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MicronektonMicronekton Research in the Research in the 
western North Pacificwestern North Pacific

•• Since 1990s, the information on species Since 1990s, the information on species 
composition and horizontal and vertical composition and horizontal and vertical 
distribution has been abruptly distribution has been abruptly 
accumulatedaccumulated

•• Newly designed sampling gears have Newly designed sampling gears have 
become available (large MOCNESS, become available (large MOCNESS, 
MOHT)MOHT)

•• Research project on ecosystem of Research project on ecosystem of 
mesopelagicmesopelagic layer had been executed layer had been executed 
from 2002 to 2007from 2002 to 2007



DEEPDEEP
(Deep(Deep--Sea Ecosystem Sea Ecosystem 

and Exploitation and Exploitation 
ProgrammeProgramme))

a part ofa part of
MER projectMER project

research on ecosystem of research on ecosystem of 
mesopelagicmesopelagic zonezone

funded by ministry of agriculture, forestry and fisheries of Japfunded by ministry of agriculture, forestry and fisheries of Japanan



Vertical distribution and migration are Vertical distribution and migration are 
The Key Point  of research on the ecology The Key Point  of research on the ecology 
of of mesopelagicmesopelagic micronektonmicronekton

Diurnal vertical migrationDiurnal vertical migration
Feeding in shallow layer at night and sink to deep layer during Feeding in shallow layer at night and sink to deep layer during 
daytimedaytime

PhytoplanktonPhytoplankton

Predator-prey relationship

may cause the vertical transportation of 

organic matter from surface to deep layer
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Ontogenetic vertical migrationOntogenetic vertical migration
distribute shallow layer during young and distribute shallow layer during young and 
sink to deep layer as they growsink to deep layer as they grow

Thorough quantitative Thorough quantitative micronektonmicronekton sampling is essential! sampling is essential! 
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••Seasonal sampling(4cruises per 1 year)Seasonal sampling(4cruises per 1 year)
••DayDay--Night samplingNight sampling
••Fixed stations (5 stations) Fixed stations (5 stations) 

Inclusive Inclusive micronektonmicronekton samplingsampling
for DEEP projectfor DEEP project



Representative mesopelagic fish 
in the western North Pacific

Myctophidae

Gonostomatidae
DiaphusDiaphus thetatheta Myctophum asperum

SigmopsSigmops gracilegracile

NemichthysNemichthys
scolopaceusscolopaceus

Microstomatidae

LipolagusLipolagus ochotensisochotensis
ChauliodusChauliodus macounimacouni

Chauliodontidae Nemichthyidae

CyclothoneCyclothone atrariaatraria



S.leucopsarusS.leucopsarus
S.lecopsarusS.lecopsarus

D.thetaD.theta

C.warmingiC.warmingi

S.californiensisS.californiensis

L.jordaniL.jordani

o
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MetridiaMetridia SpringSpring

SummerSummer--WinterWinter
NeocalanusNeocalanus

EuphausiidsEuphausiids

OyashioOyashio areaarea

W.scintillanceW.scintillance W.scintillanceW.scintillance

CopepodsCopepods
ChaetognathsChaetognaths

00--300m300m

AmphipodsAmphipods

OyashioOyashio--
KuroshioKuroshio
TransitionTransition
areaarea

D.thetaD.theta saurysaury
Pelagic Pelagic 
fishery fishery 
speciesspecies

conpetitionconpetition？？



S.leucopsarusS.leucopsarus S.leucopsarusS.leucopsarus

D.thetaD.theta D.thetaD.theta
C.warmingiC.warmingi

S.californiensisS.californiensis

L.jordaniL.jordani
L.jordaniL.jordani

S.nannochirS.nannochir S.nannochirS.nannochir
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SummerSummer--WinterWinter
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OyashioOyashio--
KuroshioKuroshio
transitiontransition

ShrimpsShrimps

300300--1000m1000m



Importance of Importance of mesopelagicmesopelagic fish for fish for 
ocean ecosystemsocean ecosystems

•• High species diversityHigh species diversity
120120 species of species of mesomeso--pelagic fish were recorded pelagic fish were recorded 
from DEEP research projectfrom DEEP research project

•• High abundance and High biomass High abundance and High biomass 
(from the result of 4m(from the result of 4m22 MOCNESS samplings)MOCNESS samplings)
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Because Because micronektonmicronekton were thought to were thought to 
be important for transportation of be important for transportation of 
organic matters in the ocean ecosystem, organic matters in the ocean ecosystem, 
it is necessary to reveal the biomass of it is necessary to reveal the biomass of 
micronektonmicronekton preciselyprecisely

Using various effective sampling gears.



