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Program

* Objectives: origin, modification and fate of Cand N
» Advantages over bulk measurements
I - the basis: differential fractionation
* Molecular and isotopic analysis: molecular isolation
I - Estimation models: trophic position and other indicators
* Aplications: examples from pelagic ecosystems
B - Progress: multitrophic models
BN - Diet/habitat fingerprinting: C and N in amino acids



Objectives

origin, modification and fate of Cand N

Quantifying the structure and function of food webs

* trophic position (TP)

* food chain length (= TP top predator)

* heterotrophic resynthesis (J.V)

* microbial food web contribution

* diet quality and nitrogen recycling effects



Definitions

Bulk Stable Isotope Analysis = BSIA

* natural abundance of stable isotopes in bulk tissues /
organisms

* minimal sample preparation (drying, grinding)

* elemental analyzer -> mass espectrometer

* lower costs

* popular and accesible

Compound-specific amino acid analysis =
CSIA-AA, CSIAA

* natural abundance of stable isotopes in amino acids
* requires prior separation of amino acids (hidrolysis,
esterification, derivatization)

* gas (liquid) chromatograph -> mass espectrometer
* higher costs

* available only at lew laboratories




Advantages

TP estimations using 0'°N

BSIA

TP, = A+ (%N, - 8°N,) / TDF
A

TP baseline baseline

trophic discrimination factor

* requires external baseline (1)
* variable trophic discrimination factor (TDF)
* higher uncertainty in TP

CSIAA

trophic AA source AA

J /

TP, :7;1 + (6°N, - 6N, - B, ) / TDF,,
/

TP baseline source AA offset

trophic discrimination factor

* internal baseline

* constrained TDF (by consumer type)

e constrained ,B(by primary producer type)

* l[ower uncertainty in TP

* more trophic information (3v, microbial web, diets,...)




The basis of CSIAA

trophic AA
Glu Asp Ala lle

Leu Pro Val

isotopic high
fractionation

break / creation of C-N bonds
(transamination / desamination)

source AA

Phe Met

Lys Tyr

low

conservation of C-N
bonds (hidroxilation)

'metabolic' AA

Gly Ser
Thr

variable

exchange of C-N bonds
inverse discrimination?



The basis of CSIAA AA metabolism

Arg — Om trophic AA
AG Thr\
source AA
metabolic AA

Val
Urea

TA: Transaminase

DH: Glutamate dehydrogenase
AS: Asparaginase

GS: Glutamine synthase

Leu

AG: Arginase
PAH e GIn GD: Glycine decarboxylase
Phe — Tyr y PAH: Phenylalanine hydroxylase

McMahon & McCarthy, 2016



https://doi.org/10.1002/ecs2.1511

The basis of CSIAA

trophic AA: transamination and
oxidative deamination

0 O o -
3
WOH HOWOH NADH

NHo e
Phenylalanine |/ @-Ketoglutaric aci
Transarhinase Glutamate
dehydrpgenase
o 0O O
O Y on o
0 NHo o

Phenylpyruvate Glutamic acid

+
Hy NAD

source AA: oxidation from Phe to Tyr

? 0, Tetrahydro- "
MOH biopterin R
NHp

Phenylalanine
Phenylalanine hydroxylase

0
HO—MOH Dihydro- NADH + H*
NHo H,O  biopterin
Tyrosine

McMahon & McCarthy, 2016
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https://doi.org/10.1038/s41598-021-87767-x

The basis of CSIAA TP, =1+ (81N, - 815N, - B,,) / TDF,,

® x trophic AA °
O y source AA 7
A, > trophic AA enrichment
..'..’.
< af
< Z TDF. .= A.-A
U A, t/f x =y
e
8 ._’_ ____________________________
) .30 .
1 B, T A, > source AA enrichment
2 g “TRA
2
Q :
g | 2 3
Trophic level
Chikaraishi et al., 2009
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The basis of CSIAA

(a) Bulk method (b) CSIA-AA method
.- TP=3
Food chain B ) /,-O
. B ‘-’,‘O.
1 e
- =5 |- - TP=2
|__I . |:I 'O""
B O = e
S o) ! ! 5 iy
? © e EI Ry
x r N e .- TP=1
z O / z oy
w f O _ w0 _--©"" Foodchain G
Food chain C -
o .- Food chain B
Food chain A " Food chain A
§13Cq,y (+0.5%0 / TL) 515Ny, (+0.4%o / TL)
depends on N sources independent from N sources

