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Long-term observation of zooplankton distribution
in the Arctic Ocean using mooring-based multifrequency

acoustic system
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SUMMARY

. Subject
- A study on the application of mooring—based multi-frequency acoustic

system for long term variability of zooplankton behaviour

II. Objectives and Necessities

- Zooplankton i1s the most important link between the lower and upper
trophic levels in the Arctic Ocean marine ecosystem.

- It is essential to understand the response of zooplankton to the rapidly
changing Arctic Ocean environment due to global warming.

- There are less observational data due to the harsh weather conditions and
dramatic change of sea ice condition.

- A new observation platform is necessary to supplement the limitations of
the existing research methods including vessel-based acoustic system, which

has a difficulty in observation of sea ice covered region with high cost.

Ill. Contents and Scopes

— Understand Arctic Ocean environments based on previous observed data

- Observe the zooplankton community structure in the Arctic Ocean

- Experiment: Deploy and recovery the mooring—based multifrequency
acoustic systems

- Identify the long-term variability in major zooplankton distributions (major

habitat depth and biomass) and the essential environmental variables

IV. Results

- Characterize water mass properties from the Bering Strait to Arctic Ocean
during summer season (surface melt water; alaska coastal water, bering shelf
water, pacific summer water, pacific winter water, atlantic water)

- Identify three different zooplankton community structures in the Bering
Strait, Chuckchii Sea, and around Arctic Ocean based on zooplankton
compositions and environmental variables

- Water temperature, salinity, and nutrients are the essential environmental

factors affecting regional difference of zooplankton community..



- Observe the vertical behavior of major Calanus species under sea ice using
the short—-term mooring—based acoustic system

— Calanus species under the sea ice showed clear diel vertical migration,
which was distributed between 20 and 40 m depth. Water mass stability and
food quality were the important environmental factors to determine the
vertical habitat of zooplankton.

— This study would help to underatnd the role of zooplankton in the marine

ecosystem of the Arctic Ocean.

V. Application Plans

- Apply to understand the causes and consequences of Arctic marine
ecosystems related to climate change.

- Apply to observe the long-term variability of mid- to high—trophic levels
from zooplankton to marine mammals in the Arctic Ocean through
observation using the bioacoustic systems.

- Apply to build a comprehensive Actic Ocean Monitoring System using the

multiplatform acoustic systems such as vessel-based acoustic system,

mooring-based acoustic system, and unmanned mobile vehicle system.
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o) =3 o) 7] #2] *]  (National Oceanic and Atmospheric Administration, NOAA)2]
B%5 44k 8A1E (the Northeast Fisheries Science Center, NEFSO)& v]= 9t &
A AA g A AFE Fdst e E TR AT Al o)t

1998 d F=o| E¥Xs= F8 b ofF Atlantic herring (Clupeaharengus),
Atlantic mackerel (Scomberscombrus)®] ¥ =% W& Tob& AsiA T4 A 22
IS A AR o] z= 3 Atlantic herring®] o9 &5 S7tol B & A=
Fe getetal ofF WEs Hrish] A% AR AEEHAY TEdeE AF EE £
A 235 Aflantic herring A& W3 ote] A xE &) kAN T3 EEsh=

ofFel uigt MEL sk XAtk sENzHe BE2 75 =T
E
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TAE Heotstr] 8] Ad Ao 3 Aol 1995-19979] FA AT HF4kst
AE 9 FFERAE SFEEHF44 (acoustic Doppler current profiler), EE ZUEH

AH, 75 G4 P9 g 9ofS 913 conductivity-temperatrue-depth (CTD)
T2 72 #Z0] A FREHJY BT o AFEAA THE Fa% =S
A= AEk=Abe] EKS00 o A (Scientific echo sounder) o]t} Agt=+ 4219

o] AME FF O R EKS00 ol AbeH & Hzx: /sl EKS002 AdY 4%, o



=9 ¢, A B, WFAEel T2 A, bt Tk (12 - 200 kHz)9] 545
JHA AL e F4F ATt Hrbed AAAR R v dy 85I e =

olt}. 19963 YMIE =~ (FR/V Albatross) A4 ol 383} 120 kHz SFAME H2e19
19979 12 kHz SFAME F7F AFsta 200230 12 kHz A= 18 kiz= W
73 = At