Quantitative sampling gear forQuantitative sampling gear for
MicronektonMicronekton

4m4m22MOCNESSMOCNESS



MOHT
Quantitative sampling gear Quantitative sampling gear 
for for micronektonmicronekton

MOHT frame trawlMOHT frame trawl
(5m(5m22 mouth area)mouth area)



Multi-codend

Quantitative sampling gear for Quantitative sampling gear for micronektonmicronekton

Mid water otter trawlMid water otter trawl
With multiple samplerWith multiple sampler
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collected at the same station and same day 
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DDiifferences of estimated biomass between fferences of estimated biomass between 
sampling gearssampling gears

Generally estimated biomasses of MOHT sampling were higher than that 
of MOCNESS

DiaphusDiaphus
thetatheta

LampanictusLampanictus
jordanijordani

StenobrachiusStenobrachius
leucopsarusleucopsarus

SymborophorusSymborophorus
californiensiscaliforniensis

StenobrachiusStenobrachius
nannochirnannochir



Difficulty for researching their quantityDifficulty for researching their quantity

•• Estimated biomasses and abundances varied Estimated biomasses and abundances varied 
highly between different sampling gears, and highly between different sampling gears, and 
catchablitycatchablity of each gears also varied for of each gears also varied for 
species.species.

•• Net sampling data of estimated abundance Net sampling data of estimated abundance 
must be underestimated compared to acoustic must be underestimated compared to acoustic 
data.data.

•• Acoustic data should be helpful for Acoustic data should be helpful for 
quantitative studyquantitative study

However acoustics cannot detect the species easily. However acoustics cannot detect the species easily. 



JJ--QUESTQUEST

•• Acoustic and visual data are able to be Acoustic and visual data are able to be 
gained simultaneouslygained simultaneously

•• Species composition, behavior, and Species composition, behavior, and 
abundance were analyzed from in situ abundance were analyzed from in situ 
researchresearch

JJ--QUEST will become a useful gear for QUEST will become a useful gear for 
mesopelagicmesopelagic research  research  



AcousticalAcoustical--optical systemoptical system

Stereo TV camera

70kHz 
Transducer

Illumination

1515°°F.O.V.F.O.V.
23 mm23 mmFocal lengthFocal length
0.015Lux0.015LuxMin. Min. IllumIllum. Level. Level
B/W HARPB/W HARPImage tubeImage tube

StereoStereo--Video CameraVideo Camera
0.6/1.2/2.4ms0.6/1.2/2.4msPulse widthPulse width
11.811.8°°Beam widthBeam width
SplitSplit--BeamBeamMethodMethod
70 kHz70 kHzFreq.Freq.

EchosounderEchosounder
250 m250 mMax. depthMax. depth
Approx. 300kgApprox. 300kgWeightWeight
1.07m1.07m××0.53m0.53mSizeSize

（（LengthLength××DiaDia..））

JJ--QUESTQUEST**

••* * JJapan apan QUQUantitativeantitative EEchocho--sounder & sounder & SStereo tereo TTVV--camera systemcamera system

(= wide angle lens)(= wide angle lens)



Mission of JMission of J--QUESTQUEST

Collect Collect speciesspecies, , TSTS, , lengthlength, , tilt angletilt angle, and , and 
swimming speedswimming speed information in high information in high 
resolution by approaching an acousticalresolution by approaching an acoustical--
optical system to fish school.optical system to fish school.

Installed instrumentsInstalled instruments Available informationAvailable information

Echo sounder Echo sounder 
(70kHz)(70kHz)

Target strengthTarget strength

Stereo Video Stereo Video 
CameraCamera

Length, tilt angle, Length, tilt angle, 
speedspeed

Expected incomeExpected income



Design of optical system

Sampling volume

Field of view 15degrees

Distance 1.5-2.5m

1.5m
2.5m

0.43±0.34cm
1.35±0.95cm

RMS measurement error
３m

1.5m

２.5
m

６m



3D measurement by the stereo-method



JJ--QUEST EchogramQUEST Echogram
Echogram (70kHz) recorded at the depth of JEchogram (70kHz) recorded at the depth of J--QUEST 220m.QUEST 220m.
Swimming speeds and TS were estimated from acoustic Swimming speeds and TS were estimated from acoustic 
data. data. 

