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Role of DVM in biological pump

Export to ocean depths of carbon photosynthetically fixed in the
photic zone.
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Active respiratory carbon flux due to zooplankton

DVM
Region Depth  Migrant biomass Resp. flux % of POC Refs

(m) (mg C m?) (mg C m=2 d-) flux
Sargasso Sea 150 29 1.9 3 1
Eastern Equator 150 154.8 £ 32.4 7.3+1.4 15-20 2
Bermuda 150 192 (84-540) 14.5 (6.2-40.8) 30 3
Canary 200 204.4 (108-341.5) 0.8 (0.5-1.4) 1.1-2.7 4

200 124.8-247.8 1.9-4.3 22-28 S

200 580-1280 1.8-8.3 15-53 6
ALOHA 150 157.9 3.7 18 7
Western Equator 160 367 (144-447) 22.7 (7.3-19.1) 13-35 8

lLonghurst et al.(1989); 2Zhang & Dam (1997); 3Dam et al. (1995); “Putzeys et al. (2011); >Hernandez-Léon et al.
(2001); ¢Yebra et al (2005); Steinberg et al. (2008); 8Hidaka et al. (2001)

Quantify active respiratory carbon flux due to DVM in an
high-Arctic marine ecosystem



Active nitrogen flux due to zooplankton DVM

Region Depth  Migrant biomass Excr. flux % of PON Refs
(m) (mg N m?) (mg N m=2 d-) flux
Sargasso Sea 150 9 0.7 8 1
Central Pacific 300 9 3.6 9 2
Sargasso Sea 200 16 (0-92) 0.6 (0-7.7) 13 3
ALOHA 150 32 0.6 (0.2-1.6) 7-35 4
Bermuda 150 20-133 1.9 (0.8-5.3) 17-82 5
Equat. Pacific 200 8 3.6 45 6

lLonghurst et al (1989); 2Rodier & Le Borgne (1997); 3Steinberg et al (2002); Al Mutairi & Landry (2001); SDam et al.
(1995); 6Le Borgne and Rodier (1997)

Quantify active nitrogen flux due to DVM in an high-Arctic
marine ecosystem



CircA: Circadian rhythms of Arctic zooplankton from polar
twilight to Polar Night - patterns, processes and
ecosystem implications

Station KB3 in Kongsfjorden
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Zooplankton sampling and analyses

* Net sampling around midnight and midday MIK net 1500 pm

17 Jan to 9 Sep
2014

O

IFIuorometer

* MIK trawl in the 0-30 m layer for macrozooplankton

e Multinet profiles for mesozooplankton distribution

e Taxonomic analysis and size measurement of

formalin-fixed zooplankton samples at21m
Sediment
® _ _ AN
Measurement of macro- and meso-zooplankton trap at 40

respiration using a micro-optode system

* Dry mass of incubated zooplankton

* AZFP (125, 200, 455, 769 kHz) at 80 m from 17 Jan to
9 September

e Sediment trap at 40 m depth

* Fluorometer at 20 m depth



Acoustic Zooplankton Fish Profiler data analysis

ACOUSTIC DATA NET DATA
: Length, density contrast, sound speed
Sv data from AZFP (three frequencies) contrast, length to width ratio Observational data
A \J
Cluster analysis (for n clusters) Scattering models
| | Processing
n frequency response curves for e ;
predicted clusters requency response curve for each Output
animal type
Correlation of each dataset
combination Processing
A
Who? Output
Euphausiids: Copepods > 2.2 mm:

Sv125kHz>Sv200kHz>Sv455kHz Sv455kHz>Sv200kHz>Sv125kHz

(Hobbs 2014)



Calculation of daily fluxes due to DVM

Biomass profiles Day-night (A) profile
Zooplankton dry weight (mg m) Zooplankton dry weight (mg m-)
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(Steinberg et al. 2008, LNO)

Migrant biomass = [ ,5,,, A biomass

Resp. C flux = migrant biomass x resp per unit mass x time at depth
(mg Cm2d?) (mg Cm?) (mg C mg body C* h) (h)

NH,-N flux = migrant biomass x excr per unit mass x time at depth
(mg NH,-N m2d?) (mg C m?%) (mg NH,-N mg body C?! h?) (h)



Seasonal variation in DVM pattern
125 kHz
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Macrozooplankton composition from net
catches

1000~ T Jellyfish
[ Euphausiid
1 Themisto spp.

a 7 I Chaetognath

g I Pteropod

600 I Other
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Noon Midnight Noon Midnight

Jan: Euphausiids = 95% of macrozooplankton biomass at
noon and midnight

Sep: Euphausiids = 9% of macrozooplankton biomass at
noon and 91% at midnight



Mesozooplankton composition from net
catches

50-0 m 100-0 m

1207 Microcalanus spp. 2507

100 - I Other 200 -

150 -

50 -
0 -

Jan Jan Jan Jan
Noon Midnight Noon Midnight

Large copepods (Calanus & Metridia) = 69-75% of
mesozooplankton biomass at noon and midnight
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Biomass (g C m?)