Ohkouchi et al. 2017



https://doi.org/10.1016/j.orggeochem.2017.07.009

The basis of CSIAA a short history

* McClelland & Montoya, 2002 -> AA, - AA, distinction; trophic implications

*Popp et al. 2007 -> AA, - AA, definition; aplication to predatorTP

* Chikaraishi et al. 2009 -> TP estimation model; definition of universal £, ,,and TDF,

* Nielsen et al. 2015 -> TDF review; averaged TDF

* Bradley et al. 2015 -> multi-TDF model

I:>° McMahon & McCarthy, 2016 -> diet and N excretion mode affect TDF

* Decima et al. 2017 -> TDF,,, 'visibilizes' microbial trophic steps

I:> * Ohkouchi et al. 2017 -> review of TDF patterns

—_

* Ishikawa et al. 2018 -> Met as diagnostic for source primary producers

terrestrial
* Ramirez et al. 2021 -> review of 3, patterns — aquatic plants
* Garcia-Seoane et al. (in review) -> weighted average of £, algae

12
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CSIAA analysis gas chromatography (GC)

* sampling tissues (muscle, ...)
e conservation / drying
* preparation:
* homogenization (grinding)
* (purificaction: e.g. removal of lipids, carbonates,...)
* hidrolysis
* esterification
* derivatization
* analysis:
* gas chromatography (GC)
* mass espectrometry (Isotope Ratio Mass Spectrometry -IRMS)

13



CSIAA analysis

Ohkouchi et al. 2017
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https://doi.org/10.1016/j.orggeochem.2017.07.009

CSIAA ana Iysis example of process flow

McCarthy et al. 2013

drying 50°C, 24h
HCI 6N, 110°C, 12-24h
\% hidrolysis ——

filtration through 0.2um

AA separation .
P NLeu = internal standard

60°C, N, drymg acetyl chloride + 2-propanol, 110°C, 1h

scetylesters esterification L drying N
DCM+TFAA, 110°C, 15min
V
triflouroacetyl/isopropyl esters derivatizacién centrifugation, decantation
o c N
| purification : ’
tampon fosfato + triclorometano, 5°C, 12h d rying
A 3xDCM, N,

— washing

acyl -derivatives |9 GC'I RMS

Bode et al. 2021a 15


https://doi.org/10.1016/j.gca.2012.10.037
https://doi.org/10.1038/s41598-021-87767-x

CSlAA ana |ysis preparation - hidrolysis - esterification - derivatization

evaporation

hidrolysis
chromatography and IRMS

derivatization

-
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CSIAA ana |ysis preparation - hidrolysis - esterification - derivatization

heating blocks and evaporators using N, N, difussion tip

filtration-ash removal

hidrolysis vial

esterification-derivatization vial

[EO-A Corufia analysis vial
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Estimation models trophic position

trophic AA source AA

/

TP, =1+ (3N, - 81N, - 3,) / TDF
A t /t /V t,

baseline TP source AA offset trophic discrimination
ﬂGlu/Phe = 815NGIu - 815NPhe —> 3.4%o
trophic AA (t): Glu (Glx = Glu+GIn) in primary producers in aquatic ecosystems
source AA (s): Phe 7 7.6%0
TDFG/u/Phe =A (615NGIu - 815NPhe)
between trophic levels -8.4%o0

in terrestrial ecosystems

Chikaraishi et al., 2009 18
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Estimation

models

(a) First step in metabolism

] o]

NH5*

Glutamic acid

NH*

Phenylalanine

Ohkouchi et al. 2017

PP
07 lr 0

D_ ; P W
deamination
o-Ketoglutamic acid
trophic AA

Pr‘enylalamne
4-monooxidase

source AA

ST

Tyrosine

i

(b) Trophic enrichment in 5N

=
)
n

[2s]

trophic position

Aquatic food web Terrestrial food web
[ ]
éé i primary
S g S produce
& g & Phsm‘fam"me X
@'ég ¢ 4 0.4%s &
<) " =z ) A
) w v//
Q -—
; | BA%, )
Fo ’ S o &
& §
° ° & &
o\
3.0% } phenylalanin® &
O p—
& 0.4%s 0.4%e
primary producer
1 2 3 1 2 3
Trophic position Trophic position
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Estimation models trophic position
éwhy Glu & Phe?

