
higher melamphaid abundance and biomass in southern stations than northern stations.
Given the high relative abundance in this survey, and their reported consumption of
gelatinous prey, the Melamphaidae may represent a previously unknown trophic linkage
between fishes and gelata in bathypelagic systems. Results of ongoing trophic analyses
will be presented to assess the magnitude of this linkage along the northern Mid-Atlantic
Ridge.
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Introduction

The Mid-Atlantic Ridge (MAR) is a unique habitat in the deep sea. The ridge is a series
of abrupt topographic features formed by the separation of continental plates. It has been
shown that seamounts and ridge systems are areas of high biomass. The MAR could
provide an area of high energy due to so-called “seamount effects” (Dower and Mackas
1996, Haury et al. 2000, Genin 2004). One theory as to why fish aggregate around
seamounts is that seamounts create localized upwelling while simultaneously creating
anticyclonic vortices in which plankton are entrained (Dower and Mackas 1996,
Mullineaux and Mills 1997, Haury ef al. 2000). The interactions of the local upwelling
and injection of new nutrients by vortices may increase primary production above the
ridge, and thus augment higher trophic levels (Dower and Mackas 1996).

Another theory is that the ridge could act to concentrate vertically migrating prey, which
would increase predator concentrations near the ridge (Isaacs and Schwartzlose 1965,
Koslow 1997). The theory states that vertically migrating zooplankton are transported
over ridge systems by currents and get trapped in areas where it is shallower than their
normal diel migrations (e.g. seamounts like the MAR). Ridges have also been shown to
be feeding grounds and/or navigational landmarks for large predators such as Sphyrna
lewini and Physeter macrocephalus (Klimley et al. 2002, Moulins and Wiirtz 2005, Skov
et al. 2008). Ridges like the MAR may represent unique deep-sea ecosystems where the
interactions of multiple pelagic and benthic trophic levels can occur over a relatively
concentrated area.

MAR-ECO (www.mar-eco.no) is a field project of the Census of Marine Life, aiming to
describe the biodiversity and ecology of organisms over the northern MAR, from Iceland
to the Azores. Sixteen nations are working together to understand the organisms and
processes from the surface layer all the way down to the abyssal zone. The scientists of
MAR-ECO aim to understand how a mid-ocean ridge system such as the MAR may
affect the interactions of benthic and pelagic communities, which are usually separated
by great distances. This consortium of experts in biology, oceanography and engineering
not only allows for focus on specific groups of organisms but their relation to one another
and their environment.

Sutton et al. (2008) described a biomass maximum below 1000 m along the northern
MAR. This deep biomass maximum is rare as fish are usually most abundant in the top
1000 m of the water column (Angel and Baker 1982). The family Melamphaidae was not
only one of the most abundant and biomass-dominant fish families caught during the
MAR-ECO cruise, but is also one of the least studied of all fish families. Lack of
distinguishing morphological characters, low sample size of study material, and unstable
taxonomic status make the Melamphaidae a challenging family to study (Ebeling 1962;
Keene 1987). Ebeling (1962) showed that the melamphaids were one of the most
abundant families of the deep sea and the data from the MAR-ECO cruise supports that
statement. In this paper we present information on the distribution, abundances and
biomass of the melamphaid fishes over the MAR their contribution to the deep lying
biomass maximum and discuss possible reasons for their success in this ecosystem.
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Materials and Methods

Sample material was collected on Leg 1 of the MAR-ECO cruise aboard the Norwegian
research vessel G.O. Sars along the northern Mid-Atlantic Ridge (from Iceland to the
Azores), beginning 5 June and ending 3 July 2004 (Figure 1). The specific goal of the
first leg of the MAR-ECO cruise was “to collect data for describing the diversity and
distribution patterns of the plankton and nekton of the pelagic ecosystem of the MAR”
(Gode 2004).

The northern MAR stretches from the southern coast of Iceland to the Azores (between
36°42°W - 25°57°W and 59°46°N - 38°37°N). The peaks of the ridge system rise from
the surrounding abyssal plains to depths above 1000 m. The continuity of the ridge is
broken in an area called the Charlie-Gibbs Fracture Zone (between 35°00°W - 32°00°W
and 52°30°N - 52°00°N) which is a transverse fault in the otherwise linear MAR (Figure

1.