ES903 Tirawl Monitoring System
I Trawl Monitoring System

Wirawling

I

Underwaterd

- | Plankton Samplinc
video “‘Cm. F S|

L d BcSH-5 Omni-directionallSonar:
‘

» ' "Acoustic Doppler Current Profiler
l EKS500'Echo=integrator (12, 38, 120 kHz)

a9 5. wl=sekrhr] @Al (National Oceanic and Atmospheric Administration,
NOAA) 9] <=4k=}8kAlE| (Northeast Fisheries Science Center, NEFSC)ollA]
=83t i 2F A JIE = (https://www.nefsc.noaa.gov)

=8l ®sks d ARA R ARV AR HHsta e Mg E oler

Jl, 71FWs}, sFAAE, Tl A dElet FaskA dZEH Aok wEA =
A o] s gFd Wskel A&l #Fe el WSt A ARE BEsin
A&3ted T88 7dte] "tk G YDA S EA A Tas dFE 1l 9
FEFS Fth sHARE o] 59 FHF Ao it AEFH

Bxo g ARE o Q3] B=3 Aoty Z2AE The Southern Ocean Network of

2

Lo
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Acoustics (SONAYE @3l AEAAS FAGdeA ATE BHow X%z 7]
SFBE A AWy YA Tel Bl 4A FEUE
eIt S8REe AAd G840 2 B WHo e T2
4% dolHE A9A, JUdd B3 Lxe} Az 42 WaE AT F ok
Rl Betd AT 2AMT B 4 ofde @A tRE o mALTsl At ol

ST SgREe Azl E2ssh AYT A3 glols A AT A48T 5

f$ith. SONAE ol#dk Al=HlZ A& Haskr] s SFHolE Ay Z23e
FE3eb] A% daks st

—— USAMLR

~——— RRS James Clark Ross
RV Tangaroa

—— FV Antarctic Chieftain

——— FV San Aspiring

—— FV San Actea Il

—— FV Janas

-20°0'0"S

T
140°00°E

. T
150°00"W 160°00"W 160°0'0"E 150°0'0"E

a7 6 @S ATAS gdoide 3R #Exd RE PdclH:
Southern Ocean Network of Acoustics (SONA) ¥1H] (&5, 9=, =29 9],
FAWE, 2o, v)et FHH. (www.soos.aq)
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SONA FHEURAN {2 59 A77]#E= (Australian Antarctic Division, British
Antarctic Survey, Commonwealth Scientific and Industrial Research Organisation,
Institute de recherche pour le developpement, Instittue of Marine Research, National
Institute of Water and Atmospheric Research, National Oceanic and Atmospheric
Administration)o] ®|°]H 3% %3} T3 Integrated Marine Observing System (IMOS)
of & dlolEulo] 2= AlE 5o Foaitt. FFAA HAF Holy FA2 diks
International Council for the Exploration of the Sea ICES), the Convention for the
Conservation of Antarctic Marine Living Resources (CCAMLR), IMOS o oJ&jx Hz=
o AESFd oy #HE IMOS dHlolE &4 E(raw) sFHloly vde] AlA BA,

ol AA, SFUE AR 2 SFEoE Ao wlS FoE EdE nlAsy,

South Georgla Polar Front
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a9 7. 95974 British Antarctic Survey, BAS)e] RRS James Clark Ross
oA 53 AEFole Y o8 (Echogram). o|ZI13H SF9
Integrated Marine Observing System (IMOS)e] ©|o]E AHE|7|Ho =z F4,
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HAE B3lA FdsEle BB 7199 £ (wvater mass)E =38 4TS A3HAT]
=3 s SN Aol FIES FF3IT (Woodgate et al., 2005). EfH 7] de] 43
A AN ARE Bl 5FEE fdsEe ez 48l 9l (Nikolopoulos
et al., 2009). &&}27F A2S we} &2+ Alaska Coastal Current, Hl &3] ) FEX
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Depth (m)
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Temperature (°C)

Salinity (psu)

Density (kg/m?)

chi-a (ug/L)
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p——

H® (depth averaged) 4 (temperature),

(salinity), @ = (density), §54 (Chl-a)9] 4% #=.
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3. Hloly B4

52EaE 27 729 AtaAne AsdAS Hoter] YN aE B
2498 St Mitivariate statistics). THa e E71= sk ool A% W4E 5
o}