® Cyanobacteria (N=9) < Brownalgae (N=3)

@ Green algae (N=9) 4 Diatom (N=1)
* Redalgie (N=3)
ﬁz-Ph-e A
Average 1o Average 1{o) 10
RN A
Bulk 2.6 1.3 2.1 1.3 o
Alanine 3.2 1.2 6.1 2.1 Zﬁ sl
Glycine 23 3.4 3.7 3.9 2] ool e
valine 4.6 1.2 5.0 1.7 L *} % )
Leucine 23 1.6 4.8 2.0 Z ol %&
Isoleuicine 2.9 0.8 4.8 1.7 - al ﬁo
Proline ER 1.7 6.1 1.6 ]
Serine 4.6 2.2 3.6 1.0 g st L
Methionine 2.0 0.6 0.5 0.6 2] LA
Glutamic acid 3.4 0.9 (8.0 1.2 P
Phenylalanine — — 0.4 0.5 -10 I ii
% 8 x> 07 g 2 g B =
2 <0 5> 8 F £ 2 235
Ag, highest discrimination , Amino acid
between trophic levels mino acids

App. lowest variability
Deiu/pone €SS variable

Chikaraishi et al., 2009 20
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Aplications

N, fixation

Glutamic acid 315N (%o)

Phenylalanine 515N (%o)

changes in the N source

Ohkouchi et al. 2017

trophic position

45 1

e trophoclines —__

e LJ(3.9:0.1) "
e ( ‘i‘ e mEso
05" e PA(3.4:0.1)
e S e A UH (3.120.0)
.-"‘/-..“ --"‘..;
P . .
e 7J(3.2:0.0) . See00n
e TP(3620) — B (32:0.1)
A g N
z - . TET(3.1400
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5 10 15 20
59Ny (%)
habitat changes: migrations
21

Xing et al. 2020
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Aplications "Ny VS- 8 Nega

+b
18
5 14 4
Z
allA A ——— = 1
101 5 +1000-2000m
&=2000m
y=1.011x+3.394 ” -
= 0.931
22 4
CSIA = bulk Z ]
trophic AA ™1
y=0.485x-1.733 10
r°=0.733 * .
6
source AA —— 5 ;¢

Mompean et al., 2016 Bode et al. 2021a bulk 22
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Aplications TPouik VS- TPes

Comparing different TP estimates

5

a
micronekton 41
g + a'b
| C
& 3- d *
\ .‘ 2-
Stomiiformes

o

FB bulkl bulk2 Ala  GIx

TP diet TP bulk TP CSIA

Bode et al. 2021b 23
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Estimation models other trophic indicators

* food chain lenght=TP,_

* heterotrophic resynthesis (degradation index)
* baseline identification = trophic systems

* diazotrophic contribution

* microbial system contribution

* diet indicators

24



Estimation models

food chain lenght (FCL)

FCL=TP, . = number of trophic steps from primary producers to top predators

FCL corta

diatoms

1‘;.;‘4 N
/ 1"_5.,7!‘,,‘;

nauplii Paraeuchaeta

FCL larga

' * Chaetognatha
Sinking \___. M/crosiel@/

f T T 1
0.02um 02pum 2 pm 20 pm 200 pm 2 mm 2 cm

femto-  pico- nano-  micro- meso-
plankton

Basedow et al. 2016

 food web dynamics
* trophic cascades
* relationships between diversity and function

25
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Aplication food chain lenght

California SN variability FCL (TPs,) variability

ENSO trophic AA

E NISO

—@— Av. trophic Ads

5 4 1 —(— Av. source AAs
AA fuente o
I —h— Phe
— e ~ 01— — & Pater I ————————
= 1000 1002 1004 1996 1998 2000 2002 2004 2006 2008 2010 1980 1092 1904 1996 1998 2000 2002 2004 20068 2008 2010

Time (years) Time (years)

*ENSO affects trophic structure even in upwelling ecosystems
*FCL,,,, in intermediate environmental conditions (temperature, chlorophyll, plankton)

common dolphin
Ruiz-Cooley et al., 2017
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Estimation models

