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3.1 Macrozooplankton and Micronekton off Hokkaido Island, Japan:  
Composition and Gear Inter-calibration 

 
O. Yamamura and H. Yasuma  
 
 
3.1.1 Background of the MIE-2 
 
The second micronekton inter-calibration experiment 
(MIE-2) was carried out in the coastal area off 
southeastern Hokkaido Island, Japan, during 
September 23–October 3, 2005.  Comparative tows 
were made at four stations situated over the upper 
continental slope with bottom depths of 
approximately 500 m (Fig. 3.1).  This area is strongly 
influenced by the coastal branch of the Oyashio 
Current (Kono et al., 2004).  The R/V Hokko-Maru 
of the Hokkaido National Fisheries Research 

Institute (HNFRI; Fig. 3.2) was used as the sampling 
platform during the experiment.  The participating 
team included: Orio Yamamura (HNFRI; lead 
scientist), Hiroya Sugisaki (Tohoku National 
Fisheries Research Institute), Kazuhiro Sadayasu 
(Hokkaido University (HU)), Shin-suke Abe (HU) 
and Ryu-ichi Matsukura (HU). Since the cruise 
overlapped with the PICES Fourteenth Annual 
Meeting held September 29–October 9, 2005 in 
Vladivostok, Russia, no scientists from countries 
other than Japan were able to participate in the 
cruise.  

 
 

 

 
Fig. 3.1 Chart showing four stations of the MIE-2 occupied southeast of Hokkaido Island during September 25–
October 3, 2005.  Vertical lines show the track of the vessel along which backscattering of the echosounder was recorded. 
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Fig. 3.2 MIE-2 sampling platform: R/V Hokko-Maru. 

 

 
Table 3.1 Summary of sampling gears tested during the MIE-2.  Number of tows made during the MIE-2 is also shown. 

 
MOCNESS-1 

(MOC-1) 
MOCNESS-10 

(MOC-10) 

Framed 
Midwater 

Trawl (coarse) 
(FMT-C) 

Framed 
Midwater 

Trawl (fine) 
(FMT-F) 

Matsuda-Oozeki-
Hu-Trawl 
(MOHT) 

Otter 
Trawl 
(OT) 

Mouth opening (m2) 1.4 14 4 4   5 ca. 900 
Mesh size (mm) 0.33  4 9 3   1.6 9* 
Towing speed (kt) 1.6–2.1 1.3–2.0 1.6–3.0 1.0–3.0 3.0–5.0 2.6–3.0 
Towing angle (deg) 42–55 41–47 N/A N/A 8 – 
# of tows (Day, Night) 4, 3 4, 4 3, 3 4, 4 4, 4 2.0 

* Mesh size of the cod-end liner 
N/A: not available 
 
 
The sampling gears compared in the experiment 
were the MOCNESS-1 (MOC-1), MOCNESS-10 
(MOC-10) (Wiebe et al., 1985), Matsuda-Oozeki-Hu 
Trawl (MOHT) (Oozeki et al., 2004), Hokkaido 
University Framed Midwater Trawl1 (FMT) (Itaya et 
al., 2001), and a midwater otter trawl (OT) with 
Multisampler (multiple cod-ends with acoustically 
operating opening/closing device, SIMRAD Inc.).  In 

                                                 
1 Expressed as HUFT in previous sections. 

addition, the FMT was equipped with nets of two 
different mesh sizes (fine: 3 mm (FMT-F) and 
coarse: 9 mm (FMT-C)).  Specifications and 
photographs of the sampling gears are shown in 
Table 3.1 and Figure 3.3.  The samples collected by 
the MOCNESS-1 were used only for comparison of 
euphausiid catch efficiency. 
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Fig. 3.3 Sampling gears tested during the MIE-2. Upper left: MOCNESS-10, upper right: MOHT, lower left: FMT  
(= HUFT, with fine mesh net), lower right: otter trawl (OT) + Multisampler. 
 
