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Mare incognitum

l Unraveling the mysteries of Arctic ma

trophic transfer in Arctic Marginal Ice Zones (Norwegian
Research Council, 2012-2015)

COPPY: Fate of COPePod secondarY production in a chancing

Arctic (Norwegian Research Council, 2012-2015) / \

http://www.mare-incognitum.no/

‘Mare Incognitum’ umbrella for several research projects.


http://www.mare-incognitum.no/

Outline

Introduction — Arctic marine ecosystems
e isotope and fatty acid trophic marker
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Ice algae
]

within and on the underside of sea ice

@Bjarn Gulliksen




Differences in light regimes according to the angle of the sun
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Sea Ice M Open water
Leu et al. 2011 Ice algae bloom [ Phytoplankton bloom

Ice algae <1% to 57% of the total primary production in the Arctic




Carbon sources and trophic structures

e Stable isotopes (613C; 61°N)
e Fatty acid trophic markers

Advantages by analysing stable
Isotopes and FATMs vs. gut contents:
time-integrated averages of
assimilated food vs. "snapshot" of
Ingested food




Stable isotope ratios

S5X — - RSEIIT]plE

_R standard

1

x 1000

Where X is 13C or °N and R is the corresponding

ratio 13C/12C or I°N/14N.

Standard 13C Vienna PeeDee Belemnite
Standard °N atmospheric nitrogen (Air)



Stable isotope techniques

(613C and 6 °N)

= increase little (70:6%0) per trophic level
- >Niincrease by ~3.4%0 per trophic level

J\/J) Oh averag e ) L0 5700 MOKE
nan phyteplankton (P=-POIVI)

0

(Post 2002; Hobson et al. 1995; Sgreide et al. 2006; 2008)



Two-source food web model

Trophic level (TL):

1+ (8N - [8"5N

CONSUMER PELAGIC

AN

TL

CONSUMER

Carbon source (Pelagic vs. ice):

Trophic enrichment factors: Food web baseline values 63C SN

AN = 3.4 %o _

AC = 0.6 % Pelagic-POM = -23.5+0.4%0 4.4+0.4%0
lce-POM = -18:6+1.1%0 4.1+0.4%0

Sgreide et al. 2006; 2008
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Stable isotope baselines in marine food webs:

Janne E. ide [ j unis.mo)?

a Pan-Arctic review

Katrin lken®, Bodil Bluhm?, Rolf Gradinger®, Paul E. Renaud™, Tobias Tamelander®, lean-Eric Tremblay®,

Haakon Hop®, Michael L Carrcll?, William G. Ambrose kr¥7_ Kelton McMahon®, Matthew ). Wooller?, Kenneth Dunton®

Main objectives
1. To determine the natural isotopic varability of food
sources in Anctic coastal and offshore marine ecosystems.

. Describe physical and biological relationships that explain
sotopic baseline variability im Arctic marine systems.

Background

Stable isotope analyses of nitrogen (615N} and carbon (57C)
have the potental o capture trophic complex ineractons,
mcluding omnivory, and to partition energy flows through ice-
assocated (sympagic), pelagic and benthic communities. The
isotopic signature of the consumer alone, however, is not
sufficient to infer s trophic position or major dietary carbon
source. An approprate isotopic baseline is also needed, but
difficult to determine.

Pan-Arctic investigation area (red circle) for isciopic baseline
data in Arctic coastal and offshore marine food webs. Regons
with data are high-light=d in fellow, whils isotopic data from the
remaining Ancic ans scane.

Pelagic-POM kee-POM
Ll
. —— -

T
[
a8

i L
W

3% 30 30 F7 36 30 24 2D FF R0 B 1R AR AT WS
8 [ %a)

Siable isotope data (§'7C and 5'%N; mean 1 50) of the two main
food sources: ic= algas [lce-POM) and phfioplankion [Pelagic-
PO} offshore in Arctic seas. lo=-POM iz on average 5% mone
anriched in 30 than Pelagic-POM, while lce-POM and Pelagic-
POk are similar in 5. Howsver, the variabiltf is high which
complicatzs food web interpretations.

lc= algae comprise up to B7% of the pimarf production in the
Arctic. Their importance as food can be traced by stable isctope
analfses since 532 changes e as carbon moves through
fiood webs. In contrast, & consumner is tfpicallf enriched in ™M bff
3-4%e, relative to its dist, providing a mardeer of trophic position.