Heterotrophic resynthesis
(degradation index = 2 V)

absolute value

\

[

2

individual trophic-AA values

|

SV=3|85N, - 15N, |/ n

number of trophic-AA

/

mean trophic-AA value

Ala, Asp, Glu, lle, Leu, Pro

McCarthy et al., 2007
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Aplication Heterotrophic resynthesis

2Vin plankton vs. sediments

XV
0 1 2 3

Phytoplankton
*T. Suecica Oo

Rhizosolenia sp. o

Zooplankton zooplancton (Mompedn et al., 2016)

*B. Plicatilis O

Mixed Tow, 2N

Surface Traps

105m, 2N | s ¢ F increase of degradation by

105m, 1S © bacteria?
Deep Traps \l
1000m, 5N o

(Hannides et al., 2013)

3600m, 5S o particles (Shen et al., 2021)

McCarthy et al., 2007
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Estimation models baseline identification

baseline comparison for different TPs

A

.- TP=3

=

(%
- e -

. TP=2

6°N

= 8"Nppe = fppe (TP - 1)

l

+0.4%o0

Baseline,Phe

- TP=1

515N gy, (+8.0%0 / TL)

P
e %" Foodichain C
T Food ghainB |
. Food\bhain A \:/ \1/
815N, (+0.4%q / TL)

Xing et al. 2020 29
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Aplication baselines

trophoclines (a) Offshore Offshore
e cs :| o
e i \ _______ . (b) Coastal : _ Coastal
.............. TR
P u(al.ysgo-!.?f—- e mEson PA | i o
o oD - P -1 o PARA0) sc _—
''''' a A UH(.1:0.0) : ] [
— e SN (c) Migrating , , o
é_, ________ - T4(3.2:0.0) seeoen LJ = {@ {2
57,—;535 . ,,.‘---""-,:-p(a_ago_1) P ‘,_ﬁ-_j'“;;;o_u T = 0 O g
o o Fh— _—r PJ — 004
___ﬁ_,_,«?’ Preton - TET(3.140.0) PT 4 o a o
30 *._‘ ;_‘ ‘.. o T (3.1£0.1) e e ™ — E e
csissgc{; ‘ PY@o0t) : UH - : sHole
, "?& ....... TN CA(2940.1) .’".‘qu’ er oo
R —— CA — [iae]
5 10 S (%) 15 20 Py o o
2 7 12 17 22
E‘SNM,PM{%“)
habitat changes: migrations :
baseline

Xing et al. 2020
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Estimation models Diazotrophy contribution (%Ng,)

-2%o0
\
BSIA %Nfix =100 (81%Nbulk B 815Nref) / (815Ndiazo B 615Nref)
Montoya et al., 2002 \L \ /

sample reference %N, =0
\ 7 S
%Nfix =100 (815Nbulk* B 815Nref) / (815Ndiazo B 815Nref)

l

+2.7%o
CSIA 15 _ 15 _—
0Ny = 0 Npp et /Bbu/k/Phe

Mompean et al., 2016
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Aplication

%N, from bulk

BSIA
—o—E
60
-
-
40
.’.‘)K.\
X ~
20 ¥~
0 7
-5 0 5
size [log,(C)]

10

%N;;, from CSIAA

100

80 -

60 1

40 A

20 A

Diazotrophy contribution

zooplancton size fractions

CSIA
_-m--- % X
| S X \\-'J_'___.
* 7 .f;(
\_x.
0 5 10
size [log,(C)]

uniform diazotrophic contribution in all fractions

5"*Npp (o)

815NPhe

Mompean et al., 2016
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Estimation models microbial contribution to TP

(Yomicrobial)
microbial food web 'invisible' for TP,

'"Trophic' AAs "‘Source' AAs
a b this stud
) . 5 ~ ) v e W8 Mgcsﬂ-lu;n and Montoya 2002
ﬁala+ 2*TEFM= I @ r 1 g L : - Chikaraishi et al. 2009 1 s
i ® -
Zm 6 L = 46
-831u+ TEF [ D b % : N
3 3 :
B+ TEF,, i e 1= 2 . R . \
ala %] 1 - . v -
b, 5 L 2
N g N\ L 2 %
1 o
20 (I {‘ I
: ars
_—
5 *
ﬁsm U = fa ] &~ oL Y do
P @ ala - P
] glu
-2 1 1 1 1 1 1 1 1 1 1 1 -2