 
3.1.2 Sampling 
 
At each of the four stations, every sampling gear was 
towed obliquely to a depth of 300 m, and then the 
nets were retrieved to the surface.  The MOCNESS 
and OT with Multi-sampler sampled down to 400 m 
but only the samples taken in the top 300 m layer 
were used for the inter-comparison.  The nets were 
towed during daytime and nighttime, with the 
exception of the OT, which was towed during 
daytime only.  The sequence of sampling is 
presented in Figure 3.4.  Net depth was monitored 
using SCANMAR net depth sensors attached to each 
net. It was impossible to attach a sensor to the 
MOHT, consequently a SBT data logger (Rigosha 
Co., Tokyo) was used to record the time–depth data 
of the MOHT.  Net depth and wing distance sensors 
(SCANMAR Inc.) were attached to the OT to 

monitor the mouth opening of the net.  At each 
station, the OT was deployed to a depth of 
approximately 400 m, and was then towed obliquely 
to a depth of 300 m with the #1 cod-end opened. 
After that, the OT was towed obliquely to the surface 
with the #2 cod-end opened.  For the inter-
comparison, only the sample collected by the #2 cod-
end was used.  Although it was planned to sample 
with the OT at four stations, it was towed only at 
three stations due to a winch malfunction. 
Furthermore, the sample taken at Station 4 was in too 
poor of a condition to be reliably identified, perhaps 
due to the prolonged sampling time due to the winch 
problems.  Therefore, for inter-comparison only OT 
samples from Stations 1 and 2 were used.  All tows 
were commenced at least 1 h after sunrise or before 
sunset to avoid sampling during twilight conditions. 
Hydrographic observations were carried out in the 
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entire water column at each station using an SBE-9 
plus Conductivity Temperature Depth (CTD) sensor 
(Sea-Bird Electronics Inc.).  Backscattering from the 
scattering layers was recorded using an EK60 
echosounder (SIMRAD Inc.) with 38, 70, 120 and 
200 kHz transducers. 
 
3.1.3 Sample and Data Processing  
 
Immediately after the nets were retrieved, 
micronekton, including fish, squids and shrimps, 

were picked out and fixed in a 10% formalin 
seawater solution.  Then, after large jellyfish were 
removed, the total weight of the rest of the sample 
(zooplankton, mainly euphausiids) was weighed to 
the nearest 1 g.  If the remaining sample exceeded 
1 kg in mass, only a subsample of approximately 
500 g was preserved in a 10% formalin seawater 
solution.  In the laboratory, micronekton were 
identified, counted, measured and weighed to the 
nearest 1 mm and 0.1 g, respectively. From each tow, 
up to 150 Diaphus theta were randomly sampled and 

 
 

 
Fig. 3.4 Schedule of sampling operations during the MIE-2.  Note that the Hokkaido University Framed Midwater 
Trawl (FMT) was towed only one time each during daytime and nighttime on the second day.  T-3 was cancelled due to a 
winch mulfunction. 
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measured to the nearest 0.01 mm using an electronic 
caliper.  In addition, up to 100 individuals of 
Euphausia pacifica were randomly sampled from 
each sample, and their total lengths measured to the 
nearest 0.01 mm using an electronic caliper. 
 
Species diversity of the catch of each net was 
assessed using Simpson’s diversity index: 
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where pi is the fraction of the i-th species in the total 
biomass of samples collected by each net.  This 
index ranges from 0 to 1, with 0 representing the 
least diverse community. 
 
 
3.1.4 Catch Composition and Diversity 
 
In total, 26,387 individuals and 26.97 kg of 
micronekton were collected during the MIE-2. 
Myctophid fishes were most important, contributing 
72.9% and 88.5% to the total number and mass 
(hereafter %N and %W), respectively.  Myctophids 
were followed by non-myctophid fishes (12.3%N 
and 4.2%W), crustaceans (decapods and mysids; 
9.9%N and 2.0%W) and cephalopods (4.9%N and 
5.2%W).  Among the myctophids, Diaphus theta 
accounted for 59.6%N and 66.8%W.  
 
Catch compositions by major taxonomic groups are 
shown for different fishing gears in Figure 3.5.  By 
abundance, crustaceans were most important in the 
MOCNESS-10, whereas myctophids highly 
dominated (>90%) both the MOHT and OT catches. 
Myctophids were always more prominent 
gravimetrically with the exception of the 
MOCNESS-10 samples, where they contributed  
< 50% to total catch.  
 
Overall, at least 8 families, 15 genera and 24 species 
of mesopelagic fish were collected during the MIE-2. 
Of these, myctophids, and gonostomatids were the 
most taxonomically diverse groups, represented by 
10 and 6 species, respectively. Micronektonic 
crustaceans included decapods and mysids. While 
the former included 7 species, the latter was 
 

represented by 2 species (Gnatophausia zoea and 
Eucopia sp.).  Cephalopods were the least diverse 
group and were represented only by 5 species.  
 