Samples were caught using a variety of nets. Each net contained a different mesh size
that selected for certain-sized nekton. Macrozooplankton, Akra and Egersund trawls
were used to collect samples along the MAR, their mouth size and door spread are listed
in Table 1. Information about each net deployment is found in Appendices 1-4, and
additional details can be found in Wenneck et al. (2008). The Akra and
macrozooplankton trawls were outfitted with multiple cod ends (three and five,
respectively), making it possible to sample discrete depth strata.

The samples collected were frozen at sea, thawed at the Bergen Museum, fixed in a 10%
formalin:seawater mixture and then stored in 70% ethanol. In lab, specimens were patted
dry and weighed to the nearest 0.01 g (wet weight). Standard length (the length from the
tip of the snout to the end of the caudal peduncle) of each specimen was measured to the
nearest 0.01 mm using a pair of calipers. In order to aid in species identification, each
fish had the first gill arch removed from their right side and their gill rakers were
counted.

Dissection

For extraction of the gut contents, an incision was made down the ventral midline of each
fish. This window makes it easier to separate the internal organs from the mesentery sac
that attaches the organs to the dorsal and anterior portions of the body cavity. Once the
body is opened, the mesenteries were cut. Cutting the mesenteries is essential to
identifying the gender of the fish; if the internal organs are pulled out and are still
attached to the abdominal wall, there is a good chance that the gonads will tear and be
unidentifiable, as they are made of a very soft tissue.

Sex was determined based on the visual description of gonads in the works of Ebeling
and Weed (1963) and Keene (1970). These descriptions were largely based on coloration
of gonads which is not a good diagnostic character for specimen stored in alcohol, as the



alcohol tends to leach out color in tissues. With this in mind, modifications were made to
the existing gonad descriptions in order to accurately identify the two sexes. Gonads
were saved in separate vials of ethanol after initial determination of sex. Saved gonads
will be examined microscopically for the presence of oocytes or spermatocytes.

Gut Content Analysis

Identification of non-gelatinous prey items inside the stomachs were done by analyzing
any hard parts found in the stomachs. Hard parts were taken out of the stomach and
intestines and placed on a microscope slide or in separate vials, depending on size.
Identification to the lowest taxonomic level possible will be done by examining hard
parts for diagnostic characters.

Identification of soft organisms was done by applying a methylene blue dye to the
tissues. The dye stains the muscle bands found in the pelagic tunicate prey on which
melamphaids are thought to feed (Gartner and Musick 1989). If the gelatinous prey was
neither Salpida nor Doliolida, then other diagnostic characters (e.g. nematocysts) were
used to identify gelatinous prey to the lowest possible taxonomic level. Slides of
gelatinous tissues were made in order to search for identifiable microscopic
characteristics.

Results

The four most abundant melamphaid species (Poromitra crassiceps, Scopeloberyx
robustus, Scopelogadus beanii, Scopelogadus mizolepis mizolepis) accounted for 11.8%
of the total biomass and 2.25% of the total number of fishes caught from 0-3000 m along
the northern MAR. Highest species abundance occurred at depths between 750-1500 m
(Figure 2) which coincides with previous estimates of melamphaid habitat ranges
(Ebeling 1962; Ebeling and Weed 1963; Keene 1970; Keene 1987). Total biomass was
highest in Depth Zone 4 between 1500-2300 m (Figure 3). This means that larger
melamphaids tend inhabit deeper water, which supports the findings of Ebeling and
Cailliet (1974). Several species were caught above 200 m (Depth Zone 1 in Figures 2
and 3) at several stations, setting new minimum depth of occurrence records for the
family. High abundances and biomass at, and below, 1000 m depth suggest that
melamphaids make up a significant proportion of the biomass maximum described by
Sutton et al. (2008).