320
m

220
m

JJ--QUEST was QUEST was 
deployed at 220m deployed at 220m 
depth.depth.



JJ--QUEST camera viewQUEST camera view

Depth: 25mDepth: 25m
GonatopsisGonatopsis borealisborealis (squid) (squid) 

Mantle lengthMantle length 37cm37cm11

Japanese anchovyJapanese anchovy
<L>= 12.2cm, S.D.=1.3cm(n=24)<L>= 12.2cm, S.D.=1.3cm(n=24)

Right Right 
cameracamera

Left Left 
cameracamera



Does Does mesomeso--pelagic fish dislike pelagic fish dislike 
the light of Jthe light of J--QUESTQUEST？？

Anchovy

MMesoeso--pelagic fishpelagic fish？？

100m100m

The invisible light system for The invisible light system for mesopelagicmesopelagic fish is fish is 
necessary!!necessary!!

JJ--QUESTQUEST 12m12m
The light onThe light on



Spectrum of LED of JSpectrum of LED of J--QUESTQUEST
and visual sensitivity of and visual sensitivity of 

CeratoscoperusCeratoscoperus warmingiwarmingi

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

300 400 500 600 700 800
波長 (nm)

光
量

子
束

密
度

(μ
m

ol/
m

2 /s
/n

m
)

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

相
対

吸
光

度

White
Red
Blue
Green
ゴコウハダカ

Wave length (nm)Wave length (nm)

Ph
ot

on
 fl

ux
 d

en
si

ty
Ph

ot
on

 fl
ux

 d
en

si
ty

(( μμ
m

ol
/m

m
ol

/m
22 /s

/n
m

)
/s

/n
m

)
R

elative absorbance for 
R

elative absorbance for C
.w

arm
ingi

C
.w

arm
ingi

Visual sensitivity
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JJ--QUEST QUEST χχ

Red LEDRed LEDBlue LEDBlue LED

improvement for invisible light system for improvement for invisible light system for mesopelagicmesopelagic fishfish

sensitive for sensitive for mesopelagicmesopelagic fish fish 
but clear images for CCD video camerabut clear images for CCD video camera

not or less sensitive not or less sensitive 
for for mesopelagicmesopelagic fish fish 



Preliminary report of JPreliminary report of J--QUESTQUESTχχ cruise cruise 
during Aug. 2007during Aug. 2007

•• MesoMeso--pelagic fish were observed by echopelagic fish were observed by echo--sounder sounder 
and collected by net sampling.and collected by net sampling.

•• Although they were not clearly observed in video Although they were not clearly observed in video 
images. images. 

Pelagic species had often Pelagic species had often 
been observed by Jbeen observed by J--QUEST QUEST 

VideoVideoMesoMeso--pelagic fish were well pelagic fish were well 
collected by net at every study collected by net at every study 

areas during the cruiseareas during the cruise

JJ--Quest casting Quest casting 
ddepthepth::40m40m

MOCNESS casting depth:48MOCNESS casting depth:48--52m52m
SynbolophorusSynbolophorus californicuscalifornicus

were collectedwere collected

The standard The standard spharesphare depth: 45m depth: 45m 
=Video view area=Video view area

JJ--QUEST EchogramQUEST Echogram

The standard The standard spharesphare

Pilot fishPilot fish



CurrentCurrent problemproblem
•• Difficulty for Difficulty for mesopelagicmesopelagic fish to be imaged on fish to be imaged on 

video cameravideo camera

Low density in the study field?  Low density in the study field?  
Escape from JEscape from J--QUEST shadow?  QUEST shadow?  
Inconvenient of overhead view?Inconvenient of overhead view?

Improvements of cruise plan and method of JImprovements of cruise plan and method of J--
QUEST casting are necessaryQUEST casting are necessary

•• Suspecting the Suspecting the INVISIBLEINVISIBLE light systemlight system

Improvement of unaffected light system for fish   Improvement of unaffected light system for fish   
behavior  is necessarybehavior  is necessary



Thank you!Thank you!

Dr. Koichi SawadaDr. Koichi Sawada
The inventor of JThe inventor of J--QUESTQUEST