The Simpson’s diversity indices showed small 
differences between the same sampling gears using 
both abundance and biomass (Fig. 3.6).  One 
exception was the FMT with coarse mesh size (FMT-
C), where D. theta gravimetrically dominated (76%) 
the catches, while accounting for only 38% 
numerically. The samples collected by the 
MOCNESS-10 showed the highest diversity, while 
the MOHT collections had the lowest. 
 
 

 
Fig. 3.5 Numerical (upper) and gravimetric (lower) 
composition of micronekton collected during the MIE-2 
southeast of Hokkaido Island in September–October 2005. 
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Fig. 3.6 Simpson’s diversity index (D) of different sampling gear catches during the MIE-2, southeast of Hokkaido 
Island in September–October 2005, calculated on a numerical (N, abundance) and gravimetric (W, wet mass) basis.  The 
index was calculated by summing up data from all sampling stations. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.7 Numerical (upper) and gravimetric (lower) density (±1 S.E.) estimated by different sampling gears used for 
Diaphus theta during the MIE-2, southeast of Hokkaido Island in September–October 2005.  No nighttime sampling was 
made for the otter trawl (OT).  Numbers above the bars indicate ratios to the value of the MOHT; *: P < 0.05 (See Tables 
3.1–3.2 and 3.3–3.4). 
 
 
3.1.5 Sampling Efficiency of Micronekton 
 
Since Diaphus theta dominated the catch both by 
number and weight, sampling efficiencies of gears 
for fish were examined using this species only 
(Fig. 3.7, Table 3.2).  Among the five gears tested, 
the MOHT showed extremely high sampling 
efficiency in terms of both abundance and biomass. 
On average, its efficiency was 6.6–12.2 times higher 
than the other gears by number, and 5.1–23.2 times 
by biomass.  For the calculation, day/nighttime 
differences were not considered since the number of 
tows and the differences by time of day were limited. 

Generally, the higher ratio in the gravimetric 
comparison indicated that the MOHT caught larger 
fish than other nets. MOHT fine mesh net catches 
during nighttime showed statistically significant 
differences (Mann-Whitney’s U-test; P < 0.05) in 
numerical density from the FMT catches. In 
comparison, the MOHT showed statistically 
significant higher values in 3 out of 5 pairs in both 
daytime and nighttime (Table 3.3).  The nets other 
than the MOHT showed rather smaller differences 
between each other (Fig. 3.8) with no significant 
differences in density estimates among the nets 
(Tables 3.3 and 3.4).  

 

* 

8.8 
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Fig. 3.8 Numerical (upper) and gravimetric (lower) density (±1 S.E.) estimated by different sampling gears used for 
Diaphus theta during the MIE-2, southeast of Hokkaido Island in September–October 2005.  Data for the MOHT were 
excluded for detailed viewing. 
 
 
Table 3.2  Numerical and gravimetric density estimates by different sampling gears used for Diaphus theta during the 
MIE-2. 

Density in number (N/1000m3) Density in weight (wwt g/m2) 

 MOC-10 MOHT FMT-C FMT-F OT MOC-10 MOHT FMT-C FMT-F OT 

1D  5.5  32.0 n.d.  6.8 n.d.  0.5  2.9 n.d.  0.7 n.d. 
2D  0.4  9.5 0.2  0 1.8  0.4  10.1 0.2  0 0.7 
3D  0  3.1 1.4  0.1 2.3  0  3.7 1.5  0.1 1.8 
4D  0   2.0 2.2  0.1 n.d.  0  4.0 2.3  0.1 n.d. 
1N  4.2  48.9 n.d.  2.9 n.d.  0.3  9.5 n.d.  0.1 n.d. 
2N  0.3  10.0 1.3  0.6 n.d.  0.0  10.8 1.5  0.7 n.d. 
3N  0.8  3.7 1.6  0.7 n.d.  0.8  3.8 2.2  0.7 n.d. 
4N  0.2  0.8 0.1  0 n.d.  0.3  8.3 0.1  0 n.d. 

Average  1.4  13.7 1.1  1.4 2.1  0.3  6.7 1.3  0.3 1.3 

n.d.:  no data. 
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Table 3.3 Comparison of catch efficiency of different fishing gears for gravimetric densities of Diaphus theta in 
daytime (upper) and nighttime (lower) during the MIE-2.  

 
 P-values in Mann-Whitney’s U-test are shown in lower triangle;  *:  P <  0.05. 
 
 
 
Table 3.4 Comparison of catch efficiency of different fishing gears for numerical densities of Diaphus theta in daytime 
(upper) and nighttime (lower) during the MIE-2.  