]
Challenges 'a
lsotopic baseline signatures are difficult to determine ¥
because of spatiotermporal variability in the biodhemical ,ea
composition of primary producers and the challenge of
obiaining pure samples of autotrophic material. D a
The mterpretation of food web strucures and energy flow .
is further complicated by unknown andior varying isotopic Basm

tumaower times for isswes in many Arctic conswmers.
- -archipelagc

1. Construct a database, which inchuide physical (ight. n|qnd
nuirients and depth) and biclogical (taxonomic and
physiological state) relevant information.

. Study potental physical and biclogical mmﬁmmland
explaining the high wvarisbility in isotopic baseline |,
values. 1t

rd

s Sea
FepeoryT=ee
o =
[ remesmiron |

NTEEe
e WllCE ST DS
2 11 1 4

O - mw e ®w

41 a

B0 M

IN progress: mapping of stable lsotope data (rangss) of At
macroalgae, microphytobenthos (B'°W not determined) and
terestnial POM. Dissolved Inorganic camon (DIC) shown for
comparison.

Future plans

The output of this joint work (see author list) will be a
Pan-Arctic review paper on relevant isotopic baseline
data for food web stedies in Arttic coastal and offshore
marine environments. We aim for a workshop in 2014
compile all relevant data, discuss their qualityrelevance,
and to start the writing process. F you would ke m
conmbute, contact Janne E. Sereide (annesifunis no).

Acvapap, . [l 2= (oM. *csic B LAVAL 2 7] oot R in prep
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Arctic marine food web structures

Pelagic POM



Trophic level (TL) range: Major carbon source:
Zooplankton TL=1.8-3.9 Pelagic-POM (mean 74%)
Ice fauna TL=19-3.7 Ice-POM (mean 67%)

B Zooplankton
O Ice amphipods
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H: Herbivore TL=1.8-2.3 [ce-POM

[ce-POM  MIX Pelagic-POM %>1.2
O: Omnivore TL=2.4-2.8 MIX

C: Carnivore TL=2.9-3.3 Pelagic-POM
T: “Top”-canivore =~ TL =3.4-3.8

Based on 263 samples of zooplankton and 63 samples of ice amphipods
Sgreide et al. 2006 PiO




Polar bear, seals and fish

Stable isotope data from Haakon Hop, NPI
Based on the Two-source food web model in Sgreide et al. 2006; 2008

Trophic level

Polar Bear 5.2 0.3
Harp seal 3.7 0.1
Ring seal 3.9 0.4
Polar cod > 12 cm 3.6 0.2
Polar cod <11 cm 3.2 0.1

Q

+
+
+
+
+

+ + + + I+

Carbon source
a = proportion of phytoplankton vs. ice algae

Hop & Sareide unpubl. results
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Sample preparation eifects on stable C and N
isotope values: a comparison of methods in Arctic
marine food web studies
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How important are ice algae?

Scenario 1: Limited Ice

Phytoplankton ]
| lce
Algae

Scenario 2: Ab

Ice Algae

Phytoplankton

Zooplankton
;

Benthos

Car

undant lce

roll & Carroll 2003
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ORIGINAL ARTICLE
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Sympagic-pelagic-benthic coupling in Arctic and Atlantic waters
around Svalbard revealed by stable isotopic and fatty acid tracers

Deep-Sea Research Il 55 (2008) 2210-2224

Deep-Sea Research Il 55 (2008) 22922307
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Benthic infaunal community variability on the northern

Svalbard shelf

Michael L. Carroll - William G. Ambrose Jr.



Study area

Arctic Ocean

(2003-04)

by Atlantic water (AtW)
and limited seasonal sea
ice (3-5 months).

80°N

Il. N Svalbard dominated by
AtW and perennial sea ice
(10-12 months).

Ill. NE Svalbard dominated

by Arctic water (ArW)
and extensive seasonal
sea ice (7-9 months). 75 ‘
10PE
0° \
Stations: Currents:
O May = Arctic
© August Atlantic

30°E
Barents Sea
20°k

49 Bjernoya

Bjerneyarenna



Annual primary production (PP)

 NE Svalbard: 67 +12gCm>2yr!