Ao #Zsly BEAsls B4 B4 9

i
S

analysis)> HlolE] 22 2~HP S Bgste WHOE JHH HAEV} ofd HolyH &4 |
2Ed F2 Z&AT. oy WFEe SALS 1HI tF ¥ AA (multivariate
objects)% zeste] FARRE AA7E A= 7H7ke] AL ME BE AT A2 He o
A e TG AAY] BAE FAHoE wE Jygder xJYT 5 Yvh &
& AE 37 4 (inear regression analysis)®} tt5 37 ¥4 (muliple regression

analsysis)e @ 23 ¥ A5 Exdto] 1eHy] wEd g FA E3HH

Techique Objective
Unconstrained PCA, MDS, CA, DCA, Extract gradients of maximum
Ordination NMDS variation
Cluster . ] Establish groups of similar
) Familiy of techniques o
Analysis entities

MANOVA, MRPP, ANOSIM, Describe difference among
Mantel, DA, LR, CART, [SA groups of entities

Discrimination

Extract gradients of variation

Constratined in dependent variables
o RDA, CCA, CAP ) )
Ordination explaniable by independent
variables
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PCA: Principal component analysis

MDS: Multidimensional scaling

CA: Correspondence analysis or Reciprocal averaging (RA)
DCA: Detrended correspondenence analysis

NMDS: non-metric Multidimensional scaling

MANOVA: Multivariate analysis of variance

MRPP: Multivariate analysis of permutation procedures
ANOSIM: Analysis of similarities

Mantel: Mantel test

DA: Discriminant analysis

LR: Logistic regression

CART: Classification and regression trees

ISA: Indicator species analysis

RDA: Redundancy analysis

CCA: Canonical correspoendency analysis

CAP: Canonical analysis of principal coordinates
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e ooz FgHEY Az MEY2 x3dd HHRE AI3ste AZ3 gt
(Borg and Groenen, 2005). HIA & 2t 24 Wi o= thxbd F3F 3He] AARE Ayt

A7) Sl A 2 AA 7 A=A #3xrF A d. CAs iAo 2= PCAS f;
2}l Holy Huk= WHFE tlolHo] AH&Hn. PCA £43 {4
a 2o g HolHE BASAY fotogZx Mt #AE S
A g Aok & BE HolHe &57F ofdelokst 3 do] FskAl Add.
DCA= A eiatSolAl B sl AMHE = BT 54 £4 TS stu=zA A

4
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Aol AHEHET F ) ol FEHFI S W F8T 5 o

A Zo] gt MANOVASH frARSHAl Rl E42Ql v s A H2ERQ]
=22 o B4k 224 (Permutational MANOVA, PERMANOVA)°] 1th (Anderson,
2001). PERMANOVAE= AA O5E vlusta &4 o= Aol d 159 T4 9 &
Aol BE I tel sdsttte AN 7HE S HAESte H AREREUTH AT 7Rl
gt ARE A FAH A Fato] aFI tEgs AS vyt oA
o] HI2Ex= Ao 23 & F A Aole AHE oAl AL 3 Ae vvtew 9
Uth. PERMANOVA= ANOVAS} oF7he] #ARY & 7HA AL Slsuth. o71M 5L I%
W2 OF 3 Audes S48k F testE AMEste] IF WA 1F b

WYL Ty ANOVAE AR 7H-e tist A3 84S 7|Hte=ZsA|vt
PERMANOVAE AA| F HI2E A#RE IF 1Y d99 «d=25H 4 dyef vl
sted T84 H2EE IYYth HSe], PERMANOVAE A"® A HEE 7o =
FAE S Bl 2Es= v, ANOVAE & 379 fFAK S H2E3YT. MRPPE &
olde] A FHEIEY Aolrt fltkeE VM-S H2RESHY] g HIESH W oR Al
A wlolEolA & UshA] G e B #EA8 E4bt 2ol B2 o
3 71 o] HastA ke AHo] Uk ANOSIMS A ejsh Eopo A o] ALEHE Bl
F 574 B4 wyoltd (Clarke, 1993). ANOVAS & HAERZ Xg A=A om ¢

e}

H2EZ AYE A of o] &8HTH Mantel, 1967). =2 T3 o] Wi 319 A
2l FAstal = 7 Fo e Fo WS Aole ATE FAIT A9 EE
€ HZXZEZE Pearson GHAFE ARESHY F LFEIte] FRBAE AL A
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At (David, 2009). &2ke] EA4 (A=, A48, A
A A7, gt €9 AA A3 D)ol A SAE Foi A (o - B, #