1 stage 2" stage 3™ stage 1* stage 2™ stage Ala  Asp Glu Leu IsoL Pro Val Gly Lys Phe Ser Threo

algae protistan copepod algae copepod

AAs

Decima et al. 2017

Gutiérrez-Rodriguez et al. 2014
33
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Estimation models microbial contribution to TP

% microbial = 100 (TP, - TPg,) / TPy,

TP microbial + metazoa /
15 15 diatoms
TPyy =1+ (0"Ny, - 0" Nppe - Bayg) )/ IDFy, (\ @—C:ﬁ;m%
e dinoflagellates 6 nauplii Paraeuchaﬁ?r 1
Y > 7=

DOM = :
TPG/u =1+ (SISNGIU - 815NPhe - IBGIU) / TDFGIu hbw\ /

hnan

TP metazoa P Olthona\

\ \
POM ""/ Chaetognatha

Smkmg T MICI’OSLEIB,/

1

002pm 02um me 201.1m 200pm 2mm 2 cm
femto-  pico- nano-  micro- meso-

plankton

Bode et al. 2021a 34
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Aplication microbial contribution to TP

- : : : :
* Hawaii
Classic Multivorous - i .
food chain food web a1} * TPb|00m TPO|Ig0tr0ph|C
§ -o = aM
!ﬁ; oligotrophic ™ N o TP,
20°
50 O * TP,
N
bloom N
19° ‘In' Station: ;5' O@
(Opai location (ol '_O R
157° 155° =3 1 1
Longltude -E §~ )
8 herbivory
c =
£ %05 f )
O .
S T T [F]-
increase of predation on protozoa 0 ’!‘ IH' [H +i
in the bloom zone

@

- é&
@
ﬁ?‘“ ) 35

Decima & Landry 2020
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Aplication microbial contribution to TP

micronekton |
Neonesthes capensis o o
Photostomias guernei i e |
Taaningichthys bathyphilus ‘ | e @
Borostomias elucens i res—
Malacosteus niger ‘ e
: Stomias boa = IR
BATHYPELAGIC cruise Hb Bathylagus euryops 3 .
(May-June 2018) B Benthosema glaciale 1 o ¢
i Cyclothone livida 3 re
Bode et al. 2021b Polyipnus polli 3 ==
20N Vinciguerria nimbaria W’_'_‘
Chauliodus danae | .
Argyropelecus hemigymnus 3 e O
Scopelogadus beanii 3 o *
MAFIA cruise Sternoptyx diaphana i e
(March-April 2015) Chauliodus sloani o S
Cyclothone acclinidens ‘ I
Argyropelecus sladeni L e
Sigmops bathyphilus S
Sigmops elongatus : D P
Lobianchia dofieini et el
Cyclothone pseudopallida W'_;‘_' : Glu
’ Cyclothone microdon 7 e ‘ ‘
oW 20W oW o H Cyclothone braueri | e ;
TP, subestimates TP Cyelathone alba / e
1 2 3 4 5 6
%mICFObIal = 6‘21% Trophic position

36
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Estimation models microbial contribution to TP

TDF patterns in chemolitotrophic bacteria

15 15
a) Pattern 1  Algae-like 5N, pattern b) Pattern 2
pu recu Itu res 0 i Animalike 8N, fractionation pu re cu Itu res
= 0 Microbial
\ ; 5 TDF=0 ; s
) £ £ T TDF : .
'de novo' AA synthesis R e z o . gise Of high quality
© . . ° © o @ protein
5 -5
Microbial de nove AA synthesis [ ] Microbial utilization and G
from inorganic N degradation of preformed AA
-10 -10 T
Glu Ala lle Leu Pro Gly Ser Phe Glu Ala lle Leu Pro Gly Ser Phe
> <>
“Trophic AA” “Source AA” “Trophic AA" “Source AA”
15 15
c) Pattern 3 scattered 5*N,, fractionation d) Pattern-4 Similar 5*N,, fractionation
microcosms 10 I:Degmded 0o & .
™y mater'\als] = ® e P hypothESIS
i, : e
>
oo , : TDF s TDF ¢
direct incorporation ~ 2 0 i 2 , .
of some AA (e.g. Glu) £ @ z extracellular hidrolysis
o
"5r TP =2
. 5. o} ] o} =2 (e.g. PON of
and resynthesis of ° di ( 8 |
Other AA (e g Ala) 10 Specific for microbial heterotrophy? Extracellular protein hydrolysis? se Imentlng partlc eS)
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Ohkouchi et al. 2017
McMahon & McCarthy, 2016