Source: Reigstad et al. 2011



Benthic biomass (g DM m=)

Biomass (g DM m~2)

Benthic infauna (> 0.5 mm) Zooplankton (> 0.02 mm)
S0
45 T [
g 40
S 35
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B0 30
Nl ég 25
D 25 20
=
8 s
<
o 10
3 & —
= S o]
o Median 0
[J25%-75
NW N NE Il.hn-l.!ax ] NW N NE
Svalbard Svalbard

Pelagic and Benthic biomass pos. correlated
(y = 0.54x + 7.29; r=0.65, p<0.05)



e Coinciding pelagic
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Arctic Ocean

Zooplankton biomass ~— 329 / N7
::_F_Fan}f:: Jése.f Land

C. finmarchicus 289 d \ a
(0.3-8.7 g DW m?) T V4 ;

| C' gIaCIa’I IS éﬂ ]0: o = c))25 ngnayd
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Sgreide et al. 2008




Carbon flow and trophic levels

31N (%)

Phytoplankton Ice algae

- °_- - \\ Alce fauna
i \ OZooplankton
/ / ~\@Benthos
Q e / /
P " S < 1-POM
T
o/ . f / OP-POM

/ / & Sediment

{—P()M
+ [-POM Q“()ld“ NE

1 POM

T T T T T T T T T T J T T 1

28 27 26 -25 -24 23 -22 21 -20 -19 -18 -17 -16 -15 -14
§13C (%o)

H=Herbivores; O=Omnivores C=Carnivores



Carbon flow and trophic levels

TL=1.3-3.2

e |ce fauna: A mixture BUT herbivores use
primarily ice algae. TL=1.2-3.7

 Benthos: Primarily ice algae, BUT
suspension feeders also phytoplankton.
TL=1.3-3.8



Available literature data from Svalbard
and N Barents Sea

18 Alce fauna
] OZooplankton
6 Phytoplank - Ice algae @ Benthos
oP-POM
14 - & 1-POM
12 - ] °

i
-

L et
8 1 o
HAgT
A4
e
L\ Invertebrates
POM
Q
0 T | T T I T T 1
-28 226 =24 22 =20 -18 -16 -14 -12

813C (%)

P-and I-POM: Pelagic and Ice particulate organic matter S¢reide et al. 2013



Fatty acid trophic markers (FATMs)

*The FA composition of animals’ NL (i.e. storage lipids) largely
reflect the FA composition of their diet

*The FA composition of animals’ PL (i.e. structural lipids) is largely
determined genetically and thus species specific

=Algal FA composition is determined by their taxonomy, but also
their physiological state.

Dalsgaard et al. 2003; Sgreide et al. 2008



FATTY ACID (FA) NOMENCLATURE

FA are the major constituents of all lipids. They differ in carbon chain
length, and in number and position of double bonds

18:4n3

This FA has 18 carbon atoms and 4 double bonds, with the first double
bond positioned from carbon atom 3

*FA with no double bond (e.g. 16:0) are termed saturated FA (SFA)

*FA with one double bound (e.g. 16:1n7) are named monounsaturated FA
*(MUFA)

=FA with two ore more double bonds are called polyunsaturated fatty acids
(PUFAS)




Fatty acid trophic markers (FATMs)

e Diatom-FATMs: 2C16PUFAs; 20:5n3; 16:1n7
: 2C18PUFAs; C22PUFAs
e Bacteria-FATMs: 215:0; 17:0; 17:1

: 20:1 and 22:1 FA and fatty alcohols

%PUFAs: herbivore-index

18:1n9: Carnivore-index

Dalsgaard et al. 2003; Sgreide et al. 2008



POM fatty acid composition

= Phaeocystis-FATM I Particulate organic matter
18:5n3
Phaeocystis
<
o) 18:2n6
)
N’ 16 4n1
3 2 _—wm Diatoms
X T %SFA == AN — = Al G 1:5 1— ; ——————
. = H :In
2 150 %3, | Diatom-FATM
é R0 : Ice-POM:
| & Ice diatoms
20:0 | Mix
18:Inp | Pelagic-POM:
: AY Pelagic diatoms
D t 't | &Y Phaeocystis
e rl US | &7 Small flagellates
| & Detritus
2 I (7 Unknown
! R } :
-1.0 Axis 1: 43. 4%(599%) L5

Sgreide et al. 2008
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omposition (%)

Carnivorous zooplankton

90 - o _
80 - m oa“\\\l o
O( 0\)5’ Bacteria

Calanus

P. elegans =. hamata T. inermis T. libellula

T.
abyssorum



d composition (%)

Benthos



Summary - Biomass

and similarly high in AtW (NW) and ArW (NE).