 
 P-values in Mann-Whitney’s U-test are shown in lower triangle;  NS: no significance;  *:  P <  0.05. 
 
 
The linear relationships between catches of different 
sampling gears (the OT was excluded due to the 
small sample size) are shown in Figures 3.9 and 3.10. 
Using abundance data, three net pairs (MOHT/MOC-
10; FMT-F/MOC-10 and FMT-F/MOHT) showed 
significant correlations (Fig. 3.9).  The poor 
correlations with FMT-C were likely due to the 
absence of this net sampling at Station 1, where 

numerous small-sized (< 25 mm) D. theta were 
caught by the other gears.  Therefore, the linear 
relationships presented in Figure 3.9 would be useful 
for small-sized (< 25 mm) micronekton.  When 
comparing gears using the gravimetric data 
(Fig. 3.10), none of gear pairs showed significant 
correlation, suggesting that no other sampling gear 
was comparable with the MOHT. 
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Fig. 3.9 Scatter plots for Diaphus theta showing relationships of numerical density estimates (N/1000 m3) between 
different sampling gears used during the MIE-2.  One diamond shows the density estimate at one station by two different 
gears;  *: P < 0.05, **: P < 0.01, ***: P < 0.001. 
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Fig. 3.10 Scatter plots for Diaphus theta showing relationships of gravimetric density estimates (wwt g m–2) between 
different sampling gears used during the MIE-2.  One diamond shows the density estimate at one station by two different 
gears. 
 
 
3.1.6 Sampling Efficiency of Euphausiids 
 
Sampling efficiency of euphausiids was compared 
between the MOCNESS-1, MOCNESS-10, MOHT 
and FMT-F, with a fine mesh net.  The mesh size in 
the cod-ends of the OT and FMT with their coarse 
meshed net (9 mm) was insufficient to retain 
euphausiids.  The biomass of euphausiids caught at 
four stations by different gears is presented in 
Table 3.5.  Some data are missing due to the loss of a 

cod-end at a sampling station (MOCNESS-1) or loss 
of on-board measurement data of the total amount of 
zooplankton samples (MOCNESS-10 and MOHT). 
The ratio of maximum to minimum density at each 
station ranged from 1.7– 57.3 whereas coefficient of 
variation ranged between 29% and 123%, suggesting 
that estimates vary significantly by sampling gear. 
On average, the MOHT produced 3.9–5.1 times 
higher euphausiid catches compared to the other 
sampling gears.  
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Table 3.5 Comparison of euphausiid biomass (wwt g m–2) estimated by different sampling gears at each station 
(daytime/nighttime) during the MIE-2.   

Stn. MOC-1 MOC-10 MOHT FMT-F % C.V. Min/Max 

1D  1.7  1.7  2.8  1.7  29  1.7 
2D  22.1  12.1  15.5  6.0  48  3.7 
3D  7.0  5.1  29.2  0.5  123  57.3 
4D  29.9 n.d.  37.7  6.2  67  6.1 
1N  10.3  27.4 n.d.  21.3  44  2.7 
2N n.d.  7.8  192.0  58.3  111  24.5 
3N  26.6  0.8  20.3  3.3  99  32.9 
4N  24.1  52.5  248.7  64.4  105  10.3 

Average  17.4  15.3  78.0  20.2 – – 

 Red and blue values indicate maximum and minimum estimates at a given station, respectively.  
 n.d.: no data. 

 
 

 
Density estimates by different sampling gears are 
plotted for comparison in Figure 3.11. The 
MOCNESS-1 showed no clear relationship with any 
other sampling gear.  The MOCNESS-10 showed 
weak positive relationships with the MOHT and 
FMT-F, but these were not statistically significant (P 
= 0.07 and 0.09, respectively).  The comparison of 
the MOHT and the FMT-F showed a strong linear 
relationship (y = 0.28x – 1.98, P < 0.001).  These 
results likely indicate that the estimate by the MOHT 
is most reliable whereas the estimate by the FMT is 
conservative, perhaps due to low filtering efficiency 
of the fine-meshed net.  However, the estimate by the 
latter may be used for inter-comparison between the 
FMT and MOHT.  It should be noted that each gear 
was towed at the highest ship speed possible in this 
experiment (see Table 3.1).  Thus it appears that the 
superiority in catching more organisms by the 
MOHT was partly due to the higher ship speed 
allowed by this gear, which is an additional 
advantage of this net over other gears.  
 