Biomass (g C m?)

Euphausiid migrant biomass
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Copepod migrant biomass
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Euphausiid specific respiration

Il This study; Thysanoessa spp.

[ Huenerlage et al (2015); Thysanoessa inermis
[]lkeda & Skjoldal (1989); Thysanoessa inermis

[ ]Saborowski et al (2002); Meganyctiphanes norvegica
[ ]lkeda & Mitchell (1982); Euphausia superba
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Mesozooplankton specific respiration
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Euphausiid specific excretion
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Mesozooplankton specific excretion
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Active respiratory carbon flux
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Active respiratory carbon flux versus
passive flux

Below 40 m Below 80 m
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Sargasso Sea
Eastern Equator
Bermuda

Canary

ALOHA

Western Equator
Svalbard-Macro
Svalbard-Macro
Svalbard-Meso

Svalbard-Meso

Respiratory carbon flux

Depth
(m)

150
150
150
200
200
200
150
160
40
80
40
80

Migrant biomass
(mg C m?)

29
155 + 32
192 (84-540)
204.4 (108-342)
125-248
580-1280
158
367 (144-447)
2292 + 1150
4955 * 2200
14+ 8
91 + 25

Resp. flux
(mg C m2d)

1.9
73+14
14.5 (6.2-40.8)
0.8 (0.5-1.4)
1.9-4.3
1.8-8.3
3.7
22.7 (7.3-19.1)
13.2+ 11.5
25.6 + 23.6
0.36 + 0.28
1.53 + 1.67

% of POC
flux

3
15-20
30
1.1-2.7
22-28
15-53
18
13-35

Refs




Active nitrogen flux due to zooplankton DVM

Depth  Migrant biomass Excr. flux % of PON Refs

(m) (mg N m?) (mg N m=2 d-1) flux
Sargasso Sea 150 9 0.7 8 1
Central Pacific 300 9 3.6 9 2
Sargasso Sea 200 16 (0-92) 0.6 (0-7.7) 13 3
ALOHA 150 32 0.6 (0.2-1.6) 7-35 4
Bermuda 150 20-133 1.9 (0.8-5.3) 17-82 5
Equat. Pacific 200 8 3.6 45 6
Svalbard-Macro 40 - 0.8+ 0.6 -
Svalbard-Macro 80 : 1.6x1.3 -
Svalbard-Meso 40 - 0.11*0.12 -
Svalbard-Meso 80 : 0.51%0.65 .

1Longhurst et al (1989); 2Rodier & Le Borgne (1997); 3Steinberg et al (2002); Al Mutairi & Landry (2001); >Dam et al.
(1995); Le Borgne and Rodier (1997)



Profiles
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Summary

Euphausiids (Thysanoessa spp.) and large copepods make
synchronous DVM between polar night and start of midnight sun.

Migrant biomass of krill 32- 192 times larger that migrant biomass
of copepods.

Highest migrant biomass in March, when day-night light
difference is strongest.

Carbon and nitrogen active transport on a diel basis is extremely
variable due to high migrant biomass variability.

Classical DVM and dependent fluxes stop before the season of
high biological production (spring-summer bloom).

The relative importance of active carbon transport below 40 m
and 80 m compared to POC flux or fecal pellet carbon flux is not
well documented in this study.



Conclusion

Euphausiids Thysanoessa spp. main responsible for the winter
strong synchronous DVM patterns, and possibly the high biomass
in June 2014.

Low migrant biomass of copepods involved in DVM.

Classic synchronous DVM, and associated respiratory carbon flux,
uncoupled from primary production in Kongsfjorden in 2014.

Synchronous DVM not important for the export of carbon and
nitrogen from the surface layer in high-arctic marine ecosystems;
but what about asynchronous VM during the production season?

Direction of carbon transport before PP sets in the photic layer.



Issues, fears and other stuff ?

I’m in love with an AZFP.
Conflict with other studies planned within CircA?

No net data to validate summer zooplankton composition? Is the
high June biomass observed with AZFP made of krill?

Direction of the flux: upward or downward in winter? Study
marine snow distribution with VPR data from January 2014?

LNO or other top-shelf magazines?
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