N Svalbard had particularly low zooplankton and benthic
biomass, reflecting the overall low primary production there

Biological «hot spots» in NE Svalbard (Rijpfjorden and
Hinlopen) most likely due to input of ice-derived organic
matter and highly specialized Arctic zooplankton (C. glacialis).



Summary — Carbon sources

 Phytoplankton is the most important carbon
source for zooplankton, but ice algae are
important seasonally (spring).

e |ce algae (and/or refractory material) are the
most important carbon source for benthic
invertebrates



Summary- Trophic structures and Diet

e Dominance of omnivores (TL=2.4 to 2.7)

e Diatom FATMs prominent (up to 65%) in ice fauna
(mean 39%) and benthic organisms (mean 25%)

e Diatom- and Phaeocystis/dinoflagellate FATMs
equally high (~¥15%) in zooplankton.
e Calanus-FATMs high in carnivorous ice fauna (up to

28%), zooplankton (up to 38%) and benthic
invertebrates (up to 41%)



Conclusion

production will impact the sympagic and
benthic communities, and the pelagic less

e Biological «hot spots» in Arctic waters over
the shelves with coinciding high biomass of
pelagic and benthic organisms may be
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cologia ( ) :
DOI 10.1007/500442-008-1053-7

ECOSYSTEM ECOLOGY - ORIGINAL PAPER

Oecologia (2014) 174:699-712
DOI 10.1007/s00442-013-2832-3

PHYSIOLOGICAL ECOLOGY - ORIGINAL RESEARCH

Fatty acid and stable isotope characteristics of sea ice and pelagic
particulate organic matter in the Bering Sea: tools for estimating
sea ice algal contribution to Arctic food web production

Shiway W. 1 Ppolar Biol (2014) 37:697-705
Rolf R. Gra  DOI 10.1007/500300-014-1470-5

ORIGINAL PAPER

Sourcing fatty acids to juvenile polar cod (Boreogadus saida)
in the Beaufort Sea using compound-specific stable
carbon isotope analyses

Cory Graham - Laura Oxtoby + Shiway W. Wang -
Suzanne M. Budge - Matthew J. Wooller
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stable isotope mixing models using

613C., values of diatom FA markers

originated from sea ice-derived organic matter
in the Bering Sea

 I[mportance of I-POM (FA 16:1n7, 20:5n3,
22:6n3)

Themisto libellula 36—72%

Calanus marshallae/glacialis 27-63%
Thysanoessa raschii 39—71%

* Based on SIAR mixing model, Parnell et al. 2010

Wang et al. In press



CLEOPATRA I

e Jo estimate the carbon turnover in Calanus
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Calanus hyperboreus CV (13C assimilation)
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Feeding experiment with 13C labeled algae (in 2013)

To Ty T,

Ty
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] Tt 1

— Add 13C enriched phytoplankton (10, t2, t4, t8)

0,125mg/L NaH'3CO,

Additional Parameter:
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Graeve, Sgreide, Boissonnot in prep.



13C Exp. Calanus glacialis CIV—May --2013
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Graeve, Sgreide, Boissonnot in prep.



model — gives a good overview/food web pattern

e Compound specific stable isotopes — promising
tool to ask more specific questions

e 1N and 13C fractionation/turnover information in
species/tissues needed to improve data
Interpretation



Thank you for your attention!

And all who have contribu‘ted ;

Martin Graeve (AW1), Eva Leu (APN), Tobias
Tamelander (UiT), Michael Carroll (APN), Stig Falk-
Petersen (APN), Haakon Hop (NP1), Malin Daase |
(WT), Else Hegseth (UIT), Finlo Cottier (SAMS), Colin
Griffiths (SAMS), Arild Sunfjord (NP1), Olga Pavlova
(NP1), Keith Hobson. ]ngar]olaansen, (IFE), Henrik
Nygérd (UNIS), Jergen Berge (UiT/UNIS)

Billefjorden in January © M. Daase
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