Large-scale shifts in species composition were observed relative physical oceanographic
features; for example, the genus Scopelogadus shifted from S. beanii dominance north of
the Subpolar Front to S. m. mizolepis southward (Figure 4). Though it is unknown what
causes this shift in species composition, it is consistent with similar shifts in the fish
(Sutton et al. 2008) and euphausiid (unpublished data) communities. Other slight North-
to-South trends were seen in the total abundances and biomass for the family. Trawls
less than 400 m above the bottom depth (Near Bottom) showed a trend towards higher
melamphaid abundance and biomass in southern stations than northern stations (Figures 5
and 6). Though trawls greater than 400 m above the bottom depth (Far From Bottom)



showed no significant change in abundance between the northern and southern stations,
they did show a trend towards smaller biomass totals in the south (Figures 5 and 6).
Values for both abundance and biomass of the near and far stations showed peaks at or
near the borders of the Reykjanes Ridge and Charlie-Gibbs Fracture Zone and the Faraday
Seamount Zone and the Azorean Zone. The total number of stations considered to be
“Near Bottom” is much smaller in comparison to the number of “Far From Bottom”
stations due to the sampling technique and the Charlie-Gibbs Fracture zone. Discrete
depth samples were taken as the net was traveling away from the bottom depths. At
most, two “Near Bottom” samples were taken per station whereas up to five “Far From
Bottom” samples were taken at certain stations. The depth of the Charlie-Gibbs Fracture
zone also made it impossible to reach within 400 m of the bottom depth with the
equipment used. Correlations between shifts in species composition and biomass and
abundances close to the bottom depth could be due to a shift in habitat preference. These
shifts also suggest that the Subpolar front could act as a rigid border between two
separate communities inhabiting the northern MAR.

Given the high relative abundance in this survey, and their reported consumption of
gelatinous prey, the Melamphaidae may represent a previously unknown trophic linkage
between fishes and gelata in bathypelagic systems. Results of ongoing trophic analyses
will be presented to assess the magnitude of this linkage along the northern Mid-Atlantic
Ridge.

Discussion

Data from MAR-ECO sampling has revealed that the family Melamphaidae represents an
important component of the Mid-Atlantic Ridge pelagic ecosystem. With high relative
abundance and biomass, melamphaids could also represent an important link in
bathypelagic energy flow through this ridge system. The research presented here
highlights the need for information about the Melamphaidae. A better understanding of
this family, including its species composition, biogeography, and organismal ecology will
greatly improve our knowledge about the deep sea and in particular the interactions of the
deep pelagic fauna with abrupt topographic features such as the MAR.

Ongoing research into the diets and taxonomy of the family Melamphaidae aims to
produce more information about the family and its relationship with the ridge
environment. Gartner and Musick (1989) showed that the diet of one melamphaid,
Scopelogadus beanii, consisted primarily of gelatinous zooplankton. They found that the
majority of the gelatinous contents of the stomachs they studied were of the family
Salpidae (Thaliacea). It was previously thought that gelatinous zooplankton offer little
nutritional value to predators, and that gelatinous zooplankton were a “dead end” in
marine food webs due to the lack of natural predators, and thus energy flow to higher
trophic levels (Sommer et al. 2002; Nelson et al. 2002; Arai 2005). However, recent
studies have shown that gelatinous zooplankton could play a more significant role in the
diets of marine vertebrates than once believed (Kashkina 1986; Purcell and Arai 2001;
Cartamil and Lowe 2004; Houghton et al. 2006). These findings suggest that gelatinous
zooplankton may provide a key link between upper and lower trophic levels in the



pelagic food web. Predation on pelagic salps, and salp aggregations, could be the reason
for the success of the family Melamphaidae along the MAR.
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Table 1. Trawl type broken down by size and door spread (Wenneck et al. 2008)

Trawl Type Vertical Net Opening Door Spread Mesh Size
Egersund 90 m-180m 150 50 mm
Akratral 20m—-35m 110 22 mm
Macrozooplankton 6 m N/A 6 mm
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Figure 1. Mid-Atlantic Ridge including sample sites and bathymetry.
Short and long station information found in Appendix 5. The boxes
represent three areas of the ridge (from North to South):

Reykjanes Ridge, Charlie-Gibbs Fracture Zone, and Azorean Zone.
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Figure 2. Total abundances at each of the five depth zones sampled over the northern
Mid-Atlantic Ridge during the 2004 G.O. Sars expedition. Abundances are listed as total
number - 10° m>. Depth zones: 1 = 0-200 m; 2 = 200-750 m; 3 = 750-1500 m; 4 =
1500-2300 m; 5 =>2300 m.
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Figure 3. Total biomass at each of the five depth zones sampled over the northern Mid-
Atlantic Ridge during the 2004 G.O. Sars expedition. Biomass is listed as wet weight (g)
- 10° m?. Depth zones: 1 = 0-200 m; 2 = 200750 m; 3 = 750-1500 m; 4 = 1500—
2300 m; 5 =>2300 m.
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Figure 4. Scopelogadus beanii and Scopelogadus mizolepis mizolepis abundances
showing the shift in dominance between S. beanii in the north to S. m. mizolepis in the
south
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higher abundances in southern stations near the bottom than those in the north.
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Appendix 1 (From Sutton et al. 2008)