4 BMY AY AWS ¥ QEAF A5 O RS AT 5 Utk ATt

A HE G047 Gol, &5, M, UF FA A, ol HA FE 5L /FoR
WFG wE Yol FEUA oRE ASsHE o) BRI glon FoelaE F
R ZEAls, AzY EE AT 1 F5HS dFshE do) gol BEtn Ut

57 Eg #4 (Classification tree analysis)®} 3]7 Ez] 4 (Regression tree
analysis) x5 EF AAsH7] flal AHgdY. EY] FxolA d& F s HolES U
Bl 7HAE sle Sl dolER AAHE Ve Y 94 84F UshiUY. ER/R E
g} 39 Efv B9k AAE AAHsk= AR oA AR FAEA ZolH & Tt
A Aok FF W7 o]t 3 e AT F dv Ef Edo] BF Efolth &
A7 A5 @ (@i A9 HE e YA 24 EdE 3H EY s
Utt. CCA= dlolg] ol A W 23 Tl AddE FItollA F2a3k W3t
3t oS4 493t ot (McGarigal et al., 2000). AZo] 2k zlo|a =
A T2 AHEEY HFF(categorical) dlolE o &8% & Stk CAP+= <

(permutation)ell ]3¢+ H2EE Z 3 A Al wlEy 2~ (symmetric distance matrix)

rr
o

2
T

o
e

E 7bto g FAHHE F=9 F3E (Principal coordinates)ol] ofg AF=E4 (Canonical
analysis)= Al4kste= ®olth (Anderson and Willis, 2003).

2 AT A= PRIMER 7% PERMANOVA+ A &4 Z233-& o] 83l 5&F
FAE T3 BE9 sdFE At BAE o] HaAMe o FE FA A4S
TP o 25 HF o] HIS= PERMANOVA, Mantel test, CAP thH & 54 &
A s AT
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larvae (11.86 %), Oikopleura spp. (9.8 %), Pseudocalanus spp. (9.6 %) ©] ZA| 7| A4
80 % oldel = F8 FTo= AT AL MAFE Rlu s o W™ &)
A HA ol siFdEH= AR 1 - 12014 BE=e) FH A3 (14 - 3Dl Bl o 100
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2. AAE =

e

i

FaE T 7E4F A

Cnidaria

Chaetognatha

Chordata

Cladocera

Copepoda

Planktonic larvae

ETC

Taxa

Unidentified Cnidaria
Unidentified Hydrozoa
Sagittaspp.
Oikopleura spp.
Unidentifed Thaliacea
Fish larvae
Fish egg
Fritillaria spp.
Podonleuckarti
Pseudevadne tergestina
Acartia longiremis
Eucalanus bungii
Calanus glacialis
Calanus hyperboreus
Centropages abdominalis
Metrida pacifica
Neocalanus cristatus
Oithonaspp.
Paraeuchaeta bisinuata
Pseudocalanus spp.
Copepodite
Copepod nauplius
Chiridius obtusifrons
Unidentified Harpacticoids
Clausocalanu ssp.
Candacia columbiae
Heterorhabdus norvegicus
Metridia longa
Microcalanus spp.
Scolecithricella minor
Scaphocalanus magnus
Cirriped larvae
Gastropoda larvae
Ophioplutes larvae
Polychaeta larvae
Decapoda larvae
Euphausia larvae
Unidentified Amphipoda
Unidentified Ostracoda
Unidentified Euphausiacea
Unidentified Isopoda

Sum

Abundace (indiv/m3)

Composition (%)

59.37
160.95
487.81

11.24
4.84

35.76
8.73
1,023.12
19.02
7.49
20.27
222
74.50
4.09
480.33
1,632.54
46.84

0.96
60.71
44.06
10.45

2.00

590.83
26.38

9.99
99.94

7.93
29.24

6.41
11.51

0.24

4,979.77

1.19
3.23
9.80

0.23
0.10

0.72
0.18
2055
0.38
0.15
041
0.04
1.50
0.08
9.65
32.78
0.%4

0.02
1.22
0.88
0.21
0.04
11.86
0.53
0.20
2.01
0.16
0.59
0.13
0.23

0.00
100.01
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Sourdance
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Carbon Concentraton jmg i )|