 
3.1.7 Size Distribution of Samples 
 
Following the sampling efficiency inter-comparison, 
comparisons of size distribution were made for 
Diaphus theta, which represented approximately 
60% and 67% of the total number and biomass, 
respectively, of the overall collection. Length 
frequency distributions in different tows were 
combined by weighting with catch number of each 
tow (Fig. 3.12).  Comparison between daytime and 
nighttime was possible only for the MOHT. Two 
distinct modes occurred at 20 mm and 60 mm SL. 

There was no significant difference between daytime 
and nighttime samples (P > 0.05).  The MOCNESS-
10 and FMT-F showed a distinct mode at 18–20 mm 
SL.  Fish larger than 40 mm SL also occurred in 
samples, but their densities were low. The OT and 
FMT caught only > 48 mm SL fish. 
 
The size frequency distribution of Euphausia 
pacifica, the most commonly occurring and 
dominant species among crustaceans at all stations, is 
shown in Figure 3.13. There were no diel differences 
in all samples collected using the MOCNESS-1 and 
MOCNESS-10.  However, samples collected using 
the MOHT and FMT showed significant differences. 
Generally, nighttime collections were represented by 
larger euphausiids (P < 0.001, t-test; Table 3.6). 
Euphausiid body sizes also differed by sampling 
gear.  During nighttime, samples collected using the 
MOHT and FMT showed larger euphausiid body 
length than those taken by the MOCNESS-1 and 
MOCNESS-10. Alternatively, during daytime  
E. pacifica taken by the MOCNESS had significantly 
larger body size than those taken by the MOHT and 
FMT, although the differences in mean TL were 
< 1 mm.  
 
It should be noted that day/nighttime differences in 
euphausiid body length were found in the high-speed 
towing nets, e.g., the MOHT and FMT.  This 
suggests that large E. pacifica may potentially avoid 
such nets even at the highest towing speed, but they 
are likely evasive only when they are able to visually 
sense the nets well in advance.  Furthermore, these 
nets successfully collected many small-sized  
E. pacifica during daytime when compared with the 
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MOCNESS.  It is possible that the MOHT and FMT 
appear to be efficient in sampling near-surface layers 
where small-sized euphausiids concentrate by 
keeping a vertical towing angle to their mouths, due 
to their depressors and the heavy weights at the 
bottom (Bollens et al., 1992).  During the nighttime, 

small-sized E. pacifica were lacking in the size 
frequency distributions. We also have no explanation 
for the skewed size frequency distribution, but one 
possible reason for this may be an increased 
predation pressure from mesopelagic and pelagic 
fishes during the nighttime near the surface. 

 
 
 

 
 

 
Fig. 3.11 Scatter plots for Diaphus theta showing relationships of density estimates (wwt g m–2) between different 
sampling gears used during the MIE-2.  One diamond shows the density estimate at one station by two different gears. 
Note that significant regression was found only between the MOHT and FMT-F. 
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Fig. 3.12 Body length frequency distributions of Diaphus theta sampled by different gears during the MIE-2.  Numbers 
were weighted by catch number of different tows. 
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Fig. 3.13 Length frequency distribution of Euphausia pacifica collected by different sampling gears during the MIE-2. 
 
 
 
Table 3.6 Average body length (TL, mm) of Euphausia pacifica collected by different sampling gears during the MIE-2. 

 Daytime  Nighttime 
 Mean SD  Mean SD 

MOC-1 15.5 2.0   15.2 2.0 
MOC-10 15.6 1.7   15.5 1.6 
MOHT 14.7 1.9   16.3*** 1.8 
FMT 15.1 2.3   16.8*** 1.5 

 ***: P < 0.001 in daytime vs. nighttime comparison. 
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3.2 Comparison between Acoustic Estimates 
 
H. Yasuma and O. Yamamura 
 
 
3.2.1 Data Collection and Analyses 
 
A Simrad EK-60 echosounder system with 38, 70, 
120, and 200 kHz full-mounted transducers was 
operated at a pulse length of 1.024 ms.  Day and 
nighttime acoustic data were collected along five 
transect lines (Fig. 3.1; see also Fig. 3.17), which 
were set from shelf edge (about 150 m depth) to the 
end of the continental shelf slope (800–1000 depth). 
Data were also recorded during all trawl operations 
and used in comparative analyses with the trawl data. 
 