Trawl samphes from the 2004 MAR-ECO expadition wsed Tor deepepezlage fsh vertical distribution analysi
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Appendix 1 (continued)
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) KT 102 63 21-Jun 53034 30847 3095 2256 1518 4 D
) KT 101 G4 21-Jun 53055 30857 30 25: 2256 5 D
i AK 82 67 23 Jun 50353 .55 3650 1500 A5 3 D
i AK 8-1 64 23 Jun 50395 .47 3604 23N 1810 4 D
i KT 115 3] 23 Jun 50518 1486 am 210 6 1 D
i KT 114 66 23 Jun 50532 IR M 656 7 2 D
a2 KT 113 68 23 Jun 50559 . 3420 1487 647 3 D
i KT112 T0 23 Jun 50582 a2 3520 23 1774 4 D
22 KT 111 i 23 Jun S0.607 .43 3708 2731 2309 ] D
24 AK 92 T4 24- Jun 49250 28683 2606 1800 AO0 3 D
4 AK 9-1 76 24- Jun 49288 28662 2672 2230 1800 4 D
4 KT 125 T2 24- Jun 49590 28480 nm m 27 1 ™
4 KT 124 73 24- Jun 49567 28483 3366 665 22 2 M
M4 KTi123 75 24- Jun 49541 25486 3530 17% i1 3 M
M4 KTz 7 24- Jun 49514 28485 EEL 2338 1528 4 M
M4 KTi121 8 24- Jun 49501 28485 ERE 2768 2314 5 M
26 AK 102 81 25 Jun 47967 2510 s 1748 R0 3 D
26 AK 113 749 25 Jun 47794 166 3493 250 1 1 D
26 AK 112 &0 25 Jun 47810 20188 3095 a3 250 2 D
28 AK 122 85 27 Jun 42814 .81 2657 178 #20 3 D
28 AK 121 86 27T Jun 42809 Tas 3010 2400 1810 4 D
28 KT 135 a3 27T Jun 42813 1.6 2096 138 7 1 D
28 KT 1534 84 2% Jun 42824 1,700 2089 91 151 2 D
18 KT132 &7 27 Jun 42883 .73 2/ 2308 1475 4 D
18 KT 131 ] 27 Jun 42901 M3 2890 2 2205 ] D
0 AK 132 a 28 Jun 42783 20 408 240 1800 R10 3 D
0 AK 131 a3 28 Jun 42789 20389 2492 2300 1800 4 D
0 KT 145 89 28 Jun 42951 2.257 1949 188 6 1 D
0 KT 144 a0 28 Jun 42953 .4 244 S04 175 2 D
0 KT 143 92 28 Jun 42939 2312 2718 1500 a4 3 D
0 KT 142 L] 28 Jun 42912 306 2828 28 1480 4 D
0 KT 141 a5 28 Jun 42890 2303 2830 238 2265 5 D
i AK 1422 97 29 Jun 42474 30,197 2532 1800 A0 3 D
iz AK 141 aa 29 Jun 42720 el B 2542 2300 1800 4 D
iz KT 154 96 29 Jun 42442 30.145 236 673 188 2 D
iz KT 153 k] 29 Jun 42467 30144 2289 1523 652 3 o
iz KT 152 100 29 Jun 42492 30.145 241 2005 1495 4 D
iz KT 151 101 29 Jun 42515 30148 2287 1828 2031 bot-4 D
i AK 152 104 3 Jun 41517 2009 2230 1500 R0 3 D
i AK 151 106 3 Jun 41560 2024 233 2000 1800 4 D
i KT 145 102 3 Jun 415684 209 192 i} i 1 M
i KT 164 103 3 Jun 414598 209 2317 a8 e 1] 2 M
34 KT 143 105 30 Jun 41721 2.9 2aUm 148 a4 3 N
34 KT1a2 108 30 Jun 41.744 30002 28 1887 1490 4 N
34 KT 141 107 30 Jun 41769 30,007 25M 1981 1887 4 N
16 KT 175 109 30 Jun 41484 28.346 2698 180 0 1 N
16 KT 174 110 30 Jun 41489 28354 25M ™ 218 2 ™
16 KT173 112 30 Jun 41494 28.392 2602 1493 25 3 ™
16 KT 172 115 30 Jun 41498 28425 2441 2036 1489 4 ™
16 KT 11 114 3 Jun 414949 28.453 265 1980 242 4 M
16 AK 152 111 1-Jul 41239 28138 2616 1500 R0 3 D
16 AK 181 113 1-Jul 41295 25244 e 2400 1800 4 D

