Prey stoichiometry, primary
production, and plankton
composition influence production of
marine crustacean zooplankton
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Introduction

Prey carbon biomass limits copepod
production
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Introduction

Prey stoichiometric imbalance also
limits zooplankton growth

% Zooplankton have lower and less
variable C:N and C:P ratio

mConsumers have to excrete C and reduce
growth efficiency when C:N/C:P is high
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Introduction

Prey stoichiometry influenced
zooplankton production

% Balanced prey stoichiometry increases
copepod production

Egg production of Acartia tonsa feeding on diatom (Kigrboe 2007)
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Introduction

N and P are essential to growth and
biomass production

% N is the main element in protein
structures

% P is essential to RNA production

mGrowth-rate hypothesis: P supply controls
rRNA production and growth

“ Protein synthesis

-

rRNA in ribosome
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Introduction

Phytoplankton and copepod
| composition v.s. copepod production

% Phytoplankton toxin and biochemical
compositions may also influence zooplankton

growth and both are taxon-specific
(Viso and Marty 1993, Plumley 1997)

% Zooplankton of different taxa or life stages

react distinctly to prey stoichiometry
(Villar-Argaiz et al. 2002, Laspoumaderes et al. 2010)
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Introduction
Knowledge gaps of copepod
production in natural systems

B Effects of stoichiometry on copepod

production are mainly observed in lab
incubations

[ INatural copepod and prey community

% Field observations usually based on egg
production

[ 1Somatic growth

=>»Need in situ somatic growth measurements
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Materials and methods

Sampling area and targets

) A °
o >,
. ®
\ a._bl
el
&
rE
52 =)
7%
Al ¥R
2
3 e
~' “ag
8 =
P
Fas v
F .
o
%
- ‘_ &
ve @
sl
T‘
" ®
\)-v .-
iy
SEe ©
ot .
£ . .
Y L)
o .
R Cn, o
A\ o
'
e
y:
(
%
L
<
\
\
120" 122°

26

2009-2016, 54 experiments

Prey (phytoplankton)

1. Prey stoichiometry: > 50
um POM molar C:N:P ratio

2. PP

3. Phytoplankton composition

Copepod community

1. Copepodite and naupliar
growth rate (GR)

2. Copepod community
production (CP)

3. Copepod composition




Materials and methods

In situ artificial cohort incubation

= e
50 - 80 um copepod 100 - 150 um copepod

Nauplii Copepodites
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Materials and methods

In situ artificial cohort incubation

e ]
50 - 80 um copepod 100 - 150 um copepod

Nauplii Copepodites
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Materials and methods

Copepod community growth rate

% Copepod body size distribution
quantified by microscopes or FlowCam
(Lin et al. 2013; Wong et al. 2017)
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Materials and methods

Copepod community growth rate

% Group-specific growth rate: shift of the
peak of copepod size distribution
(Lin et al. 2013)
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Materials and methods

Copepod community growth rate

% Abundance of each group is quantified by
counting individuals from 50 um Norpac net
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Bi - Nimi mass of group i

) GR xB att

2B

Weighted-mean GR =

Copepodites:
N 'j."'“"ffl'\. lf
f”f“‘ L |
\. ,’V » %u_i ‘3.,"";
/,‘}fo,ﬂ}?r = wfq S
oA : i
> IR\ A T( ”‘
Nauplius . L
P Calanoid Oithonid Harpacticoid Corycaeid Oncaeid

2019/10/16



Materials and methods

I Community production of copepod
| and phytoplankton

% Copepod production (CP)
CPi = Bi(eGR‘ —1) Group-specific CP

CP = ECPI Community CP

% Primary proiduction (PP)

14C assimilation method
(Parsons et al. 1984)
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Materials and methods

Phytoplankton stoichiometry

% POM C:N:P is measured as prey
stoichiometry

m C and N content: Elemental analyzer (EA)

m P content: wet digestion with nitric acid followed
by ascorbic-Mo spectrophotometric method

5 L water » e Prey
filtered through (el BN (mainly phytoplankton)
N C:N:P

POM on GF/F filter
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Materials and methods

Phytoplankton composition quantified
by FlowCam

% Phytoplankton biomass: sea water collected in
euphotic zone

®m Biovolume calculated from ABD as the index of

biomass
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Materials and methods
Copepod composition quantified by
microscopes

% Zooplankton abundance: copepods collected
by 50 um mesh Norpac net

0.8FT
O (@]
goef| s &
g Il
c 0.4} °
CG —_—
S 8 | o
C '
5 0.2 3 2
a Vv ; 8 8
< e .8
ol = - T |==HEd==

‘nCN nON nHN’ Cal Cyc Cory Onc Har

|
Nauplii

2019/10/16



Results

Copepod production decreases with
prey C:N ratio

y =-0.088 x+0.768, R2=0.190, p = 0.001
' Redfield ratio = 6.625
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Results

Copepod production lowers when
prey C:P ratio is high
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Results

Copepod growth lowers when prey
C:P ratio is high
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Results

Copepod production increases weakly

with PP

y =0.004 x + 0.148, R?> = 0.095, p = 0.024
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4 Results
Phyto- and copepod composition
| influence copepod production

% Full model

Prey C:N, PP, phytoplankton and copepod
composition

% Most parsimonious model by AIC

CP =-0.107 Prey C:N + 0.473 R, ,g — 1.199 Rcyc#
R2=0.183, P =0.0216

Prey C:N
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Discussion

ha Copepod production is critically
influenced by prey stoichiometry

vICopepod production is higher when prey C:N
is low

@ N is the element that supports copepod biomass
production

Copepod production is higher when prey C:P
is low, but regression is not significant
€ Growth rate is lower when P is limited

¥ Even when prey P is rich, other resources (e.g. N
content) may limit biomass production
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Discussion

R High copepod production may occur
| with low PP

Copepod production may be high when
PP is low, if prey C:N or C:P is small
€ Balanced prey stoichiometry improves the

assimilation efficiency and thus biomass
production
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Discussion
High prey stoichiometric quality is not
necessarily linked with high CP

% High CP may not be supported when
prey C:N or C:P ratios are low

m Essential fatty acids (Ferrao-Filho et al. 2003)
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Discussion

Phytoplankton and copepod
community affect CP

% Copepods consuming a mixture of
dinoflagellates and microzooplankton grow
better than feeding on a diatom-dominant
diet
(Nejstgaard et al., 2001)

% Lower growth rates of cyclopoid relative to

calanoid copepodites
(Hirst and Lampitt, 1998; Lin et al., 2013)
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Take home message: What influences copepod production?

H3

H1 &

Stoichiometric
balance

Low prey C:N and
C.P

Prey stoichiometry

Copepod

production (CP)
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effect

Prey C production
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Thanks for your attention
AU comments are welecomed
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