Raw data of the mean volume backscattering 
strength, Sv, obtained at 38 and 120 kHz were used 
with the 2-frequency Sv method (Miyashita et al., 
1997; Kang et al., 2002).  This method uses the 
difference of Sv values (ΔSv) between 38 and 120 
kHz to identify the echo of a given target from raw 
echograms.  We defined ΔSv as ΔSv = Sv at120kHz –  
Sv at38kHz.  The value of ΔSv can be directly 
transformed to the difference of acoustic target 
strength, TS (ΔSv =ΔTS = TS at120kHz – TS at38kHz) 
(Kang et al., 2002), and the values of ΔTS of 
Diaphus theta were referenced to models based on 
the swimbladder shape and theoretical TS models 
developed by Yasuma et al. (2008).  We assumed the 
ΔTS range of mature adult fish (> 60 mm in standard 
length) as –4 to 2 dB, and the range of immature fish 
(< 60 mm) as < –4 dB (Yasuma et al., 2008).  In 
addition, the ΔTS range of the other major 
component in the mesopelagic layer, the euphausiid 
Euphausia pacifica, was assumed to be 2 to 16 dB 
(Miyashita et al., 1997). Echoview® Ver. 3.1 
(Myriax) software was used for all echo scrutiny and 
integration. 
 
 
3.2.2 Day and Nighttime Echograms and 

Vertical Fish Density 
 
Typical raw echograms during day and nighttime are 
shown in Figure 3.14.  The higher Sv on the sea 
bottom in shallow areas (circles in the figure) were 

assumed to be the echo from walleye pollock, 
Theragra chalcogramma (Miyashita et al., 2004) and 
excluded in the following analyses.  The DSL 
consisted of two prominent layers in daytime 
(Fig. 3.14, left panels).  One was located between the 
depth of 250–300 m and higher levels of Sv were 
detected at 38 kHz.  The other was located within the 
depth of 100–200 m and higher levels of Sv were 
detected at 120 kHz.  The Sv levels in both DSLs 
were relatively low (< –65 dB) at both frequencies. 
At night, these DSLs were difficult to identify 
because both of them moved to the surface layer and 
only a weak scattering extended vertically (Fig. 3.14, 
right panels).  
 
Echos from both size classes of D. theta and  
E. pacifica were extracted using each ΔSv range and 
re-sampled at 120 kHz (Fig. 3.15).  These echograms 
showed that the upper DSL in the raw echogram in 
daytime (Fig. 3.14) consisted of E. pacifica, and the 
lower DSL consisted mostly of immature D. theta, 
which agreed with the results obtained by the 
sampling gears (Fig. 3.11).  The echograms that were 
re-sampled at night revealed the distribution of both 
sizes (or species), which showed that most 
individuals of D. theta were distributed in the surface 
layer (< 100 m), although some immature fishes 
remained within the mesopelagic layer (Fig. 3.15). 
 
Using the above echograms, the vertical distribution 
of fish density was estimated by dividing linear 
values of Sv by linear values of fish TS.  The length 
distribution obtained by the MOHT net (Fig. 3.11) 
was applied to the TS–length equation of D. theta at 
120 kHz (TS = 19.5 log L – 73.5) (Yasuma et al., 
2008) and –55.0 and –58.2 dB were estimated for 
adult and immature fish, respectively.  An example 
(line 1) of vertical distribution of fish density (ind. 
m–3) between 0 and 400 m averaged every 20 m is 
shown in Figure 3.16.  Values are integrated for 
every 200 m layer and shown on the figure as fish 
ind. m–2. The main habitat of both size classes was 
below the depth of 200 m in daytime, but it was 
above the depth of 200 m at night.  Total fish number 
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(ind. m–2) in the upper layer (> 200 m) increased 
about twofold at night (Fig. 3.16) due to the upward 
migration.  These patterns were similar among all 
transect lines. 
 
 
3.2.3 Horizontal Distribution and Biomass 
 
Horizontal distribution and biomass of D. theta were 
estimated separately in the 0–200 m and 200–400 m 
layers, bearing in mind the prominent change of 
day/nighttime fish distribution between the surface 
and mesopelagic layer (Fig. 3.16) which implied 
significant diel changes of biomass in these layers. 
Mean area scattering strength, SA, at 120 kHz was 
obtained at 0.1 nm intervals from re-sampled 
echograms (e.g., Fig. 3.15) for adult and immature 
fish in each layer.  Fish density (ind. m–2) in each nm 
was estimated by dividing the linear values of SA by 
the linear values of fish TS (Yasuma et al., 2008). 
Estimated fish density was multiplied by the mean 
wet weight (g) of a fish at the nearest sampling point 

to obtain the distribution of weight density (g m–2). 
Total biomass in the survey area and its coefficient 
of variance, C.V., were estimated by cluster analysis. 
Details of these processes can be found in 
Williamson (1982).  
 