55 = SuperStation (see Fig. 1) Met: AK = Akra trawl smple; KT = Kl traw] sample. Sample codes are wed in later figures for graphical clarity. Depth
oot 1= 0-200m; 2= 200-T590m; 3 = T50-1500m; 4= 1500-2300m; 522300m; bot = near-bottom trawl (depth zome of bottom) Solar cycke:
D =day; M= night; DM = dusk; ND =dawn. Group no. = asmemblage s defined by mulivariate analyad.



Appendix 2 (From Wenneck et al. 2008)

Station st for the medium-sized pelagic fish trawl { Aakratrawl) during Leg 1 of the 3004 MA R-ECO expediton

Superstation Local station Serial number Date Latitude {N) Longituds (W) Fishing depth {m)
Min. Max.
2 126 1001 (i 2004 597527 2575 154K 2T
2 116 1002 (6. 2004 597547 25745 £ T50
2 126 13 {0 (6 2004 59°56¢ 2503 i} 150
2 126 B0z (6. 2004 597527 2508 i} 270
4 128 1% 1006 K4 [iliga 28025 H50 1260
4 28 1014 1106 24 alr1e” 2RI 200 K50
4 128 1011 1106 K4 60717 28718 i} 200
4 28 B3 10006 2004 [{igea b ] 1260
.1 134 1031 1406 204 56717 ey LiLA] 1050
.1 334 103z 1406 4 56715 £ Rkl 3K #00
.1 134 1033 1406 204 567127 e i} 30
& 134 RO 1406 2004 56717 EE Rl ] 1050
12 139 1046 1606, 2004 5I75R0 MR H15 1750
12 139 147 1606 204 5I°55° M3 30 Lol
12 139 s L6064 52°82° R i} 3
12 339 B0 1606 K04 52°58° IR i} 1750
14 M1 1055 TE.06 204 537057 43 340 W00
14 M1 1056 TE.O06. 2004 LERT .3 745 ] M0
14 M1 1057 TE.O06. 2004 LER I 64T 160 2792
14 M1 LIRS TE.06 204 537057 43 i} 792
15 b 1071 006 04 52732 34 1821 ZE00
15 b 107z 006 04 520337 £Vt B05 1774
18 6 1073 2006 2004 52040 £ ] 43
20 MK 10749 2106 104 52°56¢ Uy agy 1850 XTRT
20 MK TOED 2106 2004 510540 i L K20 1837
20 MK 1081 2106 104 52°51° Wy i} LUl
20 MK HDOS 2106 2004 52756° i ] ITRT
22 350 18T 2306 104 07247 2Ty 1810 2370
22 50 T0EE 23,06 2004 Rl el K50 1RO
22 350 1089 2306 104 s071E’ 27032 i} TEQ
22 350 LT 2306 104 S07 247 2Tuy i} 2370
24 152 1095 2406 104 49017 2R TE(H X0
24 152 106 24,06 2004 44715 R4 B0 1RO
24 152 1097 24,06 2004 447127 R4 ] Lol
24 152 HOT 24,06 2004 49717 R ] 2230
26 154 1103 2506 204 487007 g TE(H 2600
26 154 1104 2506 204 47°58" e LiLA] 1746
26 154 1105 2506 2004 47757 pra ' ] THE
26 154 HDOE 2506 2004 457007 ey ] 2600
26 155 1106 2506 2004 477507 e i) K25
26 155 1107 2506 204 47°44° e 250 [k
26 155 1108 2506 204 47°48" e i} 250
28 157 1114 2706 04 42°44° ki 1810 2400
28 57 1115 2706 2004 420447 2708y B9 1770
28 157 1116 2706 04 42°44¢ 27T i} #00
28 57 B9 2706 2004 420447 ey ] 2400
30 159 1122 ZE06 04 4247 e Rk TE(H 2390
£l 159 1123 206 2004 42747 o o K10 1RO
30 159 1124 ZE06 04 4247 e v i} Ta5
iz 61 1125 006 2004 42743 i TEOD 2300
32 a1 1126 T 06 2004 427417 w2 LAt 180D
32 a1 1127 T 06 2004 42°38¢ Wy 50 #00
32 a1 B0 T 06 2004 4243 W 50 2300
14 364 1138 H06 K04 417347 e R L TEOD il
14 364 1139 H06 K04 417317 e R L B0 1RO
14 364 11440 H06 K04 41728 sy ] Lol
34 364 LUl F0.06 2004 417347 Hast i} 0
16 366 1146 .07 204 41718° 2815 TE(H 2400
6 b6 1147 0107 2004 417147 2R B0 1RO
16 Iah 1145 U107 204 417117 284 i} 200
6 b6 Bz 0107 2004 41718 2EE ] 2400