12 3 8 & W2 MISEITIEI930 XM I22334 24 28 203 N o
Stabion

0 12 38 8B WMIZWISEITEWNNZ2DMMNEIDNNA L 12 3 8 8 012415 MITIE192X0XM 223 MMNMNINN
Ehabon Slabion

12 3 A & 10 12 14 15 18 17 18 19 20 31 32 33 24 26 28 20 30 M

Sabion
9 18. 5EZH3E Jf4l5 (abundance), A &% (biomass), = ThEA (species
diversity), & w54 (Species eveness), & =5 % (species richness)
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Fish egg
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Oopire oo NI U -
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Microcalanus spp. [ | N

Meocalanus cristatus
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Oithona similis [ | [ |
Pseudocalanus spp. [TRRRRIREE

Scolecithncella minor
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Core- IR OSS——
Copepod nauplius
Cirpedarvee |
Decapoda larvas
Euphausia larvas ||
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Polycheeta lorvee [N NI
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(Shade plot)
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3
B A4AE TRAGT (19 2. B3 e Ay

e TESGS CAP 248 &

of webx] FA 3 AYo g FREJSH AYTt ol HFE7] 915 PERMANOVAS]
Fod AT AR AMAAH b T Aols FJSATH (E 3. CAP £43%
PERMANOVA A5< flaiA A= o8 2AYY fjged AA=ES log HE A} £F3}
3 AH7F g AAE9 Euclian distanceE A4tate] &-8-3F4t

#® 3. Ao webaA FEE A4 A X (Habitat 1: A3 1 - 8, Habitat 2: A3 10
- 12, Habitats 3: 14 - 31) <l AZ.

PERMANOVA among habitats based on environment

df MS F P
Groups 2 47.93 9.3852 0.001
Residual 20 5.107
Total 22

a9 207 % 3¢ o] HAFH FEEFIAE AXNAHE 3 NE EYstd EEH
I T 770l A4A B2 FAREA #lskt. CAP £4 2 FallAl 371 A4 Azt
s dde o9 AolE &8 PERMANOVAS o] 8siA MAA7F o3 7=

olo] Holde AEAAT (19 2, ¥ 4). FESLAE F ¥ AAFE bg WE}

=3t H4& AR ¥ Bray-Curtis FAHEE Al4be & CAP9F PERMANOVA BIZ-EE
sk

o

_>|J_|‘

b

-{>

® 4 FEEZIAE T THLE TEH A4 AZF (Habitat 1: A5 1 - 8, Habitat 2:
A7 10 - 12, Habitats 3: 14 - 3D oA #A=

PERMANOVA among habitats based on zooplankton composition

df MS F P
Groups 2 6718.1 12.8160 0.001
Residual 20 524.19
Total 22
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Normalise
Resemblance: D1 Euclidean distance
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17+ CAP #43} PERMANOVA
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5) Biota-Environment (BIOENV) &4

ER

Far (

S
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Rank Environmental variables P
1 Temp., Sal., PO,, NH, 0.771
2 Temp., Sal., 0.764
3 Temp., PO, NH; 0.761
4 Temp., Sal., POs, NH4, Chl-a 0.759
5 Temp., Sal., NOy,+NO;, NH, 0.757
6 Temp., NH, 0.756
7 Temp., Sal., NO,+NO3;, NH,, Chl-a 0.752
8 Temp., Sal.,PO, NO,+NOj3;, NH; 0.750
9 Temp., Sal;; NHy, (Chl=a 0.747
10 Temp., NO2+NO3, NH, 0.744
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SV =C+ 1010g1o((TX + 27316)R2) - LDBM - pDBW + 2aR + Kc (E_Er)

Sv: backscattering strength

Ty temperature of the transducer (°C)

R: range along the beam (slant range) to scatteres (m)
a the absorption coefficient of water (dB/m)

Lppy: 10logy, (transmit pulse length, meters)

Ppey: 10logy (transmit power, Watts)

Kc: Transducer system factor

E: Redeved echo intensity

Er: Recdved noise
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