The horizontal distribution of biomass (g m–2) and 
total biomass of D. theta are shown in Figure 3.17 
and Table 3.7.  Fish were mostly distributed in the 
mesopelagic layer (200–400 m depth) during 
daytime.  Similar levels of density (about 10 g m–2) 
extended toward the offshore area, with enhanced 
densities observed near the shelf edge.  At nighttime, 
the majority of fish had moved to the upper layer  
(< 200 m depth) of the water column and fish density 
in this layer reached about an order of magnitude 
greater than that during daytime (Fig. 3.17;  
Table 3.7).  The total estimated biomass of D. theta 
within the MIE-2 survey area (18,800 km2) was 
estimated to be 30,443 and 47,447 t during the day 
and nighttime, respectively. 
 

 
 

 
Fig. 3.14 Typical raw echograms (Line 1) obtained during daytime (left) and nighttime (right).  Circles in the left panels 
denote echos from walleye pollock. 
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Fig. 3.15 Echograms at 120 kHz after re-sampling with ΔSv. Upper panels are adult Diaphus theta (–4 dB < ΔSv < 2 dB), 
middle panels are immature Diaphus theta (ΔSv < –4 dB), and lower panels are Euphausia pacifica (2 dB < ΔSv < 16 dB). 

 

 
Fig. 3.16 An example (line 1) of vertical distribution of adult (upper panel) and immature (lower panel) fish density  
(ind. m–3) between 0 and 400 m depth averaged every 20 m.  Each value is integrated over every 200 m layer and is shown 
on the figure as fish number per m2. 



MIE-2  Section 3 

54  PICES Scientific Report No. 38 

 
Fig. 3.17 Horizontal distribution of Diaphus theta (g m–2) along five acoustic transects.  Estimated biomass of each layer 
and time is given in Table 3.7. 
 
 
 
Table 3.7 Average density and biomass of Diaphus theta measured during the MIE-2 survey.  

  Layer (m) Average Density (g m–2) Biomass (t) C.V. 

 0–200  2.5   4631.5  1.9  Day 
 200–400  13.7   25,812.1  0.5  

                            Total (day)  30,443.6   

 0–200  16.1   30,332.1  0.8  Night 
 200–400  9.1   17,115.3  0.8  

                            Total (night)  47,447.4   

 Survey area = 18,800 km2, 
 C.V.:  coefficient of variance of estimated biomass. 
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3.2.4 Comparative Results between 
Acoustic and Three Sampling Gears 

 
A simple comparative analysis of fish density 
estimates was carried out between the acoustic and 
MOCNESS-10, MOHT, and FMT gears.  The track 
of each oblique tow was estimated using the data 
from the SCANMAR net depth sensor and/or SBT 
data logger, and the area of acoustic estimation was 
determined so that the oblique track was covered 
(Fig. 3.18).  For the sampling gears, fish density was 
estimated simply by dividing the numerical catch by 
the volume of water filtered.  Both the acoustic and 
gear estimates were standardized to fish number per 
1000 m3.  
 
Estimated fish density by MOCNESS and acoustics 
is compared in Table 3.8.  In daytime, the 
MOCNESS did not catch D. theta except in two 
samples at Station 2 and the fish density in all layers 
at other sampling points were estimated to be zero. 
Nevertheless, fish echo signals were detected almost 

continuously during the acoustic observations.  Even 
in the two nets which caught some fish, estimated 
densities were tens or hundreds of times lower than 
that of the acoustic densities.  On the other hand, 
most nets in the MOCNESS caught fish at night, 
although the estimated densities were still lower than 
those obtained using acoustics.  Estimates of fish 
density by the MOHT and acoustics are shown in 
Table 3.9.  Both the day and nighttime samples 
caught by the MOHT included D. theta in all 
samples. The fish densities estimated by the MOHT 
were much higher than those estimated by the 
MOCNESS, and they were relatively close to the 
acoustic estimates, except at Station 4. Estimated fish 
density by the FMT and acoustics is presented in 
Table 3.10. Estimated fish density by the FMT 
showed low values compared to the MOHT (except 
for the daytime samples at Station 1).  It should be 
noted that the differences in fish density estimates 
between FMT and acoustic varied widely among 
sampling points. 