For each superstation, each tow produced depth-siratified catches from three codends. The fourth “pet”, that sampled the entire depth range of the tow, 1s
the sample derived from the forenet of the trawl.



Appendix 3 (from Wenneck et al. 2008)

Station bst for large pelagic fish trawl ( Egersundtrawl) during Leg 1 of the 2004 MAR-ECO expedition

Superstation Local station Serial number Date Latitude {N) Longitude (W) Fishing depth {m)
Min. Max.
7 132 1025 1306, 2004 5708 ) Ry 118D 1530
11 136 10349 15 006, 2004 5528 36728 10K} 1 50
11 37 1044 15 006, 2004 S5°3Y ELN 10K} 1430
15 M2 107 1 0, 2004 5245 55T 1R 2013
31 al 11949 ZH 06, 2004 42°47 30y 1434 1434




Appendix 4 (from Wenneck et al. 2008)

Station bst for the macrozooplankton trawl during Leg 1 of the 2004 MAR-ECO expedition

Superstation Local station Serial Date Latitude (M) Longitude Fizhing depth {m) Filterad
numhber (W) volume (m’)
Mazx. Min.
2 27 1004 (806, 2004 S0 2545 1843 2141 35,655
2 27 1005 (.06 2004 597587 254 1555 1803 101,738
2 327 LU 1006 204 59057 25948 HED 1546 89 929
2 327 1007 10,06 2004 29750 2578 180 #44 o8]
2 327 1% 1006 2004 597507 2575 11 174 23,409
4 329 kY el 1106 2004 LIRS 2872 1304 1329 29,49
4 329 103 1106 24 alv 1R 28728 T4 1302 91,568
4 329 1014 1106 204 a1 28°28 472 T29 107 75
4 329 1015 1106 204 a6 15 28724 172 464 ), 264
4 329 1016 1106 204 614 28724 5 164 19,529
[ 331 12 1206 204 ST 0T 2135 2155 24013
[ 331 121 1206 204 AT 108 1493 2124 108 070
[ 331 L eded 1206 204 ST EN i (i} LES) 1476 T 503
6 11 1023 12,06 2004 ST nny 171 E11 61,655
[ 11 1024 12,06 2004 ST Iy 2 165 H 613
8 333 1026 13,06 2004 56719 34716 1328 1337 21,338
8 333 jLier 13,06 2004 SH719 4T 1249 1330 109,381
g 333 zE 13,06 2004 56719 RNt T62 1244 96,255
8 333 1029 13,06 2004 SET1Y 402y 164 T62 59,937
8 333 10340 13,06 2004 SET1Y 4n2¥ Li] 173 22726
10 335 1034 14.06 204 55037 16" 1986 1928 20,1140
10 335 1035 14.06 204 55738° 16" 14549 1997 9% 392
10 335 1036 14.06 204 55738 16" TH 14840 115,106
10 335 1037 1406 2004 S50 IR 189 Ti6 Bh, 332
10 315 138 1406 204 5573 I673Y 7 189 21,052
12 33K LIS 1606 24 537067 14715 1532 1457 16,885
12 33K 142 1606 24 537067 14715 1174 1529 9% 817
12 338 1043 1606 204 537057 34736 [:14] 1151 95,720
12 338 1044 1606 204 LRSI 34737 206 it 62,1946
12 338 145 1606 204 533 34738 7 183 22 897
14 340 (3] 1706 204 537067 I6°4Y 2304 2534 31,768
14 40 10540 1706 204 LRSI 164y 1496 2284 106,524
14 40 1051 1706 2004 S3 164y Hifhs 1478 108 691
14 40 1052 1706 2004 S3 1674y 175 ik 4045
14 3440 1053 1706 204 5302 36747 25 175 19435
16 M3 1058 19,06, 2004 1 ey 2239 IR 1164674
16 M3 1059 19,06, 2004 51728 ey 1496 224E 116,531
16 M43 10640 19,06, 2004 S Iy 674 148K 130,300
16 43 1061 1906 2004 51722 33928 236 678 73,743
16 343 162 19,06 2004 L el Ek 36 238 0,657
18 345 LT 0.0 24 52004 3149 23 26640 108 37
18 345 1067 2006, 2004 51028 347 1444 2316 118 5400
18 45 165 006 204 L 31748 T2 14440 121 61%
18 45 1069 006 204 SR I 177 16 T2010
18 M5 1T 006 2004 SXHy 174y 11 186 33267
20 M7 1074 2106 2004 EERIEY sy 2256 2526 97,829
20 M7 175 2106 2004 5327 £l i 1518 2256 105 408K
20 M7 176 2106 2004 3007 34 [}4] 1502 110656
20 My w7 2106 2004 5206 4T 188 674 68 308
20 M7 1WTE 2106 204 5205 BT 2 202 18,771
22 ER LY 1E2 2306 2004 073 27 2300 273 97861
22 149 1E3 2306 204 S0nas 27X 1774 2301 96,557
22 o 10E4 230 24 S0ra40 27 647 1487 110 574
22 o 1ES 230 24 S0r32 27 227 656 o 47
22 o 10E A 230 24 LRl 27 36 2140 15,339
24 351 10E 24,06 2004 49715 et gt 23114 2THE 105943
24 351 101 24 .06 2004 447147 2 1528 2338 98 426
24 351 1z 24 .06 2004 447327 2 fifhy 1776 105224
24 351 13 24 .06 204 440117 2R 212 s 62 151
24 351 1064 24,06 2004 497y 28 n 211 21070
26 Failed tow