37


https://doi.org/10.1016/j.orggeochem.2017.07.009
https://doi.org/10.1002/ecs2.1511

Estimation models

example:

15 —_—
0N,

diet indicators

Lys added to farmed animals food

produced _
\ . in fermenters

(with inorganic N of low 6*°N)

from soybean
(diazotrophic leguminous plant) = low 6*°N
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Aplication diet indicators
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815N ys(%0)
i H 15
from amino acid &'°N anchovy - B
s |
% sardine
o 4o
g beef [
& *—
354 -
pork o ®Cies
a - ®Vigo
&0 - | chicken [®
Cies Vige .
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same TP but different diet diet contribution

inorganic organic
pollutants
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Improvements:
TP = 1+ (815N, - 85N,

* multitrophic models
* multi-TDF
* multi-f3

* error propagation

- Bys) [ TDFy,
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Improvements: multi-TDF & multi-f models

simulating variations in TDF and/or

| (a) Terrestrial || (b) Freshwater | [(©) Oceanic |
—

Hyperparasitoid wasp

Unit change in trophic position estimate
from baseline scenario ( %)

TP variation

Flying Fish

|
Energy flow

Trophic discrimination factor (TDF,, .,..)

7

-12 -10 -8 -6 -4 -2 0-12-10 -8 -6 -4 -2 0 2 4 6
Beta value (S, p,.)

Ramirez et al. 2021 41
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multi-TDF models

Improvements

f(x) = -2.3x + 5.1
2 =061,P<0.01
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TDF varies with diet quality and N excretion modes
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Improvements:

McMahon & McCarthy 2016

multi-TDF models

TP = (x+1) + (3N, - ©°N, - X TDF, - f5,) / TDF,

\ \ ™

number of

_ primary
trophic levels consumers
with TDF, \L
e.g. plankton,

planktivores

upper
consumers

\

e.g. piscivores
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Aplication multi-TDF models

5
. a
micronekton «—> | a
4-
’ TN Stomiiformes | + ab
.. - g
Type Equation Parameters
Additive (bulk) TRy = S5t 4 g TR =34 = 1.0% y
Scaled (bulk) TPy = ool N PNl lonlE M T 515N = 2.93 £ 071%0
k =014+ 049 o
Total (CSIA) TPy, = e T T8 By g TEF, = 45 = 21%' 1
TEF, = 6.1+ 0.3%' FB ||bulkl bulk2|| Ala  Gix
B=32412%
Metazoan (CSIA) TPy, = (8" Mg — ﬁ":lEr;h— TE,— A) 42 TEFF =76+ 125" T'Dd/et TPbUlk TPCS/A-mUItITDF
' TEF, = 5.7 + 0.3%*
fF=361 0.5%"

more realistic TP with multi-TDF models

Bode et al. 2021b
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Improvements:

Ramirez et al. 2021

multi-f models

ﬁGlu-Phe

/BLys-Phe

Tissue O lea & whala [ shoot BB rachis sead fruit
Type e leal(C) K padde(CAM) M shoot(C,) & wood seed (C) fowar
(a) Non-vascular | Vascular
B o s o © @ % :—’“/“‘-‘“‘“‘a'-ﬂ’“ Cﬁ“ﬁ“ﬂ?alﬂrmuc.
: 1P E RSB .
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o -4+ <& @ o
5- IR -0 R
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T {— {— {— T T T
187(c) o
12 -
SRS Ko o 0 o
5 4 %o °% :
= Ll < @ ¢ o 9 -
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44 :
M [ F I7 [m]e]
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& & & & o F &
L F W ((5?) F &
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@

Taxonomic group

vascular plants

phytoplankton
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Improvements: multi-Z models