 
 
 

 
Fig. 3.18 Scheme of comparative analyses between the acoustic data and sampling gears.  The track of each oblique tow 
was estimated using the record obtained by the SCAMMER net depth sensor and SBT data logger attached to each gear. 
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Table 3.8 Fish density (ind. 1000 m–3) estimated by MOCNESS and acoustics during the MIE-2.  A ratio of the 
MOCNESS estimate to acoustic estimate (MOCNESS/acoustics) is also presented. 

    Day   Night  

Stn. Depth (m) MOCNESS Acoustics MOC./Acou.   MOCNESS Acoustics MOC./Acou. 

1  0–100  0  6.7 –    12.0  19.4 6.2 × 10–1 
   100–200  0  2.1 –    0.2  5.7 3.5 × 10–2 
   200–300  0  28.6 –           0  9.6 – 

2  0–100  0  2.7 –    0.3  27.7 9.7 × 10–3 
   100–200  0.3  90.3 2.8 × 10–3    0.6  47.5 1.2 × 10–2 
   200–300  0.9  35.4 2.5 × 10–2           0  5.6 – 

3  0–100  0  2.5 –    1.7  16.3 1.0 × 10–1 
   100–200  0  5.3 –    0.5  15.1 3.6 × 10–2 
   200–300  0  24.0 –    0.2  9.7 2.3 × 10–2 

4  0–100  0  1.0 –    0.3  7.8 4.4 × 10–2 
   100–200  0  113.0 –           0  21.0 – 
   200–300  0  120.0 –    0.2  8.8 2.6 × 10–2 

 
 
Table 3.9 Fish density (ind. 1000 m–3) estimated by MOHT and acoustics data during the MIE-2.  A ratio of the MOHT 
estimate to the acoustic estimate (MOHT/acoustics) is also presented. 

  Day   Night 

Stn. MOHT Acoustics MOHT/Acoustics   MOHT Acoustics MOHT/Acoustics 

1  32.0  115.7 2.8 × 10–1    48.8  107.4 4.5 × 10–1 
2  9.5  46.2 2.1 × 10–1    10.0  23.3 4.3 × 10–1 
3  3.1  10.0 3.1 × 10–1    3.7  40.1 9.2 × 10–2 
4  2.0  79.8 2.5 × 10–2    0.8  29.3 2.7 × 10–2 

 
 
 
Table 3.10 Fish density (ind.1000 m–3) estimated by FTM and acoustics during the MIE-2.  A ratio of the FMT estimate 
to the acoustic estimate (FMT/acoustics) is also presented. 

  Day   Night 

Stn. FMT Acoustics FMT/Acoustics   FMT Acoustics FMT/Acoustics 

1 6.8  19.9 3.4 × 10–1   2.9  29.5 9.8 × 10–2 
2 0.2  81.3 3.0 × 10–3   1.3  172.1 7.5 × 10–3 
3 1.4  25.1 5.5 × 10–2   1.6  9.3 1.7 × 10–1 
4 2.2  300.0 7.3 × 10–3   0.1  188.3 3.1 × 10–4 
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3.3 Summary of Results from the MIE-2  
 
• The MOCNESS-10 and FMT with a fine mesh 

(FMT-F) appeared to be inefficient in 
quantitatively sampling the medium to large-
sized micronekton (> 50 mm BL), perhaps 
because of low ship speed during towing 
(MOCNESS-10) and poor filtering capability of 
the netting (FMT); 

• The FMT with coarse mesh (FMT-C) and the OT 
lack the ability to efficiently catch small-sized (< 
25 mm) micronekton due to large mesh size in 
their cod-ends (9 mm);  

• The samples collected by the MOHT appeared to 
represent the most robust density and size 
distribution of micronektonic fishes among all 
gears compared during the MIE-2; 

• The sampling superiority of the MOHT was also 
evident in macroplanktonic crustaceans 
(euphausiids), as it sampled 3.9 to 5.1 times 
more of these compared to the other gears.  It 
appears that the superiority of the MOHT was 
partly due to its ability to work reliably at higher 
towing speed, which is its greatest advantage 
over the other gears.  Nevertheless, the MOHT 
still appeared to underestimate micronekton 
(fish) biomass when compared with the 
estimates using an echosounder with multiple 
frequency transducers, by a factor of 2.2 to 10.8. 
Additional field surveys using the MOHT and 
acoustics to obtain more reliable correcting 
factors are clearly required. 
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