Appendix 4 (continued)

Superstation Local station Serial Diate Latituds (M) Longitude Fishing depth {m) Filerad
number (W) volume (m”)
Max. Min.
28 156 1108 2706, 2004 42754 2745 2295 202 35337
28 156 1110 2706 2004 42°5¥ 2T 1474 2308 113 381
28 156 1111 2706 2004 42751 27743 i3 1476 112 Bai
28 56 11z 2706, 2004 4275 274 151 691 62452
28 156 113 2706 204 4249 27410 7 138 B H55
£l 158 7 2H. 06, 2004 42°8Y 2987 2265 2383 91,439
£l 158 1118 2H. 06, 2004 42085 2918 1450 2283 109229
1] 158 1119 ZH.06 K4 42756 20197 L 154¥) 143 030
30 158 1120 2806 2004 42757 297187 175 598 51,004
30 158 1121 2806 2004 42757 295 Sl 186 23,304
i2 2 1128 .06 2004 4237 KNI 03 1828 91 626
32 2 112 .06 2004 Eacliy RN 1495 riitin w716
32 362 1130 006 2004 42728 RN hi52 1523 105 441
32 362 1131 006 2004 42727 RN 188 675 [T
32 2 113z Z0.06. 2004 L el i BN 1 195 19,314
14 £l E] 1133 H0.06. 2004 417486 BN 1887 1981 93402
14 £ E] 1134 006 2004 41745 ENREI 1450 1887 102 346
4 £ E] 1135 006 2004 4174 % 2o0aD 674 1494 97,902
14 £l E] 1136 H0.06. 2004 4174 29067 205 fid 56,601
14 £l E] 1137 H0.06. 2004 4141 29067 0 203 23817
6 s 1141 H0.06. 2004 417340 2827 2042 1980 §3,369
£ E ik 1142 3006 2004 4173y 28" 20° 1459 2036 101 932
£ E ik 1143 3006 2004 4173y 28724 725 1493 9,335
6 s 1144 01,07 . 2004 41729 2872 218 72 58311
6 s 1145 01,07 . 204 41729 287210 i 1ED 24865

Each tow (local station number) had five samples (codends with separate serial numbers).
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