°e 2D Stress: 0.06
A 2 Phytoplankton
Ala-Phe
A Gly-Phe
Leu-Phe N
Val-Phe A\ \\
0.3 A Vascular terrestrial
éPro—PIE 2 % -
Gix-Phe 8 +
%AA\ AA\\A\ \ %‘F*-
AA ] \ + .
3 AN\ J$+#§ !%; primary producer
2 00 3+, + . - 15
T e o3 % Gt ﬁ;j_; i O'°N,, patterns
~y o Vs s %ﬂ}
gooo ~ ©
-0.3 - L )
Macroalgae
Vascular aquatic \
\ Phe
-0.6 T T T
-0.8 -0.4 0.0 04

NMDS1
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Improvements: multi-Z models

When there are two primary producer (PP) sources
TP =1+ (0N,-3"N, - 4. .)/ TDF
TP = (x+1) + (0N, - 8N, - x TDF, - . ) / TDF,

vascular
plants

Igae &
=f P+ (1A ;
1 2 -
mlx — [ from PP2 phytoplankton
contrlbutlon PR ‘»
from PP2 % ﬁ ‘& .
contribution i Ramirez et al. 2021
from PP1 f from PP1 Q@ﬂ #
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Improvements: propagated error of TP

O°N,TDF and S measured with error / \
+ sd + sd

7‘ Montecarlo Taylor series

TP=1+ (515N RESLIN -,3) / TDF simulations expansion
t s

e N

+ sd + sd + sd

sd?,, = (1/TDF)? sd2815Nt + (-1/TDF)? sd? 515N, + (1/TDF)? sd2ﬂ+ [ -1/TDF? (3™N, - 6°N, + f)]% sd?; ¢

Ohkouchi et al. 2017
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Aplication TP propagated error

4
2
:
2 4 lower sd TP,
TPy, = 1.052 + 0.041TPsg
, =023
-
40°W  30°W  20°W 10°W 1
Longitude &

TPe, = 0.876 + 0.039 TP

micronekton
higher sd TP,

Bode et al. 2021b 49
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carbon in:

Diet identification . .
e amino acids

e fatty acids

- 8- : I One sample
total lipids/fatty acids/sterols
I
separation of lipid classes by
solid phase extraction
| ! ! y
neutral lipids glycolipids phospholipids
sterols  FA carotenoids FA
I |
v v v l Total lipid extract  Lipid-free residue
silylation HPLC methylation FAs AAs
» TMS ethers methyl esters [¢

Twinning et al. 2020 Yun et al., 2020
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Diet/habitat identification carbon and nitrogen in amino acids

AAs grouped by C or N TDFs

>
C _—~~
§iz
T c )
ToFy g2 3 ther (e.g. Glu)
ag % Trophic other (e.g. Glu '
O E 2 -Essential C Trophic
O § AAs -Nonessential AAs
o o o o

0 A& Cans (%o)  TDF,

Synthesis
(Decarboxylation of precursors)

Yakizawa et al. 2020 51
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Diet/habitat identification C in essential amino acids
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Aplication

giant squids

>2m

Moroteuthops:s longimana (=Kondakovia long:mana

and other giant squid species

Cherel et al. 2019

Cin amino acids

Mesonycho!aufhrs

L
=

-
n

-
o

8"5Ngyi (%o)

:

Lower beak 8'3C (%)
h
=]
o

: Kondakovia
I | 0y—a— 220
* L ]
Ala  Glx Thr Ser
Val Pro Asx His Gly
8 —_— e 8'3Cayik (%o)

m Architeuthis

/
s
E [

Taningia Mesonychoteuthis

RTP (8'5Ngix-pne %o)

Lower beak &'3C difference (%o)

0
1 2 3 4 5 6 7 8 8'*Cayy (%o)
Muscle §13C difference (%)

d13C,, used for habitat identification 613Cg), used for habitat-specific grouping
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Aplication C and N in amino acids

soft-corals and sinking particles Coralaz. © poslt2 £ ped3  gung partces: [
0 .
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aran -10 = —-ﬁﬁ ; ' .
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Future developments:

/ more experiments for TDF and [
6"Ngn and 8%3Cegi

* multi-trophic models

e combination of techniques

82H 1 * microbial food webs
 other isotopes

A AA and FA

> activity

\quality of substrates

* isotopomers and isotopologues

e T

isotopic isomers (same molecule, different isotopes)

(same number of isotopes but in different positions)

\

controlled d

|

iet experiments
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